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Data Compilation for AGR-1 Baseline Coated Particle Composite LEU01-46T

John D. Hunn and Richard A. Lowden
Oak Ridge National Laboratory

This document is a compilation of characterization data for the AGR-1 baseline coated particle
composite LEUO1-46T, a composite of four batches of TRISO-coated 350 ym 19.7% low
enrichment uranium oxide/uranium carbide kernels (LEUCO). The AGR-1 TRISO-coated
particles consist of a spherical kernel coated with a ~50% dense carbon buffer layer (100 ym
nominal thickness) followed by a dense inner pyrocarbon layer (40 pym nominal thickness)
followed by a SiC layer (35 ym nominal thickness) followed by another dense outer pyrocarbon
layer (40 pm nominal thickness). The coated particles were produced by ORNL for the
Advanced Gas Reactor Fuel Development and Qualification (AGR) program to be put into
compacts for insertion in the first irradiation test capsule, AGR-1. The kernels were obtained
from BWXT and identified as composite G73D-20-69302. The BWXT kernel lot G73D-20-
69302 was riffled into sublots for characterization and coating by ORNL and identified as
LEUO1-## (where ## is a series of integers beginning with 01).

Additional particle batches were coated with only buffer or buffer plus inner pyrocarbon (IPyC)
layers using similar process conditions as used for the full TRISO batches comprising the
LEUO1-46T composite. These batches were fabricated in order to qualify that the process
conditions used for buffer and IPyC would produce acceptable densities, as described in sections
8 and 9. These qualifying batches used 350 ym natural uranium oxide/uranium carbide kernels
(NUCO). The kernels were obtained from BWXT and identified as composite G73B-NU-69300.
The use of NUCO surrogate kernels is not expected to significantly effect the densities of the
buffer and IPyC coatings. Confirmatory batches using LEUCO kernels from G73D-20-69302
were coated and characterized to verify this assumption.

The AGR-1 Fuel Product Specification and Characterization Guidance (INL EDF-4380, Rev. 6)
provides the requirements necessary for acceptance of the fuel manufactured for the AGR-1
irradiation test. Sections 5.2 and 5.3 of EDF-4380 provide the property requirements for the
coated particle batches and coated particle composite. The Statistical Sampling Plan for AGR
Fuel Materials (INL EDF-4542, Rev. 6) provides additional guidance regarding statistical
methods for product acceptance and recommended sample sizes. The procedures for
characterizing and qualifying the particles are outlined in ORNL product inspection plans: AGR-
CHAR-PIP-01, AGR-CHAR-PIP-02, AGR-CHAR-PIP-03, and AGR-CHAR-PIP-04. The
inspection report forms generated by these product inspection plans document the product
acceptance for the property requirements listed in sections 5.2 and 5.3 of EDF-4380.

Note that, as the characterization procedures evolved and improved during the characterization
of this composite, several important properties were remeasured (e.g., average kernel weight,
buffer density, and coating thicknesses for the particle batches). This is discussed in sections 6-8
and sections 11-14, and the superceded data is included in section 16.
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1 Summary of acceptance test results for LEU01-46T

This section contains inspection report forms (IRF’s) associated with the coated particle
composite LEUO1-46T. These inspection report forms summarize the acceptance testing
performed according to the product inspection plans: AGR-CHAR-PIP-02, AGR-CHAR-PIP-03,
and AGR-CHAR-PIP-04. The information in these forms covers all the property specifications
listed in sections 5.2 and 5.3 of the AGR-1 Fuel Product Specification and Characterization
Guidance document INL EDF-4380, Rev. 6. The coated particle composite, LEUO1-46T, was
found to meet all the requirements in these two sections of EDF-4380, Rev. 6.

These inspection report forms also appear in later sections of this compilation, accompanied by
the associated data report forms showing the results of each individual measurement.

Table 1-1 is provided for quick reference. It gives the mean values of key variable properties of
the coated particle composite, LEUO1-46T. For standard deviations of the distribution of the
measured values see the appropriate IRF. For discussions on the uncertainty in these values, see
the associated data acquisition methods and data report forms. The kernel diameter and density
values are from ORNL measurements made for information only. The buffer and IPyC densities
in the table are averages of the means for the individual interrupted batches (including
confirmation batches on LEUCO), rather than direct measurements on the composite. The OPyC
density in the table is an average of the mean OPyC density for each batch weighted by the
fraction of each batch in the composite.

Table 1-1: Quick reference table for key variable properties of LEUO1-46T.

Property Mean
Average kernel diameter (#m) 349.7
Kernel envelope density (Mg/m®) 10.924
Average buffer thickness (#m) 103.5
Average IPyC thickness (ym) 39.4
Average SiC thickness (ym) 35.3
Average OPyC thickness (xm) 41.0
Buffer envelope density (Mg/m’) (interrupted batches) 1.10
IPyC sink/float density (Mg/m") (interrupted batches) 1.904
SiC sink/float density (Mg/m”) 3.2075
OPyC sink/float density (Mg/m’) (weighted average) 1.907
IPyC anisotropy (BAFo equivalent) 1.022
OPyC anisotropy (BAFo equivalent) 1.019
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Table 1-2 is also provided for quick reference. It gives the upper limit of the 95% confidence
interval of the defect fraction for key attribute properties of the coated particle composite,
LEUO1-46T. In other words, these values are the lowest tolerance limits for which the composite
would be deemed acceptable at 95% confidence based on the particular sample that was
measured. For the actual number of trials and number of failures observed, see the inspection
report form for the coated particle composite.

Table 1-2: Quick reference table for key attribute properties of LEUO1-46T.

Property Defect Fraction
Particles with SiC gold spot defects <1.0x 10°
Particle aspect ratio <3.9x 107
Particles with burn-leach defects <2.5x 107
Particles with missing OPyC <9.6 x 107
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Procedure: | AGR-CHAR-PIP-02 Rev. 4

Batch 1 ID:|NUCD350-258

Confirmatory batch on LEUCO kernels, LEU01-16E: mean buffer density = 1.10 gfcc.

Batch 1 description:|Buffer-coated BWXT kernel composite 69300
Batch 2 ID:|NUCO350-368
Batch 2 d on: | Buffer-coated BWXT kernel T 69300
Batch 3 ID:| NUCO350-54B
Batch 3 description: Buffer-coated BWXT kernel composite 69300
“Specification | 5 — —
Property. Mean | Std. Dev. tvalue | INL EDF-4380 | Acceptance Criteria w or | i
@ | (s @ | mevs R ) A
mean A = x - ts/vn 2 0.88 1.04 pass DRF-16
Batch 1: Buffer envelope density (Mg/m’) 1.08 0.04 5 2132 L0305 [ pmyymivns 118 T DRE-22
A= x - ts/vn = 0.88 1.06 pass 3
mean DRF-16
Batch 2: Buffer envelope density (Mg/m?) | 111 o = #1320 i loai00s) [ s /i a8 it pass | DRF-22
mean A =x-ts/vn = 0.88 1.07 pass DRF-16
Batch 3: Buffer envelope density (Mg/m?) 1.11 0.04 S 2132 L3035 [ BexsbivnZiis Site S DRF-22
T —
Standard deviations are v/5 times the uncer In buffer density (standard errors) reported on DRF-16.
Average thickness of buffer was 108 ym based on average envelope volume of 9.25E-5 cc (effective diameter of 561 pm) and average kernel dlameter of 345 pm.
Average thickness of buffer was 108 ym based on average outer d of 561 pm ob d per DAM-10 and average kernel diameter of 345 pm.

lmtpmfwmm{vu or Nn}:l Yes

W;; /2 ?.é ;
. i A " =
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meulnu=| AGR-CHAR-PIP-02 Rev. 4
Batch 1 ID:|NUCO350-3081

Batch 1 description:| [PyC/Buffer on BWXT kemal « ite 69300
Batch 2 ID:|NUCO350-37B1
Batch 2 d ip IPyC/Buffer on BWXT kemnel site 69300

Batch 3 ID:|NUCO350-2981
Batch 3 description: | IPyC/Buffer on BWXT kernel composite 69300

aan A=x-ts/vnz 1.85 pass
1.711
Y e % 1.90%0.05 | ga=yx4ts/vns1.95 1.896 pass -
¥ 891 .01 ; DRF-
Batch 1: IPyC sink/float density (Mg/m?) dispersion e 8% i
3.158 =0.01 < 1.80
<0.01 2 2.00 D=x+ks<2.00 1,927 pass
. A=x-ts/Vn =185 1.898 pass
1,725
: 1.80£0.05 | B=yx+ts/vn<195 1.910 pass SR
A 1.9038 0.0153 21 )
Batch 2: IPyC sink/float density (Mg/m*) dispersion C=x-ks>1.80 1.854 pass
3.262 =0.01 s 1.80
<0.01 = 2.00 D =x+ks<2.00 1.954 pass
. ean A =x-tsfvnz1.85 1.906 pass
cee | 4 190005 | By 4ts/vns1.95 1.917 pass S
- 3 A .01 .
Batch 3: IPyC sink/float density (Mg/m?) dispersion C=x-Kks> 1,80 1.864 pass
3.295 <0.01 = 1.80 —
=0.01 = 2.00 D=x+ks<2.00 1.958 pass
95% confidence Interval for Buffer thickness in aurnm = (M‘}q,m maum} mm =<1
95% confidence interval for IPYC thickness in composite = (34.2pm, 34.9um) with >1% <30um anﬂ <1% z56um.
Confirmatory batch on LEUCO kernels, LEU01-151: mean IPyC density = 1.9074 g/cc.
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Procedure:| AGR-CHAR-PIP-03 Rev. 2
Coated particle batch ID:|LEU01-21T
Coated particle batch description:| TRISO on BWXT kernel composite 69302

| (x) (s} (n) (t) bl "l I!l
Average buffer thickness for 102.4 71 126 1.657 mean A=x-ts/vnz 85 101.4 pass | DRF-08
each particle (um) 100 + 15 B = x + ts/vn < 115 103.4 pass DRF-11
Average IPyC thickness for 30.0 2.0 152 2 mean A=x-ts/vn 235 39.6 _pass DRF-08
each particle (um) 405 B = x + ts/vn < 45 40.2 pass DRF-11
Average SiC thickness for 376 0o 152 1,655 mean A= x-ts/vn 2 31 37.5 pass DRF-08
each particle (pm) 354 B=x+ts/vn <39 37.7 pass DRF-11
Average OPyC thickness for 410 22 183 1,655 mean A=x-ts/vn235 40.7 pass. DRF-08
each particle (um) 40%5 B=x+ts/vns 45 413 pass. DRF-11

defect fraction
Particles with missing OPyC 15578 e B0 =4 In 15,500 0 pass DRF-19

Goldspot analysis performed on missing OPyC sample for information only. 10 out of 15578 gold spots observed.

- 4 "}
\
()
)
—
G“"-..

Accept Coated particle batch (Yes or No):] Yes

3/25/0%
Date
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Pr dure:| AGR-CHAR-PIP-03 Rev. 2
Coated particle batch ID:|LEU01-35T
Coated particle batch description:| TRISO on BWXT kernel composite 69302
Property Mean [Std. Dev.| #measured | Evalue | 1u. eppasgo| ACCPtance Criteria | fecepiance | o o
Average buffer thickness for 103.4 8.2 163 1.654 mean A= x-ts/vn 2 85 102.3 pass DRF-08
each particle (um) 100 £ 15 B = x + ts/v/n < 115 104.5 pass DRF-11
Average IPyC thickness for 39.7 22 214 1,652 mean A=x-ts/vnz35 39.5 pass DRF-08
each particle (pm) 40 =5 B=x+ts/vns 45 39.9 pass. DRF-11
Average SIC thickness for 16.3 1.0 214 1.652 mean A=x-ts/vnz3l 36.2 pass DRF-08
each particle (pm) ¥ ! 35+4 B=x+ts/vn < 39 36.4 pass DRF-11
Average OPyC thickness for %03 19 314 1.653 mean A=x-tsfVn 235 40.0 pass DRF-08
each particle (pm) i 405 B=x + ts/vn < 45 40.4 pass DRF-11
pass. DRF-19

efect fi
Particles with missing OPYC 15622 Gt imcion <4 In 15,500 0
< 6.0x 107

[ Goldspot analysis performed on missing OPyC sample for Information only. 17 out of 15622 gold spots observed.

Yes

10
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Procedure:| AGR-CHAR-PIP-03 Rev. 2
Coated cle batch ID:|LEU01-27T
Coated particle batch description:| TRISO on BWXT kernel ¢ 69302

= i ‘Measured Data_ ification = Pass |
Average buffer thickness for 1049 a2 188 1.653 mean A=x-ts/vnz8s 103.9 pass DRF-08
each particle (um) 100 15 B=x+ts/vh <115 105.9 pass DRF-11
Average IPyC thickness for 2.0 22 249 1,651 mean A=x-ts/vn 235 388 pass | DRF-08
each particle (um) 405 B = x + ts/vn < 45 39.2 pass. DRF-11
Average SiC thickness for 4.6 o) B 1 881 mean A=x-ts/Vnz 31 34.5 pass | DRF-08
each particle (um) 354 B=x+ts/vn < 39 34,7 pass DRF-11
Average OPyC thickness for R 20 248 sl mean A=x-ts/¥n2z35 415 Pass | DRF-08
each particle (um) 405 B = x + ts/vn 5 45 41.9 pass DRF-11

defect fraction
Partides with missing OPyC - 15680 - coxigt =4 |n 15,500 o pass DRF-19
g X

Ky
|
I
)
1
&
o~

3/4? ?/,am_é

1"
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Procedure:| AGR-CHAR-PIP-03 Rev. 2
Coated particle batch ID:|LEUD1-45T
Coated particle batch description: TRISO on BWXT kernel 69302
Average buffer thickness for 107; 2.9 &7 1.655 mean A=x-ts/vn 285 106.1 pass | DRF-08
each particle (pm) 97 . 100 £ 15 B =X+ ts/vn < 115 108.3 pass. DRF-11
Average IPyC thickness for 201 20 ok 1,683 mean A=x-ts/vnz35 39.9 pass | DRF-08
each particle (pm) 2 405 B =x+ts/vn < 45 40.3 pass DRF-11
Average SiC thickness for 158 1 194 1.653 mean A=x-ts/vn231 35.7 pass DRF-08
each particle (pm) x4 B=x+ts/vns 39 35.9  pass DRF-11
Average OPYC thickness for 401 19 104 1.653 mean A=x-ts/¥n 235 39.9 Pass | DRF-08
each particle (pm) 405 B =x+tsfvn < 45 40.3 pass DRF-11
defect fraction o
Particles with missing OPyC - 1557! 2 <4 In 15,500 0 pass DRF-19
< 6.0x10
; = Comments
Goldspot analysis performed on missing OPyC sampie for information only. 3 out of 15574 gold spots observed.

N
)
!

3

g‘)% qcnfkw 3
7 :

l Accept Coated particle batch (Yes or Nn):l Yes

2/22/06

12
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Coated particle co ID:|LEU01-96T
Coated particle composite description:|B C TRISO on BWXT kernel composite 69302
Measured T e —— L - e | " .
—- e = _m@__
L2 s ik s ind (B dadibcstnbiead oy
Ld | Ao RN B L T 1 | . [ y 1 S0 _fail.
{gEs mean A=x-ts/vnz 85 pass
Average buffer thickness for i 100 + 15 B =x+1ts/Vn <115 pass DRF-08
103.5 8.2 213
each particle (um) dispersion st
2.560 <0.01 < 55 C=x-ks>55 B2.5 pass
= mean A=x-ts/vnz 36 39.2 pass
Average IPYC thickness for S5 5 ; S B=x+ts/vn <44 396 pasar | paooe
cach particle (um) ; 2 = dispersion C=x-ks>30 335 pess | ORF-11
2.543 =0.01 < 30
$0.01 = 56 D=x+ ks <56 45.3 pass
e Frisan A=x-tsfvnz 32 35.2 pass
Average SiC thickness for 2 SEEE B=3x+1t5/vn =38 354 pass | DRF-08
35.3 1.3 233
each particle (pm) dispersion DRFA%
2.549 £0.01 < 35 C=x-ks>25 320 pass
Tent S A=x-ts/Vn 2 36 40.8 pass
Average OPYC thickness for / 40+4 B =% +t5/Vn = 44 41.2 pass DRF-08
41.0 2:1 233
each particle (pm) dispersion DRF-11
2.549 <0.01 < 20 C=x-ks>20 35.6 pass
Buffer envelope density IRF-024,
IPyC sink/float density pass IRF-02B
1.685 :‘;"9 A=x-ts/vn = 3.19 3.207 pass
SiC sink/float density (Mg/m”) 3.2075 0.0032 40 DRF-02
dispersion s
2.941 PRl C=x%-ks> 317 3.198 pass
OPYC sink/float density IRF-048
1.833 s"]_";;s B =x +ts/vn < 1.035 1.023 pass
IPYC ani py (BAFo equivalent) 1.022 0.002 10 - DRF-18
dispersion -
3.981 <O.OY 2308 D=x+ks<1.08 1.030 pass
1.833 5“153'3'5 B = x +ts/Vn s 1.035 1.021 pass
OPyC py (BAFo ) 1.019 0.003 10 - DRF-18
dispersion o
3.981 <0001 51 08 D=x+ks<1.06 1.031 pass
defact fraction <6 in 12,000
Particles with SiC gold spot defects 81507 g or 14 in 22,000 66 pass DRF-20
dispersion <1 in 500 DRF-07
Eatticie wapect. ratio 2525 <0.01 21.14 or 57 in 1420 c pass | pRr-10
| defact fraction <1 In 50,000
Particles with SiC burn-leach defects 120688 i o 6 in 120,000 o pass DRF-21
defect fraction
Particles with missing OPyC 31227 N <4 in 31,000 0 pass DRF-19
$3.0x10
comparison to | all imaged pass visual
SiC microstructure 3 | visual standard |  standard comparison = el RS
———— e == =
s =% = __ Comments I -2 =
passes the acceptance criterion of <66 in 81100 indicating S 1E-3 defects with 95% confidence.

rticle co e (Yes or No):

13
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Procedure: | AGR-CHAR-PIP-04 Rev. 2
Coated particl posite ID:|LEUOL-46T
Coated particle composite d ripti Basaline C ite: TRISO on BWXT kernel composite 69302
Baitch 1 ID:|LEUO1-21T
Batch 1 description:|Baseline TRISO on BWXT kernel composite 69302
Batch 2 ID:|LEU01-35T
Batch 2 description:|Baseline TRISO on BWXT kermnel composite 69302
Batch 3 ID:|LEUD1-27T
Batch 3 description:|Basaline TRISO on BWXT kemel composite 53302
Batch 4 ID:|LEUD1-45T
Batch 4 ducr?ﬁ_on_: Baseline TRISO on BWXT kernel compaosite 69302
I} . _ Measured Data Pass
|l T 3 “or
ab ' “_n:
% 587 mean A=x-ts/Vn2z 185 1.509 pass
st i - 1.90£005 | ga=y4ts/Vns1.95 1.915 pass
Batch 1: OPYC sink/float density (Mg/m® 1.9121 01 = = DRF-03
Sy S O ) dispersion C=x-ks>1.80 1.875 pass
2.905 50,01 s 1.80
<0.01 = 2.00 D=x+ks<2.00 1.950 pass
A=yx-tsfyn 2 1.85 1.902 pass
1.675 fnean
<25 | diosse s 190 £0.05 | B=yx+ts/vn<1.95 1.904 pass
Batch 2: OPyC sink/float de Mg/m* 1. : » ; DRF-03
- s dispersion C=x-ks>1.80 1.687 pass
2.842 <0.01 = 1.80
=0.01 = 2.00 D=x+ks< 2.00 1.91%9 pass
e maan A=2x-ts/vn = 1.85 1.902 pass
Jiskaa I o ks i 190 %0.05 | g=y4ts/vns1.95 1.905 pass
Batch 3: OPyC sink/float den Mg/m* - i DRF-03
¢ iy (el dispersion C=x-ks>180 1.888 pass
2.897 =0.01 =1.80
<0.01 = 2.00 D=x+ ks < 2.00 1.919 pass
Leas R A=x-ts/vin=z1.85 1.909 pass
o SaoE - 1:90 £0.05 B=x +ts/vn =195 1.913 pass. -
Batch 4: OPyC sink/float de Mg/ m* . 8 - - DRF-0.
nk/ nsity (Mg/m®) dispersion C=2x-ks> 1.80 1.889 pass
2.822 50.01 s 1.80
<0.01 = 2.00 D=x+ks<2.00 1.933 pass
g é
3-21-0
Accept for OPyC density (Yes or No):| Yes |

i QA Reviewer

14
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2 Product ID’s associated with LEU(Q1-46T

Kernels

LEUO1-## (from BWXT G73D-20-69302)
NUCO350-## (from BWXT G73B-NU-69300)

Buffer-only particles

NUCO350-25B
NUCO350-36B
NUCO350-54B
NUCO350-58B (composite of 25B+36B+54B, for information only)
LEUO1-16B (confirmation on LEUCO kernels, for information only)

IPyC/Buffer-only particles

NUCO350-30BI

NUCO350-37BI

NUCO350-29BI

NUCO350-66BI (composite of 30BI+37BI+29BI, for information only)
LEUO1-15I (confirmation on LEUCO kernels, for information only)
LEUO01-23I (confirmation on LEUCO kernels, for information only)
LEUO01-26I (confirmation on LEUCO kernels, for information only)
LEUO1-41I (confirmation on LEUCO kernels, for information only)

TRISO-coated particles

LEUO1-21T
LEUO1-35T
LEUO1-27T
LEUO1-45T
LEUO1-46T (composite of 21T+35T+27T+45T)

15
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3  Coating process conditions

The following pages contain coating process conditions for all coated particle batches associated
with the LEUO1-46T coated particle composite. These particles were coated within the baseline
process conditions listed in section 3.1 of the AGR-1 Fuel Product Specification and
Characterization Guidance document INL EDF-4380, Rev. 6.

Buffer-only interrupted batches

NUCO350-25B
NUCO350-36B
NUCO350-54B
LEUO1-16B

IPyC/Buffer-only interrupted batches

NUCO350-30BI
NUCO350-37BI
NUCO350-29BI
LEUO1-15I
LEUO1-23I
LEUO1-26I
LEUO1-41I

TRISO-coated batches

LEUO1-21T
LEUO1-35T
LEUO1-27T
LEUO1-45T

16



ORNL/TM-2006/019, Rev. 1

Summary for Baseline Buffer Qualification Run — NUCO350-25B

Eéti@_Run No.

NUCO350-258 |

Description: |
Procedure:

Kernel Lot No.

~ Baseline processmg conditions for Buffer Iayer
AGR-COAT-SOP-01, Rev. 1
NUCO350-25

Operator
Date
Data Locatlon

R. A. Lowden
- 06/17/2005
_ 8002249 Coatmg Log Volume 1, pp. 202 - 212

| Kernel Batch Wt.

62.11g

Coated Particle Batch Wt.

__81.339

AGR-1 Parameter f As-Processed

Buffer

Coating gases

C,H, + AI'__ C_z_Hz + Ar

TGF

| S0P

Tempér;lture

~ 8530sccm
N _(_360+0_10

1450 £ 25°C

_1450°C

Tlme

IPyC

Coating gases

| Ar+CiHy+ CaHs

TGF

CGF

030i003

CGR

Temperature

0.85+0.085
1265 + 25°C

Tlme

StC .

Coatmg gases

H, + MTS

TGF

0.015 + 0.005

Temperature

1500 + 25°C

Tlme

| OF OPyC -

 Coating gases

Ar + CgHz + CaHs B

TGF

Temperature

Time

0.30+£0.03

0.85+0.085
1290 £ 40°C

Comments/Notes:

Operator:

17



ORNL/TM-2006/019, Rev. 1

Summary for Baseline Buffer Qualification Run — NUCO350-36B

 Coating Run No. - B NUCO350-36B
Description: ~ Baseline processing conditions for Buffer layer
Procedure:

| ~ AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. - N
Tpe?ator: - : _ - ~ R.A Lowden
| Date: 06/17/2005

Data Location: S - - .

- B002249, Coating Log, Volume 1, pp. 214 - 223
Kernel Batch Wt. ) 61.97 g

Coated Particle Batch Wt. | i 81.50 g
~ AGR-1 Parameter As-Processed

Buffer - -
Coatinggases | = CotatAr | CoHa+Ar
TGF - 8530 sccm
CGF 0.60+0.10 061_
Temperature  1450%25°C 1450°C
Time ' m— 5 min
ITyC' R —

Coating gases
TGF I
CGF B - _0‘30_1:_9.(}3_ B |
CGR_ o 0.85 :t_D,08_5_ | I
| Temperature 1265 + 25°C

Tirne___

L SIC .

Coating g_a@ _ B _ ~ H+MTS

AT + C3H, + C3Hs

| CGF - 0.015 £ 0.005
Emp_eratu_rg - 1500 t 25°C B

Time

Ar + CoHa + CoHs

Coa?i__n_g gases
TGF —
CGF 030+£0.03
| CGR 0.85+0.085

Temperature 1290 + 40°C

Time |
Comments/Notes: ’

Operator: /
QAS:

)

Ll
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Summary for Baseline Buffer Qualification Run — NUCO350-54B

' Coating Run No. - NUCO350-54B
_D_escription: : Baseline processing conditions for Buffer layer
| Procedure: B ~ AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. - NUCO350-54
OperaEdr: ~m R. A. Lowden
Date: ~ . == 06/20/2005
Data Location: B002249, Coating Log, Volume 1, pp. 224 - 233
| Kernel Batch W. B - 62089 |
Coated Particle Batch Wt. - . 81.47g
L . a AGR-1 Parameter As-Processed -
Buffer - - 1
'_Etg_ating gaéesh ' CzH; + Ar CyH, + Ar |
TGF 8530 sccm
| CGF | 060%0.10 0.61
| Temperature 1450 + 25°C 1450°C
 Time - gl 5 min
Ty e .
| Coatinggases | Ar+GCpH,+CHse |
Tor _;______ i o
CGF 030003 |
CGR | os8sx0085 |
 Temperature 1265 + 25°C B
Time : B B
sic — -
| Coating gases | Hy+ MTS [ i - |
TGF - . o
CGF 0.015 + 0.005
Temherature = 1500 + 25°C o
B = LR B ol
EDFC - _ =
Coating gases o A +_CE +_CaH_5— S
E__ e — e
| CGF S __r - 030_i 0_0_3 I : o
| CGR - 0.85+ 0.085
| Temperature 1290 + 40°C
Time : ' R A
| Comments/Notes: . - ]
|
oo [ dhgfhc
‘ Date:
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Summary for Baseline Buffer Qualification Run — LEU01-16B

Coating Run No. LEU01-16B |

 Description: ] _Baseli_n_eiﬁrc;ce_s'siﬁg conditions for Buffer layer |
Procedure:

B il
Kernel Lot No.

AGR-COAT-SOP-01, Rev. 1
- LEU01-16K
Operator: ) B R. A Lowden
| Date: - - B 11/03/2005
Data Location: ~ B002516, Coating Log, Volume 3, pp. 2 - 10
Kernel Batch Wt. ' i 63.30g

| Coated Particle Batch Wt. | p— 82.57 g
AGR-1 Parameter L As-Processed

Buffer -

antiﬁg gases C;H;;—_Ar ! CoH, + Ar i
TGF | ) — ) 8530 scom
CGF _ 060£010 0.61
Temperature _ o 1450 £25°C 1450°C
Tme

IPyC o -
 Coating gases Ar + CoH; + CHg
TGF -
‘ceGF 0 0.30 £ 0.03
| CGR 0.85+0.085
Temperature NN 1265 + 25°C
Time 1 - )
sic

Coating gases
TGF
CGF © 0.015+0.005
Temperature 1500 + 25°C
Time R T
OPyC
. Coating gases Ar + C;I-Tz + Cgi-_ig )
S —— e
CGF 0.30 + 0.03
'CGR | 0.85 + 0.085
Temperaturé | 1290 + 40°C
Tive |
‘Comments/Notes: o

By

H, + NiTS

R /) //IJ / - _/ . ___1
Operator: { M [/{/ Date: /ﬁ/%ﬁ’ﬁ/
G0 \WL/ : bate: | /o6
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1

Summary for Baseline IPyC Qualification Run — NUCO350-30BI

 Coating Run No. - NUCO0350-308 |
Rscri'p_t_ion: - Baseline processing conditions for IPyC layer
' Procedure: ' AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. B NUCO350-30
_Operator: :_ N . R. A. Lowden
| Date: = 06/29/2005 |
 Data Location: ~ B002249, Coating Log, Volume 1, pp. 260 - 268
| Kernel Batch Wt. . 61.87 g
Coated Particle Batch Wt. 104.34 g
- . AGR-1 Parameter As-Processed
Buer
Coating gases i CoHz + Ar CoH, + Ar
TGF —_— 8530 scem
CGF 0.60£0.10 0.61
Temperature 1450 £ 25°C 1450°C |
Time | 5 min
Pyc -
Coatir@ gases {\r_+_ E-;Hz + C3Hg Ar + CoH, + CiHg i
TGF o B 9430 sccm
|CGF 0.30£0.03 0.30
| CGR ~ 0.85%0.085 0.85 !
Temperatur_e N 1265 + 25° °C 1265°C
Time - 13 min
| sic R B
Coatlng gases - i:(z £ MT-§ -
o _ Nzt WIS
CGF | 0015%0005 |
Temperature_ ) B ___‘I_SEO_:t 25° c _ =
| Time I B | -
OPyC
Coating gases - ~Ar + C,H; + C3Hs 1 - -
TGF B -
| CGF ~ 030£003
CGR ~ 0.85+0.085
_T_g_mperalure 1290 t 40 C '
Time a i
Comments/Notes:
Operator /MM ﬂ ﬁ/mzé Date: wféf
QAS: Date: E é :
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Summary for Baseline IPyC Qualification Run — NUCO350-37BI

T’Jaatiﬁg_Run No.

NUCO350-378BI |

Description: -  Baseline processing conditions for IPyC layer
 Procedure: = AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. o NUCO350-37
-OEé_faEr: R. A. Lowden
Date: o _ 06/30/2005
| Data Location: B002249, Coating Log, Volume 1, pp. 270 - 278
| Kernel Batch Wt. 61.92g |
Coated Particle Batch Wt. - 103.45g

AGR-1 Parameter

: As-Processed

| Buffer -
Coating gases CzH; + Ar CH+Ar
TGF . 8530 sccm
CGF 0.60 £ 0.10 o081
Temperature 1450 + 25°C 1450°C
Time 5 min
IPyC —_— |
Coating_gases - Ar + CoH; + C3Hg Ar + C,H, + C3Hg
TGF — 9430 sccm
CGF IR 0.30 + 0.03 0.30 1
| CGR 1 0.85 + 0.085 0.85
Temperature 1265 + 25°C 1265°C
' Time o 13 min
' sic ——
 Coating gases L H, + MTS
T6GF
CGF | 0.015+0.005 |
ﬁn-ﬂperatﬁre - 1500 + 25°C - -
OPyC o - . )
-_-_(_Zoating gases - _Ar + C,oH, + C3Hg
TGF - [
CGF  0.30+0.03
CGR 0.85 + 0.085
Temperature 1290 + 40°C
Time
Comments/Notes:
Operator: Date: é/‘?% _5/
(200
QAS;_ Date: (3/3'9,/06
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Summary for Baseline IPyC Qualification Run — NUCO350-29BI

NUCO350- 2QBI

Description: ' Baseline processing conditions for IPyC Iayer
Procedure: - AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. i NUC0350-29
Operator: R. A. Lowden
Date: _ o 07/01/2005
| Data Location: ~ B002249, Coating Log, Volume 1, pp. 279 - 287
| Kernel Batch Wt. - o __6252__9
Coated F’artlcle Batch Wt. 105.56 g

AGR-1 Parameter

As-Processed B

Buffer
_(Sat_mg géses CoH, + Ar - C csz' + :E\r N
TGF 8530 sccm
CGF - - 060:010 | 061
Temperature 1450 + 25°C 1450°C
Time 5 min ]
IPyC - - |
Coat:ng gases Ar+CoHa+CiHs | Ar+ C,H5 + C3Hg -
TGF B | 9430scem |
CGF -  0.30%0.03 | 0.30 -
CGR 0.85 + 0.085 0.85 1
Temperature : 1265 £ 25°C 1265°C
Time . 13 min
sic R o
Coatmg gé’s?'_" - Hz +MTS o -
TGF - ] .
CGF | 0015%0.005
Temperature 1500 + 25°C o
I-Timé -
OPyC
Coating gases Ar + CoH, + C3He
e ke AN 27 L R
CGF - 0.30+£0.03
'CGR 0.85 + 0.085 B
Temperature : 1_290 +40°C ]
Time - _ T I ]
Comments/Notes: -
Operator: M@d/‘{{ / J‘?’% Date: o d // Jo5~
QAS:_ ) Date: \3/30/06 .
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Summary for Baseline IPyC Qualification Run — LEU01-15I

| Coating Run No. i LEU01-151
Des_c_riﬁtibh_: ) _ Baseline processing_conditions for IPyC layer
Procedure: - ' ~ AGR-COAT-SOP-01, Rev. 1

' Kernel Lot No. 1 ) LEUO1-15K |

ﬂ(ﬂ)r_:_ B R. A. Lowden
Date: _ 11/04/2005
Data Location: : B002516, Coating Log, Volume 3, pp. 12 -20
Kernel Batch Wt. ' ) 63.27 g
Coated Particle Batch Wt. _ : 108.96 g

- ~ AGR-1 Parameter | ‘As-Processed
 Buffer - - -
Coat_iﬁé gases ' CaH, + Ar -CgHz + Ar

 TGF - __ B - R 8530 sccm |

CGF - 060010 | 0.61 |

Temperature 1 1450 + 25°C | 1450°C [

| Time W 5 min B

P o .

_92ating gases [ Ar + CoHz + C3Hs _i_\'r 4 Ci!z + C3Hg
TGF - 9430 sccm .
CGF 0.30+0.03 030

CGR 0.85 £ 0.085 085

:Tgmiaerature B B 1265 + 25°C N 1265°C K
Time - _ . 13 min

Lol e o 3

Coating gases . H,+MTS -

TGF NS -

CGF | 0.015+0.005
Temperature 1500 + 25°C
Time I
OPyC - - -

Coating gases Ar+CH, +CsHs |

T | 18

CGF | 030%003 | )

CGR | 085:0.085 - -
Temperature 1290 + 40°C o

Time B o

‘Comments/Notes: B

I ;1 / [ 4 { 74 7

operator: | bang U finA- o2 | /el
ors | ZaN vate | 3/50/06

- | (Clo427
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Summary for Variant #3b Coating Run - LEU01-23I

~ Coating Run No. LEU0D1-23I
Variant #3b AGR-1 processing conditions

__P_rgcpq;{rg:_ o - AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. LEU01-23K
Operator: R. A. Lowden
Date: 01/19/2006

| Data Location: B002516, Coating Log, Volume 3, pp. 194 — 201,203

Kernel Batch Wit. 63.42 g

Coated Particle Batch Wt. 106.94 g

o AGR-1 Parameter As-Processed

' Buffer

_C_o_éfi_ng gaéeg R 6;E_+_Ar_ CoHz + Ar

TGF ~ 8530 scem

CGF 0.60 + 0.10 0.61
Temperature 1450 + 25°C _1450"(:_ _
Time 5 min

IPyC '

 Coating gases Ar + CoH, + C3He Ar+ CzH; + CaHs

TGF d 9435 sccm

CGF 0.30 + 0.03 030

| CGR. 0.85 + 0.085 i 085
Temperature 1265 + 25°C 1265°C
Time 12.33 min

' sic — =
Coating gases H; + MTS

| TGF

CGF 0.015 £ 0.005

 Temperature 1500 + 25°C
Time '
 OPyC

Coating gases

TGF

'CGF - 030£0.03 ]

CGR 0.85 + 0.085
Temperature 1290 + 40°C
Time o
Comments/Notes:

Ar + CyH, + CaHe

Operator:
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Summary for Variant #3b Coating Run - LEU01-261

* LEU01-261

Date:

Descrlpnon. - Variant #3b AGR-1 processmg conditions
Procedure: ] B AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. B LEU01-26K
| Operator: R. A. Lowden
Date: _ 01/17/2006
Data Location: - B002516, Coating Log, Volume 3, pp. 186 — 193,202 |
Kernel Batch Wt. 63429
Coated Particle Batch Wt 106.59 g
AGR-1 Parameter | As-Processed
Buffer . -
H’ﬂting gases CyH, + Ar CoH, + Ar
| TGF - - 8530 scem
| CGF 060+010 | 081
 Temperature 1450 + 25°C  1450°C
| Time - 5 min
IPyC ) - -
Coating gases Ar+ CoHz + CiHg Ar + C;H, + C3He
TGF . - 9435 sccm -
CGF | 030:003 0.30
CGR 0.85 + 0.085 0.85
Temperature | 1265%25°C : 1265°C
Time o - 12.33min
sic B -
Coating gases  H, + MTS
TGF - o
CGF | 0015£0.005 - :
 Temperature 1500 £25°C ) B
Time :
oPyCc - I
Cdating gases S = Ar + Czﬁg*-_cgﬁa | S
;TEF_ . a2 F Lale s —
CGF | 030:003 RN
CGR 0.85 + 0.085 -
Temperalure : 1290 +40°C
Time N - - - R -
' Comments/Notes: B - N

bl

\?/-) 8‘/0/:

Date:
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Summary for Variant #3b Coating Run - LEU01-41]

Coating Run No. LEUO1-41! |
Description: Variant #3b AGR-1 processing conditions
| Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. LEUO1-41K
Operator: R. A. Lowden
Date: B - 01/20/2006
Data Location: B002516, Coating Log, Volume 3, pp. 204 - 213
Kernel Batch Wt. 63429 |
Coated Particle Batch Wit. 106.97 g |
AGR-1 Parameter As-Processed
Buffer |
Coating gases CyH, + Ar | CpHp+Ar
TGF S il 8530 scem
 CGF 0.60 £ 0.10 | 061
Temperature 1450 £ 25°C 1450°C ]
Tme smn
IPyC
Coating gases Ar + CoH, + C3Hg Ar + CoHz + C3Hg
 TGF - - _ 9435 sccm
CGF 030003 | 030 |
CGR 0.85 + 0.085 08 |
Temperature 1265 + 25°C 1265°C .
Time 12.33 min
SiC _
Coating gases H, + MTS )
TGF B
CGF 0.015 £ 0.005 -
Temperature 1500 + 25°C B -
Time - -
OPyC ) i ]
Coating gases Ar + CoH, + C3He R
(TGF - | i
CGF 0.30 + 0.03 .
CGR 0.85 + 0.085 ‘
Temperature 1290 £ 40°C _ -
Time o
“Comments/Notes:
Operator: //M /05
: / / =
Lo 2 [2%/06
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Summary for Baseline Coating Run - LEU01-21T

Coating Run No. S LEUO01-21T
Description: , Baseline AGR-1 processing conditions
Procedure: - ___ AGR-COAT- SOP-01, Rev. 1
KernelLotNo. | ~ LEUD1-21K
Operatbr ~R.A. Lowden
|Date - 11/18/2005 |
| Daf Data Location: ‘ 8002516 Coating Log, Volume 3, pp. 24 -33
Kernel Batch Wt. ] __@_g_
Coated Partlcle Batch Wt. - 187.07 g |
AGR-1 l?a_r_a_meter As-Processed |
Buffer I o
Eatmg gases i C;Hz + Ar CyH, + Ar___ ____
| TGF ) | 8s30scem |
| CGF - 060£010 0.61
Temperature 1450 £25°C 1450°C |
| Time R T e
ijc - = _ L =8
Coating gaseé_ - __I_____Kr +C Hz + CsHg A Ar + CoH,y + 03H5
TGF T 9435 scem
CGF | 0.30+0.03 0.30
CGR i 0.85 + 0.085 0.85 ,
‘Temperature | 1265 + 25°C . 1265°C '|
| Time N - - e 12 33 min _ |
sic B - i }
Cca_tlng_ gases T Hz + MTS ~ H,+MTS !I
TGF - - 16,933sccm |
| CGF ~ 0.015+0.005 00123 |
 Temperature 1500 + 25°C ~1500°C !
| Time - _1_40_m|n ‘
OPyC - o ‘
Coatmg gases Ar + C;H_z: _CsHa [ _ Ar + Ezﬂf% 1 C3H6
TGF - ] S 16 215 sccm
CGF 0.30  0.03 ____ose
CGR ~ 0.85+0.085 085 i
Temperature 1290+ 40°C - 1200C
 Time ) - ___ 10 min :
Comments/Notes:
L i / : |
Operator: ‘ /Zblﬁég{/// 10 Date:‘. ////')'/. ,;_5’__ _
QAs: T2 Date: a9/0~5 _
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Summary for Baseline Coating Run - LEU01-35T

Coating Run No. B ) LEU01-35T
Desc_ri'p_tion: B ' __ Baseline AGR 1 processung conditions
Procedure: 1 ~ AGR-COAT-SOP-01, Rev. 1

Kernel LotNo. ' - _ LEUO1-35K |

_Operator - _ . R A. Lowden
Date: S— = e 12/08/2005 |
 Data Location: . B002516, Coating Log, Volume 3, pp. 44 - 52

‘KernelBatchWt. | 83189

 Coated Particle Batch WL, _ 184.029
y - e AGR1 Parameter J As-Processed N
Buffer - - - - :

_C_o'aﬁgases - __62_H2 + Ar  CoHp+Ar .'

TGF ) 85_30_scém |
CGF _ B 060+0.10 061 |

Temperature 11450 £ 25°C 1450°C 4'
Time - ~ 5min ;
e - - S —
Coatlng gases e Ar + E;H_Z , + | (ﬁa_ — ‘ E + Csz + C:,H_6 i
TGF - N ] o 9435 sccm J
CGF | 030:003 0.30 |
CGR 0.85 + 0.085 085 |
Temperature - 1265 + 25°C 5 1265°C B
- Time D 1233 min B
sic R - -

Coatlng gases - __; ) Hp + MTS ]  Hpy+MTS

|TGF 1 - 16,920 sccm

|CGF ~ 0.015+0.005 0.0116 |

Temperature ] 1500£25°C | 1500°C |
Time i 140 min a

ome —

| Coating gasés B | Ar + C2H2_+ CsHs T Ar+ CzH; +aHE

| TGF - - 16,215 sccm
CGF . ~ 0.30£0.03 . 030

CGR | 085008 | 08

| Temperature | 12e0%40°c | 1200°C |
Tme T omn
Comments/Notes:

Sporsion: | _}Q%M ZZ/}M’QQ il I Z/ f/é’ >

KBS g P | /e
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Summary for Baseline Coating Run - LEU01-27T

30

. Coating Run No. I T LEU01-27T |
| Description: : B ____ Baseline AGR-1 proceésmg condltlens
| Procedure: : __ :______ :____ AGR-COAT-SOP-01, Rev 1
| Kernel Lot No. - LEU01-27K
Operator. R.A. Lowden
| Date: : 12/15/2005
Data Locatlon B002516, Coating Log, Volume3 pp. 124 -134
Kernel Batch Wt — e 63.39 99
| Coated Particle Batch W, e 185.959
- T . AER'_‘i Parameter As- Proceged__
| Buffer D - N
Coatlng gases - CoH, + Ar CoHy + Ar o
| TGF T - . 8530scem
| CGF | 060£0.10 Y Y -
Temperature ] 1as0 +25°C 1 1450°C B
Time ——— = B 5 min
IPyC . B -
 Coating gases | Ar+CuHy + CaHs AT+ CoHj + CaHg
TGF 1 9435 sccm
CGF | os3%003 | 03 |
CGR | 085%0085 | 08
‘Temperature  1265+25°C 1265°C
Time R | 12.33min
' sic . - -
_Coating gases H, + MTS r H, + MTS
TGF B | 16912sccm
CeF | oossooss | oomt |
Temperature .; 1500 + 25°C 1500°C
Time ] | 140min |
OPyC S - '
 Coating gases _— | Ar + CyH; @;_ _ Ar F Czﬁ;; TC:;HE
TGF ) o | 18215scem.
CGF 0.30 +0.03 030
| CGR - 08540085 085
Temperature _ 1_299 +40°C ] 1290°C
Time i B : o __ ____ 10 min
Comments/Notes:
Operator II ‘5‘{ /(/0\.‘/ /%%%
QAS: | %
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Summary for Baseline Coating Run - LEU01-45T

Coatlng Run No. LEUO1—¢15T
Descr_:p_tl-on—_ - ~ Baseline AGR-1 processmg conditions
 Procedure: ~ AGR-COAT-SOP-01, Rev. 1
_Kergel LotNo. B - -__ LEua‘i—El‘_(
@erator: - R.A. Lowden
Date: - - 12/16/2005
_Eafa_Locataen — _____— 8002516 Coatlng Log, Volume3 pp. 136 144
| Kernel Batch Wt o 63.46 g
| Coated Par‘tlcle Batch Wit. : 186.05g

AGR 1 Paﬂ'emeter As-Processed
BuEr o - - ___ - .
Eatin_g_gases_ - - ]__ CoHz + Ar . QgH; +Ar |
| TGF - - ) 8530 scem —_
CGF = & 0.60+0.10 o0&l
Temperature —_:_ 1450 + 25°C L= 1450°C =
Time - _ -,_ - - S 5min '
IPyC - - - ]
| Coating gases : d Ar "_EZ’_"L" _C;;Hs _ . Ar+GCyH; + C3Hs -
TGF - - 9435 scem
|CGF T 030£0.03 | 030
CGR | 085£0085 085 '
Tempereture —] 1265 + 25°C - 1285°C
Time i ! ~ 1233min
'sic B i . e
|_Coat|ng gé&es _ B ~Hy+ M?_S_ - H, + MT?__—
TGF 16,945 sccm
CGF 1T | 0.015 +0.005 0.0130
Temperature - 1500 + 2§ e ~1500°C
Time ] | 140min
| OPyC ) o - - ]
 Coating gases | Ar+CoHp+CiHs |  Ar+CH,+CiHy |
ToF - — - __ 22 T L : 16‘_2_15 e
ceF I 030£003 | o030 |
| CGR - | 085:008 0.85
Temperature | 1290+40°C |  1290°C
Time 1 | 10min |
Comments/Notes
_OPeret_er: ‘ Date: IZ/!&/&_S
QAS: J Date: VRS /0 5
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4 Classification of coated particles

Fully-coated batches of particles were sorted employing a sizing technique described in AGR-
ROLLER-SOP-1, Rev. 0 and a tabling method described in AGR-TABLER-SOP-1, Rev. 1 as
required in section 5.1 of the AGR-1 Fuel Product Specification and Characterization Guidance
document INL EDF-4380, Rev. 6. The purpose of this classification is to remove aspherical
particles and particles outside a specified diameter range. Details regarding the application of the
procedures to the classification of coated particle batches can be found in the logbooks
referenced on the summary sheets.

Particles can be sized using a set of sieves, with diameter ranges and limits determined by the
selected mesh openings. As an alternative to sieving, the roller technique uses rotating sloped
rollers with a diverging gap to size classify particles. Particles are fed onto the gap between the
rollers. The rollers are tilted or angled downward away from the feed point to create an inclined
track. The rollers rotate with an upward and outward motion. A particle travels down the
gradually widening gap until it reaches a point equal to its diameter upon which it drops through
the gap into a collection bin. The gap between the rollers is adjusted to separate different sizes of
particles or to classify particles within a specific range of diameters. A schematic illustrating the
relationship between roller gap and particle size is shown in Figure 4.1.

e————— 200 um/9=~22 umlbin —————>

680 um ~735um 780 um  ~825um 880 um

Bin | Bin | Bin | Bin | Bin | Bin | Bin | Bin | Bin | Bin
#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10

~ 715 um ~ 845 um

Figure 4.1. Schematic of the collection bins and roller spacing showing relationship between
roller gap and particle size.

From EDF-4380, Rev 6, section 5.1.1, Sieving or Rolling to Remove Undersize and Oversize
Particles, “Each batch of coated particles shall be double-sieved with electroformed sieves to
remove all particles that pass through a 700 um sieve and all particles that do not pass through an
850 um sieve. . . . Alternately, the particles can be size-classified using a roller micrometer that
achieves results equivalent to or better than sieving." To size separate the batches of coated
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particles, the gaps between the rollers above bins #1 and #10 were set at 680 and 880 um,

respectively, producing the size distribution shown in the figure. Only particles from Bins #3 -
#8, with a particle size range of 715 to 845 um, were retained with the majority of the particles
being from Bins #4 through #7 with a nominal particle size range 735 to 825 um.

The following pages contain records of the classification performed on the TRISO-coated
particle batches associated with the LEUO1-46T coated particle composite.

TRISO batches

LEUO1-21T
LEUO1-35T
LEUO1-27T
LEUO1-45T
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Sizing & Removal of Aspherical Particles for LEU01-21T

Summary for Sizing of Kernels or Coated Particles

Procedure: AGR-ROLLER-SOP-01, Rev. 0
Operator: R. A. Lowden
Kernel/Coated Particle ID: LEU01-21T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 31

Summary for Tabling of Kernels or Coated Particles

. [ h
Date Batch Weight Slzﬁiigﬁ:c Scrap Loss
(9) (9 (9
(9)
11/22/2005 187.07 178.13 8.90 (0.04)
Comments:
/A, / /)
Operator: W/M Date: ///2%/0{'
; ~ ; ’
s %@' v/ - P |\ 2/30/p4

Procedure: AGR-TABLE-SOP-01, Rev. 1
Operator: J. H. Miller
Kernel/Coated Particle ID: LEUD1-21T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 32

Tabled Batch

Date Batch Weight Weight Scrap Loss
9 (9) (9) (9)
11/23/2005 178.13 177.03 1.10 0.00
Comments: '
Operator: /LU.'M‘-Q’ [;/ M Date: / [ -23-95
QAS: -
V 2z o e | 3 /30 /ot
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Sizing & Removal of Aspherical Particles for LEU01-35T

Summary for Sizing of Kernels or Coated Particles

Procedure: AGR-ROLLER-SOP-01, Rev. 0
Operator: J. H. Miller
Kernel/Coated Particle ID: LEUD1-35T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 38

N s

Summary for Tabling of Kernels or Coated Particles

. Sized Batch
Date Batch Weight Weight Scrap Loss
(9) @ (9) (9)
12/09/2005 184.02 172.49 11.52 (0.01)
Comments:
/ ._/1/ ; o
Operator: i;%w‘/) [(/ ,7///{’6/,@1 Date: [2—4 G
R H— o | 3/50/b

Procedure: AGR-TABLE-SOP-01, Rev. 1
Operator: J. H. Miller
Kernel/Coated Particle ID: LEU01-35T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 39

35

ikl Batch Weight Tat{,'\?gi gB;t‘tCh Scrap Loss
(9) @ (9) (9)
12/09/2005 172.49 165.06 7.43 0.00
Comments:
Operator: ﬁj{cirh?() A/ ‘?425/{&] Date: (2~ G- uj-
=
QAS: %74 ; Date: 3/ 0/ .
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Sizing & Removal of Aspherical Particles for LEU01-27T

Summary for Sizing of Kernels or Coated Particles

Procedure: AGR-ROLLER-SOP-01, Rev. 0
Operator: R. A. Lowden
Kernel/Coated Particle ID: LEUO1-27T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 40

: Sized Batch
Date Batch Weight Weight Scrap Loss
(9) (9) (9)
(9)
12/15/2005 185.95 176.95 8.96 (0.04)
Comments:
/| / )
Operator: W/M Date: /%’5" a)’r
| B 7/
QAS: %M&,\ Date: o2 /E /_Q Z

¥ S v

Summary for Tabling of Kernels or Coated Particles

Procedure: AGR-TABLE-SOP-01, Rev. 1
Operator: R. A. Lowden
Kernel/Coated Particle ID: LEU01-27T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 41

Tabled Batch

Batch Weight ; Scrap Loss
Dat: Weigh
gie ) o ) (9)
12/16/2005 176.98 170.19 B.77 (0.02)
Comments:
/ ﬂ i i P .
Operator: W % Mv Date: / Z,//é /y 5’#
AS: j? : '
0 PG bae | 3/ /0
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Sizing & Removal of Aspherical Particles for LEU01-45T

Summary for Sizing of Kernels or Coated Particles

Procedure: AGR-ROLLER-SOP-01, Rev. 0
Operator: R. A. Lowden
Kernel/Coated Particle ID: LEU01-45T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 42

: Sized Batch
Date Batch Weight Weight Scrap Loss
(9) @) (9) (9)
12/20/2005 186.05 177.60 8.49 +0.04
Comments:
et Wﬁmrz%\ 2 | 12/20fp5
1 7
QAS: Jz Date: 3 /d: {05

Summary for Tabling of Kernels or Coated Particles

Procedure: AGR-TABLE-SOP-01, Rev. 1
Operator: R. A. Lowden
Kernel/Coated Particle ID: LEUO1-45T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 ym LEUCO

Data Location:

B002163, Sizing & Tabling, p. 43

Tabled Batch

Date Batcl};l;feight Weight S-(:Sr;)ap L(r.;s)s
) :
12/21/2005 177.60 170.51 7.07 (0.02)
Comments;
Operator: /MW ﬁ W Date: /z,/z_j/w
Bas: W Datg: | =/t 30/05
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ORNL/TM-2006/019, Rev. 1

5 Blend of coated particle composites

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

Batch ID Amount added to LEU01-46T composite (g)
LEUO1-21T 69.2704
LEUO1-35T 146.2983
LEUO1-27T 151.5947
LEUO1-45T 151.9880
Total 519.1514

Three batches of buffer-coated particles were blended into composite NUCO350-58B. The mass

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

Batch ID Amount added to NUCO350-58B composite (g)
NUCO350-25B 54.4356
NUCO350-36B 55.8622
NUCO350-54B 56.0934
Total 166.3912

Three batches of buffer/IPyC-coated particles were blended into composite NUCO350-66BI.

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

Batch ID Amount added to NUCO350-66BI composite (g)
NUCO350-30BI 96.9421
NUCO350-37BI 96.1568
NUCO350-29BI 98.2502

Total

291.3491
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6 Characterization of LEUCO kernel composite

This section contains data on the kernel composite used for LEUO1-46T. The data 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
specific requirements listed in section 4 of INL EDF-4380 is documented in the BWXT data
package for G73D-20-69302. The BWXT kernel lot G73D-20-69302 was riffled into sublots for
characterization and coating by ORNL and identified as LEUO1-## (where ## is a series of
integers beginning with 01).

Note that the average kernel weights were remeasured using a revised procedure which improved
the accuracy of the reported value by improving the randomness of the measured samples. The
measured value of the LEUCO average kernel weight changed from (2.47+0.01)-10 grams per
kernel to (2.418+0.006)-10* grams per kernel. On data report form DRF-15 for the measurement
of average kernel envelope density, the average kernel weight is used to approximate the number
of kernels in a sample from the weight of the sample. The approximate number of kernels in a
sample is divided into the sample envelope volume to determine the average kernel envelope
volume. The change in average kernel weight resulted in a significant change in the calculated
average kernel envelope volume. The data in this section shows the new average kernel weight
and average kernel envelope volume. Records showing the original values are included in section
16.

The following pages shows the inspection report form (IRF-01). Following IRF-01 are the
individual data report forms for the measurements that were performed.
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This composite would pass a control limit of 21,035 at 10% tolerance limit wltn 95% confidence level.
This compaosite would pass a control limit of 21.05 at 2.6% tolerance limit with 95% confidence level.

Procedure: | AGR-CHAR-PIP-01 Rev. 1
Measured Data Specification
Property Mean |Std. Dev.| # measured | kort |INLEDF-4380| Acceptance Criteria Test Value Racords
(x) (s) (n) Rev. 6
1.645 mean A = x-ts/vn = 340 349.5
¥ 350 £ 10 B =x + ts/vn < 360 349.9 BREE
Average kernel diameter (um) 349.7 9 4304 disparsion s 5 300 3953 ORF-09
2.38 <0.01 < 300
<0.01 > 400 D = x + ks < 400 3711
dispersion <1in 50 DRF-06
Kernel ellipticity (Dmax/Dmin) 1.021 4304 <0.10 21.05 or 27 in 142 94 DRF-09
3 10.924 | 0,015 5 2132 bzl A=x-ts/vn z 10.4 10,91 DRF-15
Kernel envelope density (Mg/m”) g . . 210.4 % - tsfv'n 2 10. X DRE-35
! C ts 3
94 kernels with ellipticity =1.05 out of 4304 kernels passes the d ion specification acceptance criteria of 5397 in 4304,

ol Mo

16-04

%“f AL 3/25/06
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Data Report Form DRF-06: Imaging of Kernel Diameter and El city U an Optical Microsco m

Procedure: |AGR-CHAR-DAM-06 Rev. 0

Operator: |[Andrew Kercher

Sample ID:[LEUEO356-818 cenamed LEVOV-O\W-8 M 4-i7-0b
Sample Description: |LEUCO kernel composite 69302 v

Folder name containing images: \\mc-agr\AGR\ImageProcessing\P05051302\

DMR Calibration Expiration Date:|3/24/06

Stage Micrometer Calibration Expiration Date:|2/17/07

Measured Value for 760 pm in Stage Micrometer Image: 760. pm

Mean average weight/particle (g): 347504 7.M0E-OM /A 3-21-0b

Weight of sample of particles (g):|1.519

Approximate number of particles in sample: | 6350~ 62171 g 3-22-ub
F/j

oS/ Tes
7

Date
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Data R Form DRF-09A: Measurement of Kernel Diameter

Procedure:

AGR-CHAR-DAM-09 Rev. 0

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05051902

Sample ID:

Lo

LEHEOISB-BHE  renawmed LEVO\-DI\W - @ M u-1-Dk
[}

Sample Description:

BWXT LEUCO kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Shadow\P05051902_output

Number of kernels analyzed: |4304

Mean of the average diameter of each kernel (pm):|349.7

Standard deviation in the average diameter of each kernel (pm): |9

Distribution of the average kernel diameter (top binned)

Mean Diameter Frequency
<300 9
305 2
310 2
315 1
320 2
325 2
330 18
335 143
340 366
345 666
350 1060
355 946
360 572
365 317
370 128
375 45
380 18
385 4
390 3
395 0
400 0
=400 0

1200

Histogram

1000 +

800 +

600

Frequency -

400 4

200 4

Mean Diameter (pm)

>400

ILL

Moy D3 2005

irad 7" Operator

d Date
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Data Report Form DRF-09B: Measurement of Kernel Ellipticity (Dmax/Dmin)

Procedure: |[AGR-CHAR-DAM-09 Rev. 0
Operator: [Andrew K. Kercher
Folder name containing images:|\\mc-agr\AGR\ImageProcessing\P05051902
Sample ID: [LEUEO350-048 cerwpod LEJOL-O\W -0 0N 4-\1-0b
Sample Description: [BWXT LEUCO kernel composite 69302 ¢
Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Shadow\P05051902_output

Number of kernels analyzed: |4304
Number of kernels with ellipticity >1.05:|94
Average kernel ellipticity:|1.021

Distribution of the ellipticity (top binned)

Ellipticity (D) Frequency
1.005 10 Histogram
1.01 439
1.015 1025 1200
1.02 1003
1.025 754 1000 + i
1.03 462 1
1.035 218 : i, f
1.04 166 (ry €a0
1.045 89 5
1.05 44 g 600t
1.055 29 g
1.06 21 L 400 -
1.065 17
1.07 12
1.075 5 200 1
1.08 3 ) f 1
1.085 1 0 .".“.ﬂ.”,""."‘."‘. o ———+—+
1.09 2 3 mMSeSn88orREESEAT
1.095 0 = e a9 g se 3¢ g g9~y
1‘1 1 i - i — i i i L]
ST 3 Ellipticity (Dmax/Dmin)

Operatorsarui i Date (=
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Data ort Form DRF-15: Measurement of Average Kernel Envelope Density using a M imeter
Procedure: | AGR-CHAR-DAM-15 Rev, 2
Operator: |S. D. NUNN
Kernel Lot ID: [EEHES356-BT  renomed  LEVOV-0V X g\ 4W-11-0b
Kernel Lot Description: |[BWXT LEUCO KERNEL COMPOSITE 69302 E
Thermocouple Expiration Date: [5/23/06
Penetrometer Expiration Date:|5/25/06
Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S05052701\S05052701R1_DRF15R2
Mean average weight/kernel (g):|2.42E-04
Uncertainty in mean average weight/kernel (g):|5.96E-07
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number: 505052701L 505052702L S505052703L S05052704L S05052705L
Weight of kernels (g): 12.5822 12.5075 12.8773 12.6448 12.6895
Approximate number of kernels: 52036 51727 53256 52294 52479
Uncertainty in number of kernels: 128 128 131 129 129
Envelope volume of sample (cc): 1.150 1.145 1.180 1.157 1.164
Average envelope volume/kernel (cc): 2.21E-05 2.21E-05 2.22E-05 2.21E-05 2.22E-05
Sample envelope density (g/cc): 10.943 10.925 10.912 10.932 10.906
Mean average envelope volume/kernel (cc):|2.214E-05
Uncertainty in mean envelope volume/kernel (cc): |1.34E-08
Mean sample envelope density (g/cc):|10.924
Standard deviation in sample envelope density (g/cc):|0.015
5. D )}[-‘_’"?1—‘1-"" - }!t/ /{'-'Qs
Operator Date
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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1

Operator: |John Hunn

Particle Lot ID: |LEU01-32K-A
Particle Lot Description: |BWXT kernel composite 69302
Filename: |\\mc-agr\AGR\ParticleWeight\W06020601_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 5.76E-02 5.33E-02 5.20E-02 4.90E-02 4.85E-02
Number of particles: 239 220 215 204 199
Average weight/particle (g): 2.41E-04 2.42E-04 2.42E-04 2.40E-04 2.44E-04
Mean average weight/particle (g):|2.418E-04
Uncertainty in mean average weight/particle (g):|5.96E-07
- gl
/ V@ f/ 7 L= D
i A A N M £- b o
{/ Operator Date
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7  Characterization of NUCO kernel composite

This section contains data on the kernel composite used for buffer and IPyC process qualification
batches. The data was obtained according to product inspection plan AGR-CHAR-PIP-O1R]1.
Some of the kernel data in this section was used as input for subsequent measurements of coating
properties (e.g., buffer density). 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 specific requirements listed in section 4 of 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).

Note that the average kernel weights were remeasured using a revised procedure which improved
the accuracy of the reported value by improving the randomness of the measured samples. The
NUCO average kernel weight changed from (2.39+£0.03)-10" grams per kernel to
(2.308+0.009)-10* grams per kernel. On data report form DRF-15 for the measurement of
average kernel envelope density, the average kernel weight is used to approximate the number of
kernels in a sample from the weight of the sample. The approximate number of kernels in a
sample is divided into the sample envelope volume to determine the average kernel envelope
volume. The change in average kernel weight resulted in a significant change in the calculated
average kernel envelope volume. The data in this section shows the new average kernel weight
and average kernel envelope volume. Records showing the original values are included in section
16.

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

[ M d Data _Specification g i s =
Bropesty ‘Mean |Std.Dev.| # measured | kort |INLEDF-4380| Acceptance Criteria. ! ‘Ymﬁwwlmii : _Data
(x) (s) (n) | value | Rev.d ' Secois
1.645 mean A= x-ts/vn = 340 344.5
, 350£10 | B=x+ts/vns 360 345.3 Hiaiog
Average kernel diameter (um) 344.9 15 4202 AEPErTon e e 00 = e
2.38 $0.01 < 300
<0.01 > 400 D = x + ks < 400 380.6
Kernel ellipticity (Dmax/Dmin) 1.022 4202 s“’}islngr:ilugs or!; I?I?nSI'::! , 185 3228’;
Kernel envelope density (Mg/m®) 10.800 | 0.006 5 2132 :‘f;_: A=x-ts/vnz10.4 10.79 g:::;;
Comments ¥ N

186 kemels with elllptll:ltv 21.05 out of 4202 kemels measured passes the dispersion specification acceptance criteria of <387 in 4202,

This composite would pass an ellipticity control limit of =1.038 at 10% tolerance limit with 95% confidence level,
This composite would pass an ellipticity control limit of 21.05 at 5% tolerance limit with 95% confidence level,

o B

20 - 06
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Data Report Form DRF-06: Imaging of Kernel Diameter and Ellipticity Using an Optical Microscope System

Procedure: |AGR-CHAR-DAM-06 Rev. 0

Operator: |Andrew Nelson

Sample ID: [NUCO350-26B

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

Folder name containlng images:|\\mc-agr\AGR\ImageProcessing\P05052501

DMR Calibration Expiration Date:|3/25/06

Stage Micrometer Calibration Expiration Date:|2/17/07

Measured Value for 760 pm in Stage Micrometer Image:|760.6 um

Mean average weight/particle (g):[239E-04 2.3\ E-0Y M Y-1-ob

Weight of sample of particles (g):|1.408

Approximate number of particles in sample: |585+ Loas oy WA-0h
7 / . -
%{»’ 7 Gl — 5%5/20@5
L Operator i Date
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Data Report Form DRF-09A: Measurem f Kernel Diameter

Procedure: |AGR-CHAR-DAM-09 Rev, 0

Operator: [Andrew K. Kercher

Folder name containing images: \\mc-agr\AGR\ImageProcessing\P05052501

Sample ID: |NUCO350-26B NUCO kernels

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

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Shadow\P0505250 1_output

Number of kernels analyzed:[4202

Mean of the average diameter of each kernel (pm):[344.9

Standard deviation in the average diameter of each kernel (um):|15

Distribution of th rage kernel diameter (top binn
Mean Diameter Frequency
<300 36 Histogram
305 1
310 11
315 15 1000
320 61 900 + 3
325 156 1 il B
330 204 R 1|
335 233 700 (
340 412 g 600 4 1l -
345 867 8 el (
350 858 T 1
355 603 £ 400 + 1 [
i 0 | |
370 71 200 + 11
375 48 100 - n i i
380 16 0 nu B g | B‘ |, = T i T L
390 A R fba el 53?2 P
395 5 v
400 3 Mean Diameter (pm)
>400 22
/4/. 7 M //é, S, 200
Operator ; Dnu
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Procedure: |AGR-CHAR-DAM-09 Rev, 0

Operator: |Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05052501

Sample ID:|NUCO350-26B NUCO kernels

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:|4202

Number of kernels with ellipticity >1.05:]{186

Average kernel ellipticity:{1.022

Distribution of the ellipticity (top binned)

Ellipticity (D)  Frequency
1.005 15
1.010 486
1.015 1069
1.020 979
1.025 627
1.030 361
1.035 197
1.040 141
1.045 89
1.050 52
1.055 42
1.060 19
1.065 17
1.070 19
1.075 11
1.080 12
1.085 15
1.090 8
1.095 1
1.100 2

>1.100

Frequency

Histogram
1200 +—
1000
800 -
600 -
400 +
200 -
w onmMoumwmomowmowmoewn oo
o TehkbterkE229289
- B T A (s S S S S S S
A
Ellipticity (Dmax/Dmin)

30
7]

W ik A

Mo, 3l, 20065

Operator
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Data Report Form DRF-15: Measurement of Ave Kernel Envelope Densi sing a Mercury Porosi
Procedure: | AGR-CHAR-DAM-15 Rev. 2
Operator: |S. D. NUNN
Kernel Lot ID: |NUCO350-26
Kernel Lot Description: [NUCO KERNEL COMPOSITE 69300
Thermocouple Expiration Date: |5/23/06
Penetrometer Expiration Date: |5/25/06
Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S05052601\S05052601R1_DRF15R2
Mean average weight/kernel (g):|2.31E-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 505026021 S05052603L S05052604L S505052605L
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/kernel (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

Lol W | P

Operator
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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1
Operator: |John Hunn
Particle Lot ID: |[NUCO350-42-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): [8.69E-07
',I /%
'//‘«‘—'Lh VLV"M 2-3-0b
{/ Operator Date

v
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8 Characterization of buffer on interrupted batches

This section contains data on the buffer coating density and other buffer properties for particles
removed from the coater after deposition of only the buffer layer. The data was obtained
according to product inspection plan AGR-CHAR-PIP-02R4. The buffer on these particles was
deposited under similar conditions as the buffer on the particles in composite LEU01-46T and
should therefore be 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. According to section 5.3 of EDF-4380, Rev.
6, three representative buffer layers from interrupted batches which meet the specification for
buffer density are sufficient to qualify the process for buffer density. The qualifying batches used
350 um natural uranium oxide/uranium carbide kernels (NUCO). The kernels were obtained
from BWXT and were identified as composite G73B-NU-69300. The use of NUCO surrogate
kernels was not expected to significantly effect the density of the buffer. A confirmatory batch
using LEUCO kernels from G73D-20-69302 was coated and characterized to verify this
assumption.

Note that the average kernel weights and volumes for both the LEUCO and NUCO kernel
composites were remeasured after coated particle composite characterization was underway in
order to improve the accuracy of the reported value, as discussed in sections 6 and 7. On data
report form DRF-16 for the buffer envelope density, the average kernel weight and volume are
used to calculate the buffer density. The change in average kernel weight and volume resulted in
a significant change in the calculated buffer densities previously used to determine acceptability
of the buffer deposition conditions. The data in this section shows the new average kernel
weight, average kernel volume, and buffer densities. Records showing the original values are
included in section 16. The new values for buffer density were about 10% higher than the
originally reported values, but both were within the range specified in INL EDF-4380, Rev. 6.

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. The process conditions used to deposit the
buffer layer were determined to be sufficient to satisfy the specifications in section 5.3 of EDF
4380, Rev. 6.
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Procedure:

AGR-CHAR-PIP-02 Rev. 4

Batch 1 ID:

NUCO350-258

Batch 1 description:

Buffer-coated BWXT kernel composite 69300

Batch 2 Ix:

NUCO350-36B

Batch 2 description:

Buffer-coated BWXT kernel composite 69300

Batch 3 ID:

NUCO350-548

Batch 3 description:

Buffer-coated BWXT kernel composite 65300

Measured Data ification Acceptance| PS8 Data
Property Mean |Std.Dev.| # measured | tvalue | INL EDF-4380 | Acceptance Criterla | cif /= °f | Records
(x) (s) (n) () Rev. 6 : L :
s A = x-ts/vn = 0.88 1.04 pass DRF-16
Batch 1: Buffer envelope density (Mg/m®) a8 .0k ] st 1032015 | B=x+ts/vns 1.18 1.12 pass DRF-22
mean A =x-ts/vnz0.88 1.06 pass DRF-16
Batch 2: Buffer envelope density (Mg/m®) 1.1 0.05 5 245, 1.03£015 | B=x+ts/vns 1.18 1.16 pass DRF-22
: ks A =x-ts/vn = 0.88 1.07 pass DRF-16
Batch 3: Buffer envelope density (Mg/m?) 111 0.04 5 2.132 1.03 £0.15 B=x+ts/vns 1.18 1.15 pass DRF-22

= =

Average thickness of buffer was 108 pm based on
Confirmatory batch on LEUCO kernels, LEUD1-163:

e outer diameter-of S81 (im obtai
mean buffer density = 1.10 g/cc.

Standard deviations are /5 times the uncertaintias in buffer density (standard errors) reported on DRF-16.
Average thickness of buffer was 108 pm based on average envelope volume of §,25E-5 cc (effective diameter of 561 pm) and average kernel diameter of 345 pm.
d per DAM-10 and average kernel diameter of 345 pm.

=

3-1D -D4

//’ﬂu’{% L
[f

QC Supervisor i

IAu:apt process for buffer density (Yes or No):

| =

[

QA Reviewer
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Procedure: | AGR-CHAR-DAM-16 Rev, 2

Operator:|5. D. NUNN

Buffer-coated kernel batch 1D: |NUCO350-258

Batch Description: | Buffer Coated BWXT Kernel Composite 69300

Thermocouple Expiration Date: |5/23/06

Penetrometer Expiration Date: |5/25/06

Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S05062001\505062001R1_DRF16R2.xIs

Mean average weight/buffer-coated kernel (g):|3.07E-04
Uncertainty in mean average weight/b-c kernel (g):|1.00E-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:| S05062001L 505062002L S05062003L 505062004L 505062005L
Weight of buffer-coated kernels (g): 4.1223 4.2165 4.4333 4.4104 4.0445
Approximate number of b-¢c kernels: 13428 13735 14441 14366 13174
Uncertainty in number of b-c kernels: 44 45 47 47 43
Total envelope volume of sample (cc): 1.235 1.268 1.335 1.321 1.212
Av. envelope volume/b-c kernels (cc): 9.19E-05 9.23E-05 9.24E-05 S.19E-05 9.20E-05
Sample envelope density (g_f_cc): 3.339 3.326 3:321 3.340 3.338
Mean average envelope volume/b-c kernel (cc): [9.21E-05
Uncertainty in envelope volume/b-c kernel (cc):|1.1E-07
Buffer density: | 1.08E+00
Uncertainty in buffer density: |1.88E-02
”
S D,)litu--m.w 2014/ e¢
Operator 9 Date
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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1

Operator: |Dixie Barker

Particle Lot ID: [NUC0350-25B

Particle Lot Description: |Buffer Coated NUCO

Filename: |\\mc-agr\AGR\ParticleWeight\W05062001_DRF22R1.xls

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.28E-02 2.73E-02 3.08E-02 3.46E-02 3.99E-02
Number of particles: 107 90 100 113 129
Average weight/particle (g): 3.07E-04 3.03E-04 3.08E-04 3.06E-04 3.09E-04

Mean average weight/particle (g):|3.07E-04

Uncertainty in mean average weight/particle (g):|1.00E-06

@ _’C‘if{_,t, [6 (L""{f?,._ b 2o 03~

= Operator Date
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Procedure: |AGR-CHAR-DAM-16 Rev, 2

Operator: |S. D.NUNN

Buffer-coated kernel batch ID:|NUCO350-368

Batch Description: | Buffer Coated BWXT Kernel Composite 69300

Thermocouple Expiration Date:|5/23/06

Penetrometer Expiration Date:|5/25/06

Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S05062006\S05062006R1_DRF16R2.xls

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

3.11E-04

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

1.20E-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:| S05062006L S05062007L S05062008L S05062101L S05062102L
Weight of buffer-coated kernels (g): 4.0723 4.0655 4.0860 4.0696 4.0514
Approximate number of b-c kernels: 13094 13072 13138 13086 13027
Uncertainty in number of b-c kernels; 51 50 51 50 50
Total envelope volume of sample (cc): 1,226 1.227 1,232 1,226 1.217
Av. envelope volume/b-c kernels (cc): 9.37E-05 9.38E-05 9.38E-05 9.37E-05 9.34E-05
Sample envelope density (g/cc): 3.321 3.315 3.317 3.319 3.328
Mean average envelope volume/b-c kernel (cc):|9.37E-05
Uncertainty in envelope volume/b-c kernel (cc):|6.7E-08
Buffer density: |1.11E+00
Uncertainty in buffer density:|2.05E-02
-C-'J'-D )J"‘-'—-')L‘L-— ] (-’t( {C‘(:,_
Operator Date
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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixie Barker

Particle Lot ID:

NUCO350-36B

Particle Lot Description:

Buffer Coated NUCO

Filename: |\\mc-agr\AGR\ParticleWeight\W05062002_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.45E-02 3.26E-02 3.54E-02 3.58E-02 3.42E-02
Number of particles: 110 104 115 116 110
Average weight/particle (g): 3.14E-04 3.13E-04 3.08E-04 3.09E-04 3.11E-04
Mean average weight/particle (g):[3.11E-04
Uncertainty in mean average weight/particle (g):[1.20E-06
-_// /D}é’/{_u Cf»zév . do - O

‘Operator
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Procedure:

AGR-CHAR-DAM-16 Rev. 2

Operator:

5. D.NUNN

Buffer-coated kernel batch ID:

NUCO350-548

Batch Description:

Buffer Coated BWXT Kernel Composite 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/06

Completed DRF Filename:

\\mc-agr\AGR\Porosimeter\S05062201\S05062201R1_DRF16R2.xis

Mean average waighUbLTf-fer-:oated kernel (g):|3.11E-04
Uncertainty in mean average weight/b-c kernel (g):|1.09E-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: S05062201L S05062202L 505062203L 5050622041 505062205L
Weight of buffer-coated kernels (g): 4.1223 4.0694 4.0160 4.0391 4.0471
Approximate number of b-c kernels: 13255 13085 12913 12987 13013
Uncertainty in number of b-c kernels: 46 46 45 46 46
Total envelope volume of sample (cc): 1.233 1.225 1.209 1.215 1.215
Av. envelope volume/b-c kernels (cc): 9.30E-05 9.36E-05 9.36E-05 9.35E-05 9.34E-05
Sample envelope density (g_[cc): 3.344 3.323 3.323 3.326 3.331
Mean average envelope volume/b-c kernel (cc):|9.34E-05
Uncertainty in envelope volume/b-c kernel (cc):|1.1E-07
Buffer density: |1.11E+00
Uncertainty in buffer density:|1,94E-02
=N _))[L,.,L.,__ ’;(u;/rf‘_&
Operator Date

59




ORNL/TM-2006/019, Rev. 1

Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1

Operator: | Dixie Barker

Particle Lot ID: |NUCO350-54B

Particle Lot Description: |Buffer Coated NUCO

Filename: |\\mc-agr\AGR\ParticleWeight\W05062101_DRF22R1.xls

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.66E-02 4.39E-02 3.80E-02 4.22E-02 3.97E-02
Number of particles: 118 140 123 135 129
Average weight/particle (g): 3.10E-04 3.14E-04 3.09E-04 3.13E-04 3.08E-04

Mean average weight/particle (g):[3.11E-04

Uncertainty in mean average weight/particle (g):|1.09E-06

Operator

g/ Ay _ A \,@?’{a’
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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: |AGR-CHAR-DAM-16 Rev, 2

Operator: |S. D.NUNN

Buffer-coated kernel batch ID:|NUCO350-58B

Batch Description: | Composite of Buffer Coated BWXT Kernel Composite 69300

Thermocouple Expiration Date:|5/23/06

Penetrometer Expiration Date: |5/25/06

Completed DRF Filename: \\mc-agr\AGR\Porosimeter\S05062206\505062206R1_DRF16R2.xls

Mean average weight/buffer-coated kernel (g):|3.09E-04
Uncertainty in mean average weight/b-c kernel (g):|4.99E-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:| S05062206L S05062207L S05062301L 505062302L S05062303L
Weight of buffer-coated kernels (g): 4.3399 4.3264 4.3459 4.4478 4.3485
Approximate number of b-c kernels: 14045 14001 14064 14394 14073
Uncertainty in number of b-c kernels: 23 23 23 23 23
Total envelope volume of sample (cc): 1.300 1.296 1.300 1.333 1.303
Av. envelope volume/b-c kernels (cc): 9,25E-05 9.26E-05 9.24E-05 9.26E-05 9.26E-05
Sample envelope density (g/cc): 3.340 3.338 3.344 3.337 3.338
Mean average envelope volume/b-c kernel (cc):|9.25E-05
Uncertainty in envelope volume/b-c kernel (cc):|3.8E-08
Buffer density:|1.10E+00
Uncertainty in buffer density:|1.41E-02
- - , /
T'D-D-.—”l«-u_m—- 2t oG
Operator Date
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Data Report Form DRF-22: Estimation of Average Particle Weight'

Procedure: |AGR-CHAR-DAM-22 Rev. 1
Operator: [Dixie Barker
Particle Lot ID: |NUCO350-58B
Particle Lot Description: |Composite of Buffer Coated BWXT Kernel Composite 69300
Filename: | \\mc-agr\AGR\ParticleWeight\W05062201_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.35E-02 3.07E-02 4.09E-02 3.50E-02 4.08E-02
Number of particles: 109 99 132 113 132
Average weight/particle (g): 3.07E-04 3.10E-04 3.10E-04 3.10E-04 3.09E-04
Mean average weight/particle (g): [3.09E-04
Uncertainty in mean average weight/particle (g):|4.99E-07

/ \ozc,éﬂ_\,

Operator
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Procedure:

AGR-CHAR-DAM-10 Rev. 0

Operator:

Andy Nelson

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05062401

Sample ID:

NUCO350-588B

Sample Description:

Folder name containing processed data:

Composite of Buffer-coated BWXT Kernel Composite 69300
\\mc-agr\AGR\ImageProcessing\Completed_Shadow\P05062401_output

Number of particles analyzed: |640

Mean of the average diameter of each particle (um):|561

Standard deviation in the average diameter of each particle (um):[18

Distribution of the average particle diameter (top binned)

Mean Diameter Frequency
< 500 0
510 2
520 7
530 24
540 49
550 86
560 127
570 158
580 102
590 55
600 21
610 5
620 0
630 2
640 0
650 2
> 650 0

Histogram

180

160 +
140 -
120 4
100 +
80 -
60 4
40 4
20 A

)

Frequen

Mean Diameter (pm)

> 650

AN T G é/27/z/«r%i

Operator
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Procedure: | AGR-CHAR-DAM-16 Rev, 2

Operator:|S. D. NUNN

Buffer-coated kernel batch ID:|LEU01-16B

Batch Description: | Buffer on BWXT LEUCO kernel composite 69302

Thermocouple Expiration Date:|5/23/06

Penetrometer Expiration Date:|5/25/06

Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S05110701\505110701R1_DRF16R2.xIs

Mean average weight/buffer-coated kernel (g):|3.20E-04

Uncertainty in mean average weight/b-c kernel (g):|8.22E-07

Mean average weight/bare kernel (g):|2.42E-04

Uncertainty in mean average weight/bare kernel (g):|5.96E-07

Mean average envelope volume/bare kernel (cc):|2.21E-05

Uncertainty in envelope volume/bare kernel (cc):|1.34E-08

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05110701L S05110702L S505110703L S505110704L S05110705L
Weight of buffer-coated kernels (g): 4,0951 4,1007 4.2203 4.2527 4.3448
Approximate number of b-c kernels: 12797 12815 13188 13290 13578
Uncertainty in number of b-c kernels: 33 33 34 34 35

Total envelope volume of sample (cc): 1,192 1.193 1.234 1.229 1.267

Av. envelope volume/b-c kernels (cc): 9.32E-05 9.31E-05 9.36E-05 9.25E-05 9.33E-05
Sample envelope density (g/cc): 3.435 3.438 3.421 3.460 3.430

Mean average envelope volume/b-c kernel (cc):[9.31E-05

Uncertainty in envelope volume/b-c kernel (cc):|1.8E-07

Buffer density:|1.10E+00

Uncertainty in buffer density:|1.46E-02

5 D e 2/14 o6

Operator Date
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Report Form DRF-22: Estimation

Average Pa

le Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixie Barker

Particle Lot ID:

LEUO01-16B

Particle Lot Description:

Buffer on BWXT kernel composite 69302

Filename: [\\mc-agr\AGR\ParticleWeight\W05110701_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 6.21E-02 6.72E-02 5.58E-02 5.12E-02 6.32E-02
Number of particles: 194 209 175 159 199

Average weight/particle (g): 3.20E-04 3.22E-04 3.19E-04 3.22E-04 3.18E-04
Mean average weight/particle (g):|3.20E-04
Uncertainty in mean average weight/particle (g):|8.22E-07

My T
@/1/" /ém«dl, o Wy
Operator TR :
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9 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. The
data was obtained according to product inspection plan AGR-CHAR-PIP-02R4. The IPyC on
these particles was deposited under similar conditions as the IPyC on the particles in composite
LEUO1-46T and should therefore be 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. According to section
5.3 of EDF-4380, Rev. 6, three representative IPyC layers from interrupted batches which meet
the specification for IPyC density are sufficient to qualify the process for IPyC density. The
qualifying batches used 350 ym natural uranium oxide/uranium carbide kernels (NUCO). The
kernels were obtained from BWXT and were identified as composite G73B-NU-69300. The use
of NUCO surrogate kernels was not expected to significantly effect the density of the IPyC. A
confirmatory batch using LEUCO kernels from G73D-20-69302 was coated and characterized to
verify this assumption.

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. The process conditions used to deposit the
IPyC layer were determined to be sufficient to satisfy the specifications in section 5.3 of EDF
4380, Rev. 6.
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Procedura: | AGR-CHAR-PIP-02 Rev. 4
Batch 1 ID:|NUCO350-3081
Batch 1 description: | IPyC/Buffer on BWXT kernel composite 69300
Batch 2 ID:|NUCO350-3781
Batch 2 description: | IPyC/Buffer on BWXT kernel composite 63300
Batch 3 ID:|NUCO350-2981
Batch 3 description: IPyC/Buffer on BWXT kernel c 69300
Measured Data Spacification Pass
F Accepta Data
Property Mean |Std. Dev.| # measured | Kort |INLEDF-4380| AcceptanceCriteria JeCOfPRRe®| — or | O8E
(x) (s) {n) value Rev. 6 fail
s Fkah A= x-ts/vn = 1.85 1.888 pass
- 1.90 + 0.05
} T T b B =x+ts/vn < 1.95 1.896 pass —
Batch 1: IPyC sink/float densi M s y i
" VE sk float dansity thom:) dispersion C=x-ks>1.80 1.856 pass
3.158 <0.01 s 1.80
<0.01 z 2.00 D=x+ks<2.00 1.927 pass
rean A=x-ts/vn z 1.85 1.898 pass
1.725
vanias | e 54 1.90+0.05 | B=y+ts/vns1.95 1.910 pass
Batch 2: IPyC sink/float density (Mg/m® i ¢ DRF-03
@ FPyCslnk/ ensity (Mg/m:) dispersion C=x-ks>1.80 1.854 pass
3.262 <0.01 < 1.80
<0.01 = 2.00 D=x+ks<200 1.954 pass
s A=x-ts/vnz1.85 1.906 pass
1.729 " Y
90£0.05 | B=x+ts/vns195 1.917 pass
Batch 3: IPyC sink/float density (Mg/m?) 19112 | 0.0142 20 - DRF-03
dispersion C=x-ks>1.80 1.864 pass
3.295 =0.01 < 1.80
<0.01 2 2.00 D=x+ks <200 1.958 pass

95% confidence interval for Buffer thickness in composite = (104pm, 106pm) with <1% <55pm.
95% confidence interval for IPyC thickness in cornposite = (34.2pm, 34.9pm) with >1% =30pm and <1% =56pm.
Confirmatory batch on LEUCO kernels, LEUO1-151: mean IPyC density = 1.9074 g/cc.

Ko

T

QC Supervisor

| Accept process for IPyC density (Yes or No):

P

[~
LY

8‘10‘0{7

QA Reviewer
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Data Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column

Procedure:

AGR-CHAR-DAM-03 Rev. 1

Operator:

Dixie Barker

Filename:

\\mc-agr\AGR\DensityColumn\D05062901_DRFO3R1.xls

Sample 1D:

NUCO350-30BI-B

Sample Description:

IPyC/Buffer on BWXT kernel composite 69300

Float Expiration Date:

07/2007

Gauge Expiration Date:

01/2006

Bath Temperature:

23.1C

Calibrated Floats

Sample Density

Density Top of Bottom of Center of Particle Particle Calculated Standard
Float Float Mass Number Position Density Error

1.800 154.64 163.83 159.24 1 295,22 1.8668 0.0016
1.850 258.61 266.87 262.74 2 304.23 1.8714 0.0016
1.900 361.46 367.13 364.30 3 325.99 1.8823 0.0016
1.950 459.26 467.16  463.21 4 326.44 1.8825 0.0016
2.000 553.39 560.32 556.86 5 326.76 1.8827 0.0016
- 6 328.81 1.8837 0.0016
Linear Fit 7 326.67 1.8826 0.0016
slope StDev intercept StDev 8 333.83 1.8862 0.0016
5.02E-04 3.18E-06 1.72E+00 1.25E-03 9 335.75 1.8872 0.0016
10 334.07 1.8863 0.0016
11 335.11 1.8869 0.0016
Density Gradient 12 336.64 1.8876 0.0016
S S 13 348.87 1.8938 0.0017
[ : 14 348.31 1.8935 0.0017
15 350.33 1.8945 0.0017
I 16 351.97 1.8953 0.0017
e 17 355.50 1.8971 0.0017
g 18 357.75 1.8982 0.0017
o I 19 359.46 1.8991 0.0017
Z 1901 20 364.06 1.9014 0.0017
B 21 363.84 1.9013 0.0017
g 22 362.42 1,9006 0.0017
Q g5 23 368.25 1.9035 0.0017
24 385.58 1.9122 0.0018
25 390,04 1.9144 0.0018

1.80 —L — :
° . i i A Density 1.8917 0.0003

verage Densi ; ;
Position (mm) Standard Deviation 0.0113

S .
,/(A-V’”d .

K b,

_é =~y ~ O3

~ Operator

69

Date



ORNL/TM-2006/019, Rev. 1

Data Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column

Procedure:

AGR-CHAR-DAM-03 Rev. 1

Operator:

Dixie Barker

Filename:

\\mc-agr\AGR\DensityColumn\D05063001_DRF0O3R1.xls

Sample ID:

NUCO350-37BI-B

Sample Description:

IPyC/Buffer on BWXT kernel composite 69300

Float Expiration Date:

07/2007

Gauge Expiration Date:

01/2006

Bath Temperature:

22.9C

Calibrated Floats

Sample Density

70

Density Top of Bottom of Center of Particle Particle Calculated Standard
Float Float Mass Number Position Density Error

1.800 151.98 161.42 156.70 1 313.15 1.8731 0.0015
1.850 262.34 270.69 266.52 2 329.08 1.8807 0.0015
1.900 370.32 376.20 373.26 3 335.13 1.8836 0.0015
1.950 473.40 480.73 477.07 4 342.49 1.8872 0.0015
2.000 569.44 576.52 572.98 5 349.04 1.8903 0.0016
6 351.34 1.8914 0.0016
Linear Fit 7 365.21 1.8980 0.0016
slope StDev intercept StDev 8 367.09 1.8989 0.0016
4,79E-04 2.94E-06 1.72E4+00 1.17E-03 9 367.27 1.8990 0.0016
10 378.19 1.9043 0.0016
11 382.30 1.9062 0.0016
Density Gradient 12 386.45 1.9082 0.0016
2.00 wroeP 13 387.67 1,9088 0.0016
* 14 389.34 1.9096 0.0016
15 390.40 1.9101 0.0016
- 16 404.73 1.9170 0.0017
w333 17 409.36 1.9192 0.0017
o 18 412.62 1.9207 0.0017
o I 19 412.95 1.9209 0.0017
Z 1.90 i 20 418.50 1.9236 0.0017
] 21 428.34 1.9283 0.0017

& _ / 22

Q i85 23

24

25
* i i o0 Average-t;éf;sih,lf 1 903:8 D OIOOA-t
positonties) Standard Deviation 0.0153 T

il < c ‘;
IR /}j T = PP S0
y 4 -
‘ Operator%"““ Date
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Data Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column

Procedure: |AGR-CHAR-DAM-03 Rev. 1

Operator: |Dixie Barker

Filename: |\\mc-agr\AGR\DensityColumn\D05070101 DRFO3R1.xls

Sample ID:|NUCO350-29BI-B

Sample Description: [Ipyc/Buffer on BWXT kernel composite 69300

Float Expiration Date: |07/2007

Gauge Expiration Date:|01/2006

Bath Temperature: |23.3C

Calibrated Floats Sample Density
Density Top of Bottom of Center of Particle Particle Calculated Standard
Float Float Mass Number Position Density Error

1.800 145.75 154.69 150.22 1 321.45 1.8805 0.0015

1.850 254.86 262.94 258.90 2 336.71 1.8878 0.0016

1.900 363.03 368.69 365.86 3 341.90 1.8903 0.0016

1.950 466.04 473.41 469.73 4 358.02 1.8981 0.0016

2,000 561.98 569.07 565.53 5 368.37 1.9030 0.0016

_ 6 374.74 1.9061 0.0017

Linear Fit 7 373.30 1.9054 0.0017

slope StDev intercept StDev 8 37931 1.9083 0.0017

4.8B0E-04 3.17E-06 1.73E+00 1.15E-03 9 382.20 1.9097 0.0017

10 383.00 1.9101 0.0017

11 390.54 1.9137 0.0017

Density Gradient 12 390.54 1.9137 0.0017

2.00 R 13 405.88 1.9210 0.0017

: ] 14 406.48 1.9213 0.0017

15 408.91 1.9225 0.0017

s ' 16 409.63 1.9228 0.0017

o = 17 414.97 1.9254 0.0017

& _ 18 423.66 1.9296 0.0018

=2 | 19 429.22 1.9322 0.0018

> 190 ¢ 20 410.67 1.9233 0.0017
‘a 21
& i / 22
0 ;85 23
i 24
25

1.80 . s p—— J
¢ i e e A Densit 1.9112 0.0004
4 verage Density ; :
Position (mm) Standard Deviation 0.0142

@/4}/{7; K Eadlc V) )

‘Operator iR Date

71



ORNL/TM-2006/019, Rev. 1

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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Data Re Form DRF-03: Measurement of

Density using a Density Gradien lumn

Procedure: | AGR-CHAR-DAM-03 Rev. 2

Operator: [Dixie Barker

Filename: | \\mc-agr\AGR\DensityColumn\D05110801_DRFO3R2.xls

Sample I1D: [LEU01-151-B01

Sample description:

IPyC/Buffer on BWXT kernel composite 69302

Float expiration date: [07/2007

Gauge expiration date: [01/2006

Bath temperature: [22.7 °C

Calibrated Floats ; 3 E .
Senstly Top of Bottom:of Centarof S Linear Fit to Density Gradient b
Float Float Mass - R? = 0.9999
1.800 134.80 144.21 139.51 Y 195
1.850 243.34 251.54 247.44 ‘g
1.900 351.28 357.11 354.20 > 1.90 4
1.950 456.05 463.23 459.64 @
2.000 557.73 565.05 561.39 g- 1.85
LI i 0 160 i 260 300 r:.nn 560 600
slope StDev intercept StDev > X
4.73E-04 | 2.74E-06 | 1.73E+00 | 9.73E-04 Pasition (mm)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 304.62 1.8774 26 370.16 1.9084 51
2 311.60 1.8807 27 370.85 1.9087 52
3 316.86 1.8832 28 ' 369.53 1.9081 53
4 324.68 1.8869 29 374.00 1.9102 54
5 328.13 1.8885 30 375.99 1.9112 55
6 332.97 1.8908 31 381.77 1.9139 56
7 334.87 1.8917 32 382.71 1.9143 57
8 338.02 1.8932 33 384.42 1.9151 58
9 338.84 1.8936 34 385.50 1.9157 59
10 340.51 1.8944 35 386.44 1.9161 60
11 341.77 1.8950 36 386.80 1.9163 61
12 341.09 1.8946 37 387.69 1.9167 62
13 341.09 1.8946 38 388.54 1.9171 63
14 351.54 1.8996 39 391.14 1.9183 64
15 352.97 1.9003 40 392.11 1.9188 65
16 354.39 1.9009 41 ==393113 1.9193 66
17 358.58 1.9029 42 396.08 1.9207 67
18 359.74 1.9035 43 397.78 1.9215 68
19 358.62 1.9029 44 399.01 1.9221 69
20 360.57 1.9039 45 400.37 1.9227 70
21 361.40 1.9042 46 403.99 1.9244 71
22 362.69 1.9049 47 407.97 1.9263 72
23 365.05 1.9060 48 408.28 1.9264 73
24 367.05 1.9069 49 420.44 1.9322 74
25 369.10 1.9079 50 428.33 1.9359 75
L ThE T T 1T B ] 0 [ ) e e R = i £ it m
Average density of PyC fragments: 1.9074
Standard deviation in density of PyC fragments: 0.0136
Uncertainty in calculated density of PyC fragments: 0.0015

v o« P
2% f-'[)ﬁv(mv

Operator
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Summary of "info only” measurements

Coating Thickness

Buffer thickness (um) IPyC thickness (um)
Batch 1 NUCO350-30BI-C 99 36.3
Batch 2 NUCO350-37BI-C 102 35.1
Batch 3 NUCO350-29BI-C 107 33.9
Average 103 35.1
Composite NUCO350-66BI-C 105 34.5
Open Porosity
Average particle weight (g) Open porosity (ml/m?)

Composite NUCO350-66BI 3.95E-04 1.65
Confirmatory LEUO1-15I 4.26E-04 1.56

Note: The open porosity measurement on the IPyC was calculated from the mercury intrusion between
250 psi and 10000 psi per table 5.3 in EDF-4380, Rev. 6. In the upper half of this pressure range, there
is some compression of the buffer layer that results in a value for open porosity that is higher than the
actual value. The open porosity of the IPyC in LEUO1-15I, calculated from the mercury intrusion between

250 psi and 5000 psi, was 1.20 ml/m? which corresponds well with the open porosity measured for OPyC
deposited under similar conditions. The open porosity of the IPyC in NUCO350-66BI, calculated from the

mercury intrusion between 250 psi and 5000 psi, was 1.19 ml/m?Z. Porosimetry measurements on OPyC,
where compression between 5000 psi and 10000 psi is negligible, show little mercury intrusion above
5000 psi.
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Dat ort Form DRF-08: Imaging of Coa Particle Cross-sections Using an O | Micros stem

Procedure: |AGR-CHAR-DAM-08 Rev. 0

Operator: |[Andrew K. Kercher

Sample ID: [NUCO350-30BI-C

Sample Description: |IPyC/Buffer on BWXT kernel composite 69300 -- repolished

Mount Number(s): |[M05062902

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P05070101

DMR Calibration Expiration Date: |3/24/06

Stage Micrometer Calibration Expiration Date:|2/17/07

Measured Value for 500 ym in Stage Micrometer Image:|500.4 ym

bl

" 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_Layers\P05070101\

Sample ID: [NUCO350-30BI-C (repolished sample)

Sample Description: | IPyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data: \mc-agr\AGR\ImageProcessing\Completed_Layers\P05070101_output)

Number of buf-fe_rlayers analyzed: 123
Mean of the average buffer thickness of each particle (um): 99.4
Standard deviation in the average buffer thickness of each particle (um): 8.8
Di on of the ave ) r layer thickness (t¢ 1ed)
Buffer Thickness (um) Frequency =
<55 ) % Histogram
60 0
65 0 25
70 0
75 0 o 20
80 2 5
85 5 2 15
90 11
95 19 £ 10
100 26 5 |
105 28 - =
110 16 '} E— A,
115 13
136 3 8 8 8 R R 8 & &
1k 0 buffer thickness (microns) ?
>125 0

by 18, S0

O ‘Date
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Data Report Form DRF-11B:

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070101\

Sample ID: |[NUCO350-30BI-C (repolished sample)

Sample Description: |[PyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data: \\mc-agr\ﬁGR\ImageProcessing\CompIeted_Layers\POSG?Gll:ll_output\

Number of inner pyrocarbon layers analyzed: 216
Mean of the average IPyC thickness of each particle (um): 36.3
Standard deviation in the average IPyC thickness of each particle (um): 2.4
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness ggmg Frequency ] Hist
<30 1 80 _Histogram
32 7
34 30 70
36 58 o 907
38 72 g 50 A
42 12 5
a4 2 'g 30 +— :
46 0 o0 d——— E -
5 : —a
= ol . .
52 0 0 - ; ; ; ; - - - : : -
54 0 3 8 3 I ¢2 38 3 88
56 0
>56 = 0 IPyC thickness (microns)

Z, ,w M \0%/?,;@5

G Operator  ~ Daye
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Data Report Form DRF-08: Imaqging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure: |AGR-CHAR-DAM-08 Rev. 0

Operator: |Andrew K. Kercher

Sample ID: |[NUCO350-37BI-C

Sample Description: |[IPyC/Buffer on BWXT kernel composite 69300

Mount Number(s): |M05063001

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\P05070501\

DMR Calibration Expiration Date: |3/24/06

Stage Micrometer Calibration Expiration Date:|2/17/07

Measured Value for 500 ym in Stage Micrometer Image: |500.7 um

22 Z{ . :
/fM.,,n / V;%f(_,\__,, C"HTA%%—%

~ — Operator " Date
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070501\

Sample ID: [NUCO350-37BI-C

Sample Description: |IPyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\PO5070501_output\,

Number of buffer layers analyzed: 155
Mean of the average buffer thickness of each particle (um): 101.5
Standard deviation in the average buffer thickness of each particle (um): 8.9

Distribution of the average buffer layer thickness (top binned)

Buffer Thickness Frequen =

r LSS—S (pm) r%g_ Histogram
- 5 45
65 0 i
70 0 35
75 0 2 30
80 0 S 25
= :
95 29 & 13
100 26 10
105 40 5 i
110 31 0 - T T : ; - L T T .
115 11 8 82 8 2 v g 83 9
130 5 t\lr') © O ~ ~ © @
:12;:-55 0 buffer thickness (microns)

~ Operator | Date

G KT A SRl g, 2065
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Procedure:

AGR-CHAR-DAM-11 Rew. 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070501\

Sample 1D:

NUCO350-378BI-C

Sample Description:

1PyC/Buffer on BWXT kernel composite 69300

Folder n

ame containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070501_output\

Number of inner pyrocarbon layers analyzed: 215
Mean of the average IPyC thickness of each particle (um): 35.1
Standard deviation in the average IPyC thickness of each particle (um): 2.0
Di e averaqe [PyC layer thi p binned
IPyC Thickness (um) Frequency Hist
<30 0 120 istogram
32 11
34 44 00—
36 96 I
38 6 2"30‘—""{'
40 15 (] 60 = - —
42 3 - b
44 0 £ sl —— wl
46 0 5 k
48 0 20 +— il -
50 0 T I
52 0 0 ! [ - e T EI = : - . T v
54 0 383882893 ¢33 93838
56 0 :
= 5 IPyC thickness (microns)

o |

W&

Operator

Z

ZTIZ% 19, 205
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure: |AGR-CHAR-DAM-08 Rev. 0

Operator: |Andrew K. Kercher

Sample ID: |NUC0O350-29BI-C

Sample Description: | IPyC/Buffer on BWXT kernel composite 69300

Mount Number(s): |[M05070101

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P05070601\

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

4

///@ ”_ 7/ / o /:645

(L PAA—K Do

/Operator Date
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Data Report Form DRF-11A: Measurement of Buffer Lay

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

Operator: |Andrew K. Kercher

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070601\

Sample ID: [NUCO350-29BI-C

Sample Description: |IPyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\PD5070601_output,

Number of buffer layers analyzed: 120
Mean of the average buffer thickness of each particle (um): 107.3
Standard deviation in the average buffer thickness of each particle (um): 8.0
Distribution of the average buffer layer thickness (top binned)
|_Buffer Thickness (um) | _Frequency ] Hist

<55 ) % istogram

60 0

65 0 30

70 0

75 0 220

80 0 g 20

85 0 3 15

90 1 g — =

95 7 * 10 _

100 13

105 22 5 '— |

110 31 0 +— S——

o 2 88 8R21L8 8RS

125 3 A

buffer thickness (microns
>>5’J h 3 ) ( )
. Lol |9 20vS
W2V - £ I vigl /, 4
1 Operator * Rite
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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\P05070601\

Sample ID: |NUCO350-29BI-C

Sample Description: |IPyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070601_output\

Number of inner pyrocarbon layers analyzed: 162
Mean of the average IPyC thickness of each particle (um): 33.9
Standard deviation in the average IPyC thickness of each particle (pm): 2.0
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness (pm) Frequency .
=30 > 70 Histogram
32 24
34 62 60 +
36 52 50
38 17 g
40 5 @ 40 -
42 0 g- 30 -
44 0 £
46 0 + 20 1 =
48 0 10 .
50 0 1l =
52 0 0 T T T T T v T T T T
54 0 S ¢ 9 3 & ¢ 3 8 3 8
20 g IPyC thickness (microns)

< Jls B Zees

Oate 4
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: |AGR-CHAR-DAM-08 Rev. 0
Operator: |Andrew K. Kercher
Sample ID: |[NUCO350-66BI-C

Sample Description:

Composite (30BI+37BI+29BI) IPyC/Buffer on BWXT composite 69300

Mount Number(s):

M05070601

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05070602\

DMR Calibration Expiration Date:|3/24/06

Stage Micrometer Calibration Expiration Date:|2/17/07

Measured Value for 500 ym in Stage Micrometer Image: |499.6 um

sy

/;_/c’CQoJ

Cd

Operator

Date
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness
Procedure: | AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\me-agr\AGR\ImageProcessing\Completed_Layers\P05070602\

Sample ID:

NUCO350-66BI-C

Sample Description:

Composite (30BI+37BI+29BI1) IPyC/Buffer on BWXT composite 69300

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070602_output\
Number of buffer layers analyzed: 155
Mean of the average buffer thickness of each particle (um): 105.3
Standard deviation in the average buffer thickness of each particle (um): 7.2
Distribution of the average buffer layer thickness (top binned)
Buffer Thickness (pm) Frequency =

=55 ) 5 Histogram

60 0

65 0 40

70 0 35 ———

75 0 o 30

80 0 5 25

B5 0 2 20

90 1 8

95 9 = 15 ——
100 31 10 —
105 39 5 E}

110 32 ‘= L L T

115 28

e . £ 88 R L2888 E S 8
125 £ buffer thickness (microns) 2
>125 -

Operator

&

Date’
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Data Report Form DRF-11B: Measu

ORNL/TM-2006/019, Rev. 1

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070602\

Sample 1D:

NUCO350-66BI-C

Sample Description:

Composite (30BI+37BI+29BI) IPyC/Buffer on BWXT composite 69300

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05070602_output),

Number of inner pyrocarbon layers analyzed: 193
Mean of the average IPyC thickness of each particle (um): 34.5
Standard deviation in the average IPyC thickness of each particle (um): 2.2
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness (pm) Frequency z
o = 80 Histogram
32 17 el
34 55 ;g
36 72 f——
38 31 g 50
40 12 9 40 |
2 | = ——.
42 2 T
a4 0 'g 30 +— ;
46 0 20— =14 B :
48 0 '
10 4— - e
50 0 o N B
52 0 o4 I 3 rm.’_‘. - T T : T T T
54 0 @%%%%8$$338%3$§
56 0 ’
56 0 0 _ IPyC thickness (microns)
Z W
y 2>, . e . ~J 041 / 9 DEFES
T = i —C_= ate'/

Opérator e
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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1

Operator: | Dixie Barker

Particle Lot ID: |[NUCO350-66BI
Particle Lot Description:|Composite (30BI+37BI+29BI) IPyC/Buffer on BWXT 69300
Filename: |\\mc-agr\AGR\ParticleWeight\W05072101__DRF22R1.xls

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 7.92E-02 - 9,73E-02 B8.60E-02 8.78E-02 7.42E-02

Number of particles: 201 246 218 222 188
Average weight/particle (qg): 3.94E-04 3.96E-04 3.94E-04 3.95E-04 3.95E-04

Mean average weight/particle (g):|3.95E-04

Uncertainty in mean average weight/particle (g):|2.92E-07

E s Lo,

Operator
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Data Report Form DRF-31: Measurement of Op rosity usini ury Porosimeter

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

Operator: |S. D. Nunn

Coated particle batch ID: [NUCO350-66BI-E

Batch Description: |IPyC coated BWXT NUCO composite 69300

Thermocouple Expiration Date:|5/23/06

Penetrometer Expiration Date: [5/25/06 -

Completed DRF Filename: [\\mc-agr\AGR\Porosimeter\S05071402\S05071402_DRF31R0.xIs

Mean average weight/particle (g):|3.95E-04

Uncertainty in mean average weight/particle (g):|2.92E-07

Weight of particles (g):[4.1698

Approximate number of particles:|10556

Uncertainty in number of particles: |8

Total envelope volume of sample (cc):[1.391

Average envelope volume/particle (cc): |1.32E-04

Sample envelope density_(g/cc]: 2.998

Average particle diameter (microns):|6.31E+02

Average surface area/particle (cm2):{1.25E-02

Total sample surface area (cm2):{1.32E+02

Intruded mercury volume from 250-10,000 psia (cc):|2.18E-02

Open porosity (ml/m2):{1.65E+00

Operator

_E:) j b - P hi P 7 - //(,J/,-
FLa =
Date
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ata Report Form DRF-22: Estimation of Av rticle Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixie Barker

Particle Lot ID:

LEUCO0-15I-CO1

Particle Lot Description:

Buffer on BWXT kernel composite 69302

Filename: | \\mc-agr\AGR\ParticleWeight\W05110702_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 6.97E-02 - 6.15E-02 5.69E-02 5.93E-02 6.72E-02
Number of particles: 163 144 134 139 159
Average weight/particle (g):|  4.28E-04 4.27E-04 4.25E-04 4.27E-04 4.23E-04
Mean average weight/particle (g):|4.26E-04
Uncertainty in mean average weight/particle (g): |9.19E-07

L
— —‘l -
/ =\ “Operator ¥
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Data Report Form DRF-31: Measurement of Open Porosity using a Mercury Porosimeter

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

Operator:|S. D. Nunn

Coated particle batch 1D: [LEU01-151-D01

Batch Description: |IPyC coated BWXT composite 69302

Thermocouple Expiration Date:|5/23/06

Penetrometer Expiration Date: [5/25/06

Completed DRF Filename: [\\mc-agr\AGR\Porosimeter\S05110801\505110801 DRF31R0.xls

Mean average weight/particle (g):

4.26E-04

Uncertainty in mean average weight/particle (g):

9.19E-07

Weight of particles (g):

4.0001

Approximate number of particles:

9390

Uncertainty in number of particles:

20

Total envelope volume of sample (cc):

1.344

Average envelope volume/particle (cc):

1.43E-04

Sample envelope density (g/cc):

2.976

Average particle diameter (microns):

6.49E+02

Average surface area/particle (cm2):

1.32E-02

Total sample surface area (cm2):

1.24E+02

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

1.93E-02

Open porosity (ml/m2):

1.56E+00

.. Nosge

Operator
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10 Characterization of IPyC on additional interrupted batches

This section reports results not required by the fuel specification and is provided for information
only.

An additional three batches of particles were removed from the coater after deposition of only
the buffer and IPyC layers. These particles contained LEUCO kernels and were fabricated for
use in the production of TRISO particles where the coating was interrupted between the IPyC
and SiC deposition steps. This section contains data on the inner pyrocarbon (IPyC) coating
density and other properties for these particles. The data was obtained according to product
inspection plan AGR-CHAR-PIP-02R2 with the exception that no other samples were riffled
from the batch other than the one for the IPyC density measurement. The IPyC on these particles
was deposited under similar conditions as the IPyC on the particles in composite LEUO1-46T
and should therefore be representative of the IPyC on the particles in that composite. The results
of these measurements are included here because they provide further confirmation to the results
in section 9 of the acceptability of the IPyC deposition process for IPyC density. These
additional results are valuable because they are for coatings on the same LEUCO kernel
composite as that used for LEUO1-46T and they were obtained with a newer revision of the data
acquisition method for IPyC density measurement which called for measurement on a greater
number of coating fragments for improved sampling statistics.

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.
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Procedure: | AGR-CHAR-PIP-02 Rev. 4
Batch 1 ID:|LEU01-231

Batch 1 description:|Variant 3b: IPyC/Buffer on BWXT kernel composite 69302
Batch 2 ID:|LEU01-261

Batch 2 description:|Variant 3b: IPyC/Buffer on BWXT kernel composite 69302
Batch 3 ID:|LEUO1-411

Batch 3 description: | Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

riaan A=x-ts/Vn = 1.85 1.903 pass
1.678
Cuse | N 1.90 + 0.05 B =x+ts/Vn < 1.95 1.909 pass oS
: 3 | .01 -
Batch 1: IPyC sink/float density (Mg/m~) dispersion C=x-ks>1.80 1.869 bass
2.868 <0.01 < 1.80
<0.01 = 2.00 D =x+ ks < 2.00 1.942 pass
hea A=x-ts/Vn 2 1.85 1.898 pass
1.676
B | b o 1.90 + 0.05 B =x+ts/vn <195 1.905 pass
Batch 2: IPyC sink/float density (M 2 E . - - DRF-03
atcl yC sink/flo nsity (Mg/m?) dispersion C=x-ks> 180 1.861 pass
2.848 <0.01 < 1.80
<0.01 = 2.00 D =x + ks < 2.00 1.943 pass
. mean A =x-ts/Vn = 1.85 1.901 pass
S e L 1.90 + 0.05 B =x+ts/vVn < 1.95 1.908 pass SReios
Batch 3: IPyC sink/float density (Mg/m s ! n A 5
b4 / ity (Mg/m’) dispersion C=x-ks>1.80 1.867 pass
2.882 <0.01 < 1.80
<0.01 = 2.00 D = x + ks < 2.00 1.942 pass

; L L S mments
The process conditions for IPyC and Buffer were the same as the AGR-1 baseline process conditions.
These results demostrate that the baseline IPyC process conditions satisfy the IPyC density specification with the exception that they were not obtained prior to baseline fuel manufacture.
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Procedure: | AGR-CHAR-DAM-03 Rev. 2
Operator: | Dixie Barker
Filename: |\\mc-agr\AGR\DensityColumn\D06012501_DRFO3R2.xls
Sample ID: |LEU01-231-B01
Sample description: |Variant 3b: IPyC/Buffer on BWXT kernel composite 69302
Float expiration date: |07/2007
Gauge expiration date: |01/2007
Bath temperature:|22.9 °C
Calibrated Floats
p——" Top of Bottom of Center of 555 Linear Fit to Density Gradient K
Float Float, Mass = R? = 0.9999
1.800 122.58 132.72 127.65 S y.05
1.850 223.47 231.53 227.50 S
1.900 326.68 332.74 329.71 190
1.950 429.77 437.46 433.62 @
2.000 535.93 543.23 539.58 E 1.85
Linear 7 S W o i @ s e
slope StDev intercept StDev 2 )
2.856-04 | 2.89E-06 | 1.74E+00 | 9.64E-04 FosHon (0t
Sample Density
Fragment Fragment Calculated Fragment ‘Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 276.61 1.8733 26 351.30 1.9096 L7
2 282.13 1.8760 27 352.03 1.9099 52
3 287.38 1.8785 28 354.21 1.9110 53
4 291.23 1.8804 29 354.85 1.9113 54
5 299.63 1.8845 30 355.47 1.9116 55
6 310.91 1.8900 31 355.47 1.9116 56
7 313.07 1.8910 32 356.37 1.9120 57
8 317.71 1.8933 33 357.52 1.9126 58
9 318.83 1.8938 34 358.02 1.9128 59
10 323.08 1.8959 35 358.34 1.9130 60
11 324.22 1.8964 36 360.37 1.9140 61
12 328.36 1.8984 37 ~ 361.54 1.9145 62
13 330.91 1.8997 38 361.54 1.9145 63
14 332.69 1.9005 39 362.17 1.9148 64
15 333.78 1.9011 40 365.31 1.9164 65
16 334.56 1.9014 41 366.52 1.9169 66
337.37 1.9028 42 368.35 1.9178 67
342.48 1.9053 43 370.63 1.9189 68
343.07 1.9056 44 373.61 1.9204 69
345.44 1.9067 45 377.86 1.9224 70
345.97 1.9070 46 379.11 1.9231
346.79 1.9074 47 380.42 1.9237
347.45 1.8077 48 381.00 1.9240
348.31 1.9081 49
350.73 1.9093
iy} - C e

Average density of PyC

fragments:

Standard deviation in density of PyC fragments:

Uncertainty in calculated density of PyC fragments:

(R o

4

“Operator
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Data Report Form DRF-03: Measurement of PyC Density using a Densi dient Colum
Procedure: | AGR-CHAR-DAM-03 Rev. 2
Operator: | Dixie Barker
Filename: [\\mc-agr\AGR\DensityColumn\D06012601_DRFO3R2.xls
Sample ID: |[LEUD1-261-B01
Sample description: [Variant 3b: IPyC/Buffer on BWXT kernel composite 69302
Float expiration date: |07/2007
Gauge expiration date: |01/2007
Bath temperature:|22.5 °C
Calibrated Floats 7 T
Y Top of Bottorn of Center-of — Linear Fit to Density Gradient =
Float Float Mass : = R? = 0.9999
1.800 128.13 136.87 132.50 Y 105
1.850 228.36 236.83 232.60 ‘Q
1.900 333.25 338.84 336.05 > 1.90
1.950 435.49 443.49 439.49 @
2.000 541.90 548.97 545.44 § 1.85
Linear Fit s 0 160 200 360 460 560 600
slope StDev intercept StDev X
4.84E-04 | 2.00E-06 | 1.74E+00 | 0.84E-04 | Position (mm)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Densi
1. 266.79 1.8659 26 346.54 1.9045 51 393.01 1.9270
2 285.87 1.8751 27 346.54 1.9045 52
3 288.11 1.8762 28 347.31 1.9049 53
4 288.60 1.8765 29 350.49 1.9064 54
5 292.72 1.8785 30 351.77 1.9070 55
6 298.39 1.8812 31 353.96 1.9081 56
7 300.12 1.8820 32 353.96 1.9081 57
8 301.41 1.8827 33 355.69 1.9089 58
9 305.86 1.8848 34 356.71 1.9094 59
10 313.26 1.8884 35 357.96 1.9100 60
11 317.17 1.8903 36 . 360.26 1.9112 61
p b 318.36 1.8909 37 361.24 1.9116 62
13 319.60 1.8915 38 362.33 1.9122 63
14 320.91 1.8921 39 363.79 1.9129 64
15 322.75 1.8930 40 363.79 1.9129 65
16 323.99 1.8936 41 365.03 1.9135 66
17 326.39 1.8948 42 365.91 1.9139 67
18 330.64 1.8968 43 366.71 1.9143 68
19 331.75 1.8974 44 371.41 1.9166 69
20 338.46 1.9006 45 372.46 1.9171 70
21 339.67 1.9012 46 375.13 1.9184 71
22 341.79 1.9022 47 379.10 1.9203 72
23 343.23 1.9029 48 380.17 1.9208 73
24 344.00 1.9033 49 . 380.17 1.9208 74
25 344.93 1.9037 50 383.89 1.9226 75
: =~ Uaz, .. o L ) P 8 . = $ ‘.'"'_' by T '. | s 3 ..'...-.)I-;-v-.. "'I-" "I.I'I I Ly
Average density of PyC fragments: 1.9016
Standard deviation in density of PyC fragments: 0.0144
Uncertainty in calculated density of PyC fragments: 0.0015

C.;/{ A @ c’-wﬁﬂu_ [ =6 - 06

{~ Operatof x Date
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Data Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column
Procedure: | AGR-CHAR-DAM-03 Rev. 2

Operator:

Dixie Barker

Filename:

\\mec-agr\AGR\DensityColumn\D06013001_DRFO3R2.xls

Sample ID:

LEU01-411-B01

Sample description:

Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Float expiration date:

07/2007

Gauge expiration date:

01/2007

Bath temperature:

23.4 °C

To?{l.tl? s ;] :;;sm of Centercf |- Linear Fit to Density Gradient e
Density 2.00
Float Float Mass - a2
1.800 127.12 136.14 131.63 Y 1.95
1.850 229.50 237.55 233.53 S
1.900 335.50 340.95 338.23 >. 1.90
1.950 439.00 446.59 442.80 E-'
2.000 542.50 549.76 546.13 g 1.85
EERER - 0 160 1 260 360 560 600
slope StDev intercept StDev 5
4.82E-04 | 2.92E-06 | 1.74E+00 | 9.95E-04 Position (mm)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 286.46 1.8750 26 348.83 1,9050 51
2 294.85 1.8790 27 352.30 1.9067 52
3 305.28 1.8840 28 353.32 1.9072 53
4 308.22 1.8854 29 353.81 1.9074 54
5 310.52 1.8865 30 358.69 1.9097 55
6 312.28 1.8874 31 359.79 1.9103 56
7 320.59 1.8914 32 361.05 1.9109 57
8 323.40 1.8927 33 362.21 1.9114 58
9 325.20 1.8936 34 363.30 1.9120 59
10 325.90 1.8939 35 © 363.30 1.9120 60
11 329.06 1.8955 36 365.45 1.9130 61
12 332.16 1.8970 37 368.29 1.9144 62
13 332.16 1.8970 38 373.79 1.9170 63
14 333.34 1.8975 39 376.08 1.9181 64
15 336.83 1.8992 40 376.49 1.9183 65
16 338.18 1.8999 41 379.22 1.9196 66
17 340.70 1.9011 42 380.71 1.9203 67
18 341.74 1,9016 43 383.98 1.9219 68
19 341.74 1.9016 44 390.28 1.9250 69
20 344.81 1.9031 45 392.92 1.9262 70
21 345.54 1.9034 46 416.92 1.9378 71
22 346.21 1.9037 47 72
23 346.46 1.9039 48 73
24 346.94 1.9041 49 74
348.16 1.9047 50 75
= ML TR R FL SNl 1 ) F | Tl =l [ e N = s s A
i fJ N e B Y i) \!-_"_a'“j;; ‘I n‘ BB ey ': N " fiin’ i
Average density of PyC fragments: 1.9045
Standard deviation in density of PyC fragments: 0.0130
Uncertainty in calculated density of PyC fragments: 0.0016

?/." i ®
//,1/;/(;:

Rz, /[—2 0 -

i

‘Operator BN
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Summary of "info only" measurements

Coating Thickness

Buffer thickness (um) IPyC thickness (um)
Batch 1 LEUO1-231 109 35.2
Batch 2 LEUO1-261 108 35.1
Batch 3 LEUO1-411 110 35.0
Average 109 35.1
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: | AGR-CHAR-DAM-08 Rev, 2
Operator: |Andrew K. Kercher
Sample ID:|LEU01-231-B01

Sample description:

Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Mount ID number:

M06012401L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06013001\P0601300101\

DMR calibration expiration date:|9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date: [2/17/07

Measured value for 500 pm in stage micrometer image (pm):|500.0

Polish-down distance n,m (pm) Approximate layer width in polish plane (pm)
2,2 2,8 8,2 8,8 Kernel radius Buffer 1PyC SiC OPyC
298 283 297 280 174 104 36
o0 27 o .-
b . o il Sty TP O
ﬁ Y] [ AT A [
Operator Date
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness

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

Operator: [Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\PO6013001\

Sample ID:|LEU01-231-B01

Sample Description: [Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06013001_output\
Number of buffer layers analyzed: 77
Mean of the average buffer thickness of each particle (um): 109.0
Standard deviation in the average buffer thickness of each particle (pm): 7.4
stributio the : r layer thickn
Buffer Thickness (um Freqguenc 3
Cipess (ym) Sy Histogram
<55 0 70
60 o]
65 0 60
70 0
75 0 Z &0
80 0 £ 40
B85 ] 3
90 6 -
95 28 = 20
100 37
105 58 10
110 44 0 N —
115 19 N o W o W 9o W
120 7 SR S
125 g buffer thickness (microns)
>125 2
ey / A ol /3 /oG
~ Operator I / Date
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

QOperator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06013001%

Sample ID:

LEUO01-231-B01

Sample Description:

Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06013001_output\

Number of inner pyrocarbon layers analyzed: 80
Mean of the average IPyC thickness of each particle (um): 35.2
Standard deviation in the average IPyC thickness of each particle (pm): 2.4
)i ion of th e IPyC layer thickness (top binned)
IPyC Thickness (um) Frequency
=50 S 70 Histogram
32 0
32 2 60
36 25 50
38 53 g
a0 61 g 40
42 41 & 30
44 12 £
46 3 + 204
48 2 10 - v
50 0 U
57 0 0 - L =1 B o - "
54 0 @ g 3 g 9§ 3 @2 2 3 8 3 %
:_5;’6 g IPYC thickness (microns)

~ Operator =

Date
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‘Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: [AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample ID:

LEU01-261-B01

Sample description:

Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Mount ID number:

M06012501L

Folder name containing images:

\\mec-agr\AGR\ImageProcessing\P06020701\P0602070101%

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date:|2/17/07

Measured value for 500 pm in stage micrometer image (pm): |500.4

Polish-down distance n,m (um) Approximate layer width in polish plane (um
%E; 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
296 303 290 298 175 100 37
. 3 2*/ 7 %@
Operator : Date
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Data Re F-11A: Measurem Buffer Layer Thicknes:

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed Layers\P06020701\

Sample ID: [LEU01-261-B01

Sample Description: [Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06020701_output

Number of buffer layers analyzed: 75
Mean of the average buffer thickness of each particle (pm): 107.6
Standard deviation in the average buffer thickness of each particle (pm): 8.4
Di tion of the avera r r thickness ed
|_Buffer Thickness (um) | Frequency | Hist

P 0 i istogram

60 0

65 0 19

70 0 14

75 0 o2

80 0 5 10

85 0 3 s

90 1 8

95 3 & 6

100 11 4

105 17 2

110 15 0 = d . . ; . i | .

115 15 L 2 B e L g v g 0
120 8 |9 © © ~ ~ =2} N
125 3 buffer thickness (microns) ?
>125 2

%@W . o2 /o7 /g
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P0602070 1Y

Sample ID: |LEU01-261-B01

Sample Description: |Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06020701_output\

Number of inner pyrocarbon layers analyzed: 80
Mean of the average IPyC thickness of each particle (um): 35.1
Standard deviation in the average IPyC thickness of each particle (pm): 7.3
Distribution of verage IPyC layer thickness (top binned
IPyC Thickness (um) Freauency .
=30 > 30 Histogram
32 4
34 22 25
36 19
38 34 g2
40 8 [T
42 1 =S
44 0 £
46 0
48 0
50 0
52 0 . = . . . .
54 0 @% %%Sﬁ%%?%%ﬁ!%§
25 0 IPyC thickness (microns)
=56 1 0

z

27

Opérator - {
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Data Report Form DRF-08: Imaging of Céam Particle Cross-sections Using an Optical Microscope System

Procedure:

AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample ID:

LEUD1-411-B01

Sample description:

Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Mount ID number:

MO6012701L

Folder name containing images:

\\mc-agr\AGR\ImagePmcessing\POG(}zG?OZ\PDEOZO?OZOI\

DMR calibration expiration date: [9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date: 2/17/07

Measured value for 500 um in stage micrometer image (pm): [500.4

_Polish-down distance n,m (um) Approximate layer width in polish plane (pm)
2,2 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
308 297 314 300 168 111 36
// vy / oy 1e
) J R ¥ s 0o
/. \_LJ/L/.-/(- ,é’—t/ Hy . o 7
e Operator Date
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev, 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed Layers\P06020702\

Sample ID:

LEUO01-411-B01

Sample Description:

Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data:

'\\rnn:-agr\AGR\ImageProcesslng'\Completed_Layers\PO&OZO?OZ__output\

Number of buffer layers analyzed: 72
Mean of the average buffer thickness of each particle (um): 110.1
Standard deviation in the average buffer thickness of each particle (pm): 9.4

stribution of vera

buffer

er thickness

binn.

B

uffer Thickness (um)

F!HUEHCE |

<55

60

65

70

75

80

85

90

95

100

105

110

115

s [

120

125

wmhmmmwhwooooooo

>125

Histogram

1

frequency

20
18 4
16
14
12
10
8
6
4
2
0

<55
60
65
70

———

-]

- ™

I

>125

* Operator
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ata rt Fo RF-118: Measurement of Inner Pyrocar ayi ickness

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

Operator: |Andrew K. Kercher

Folder name containing images:

Sample ID: |[LEUO1-411-B01

\\mc-agr\AGR\ImageProcessing\Completed Layers\P06020702\

Sample Description: [Variant 3b: IPyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\.AGR\ImagercessIng\Ccrnpleted_Layers\PDEOZU?Ozhoutput\

Number of inner pyrocarbon layers analyzed: 79
Mean of the average IPyC thickness of each particle (pm): 35.0
Standard deviation in the average IPyC thickness of each particle (pm): 2.0
Distribution he average IPyC layer thicknes: binn.
IPyC Thickness (wm) Freguencg | g
<30 0 30 Histogram
32 5
34 20 25
36 26
38 24 g2
40 3 @ 45
42 1 1
44 0 E- 10
46 0
48 0 54
50 0
52 0 0 : - v : T : r
54 0 Y 3 ¥ ¢ 3 8 ¥ 8 e
56 0
56 5 IPyC thickness (microns)

Yl Z 4.

Operator

105
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11 Characterization of first batch of TRISO-coated particles

This section contains data on LEUO1-21T, the first batch of TRISO-coated particles used for the
LEUO1-46T particle composite. The data was obtained according to product inspection plan
AGR-CHAR-PIP-03R2.

Note that some of the carbon deposited for the buffer layer reacted with the kernel to form a
uranium carbide layer between the kernel and the buffer. The uranium carbide layer was not
included in the measurement of the buffer thickness. The thickness of this carbide layer varied,
but was typically around 6 ym thick and effectively increased the kernel radius by that amount.

Note that the coating thicknesses of the TRISO-coated particle batch were remeasured after
coated particle composite characterization was underway in order to improve the accuracy of the
reported values. The original images of the particle cross sections were reanalyzed using an
updated version of the image analysis program. This new version utilized a more robust
algorithm for identifying the outer boundary of the outer pyrocarbon layer (OPyC). The data in
this section shows the new coating thickness values. A record of the original measured values,
which were initially used to determine the acceptance of this batch for inclusion in the
composite, is included in section 16. Both the old and new coating thickness values for batch
LEUO1-21T were within the range specified in INL EDF-4380, Rev. 6.

The following pages show the inspection report form (IRF-03). Following IRF-03 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. This batch was determined to satisfy the
specifications in section 5.2 of EDF 4380, Rev. 6.
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Procedure:| AGR-CHAR-PIP-03 Rev. 2
Coated particie batch ID:|LEUD1-21T
Coated particle batch description:| TRISO on BWXT kernel composite 69302
Measured Data Specification s % Pass
Property Mean |Std. Dev.| # measured | tvalue | . A Criteria % or e

(x) (s) 3 (n) ) INL EDF-4380 : Test Value fail Records

Average buffer thickness for mean A=x-ts/vn2 85 101.4 |00 pass B
102.4 7.4 126 1.657 | DRF-08
each particle (um) 100 £ 15 B =x+ ts/vn < 115 103.4 DRF-11

Average IPyC thickness for # mean A=x-ts/vnz=35 39.6 DRF-
39.9 2.0 152 1.655 08
each particle (pm) 405 B=yx+ts/vn <45 40.2 DRF-11

Average SIC thickness for mean A=x-ts/vn =31 37.5 5
37.6 0.9 152 1.655 DRP:08
each particle (um) 35+4 B =x+ ts/vn 5 39 377 DRF-11

Average OPyC thickness for 4 mean A= x-ts/vn z 35 40,7 2
1.0 22 152 1.655 DRE-0B
each particle (um) 40 £ 5 B=2x+ts/vn<45 41.3 DRF-11

defect fracti
Particles with missing OPyC 15578 - CanTa <41n 15,500 0 DRF-19
Comments

Goldspot analysis performed on missing OPyC sample for information only, 10 out of 15578 gold spots observed.

QC Supervisor Date

| ;ﬂ,% R 3-23- Db

Accept Coated particle batch (Yes or l’iu}:[ Yes

247 A — | 3/25/66

L N—(_ QA Reviewer
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Data Report Form DRF-08: Imagqing of Coated Particle Cross-sections Using an Optical Microscope System

Procedure: |AGR-CHAR-DAM-08 Rev. 0

Operator: |John Hunn

Sample ID: [LEU01-21T-B01

Sample Description: | TRISO on BWXT kernel composite 69302

Mount Number(s): [M05112802

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P05112803

DMR Calibration Expiration Date: |9/8/06

Stage Micrometer Calibration Expiration Date: |2/17/07

Measured Value for 500 um in Stage Micrometer Image:|500.4 pm

Operator Date

/;»Qk %AM— J[-290 - DS
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure: |[AGR-CHAR-DAM-08 Rev. 0

Operator: |[John Hunn

Sample ID: [LEUD1-21T-B01

Sample Description: [TRISO on BWXT kernel composite 69302

Mount Number(s): |M05112803

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P05112804

DMR Calibration Expiration Date: |9/8/06

Stage Micrometer Calibration Expiration Date:|2/17/07

Measured Value for 500 pm in Stage Micrometer Image:|500.4 uym

Operator Date

/fm N fa/ww 11-29-05
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness

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

Operator: |Andrew K. Kercher

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806\

Sample ID: |LEU01-21T-B01

Sample Description: |Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P051 12806_output\

Number of buffer layers analyzed: 126
Mean of the average buffer thickness of each particle (um): 102.4
Standard deviation in the average buffer thickness of each particle (um): 7.1
Distribution of the average buffer layer thickness (top binned)
Buffer Thickness (um) Freguency i

ot o % Histogram

60 1] 5

65 0 30

70 0

75 0 %

80 0 S 20

BS 0 3 15

90 6 E

95 16 10

100 25

105 32 5 1

110 29 0 = -
115 14 & s

i : $88RREBEBEE2LEEN

- . A

:12255 L buffer thickness (microns)

Jzn OZAA = L{ ,r:?-'-'wéf

(Date
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Da rt Form DRF-11B: Measurement of Inner P Layer Thi
Procedure: |[AGR-CHAR-DAM-11 Rev. 1
Operator: [Andrew K. Kercher
Folder name containing Images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P051 12806\

Sample 1D:

LEU01-21T-BO1

Sample Description:

Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806_output),

Number of inner pyrocarbon layers analyzed: 152
Mean of the average IPyC thickness of each particle (um): 39.9
Standard deviation in the average IPyC thickness of each particle (pm): 2.0
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness (pm) Frequency |
=30 ) 70 Histogram
32 0
34 0 G0
36 2 50
38 20 c:»"
40 63 g 40
42 a2 & 30
44 19
46 6 £ 2
48 0 10 i
50 0 1|
52 0 0 —— - — T r
54 0 3 8 3 8 8 ¢ ¢ 8?8%$%§
56 0
= S i IPyC thickness (microns)
// // 4
yM;ao? Z \ Zon 24 2z,

Operator -

Date 7
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a ort Form DRF-11C: Measurement of Silicon Carbide r Thickng

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed Layers\P05112806\

Sample ID: |LEU01-21T-B01

Sample Description: |Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P051 12806_output\

Number of silicon carbide layers analyzed: 152
Mean of the average SiC thickness of each particle (um): 37.6
Standard deviation in the average SiC thickness of each particle (um): 0.9
Distribution of the average SiC layer thickness (top binned)
SiC Thickness ggmg Fregueng E
=55 ) a0 Histogram
26 0
27 0 50
28 0
29 0
40
30 0 ?
31 0 @
3 30
32 0 E-
33 0
34 0 bl
35 0
36 4 10
37 39 0 | | |
38 54 T T T T T T T T T T = - -
39 46 §ENRRBEIBIBLEEBBLY
40 9
=40 5 SiC thickness (microns)

Z .‘ ?Z ~ JSznozmy U_P‘J!,,JQ oG

/ Operator /* J Date
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Data Repo rm DRF-11D: M rement of Outer Pyrocarbon Layer Thickne

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

Operator: |Andrew K. Kercher

Folder Name: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806\

Sample ID:|LEU01-21T-B01

Sample Description: |Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\PO51 12B806_output\

Number of outer pyrocarbon layers analyzed: 152
Mean of the average OPyC thickness of each particle (pm): 41.0
Standard deviation in the average OPyC thickness of each particle (um): 2.2
istribution of e OPyC layer thickness (top bin
OPyC Thickness (um) Freguency
=5 ) - Histogram
22 0
24 0 60
26 0 ;
28 0 > 50
30 1
32 0 5 40
34 0 =
36 0 g 20
38 6 * 20
40 42
42 58 10
44 34
46 9 0 ————r—— =
48 2 § I & &8 3
50 0 :
=55 5 OPyC thickness (microns)
N%u" YZLLA Jznozry R4, 2006
Operator U Date 7
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Data Report Form DRF-19: Counting of Particles with Missing OPyC Layer by Visual Inspection

Procedure: |AGR-CHAR-DAM-19 Rev. 1

Operator: |John Hunn

Sample ID: |LEUD1-21T-C02

Sample Description: |TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\MissingOPyC\X05112801 DRF18R1.xls

Mean average weight/particle (g):|7.30E-04

Uncertainty in average weight/particle (g):|1.48E-06

Weight of sample of particles (g):[11.372

Approximate number of particles in sample:|15578

Uncertainty in number of particles in sample:|32

Number of particles with missing OPyC layer: [0

Comments on unusual visual characteristics of OPyC

A few particles (<10) were observed to have a dark blemish as seen in image P0511280501.

ffwgw o | /]-29-p5
7

Operator Date
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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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Data Report Form DRF-22

: Estimation of Average Particle Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixie Barker

Particle Lot ID:

LEU01-21T-DO1

Particle Lot Description:

TRISO on LEUO1 kernels

Filename: \\mc-agr\AGR\Part#cleWeight\wo5112301_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 9.46E-02 8.24E-02 8.75E-02 8.89E-02 8.36E-02
Number of particles: 130 113 119 122 115

Average weight/particle (g): 7.28E-04 7.29E-04 7.35E-04 7.29E-04 7.27E-04
Mean average weight/particle (g):|7.30E-04
Uncertainty in mean average weight/particle (g):|1.48E-06

- 2
£ o —_— 3 \—
g AL & 4 A UL} g A - g %S
il Date

= [’ Opérator ©
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Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure: |AGR-CHAR-DAM-20 Rev. 1

Operator: [John Hunn

Sample ID: [LEUD1-21T-C02

Sample Description: [TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\GoldSpots\G05112901_DRF20R1.xls

Mean average weight/particle (g):|7.30E-04

Uncertainty in average weight/particle (g):|1.48E-06

Weight of sample of particles (g):[11.372

Approximate number of particles in sample:|15578

Uncertainty in number of particles in sample:|32

Number of particles with gold spot defects:[10

mments on unusual visual characteristi Sic

Goldspots ranged from yellow to golden-brown.
Mounted for cross section in M05112901.
Images of cross sections showed soot inclusion at IPyC/SiC interface.

)

A S n ;
A /[-29-0
}’ Operator Date
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10/15578 gold spots found.

1000 jim I 7]
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Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure: |AGR-CHAR-DAM-20 Rev, 1

Operator: |John Hunn

Sample ID: |LEU01-21T-A01

Sample Description: |TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\GoldSpots\G0512010 1_DRF20R1.xls

Mean average weight/particle (g):|7.30E-04

Uncertainty in average weight/particle (g):|1.48E-06

Weight of sample of particles (g):[5.286

Approximate number of particles in sample:[7241

Uncertainty in number of particles in sample: |15

Number of particles with gold' spot defects:[5

Comments on unusual visual characteristics of SiC

Additional sample analyzed to go with G051 12901 _DRF20R1.xls, which was inconclusive as to whether
LEU01-21 would pass the composite goldspot specification.

[} A

',ff Operator Date
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Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure: |[AGR-CHAR-DAM-20 Rev. 1

Operator: |John Hunn

Sample ID: |LEU01-21T-A01 and LEU01-21T-C02

Sample Description:|TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\GoldSpots\G05120102_DRF20R1.xIs

Mean average weight/particle (g): |7.30E-04

Uncertainty in average weight/particle (g):[1.48E-06

Weight of sample of particles (g):|16.658

Approximate number of particles in sample:[22819

Uncertainty in number of particles in sample: |46

Number of particles with gold spot defects:]15

Comments on unusual visual characteristics of SiC

This batch would not pass the composite particle specification without further analysis.

f@é!w W 12-D) - 0§

I/ Operator Date
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12 Characterization of second batch of TRISO-coated particles

This section contains data on LEUO1-35T, the second batch of TRISO-coated particles used for
the LEUO1-46T particle composite. The data was obtained according to product inspection plan
AGR-CHAR-PIP-03R2.

Note that some of the carbon deposited for the buffer layer reacted with the kernel to form a
uranium carbide layer between the kernel and the buffer. The uranium carbide layer was not
included in the measurement of the buffer thickness. The thickness of this carbide layer varied,
but was typically around 6 ym thick and effectively increased the kernel radius by that amount.

Note that the coating thicknesses of the TRISO-coated particle batch were remeasured after
coated particle composite characterization was underway in order to improve the accuracy of the
reported values. The original images of the particle cross sections were reanalyzed using an
updated version of the image analysis program. This new version utilized a more robust
algorithm for identifying the outer boundary of the outer pyrocarbon layer (OPyC). The data in
this section shows the new coating thickness values. A record of the original measured values,
which were initially used to determine the acceptance of this batch for inclusion in the
composite, is included in section 16. Both the old and new coating thickness values for batch
LEUO1-35T were within the range specified in INL EDF-4380, Rev. 6.

The following pages show the inspection report form (IRF-03). Following IRF-03 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. This batch was determined to satisfy the
specifications in section 5.2 of EDF 4380, Rev. 6.
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Procedure: | AGR-CHAR-PIP-03 Rev. 2
Coated particle batch ID:|LEUD1-35T
Coated particle batch description: | TRISO on BWXT kernel composite 69302
- Measured Data Specification | Accep rass | “oata
Property Mean |Std. Dev.| # measured | tvalue Acceptance Criteria i or Records
(x) (s) (n) ) INL EDF-4380 Test Value fail
Average buffer thickness for mean A =x-ts/vn 2 85 102.3 W DRF-08
each particle (pm) 1034 B2 293 1:654 100 £ 15 B=x+ ts/vn < 115 104.5 DRF-11
Average IPyC thickness for mean A=x-ts/vn = 35 39.5 DRF-08
each particle (um) = & e e 40%5 B =x+ ts/vn < 45 39.9 DRF-11
Average SiC thickness for mean A=x-ts/vnz 3 36.2 DRF-08
each particle (um) 36:3 2 219 1552 35+4 B=x+ts/vns 39 36.4 DRF-11
Average OPyC thickness for mean A=x-ts/vnz35 40.0 DRF-08
each particle (pm) 40:2 32 214 HEIZ 40%5 B = x+ t5/Vn 45 204 DRF-11
fect fracti
Particles with missing OPyC g 15622 - di:‘; ""::3" <4 in 15,500 0 DRF-19
=060 Xx
=

Goldspot analysis performed on missing OPyC sample for information only. 17 out of 15622 gold spots observed.

Supervisor Date

/’/% @m 3-23-04

Accept Coated particle batch (Yes or Nn}:| Yes

Tl — \34?%!;“

% T L~ QAReviewer
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Procedure:

AGR-CHAR-DAM-08 Rev, 2

Operator:

Andrew K. Kercher

Sample ID:

LEUO1-35T-B01

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05121201L

Folder name containing images:

\mec-agr\AGR\ImageProcessing\Pyymmddnn\P05121202\

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: |2.B260

Stage micrometer calibration expiration date:|2/17/07

Measured value for 500 pm in stage micrometer image (pm): |500.4

Polish-down distance n,m (um) Approximate layer width in polish plane (pm)
2,2 2,8 8,2 8,8 Kernel radius Buffer 1IPyC SiC OPyC
367 371 380 390 177 108 38 38 39
e i '// //' ./’.‘

7 /{/ 7 ey ¢
Y AL 1D A - C»t/;(/ AL —

(2 //f' ZZ‘:%

i Operator

Date
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure:

AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K, Kercher

Sample 1D:

LEU01-35T-BO1

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05121202L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Pyymmddnn\P05121202\

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: [2.8260

Stage micrometer calibration expiration date: [2/17/07

Measured value for 500 pm in stage micrometer image (pm): [500.4

Polish-down distance n,m (pum)

Approximate layer width in polish plane (pm)

2,2 2,8 8,2 8,8 Kernel radius Buffer IPyC Sic OPyC
383 394 384 399 170 94 40 38 40

A et

/CZ
L) AL

2 /2 /o

‘Operator

Date
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure:

AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample ID:

LEU01-35T-BO1

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05121203L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Pyymmddnn\P05121202\

DMR calibration expiration date: {9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date:|2/17/07

Measured value for 500 pm in stage micrometer image (pm): |500.4

Polish-down distance n,m (pm) Approximate layer width in polish plane (pm)
2;2 5{8 8,2 8,8 Kernel radius Buffer 1PyC SiC OPyC
356 369 346 360 169 107 38 39 40
| | % / // ’
3 = =
i Date

Operator
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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\P05121202\

Sample 1D:

LEUO1-35T-B01

Sample Description:

Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\

Number of buffer layers analyzed: 163
Mean of the average buffer thickness of each particle (um): 103.4
Standard deviation in the average buffer thickness of each particle (pm): 8.2
Di f r layer thickness (top binned
Buffer Thickness (pm) Freguency Hist
~o5 ) i stogram
60 o]
65 0 40
70 0 35
75 0 230
80 0 525
> ; S
95 20 £ 15
100 37 10
105 39 &
110 29 0 — I ol
115 19 8 2 B 2 ® g B8 g B 8 B eV B W
120 10 ol e e R = DHRErS IR L T R TN e
125 ! A
= buffer thickness (microns)

ol /zé?éé;

Operator

Date
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed Layers\P05121202\

Sample 1D:

LEUO1-35T-B01

Sample Description:

Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\

Number of inner pyrocarbon layers analyzed: 214
Mean of the average IPyC thickness of each particle (um): 39.7
Standard deviation in the average IPyC thickness of each particle (pm): 2.2

Distribution of the average IPyC layer thickness (top binned)

IPyC Thickness (um) Frequency
<30 0

32

34

36

38

40

Histogram

<30
32
34

IPyC thickness (microns)

>56

Operator

7
,u;:i___- ol /Zg; ék/o
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Data Report Form DRF-11C: Measurement of Silicon Carbide Layer Thickness

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed Layers\P05121202\

Sample ID: [LEU01-35T-B01

Sample Description: [Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\,

Number of silicon carbide layers analyzed: 214
Mean of the average SiC thickness of each particle (um): 36.3
Standard deviation in the average SiC thickness of each particle (um): 1.0

Distribution of the average SiC layer thickness (top binned

SiC Thickness (um) Ff‘EgUEﬂC! ;
=35 ) 5o Histogram
26 0
27 0 80
28 0 70
29 0 60
30 0 §
31 0 g 90
32 0 & 40
33 0
34 2 ) :
35 23 20 11
36 60 10 g !
37 79
1 N ———— il
mr—uomor—wmgmmhcom
o™ o [a¥] o (3] o (7] (3] o [+ ] (] (] o
SiC thickness (microns)

ol [26/0 6

/

‘Date
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Data Report Form DRF-11D: Measurement of Outer Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder Name:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\P05121202\

Sample ID:

LEU01-35T-B01

Sample Description:

Baseline TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\

Number of outer pyrocarbon layers analyzed: 214
Mean of the average OPyC thickness of each particle (um): 40.2
Standard deviation in the average OPyC thickness of each particle (um): 1.9

Distribution of the average OPyC layer thickness (top binned

OPyC Thickness (um) Frequency

<20

22

24

26

30

32

34

0
0
0
0
28 0
0
0
0
3

36

38 24

Histogram

NN m ,m Lo BN - B S < < w

OPyC thickness (microns)

>50

o Ziép/é

Date
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Data ort Form DRF-19: n Particles with Missin Layer isual In:
Procedure: |AGR-CHAR-DAM-19 Rev, 1
Operator: |John Hunn
Sample ID: |LEU01-35T-C01
Sample Description: |TRISO on BWXT kernel composite 69302
Filename: |\\mc-agr\AGR\MissingOPyC\X05121201_DRF19R1.xls

Mean average weight/particle (g):|7.27E-04

Uncertainty in average weight/particle (g):|2.10E-06

Weight of sample of particles (g):|11.357

Approximate number of particles in sample:|15622

Uncertainty in number of particles in sample: |45

Number of particles with missing OPyC layer: |0

Comments on unusual visual characteristics of OPyC

A small blemish slightly darker than the average OPyC surface was observed on a small fraction of particles

(estimated occurance about 0.5%).

" /1

i/ /] Fra
{ él !,f. ;I;W- / : B IJ' ‘T , |’" 3 r\'_
LI =l P A4 i
/ Operator Date
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A small dark blemish was observed on less than 0.5% of the particles from LEU01-35T-
Co1.

131
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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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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev, 1

Operator: |Andy Nelson

Particle Lot ID: |LEU01-35T-D01

Particle Lot Description: |TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\ParticleWeight\W05121201 DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 8.52E-02 7.79E-02 1.07E-01 9.47E-02 7.91E-02
Number of particles: 117 108 147 131 108

Average weight/particle (g): 7.28E-04 7.21E-04 7.30E-04 7.23E-04 7.32E-04
Mean average weight/particle (g):|7.27E-04
Uncertainty in mean average weight/particle (g):|2.10E-06

fobe =0 B
Date
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Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure: |AGR-CHAR-DAM-20 Rev. 1

Operator: [John Hunn

Sample ID: |LEU01-35T-C01

Sample Description: |TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\GoldSpots\G05121201_DRF20R1.xls

Mean average weight/particle (g):|7.27E-04

Uncertainty in average weight/particle (g):|2.10E-06

Weight of sample of particles (g):|11.357

Approximate number of particles in sample:|15622

Uncertainty in number of particles in sample: |45

Number of particles with gold spot defects:[17

Comments on unusual visual characteristics of SIC

One particle of the 17 had an unusual crystalline surface.

- / o
/ ,é 1/ [ /=1 /-0
HMASL LA ok T

Vi Operator Date
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LEUO1-35T-CO1

nusual crystalline surface.

17/15622 gold spots found. One particle had an u

Average appearance of SiC after burnback for LEUO1-35T
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13 Characterization of third batch of TRISO-coated particles

This section contains data on LEUO1-27T, the third batch of TRISO-coated particles used for the
LEUO1-46T particle composite. The data was obtained according to product inspection plan
AGR-CHAR-PIP-03R2.

Note that some of the carbon deposited for the buffer layer reacted with the kernel to form a
uranium carbide layer between the kernel and the buffer. The uranium carbide layer was not
included in the measurement of the buffer thickness. The thickness of this carbide layer varied,
but was typically around 6 ym thick and effectively increased the kernel radius by that amount.

Note that the coating thicknesses of the TRISO-coated particle batch were remeasured after
coated particle composite characterization was underway in order to improve the accuracy of the
reported values. The original images of the particle cross sections were reanalyzed using an
updated version of the image analysis program. This new version utilized a more robust
algorithm for identifying the outer boundary of the outer pyrocarbon layer (OPyC). The data in
this section shows the new coating thickness values. A record of the original measured values,
which were initially used to determine the acceptance of this batch for inclusion in the
composite, is included in section 16. Both the old and new coating thickness values for batch
LEUO1-27T were within the range specified in INL EDF-4380, Rev. 6.

The following pages show the inspection report form (IRF-03). Following IRF-03 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. This batch was determined to satisfy the
specifications in section 5.2 of EDF 4380, Rev. 6.
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Procedure: | AGR-CHAR-PIP-03 Rewv, 2
Coated particle batch ID:|LEUD1-27T
Coated particle batch description:| TRISO on BWXT kernel composite 69302
Measured Data Specification i e Pass
Property Mean [Std.Dev.| # measured | tvalue | ;v epr a3go Acceptance Criteria | o e Lo st
() (s) (n) (t) : ol
= e
Average buffer thickness for 1odo 8.2 188 1.653 mean A =x-ts/vn z 85 1039 | pdss | ORF-08
each particle (um) i i 100 £ 15 Bo=x+ ts/vn < 115 105.9  pas DRF-11
Average IPyC thickness for 39.0 22 249 1651 mean A=x-ts/vnz35 38.8 DRF-08
each particle (pm) ' g 405 B=x+ts/vn <45 39.2 DRF-11
Average SiC thickness for " 3.5 248 1.651 mean A=x-ts/vn 231 34.5 DRF-08
each particle (pm) 346 . : 35+4 B=x+ts/vn < 39 34,7 DRF-11
Average OPyC thickness for 4.7 20 248 1.651 mean A=x-ts/vn 2 35 41.5 DRF-08
each particle (um) i g 405 B = x + ts/vn 5 45 41.9 DRF-11
defect fracti
Particles with missing OPyC 15680 ! Srecr m"j" <41in 15,500 0 DRF-19
LU X

Goldspot analysis performed on missing OPyC sample for information only. 31 out of 15680 gold spots observed.

QC Supervisor

/}M/M //é/vw 3-23 00

Accept Coated particie batch (Yes or No):| Yes

P, aliorte
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: | AGR-CHAR-DAM-08 Rev. 2
Operator: |Andrew K. Kercher
Sample ID: [LEU01-27T-B01

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05121902L

Folder name containing images:

\\Mc-agr\agr\ImageProcessing\P05122001\P051220101

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date: |2/17/07

Measured value for 500 pm in stage micrometer image (pm):|500.0

Polish-down distance n,m (pm)

Approximate layer width in polish plane (pm)

2,2 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC

382 393 (2,9) 398 413 (8,9) 177 105 38 38 39
IR /C /"%

% " Operator Date
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: |AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample ID:

LEU01-27T-B01

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05122001L

Folder name containing images:

\\Mc-agr\agr\ImageProcessing\P05122001\P051220102\

DMR calibration expiration date:

9/8/06

Calibrated pixels/micron:

2.8260

Stage micrometer calibration expiration date:

2/17/07

Measured value for 500 pm in stage micrometer image (pm)

:1500.0

Polish-down distance n,m (pm)

Approximate layer width in polish plane (pm)

2,2 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC

415 409 388 383 176 9 39 37 42
12 /_10 %5

6 ] 7 Date
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Data Report Form DRF-08: Im

ing of Coated Particle Cross-sections Using an Optical Micre e System
Procedure: |AGR-CHAR-DAM-08 Rev. 2
Operator: |Andrew K. Kercher
Sample 1D: |LEU01-27T-B01
Sample description: [TRISO on BWXT kernel composite 69302

Mount ID number:

M05122002L

Folder name containing images:

ImageProcessing\\P05122001\P051220103\

DMR calibration expiration date:

9/8/06

Calibrated pixels/micron:

2.8260

Stage micrometer calibration expiration date:

2/17/07

Measured value for 500 ym in stage micrometer image (pm):

500.0

Polish-down distance n,m (pm) Approximate |layer width in polish plane (pm)

ZEZ 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
373 381 (2,9) 358 363 (8,9) 169 106 40 37 43

/ ) /: i /,1

/ P o

/_,-' / =y // /
/ X i
PALluS AL 2 /26 /o5
Operator Date
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001\

Sample ID:

LEU01-27T-B01

Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001_output\

Number of buffer layers analyzed: 188
Mean of the average buffer thickness of each particle (um): 104.9
Standard deviation in the average buffer thickness of each particle (um): 8.2

Distribution of the average buffer layer thickness (top binned)

Buffer Thickness (um) Frequency
3 ) 8 Histogram
60 0
65 0 50
70 0
75 0 &40
80 0 £ ] i
85 0 g 30 b [
90 6 E \ AN
95 13 e ] }; 4
100 39 MO . B
105 36 1 ; 1 . |
110 48 0 . N N | —
115 25 n o n o v o w 0
120 14 W e R e TR a2 o
125 5 buffer thickness (microns) )
>125 7]

o f1s/bc
] 4 Date
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agrS&GRglﬁmﬁagercessing\CompIeted Layers\P05122001}

Sample 1D:

LEU01-27T-B01

Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001_output\

Number of inner pyrocarbon layers analyzed: 249
Mean of the average IPyC thickness of each particle (pm): 39.0
Standard deviation in the average IPyC thickness of each particle (pm): 2.2
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness (um) Frequency
=8 ) 100 Histogram
32 0 90
34 0 80
36 16 70 -
38 69 g 60
42 44 & 401
44 25 g
46 2 &
20 |
48 0
50 0 10 4
52 0 0 - : : : .
54 0 g 8 8 3 ‘u:%
56 0
<3 S IPyC thickness (microns)
/ ) ) il
& )
Ma y £ Z of /{ f’%é"
L] ] Operator E Date
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Data R F -11€: Measurement of Silicon Carbide Layer Thickness

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

Operator: [Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001\

Sample ID: |LEUD1-27T-B01

Sample Description: |TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001_output\

Number of silicon carbide layers analyzed: 248
Mean of the average SiC thickness of each particle (um): 34.6
Standard deviation in the average SiC thickness of each particle (pm): 1.2

Distribution of the average SIC layer thickness (top bi

SiC Thickness (pm) Frequency A

5t 0 160 Histogram

26 0

27 0 o

28 0 80

29 2 70

30 0 E 60

31 0 @ 50

32 1 3

33 12 2740

34 46 30

35 94 20

36 74

37 17 Lo =

38 1 0 : : : r -

39 1 § E RIS S H

40 0 4 .

40 0 ) SiC thickness (microns)

2L A GM/W oL// E‘éé

& ‘Operatar 4 / Date
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Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher

Folder Name:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001\

Sample 1D:

LEUD1-27T-B01

Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001_output\

Number of outer pyrocarbon layers analyzed: 248
Mean of the average OPyC thickness of each particle (um): 41.7
Standard deviation in the average OPyC thickness of each particle (um): 2.0
‘Distribution of the average OPYC layer thickness (top binned)
OPyC Thickness (um Frequency 1
|_OPyC Thickness (um) | Frequency | Histogram
<20 0 90
22 0
24 0 80
26 0 70
28 0
30 0 g 80
32 0 S 50
5 5 § 40
38 7 = 30
40 46 20
42 81
44 85 Ly - .
46 24 0 T . T - - T - . R R —
a8 4 SN I &R YIILYLIITILLR I
)5:0 . OPyC thickness (microns)

7 _
Vo] //f/é@)

Date
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Data Report Form DRF-19: Counting of Particles with Missing OPyC Layer by Visual Inspection

Procedure:

AGR-CHAR-DAM-19 Rev. 1

Operator:

John Hunn

Sample ID:

LEU01-27T-C01

Sample Description:

TRISO on BWXT kernel composite 69302

Filename:

\\mc-agr\AGR\MissingOPyC\X05121901_DRF19R1.xls

Mean average weight/particle (g):|7.25E-04

Uncertainty in average weight/particle (g):[1.34E-06

Weight of sample of particles (g):|11.368

Approximate number of particles in sample: |15680

Uncertainty in number of particles in sample: |29

Number of particles with missing OPyC layer: |0

Comments on unusual visu a s of

SEM was performed on dark blemishes commonly observed on a small fraction of particles during analysis for missing OPyC.
These appear to be caused by particle to particle contact.

2-39- 6%

(-

'1/ Operator Date
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Dark blemishes observed on OPyC surface on a small fraction of particles appear to be
caused by temporary particle to particle contact when observed by SEM.

=

500 pm !& L = .

o N

Figure 1. Small dark blemish observed under optical stereo microscope during inspection
for missing OPyC.

-

cV Spot Magn Det WD 'L'}f.'p — 100 pm

0.0kV 5.0 200x SE 10.1 65690

Figure 2. SEM image of blemish.
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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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Data Report Form DRF-22: Estimation of Average Particie Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1
Operator: |Dixie Barker
Particle Lot ID: [LEUO1-27T-D01
Particle Lot Description:|TRISO on BWXT kernel composite 69302
Filename: |\\mc-agr\AGR\ParticleWeight\W05120201_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g):|  6.72E-02 9.72E-02 1.09E-01 1.02E-01 7.93E-02
Number of particles: 93 134 150 140 110
Average weight/particle (g): 7.23E-04 7.25E-04 7.27E-04 7.28E-04 7.21E-04
Mean average weight/particle (g):|7.25E-04
Uncertainty in mean average weight/particle (g):|1.34E-06

6 Wy ,(, K Gialls,

" Operator /

(L-) _o9

Date
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Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure: |AGR-CHAR-DAM-20 Rev. 1

Operator: {John Hunn

Sample ID: |LEU01-27T-C01

Sample Description: |[TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\GoldSpots\G05122001_DRF20R1.xls

Mean average weight/particle (g):|7.25E-04

Uncertainty in average weight/particle (g):|1.34E-06

Weight of sample of particles (g):|11.368

Approximate number of particles in sample: |15680

Uncertainty in number of particles in sample: |29

Number of particles with gold spot defects: |31

Comments on unusual visual characteristics of SiC

Image of goldspots: P0512200201.

n

_--_'_1,% Rlynr /2-20-0S

i "~ Operator ' Date

[}
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31/15680 gold spots found.
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14 Characterization of fourth batch of TRISO-coated particles

This section contains data on LEUO1-45T, the fourth batch of TRISO-coated particles used for
the LEUO1-46T particle composite. The data was obtained according to product inspection plan
AGR-CHAR-PIP-03R2.

Note that some of the carbon deposited for the buffer layer reacted with the kernel to form a
uranium carbide layer between the kernel and the buffer. The uranium carbide layer was not
included in the measurement of the buffer thickness. The thickness of this carbide layer varied,
but was typically around 6 ym thick and effectively increased the kernel radius by that amount.

Note that the coating thicknesses of the TRISO-coated particle batch were remeasured after
coated particle composite characterization was underway in order to improve the accuracy of the
reported values. The original images of the particle cross sections were reanalyzed using an
updated version of the image analysis program. This new version utilized a more robust
algorithm for identifying the outer boundary of the outer pyrocarbon layer (OPyC). The data in
this section shows the new coating thickness values. A record of the original measured values,
which were initially used to determine the acceptance of this batch for inclusion in the
composite, is included in section 16. Both the old and new coating thickness values for batch
LEUO1-45T were within the range specified in INL EDF-4380, Rev. 6.

The following pages show the inspection report form (IRF-03). Following IRF-03 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. This batch was determined to satisfy the
specifications in section 5.2 of EDF 4380, Rev. 6.
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Procedure: | AGR-CHAR-PIP-03 Rev, 2
Coated particle batch ID:|LEU01-45T
Coated particle batch description: | TRISO on BWXT kernel composite 69302
2 Measured Data Specification ! ; Iy Pass Dat
! roperty N{:l)n Shd"I:w # mmmd t \Entl’ua INL EDF-4380 ¥ Criteria Test Value I:I Records
Average buffer thickness for mean A=x-ts/vnz 85 106.1 ¢ DRF-08
each particle (um) 107:2 4 Ly Lo 100 £ 15 B =x+ ts/vVn < 115 108.3 DRF-11
Average IPyC thickness for mean A =x-ts/vnz 35 39.9 DRF-08
sach particle (1m) 40.1 2.0 194 1.653 A0%5 T T DRE-11
Average SiC thickness for mean A=x-ts/vnz 31 35.7 DRF-08
each particle (pm) 358 2ok s 185 35+ 4 B=x+ ts/vn < 39 35.9 DRF-11
Average OPyC thickness for mean A =x-ts/vn =35 39.9 DRE-08
e th i fney 40.1 1.9 194 1.653 e Y — GRELE
| defect fracti
Particles with missing OPyC - 15574 - o m":" <4 in 15,500 0 DRF-19
U X
Comments

Goldspot analysis performed on missing OPyC sample for information only. 3 out of 15574 gold spots observed,

N
I‘:—JJ
1
g
O“\.

L
QC Supervisor

| Accept Coated particle batch (Yes or No):| Yes

W or 2/25/p¢
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure:

AGR-CHAR-DAM-08 Rev. 2

Qperator:

Andrew K. Kercher

Sample ID:

LEUO1-45T-B01

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05122101L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05122201\P0512220101\

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: [2.8260

Stage micrometer calibration expiration date:|2/17/07

Measured value for 500 pm in stage micrometer image (um): |500.4

Polish-down distance n,m (um) Approximate layer width in polish plane (pm)
2.2 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
372 372 365 363 169 110 41 37 36
bRl L 1222 /s
Date

Operator
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Data Report Form DRF-08: Imagin >

Particle Cross-sections Using an

ical Microscope System

Procedure:

AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample 1D:

LEUO1-45T-B01

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05122102L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05122201\P0512220102\

DMR calibration expiration date:

9/8/06

Calibrated pixels/micron:

2.8260

Stage micrometer calibration expiration date:

2/17/07

Measured value for 500 pm in stage micrometer image (pm):

500.4

Polish-down distance n,m (pum) Approximate layer width in polish plane (pm)
?“2 &8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
370 387 367 372 176 100 39 38 39
A7 -7 .
. 2
A < o die
AgAL LD, Lo (2 /22/05
Operator " Date
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: |AGR-CHAR-DAM-08 Rev. 2
Operator: |Andrew K. Kercher
Sample 1D: |LEUO1-45T-B01

Sample description:

TRISO on BWXT kernel composite 69302

Mount ID number:

M05122103L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P05122201\P0512220103\

DMR calibration expiration date:

9/8/06

Calibrated pixels/micron:

2.8260

Stage micrometer calibration expiration date:

2/17/07

Measured value for 500 pm in stage micrometer image (pm):

500.4

Polish-down distance n,m (pum)

pd

pproximate layer width in polish plane (pm)

2,2 2,8 8,2 8,8

Kernel radius

Buffer

IPyC

SiC

OPyC

387 400 368 375

178

111

39

36

41

) Lo

Operator
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Data : -11A: Measurement of Buffer Layer Thickn
Procedure: |AGR-CHAR-DAM-11 Rev. 1
Operator: |Andrew K. Kercher
Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201}
Sample ID: |LEUD1-45T-B01
Sample Description: [TRISO on BWXT composite 69302
Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201_output

- Number of buffer layers analyzed: 147
Mean of the average buffer thickness of each particle (um): 107.2
Standard deviation in the average buffer thickness of each particle (um): Py
Di ion of the average buffer layer thickness nn
Buffer Thickness (pm) Frequency 5

<55 ) 4 Histogram

60 0

65 0 35

70 0 30

75 0 by

80 0 £ &3

85 0 3 20

90 1 g 15

95 4 L 10

100 23

105 35 5 —

110 34 0 =

115 >3 . : . : - - —

50 15 @ 8 8 R 2 8 8 8

125 9 ‘
125 3 buffer thickness (microns)

L. 7 U
£ - -3 g a1/ 17T /06

Operator

Date
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

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

Operator: |Andrew K. Kercher

Folder name containing images:

\\mec-agr\AGR\ImageProcessing\Completed _Layers\P05122201\

Sample ID: |LEU01-45T-B01

Sample Description: |TRISO on BWXT composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201_output

Number of inner pyrocarbon layers analyzed: 194
Mean of the average IPyC thickness of each particle (pm): 40.1
Standard deviation in the average IPyC thickness of each particle (pm): 2.0
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness {um) Frequency %
<30 ) 80 Histogram
32 0
7
5 0 -
36 3 e
38 23 g 50
42 65 =3
44 26 £ 30
46 4 20 i
48 2 b
50 0 18 H '
52 0 0 - . T : T T
54 0 %%ﬁﬁ%%‘##??%%ﬁ%g\‘%
56 0
356 o IPyC thickness (microns)

cf / 7_%6

Operator Date
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D o} RF-11C: Measurement of Silicon Carbide Layer Thicknes:

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

Operator: |Andrew K. Kercher

Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201\

Sample ID: |LEU01-45T-B01

Sample Description: |TRISO on BWXT composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201_output

Number of silicon carbide layers analyzed: 194

Mean of the average SiC thickness of each particle (um): 35.8

Standard deviation in the average SiC thickness of each particle (um): 1
Di ion he average SIC layer thickness (top binned
SiC Thickness (um) Freguency %
=% ) 70 Histogram
26 0
27 0 60
28 0 50
29 0 -
30 0 7] 40
31 0 §
32 0 o
33 0 P &
34 15 = 20
35 32
36 63 10
37 60 0
38 20 u T T T U T T T T :
39 Z SERN8RBSIBIBEYEHI B
40 0 . i
540 0 SiC thickness (microns)
P TS oy o
P / 2 A L oL/ /oL
Operator / Date /
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Data Report Form DRF-11D: Measurement of Quter Pyrocarbon Layer Thickness

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

Operator: |Andrew K. Kercher

Folder Name: [\\mc-agr\AGR\ImageProcessing\Completed _Layers\P05122201\

Sample ID: [LEUD1-45T-B01

Sample Description: | TRISO on BWXT composite 69302

Folder name containing processed data: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201_output

Number of outer pyrocarbon layers analyzed: 194

Mean of the average OPyC thickness of each particle (um): 40.1
Standard deviation in the average OPyC thickness of each particle (pm): 1.9
Dist ion of vera layer thickne 3 ne
OPyC Thickness (um Frequency =
e = Histogram

<20 0 80

22 0

24 0 70

26 0

28 0 6,0

30 0 E‘ 50

32 0 “:.' 40

34 0 g

36 L £ 30

38 25 e

40 76 20

42 62 10

44 25

46 5 0 e .

gg g @Rﬂ&ﬁﬁ%%ﬁﬁgﬁgv#%?%ﬁ
>50 0 OPyC thickness (microns)
M{aj ~— O | A 7/“ &
it Operator "Date
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Data Report Form DRF-19: Counting of Particles with Missing OPyC Layer by Visual Inspection

Procedure: |AGR-CHAR-DAM-19 Rev. 1

Operator: |John Hunn

Sample ID: |LEU01-45T-C01

Sample Description: [TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\MissingOPyC\X05122101_DRF19R1.xIs

Mean average weight/particle (g):|7.29E-04

Uncertainty in average weight/particle (g):|1.78E-06

Weight of sample of particles (g):]11.354

Approximate number of particles in sample:|[15574

Uncertainty in number of particles in sample: |38

Number of particles with missing OPyC layer: |0

Comments on unusual visual characteristics of OPyC

P0512210101: picture of slightly darker particle with some spots on surface.

[d R /2-21- b5
l/

Operator Date

160



ORNL/TM-2006/019, Rev. 1

Slightly darker particle with some spots on surface.
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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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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev. 1

Operator: |Dixie Barker

Particle Lot ID: [LEUO1-45T-DO7

Particle Lot Description: [TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\ParticleWeight\W05122101_DRF22R1.xls

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Weight of particles (g): 8.25E-02 7.26E-02 8.29E-02 B.16E-02 7.24E-02
Number of particles: 114 100 113 112 99

Average weight/particle (g): 7.24E-04 7.26E-04 7.34E-04 7.29E-04 7.31E-04

Mean average weight/particle (g):|7.29E-04

Uncertainty in mean average weight/particle (g):|1.78E-06

\(i:, "(fﬁgj e /—{CL‘/ZL.&, (1)\ o (‘—C,/‘:)rﬂ

Operator Date
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Data Report Form DRF-20: Counting of I th SIC Gold Spot De

Inspection

Procedure:

AGR-CHAR-DAM-20 Rev. 1

Operator:

John Hunn

Sample ID:

LEUO1-45T-C01

Sample Description:

TRISO on BWXT kernel composite 69302

Filename:

\\mc-agr\AGR\GoldSpots\G05122101_DRF20R1.xls

Mean average weight/particle (g):|7.29E-04

Uncertainty in average weight/particle (g):|1.78E-06

Weight of sample of particles (g):{11.354

Approximate number o

f particles in sample:|15574

Uncertainty in number o

f particles in sample: |38

Number of particles with gold spot defects: |3

omments on unusual visual ristics of SiC

P0512210103: picture of 3 goldspots and one particle with white coating on surface.
P0512210106: picture of average SiC surface appearance.

Goldspots were not obvious.

o
(b Fe

[2-2]-05

// Operator

Date
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3/15574 gold spots found. One particle had white coating on surface.

f
kN o A _l .‘[".'
£ 5 . 5 ! v F
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15 Characterization of TRISO-coated particle composite

This section contains data on the TRISO-coated particle composite, LEUO1-46T. The data was
obtained according to product inspection plan AGR-CHAR-PIP-04R2.

Note that some of the carbon deposited for the buffer layer reacted with the kernel to form a
uranium carbide layer between the kernel and the buffer. The uranium carbide layer was not
included in the measurement of the buffer thickness. The thickness of this carbide layer varied,
but was typically around 6 ym thick and effectively increased the kernel radius by that amount.

The following pages shows the inspection report forms (IRF-04A and IRF-04B) for the LEUO1-
46T composite. Following IRF-04A and IRF-04B 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. This composite was determined to satisfy the specifications in section 5.3 of
EDF 4380, Rev. 6.
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Procedure: | AGR-CHAR-PIP-04 Rev. 2
Coated particle p ID:|LEUD1-46T
Coated particle composite description: | Baseline C: TRISO on BWXT kernel composite 69302
: = : ==t ! ] MY
v MM ‘Mean k Gr-'_t.'. - YRH AL
5 Y e b 7 i R z
T e A=x-ts/vnz B85 102.6
Average buffer thickness for 1035 82 * 213 100 £ 15 B=x + ts/vn < 115 104.4
Shch ems ) . . 2.560 | dispersion C=x-ks>55 825
i 5001555 i ;
iEsE T A=x-ts/vnz 36 39.2 pass
o & -
Average IPyC thickness for 454 54 o =4 B=x+ts/vn < 44 39.6 pass DRF-08
each particle (pm) : & dispersion C=x-ks>30 33.5 pass DRF-11
2.549 50.01 s 30
<0.01 2 56 D=x+ks<56 45.3 pass
{&d mean A=x-ts/Vnz32 35.2 pass
Average SiC thickness for . 3 233 . 3543 B=x+ts/Vns 38 35.4 pass DRF-08
each particle (um) % X dispersion DRF-11
2.549 <0.01 25 C=x%-ks>25 32.0 pass
881 mean A=x-ts/vnz 36 40.8 pass
Average OPyC thickness for 55 >3 45 ; 40+4 B=x+1s/Vn <44 41.2 pass | DRF-08
each particle (pm) i 4 S dispersion e G =% DRF-11
: £0.01 < 20 s i prsa
Buffer envelope density pass IRF-02A
IPyC sink/float density pass IRF-02B
1.685 :';“1“9 A=x-ts/vnz3.19 pass
sic sink/float density (Mg/m®) 3.2075 | 0.0032 40 pm— DRF-02
2.941 <0.01 < 3.17 C=x-ks>3.17 3.198 pass
OPyC sink/float density IRF-04B
mean ”
1.833 £1.035 B = x + ts/vn 5 1.035 1.023 pass
IPyC opy (BAFo eq ) DRF-18
dispersion 3
3.981 <0.01 51.06 D=x+ks< 106 1.030 pass
mean
1.833 4 1.085 B =x + ts/vn < 1.035 1.021 pass
OPyC ani: py (BAFo equivalent) 10 DRF-18
dispersion -
ST a1 06 D=x+ks < 1.06 1.031 pass
defect fraction <6 In 12,000
Particles with SiC gold spot defects B1507 G S or 514 in 22,000 66 pass DRF-20
dispersion =1 in 500 DRF-07
Farticie/aspact ratio 1626 <0.01 21.14 or <7 In 1420 2 Pass | prr-10
defect fraction <1 in 50,000
Particles with SiC burn-leach defects 120688 A 0yid0d or 6 in 120,000 (1] pass DRF-21
defect fraction
Particles with missing OPyC 31227 =4 in 31,000 0 pass DRF-19
<3.0x10"
comparison to all imaged pass visual .
SIC wisromructuse 3 visual standard | standard comparison 3 aa GRez2d
* 58 ", 'Y Commante = e LTS S el sl RS e, b = ) S e

66 out of 81507 gold spot defects passes the acceptan

ce criterion of <66 in 81100 Indicating siE-J defects with 95% confidence.

b B

QC Supervisor

Ac

coated particle composite (Yes or No):|

E Rl =

—

QA Reviewer
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ORNL/TM-2006/019, Rev. 1

Procedure: | AGR-CHAR-PIP-04 Rev, 2+
Coated particle ite ID:|LEU01-46T
Coated particle composite description: | Baseline Composite: TRISO on BWXT kernel 69302
Batch 1 ID:|LEU01-21T
Batch 1 ducrlgtian: Baseline TRISO on BWXT kernel composite 69302
Batch 2 ID:|LEUQ1-35T
Batch 2 description: | Baseline TRISO on BWXT kernel composite 69302
Batch 3 ID:|LEUD1-27T
Batch 3 description: TRISO on BWXT kernel 69302
Batch 4 ID:|LEUO1-45T
Batch 4 description: |Baseline TRISO on BWXT kernel composite 69302
Measured Data _Specification | : Pass )
- ; Acce pren s Data
Property Mean [std. Dev.[ # measured | kort |INLEDF-4380| AcceptanceCriteria | L o/, o or It::.oﬂll
{x) (s) = tn}t value _Rev.6 : : fail
iiE8y . A=x-ts/vnz 1.85 1.909 pass
s Vet o ” 190 £005 | gux+ts/vns1.95 1.915 pass
Batch 1: OPyC sink/float density (Mg/m g . DRF-03
Ey / . (Mo /) dispersion C=x-ks> 1.80 1.875 pass
2,905 <0.01 < 1.80
£0.01 = 2.00 D=x+ks < 2.00 1.850 pass
S — A = x - ts/v/n 2 1.85 1.902 pass
. e 5 1.90 £0.05 | gax+ts/vns1.95 1.904 pass
Batch 2: OPyC sink/float densi Mg/m & 2 DRF-03
i ty (Mp/m’) dispersion C=x-ks> 1,80 1.887 pass
2.842 <0.01 < 1.80
£0.01 = 2.00 D=x+ks <200 1.919 pass
e friean A =x-1s/vnz 1,85 1.902 pass
i i (e 190£0.05 | gay+ts/vns 1.95 1.905 pass
Batch 3: 0 sink/float dens Mg/m 3 . DRF-03
Rye ity (Mo/m:) dispersion C=x-ks> 1,80 1.888 pass
2.897 £0.01 < 1.80
<0.01 = 2.00 D=x+ks=< 200 1.919 pass
163 mean A=x-ts/vn 2z 1.85 1.909 pass
s AT ([ = o 1.90£0.05 | g=y+ts/vns1.95 1.913 pass
Batch 4: O sink/float densi Mg/m - G DRF-03
Fyé ity (Mg/m’) dispersion C=x-ks> 180 1.889 pass
2,922 <0.01 < 1,80
<0.01 = 2.00 D=x+ks< 200 1,933 pass
Comments i

Ll A

[l
/ QC Supervisor

Accept composite for OPyC density (Yes or No):| Yes |

e o

\_r""[/ QA Reviawer
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ORNL/TM-2006/019, Rev. 1

Data Report Form DRF-08: Imaging of Co: Particl 5 ns Using an cal Micros m
Procedure: | AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample ID:

LEUD1-46T-B01

Sample description:

Baseline composite of TRISO on BWXT kernel composite 69302

Mount ID number:

M06010901L

Folder name containing images:

\\mec-agr\AGR\ImageProcessing\P06011001\P0601100101\

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date: [2/17/07

Measured value for 500 pm in stage micrometer image (um): |500.7077

Polish-down distance n,m (um) Approximate layer width in polish plane (pm)
2!.3 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
374 359 363 173 103 40 38 42
M? M Dz /O, 2000
Operator /
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ORNL/TM-2006/019, Rev. 1

Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Optical Microscope System
Procedure: |AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample ID:

LEUD1-46T-B01

Sample description:

Baseline composite of TRISO on BWXT kernel composite 69302

Mount ID number:

M06010902L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06011001\P0601100102\

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: |2.8260

Stage micrometer calibration expiration date:|2/17/07

Measured value for 500 pm in stage micrometer image (um): |500.7077

Polish-down distance n,m (pum) Approximate layer width in polish plane (pm)
2.2 2,8 8,2 B8 Kernel radius Buffe_r 1PyC Sic OPyC
373 378 353 354 171 95 42 36 43
/\J/M,77 Nz moZn /Of mé’
Operator | Date {
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ORNL/TM-2006/019, Rev. 1

Procedure: |AGR-CHAR-DAM-08 Rev. 2

Operator: |Andrew K. Kercher

Sample ID: [LEUD1-46T-B01

Sample description: |Baseline compaosite of TRISO on BWXT kernel composite 69302

Mount ID number: |M06010903L

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P06011001\P0601100103\

DMR calibration expiration date: |9/8/06

Calibrated pixels/micron: | 2.8260

Stage micrometer calibration expiration date:|2/17/07

Measured value for 500 pm in stage micrometer image (pm): |500.7077

Polish-down distance n,m (pm) Approximate layer width in polish plane (um)
2,2 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
369 362 384 374 174 106 38 36 45
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Data Report Form DRF-11A: Measurement of Buffer Layer Thickness

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

Operator: [Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06011001\

Sample ID:|LEU01-46T-B01

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06011001_output\

Number of buffer layers analyzed: 213
Mean of the average buffer thickness of each particle (pm): 103.5
Standard deviation in the average buffer thickness of each particle (um): 8.2
Distribution of the ave r layer thickn top binned
Buffer Thickness (ng Freguency £

<55 ) =) Histogram

60 0

65 0 60

70 0

75 0 0

80 0 £ 40

B85 2 =

30 10 g 50

95 21 < 20

100 34

105 64 10

110 42 0 -

115 23 0w O I o W

120 10 S &

125 6 1
= 3 buffer thickness (microns)

mﬂ%AG

’ Date
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

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

Operator: |Andrew K. Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06011001

Sample ID:|LEU01-46T-B01

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06011001_output\

Number of inner pyrocarbon layers analyzed: 233
Mean of the average IPyC thickness of each particle (pm): 39.4
Standard deviation in the average IPyC thickness of each particle (um): 2.3
Distribution of the average IPyC la hickness binned
IPyC Thickness {um) Frequency
e 0 90 Histogram
32 0
34 1
36 9
38 61
40 84
42 51
44 17
46 8
48 1
50 1 ! y
52 0 —r— J
54 0 3 838889 3¥ ¢ 93838 Y
56 0 %
7 5 IPyC thickness (microns)
id., e b A %
Operator 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_Layers\P06011001}

Sample ID: [LEU01-46T-BO1

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Folder name containing processed data: | \\mc-agr\AGR\ImageProcessing\Completed_Layers\P06011001_output\

Number of silicon carbide layers analyzed: 233
Mean of the average SiC thickness of each particle (pm): 35.3
Standard deviation in the average SiC thickness of each particle (um): 1.3
Distribution of the average SiC layer thickness (top binned)
SiC Thickness (um) Freguency :
?§5==£L ) %0 Histogram
26 0
27 0 60
28 0
29 0 50
= - € 40
31 0 @
32 0 & 30
33 7 g
34 31 20
35 59
36 65 10
37 41
38 25 0 T TSGR
39 4 SRIIIBVS
40 1
=25 5 SiC thickness (microns)
. ) 4 5 // o/l 3 /04
Operator ¢ " Date
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Data ort Form DRF-11D: Measurement of r Pyrocarbon Layer Thickness

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

Operator: |Andrew K. Kercher

Folder Name: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\PO6011001\

Sample ID: |LEU01-46T-B01

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06011001_output\

Number of outer pyrocarbon layers analyzed: 233
Mean of the average OPyC thickness of each particle (pm): 41.0
Standard deviation in the average OPyC thickness of each particle (um): 2.1
Distribution of the average OPyC layer thickn top binned
OPyC Thickness (um Frequency A
Lyt e (1 =L Histogram
22 0 -
24 0 %0 i
26 0 80 |
28 0 70
30 0 oy 60
32 0 ]
5 50
34 0 a2
36 0 @ 40
38 19 = 30
40 51 20
42 95 "
44 a8 0
46 17 0 ——— =
48 2 @ﬁﬁﬁﬁ%%%%nq@%%@%%
50 1
<5 5 OPyC thickness (microns)
M« - / /<¢A Ol /ag /é
Operator Date
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Data Report Form DRF-02: Measurement of SIC Density using a Density Gradient Column
Procedure: |AGR-CHAR-DAM-02 Rev. 3
Operator: | Dixie Barker
Filename: |\\mc-agr\AGR\DensityColumn\D06010901_DRF02R3.xls
Sample ID: [LEUD1-46T-E01
Sample description: [Baseline Composite of TRISO on BWXT kernel composite 69302
Float expiration date: |07/2007
Gauge expiration date:|01/2007
Bath temperature:|23.0 °C
Calibrated Floats
—— Top of Bottom of Center of . Linear Fit to Density Gradient A
Float Float Mass < R? = 0.9985
3.150 153.01 173.52 166.68 .53 i
3.170 280.32 304.28 296.29 =
3.190 385.96 408.33 400.87 Z
3.210 508.72 532.91 524.85 -
o
Linear Fit 3.15 . = , . .
slope StDev intercept StDev g e 200 300 400 500 600
1.70E-04 | 3.14E-06 | 3.12E+00 | 1.09E-03 Position (i)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 475,63 3.2018 26 511.65 3.2079 51
2 481.23 3.2027 27 515.56 3.2086 52
3 482.49 3.2030 28 516.88 3.2088 53
4 487.46 3.2038 29 517.99 3.2090 54
5 488.57 3.2040 30 519.89 3.2093 55
6 489.19 3.2041 31 522.05 3.2097 56
7 490.04 3.2042 32 525.39 3.2102 57
8 491.48 3.2045 33 528.52 3.2108 58
9 494.40 3.2050 34 534.03 3.2117 59
10 495.87 3.2052 35 536.34 3.2121 60
11 496.75 3.2054 36 542.73 3.2132 61
12 496.72 3.2054 a7 547.81 3.2140 62
13 497.30 3.2055 38 548.98 3.2142 63
14 497.82 3.2056 39 542.93 3.2132 64
15 499.70 3.2059 40 532.80 3.2115 65
16 501.31 3.2061 41 66
17 501.31 3.2061 42 67
18 503.80 3.2066 43 68
19 504.50 3.2067 44 69
20 504.50 3.2067 45 70
21 506.53 3.2070 46 71
22 507.10 3.2071 47 72
23 508.81 3.2074 48 73
24 510.12 3.2076 49 74
25 511.03 3.2078 50 75
I 11 1O e, = P e A ey ) i a0 Tt ¥ ek ‘
Average density of SiC fragments: 3.2075
Standard deviation in density of SiC fragments: 0.0032
Uncertainty in calculated density of SiC fragments: 0.0020
S L . s N
g/ ML u é Al ! b
e TR Operator G Date
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Data Report Form DRF-03: Measurement of PyC Density usi / Gradient Column
Procedure: [AGR-CHAR-DAM-03 Rev. 2
Operator: [Dixie Barker -
Filename: |\\mc-agr\AGR\DensityColumn\D05112801_DRFO3R2.xls
Sample ID:|LEUQ1-21T-E01
Sample description: |OPyC fragments from TRISO on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date:|01/2006
Bath temperature:|23.0 °C
Callbrated Floats
— Top of Bottom of Center of . Linear Fit to Density Gradient R
Float Float Mass : E. R =1
1,800 138.63 147.16 142.90 S 1.95
1.850 237.50 245.95 241.73 I
1.900 336.38 342.28 339.33 ; 1.50
1.950 432.68 439.81 436.25 @
2.000 528.48 536.03 532.26 § 1.85
o B S P S P S
slope StDev intercept StDev & A 500 600
5.14E-04 | 3.29E-06 | 1.73E+00 | 1.12E-03 Position’ (mm)
. Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Densi Number Position Density Number Position Density
1 345.31 1.9035 26 376.19 1.9194 51
2 350.31 1.9061 27 377.71 1.9201 52
3 352.83 1.9074 28 378.81 1.9207 53
4 355.81 1.9089 29 379.81 1.9212 54
5 356.33 1.9092 30 381.17 1.9219 55
6 356.54 1.9093 31 381.73 1.9222 56
7 357.20 1.9096 32 385.09 1.9239 57
8 357.20 1.9096 33 385.09 1.9239 58
9 357.80 1.9099 34 385.91 1.9244 59
10 358.61 1.9103 35 391.71 1.9273 60
11 359.28 1.9107 36 394.82 1.9289 61
12 360.55 1.9113 37 401.42 1.9323 62
13 361.76 1.9120 38 296.91 1.8786 63
14 362.98 1.9126 39 296.97 1.8787 64
15 363.87 1.9130 40 305.71 1.8832 65
16 365.18 1.9137 41 315.20 1.8880 66
17 365.91 1.9141 42 317.15 1.8890 67
18 397.49 1.9303 43 328.73 1.8950 68
19 369.40 1.9159 44 69
20 370.07 1.9162 45 70
21 371.63 1.9170 46 71
22 372.01 1.9172 47 72
23 372.35 1.9174 48 73
24 374.56 1.9185 49 74
25 375.69 1.9191 50 75
: / :;J v e S Radiify '? il e i e . AL
Average density of PyC fragments: 1.9121
Standard deviation In density of PyC fragments: 0.0129
Uncertainty in calculated density of PyC fragments: 0.0017

/5 ffuu{;m

~Toperator
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ORNL/TM-2006/019, Rev. 1

Form DRF-03: Measurement of Densi i lent Column
Procedure: | AGR-CHAR-DAM-03 Rev. 2
Operator: | Dixie Barker
Filename: |\\mc-agr\AGR\DensityColumn\D05121201_DRFO3R2.xls
Sample ID: |LEU01-35T-E01
Sample description: |OPyC fragments from TRISO on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date: [01/2006
Bath temperature: |22.9 °C
Calibrated Floats
S—— Top of Bottom of Center of e Linear Fit to Density Gradient i
Float Float Mass I R? = 0.9993
1.800 119.98 129.36 124,67 Y 105
1.850 213.68 222.19 217.94 =)
1.900 314.03 319.46 316.75 > 1.90
1.950 416.29 424.36 420.33 @
2.000 523.90 530.89 527.40 g 1.85
B e 0 00 200 300 460 :
slope StDev intercept StDev ¥ ) 200 s
4.96E-04 | 3.19E-06 | 1,74E+00 | 1.10E-03 Position (mm)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 300.95 1.8899 26 328.21 1.9034 51 350.91 1.9146
2 301.89 1.8903 27 328.21 1.9034 52 351.43 1.9149
3 308.92 1.8938 28 329.21 1.9039 53
4 309.95 1.8943 29 329.21 1.9039 54
5 310.76 1.8947 30 329.57 1.9040 55
6 311.56 1.8951 31 330.26 1.9044 56
7 312.08 1.8954 32 330.53 1.9045 57
8 314.28 1.8965 33 330.96 1,9047 58
E] 314.67 1.8967 34 331.42 1.9050 59
10 318.32 1.8985 35 332.02 1.9053 60
11 317.98 1.8983 36 331.93 1.9052 61
12 318.34 1.8985 37 £ 33231 1.9054 62
13 326.12 1.9023 38 332.85 1.9057 63
14 321.12 1.8999 39 334.27 1.9064 64
15 322.49 1.9005 40 334.27 1.9064 65
16 322.62 1.9006 41 335.56 1.9070 66
T7 322.82 1.9007 42 336.51 1.9075 67
18 320.93 1.8998 43 337.51 1.9080 68
19 321.46 1.9000 44 337.71 1.9081 69
20 322.26 1.9004 45 339.41 1.9089 70
21 323.96 1.9013 46 339.70 1.9091 71
22 324.71 1.9016 47 340.21 1.9093 72
23 325.52 1.9020 48 342.83 1.9106 73
24 327.00 1.9028 49 344.33 1.9114 74
25 327.67 1.9031 50 345.16 1.9118 75
Average density of PyC fragments: 1.9029
Standard deviation in density of PyC fragments: 0.0056
Uncertainty in calculated density of PyC fragments: 0.0016

R

Q | [ l}( Qr.
L/ ¢

L “Operatér

%/

L) (D . Dy
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ORNL/TM-2006/019, Rev. 1

D Ri Form DRF-03: Measurement of Densi n nsi idien mn
Procedure: | AGR-CHAR-DAM-03 Rev. 2
Operator: | Dixie Barker
Filename: |\\mc-agr\AGR\DensityColumn\D05122001_DRFO3R2.xls
Sample ID: |LEU01-27T-E01
Sample description: |OPyC fragments from TRISO on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date: [01/2006
Bath temperature:|23.7 °C
Calibrated Floats
iy Top of Bottomn of Center of By Linear Fit to Density Gradient =
Float Float Mass = R? = 0.9996
1.800 129.31 138.58 133.95 Y 1954
1.850 224.09 232.28 228.19 @
1.900 324.34 329.86 327.10 > 1.90 1
1.950 426.34 433.52 429.93 @
2.000 530.56 537.79 534.18 g 1.85
Linear Fit 1.80
slope StDev intercept StDev 9 200 200, 300 400 0 690
4.99E-04 | 3.38E-06 | 1.74E+00 | 1.12E-03 PoABIST: (Rm)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Densi Number Position Density Number Position Density
1 314.59 1.8920 26 339.98 1.9046 51
2 316.85 1.8931 27 340.25 1.9048 52
3 318.98 1.8942 28 . 341.25 1.9053 53
4 322.19 1.8958 29 341.67 1.9055 54
5 323.42 1.8964 30 342.32 1,9058 55
6 327.18 1.8983 31 342.92 1.9061 56
7 326.91 1.8981 32 344.70 1.9070 57
8 329.64 1.8995 33 345.80 1.9075 58
9 328.07 1.8987 34 346.65 1.9080 59
10 329.80 1.8996 35 346.65 1.9080 60
11 330.67 1.9000 36 347.44 1.9084 61
12 330.67 1,9000 37 349.45 1.9094 62
13 331.97 1.9006 38 349.45 1.9094 63
14 332.43 1.9009 39 350.04 1.9097 64
15 333.11 1.9012 40 351.01 1.9101 65
16 333.18 1.9013 41 351.01 1.9101 66
17 333.19 1.9013 42 353.47 1.9114 67
18 334,75 1.9020 43 355.22 1.9122 68
19 335.35 1.9023 44 363.11 1.9162 69
20 336.51 1.9029 45 322.11 1.8957 70
21 337.27 1.9033 46 71
22 337.66 1.9035 47 72
23 338.08 1.9037 48 73
24 338.56 1.9039 49 74
25 339.98 1.9046 50 75
e o~ y ] . r = & ik ! ,.1 i 1‘. I
Average density of PyC fragments: 1.9034
Standard deviation in density of PyC fragments: 0.0054
Uncertainty in calculated density of PyC fragments: 0.0017

e

4 to K C_M,{‘L\

QC)u}
7

"Operator’
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Data Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column

180

Procedure: | AGR-CHAR-DAM-03 Rev. 2
Operator: |Dixie Barker
Filename: |\\mc-agr\AGR\DensityColumn\D05122101 DRFO3R2.xls
Sample ID: [LEU0O1-45T-E01
Sample description: |OPyC fragments from TRISO on BWXT kernel composite 69302
Float expiration date: |07/2007
Gauge expiration date: |01/2007
Bath temperature: |23.7 °C
- %m of Center of Linear Fit to Density Gradient n
Density 2.00
Float Float Mass i R? = 0.9993
1.800 142.66 151.71 147.19 Y 1.95 '
1.850 253.82 262.20 258.01 =
1.900 365.64 371.28 368.46 E 1.90 -
1.950 470.49 477.14 473.82 @
2.000 567.86 575.43 571.65 E‘ 1.85
Linear Fit 1.80
slope StDev intercept StDev 0 100 200 300 400 500 600
4.69E-04 | 2.856-06 | 1.73E+00 | 1.12E-03 Posision (mm)
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 343.23 1.8903 26 401.70 1,9178 5l
2 353.43 1.8951 27 402.90 1,9183 52
3 355:52 1.8961 28 ~ 403.67 1.9187 53
4 359.74 1.8981 29 407.15 1.9203 54
5 367.37 1.9017 30 408.64 1.9210 55
6 372.98 1,9043 31 409.85 1.9216 56
7 377.40 1.9064 32 411.44 1.9223 57
8 378.06 1.9067 33 416.75 1.9248 58
9 378.08 1.9067 34 403.78 1.9188 59
10 379.79 1.9075 35 396.95 1.9155 60
11 380.9¢ 1.9081 36 396.95 1.9155 61
12 382.91 1.9090 37 395.84 1.9150 62
13 383.64 1.9093 38 389.83 1.9122 63
14 384.46 1.9097 39 385.32 1.9101 64
15 385.69 1.9103 40 378.92 1.9071 65
16 386.07 1.9104 41 377.31 1.9063 66
17 388.17 1.9114 42 67
18 388.88 1.9118 43 68
19 389.34 1.9120 e 69
20 392.45 1.9134 45 70
21 393.74 1.9140 46 71
22 394.90 1.9146 47 72
23 396.03 1.9151 48 73
24 397.30 1.9157 49 74
25 398.29 1.9162 50 75
. Tl i s it il i Fy
Average density of PyC fragments: 1.9112
Standard deviation in density of PyC fragments: 0.0076
Uncertainty in calculated density of PyC fragments: 0.0016
g B g% = /
/_/(/}C/ux /<C'wﬁo /,__\_,02,;_ 2
= * Operator s Date



ORNL/TM-2006/019, Rev. 1

Data Report Form DRF-18A: Measurement of Pyrocarbon Anisotropy using the 2-MGEM - IPyC

Procedure:

AGR-CHAR-DAM-18 Rev. 1

Operator:

G. E. Jellison

Mount ID:

M06011102L

Sample ID:

LEUO1-46T-B01

Sample Description:

Baseline Composite of TRISO on BWXT kernel composite 69302

Folder containing data:

\\mc-agr\AGR\2-MGEM\R06030601\

Particle # Grid Diattenuation Equivalent BAFo
Position Average St. Dev. Ave. Error Average St. Dewv. Ave. Error

1 4,4 0.0075 0.0017 0.0012 1.0225 0.0051 0.0036
2 4,6 0.0066 0.0023 0.0012 1.0198 0.0069 0.0036
3 4,7 0.0081 0.0030 0.0012 1.0243 0.0090 0.0036
4 5,4 0.0085 0.0023 0.0011 1.0255 0.0069 0.0033
5 5.5 0.0069 0.0020 0.0011 1.0207 0.0060 0.0033
6 5,6 0.0077 0.0023 0.0014 1.0231 0.0069 0.0042
7 57 0.0063 0.0025 0.0014 1.0189 0.0075 0.0042
8 6,4 0.0080 0.0021 0.0015 1.0240 0.0063 0.0045
9 6,5 0.0069 0.0019 0.0014 1.0207 0.0057 0.0042
10 6,6 0.0075 0.0024 0.0012 1.0225 0.0072 0.0036

Average 0.0074 0.0023 0.0013 1.0222 0.0068 0.0038

Mean of average BAFo per particle: |1.0222

Standard deviation of average BAFo per particle: |0.0021

Comments

Operator

A EC
=

=) & o0&

< Date
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Data Report Form DRF-18B: Measurement of Pyrocarbon Anisotropy using the 2-MGEM - OPyC

Procedure:

AGR-CHAR-DAM-18 Rev. 1

Operator:

G. E. Jellison

Mount ID:

M06011102L

Sample ID:

LEUO01-46T-B0O1

Sample Description:

Baseline Composite of TRISO on BWXT kernel composite 69302

Folder containing data:

\\mc-agr\AGR\2-MGEM\R06030601\

Particle # Grid Diattenuation Equivalent BAFo
Position Average St. Dev. Ave. Error Average St. Dev. Ave. Error

1 4,4 0.0068 0.0022 0.0013 1.0204 0.0066 0.0039
2 4,6 0.0056 0.0023 0.0012 1.0168 0.0069 0.0036
3 4,7 0.0056 0.0020 0.0012 1.0168 0.0060 0.0036
4 5,4 0.0056 0.0019 0.0012 1.0168 0.0057 0.0036
5 5.5 0.0060 0.0021 0.0015 1.0180 0.0063 0.0045
6 5,6 0.0069 0.0024 0.0014 1.0207 0.0072 0.0042
7 5,7 0.0077 0.0031 0.0016 1.0231 0.0093 0.0048
8 6,4 0.0076 0.0022 0.0016 1.0228 0.0066 0.0048
9 6,5 0.0053 0.0020 0.0015 1.0159 0.0060 0.0045
10 6,6 0.0062 0.0024 0.0012 1.0186 0.0072 0.0036

Average 0.0063 0.0023 0.0014 1.0190 0.0068 0.0041

Mean of average BAFo per particle: |1.0190

Standard deviation of average BAFo per particle: |0.0026

‘Comments

Operator

b s Qs
o’

3% D 4

Date
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Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure: |AGR-CHAR-DAM-20 Rev. 1

Operator: |John Hunn

Sample ID: |[LEUD1-46T-D01

Sample Description: |Baseline Composite TRISO on BWXT kernel composite 69302

Filename: [\\mc-agr\AGR\GoldSpots\G06011101_DRF20R1.xls

Mean average weight/particle (g):|7.27E-04

Uncertainty in average weight/particle (g):|4.25E-07

Weight of sample of particles (g):|22.702

Approximate number of particles in sample: {31227

Uncertainty in number of particles in sample: |18

Number of particles with gold spot defects:|27

-Comments on unusual visual characteristics of SiC

Stage 1 and 2 sampling skipped, analyzed all available particles in missing OPyC sample after completion of DAM-19.

" Operator Date

//f/&ué"'w %LVW' == D
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27/31227 gold spots found.

gl
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- Data Report Form DRF-20: Counting of Particles with SiC Gold Spot Defects by Visual Inspection

Procedure:

AGR-CHAR-DAM-20 Rev. 1

Operator:

John Hunn

Sample ID:

LEU01-46T-FO1

Sample Description:

Baseline TRISO on BWXT kernel composite 69302

Filename:

\\mc-agr\AGR\GoldSpots\G06012002_DRF20R1.xls

Mean average weight/particle (qg):|7.27E-04

Uncertainty in average weight/particle (qg):|4.25E-07

Weight of sample of particles (g):|36.553

Approximate number of particles in sample: |50280

Uncertainty in number of particles in sample: |29

Number of particles with gold spot defects: |39

Comments on unusual visual characteristics of SiC

This sample was analyzed for gold spots after performing burn-leach per DAM-21.

Some brown colored particles were observed. Examination in cross section showed that this brown surface coloration was not
related to any visible defect in the SiC. They were not counted as having gold spot defects.

One particle was white on half of surface. This appeared to be due to surface roughness,

1 /7/ B X
(oS R 1-20-04
/f Operator ~ Date
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39/50280 gold spots found.

RN RN e {\e.-.., R
‘-‘1 ;‘_ ; \‘_' N b3 - % ‘ﬂ:%} 3 \ A )

‘s‘%ﬂ”‘é \*&

Brown surface color observed on some particle after burn-leach process. This appearance
was not associated with gold spot type defects White coating was also a surface effect.
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Procedure: |AGR-CHAR-DAM-07 Rev. 1

Operator: |John Hunn

Sample ID: |LEUO1-46T-CO1

Sample Description: |Baseline composite of TRISO on BWXT kernel composite 69302

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P06010601\

DMR Calibration Expiration Date: [9/8/06

Stage Micrometer Calibration Expiration Date: [2/17/06

Measured Value for 1200 pm In Stage Micrometer Image:|1200. pm

oA //’@VM [- - 04

/% Operator Date
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Data Report Form DRF-10B: Measurement of Particle Aspect Ratio (Dmax/Dmin)

Procedure: |AGR-CHAR-DAM-10 Rev. 2

Operator: |Andrew K. Kercher

Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed_Shadow\P06010601\

Sample ID: |LEU01-46T-C01

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Folder name containing processed data: [\\mc-agr\AGR\ImageProcessing\Completed_Shadow\P06010601_output\

Number of particles analyzed: 1626
Number of particles with aspect ratio > 1.14 2
Average particle aspect ratio: 1.054
Distribution of the aspect ratio (top binned)
Aspect Ratio (D) Frequency

1.005 0 Histogram
1.010 0
1.015 3 200
1.020 14
1.025 32 180
1.030 64
1.035 107 160
1.040 148
1.045 177 140
1.050 176
1.055 181
1.060 163 E 40
1.065 147 o
1.070 112 2 100
1.075 89 @
1.080 57 L 80
1.085 43
1.090 54 60
1.095 19
1.100 19 40
1.105 6
1.110 4

20
1.115 6
1.120 1
1.125 1 0
1.130 0
1.135 0

.14 1 S 5

i 11_ 12 2 Aspect Ratio (Dmax/Dmin)

Operator ' (pate 7
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Data Report Form DRF-21: Measurement of Number of Particles with SiC Burn-Leach Defects

Procedure: |AGR-CHAR-DAM-21 Rev. 1
Operator: |Montgomery
Sample ID: |LEU01-46T-FO1
Sample Description: |Baseline Composite: TRISO on BWXT kernel composite 69302
Filename: [\\mc-agr\AGR\BurnLeach\QCData\B06010601_DRF21R1.xls

Mean average weight/particle (g):|7.27E-04
Uncertainty in mean average weight/particle (q): |4.25E-07
Weight of sample of particles (g):|36.5534
Approximate number of particles in sample: [S0280
Uncertainty In number of particles in sample:|29

Mean average weight/kernel (g):|2.42E-04

Uncertainty in mean average weight/kernel (g): |5.96E-07
Mean weight % uranium/kernel:|90.06
Standard deviation in weight % uranium/kernel:|0.09
Approximate weight uranium/kernel (g): |2.18E-04
Uncertainty in approximate weight uranium/kernel (g):|5.76E-07

Leach 1 Leach 2 Leach 3
Sample ID| B0601060101 | BO601180102
Volume of solution (ml): 44.8 49.5
Measured B activity of 0.1ml aliquot (dpm): 0.0 0.0
Estimated weight of U in solution (mg): 0 0 0
Radiochemical laboratory analysis number| 060223-019 | 060223-021
Weight uranium leached (g): 2.79E-06 3.27E-07
Uncertainty in weight uranium leached (g): 2.80E-07 3.30E-08 2.82E-07
Calculated number of particles with SiC defects: 0 0 0
Uncertainty in number of particles with SiC defects: 1.29E-03 1.52E-04 1.30E-03
Comments

Examined particles under microscope after completion of burn-leach. 31 gold spot defects were identified. No particles
appeared hollow. No SiC fragments were observed.

Fcm Checked data 3/01/06

Zud ¢ Montgomey 3/0[06

‘Operator/ Date
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Procedure: |AGR-CHAR-DAM-21 Rev. 1
Operator: |Montgomery
Sample ID: |LEU01-46T-G01
Sample Description: |Baseline Composite: TRISO on BWXT kernel composite 69302
Filename: |\\mc-agr\AGR\BurnLeach\QCData\B06010602_DRF21R1.xls

Mean average weight/particle (g):|7.27E-04
Uncertainty in mean average weight/particle (g): |4.25E-07
Weight of sample of particles (g):|51.1864
Approximate number of particles in sample:|70408
Uncertainty in number of particles in sample: |41

Mean average weight/kernel (g):|2.42E-04
Uncertainty in mean average weight/kernel (g):[5.96E-07
Mean weight % uranium/kernel: |90.06
Standard deviation in weight % uranium/kernel:|0.09
Approximate weight uranium/kernel (g):|2.18E-04
Uncertainty in approximate weight uranium/kernel (g):|5.76E-07

Leach 1 Leach 2 Leach 3
Sample ID| B0601060201 | B0601180202
Volume of solution (ml): 44.5 45.0
Measured B activity of 0.1ml aliquot (dpm): 0.0 0.0
Estimated weight of U in solution (mg): 0 0 0
Radiochemical laboratory analysis number| 060223-020 060223-022
Weight uranium leached (g): 4.73E-06 4.07E-07
Uncertainty in weight uranium leached (g): 4.70E-07 4.10E-08 4.72E-07
Calculated number of particles with SiC defects: 0 0 0
Uncertainty in number of particles with SiC defects: 2.16E-03 1.88E-04 2.17E-03
Comments

fcm checked data 3/01/06

Tl o Mundaomuy S/aor/ot\

erator 0 Date
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Data Report Form DRF-19: Counting of Particles with Missing OPyC Laver by Visual Inspection

Procedure: |AGR-CHAR-DAM-19 Rev. 1

Operator: |John Hunn

Sample ID: |LEU01-46T-D01

Sample Description: |Baseline Composite TRISO on BWXT kernel composite 69302

Filename: [\\mc-agr\AGR\MissingOPyC\X06011001_DRF19R1.xls

Mean average weight/particle (g):|7.27E-04

Uncertainty in average weight/particle (g):|4.25E-07

Weight of sample of particles (g):|22.702

Approximate number of particles in sample:|31227

Uncertainty in number of particles in sample: |18

Number of particles with missing OPyC layer: |0

mments usual | i f OPyC

Operator Date

{Z’J’}“ - |- [D- Db
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Data Report Form DRF-23: Imaging of SiC Grain Structure

Procedure: |AGR-CHAR-DAM-23 Rev. 0

Operator: |Paul Menchhofer

Filename: |\\mc-agr\AGR\SEM\E06011101_DRF23R0.xls

Sample ID: |LEU01-46T-B01

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Mount Number(s): |M06011001L

Folder name containing images: |\\mc-agr\AGR\SEM\

Images of SiC grain structure
particle 1 particle 2 particle 3
1000x image filename 57262 57267 57269
2500x image filename 57264 57268 57270
grain structure acceptable Yes Yes Yes
Comments

Operator Date
/]
/ A / I i
{f‘é}f ;M’W i/__ [ § U é
4 QC Supervisor Date

%’»‘/Au-« 3/45/06

-~ L&A Reviewer Date
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AccY Spot Magn Det WD Exp — 20 pm
100kv 6.0 1000x BSE 9.4 57262




Det WD Exp
BSE 58 5726
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AccY Spot Magn Det WD Exp
100kv 60 1000x BSE 58 57267
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Det WD Exp
J10.0kV 5.0 2600x BSE 5.8 57268
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AccV SpotMagn Det WD Exp
10.0kv 5.0 1000x BSE .8 57269

20 pm



"f} -
Magn Det WD Exp
2500x  BSE 58 57270
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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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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure: |AGR-CHAR-DAM-22 Rev, 1

Operator: |Dixie Barker

Particle Lot ID: [LEUO1-46T-HO1

Particle Lot Description: |TRISO on BWXT kernel composite 69302

Filename: |\\mc-agr\AGR\ParticleWeight\W06010501__ DRF22R1.xls

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Weight of particles (g): 9.29E-02 8.66E-02 8.81E-02 1.09E-01 9.88E-02
Number of particles: 128 119 121 150 136

Average weight/particle (g): 7.26E-04 7.2BE-04 7.28E-04 7.27E-04 7.26E-04

Mean average weight/particle (g):|7.27E-04

Uncertainty in mean average weight/particle (g): [4.25E-07

€y ¢ - 7 VR
( Al o LD CGdit [ = =0
[ "™~ Operator Date
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n DRF-10A: Measurement icle Diar

Procedure: [AGR-CHAR-DAM-10 Rev. 2

Operator: |Andrew K. Kercher

Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed_Shadow\P06010601}

Sample ID: [LEUO1-46T-CO1

Sample Description: |Baseline Composite of TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Shadow\P06010601_output\

Number of particles analyzed: 1626
Mean of the average diameter of each particle (pm): 799.7
Standard deviation in the average diameter of each particle (um): 14
IS ition of the avera rticle diameter (top bir
Mean Diameter (um, Frequency

<700 0 Histogram
710 0
730 0 400 1 )
740 0 350 +
750 0 T 300 + ‘
760 2 § 250 1 o [ m
770 20 3 200 + |‘ | 1
780 110 § 150 1 ‘ |
790 269 % 400 + 1 1
800 428 50 + [‘ L i
810 419 I e B IR :
820 271 o OO O o O O o o o o 29 Q9 0 9 o
830 78 : PR SRR RERR P S S
840 24 v A
850 4 Mean Diameter (pm)
>850 1

.
,///

/ - s
5‘1/\/—/1;%; 7 /QZ/‘/Zb cr/ # %Ca

Operator Date
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Data Report Form DRF-31: Measurement of Open

Me

Po

imeter

Procedure: |AGR-CHAR-DAM-

31 Rev. 0

Operator: [S. D. Nunn

Coated particle batch ID: |LEU01-46T-]01 + part LEU01-46T-KO1

Batch Description: |Baseline composite TRISO on BWXT kernel composite 69302

Thermocouple Expiration Date: |5/23/06

Penetrometer Expiration Date:|5/25/06

Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S06011002\506011002_DRF31R0.xIs

Mean average weight/particle (g):

7.27E-04

Uncertainty in mean average weight/particle (g):

4.25E-07

Weight _of particles (g):

3.5018

Approximate number of particles:

4817

Uncertainty in number of particles:

3

Total envelope volume of sample (cc):

1.276

Average envelope volume/particle (cc):

2.65E-04

Sample envelope density (g/cc):

2.745

Average particle diameter (microns):

7.97E+02

Average surface area/particle (cm2):

1.99E-02

Total sample surface area (cm2):

9.61E+01

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

1.14E-02

Open porosity (ml/m2):

1.19E+00

Comments

Open porosity of OPyC.

Note: sample LEUD1-46T-101 was not used due to instrument malfunction during analysis.

a2 , 0 ‘/-77(_.}%&,

Operator
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Supplement to DRF-21: Impurity Analysis Data

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

Operator: [Montgomery

Sample ID: |LEU01-46T-FO1

Sample Description: |Baseline Composite: TRISO on BWXT kernel composite 69302

Filename: |\\mc-aar\AGR\BurnLeach\OCData\B06010601 DRF21R1.xls

Leach 1 Leach 2 Leach 3
Sample number: | B0601060101 | BO601180102
RMAL Analysis Number:| 060223-019 | 060223-021 Total ug
Fe content of leach solution (pg) 8.80 1.53 10.33
Uncertainty in measured Fe content (pg) 0.88 0.31 0.93
Cr content of leach solution (pg) 1.61 < 0.45 < 2.06
Uncertainty in measured Cr content (ug) 0.32 0.32
Mn content of leach solution (ug) 0.22 0.21 0.43
Uncertainty in measured Mn content (pg) 0.04 0.04 0.06
Co content of leach solution (ug) 0.59 0.84 1.43
Uncertainty in measured Co content (ug) 0.12 0.17 0.21
Ni content of leach solution (ug) < 077 < D77 < 1.54
Uncertainty in measured Ni content (pg)
Cr + Mn + Co + Ni (ug)| < 3.19 < .27 < 5.46
Uncertainty in_Cr + Mn + Co + Ni (pg) 0.34 0.18 0.39
Ca content of leach solution (ug) 19.00 3.41 22.41
Uncertainty in measured Ca content (ug) 1.90 0.68 2.02
Al content of leach solution (ug) e 2.77 < 4.88
Uncertainty in measured Al content (ug) 0.55 0.55
Ti content of leach solution (pg) < 0.50 < 0.50 < 1.00
Uncertainty in measured Ti content (pg)
\ content of leach solution (pg) < 0.65 0.66 < 1.31
Uncertainty in measured V content (pg) 0.13 0.13
Ti + V content of leach solution (pg) <: 1.15 < 1.16 < 2.31
Uncertainty in measured Ti + V content (ug) 0.13 0.13
Comments

Tl <. Mumdtomeny 3 / Inlo__/ 04

“Operator

Date
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Supplement to DRF-21: Impurity Analysis Data

Procedure: | AGR-CHAR-DAM-21 Rev. 1
Operator: |Montgomery
Sample ID: [LEU01-46T-GO1
Sample Description: |Baseline Composite: TRISO on BWXT kernel composite 69302
Filename: |\\mc-aar\AGR\BurnLeach\OCData\B06010602 DRF21R1.xls
Leach 1 Leach 2 Leach 3
Sample number: | B0601060201 | B0O601180202 Total

RMAL Analysis Number:| 060223-020 | 060223-022 9airg
Fe content of leach solution (pg) 7.94 1.49 9.43
Uncertainty in measured Fe content (ug) 0.79 0.30 0.85
Cr content of leach solution (pg) 1.43 0.49 1.92
Uncertainty in measured Cr content (ug) 0.29 0.10 0.31
Mn content of leach solution (pg) 0.40 0.21 0.61
Uncertainty in measured Mn content (pg) 0.04 0.04 0.06
Co content of leach solution (ug) 0.88 0.74 1.62
Uncertainty in measured Co content (pg) 0.18 0.15 0.23
Ni content of leach solution (pg) 3.52 < 0.77 < 4,29
Uncertainty in measured Ni content (pg) 0.70 0.70
Cr + Mn + Co + Ni (ug) 6.23 < 2.1 < 8.44
Uncertainty in Cr + Mn + Co + Ni (ug) 0.78 0.18 0.80
Ca content of leach solution (pg) 5.79 3.76 9.55
Uncertainty in measured Ca content (ug) 0.58 0.75 0.95
Al content of leach solution (pg) 5.04 3.63 8.67
Uncertainty in measured Al content (pg) 1.00 0.73 1.24
Ti content of leach solution (pg) < 0.50 < 0.50 < 1.00

Uncertainty in measured Ti content (pg)
\ content of leach solution (ug) < 0.65 < 0.65 < 1.30

Uncertainty in measured V content (pg)
Ti + V content of leach solution (ug) < 1.15 < 1.15 < 2.30

Uncertainty in measured Ti + V content (ug)

Comments

) € lndsomey

* Operator

3:/ A a’/ 06

Date
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16 Superceded data

This section contains data related to the LEUO1-46T TRISO-coated particle composite that has
been superceded by more recent analysis.

It was determined that the average kernel weight as measured using procedure AGR-CHAR-
DAM-22 Rev. 0 was of insufficient accuracy. The average kernel weight was remeasured to
improve the accuracy of the reported value according to AGR-CHAR-DAM-22 Rev. 1. The
measured value of the LEUCO average kernel weight changed from (2.47+0.01)-10™ grams per
kernel to (2.418+0.006)-10* grams per kernel. The measured value of the NUCO average kernel
weight changed from (2.39+0.03)-10™ grams per kernel to (2.308+0.009)-10" grams per kernel.
On data report form DRF-15 for the measurement of average kernel envelope density, the
average kernel weight is used to approximate the number of kernels in a sample from the weight
of the sample. The approximate number of kernels in a sample is divided into the sample
envelope volume to determine the average kernel envelope volume. The change in average
kernel weight resulted in a significant change in the calculated average kernel envelope volume.
On data report form DRF-16 for the buffer envelope density, the average kernel weight and
volume are used to calculate the buffer density. The change in average kernel weight and volume
resulted in a significant change in the calculated buffer densities previously used to determine
acceptability of the buffer deposition conditions. The data in this compilation shows the new
average kernel weights and average kernel volumes in sections 6 and 7, and the new buffer
densities in section 8. Records showing the original values are included in this section. The new
values for buffer density were about 10% higher than the originally reported values, but both
were within the range specified in INL EDF-4380, Rev. 6.

In addition, the coating thicknesses on each TRISO-coated particle batch were remeasured after
coated particle composite characterization was underway in order to improve the accuracy of the
reported values. The original images of the particle cross sections were reanalyzed using an
updated version of the image analysis program. This new version utilized a more robust
algorithm for identifying the outer boundary of the outer pyrocarbon layer (OPyC). The result of
this reanalysis was an increase of about 2 ym in the measured value for the OPyC thickness on
each particle. A small change in the measured thicknesses of the other layers also occurred due
to the use of the outer OPyC boundary in the correction to the measured thickness to account for
imaging off mid-plane (as described in AGR-CHAR-DAM-11R?2). The data in this compilation
shows the new coating thickness values in sections 11 - 14. Records of the original measured
values, which were initially used to determine the acceptance of each TRISO-coated particle
batch for inclusion in the composite, are included in this section. Both the old and new coating
thickness values for each batch were within the range specified in INL EDF-4380, Rev. 6.
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'Data Report Form DRF-22: Estimation of Average Particle Weight - j

R Procedure:|AGR-CHAR-DAM-22 Rev. 0
- Operator: |Dixie Barker
b Particle Lot ID:|LEUCO350-01H 7
“Particle Lot Description: | BWXT LEUCO KERNELS COMPOSITE 69302
" Filename: |\\mc-agr\AGR\ParticleWeight\W5051701_DRF22.xls
ist 2nd 3rd 4th 5th
asurement |Measurement |[Measurement |Measurement |Measurement
Weight of 100 particles (g): 2.48E-02 2.50E-02 2.45E-02 2.49E-02 2.45E-02
Average weight/particle (g): 2.48E-04 2.50E-04 2.45E-04 2.49E-04 2.45E-04
N
Mean average weight/particle (g):|2.47E-04
Uncertainty in mean average weight/particle (g):‘ .03E-06
N

h
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\ Procedure:

AGR-CHAR-DAM-15 Rev. 2

Operator:

S. D. NUNN

\ Kernel Lot ID:

LEUCO350-01

Kernel Lot Description:

BWXT LEUCO KERNEL COMPOSITE 69302

Thermocouple Expiration Date:

5/23/06

Penetrométcr Expiration Date:

5/25/06

\\mc-agr\AGR\Porosimeter\S05052701\S05052701_DRF15R2

Completed DRF Filename:

,

M\ean average weight/kernel (g):

2.47E-04
Uncertainty in mean.average weight/kernel (g):|1.03E-06
3 :
E, Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number;| S05052701L S05052702L S05052703L S05052704L S05052705L

Weight of kernels (g): 12.5822 12.5075 12.8773 12.6448 12.6895

Approximate number of kernels:| . 50940 50638 52135 51194 51374

Uncertainty in number of kernels: 212 211 217 213 214

Envelope volume of sample (cc): 1'.\50 1.745 1.180 1.157 1.164
Average envelope volume/kernel (cc): 2.265-\85 2.26E-05 2.26E-05 2.26E-05 2.26E-05

Sample envelope density (g/cc): 10.943 10.925 10.912 10.932 10.906

W
Mean average envelope volume/kernel (cc): |2.261E-05
Uncertainty in mean envelope volume/kernél (cc): 1.4&08
Mean sample envelope density (g/cc): [10.924.
Standard deviation in sample envelope density (g/cc):|0.015
. = e __/ / -
57) %W N 5/27/05
Operator ' \ Date
X
\\\
N\
\

/

/

..{.a|:t\\.>“h\?& 7-\4-0% ﬁ
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Data Report Form DRF-22: Estimation of Average Particle Weight ™ :

Procedure: |AGR-CHAR-DAM-22 Rev. 0

Operator: |Dixie Barker

Particle Lot ID:|NUC0350-26-H

Particle Lot Description: | BWXT NUCO Batch 6930

Filename: |\\mc-agr\AGR\ParticleWeight\W05052401_DRF22.xls

ist 2nd 7 3rd 4th 5th
Measurement |Measurement |Measurement |[Measurement |Measurement
Weight of 100 particles (g): 2.31E-02 2.38E-02 2.44E-02 2.45E-02 2.38E-02
Average weight/particle (g): 2.31E-04 2.38E-04 2.44E-04 2.45E-04 2.38E-04

Mean average weight/particle (g):|2.39E-04

Uncertainty in mean average weight/particle (g):|2.52E-06
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f Al

Procedure:

AGR-CHAR-DAM-15 Rev. 2

Operator:

S. D. NUNN

Kernel Lot 1D:

NUCO350-26

Kernel Lot Description:

NUCO KERNEL COMPOSITE 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/06

1_DRF15R2

Completed DRF Filename: [\\mc-agr\AGR\Porosimeter\S05052601\50505260
Mean average weight/kernel (g):|2.39E-04
Uncertainty in mean average weight/kernel (g):|2.52E-06
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05052601L S0502602L S505052603L S05052604L S05052605L
Weight of kernels (g): 12.8272 12,9542 12,9410 12,9793 12.9624
Approximate number of kernels: 53670 -~ 54202 54146 54307 54236
Uncertainty in number of kernels: 566 571 571 573 572
Envelope volume of sample (cc): 1.187 1,200 1.199 1.202 1.199
Average envelope volume/kernel (cc): 2.21E-05 2.21E-05 2.21E-05 2.21E-05 2,21E-05
Sample envelope density (gz'cc): 10.805 10.792 10.797 10.799 10.807
Mean average envelope volume/kernel (cc):|2.213E-05
Uncertainty in mean envelope volume/kernel (cc): |5.7E-09
Mean sample envelope density (g/cc):|10.800
Standard deviation in sample envelope density (g/cc):|0.006

v
v,

~ Operator

209
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. Date
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-

g
N Procedure: | AGR-CHAR-PIP-02 Rev. 2 7
iR Batch 1 1D: |NUCO350-258 74
n Batch 1 description: | Buffer-coated BWXT kernel composite 69300 Fa
Batch 2 ID: |NUCD350-368 /
. Batch 2 description: | BulTer-coated BWXT kernel composite 69300
Batch 3 ID: [NUCO350-548 7
tch 3 description: | Buffer-coated BWXT kernel composite 69300 i
Composite ID: | NUCO350-588
Composite description: |C (25B+36B+54B) Bulfer-coated BWXT kernel composite 69300
b
Uk __Measured Data AT AR D o Pass | na
‘Property ; Mean | Std. Dev.| # measured | tvalie | p. Acceptance Criteria or [ parords
(x) gs) (n) [ it g s Y fail

: A =x-ts/vn =z 0.80 pass DRF-16
Batch 1: Buffer envelope density § 0.97 0.09 5 2132 0.9 ;!5: in;.ls TR e DRF-22
‘ ean A = x - ts/vn 2 0.80 pass DRF-16
Batch 2: Buffer envelope density \\m 0.09 s 2132 }/055015 [Bxswvns 110 E DRF-22
A = x - ts/vn 2 0.80 pass DRF-16

Batch 3: Buffer envelope densi 1,0‘1\\ 0.09 5 2. Jrenn -
ifmér pe density L }32/ 6555045 [ payetsldnz il Bt | DRr22
o mean A = x - ts/vn z 0.80 pass DRF-16
Composite buffer envelope density 0.99 \%8 5 b S 2,132 0.95 + 0.15 i a0 e DRF-22

/

NG

Standard deviations are 5 times the uncertainties

| Average thickness of buffer was 108 pm based on average outer diameter of

in buffer density (standard ) reported on DRF-16.
| Average thickness of buffer was 108 pm based on average envelope volume of 9¢ E-5 cc (effective diameter of 561 pm) and average kernel diameter of 345 pm.
1

pringbtained per DAM-10 and average kernel diameter of 345 pm.

/
n _,./
,/
.7,1 éf] 441«/\"—» /,/'/ 6 : 28 = OS_
// QC supervisor /. ' Date
Vi
I Accept for buffer density (Yes or Nn}f;* : Yes

0N

0S

4 U7 7 QAReviewer

L
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NI Procedure:

AGR-CHAR-DAM-16 Rev. 2 Pt

Operator:

S. D. NUNN W

Buffer>coated kernel batch ID:

NUCO350-258 Pk

“\_ Batch Description:

Buffer Coated BWXT Kernel Composite 69300 i

Thermocouple Expiration Date:

5/23/06

Penetrometer Egptmtlon Date:

5/25/06

Completed DRF Filename:

\\mc-agr\AGR\Porosimeter\S05062001\505062001_DRF16R2.xls

N\

Mean average welghtfbbl(er-coated kernel (g):|3.07E-04 =4
Uncertainty in mean average weight/b-c kernel (g):|1.00E-06
Mean average weightfare kernel (g):|2.396-04
Uncertainty in mean average weight/bare kernel (g):[2.52E-06"
Mean average envelope volume/bare Rernel (cc):|2.21F405
Uncertainty in envelope volume/bare ker'hgl {cc): 5_.7GE-09
N 72
Sample 1 X Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05062001L | S05062002L 505062003L 505062004L 505062005L
Weight of buffer-coated kernels (g): 4.1223 N\, 4.2165 4,4333 4.4104 4.0445
Approximate number of b-c kernels: 13428 13735 14441 14366 13174
Uncertainty In number of b-c kernels:| /" 44 45 47 47 43
Total envelope volume of sample (cc):| ~ 1.235 1.268_ 1.335 1.321 1.212
Av. envelope volume/b-c kernels (cc): 9.19E-05 9.23E-0§\ 9.24E-05 9.19E-05 9.20E-05
Sample envelope density {g/cc): 3.339 3.326 3.321 3.340 3.338
Mean average envelopé volume/b-c kernel (cc):|9.21E-05 N
Uncertainty in enveldpe volume/b-c kernel (cc):|1.1E-07 )
! N
Buffer density:|9.71E-01 N
7 Uncertainty in buffer density:|3.88E-02 X

/
7

F 4

Operator

/‘5;'/? ' 37&4_1/7'_\-/

G/s0 /o ”_.

Date.
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8 Procedure:

AGR-CHAR-DAM-16 Rev. 2

iy Operator:

S. D.NUNN

Buffer-coated kernel batch ID:

NUCO350-36B

N Batch Description:

Buffer Coated BWXT Kernel Composite 69300

Thermbcouple Expiration Date:

5/23/06

Penetronteter Expiration Date:

5/25/06

Complé!qd DRF Filename:

\\mc-agr\AGR\Porosimeter\S05062006\50 SUGZDQQADRFIGRZ.)(I‘S

Mean average weight/buffer-coated kernel (g):[3.11E-04 7
Uncertainty in mean averabe weight/b-c kernel (g):[1.20E-06 /
Mean average weight/bare kernel (g):[2.39E-04 G
Uncertainty in mean average weight/bare kernel (g):|2.52E-06 Vi
Mean average envelope volume/bare kernel (cc):|2.21E-05 4
Uncertainty in envelope voEume/bar‘&chr‘rlel {cc):|5.70E-09,/
N Z
Sampled _Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number: 5050520051\ /SGSGGZOO?L S05062008L S05062101L S05062102L
Weight of buffer-coated kernels (g): 4.0723 K 4.0655 4.0860 4.0696 4.0514
Approximate number of b-c kernels: 13094 13072 13138 13086 13027
Uncertainty in number of b-c kernels: 51 / 50 51 50 50
Total envelope volume of sample (cc): 1.226 1.227 1.232 1.226 1.217
Av, envelope volume/b-c kernels (cc): 9.3’/E~05 9.38E-B5 9.38E-05 9.37E-05 9.34E-05
Sample envelope density (g/cc): /3.321 3.315 N\ 3.317 3.319 3.328
Mean average envelope volumé/b-c kernel (cc):|9.37E-05 S
Uncertainty in envelope volume/b-c kernel (cc):|6.7E-08 N
/ R
v. Buffer density: |1.01E+00 S
Uptertainty In buffer density:[3.90E-02 N
-

/

Jed

Operator

2-14-0b
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Procedure:

AGR-CHAR-DAM-16 Rev. 2

Operator:

S. D.NUNN

Buffer-coated kernel batch 1D:

NUCO350-54B

Batch Description:

Buffer Coated BWXT Kernel Composite 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/06

Completed DRF Fitename:

\\mc-agr\AGR\Porosimeter\505062201\50 5062201_DRF16R2.xls

/

Mean average weight/buffer-toated kernel (g):|3.11E-04 e
Uncertainty in mean average weight/b-c kernel (g):[1.09E-06 i
Mean average weight/barekernel (g):|2.39E-04 ¥l
Uncertainty in mean average weight/bare kéxpel (g):[2.52E-06 7
Mean average envelope volume/bare kernelcc):[2.21E-05
Uncertainty in envelope volume/bare kernel (ce):|5.70E-09"
Y
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number: S05062201L |~ S05062202L S05062203L S05062204L S505062205L
Weight of buffer-coated kernels (g): 4.1223 4.0694 4.0160 4.0391 4.0471
Approximate number of b-c kernels: 13255/ 13083\ 12913 12987 13013
Uncertainty in number of b-c kernels: 46" 46 45 46 46
Total envelope volume of sample (cc): 1/2'33 1.225 [~, 1.209 1.215 1.215
Av. envelope volume/b-c kernels (cc): 9730E-05 9.36E-05 9.36E-05 9.35E-05 9.34E-05
Sample envelope density (g/cc):| / 3.344 3.323 3323 3.326 3.331
Mean average envelope volume/b-c kernel (cc):|9.34E-05 N
Uncertainty in envelope yﬁlumefh-c kernel (cc):|1.1E-07
i N
Buffer density: |1.01E+00 B
/Uncertainty in buffer density: |3.85E-02 e

le g~

4
2

Operator

213
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S Procedure: | AGR-CHAR-DAM-

16 Rev. 2

Operator: [S. D.NUNN

Buffer-coated kernel batch 1D:|NUCO350-588

.. Batch Description:

Composite of Buffer Coated BWXT Kernel Composite 69300 /

Thermocouple Expiration Date:|5/23/06

Penetrometer-Expiration Date: |5/25/06

Completed DRF Filename: \\mc-agr\AGR\Porosimeter\S05062206\505062206_| 16R2.xls
s /
Mean average weight/buffer-coated kernel (g):]3.09E-04 o
Uncertainty in mean average weight/b-c kernel (g):|4.99E-07 =
Mean average weight/bare kernel (g):|2.39E-04 il
Uncertainty in mean average weight/bare kernel (g):|2.52E-06 /
Mean average envelope volume/bare Kernel (cc):|2.21E-05
Uncertainty in envelope volume/bare kernel (cc):|5.70E-09
\'L /
Sample 1 mple 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number: S05062206L 05062207L S05062301L S05062302L S05062303L
Weight of buffer-coated kernels (g): 4.3399 4.3264 4.3459 4.4478 4.3485
Approximate number of b-c kernels: 14045 /| 14001 14064 14394 14073
Uncertainty In number of b-c kernels: 23 S 23\ 23 23 23
Total envelope volume of sample (cc): 1.300° 1.296 1.300 1.333 1.303
Av. envelope volume/b-c kernels (cc): 9.2ﬁ‘é~05 9.26E-05 9.24E-05 9.26E-05 9.26E-05
Sample envelope density (g/cc): /3.340 3.338 3.344 3.337 3.338
X
Mean average envelope volumg/b-c kernel (cc):|9.25E-05
Uncertainty In envelope volyfe/b-c kernel (cc):|3.8E-08 S
Buffer density: |9.94E-01
Upcertainty in buffer density:[3.65E-02 S5

Operator

ﬁ"‘,.ﬂf’rié’if’& 2_“\‘06 ﬁH
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ORNL/TM-2006/019, Rev. 1

Ny Procedure: |AGR-CHAR-DAM-16 Rev, 2
No Operator:|S. D. NUNN 7
Buffer-toated kernel batch ID: |LEU01-16B P
\\patch Description: |Buffer on BWXT LEUCO kernel composite 69302 /
Thermocoupla\ﬁxpiration Date:|5/23/06
Penetrometer Expiration Date:|5/25/06 -
Completed DRFEilename: [\\mc-agr\AGR\Porosimeter\S051 10701\505110701_DRF16R2.xIs
Mean average weight/buffer*coated kernel (g):|3.20E-04 17
Uncertainty in mean average weighb‘h;c kernel (g):|8.22E-07 /
Mean average weight/barenkernel (g):|2.47E-04 .~
Uncertainty In mean average weight/bare kergel (g):|1.03E-06 7
Mean average envelope volume/bare kernel {cc):[2.26E-D5
Uncertainty in envelope volume/bare kernel (cc)+|1.40E-08
P
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number: S051 107@11: SO51‘10,702L S05110703L S05110704L S05110705L
Weight of buffer-coated kernels (g): 4.0%{ 4.100)\ 4.2203 4.2527 4.3448
Approximate number of b-c kernels: ;2?97 12815 13188 13290 13578
Uncertainty in number of b-c kernels:| ~ 33 33 34 34 35
Total envelope volume of sample (cc): / 1.192 1.193 \1.234 1.229 1.267
Av. envelope volume/b-c kernels {cc)/] 9.32E-05 9.31E-05 9.'3QE-05 9.25E-05 9.33E-05
Sample envelope density (g/cc): 3.435 3.438 3.424 3.460 3.430
N
Mean average envelope volume/b-c kernel (cc):[9.31E-05 Ny
Uncertainty in epvelope volume/b-c kernel (cc):|1.BE-07
Y
Buffer density:|1.04E+00 N
o Uncertainty in buffer density: |1.89E-02 R

/

‘_?JE.?'; ;2

Operator

[\ 2-4-0b
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QA Reviewer
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Procedure: | AGR-CHAR-PIP-03 Rev. 2
"~ Coated particle batch ID:|LEU01-21T
Coated Erﬁd& batch description:| TRISO on BWXT kernel ¢ 69302
- S 3 A SN ¢ A m | INL EDF-4380 g;,/- — -
Average buffer thickness for . 1012 74 106 1,659 mean X - ts/vn 2 2
each particle (pm) e 91 100£15 | 8= x+ts/vn <115 102.5
=x-ts/v/n = 35 39.8
Average IPyC thickness for 157 1.655 mean A=x-tsf
each particle (pm) \w e 40 = B=x+ ts/yn <45 40.4
=X- 31 37.5
Average SiC thickness for 7 1.655 ean A=x-ts/vnz
each particle (um) i \\0’9 i 3544 B =x+ ts/vn < 39 37.7
=X~ 40.6 >
Average OPyC thickness for & 2.3 157 1.65 mean A =x-ts/vn 235 DRF-08
each particle (um) o9 = 405 B=x+ts/vn s 45 41.2 DRF-11
defect fraction
Particles with missing OPyC - lﬁ{ﬂ - <4 in 15,500 [V} DRF-19
Goldspot analysis performed on missing OPyC sample for information only, 10 of 15578 gol observed,
S
-\\'-.
\\_\\
™~
N
# ™
y}dgl,l /J"‘"‘ \\”'Jﬁ'05
prs 3&17& TN ‘Date
| Accept Coated particle batch (Y’s/ur No):l Yes ‘x\
g ~
il /i .
ra B x V r.__ e :
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.
i
\\
S
Procedure: |AGR-CHAR-DAM-11 Rev, 1 I
Operator: [John Hunn W
Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed Lygf’s\POSllzBOG\
Sample 1D: |LEU01-21T-B01
Sample Description: | TRISO on BWXT kernel composite 69302
Folder name containing precessed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806_output\
N Number of hul"-fgﬂayers analyzed: 106
Mean of the average buffer thickness ach particle (pm): 101.2
Standard deviation in the average buffer thickness“of each particle (um): 7.8
Buffer Thickness (um) Frequency }\ 3
<55 0 . Histogram
60 0 /
65 0 35
70 0 o
75 0 /20
80 0 c
85 3 /S 818
90 8
95 10 & 10
100 23 7 5
105 26
110 /22 0 :
115 11 s
120 3 v
125 0
>125 0
S /  Operator
4 i
1LY 12406 K
Sope(eet
\
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\
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\.
'\\ rt Form DRF-11B: urement of Inner Pyroc n Layer Thickness
Ny Procedure: |AGR-CHAR-DAM-11 Rev, 1
Operator: |John Hunn ¥
Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed_Layefs\P05112806\
Sample ID: |LEU01-21T-B0O1 e
Sample Description: |TRISO on BWXT kernel composite 69302 T
Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806_output\
Number of inner pyrocarbon-ayers analyzed: 157
“Mean of the average 1PyC thickness of-€ach particle (um): 40.1
Standard deviation in the average IPyC thickness-of each particle (pm): 2.0
istribution of the average IPyC/layer thickness (top bi
IPyC Thickness (um) Frequency / -
=30 ) Histogram
32 0 N
34 0
36 1 50
>
38 19 3 R
40 60 § 40
42 49 o 30
44 20 e ?_ b
46 8 7 20 -
48 0 10 n
50 A &
52 70 0 v v T = . - "
54 o % 8 3 8 2 3 a3 3 0
56 /] 0
i 0 IPyC thick%@s (microns)
. %,
St [|-29 -05
/ Operator Date \
G
: s
\-94-0b A
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Procedure: |AGR-CHAR-DAM-11 Rev. 1 o

\ Operator: {John Hunn

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806\

Sample ID:|LEU01-21T-B01

Sample Description: [TRISO on BWXT kernel composite 69302

N
Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completeti_Layers\P05112806_output\
7

\ rd
Number of silicon carbide layers analyzed: 157
Meari-of the average SiC thickness of each particle (um): 37.6
Standard deviation in-the average SiC thickness of each particle (um): 0.9

SiC Thickness (um) Frequency
<25
26
27
28
29
30
31
32
33

=
(2]
(=]

Histogram

wlwlw|w
el e 1
N
omgiﬂéhooooocaaooo
™\
i
o o

w3 w [t a [=2]
%1 N N N N Lo T o N o | g L3
SiC thickness (microns)

N

~

=40

-

| /}‘k 05
Operator Datt

/

S

/ L?k 1-24-01

/ :)-J(»Q(Le
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Procedure: |AGR-CHAR-DAM-11 Rev. 1
Operator: |John Hunn
Folder Name: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806\
Sample ID: [LEU01-21T-B01 o

ample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05112806_output\

~

~

Number of outer pyrocarbon layers analyzed: 157
Mean of the average OPyC thickness of each particle (um): 40.9
Standard deviationin the average OPyC thickness of each particle (um): 2.3

Distribution of the average OPyC layer ;ﬁkgg;; (top binned)

OPyC Thickness (um) Freguency

<20

22

24

26

28

30

32

34

36

38

40

42

b

4 b Pl e B ESY (ST B (Y S (] (=] e

N

a4

46

48

50

>50

By

§ \
[=] C-‘r]\{i:)

|

.

70\\ Histogram
b Y
.
60 v
: R
50
;.{
=
@ N\
2
8 30 <
20
10
e
SRI LRI Y IY 2
v A
OPyC thickness (m‘lc@ns)

.

I
s

Operator

.?J.n.).r LR d Q}\ \”1\'\’{)'\3

/ /‘ 2'7 = 05— \..\

te \ |
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Procedure:

AGR-CHAR-PIP-03 Rev. 2

o

particle batch ID:

LEU01-35T

TRISO on BWXT kernel composite 69302

Coated E'ﬁﬂ batch descripti

EEropety paar N(SW # measured | tvalue | 1y; EDF-4380 . i |Rrecords
5 o DF-43 :
Average buffer thickness for \ 4 e T mean A= x-ts/vn = 85 102.9 5 ORF-08
each particle (um) 103.5 B > 100+ 1 B =x+ ts/vn < 115 104.9 DRF-11
Average IPYC thickness for S 22 204 1.652 an A=x-ts/vn235 39.4 DRF-08
each particle (um) 05 B=x+ts/vn < 45 40.0 DRF-11
L~ A=x-ts/vnz31 36.2
Average SIC thickness for 1.652 mean - DRF-08
each particle (um) i \w\ e / 3544 B =x+ ts/vn s 39 36.4 2 DRF-11
Average OPyC thickness for / mean A=x-ts/vnz35 37.7 DRF-08
each particie (um) 20 =4 20% » ne 40 %5 B = x + ts/n < 45 38.3 DRF-11
defect fracti
Particles with missing OPyC 195/\ W 10'?1 <41in 15,500 o DRF-19

=i

Z et
" ek on OPyC sample for infnrmatit:}:ﬂ. 17 out of 15622 gold SDOIBT
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Procedure: |AGR-CHAR-DAM-11 Rev. 1

Operator: [Andrew K. Kercher

Folder.name containing images: |\\mc- agﬁ&GR}!mageProcessing\Cumpleted Layers\P05121202\
Sample ID: |LEU01-35T-B01 e

“Sample Description: [TRISO on BWXT kernel composite 69302 =
Folder name containifig processed data: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\
b
Number of buffer layers‘analyzed: 169
Mean\qf the average buffer thickness of each%article (um): 103.9
Standard deviation in the average buffer thickness of each particle (pm): B.1

Buffer Thickness (um) Frequency

<55 0
60 0
65 0
70 0
75 0
80 0
BS 1
90 4
95 18
100 34
105 42
110 31
115 22
120 s 10
125 6

1
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3 Procedure: |AGR-CHAR-DAM-11 Rev, 1 Pl
™ Operator: |Andrew K. Kercher
Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202\
Sample ID: |LEU01-35T-B01
Sample Description: | TRISO on BWXT kernel composite 69302 -
Folder name containing processed data: |\\mec-agr\AGR\ImageProcessing\Complet€d_Layers\P05121202_output\
=
.18 /
Number of inner pyrocarbon ldyers analyzed: 204
Mean of the average IPyC thickness of each particle (um): 39.7
Standard deviation'in the average IPyC thickness of each particle (pum): 2.2
mﬂs IWC@E&M
1PyC Thickness (um) Frequency \/ s
=30 ) 80 Histogram
32 0
34 0
36 8
38 38
40 71 / il
42 55
44 26 / ;
46 5 . | 1
48 1 / ! | | E::Z.
50 0/ 'R hE
) o bl G- - . . .
54 /0 8 8§ 3 8§ 8 ¢ 9 3 &8¢ 88 3 8 8
56 0 b ) A
>56 v 0

tor

{/@7/74, Ay

{ o\ L -0t 4
J J@,P\{.?E'-DS‘ \’1\-) UL »
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Y

Procedure:

AGR-CHAR-DAM-11 Rev. 1

QOperator:

Andrew K. Kercher

. Folder name containing images:

Sample ID:

\mc-agr\AGR\ImageProcessing\Completed Layers\P05121202\
LEU01-35T-B01 i

Sample Description:

TRISO on BWXT kernel composite 69302

Folder namé\r,ontaining processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\

N

N
Number of silicon carbide layers analyzed: 204
Mean of the average SiC thickness of each particle (um): 36.3
Standard deviation in the average SiC thickness of each particle (um): Tk 1.0

SiC Thickness (um) Frequency /
e 0 \ %0 Histogram
- 3 Nt~
28 0 \70\ e
29 0 - 60 I~ /
30 0 @ /\\
31 0 g5 ~
32 0 5740
33 0
30

34 1 =
35 22 // 20 N
36 53 10 N
37 79 /7/ 0
38 a1 —r— TN T T T
39 ?/ “:5 E R &8 &8 833
40
T, SiC thicl (microns)

Operator

Date

u?/Zw/é lw/uz;%f /?\Qc‘cb

R

8

LS
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4" e
\\
. Procedure: JAGR-CHAR-DAM-11 Rev. 1
Operator: |Andrew K. Kercher
Folder Name: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202\
Sample ID:|LEU01-35T-B01 7

. Sample Description:

Folder name containing processed data:

TRISO on BWXT kernel composite 69302~

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05121202_output\

vl
% Number of outer pyrocarbor layers analyzed: 204
MQ\S n of the average OPyC thickness of €ach particle (pm): 38.0
Standard deviation in the average OPyC thickness-of each particle (um): 2.4

OPyC Thickness (pm) Frequency

<20

22

24

26

28

30

32

34

36

38

40

42 7

a4

46

48 i

oooomgg‘%ﬂg\owoocooo

>50 /

LTl Dicouder 3

p binned

%\ Histogram

E-
o

frequency
8

(2]
o

Operator ~

.§Jp?‘\r_("§_-=,3\ l\n-]f\:’-{_\'} L w
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Date \




ORNL/TM-2006/019, Rev. 1 //

™~ Procedure: | AGR-CHAR-PIP-03 Rev. 2 ¥
Coated particle batch 10:| LEU01-27T S
Coated particle batch description:| TRISO on BWXT kernel composite 69302 s
\ Pl
] , Measured Data Specification | '
Property “Mean | Std. Dev.| # measured | tvalue | rui eor asag peeCrite: [y
(x) (s) o R T W B & i
Average buffer thickness for 104.9 &0 180 1.653 mean A< x - t5/vn = 85
each particle (um) 100 £ 15 =%+ ts/vn £ 115
Average IPyC thickness for 8.9 21 234 1,651 mean A=x-ts/vnz35
each particle (um) 40 % 5 B=x+ts/vns45
Average SiC thickness for A=x-ts/Vnz31 . S | DRF-08
each particle (um) B=x+ts/vns39 pass DRF-11
Average OPyC thickness for A=x-ts/vin 2 35
each particle (um) B=x+ts/vn =45
Particles with missing OPyC <4 in 15,500

3 : 7 - r S
Goldspot analysis performed on missing OPyC sample for information onyor 156 d spots observed.
o N

~

Z”Vél« ' / N M2-2%9- 0§
/4 7 T Date

QC Supervisor -

S

-~

| Accept Coated particle batch (Yesor No): Yes N
\\
W%mw [2/25/b5
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ORNL/TM-2006/019, Rev. 1

NG 'Data Report Form DRF-11A: Measurement of Buffer Layer Thickness
Procedure: |AGR-CHAR-DAM-11 Rev. 1
Operator: [Andrew K. Kercher
Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed Layers\P05122001\
Sample ID: |LEU01-27T-B01 A

Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

7L
\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001_output\

Number of buffer layers lyzed: 180
“Mean of the average buffer thickness of each cle (um): 104.9
Standard deviation in the average buffer thickness of each particle (pm): 8.0

Buffer Thickness (um) Frequency Y, -
<55 ) . Histogram
60 0 .
s 5 ;g
70 0 N
75 0 > 30 <
80 0 - <
85 0 /3 25 <
90 5 A 820
95 11 S| €15 5
100 40 > 10 -
105 33 5
110 46 0 R
115 27 0w o 1w o W 9o W 0 0
120 12 H\? © O M~ M~ © @© ‘0_ g
125 buffer thickness (microns) "
>125

Operator

r

//

\ '
Sdfﬁ\l\f?‘f'k-
\

\-\§-0b //})&\

!
.

Sy
/;2/59/ A‘S S
Date Y
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ORNL/TM-2006/019, Rev. 1

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher =

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001\ -~

Folder name containing images:
e Sample ID:

LEU01-27T-B01 s

- Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122001_output\

r

S Number of inner pyrocarbon layers analyzed:| ~ 234
Mean of the average IPyC thickness of each particle (um):} 38.9

Standard deviatmn\t@ the average IPyC thickness of each pamcle {ynﬁ) 2.1

<30

IPyC Thickness (um) Frequency

32

34

36

/ Histogram

frequency

a 3 . = ' 2 | B} . I3 | 8
v
IPyC thickneséx(mlcrons)

w
uw
M

/WZ‘/ f:)/(;u/S\

" Date
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ORNL/TM-2006/019, Rev. 1

Procedure:

AGR-CHAR-DAM-11 Rev. 1 =i

Operator:

Andrew K. Kercher

Folder name cantainmg images:

\\mc-agr\AGR\ImageProcessing\Completed Lavers\POSlZ)ﬁ(}i\

Sample 1D:

LEU01-27T-B01

Sample Description:

TRISO on BWXT kernel composite 69302 <

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessmg\Completed LaygrSXPClSlZZOOl _output\

P

/ R //}X\

S\]Eéu ed e

229

Number of silicon carbide layers analyzed: = 234
Mean of the average. SiC thickness of each particle (pm): £ 34.7
Standard deviation in the average SiC thickness of each particle (pm): |~ 1.0
istribution of the av iC layer thickne inn
SIC Thickness (um) __|_Frequency S > .
=5t 0 100 / Histogram
26 0 e
28 0 ;g
29 0 s
z > S
3 g 2 60
8
1 ! 50 =
11 'g 40
42 £ 30 -
86 ] 20
73
197 12 \ ,
A — ~ L
T @8'&&%85%93\3\3’5333?{
2 SIC thickness (microhs)
5 . 7l \\
— .
/:'_/-- y /.,?/,52/ 85\
Operator " Date’




Data Report Form DRF-11D: Measurement of Outer Pyrocarbon Layer Thickness

ORNL/TM-2006/019, Rev. 1

/.,".

o

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K. Kercher 7

Folder Name:

\\mc-agr\AGR\ImageProcessing\Completed_Laye rs\PGSl 22001\

Y Sample ID:

LEU01-27T-B01 i

Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing-processed data:

\\mc-agr\AGR\ImageProcessing\Completed_| Laygrs\POSlZZOOl _output\

Number of outer pyrocarbon layers analyzed

235
Meah of the average OPyC thickness of each particle (um): 38.9
Standard deviation in.the average OPyC thickness of each particle (um): 2.7
Distribution of ave C layer thickn binned
OPyC Thickness (um) Frequency <
<20 0 . Histogram
22 0 i
24 0 60
26 0 ;
28 0 3‘ 50~
30 0 .-
32 0 £
34 7 2
o
36 25 g 30 ;
38 57 e 20 N
40 60 i
42 60 10 I
44 19 ]
46 5 0 - : . T T —— _ - -
a 2 SNILRSYI 8RS YIS LRBY
50 0 N
h
550 0 OPyC thickness (mir(\ons)
2 ) 2 /U 65\
Operat Date’
|'J. \\

5uEmelQ¥ \-%-0b 2\)\
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\ ORNL/TM-2006/019, Rev. 1

Pr | AGR-CHAR-PIP-03 Rev. 2 T
cle batch ID:|LEU01-45T =
description:| TRISO on BWXT kernel composite 69302

o S, Lo :
Average buffer thickness for mean A=x-ts/vn 285 106.5 DRF-08
each particle (pm) 100157 [ Bax+ts/Vns 115 108.7
Average IPyC thickness for mesn A= x-ts/vn 2z 35 39.9
each particle (pm) %5 B = x + ts/vn < 45 40.3
Average SiC thickness for mean A=x-ts/vn 231 35.7
each particle (um) B4 B=x+ts/vns 39 35.9
Average OPyC thickness for mean A=x-ts/¥n 235 38.0
each particle (um) 40 £ 5 B =X+ ts/Vn S 45 38.6
Particles with missing OPYC d;’:‘; *' ’:; :“ <4 in 15,500 0

R e re e

"::JQQQLQS\‘ES\ glla_Ob ﬁe\ '
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-

Data Report Form DRF-11A: Measurement of Buffer Layer Thickness /

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

Operator: |Andrew Kercher

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed Layers\P05¥22201

Sample ID:|LEU01-45T-B01

Sample Description: [TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\CGmpleted_l.gérs\PO5122201_output

!
-
.,

Number of buffer layers analyzed: 161
Mean of the.average buffer thickness of each particle (um): 107.6
8.3

Standard deviation in the average buffer thickness of each particle (um):
e

Buffer Thickness (ym) Freguency
<55 0 40
60 0
65 0 35
70 4] 2 30
75 0 g
80 0 g2
85 0 A 20
90 1 ¥ 815
100 24
105 35 5
110 T 0
115 28
120 18
125 9
>125 {

3\3?%'\(\?:)

)
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rm DRF-11B: Measurement of Inner Py

ORNL/TM-2006/019, Rev. 1

n r Thicknes

\ —

S

e

cm

.\ Procedure: |AGR-CHAR-DAM-11 Rev, 1
) Operator: |Andrew Kercher
Folder.name containing images: | \\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201
~ Sample ID: |LEU01-45T-B01 P

ample Description:

TRISO on BWXT kernel composite 69302

Folder name containing.processed data:|\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201_output
\__\\
e Number of inner pyrocarbon layers-analyzed: 192
Meart-of the average IPyC thickness of each pdrticle (um): 40.1
Standard deviation in“the average IPyC thickness of each’particle (um): 2.0

IPyC Thickness (um)
<30
32
34
36
38
40
42
44
46
48
50
52
54
56
>56

Frequency

quoouhgagauooo

R

N e
‘Distribution of ﬁ)g; 5 'fgmgg' IPYC layer tHickness (top binned)

r

80 Histogram

70
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ORNL/TM-2006/019, Rev.

1

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

Operator: |Andrew Kercher

\\mc-agr\AGR\ImageProcessing\Completed Layers\P05122201

Folder name containing images:

Sample ID: |LEUD1-45T-BO1

N Sample Description:

TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessi ng\Carnpleted_Layer;}?05122201,0utput

g
N Number of silicon carbide layers analyzed: 192
Mean of the.average SiC thickness of each particle (um):| -~ 35.8
Standard deviation in the average SiC thickness of each particle (pm): |- 1.1

.

ng;riﬁﬁ' on of the average SiC layer mi(k/ngis (top binned)

[

.‘S\JQ'?“

LQS. QS \-\-0} g(\

SiC Thickness (um) Frequency ~ Ve .
e 5 \\7\0 ! Histogram
26 0 \
27 0 60 =
g g ol
— ) ™\
30 0 g 40 ™
31 0 -
32 0 & 30
33 0 £
34 15 20 -
35 30 _ Mg
36 637 10 -
37 59 ,
38 7~ 20 0 i
39 7 5 S &8RRIV
40 0 ;
SRRV, . /, / / SiC thickness
: Dace M.L.u- M
Operetor Date I \

™~
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ORNL/TM-2006/019, Rev. 1

>
N /
N b
PG Data Report Form DRF-11D: Measurement of Outer Pyrocarbon Layer :ml;ggf§ S
g Procedure: |AGR-CHAR-DAM-11 Rev. 1 i
N Operator: |Andrew Kercher
N Folder Name: |\\mc-agr\AGR\ImageProcessing\Completed Layers\P05122201
Sample ID: |LEU01-45T-B01
Sample Description: |TRISO on BWXT kernel composite 69302
Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed_Layers\P05122201_output
~, Number of outer pyrocarbon layers analyzed: 192
“Mean of the average OPyC thic-<§of each particle (um): 38.3
Standard deviation in the average OPyC thickness of each particle (pm): 2.5
",
of the average OPy yer thickn binned)
OPyC Thickness (pm) Frequency .
=50 ) Histogram
22 0 <
24 0
26 0 9% =y
28 0 / N
30 0 A g4
32 1 4 = S
34 7 g
36 29 3 N
38 Sé w 20 =
20 757 N
42 35 10
44 / 9
46 o, 2 0 — —_—
a8 i 0 S NI ELEERYIBYSYY 2 8 8
50 7 0 o A
50 ) p PyC thickness (r}IﬁQns)
j:::;zga;éidgﬂf‘ \\\
Date i \\
N\
4 \\
V4 \\_

ﬁuvi(?&.«?‘\ \

\1-0b
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