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Data Compilation for AGR-1 Variant 3 Coated Particle Composite LEU01-49T

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

This document is a compilation of characterization data for the AGR-1 variant 3 coated particle
composite LEUQ1-49T, a composite of three batches of TRISO-coated 350 ym diameter 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 pm 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 the fuel shakedown irradiation (AGR-1) experiment. 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
LEUOI1-## (where ## is a series of integers beginning with 01),

The AGR-1 variant 3 coated particles are similar to the AGR-1 baseline coated particles with the
exception that the silicon carbide coating was deposited at a lower temperature (1425°C versus
1500°C} using argon and hydrogen gas for fluidization in the coater as opposed to just hydrogen.
A data compilation for the AGR-1 baseline coated particle composite LEU01-46T can be found
in ORNL/TM-2006/019.

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
LEUOI-49T 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. The buffer and IPyC qualification batches were the same as used to qualify the baseline
buffer and IPyC conditions and used 350 ym diameter natural uranium oxide/uranium carbide
kernels (NUCO). The NUCO kernels were obtained from BWXT and were 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)
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) 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.
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1 Summary of acceptance test results for ILEU01-49T

This section contains all the inspection report forms (IRF) associated with the coated particle
composite LEUO1-49T. 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. The coated particle composite, LEU01-49T, was found to
meet all the requirements in these two sections of EDF-4380, Rev. 8.

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 properties of the
coated particle composite, LEU01-49T. 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 LEUO1-49T,

Property Mean
Average kernel diameter (ym) 349.7
Kernel envelope density (Mg/m?*) 10.924
Average buffer thickness (m) 104.2
Average IPyC thickness (y#m) 38.8
Average SiC thickness (pm) 35.9
Average OPyC thickness (ym) 39.3
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®) 3.2046
OPyC sink/float density (Mg/m®) (weighted average) 1.911
IPyC anisotropy (BAFo equivalent) 1.029
OPyC anisotropy (BAFo equivalent) 1.021
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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,
LEUOI-49T. 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 LEUO1-49T.

Property Defect Fraction
Particles with SiC gold spot defects <2.5x 10*
Particle aspect ratio <2.8x 10°?
Particles with burn-leach defects <4.0x 10°
Particles with missing OPyC <9.7 x 10°
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Inspection Report Form IRF-02A; Interrupted Coating Batches - Buffer Density

Procedure:|AGR-CHAR-PIP-02 Rev. 4
i Batch 1 10:|NUCO350-258 == i
Batch 1 description:|Bulfer-coated BWXT kernel composite 69300
~ Batch 2 1D:|NUCO350-368 < Sji e o
Batch 2 description: Bulfer-coated BWXT kernel composite 69300
- Batch 3 10:[NUCO350-54B
Batch 3 description:|Bulfer-coated BWXT kernel composite 69300
easured Da mn_gl% Pass D
o 1 Acceptance ata
Property Mean |Std.Dav.| # measured | tvalue | INL EDF-4 Accaptance Criteria. | o o alue o | [nachrds
(x) (s) _(n) ) Rov. 6 - 2, fall
mean A= x-ts/v/nz 088 1.04 pass DRF-16
Batch 1: Buffer envelope density (Mg/m’) 1.08 0.04 s 2132 1033005 [ Bexbienz s 2 | o ORE-22
mean A= x - ts/y/n 2 0.B8 1.06 pass DRF-16
Batch 2: Buffer envelope density (Mg/m”) | 111 0.03 § A | it S anido: o 116 pass | ORF-22
mean A=x-ts/vn 2 0.88 1.07 pass DRF-16
Batch 3; Buffer envelope density (Mg/m’) L1t 0.04 5 LR 1034015 [ puxetgvnstae | 145 pass | DRF-22
Commeants

Confirmatory batch on LEUCO kernels, LEUOL-16E:

mean buffer density = 1,10 g/cc.

Standard deviations are /5 times the uncertalaties in buffer density (standard errors) reported on DRF-16,
Average thickness of bulfer was 108 pm based on average envelope volume of 9,25€-5 cc (effective diameter of 561 ym) and average kernel dlameter of 345 pm.
Average thickness of buffer was 108 pm based on average outer diameter of 561 pm obtained per DAM-10 and average kernel diameter of 345 pm,

llmpt process for buffer density (Yes or Hn)xl

P e
7O s
; QA Reviewer
\
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Inspection Report Form IRF-026: Interrupted Coating Batches - IPYC Density
Procedure: | AGR-CHAR PIP-02 ey 4
~ Batch 1 1D:|NUCO350-3081
Batch 1 description:|IPyC/Buffar on BWKT kernel compiate 63300
~ Batch 2 1D:|NUCO350-37B1 -
Batch 2 description:|IPyC/Buffer on BWXT kemel composite 63300
= Balch 3 10:|NUCO350-2581 N Bl
Batch 3 description: | [PyC/Butfer on BWXT kernel composite 69300
= ; Mansured Dats ; !MT 3 Pass
Praperty Mean [Std. Dev.[ ® measured | kort |INLEDF-4380 | Accoptance Criteria or
=Tt {x} (s) (n) Vi Rev, 6 fail
@i mean fom x '_\s,f\r’n d,l as pass
et | aiise 5 190 £005 | oy 4 ts/Vn s 1,95 1.896 pass
s ’ 891 — DRF-03
Batch 1: IPyC sink/{loat density (Mg/m”) Eperion S e, T e -
3.158 500015180 — —t-
50,01 &.2.00 D=1x4ks< 200 1.927 pass
e e Az -tgfvn 2 188 1.898 pass
e Gdies . 1904005 | By tsfvn =195 1.910 pass
i > 9038 0 1 —_— —_— —————— — DRF-03
Batch 2: IPyC sink/float density (Mg/m”) v =TT 1558 =
3262 “G01 5180 —
=001 & 200 D=x+ks<2.00 1.954 pass
1555 . A= x-tsfva zLBS_ | 1.906 | pess
. 190 % 005 B=x+ls/vn < 195 1.917 pass
Batch 3: IPYC sink/float density (Mg/m”) 1.9112 | 0.0142 20 e i DRF-03
drspersion Cwoxoksn 18O 1.664 pass
3.295 =00Y < 1.80
<001 2 200 D= x# ks <200 1.958 pass
Comments

95% conldence interval for Buffer thickness in composite = (104pm, 106pm) with < 1% S55pm,
959 confidence interval for IPYC thickness in composite = (34.2um, 34.9um) with > 1% < 30pm and <19% 256um
Confirmatory batch on LEUCO kernels, LEUO1-151: mean [PyC density = 1.9074 g/cc

Gl N 31U -0

/T acsupeniser ; Date

Accepl process for IPyC densily (Yes or ~°|iL Yes

o e

QA Reviewer
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et loA NEpsE Far L IRE03E Cohtad PartiEls DRLE)

Procedure:

AGR-CHAR-PIP-03 Rev. 2

Coated particle batch 1D:|LEU0L-24T

Coated particle batch description:

Variant 3: TRISO ¢n BWXT hernel compasite 69302

il et ' e Pass
RO, s S | Acceptance criteria o | nioras
Rt s S v e b o i tail ;

Average buffer thickness for mean A=x-ts/Vn z 85 1017 pass DRF-D8

102.6 7.8 228 1.652 —
each particte (ym) 100 % 15 B o= x 4 tafvin 5 115 1035 pass PRF-11
Average IPyC thickness for 8 mean A=x- l_s,'g’n_z 35 38.0 pass DRF-08
each particle (um) 8.2 29, ae 1651 045 Bex4ts/vns 45 38.4 pass DRF11
Average SiC thickness for mean A= x-tsfvn 2z 31 36.2 pass DRF-08

36.3 0.9 165
each particle (pm) 238 ! 354 B=x4ts/v/ns 39 36,4 pass DRF-11
Averags OPyC thickness for mean Asx-tefvniz 35 385 pass ORF-08
each particle (pm) A0 & 5 B =418/ s 45 38.9 pass DRF-11
£ A

Particles with missing OPyC peteininn 540 15,500 0 pass DRF-19

S6.0x10"

) /;f
oA gt

QC Supeivisor

/

Accept Coated particle batch (Yes or No}:|

Yes

" QA Reviswer
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,m-_ - ey = T Hilye W S o =]
Procedute: [AGR-CHAR-PIP-03 Rev. 2
Coalted particle batch I1D:|LEUDL-25T
Coated particle batch description:|Vaniant 3: TRISO on BWXT kernel composite 69302
each particle (pm) Bo=ox 4 ts/Vn < 145 pass
Average IPyC thickness for 216 1,65 maan _ A=x-tsf¥nz3s 39.0 pass DRF-08
each particle (pm) 0 1.8 S5t 40 %5 B = x4 s/yn 5 45 39.4 pass URF-11
Average SiC thickness for 481 1O 336 11651 mean A=y - 1s/vn z 3] 38.0 pass DRF-08
each particle (pm) : v ' 3544 B=x4t5/vn s 39 38.2 pass CRF-11
Average OPyC thickness for 405 1 236 & mean _ A=a-ts/Vniz 35 403 pass ORF 08
each particle (pm) i i 110k} 404 5 B = 41s/vn s 45 40,7 pass DRF-11
et fractio
Particles with missing OPyC : 15634 | d:s ) m““ 54.1015,500 o pass | DRF-19
- =2 3 X
N —— o ——— - D v - i e—
[ ) .
— ek e i =t
) = 3 = e =0

10
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LR R L E =TT

Procedure: [AGR-CHAR-PIP-03 Rev. 2

Coated particle batch 1D:|LEU0L-37T

Coated particle batch description:{Variant 3. TRISO on BWXT kernel composte 69302

Average bufler thickness for 100.7 64 185 1.653 masn A= x-ts/vn 2 85 1009 pass DRF-08
each particle (um) i 25 100 15 8= x4 t5/vn 2 115 1025 pass DRF-11
Average IPyC thickness for 8.5 2.0 15 1,682 mean A=x-ts/vn 2 35 383 _ exs | pareos
each particle (pm) : ; i 4045 B = x4 ts/Vn 5 45 387 pass DRF-11
Average SiC thickness for mean A= x-tsfvin 2 3) 331 pass DRE-08
; I RS
each particle (ym) faz i 27 L 3544 B = 4 tsfvn = 39 333 pass DRF-11
Average OPyC thickness for 19,0 19 218 i mesn A= x-ts/vn = 35 388 pass DRF-08
R 3 652 —— -
each particle (ym) 4045 B = 4 ts/¥n S 45 39.2 pass | DRE-11
s defect fract
Particles with missing OPyC 2 ; 15554 ? e 54 1n 15,500 ) pass | DRE-19
i Iyt S 60x10
]
/) [/ '
'l A [,f_(r b
RIS S S E s e e PR D O e S~

1
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Inspection Report Form IRF-04A: Coated Particie Composites

- _ Procedure:|

AGR-CHAR-PIP-04 Rev. 2

= aat.dptrgl:ioi posite 10:

LEUO1-49T

Coated particle composite description:

Variant 3 cormnposite: TRISO on BWXT kernel compaosite 69302

I Measured Data Specification Aecabticea Pass Data
Property Moan |Std, Dev.| # measured | kort |INLEDF-4380| Acceptance Criteria |° ot b or Records
(x) {s) (n) value Rev. 8 fail
o mean A= x-1s/vn 2 85 103.4 pdss
Averags buffer thickness for 100 + 15 B = x +ts/Vn s 115 105.0 pass DRF-08
104.2 7.8 237 = - E
each partice (pm) . dispersion o 5 DRF-11
2.547 <0.01'% 88 Cu=x-ks> i pass
1,651 mean Amx-ts/vn236 | 386 pass
: *
Average 1PyC thickness for - 54 53 : i B=xets/yns4d 390 | eass | pprgs
each particle (pm) = x dispersion Cmx-ks>30 335 pass DRF-11
2.546 50.01 < 30 —— e e
30,01 = 56 D=x+ ks <56 44.1 pass
e mean A= x-ls/vn 2 32 N 35,7 _pass
Average SiC thickness for 3523 B=x41s/vns 38 36.1 pass DRF-08
5.9 2.1 238 = =
each particle (pm) dispersion ORF-11
2.596 50,01 25 Cmx-ks>25 30.6 pass
1851 mean Ay tnvni2 36 LR T T
Average OPYC thickness for - 40 5.4 B=x41s8/vns a4 39.5 pass DRF-08
39.3 2.1 238 |—— = —
each particle (pm) diEcirion DRF-11
2.546 <0.01 5 20 Cmx-ks>20 34.0 pass
Buffer envelope density Sen IRF-02A pass IRF-024
IPYC sink/float density See IRF-028 pass | IrF-028
1.684 el AtV 2 3.9 3.204 pass
SIC sink/Moat density (Mg/m®) 3.2046 | 0.0010 4 Teirenn — —— DRF-02
2.922 <0.01 £ 3.17 Cmx-ks>317 3.202 pass
OPYC sink/Moat density Sea IRF-048 IRF-048
1.833 s""“dgs B = x +1/Vin S 1.035 1.030 pass
IPyC anisotropy (BAFo equivalent) 1.029 0.002 10 —— — —————— — — — DRF-18
3.961 dispersion D=x+bks<1,06 1.037 pass
i 50,01 21.06 : .
1.833 smf;gs B = x + ts/vn 5 1.035 1.023 pass
OPyC anisotropy (BAFo equivalent) 1,021 0.003 10 — e — — ORF-18
dispersion -
3.981 <001 2108 De=x+ks <106 1.033 pass
defect fraction <47 in 12,000
Particles with SIiC gold spot defects 12150 S5 6iaing® or <92 in 22,000 0 pass DRF-20
dispersion <1 tn 500 DRF-07
Particsipectritlo 1799 - $0.01 21.14 ot 57 1n 1420 ! i DRF-10
; defect fraction 51 in 50,000
Partides with SiC burn-leach defects 120660 2 10 Ao of 6 In 120,000 1 pass DRF-21
iy defect
Particles with missing OPyC ol SlEa 31178 e Tl 410 31,000 0 pass | DRF-19
cobeulh S ki s 3.0x10
T
\ 51 comparison to all imaged pass visual 2
Sleiieresuuicaine Bl ¥ visual standard | standard comparison 3 pass DRE23
¥ Commants 000 o
'ﬂ l-/’ f/
; / 7 ( i ’
/ / . {
’ (1 y <) - DG
- PN it et L/ 7__/71/1/7\ = DS i — S— = ——— = ==
¥ QC Supervisor Date
/
t ted particle site (Yes or No): Yes ]

QA Reviewer

12
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Inspection Report Form 1HF-048: Outar Pyrocarbon Dansity

Procadure: [AGR-CHAR-PIP-04 Rev. 2 S el =
Coated particle composite 10| LEU01-49T e i
Coated particie composite description:|Vanant 3 composite: TRISO on BWXT kernel composite 69302
Batch 1 1D:|LEVO1-247 = 5 —
Batch 1 descriptioni|Variant 3: TRISO on BWXT kernel compasite 69302
Batch 2 1D:|LEU01-25T
Batch 2 description:|Variant 3: TRISO on BWXT kernel composite 69302
I Batch 3 1D:|LEUO1-37T I i
Batch 3 description:|Variant 3: TRISO on BWKXT kernel composite 69302
Measured Data Specification Pass
Property Mean |Std.Dav.| # measured | kort | INLEDF-4380| Acceptance Criteria | ECOPIRNCR | o | DRA
(x) (s) (n) value Ray, 8 fall
mean A_-_x E{:/n z 1.85 1.919 pass
1.678
1.90 £0.05 | g .oy ts/vn 5 1.95 1.923 pass
Batch 1: OPYC sink/fioat density (Mg/m’) 19211 | 0.0094 48 e ~—————}————] ORFi03
disparsion C=x-ks>180 1.894 pass
2.868 %0.01 5 1.80 | ——————— —_—
£0.08 = 2.00 D=x+ks <200 1.948 pass
A= x-1s/vn 2 1.85 1.896 ass
1.684 i - — K
’ e . 1802005 | puysts/yns1.95 1.899 pass
Batch 2: OPyC sink/fNoat density (Mg/m 2 2 7 DRF-03
44 " ¥ (Ma/m) dispersion C=x-ks> 180 1.876 pass
2.922 $0.01 s 1.80 - —
50.01 & 2.00 D w=x+ ks <200 1.919 pass
iiich mean A=x-Is/VvVn 2 1.85 |4 7!?“ pass
. ey (T ” 1902005 | Box4ig/vns1.95 1.917 pass
Batch 3: OPyC sink/fMoat density (Mg/m ‘ i = m —— ——| DRF-03
. ; ¥ iMormd dispersion C=x-ks>1.80 1.895 pass
2,783 sopol <180 }pbm3-"----—A———— | "
50.01 2 2.00 D= x+ ks <200 1.936 pass
Comments e .

//,{ ’/1/ o - Y2g- bl

/ QC Suparvisor Date
| Accept composite for OPyC density (Yes or No):| Yes |
. % _0&/@2 :

13
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2 Product ID’s associated with LEU01-49T

Kernels

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

Buffer-only particles

NUCO350-25B (Buffer density qualification batch 1)
NUCO350-36B (Buffer density qualification batch 2)
NUCO350-54B (Buffer density qualification batch 3)
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 (IPyC density qualification batch I)

NUCO350-37B1 (IPyC density qualification batch 2)

NUCO350-29BI (IPyC density qualification batch 3)

NUCO350-66BI (composite of 30B1+37BI+29BlI, for information only)
LEUO1-15I (confirmation on LEUCO kernels, for information only)
LEUO1-231 {(confirmation on LEUCO kernels, for information only)
LEUO01-26I (confirmation on LEUCO kernels, for information only)
LEUO1-411 (confirmation on LEUCO kernels, for information only)

TRISO-coated particles

LEUO01-24T (TRISO batch 1)
LEUO1-25T (TRISO batch 2)
LEUOQI-37T (TRISO batch 3)
LEUO1-49T (composite of 24T+25T+37T)

14



ORNL/TM-2006/022, Rev. 0

3 Coating process conditions

The following pages contain coating process conditions for all coated particle batches associated
with the LEUO1-49T coated particle composite. The AGR-1 variant 3 coated particles are similar
to the AGR-1 baseline coated particles with the exception that the silicon carbide coating was
deposited at a lower temperature (1425°C versus 1500°C) using argon and hydrogen gas for
fluidization in the coater as opposed to just hydrogen. These particles were coated within the
variant 3 process conditions listed in sections 3.1 and 3.2 of the AGR-1 Fuel Product
Specification and Characterization Guidance document INL EDF-4380, Rev, 6.

Buffer-only interrupted batches

NUCO350-25B (Buffer density qualification batch 1)
NUCO350-36B (Buffer density qualification batch 2)
NUCO350-54B (Buffer density qualification batch 3)
LEUO01-16B (confirmation on LEUCO kernels, for information only)

IPyC/Buffer-only interrupted batches

NUCO350-30B1 (IPyC density qualification batch 1)
NUCO350-37B1 (IPyC density qualification batch 2)
NUCO350-29BI (IPyC density qualification batch 3)
LEUO-15I (confirmation on LEUCO kernels, for information only)
LEU01-231 (confirmation on LEUCO kernels, for information only)
LEUOI-261 (confirmation on LEUCO kernels, for information only)
LEUOI-411 (confirmation on LEUCO kernels, tor information only)

TRISO Baiches

LEUO1-24T (TRISO batch 1)
LEUO1-25T (TRISO batch 2)
LEUO1-37T (TRISO batch 3)

15
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Summary for Baseline Buffer Quatlification Run — NUCO350-258

i Coating Run No.
- Description:
+ Procedure:

Kernel Lot No.
Operator
Date

" Data Location.
%_ Kernel Batch Wt
i Coaled Particle Batch Wt

| Buffer
- Coating gases

1GF

CGF
~ Temperature
Time

IPyC

Coating gases
TGF

CGF

CGR
Temperature
Time

Sic

Coaling gases
TGE

CGF
Temperalure

: Time

' OPyC

+ Coating gases
 TGE

CGF

COR

' Temperature

‘) Time
Comments/Notes:

‘Operamr ‘ /Z;{/é/./

: QAS:

;.?L-v./ | 4

NUCO350-258 °
Baseline processing conditions for Buffer layer
AGR-COAT-SOP-01, Rev. 1
NUCO350-25
R A Lowden

06/17/2005

B002249, Coating Log. Volume 1. pp 202 - 212

AGR-1 Parameter
Cgi'{g + Ar
060+010
14560 + 26°C

Ar + CEHQ + C3HG
0.30 £ 003

0.85 £ 0.085
1265 + 25°C
H, + MTS
0015+ 0005
1600 + 25°C

Ar + C?Hg + C3H6
.30+ 003

(.85 0.085
1290 + 40°C

n
)A il {QM .
(

16

Date:

Dale

62.11 g

8133g

As-Processed

CoHy + Ar
8530 sccm
061
1450°C
5 min

3/30,/06
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Summary for Baseline Buffer Qualification Run - NUCO350-368

Coating Run No. ' NUCO350-368
j Description. . Basehne processing conditions for Buffer layer
Procedure: | AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. ' NUCO0350-36
- Operator R A Ltowden
' Date. 06/17/2005
' Data Location. B002249, Coating Lag. Volume 1, pp. 214 - 223
| Kernel Batch WL 6197g
| Coated Particle Batch Wt 8150¢g
: AGR-1 Parameter : As-Processed
" Buffer |
: Coating gases » CoH, + Ar ‘ CoH, + Ar

TGF _ 8530 scem
CGF 0.60 £ 0 10 ' 061
c Temperalure ‘ 1460 + 256°C . 1450°C
Time ‘ . 5 min
; IPyC ' '
| Coating gases ' Ar+ CoHy + CiHg
TGF '3
| cGF | 0.30 £ 0.03
- CGR 085+ 0085
Temperature ' 1265 + 25°C 1
- Time ' '
sic
: Coaling gases Hy + MTS ;
TGF
CGF 0.015 £ 0 005
Temperature ' 1500 £ 25°C :
| Time | |
' OFyC o
i Coating gases : Ar+ CiH, + GiHg
ToF |
| CGF ' 0.30 ¢ 0.03
_CGR | 0.85 + 0.085
. Temperature ' 1280 £ 40°C
fime |
" Comments/Notes'

!Operator: /[%/ k{/ // ./ﬁ%m/(“ éDate‘ [ 7 5‘)5”
0As ‘%ﬂ_’ Date 3 L S,

17
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Summary for Baseline Buffer Qualification Run — NUCO0350-548B

}

|
b

'

Coatlng Run No
Description:
Procedure:

~Kernel Lot No.
- Operator

_Date
{>ata Location:

Kernel Batch Wi
. Coated Particle Batch Wt

Buffer
Coating gases
TGF

I CGF

Temperature
Time

IPyC

Coating gases
TGF

: CGF

CGR
Temperature
Time

Sic

Coating gases

| TGF

CGF
Temperature
Time

OPyC

Coating gases
TGF

CGF

CGR
Temperature

i Time

. Comments/Notes

—

- QAS

NUCO350-548

Baseline processing conditions for Buffer fayer
AGR-COAT-50P-01, Rev. 1 _3

NUCO350-54 '

R. A Lowden
06/20/2005 |
B002249, Coating Log, Volume 1, pp. 224 - 233
62089
8147g
AGR-1 Parameter As-Processed
CoHy + Ar CoHy + Ar
8530 scem
0.60 £ 0.10 0.61
1450 & 25°C 1450°C
| 5min

Ar+ CoHy + CsHg
0.30£0.03
0.85 1 0.085
1265 £ 25°C

Hp + MTS
0.015 £ 0005
1500 + 25°C

Af + CQHQ + CQ,H(,

0.30 £ 0.03

0.85+ 0085
1290 £ 40°C

i8
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Summary for Baseline Buffer Qualification Run - LEU01-168

~ Coaling Run No.

Description:
Procedure.

Kernel Lot No
~Operator

Date:
Data Location:

. Kernel Batch Wt.

Coated Particle Batch Wt

. Buffer

Coating gases

CTGF
. CGF
‘ Temperalure

Time

IPyC
. Coaling gases
TGF
CGF

CGR

Temperature

Time

' sic
- Coating gases

TGE
CGF

: Temperature
: Time
. OPyC

Coating gases

TG

CGF

CGR
_ Temperature

Time

- Comments/Notes:

?Opc,rator /Z% Uﬂ«({/// j“’”‘é/ Date:

LEUGT-168
Baseline processing conditions for Buffer layer

AGR-COAT-SOP-01,

AGR-1 Parameter
CQHQ + Ar
060+ 010
1450 t 25°C

Ar + CoHy + CyHg
0.30+£003

0.85 + 0.085
1265 + 25°C
H, + MTS
0015+ 0005
1500 + 25°C

Ar + CQHQ + C"jHﬁ
030+003

0.85+ 0085
1290 £ 40°C

19

Date:

As-Processed

CoH, + Ar
8530 scem
061
1450°C
5 min

e s

| Hx/06

Rev. 1
LEUOT-16K
R A Lowden
110372005
BO02516. Coating Log, Volume 3, pp. 2 - 10
63.30 g -
82579
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Summary for Baseline IPyC Qualification Run -~ NUCO350-30Bl

' Coating Run No. | NUCO350-308I
[ Description ' Baseline processing conditions for IPyC layer .
Procedure . AGR-COAT-SOP-01, Rev 1
| Kernel Lot No f NUCO350-30
" Operator ! R A Lowden -
' Date ‘ 06/29/2005 |
1 Data Localion: B002249. Coating Log, Volume 1, pp. 260 - 268
¢ Kernel Batch Wt _ 61879
' Coated Particle Batch Wt 104349
3 . AGR-1 Parameter As-Processed
Buffer
: Coating gases CoH, + Ar CoHy + Ar
TGF 8530 sccm
- CGF ' 0.60+ 010 0.61
L Temperalure 1450 + 25°C 1450°C
Time ! 5 min
IPyC |
| Coaling gases AR+ CoHly + CoHe A+ CuHy + CiHg
fr TGF 9430 scem
| CGF | 030+ 0.03 0.30
- CGR _ 0.85 + 0.085 | 0.85
Temperature | 1265 + 25°C 1266°C
l Time ‘ . 13 min
SiC
. Coating gases H; + MTS
- TGF '
CGF ‘ 0.015 £ 0.005
] Temperature ' 1500 + 25°C
Time l
OPyC
~ Coaling gases Ar 4 CyH, + CaHg
TGF ' ' |
| CGF ' 0.30 + 0.03
| CGR ' 0.85 + 0.085
r Temperature . 1200 1 40°C
' Time ‘
| Comments/Notes
|
Operator // K/ﬂ/\f/ // \/41//( o~ Date J o4 vy
QA Date 3 /&0 /0 s

20
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Summary for Baseline IPyC Qualification Run - NUCO350-37BI

Coating Run No.

' Description:

Procedure:
Kernel Lot No_.
Operalor
Date:

i Data Location:

Kernel Batch Wt

Coated Particle Batch Wt.

: Buffer

Coaling gases
TGF

CGF
Temperature
Time

IPyC
Coating gases
TGF

CGF

CGR
Temperature
Time

Sic

Coating gases
TGF

| CGF

lt
|

Temperalure
Time

OPyC

Coating gases

TGF

CGF

| CGR

Temperalure
Time
Comments/Notes.

QAS.

NUCO0350-378B !

Baseline processing conditions for IPyC layer
AGR-COAT-SOP-01, Rev. 1

NUCO350-37 |
R. A Lowden
06/30/2005

B002249, Coating Log, Volume 1, pp. 270 - 278

AGR-1 Parameter

CoH, + Ar

0.60£0.10
1450 + 25°C

Ar + CQHQ + CgHG

030003
0.85+ 0.085
1265 + 25°C

H, + MTS

G015+ 0005
1500 £ 25°C

Ar + C2H2 + CyHsg

0.30 + 0.03
0.85 + 0.085
1290  40°C

crr /4{// M/ /i /,,Z/uz(

21

Date'
Datet

6192¢
103.45 g |
As-Processed :

CoHy + Ar
8630 scem
0.61
1450°C
5 min

Ar + CoHy + CaHg
9430 scem
0.30
0.85
1265°C
13 min

-

VeI

t _<3/ 30/ 06
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Summary for Baseline IPyC Qualification Run - NUCO0350-298BlI

\ Coating Run No.

¢ Description

Procedure

' Kernel Lot No.

Operalor

- Date

Data Localion:
Kernel Batch Wt

Coated Particle Batch Wt

' Buffer

Coating gases
TGF

- CGF

Temperalure
Time

iPyC

Coating gases
TGF

CGF

CGR
Temperature
Time

Sic

Coaling gases
- TGF

CGr
Temperature
Time

OPyC

Coaling gases
TGE

CGF

CGR

- Temperature
" Time
Comments/Notes

NUCO350-2981

Baseline processing conditions for IPyC layer
AGR-COAT-SOP-01, Rev. 1

NUC0350-29 ,
R.A Lowden
07/01/2005

B002249, Coating Log, Volume t, pp. 279 - 287

AGR-1 Parameter

CQH;} + Ar
060+010
1450 + 25°C

Ar + CQHQ + CgHb

0.30 £ 0.03
0.85+0.085
1265 + 25°C

H; + MTS

0.015 £+ 0.0056
1500 + 26°C
Ar + CuH, + CaHg
030+ 003

0.85 + 0.085
1290 + 40°C

jﬁ‘/]/’u A\w Date

22

Date:

62529
10656 g

As-Processed

CoHs + Ar
8530 scem
061
1450°C
5 min

Ar+ CoH, + CaH,

9430 scem
0.30
0.85

1265°C
13 min

77/%96
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Summary for Baseline IPyC Qualification Run - LEU01-151

Coating Run No.
| Description:

f

. Procedure:

: Buffer

‘) Coating gases CoH; + Ar

TGF

- CGF 060+ 0.10
Temperature 1450 + 25°C
Time

: IPyC
Coating gases Ar + CoHy + CaHg
TGF '
CGF 030003 ;
CGR 0.85 ¢ 0.085 7
Temperature 1265 + 25°C :
Time

i 8iC

: Coaling gases Hy, + MTS
TGF
CGF 0015120005
Temperalure 1500 t 25°C
Time i

OPyC

- Coating gases AL+ CoMy + CyHg

TGF

CGF 0304003
CGR 0.85 +0.085 ;

i Temperature 1290 + 40°C

: Time '

" CommentsiNotes: ‘

; Operator Z% (‘/’f("’[///fi flf ; Date.
QAS:

Kernel Lot No.
Operator

Date.

Data Location:
Kernel Balch Wt

Coated Particle Batch Wt

LEUO1-151

Baseline processing conditions for leC layer
AGR-COAT-SOP-01, Rev. 1

LEUD1-15K
R A Lowden
11/04/2005

B002516, Coating Log, Volume 3. pp. 12 - 20

AGR-1 Parameter

63.27g .
10896 ¢
As-Processed

C.H, + Ar
85630 scem
.61
1450°C
5 min

Ar+ CoHy + CiH,g
9430 scem
0.30
0.85
1265°C
13 min

gz;ﬁ.,,

23

¢ Date:

/// 78
Go/os



ORNL/TM-2006/022, Rev. 0

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

. Coaling Run No

- Descriplion: Variant #3b AGR-1 processing conditions
| Procedure: AGR-COAT-SOP-01, Rev. 1 :
Kernel Lot No LEUO1-23K
Operator. R A Lowden
Date: 01/19/2006
Data Location: 8002516 Coating Log, Volume 3, pp 194 - 201 203
Kernel Batch Wit ' 6342 g
Coaled Parlicle Batch Wt 1069849
: ‘ AGR-1 Parameter As-Processed
i Buffer
| Coaling gases C,Hy + Ar CoHz + Ar
; TGF ' 8630 scem
CGF 0.60 1 0.10 ‘ 061
Temperature 1450 1 25°C ' 1450°C
Time ‘ 5 min
iPyC
Coating gases Ar+ CoH, + Calg _ Ar + CoHy + CaHg
TGF _ 9435 scem
CGF 030+ 003 ' 0.30
CGR | 0.85 + 0085 | 085
: Temperalure 1265 £ 25°C - 1265°C
-~ Time ' 12 33 min
SiC
Coating gases H; + MTS
TGF
COF 0.015 1 0.005
Temperalure 1600 + 25°C
Time
- OPyC
Coating gases Ar+ CoH, + CqHg
TGF
COF 0.30 £ 0.03
CGR 0.85 + 0.085
Temperature 1280 + 40°C !
Time
. Comments/Notes.
Operator Mv\t/ﬁ 7? Date ,%/; 0 (»
: : ;//.,, ( Q/ - ‘ Date: 3/,3 5/6 ‘

LEU0T-231

24



Summary for Variant #3b Coating Run - LEU01-26]

Coating Run No.
- Description.
. Procedure

Kemnel Lol No
Operator:

Date:

Data Location:
Kernel Batch Wt

Coated Particle Batch Wt

~ Buffer
Coaling gases

TGF

CGF
Temperature
Time

~1PyC
: Coating gases

TGF

CGF
CGR
' Temperature
Time
- SiC
Coating gases

TGF

. CGF

Temperature
Time

OPyC

Coaling gases

FTGFE
 CGF
CGR

Temperature
Time

: Comments/Notes:

ORNL/TM-2006/022, Rev. 0

LEUO1-261

Vanant #3b AGR-1 processing conditions

AGR-1 Parameter

CoHy + Ar
0.60 £ 0.10
1450 % 25°C

Ar + Csz + C;},HQ

0.30 £ 0.03
0.85+ 0085
1265 1 26°C

Hy + MTS

0.015 £ 0.005
1500 £ 25°C
Ar+ CoHy + CsHg
0.30 £ 0.03

0.86 1 0.086
1290 1 40°C

I VZM/Q ” Z,Q

P2
) /C{ wM/\

25

AGR-COAT-SOP-01, Rev 1

{LEU01-26K
R. A Lowden .
0117/2006

‘ B002516, Coating Log, Volume 3, pp. 186 — 193,202

63.42 9 -
106.59 g

As-Processed

CoHy + Ar
8530 scom
0.61
1450°C
5 min

Ar + CoHy + CaMg
9435 scem
0.30
085
1265°C
12 .33 min
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Summary for Variant #3b Coating Run - LEU01-411

: Coating Run No,

Description:

: Procedure:

; Kernel Lot No.
 Operator

" Date:

Data Location:
Kernel Batch Wit

i Coated Particle Batch Wit

Buffer

LEUO1-41]

Variand #3b AGR-1 processing condilions
AGR-COAT-SOP-01, Rev 1

LEUO1-41K
R. A Lowden '
01/20/2006

B002518, Coating Log, Volume 3, pp. 204 - 213

AGR-1 Parameter

Coaling gases CoH, + Ar
TG
CGF 0.60 + 0.10
~ Temperature 1450 + 26°C
" Time
. PyC
' Coating gases Ar+ CoHs + Calg
TGF
CGF 0.30 + 0.03
CGR 0.85+ 0085
'Temperature 1266 + 25°C
Time '
' sic
: Coating gases H; + MTS
TGF
CGF 0.015 £ 0.005
Temperature 1500 + 256°C
: Time
OPyC
- Coating gases Ar + C;H; + CiHg
TGF
CGF 030+ 003
CGR 0.85 + 0.085
Temperature 1290 ¢ 40°C
Time ?
Comments/Notes.
; Operalor: %ﬂ/ }Z /Z/M,'Zy Date
F Date

SR

26

63.42 g
106.97 g .
As-Processed

CoHy + Ag
8530 scem
061
14560°C
5 min

Ar+ Colly + CyHg
9435 scem
0.30
0.85
1265°C
12 33 mun

//2/0 (14

L,j/”f) %/GC)



ORNL/TM-2006/022, Rev. 0
Summary for Variant #3a Coating Run - LEU01-24T

Des |pt|on * _Variant #3a AGR-1 processing conditions :
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. LEU01-24K |
""Operator R. A Lowden
Date 0312212006
Data Locatlon 800251? Coatlng Log Volume4 pp. 96 - 105 |
Kemel Batch | e oing Heg VRl o5 35 g
18365¢
AGR-1 Parameter As-Processed
Bufier - -1 raramete
Coaling gases CoH, + Ar CoHy + Ar
o es i _ st coem _
COF é 0.60£0.10 061
Temperature ) | 1450 + 25°C 1450 C - ‘
Time 5 mi |
IpyC o .
Gostnggases | ACiheGH, | A Cihrci,
Tor Ases | AL Lol + Ll | 9435 2
CGF  030:003 030 j
CGR 085£0085 o8s
Tehﬁperature ' 1265 + 25°C 1265°C
Time ' 12.33 min
sic
Coating gases Hp + A+ MTS ‘ He + MTS
TGF : 10,605 scem
H2 to Ar Raho 11 1 1
| CGF 0.015 + 0.005 0.0193
Temperature  ~1400°C | 1425°C
Time R | 145 mm ”
OPyC
Coating gaé.es L A+ CZH;_. + C3HG | Ar + CZ'H'QH +'03H6
TGF R ? 16,215 scem
CGF ‘ 0.30 £ 0.03 T 030
CGR 0.85 + 0.085 T 085
Temperature 1290 # 40°C | " 1290°C
(Tme ‘ 10 min a
Comments/Notes:
Operator | /Z / / // J}’M‘ % _____ 'Date: /2’ ?7/(‘ £ ;

w5 Aol é/w/ﬂo

27
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Summary for Variant #3a Coating Run - LEU01-25T

 Coating Run No.
: Description:

Procedure
Kernel Lot No.
Operator

' Date;

Data Location:

:'_Kefnel Batch Wt
Coaled Parhcle Batch Wit

Buffer

~ Coating gases

TGF
CGF

Temperature

Time

IPyC

Coatmg gases -
TGF

CGF

CGR
Temperature
Time

sic

Coaling gases
TGF

H; to Ar Ratio
CGF '
Tem p'er'atu're '
Time
OPyC

7 Coatmg gases

TGF

 CGF
' CGR

Temperature
Time
Comments/Notes;
Operator
QAS:

-
Sl

- LEUG1-25T

Vananl #3a AGR-1 processing conditions ;
AGR-COAT-SOP-01, Rev. 1 |

800201? . Coating Log, Volume 4, pp. 116 -

AGR_'-"i P'a“i'a'r'neter
'C2'H? + Ar
060£010
1450 ¥ 26°C

Ar + CH, + CiH,
0.30+0.03

0.85+0.085
1265 t 25 C
H, + Ar + MTS
11
0.015+ 0.005
~ 1400°C

Ar + C,H, + CyHg

0.30+£003

08510085

1
|
1290 + 40°C i

ﬁ(z(%_ . i t)éle
? M C ‘é,wﬁ Date:

28

LEUO01-256K |
R. A. Lowden |
03/24/2006
125
5338 ¢

188.99 ¢ |
As-Processed :

C.H. + Ar
B530 scem
0.61
1450°C
5 min

Ar + CoHy + CoHg
9430 sccm '
0.30
085
1265°C
12.33 min

H, + MTS8
10,614 scem
1.1
0.0201
1425°C
145 min

CAr+ CoHy + CiH

16, 215 sccm
0.30
0.85

1290°C
10 min

50816 L
é/z:éé



Coating Run No.
Description:
Procedure
Kernel Lot No
Operator '
Date:

Data Location: 7
Kernel Batch Wi,

Qoated Particle Bétéh_ Wi

_ Buffer
Coating gases
TGF '
CGF
__Temperalure'
Time

IPyC
”C'é'a'ting gases
TGF

CGF

CGR
Temperature R
Tie e
sic

Coating gases
TeF
Hg to Ar Ratio
omp
"Temperature
Time

OPyC e
'Coaung gases
TGF

CGF

CGR
Temperaturé
Time
Comments/Notes:

Operator:
QAS:

ORNL/TM-2006/022, Rev. 0

Summary for Variant #3a Coating Run - LEU01-37T

LEUO1- 37T

Vanant #3a AGR-1 processang condmons ’

AGR-COAT-50P-01, Rev 1

LEUO1-37K + LEVO1 25K (0 24 g)

R. A Lowden
04!05/2006 ‘

8002517 Coating Log, Volume 4, pp 138 - 14?

AGR-1 Parameter

Cng_ + Ar
0.60 + 010
1450 + 26°C

Ar + Csz + C.3H5

0.30 + 0.03
0.85 £ 0.085
1265 £ 25°C

Ho + Ar + MTS
11

- 0.015£0.005
 ~1400°C

AT Cafty + GiH

030+003 -

08510085
1290 £ 40°C

29

63.41 g
177679
As-Processed '

CaH, + Ar
8530 scem
061
1450°C
5 min

Ar+ CoH, + CaHg
9435 scem '
0.30
0.85
1265°C
12.33 min

H; + MTS
10,604 sccm
11
00192
1425°C
135 min

AT+ CoH, + CaHg
16,215 scCcm
0.30
085
1290°C

10 min
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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.

————— 200 um/9=~22 pm/bin —=————H

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

~715 um ~ 845 pm

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

30
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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
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 pum, 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 LEU01-49T coated particle composite.

TRISO batches

LEUO1-24T (TRISO batch 1)
LEUO1-25T (TRISO batch 2)
LEUO1-37T (TRISO batch 3)
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Sizing & Removal of Aspherical Particles for LEU01-24T

Summary for Sizing of Kernels or Coated Particles

Procedure: AGR-ROLLER-SOP-01. Rev. 0

Operator R. A Lowden

Kernel/Coated Particle 1D LELOT-24T

Kernel/Coated Particle Description: Variant #3a. full TRISO on 350 yum LEUCO

Dala Location: B002163, Sizing & Tabling, p. 62
B o Sived Batch SR
Date Balch Weight Weight l Scrap Loss

@ (@ | @ (9)

0312312006 183.66 176.12 7.55 +0.02
Commants™ U S SO

@ 2 P ke

Summary for Tabling of Kernels or Coated Particles

Procedure: AGR-TABLE-SOP-01. Rev. 1

Operator: R A Lowden

Kernel/Coated Particle 1D: LEUD1-247

Kernel/Coaled Particle Descriplion’ Variant #i3a. full TRISO on 350 um LEUCO

Data Location: B002163, Sizing & Tabling, p. 63
e - . “abied Balh e M
Date Batch Weight Weight Scrap Loss

(9) () (9) (9)

03/24/2006 176.12 167.84 8.31 +0.03
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Sizing & Removal of Aspherical Particles for LEU01-25T

Summary for Sizing of Kernels or Coated Particles

Procedure:

AGR-ROLLER-SOP-01, Rev. 0
Operator: R. A Lowden
Kernel/Coated Panticle |D: LEU01-25T

Kernel/Coated Particle Description:

Variant #3a, full TRISO on 350 pm LEUCO

Data Location:

B002163, Sizing & Tabling, p. 66

QAS:

. Sized Batch
Date Batch Weight Weight Scrap Loss
(@) (@) (9) {(9)
03/27/2006 188.99 181.59 7.42 + (.02
"Comments: -
Operator: / // M /V
P V.t i (oA

y ae

Date: | 3// j/%é
Date: B / 7//95’

Summary for Tabling of Kernels or Coated Particles

Procedure: AGR- TABLE SOP 01, Rev. 1
Operator: R A Lowden
Kernel/Coated Particle 1D: LEUO1-367 r

Kernel/Coated Particle Description:

Varuant #3a, full TRISO on 350 um LEUCO

Data Location:

B002163, Sizing & Tabling, p. 67

Batch Weight Tab!ed. Batch Scrap Loss
Date Weight
{9) @) (9) (@
03/28/2006 181.59 171.02 10.55 (0.02)
Comments:
o | feud (T ol Jome [ oo

QAS:

WK/,&- i

] ,,Pate: J/’}//ﬁé
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Sizing & Removal of Aspherical Particles for LEU01-37T

Summary for Sizing of Kernels or Coated Particles

Procedure AGR-ROLLER-SOP-01, Rev 0
Operalor R. A Lowden
Kernel/Coated Particle ID:

LEUO1-37T

Kernel/Coaled

Parlicle Description:

Variant #3a, full TRISO on 350 nm LEUCO

Data Location:

B002163, Sizing & Tabling, p. 70

Sized Batch

Summary for Tabling of Kernels or Coated Particles

bae | fialch(;;.le:ght \{Vz;?ht S((:;?p L(ogs}s
04/06/20086 177.67 16922 18.54 +0.09
Comments:
CE 1107 7 0 P i N/ T
QAS. /W Date: | /7//0 6

Procedure:

AGR TABLE- SOP 01, Rev. 1
Operator: R A Lowdenr
Kernethoated éartscie !D LEU01-37T
KerneUCoated Particie Descnphon -----

Variant #3a, full TRISO on 350 ym LEUCO

Data Locatlon

8002163 Suzung &Tabtung P ?1

Batch Weight

Tabled Batch

34

' Scrap Loss
Dat
ale @ Weight @ o

: : {9)

04/06/2006 159.22 150.10 910 (0.02)
Comments: " - e
Operator Date: #/é//
QAS Date: \.5/‘?/7/06




Three batches of TRISO-coated particles were blended into composite LEU01-49T. The mass of

ORNL/TM-2006/022, Rev. 0

Blend of coated particle composites

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

Batch ID Amount added to LEU01-49T composite (g)
LEUOI-24T 149.0861
LEUOI1-25T 151.9319
LEU01-37T 132.3124
Total 433.3304

Three batches of buffer-coated particles were blended into composite NUC0350-58B. The mass

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

Batch ID Amount added to NUCQO350-58B 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 {0 NUCQO350-66BI composite (g)

NUCO350-30B1 96.9421
NUCO350-37BI 96.1568
NUCO350-29B1 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 LEUO1-49T. The data was obtained
according to product inspection plan AGR-CHAR-PIP-0IR1. Some of the kernel data in this
section was used as input for subsequent measurements of coating propetrties (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 (2.4180.006)- 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 resuited 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
15.

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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Inspection Bepert Form IRE-QL: OWXY LEUCO Kernel Compostie 62302

Procedurat] AGR-CHAR-PIP-01 Rev. |

Maasured Data Specification Acceptance Data
Property Mezn | Std, Dev.! ¥ measured Kort | INLEOF-4380] Acceptance Criterda fa;tgvalue Records
{x) {s} (n) valug Rav. & .
mean A e x-18/vn 2 340 349.5
1643 150 ¢ 19
B = x + 15/vn < 360 349.9 ORF 06
Average Kernel dlameter (um) 349.7 9 4304 Feporaion e x b 300 Prow ORF.09
2.38 50.9% < 300 -
£0.01 > 400 Drx+ ks < 40) 371a
d F 511059 DRF-06
Kernal ¢llipticity {BmaxfOmin) 1.021 4304 st;,sxp;:‘fgs or i l"" a2 94 ORE.s
mean DRF-15
Kernel envelope density {Mg/m’) 10.924 [ 0015 5 2.132 2104 A= x-tstvn 2 10.4 10.91 ORF.22
Comments - R L
iy of 397 in 4304,

94 kernets vith ellipbicity 21,05 oul of 4304 kernels measured passes the dispersion speailicabon acceptance critel

This composile woukd pass 3 ontrol kot of 21.035 a1 10% tolerance Limat with 95% confidence tevel.
This compaste would pass a control liemt of 21.05 at 2.6% Lolerance limd with $5% confidence tevel.

. P

// QC Supervisor

Y Aef/s

{ QA Reviewer
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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 Kercher

Sample ID: [LEUEO350-018 ceqamed LY U0V - O\ © 0% 4-1]-00
Sample Description: [LEUCO kernel composite 69302 v

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P05051902\

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):[2:476-04 7 "0E-0% 4 2 00k
7

Weight of sample of particles (g):|1.519

Approximate number of particles in sample: |6150- £330 g 3-27-0b

D

b

v
\

" Operator Date

~
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Data Report 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: |LEUEO3S0-0HB  recnwred LEVOYV-0\W - Q ?\\ u-\1-0|,

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 o )

<300 9 Histogram

305 2

310 2

315 1 1200

320 2 -

325 2 1000 |

330 18 ]

335 143 800 +

340 366 g

345 666 g 600

350 1060 o

355 946 +

360 572 400

365 317

370 128 200

375 45 ” I-l

380 18 0 te=p—p—tp—j—y— e, L LL L L L LD lnl"‘n—:—-i-—i—i—
4100 0 Mean Diameter (pm)
>400 0

s /
4 ™~ ™
; / ¥ 2
; //_ /f/, )5 RoeE
L " Operator /] 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: [LEUEO350-01B  (gropph LEJOV-0OWL- B oM vw-\1-0b
Sample Description: [BWXT LEUCO kernel composite 69302 3

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 N r
1.03 462
1.035 218 800
1.04 166 G =
1.045 89 S
1.05 44 g_ 600
1.055 29 o
1.06 21 % 400 -
1.065 17
1.07 12
1.075 5 e
1.08 3 ” I
1.085 1 0 b=l bl LAy n N e e e B L A
1.09 2 synannnseEnsRERRREYR
1.095 0 @ 49 49 a9 a9 a2 9 49 409 S ©
1‘1 l -t i e L) i . il 4 i v
S1.1 3 - Ili?tlclly (Pm:jx/ionrﬂn)
% |
s, P 3
4 s L
7 — / £ S
o // // 7/ P
P / // 200
A lt 3. Kb LA Py 225, RO
< Operator Date
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Data Report Form DRF-15: Measurement of Average Kernet Envelope Density using a Mercury Porasimeter

ORNL/TM-2006/022, Rev. 0

Procedure PAGR-CHAR-DAM- 15 Rey, 2
Operator: |5, D, NUNN
Kemel Lot ID: [HEUEGISEBE (gooncd  LEDOL-01 X 4 M-1-0l
Kernei Lot Description: [BWXT LEUCO KERNEL COMPOSITE 69302 ’
Thermocouple Expiration Date:{5/23/06
Penetrometer Expiration Date:{5/25/06

Completed DRF Filename;

\mc-agr\AGR\Porosimeter\S05052 701\S05052701R1_DRF15R2

Mean average welght/kernel {g):]|2.42E-04
Uncertalnty in mean average weight/kernel {g):{5.96E-07
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05052701L S05052702L S05052703L S05052704L 5050527051
Weight of kernels {g): 12.5822 12.5075 12,8773 12.6448 12.6895
Approximate number of kernels: 52036 51727 53256 52294 52479
Uncertzinty in number of kernels: 128 §28 131 129 129
Envelope volume of sampte {cc): 1.150 1.145 1.180 1.157 1.164
Average envelope volume/kernel {cc): 2.21E-05 2.21E-0% 2.22E-05 2.21E-05 2.22E-05
Sample envelope density (gfec): 10.943 10.925 10.912 10.932 10,906
Mean average eavelope volume/kernel {(¢¢)!}2.214E-05
Uncertainty in mean envelope volume/kernel (cc):f1.34E-0B
Mean sample envelope density {g/cc):[10.924
Standard deviation in sample envelope density {g/cc):{0.015
Lo P fji S I - i ’//” 0
Operator Date
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Data Report Form DRF-22: Estimatlon of Average Particte Welght

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

Operator: {John Hunn

Particle Lot ID: JLEUOL-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

Welight of particles (g): 5.76E-02 5.33E-02 5.20E-02 4.90£-02 4.85E-02
Number of particles: 239 220 215 204 199

Average welght/particle (g): 2.41E-04 2.42E-04 2.42E-04 2.40E-04 2,44E-04

Mean average welght/particle {(g):12.418E-04

Uncertainty In mean average welght/particle {g)1]5.96E-07

i 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-O1RI1.
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
NUCQO350-## (where ## were a series of integers beginning with (1),

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 (2.3920.03)-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
15.

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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Inspectlon Report Form IRF-011 BWXT HUCO Kernel Composite 69300

| Procedure:| AGR-CHAR-PIP-01 Rev. | |
Measured Data Speciflcation
Acceptance Data
Property Mean | 5td, Dev.| # measured | kort |INLEDF-4380| Acceptance Criteria -,“.pv,m, Récords
(x) (s) {n) value Rev. 4
1645 mean A= x-18/vn 2 390 344 5
‘ 350 £ 10 B = x +ls/Vn 5 360 345.3 BRF-06
Average kernel diameter (pm) 3449 15 4202 dispersion C ko e 2300 309.2 DRF-09
2.38 £0.00 < 300 (—— ———
50.01 > 400 D= x4 ks < 400 380.6
A i
y el R dispersion <1in 50 DRF-06
Kernel ellipticity (Dmax/0min) ron (NN 4202 }:‘,’. J‘%} Bl Bl 186 OAE. 8
Kernel envelope density (Mg/m") 10800 | 0,006 5 2132 e A=x-ts/vn 2 10.4 10.79 i
Comments
186 kernels with ellipticity 21,05 out of 4202 kernc!s measurcd passes the dispersion specification acceptance criteria of $387 in 4202,
This composite would pass an ellipticity control [imit of 21.038 at 10% to'erance hmit with 95% confidence tevel,
This composite would pass an eltipticity control limit of 21.05 al 55 tolerance limit with 95% confidence level,

/! i //}
! -‘-_/L’\." VA j 3 L]() - {_,
/ QC Supervisor T Date
)
P B w5 e )
QA Reviewer =TT S e - C)—é}_—____ ——

Date
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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:|NUCO350-268B

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

Folder name containing 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 pm

Mean average weight/particle (g):[2:396-04 2.5\ E-bY M W0y
Weight of sample of particles (g):[1.408 4

Approximate number of particles in sample: |589+ LoaS oY WA- 04
o . / Y
///:,-; / <’/Z — // S/ e S
- L L —

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

Procedure:

AGR-CHAR-DAM-09 Rev. 0

Operator!

Andrew K. Kercher

Folder name containing images:

\\me-agn\AGR\ImageProcessing\P05052501

Sample 1D:

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

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

344.9

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

15

Distribution of the average kernel diameter (top binned)

Mean Diameter Frequency
<300 36 Histogram
305 1
310 11
315 15 1000
320 61 900 - N i
325 156 i |
330 204 f;oo .
335 233 700 -
340 412 G 600 . ,
345 867 $ sopl
350 858 o
355 603 E 400
2w " \
\
370 71 200 |
375 a8 100 ” H
380 16 0 'n|—|"'ln|n| by ity |n|!1|"‘r"‘:‘-{—1—|r‘1
390 7 ODHﬂNNmfﬂ\erLﬁ\D\DhNCOCOO\U\OO
MMM MmO MMM AAMM MM MM e S i
395 5 v n
400 3 Mean Diameter (pm)
>400 22 - - - - )
> /
_ K. Lo LA ,{/"’3“ S{, 200
¥ Operator 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\P05052501

Sample ID:[NUCO350-26B NUCO kernels

Sample Description:

350 um NUCO kernels from BWXT 69300 Composite

Folder name containing processed data:

\\me-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
1.005 15 Histogram
1.010 486
1.015 1069 1200
1.020 979 .
1.025 627 1000 -
1.030 361
1.035 197 & 800
1.040 141 ]
1.045 89 ] |
1.050 52 § e |
1.055 42 = I
1.060 19 400 |
1.065 17 .
1.070 19 200 |
1.075 11
1.080 12 0 e Ly T e e | rl]r[lrnln|h|nrn|"‘ St L e n|
1.085 15 LgUnNgUuaonNownonlonowmonownoo
1.090 8 8858068833888 85588%833¢2¢9
1.095 11 e S B e o R e
1.100 2 “
>1.100 30 Ellipticity (Dmax/Dmln)_
,""- b
- 7
P /
3 y
r ; s
3 » / 7 = D Ay
- 3 Lz /LL{ /’/“I _3/, -z ELE
& Operator (/Date
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Data Report Form DRF-15: Measurement of Averane Kernel Envelope Density using a Hercury Porosimeter

ORNL/TM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-15 Rev, 2

Operator:

5. D. NUNN

Kernel Lot 10:

NUCO350-26

Kernel Lot Description:

NUCO KERNEL COMPOSITE 69300

Thermocouple £xpiration Date:

5/23/06

Penetromeler Expiration Date:

5/25/06

Completed DRF Filepame:

\Mmc-agnAGR\Porosimeter\S0505260 1\S0505260 11 _DRF1SR2

Mean average weight/kernel {g):{2.31F-04
Uncertainty in mean average weight/kernel (g):18.69E-07
Sample § Sample 2 Sample 3 Sample 4 Sample 5
Parosimeter data lle number:]  S05052601L 505026021 505052603L 505052604L 5050526050
Weight of kernels (g): 12.8272 12,9542 12,9410 12.9793 12,9624
Approximate number of kernels: 55577 56127 56070 56236 56163
Uncedainty in number of kernels; 209 211 211 212 211
Envelope volume of sample {cc): 1.187 £.200 1.199 1.242 1.199
Average envelope volume/kernel {cch: 2.14E-G5 2.14E-05 2. 14E-05 2.14E-05 2.14£-05
Sample envelope density {gfcc): 10.805 10,792 10.797 10.799 19.807
Mean average envelope volume/kernel {cc):]2.137E-05
Uncertainty in mean envelope volume/kerne! {cc):{5.47E-09
Mean sample envelepe density {g/cc):|10.800
Standard deviation in sampie envelope density (g/cc):|0.006

. 0y S } [ ;,-:/f,u,/ /('g\

Operator {rate
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Data Report Form DRF-22: Estimation of Average Particle Welght

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

Operator:|John Hunn

Particle Lot 10: INUCQ350-42-A

Particle Lot Description:

BWXT kernel composite 68300

Fitename: \\mc-agr\AGR\ParticleWelght\W06020302 DRF22R1.xIs
Sample & Sample 2 Sample 3 Sample 4 Sample 5
Welght 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 welght/particle (g): 2.30E-04 2.31E-04 2.28E-04 2.34E-04 2.31E-04
Mean average weight/particle (g):12,308E-04
Uncertainty in mean average weight/particie (g):iB.69E-07
/o AN 2P
[ fedry [ .
// Operator Date
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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 LEUO1-49T 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 diameter 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 15. The new values for buffer density were about 10% higher than the
originally reported values, but both sets of results for all buffer interrupted batches were within
the density range specified in table 5.2 of 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.
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Inspection Report Form IRE-Q2A: Interrupied Coatina Batches - Bulfer Density

Procedura: |AGR:CHAR:PIP-02 Rev. 4
Batch 1 1D:|KUCO350-258

Batch 1 description:|Buffer-coated BWXT kernel composite 69300
Batch 2 10:{NUCO350-368 o

Batch 2 description:|Buffer-coated BWXT kernel composite 69300
Batch 3 10:|NUCO350-548

Batch 3 description: Buffer-coated BWXT kernel composite 69300

Measured Data Specification Pass
Acceptance Data
Proparty Mean |Std, Dev.| # measured | tvalue | INLEDF-4380| Acceptance Criterla “,,pv,,u. or Records
(x) (s) (n) (t) Rev. 6 fall
ean 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 ,,o'gnx 0.15 Bz ts/vn < 1.18 112 pass DRF-22
mean A=x-ts/Vn 2z 0.68 1.06 Pass DRF-16
Batch 2: Buffer envelope density (Mg/m') 111 0.05 5 2132 1034045 | g=x4ts/ns 118 | 116 | pass | ORF-22
A= x-ts/vn 2 0.68 1.07 pass RF-
Batch 3: Buffer envelope density (Mg/m’) 11 0.04 5 2.132 ngm;ag_'s B=xsts/vns .18 1.15 pass ggr.;g
Comments

Standard deviations are v/S times the uncertaintizs In buffer densily (standard errors) reported on DRF-16.

Average thickness of buffer was 108 pm based on average envelope volume of 9.25E-5 cc (effective dameter of 561 pm) and average kernel diameter of 345 pm
Average thickness of buffer vias 108 pm based on average outer diameler of 561 pm abtained per DAM-10 and average kernel diameter of 345 ym

Confitmatory batch on LEUCO kernels, LEUD1-163: mean buffer density = 1.10 g/cc

Yes

e
S . S B - 3D
~ QA Reviewer 7
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Data Repost Forem DRE-16: Measurement of Bylfer Envelope Density using a Mercury Porgsimeter

Procedure:

AGR-CHAR-DAM-

56 Rew, 2

Ogperator:|5. D NUNN

Buffer-coated kernel batch [D: |NUCO3I50-258

Batch Description:

Buffer Coated BWXT Kernel Composite 69300

Thermgoouple Expiration Date:|{5/23/06

Penetromater Expiration Date:{5/25/06

Completed DRF Filename:

Wc-agr\AGR\Porosimeler\SO5062005\S05062001R 1 _DRF16R2.xis

Mean average weight/buffer-coated kernel (g):i3.07E-04
Uncertainty In mean average weight/b-¢ kernel (g): 1.GOE-06
o Mean average welght/bare kernel {g):12.31€-04
Uncerlalnly in mean average weighl/bare kernel (g):|8.69€-07
Mean average envelope volume/bare kernel {cc):[2.14E-05
Uncertalnty In envetape volume/bare kermel (cc):)5.476-09
Sample t Sample 2 Sample 3 Sample 4 Sample §
_Parosimeter data file number; 5050620014 S05062002L S050620031 5050620041 | S08062005L
Weight of bulfer-caated kernels {(g): 4.1223 4.2165 4.4333 4.4104 _ 40445
Approxisate number of b-c kernels: 13428 13735 1444] 14366 13174
Uncertatnty in number of b-¢ kernels: “4a 45 B 47 47 a1
Total eavelope velume of sample {c<):| §.23% 1.268 1.335 ) 1.321 1.2%2
Av, envelope volumes/b-¢ kernels {og): 9. 19E-05 9, 23605 9.24€.05 9.198-05% 4.20E-05
Sample envelope density (g/cc): 3.339 3,326 3321 3,340 3,338
_— Mean average envelope volume/b-c kerne! (c¢):{9.21E-05
’ "“Uncedtainty in envelope volumesb¢ kerael (ce)i|1.1E-07 - N
Bulfer density:{1.08E+00
Uncertainty (n buffer density;1,68E.02 T
! .
o | SRS . Slieg
i Qperator - Date
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ORNL/TM-2006/022, Rev. 0

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

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixie Barker

Particle Lot 1D:

NUCO350-258

Particle Lot Description:

Buffer Coated NUCO

Filename: \\mc-agr\AGR\ParticleWelght\W05062001 DRF22R1.xi5
Sample | Sample 2 Sample 3 Sample 4 Sample 5
Weight of partictes {g): 3,28E-02 2.73E-02 3,08BE-02 3.46E-02 3.99E-02
Number of particles: 107 90 100 113 129
Average weight/particle (g): 3.07£-04 3.03E-04 3.08E-G4 3.06E-04 3.09E-04
Mean average weight/particle (g):13.07£-04
Uncertainty in mean average weight/particle (g):}1.00E-06

Operatof'-'
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Dala Report Form DRF-16: Measurement of Bulfer Envelope Density using a Meccury Parosimeter

ORNUTM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-16 Rev, 2

Operatar:

5. DLHUNR

Buffer-coated kemel batch 1D:

HUCD350-368

Batch Descrig}iEn:

Buffer Coated BWXT Kernet Composite 69300

Theemocouple Expiration Date:

5/23/06

Penetromeler Expiration Date:

5/25/06

Completed DRF Filename: | \\mc-agrn\AGR\Poresimeter\S0506 2006\505062006R1_DRF16R2.xis

Mean average weight/buller-coated kernel {g):|3.11€-04
Uncertalnty In mean average weight/b-¢ kernel {9):]1.20E-06
o Mean average welght/bare kernel (g):§2.346-04 o T
Uncertainty in mean average welght/bare kernel (g):i8.69E-07
) ) . Hean average envelope volume/bare kernel (cc):i2.14E-05
Uncertainty in envelope volume/sbare kernel {r¢):15,.476-09
Sample 1 Sample 2 Sample 3 Sample 4 Sarmpie 5
Porosimeler data Nle nymber:|  S05062006L 5050620071 5050620081 505066210381 505062
L Weight of butfer-coated kernels {g): 4.0723 #0655 4.0860 4.0696 40514
Approdimate number of bec kernets: 13094 13072 13138 13086 L3027
Uncertainty In number of b-c kernels: 51 50 =) S 50 _ 50
otal envelope volume of sample (cc): 1.226 1.227 1,232 A2 1.217
Ay, envelope volume/b-c kernels (cc): 9.37E-05 L 9.38E-05 9.38E-05 9.37E-05 9.34E-05
Sample epvelope density (gfoc): 3.32% 3.315 3.317 3.319 3,328
Mean average envelope velume/b-¢ keenel (cc): 9.376-05
Uncertainty in envelope volume/b-c kernel {¢¢):}6.78-06
- Buffer density: [1.11F +00
Uncertalaly in buffer density:|2.05€-02
L ' Lo
[ T fedf D
Operator Date
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ORNL/TM-2006/022, Rev. 0

o, Data Report Form DRF-22:

Estimation of Average Particle Welght - -

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dlxie Barker

Particle Lot 1D:

NUCO350-36B

Particle Lot Description:

Buffer Coated NUCO

Filename: j\\mc-agn\AGR\ParticleWelght\W05062002_DRF22R1.xls
Sample { Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles {a): 3.45E-02 3,26E-02 3.54E-02 3.58E-02 3.428-02
Number of particles: 110 104 115 116 110
Average welght/particle {(g): 3.14E-04 3.13E-04 3.08E-04 3.09E-04 3. 11E-04
Meah average welght/particle {g):|3.11E-04
Uncertainty In mean average welght/particle (g): |1.20E-06
<,,. i o /jf) ' i
/ TS / D (q '*“{J; (, ) 9\) o - O
1y " i 'Operatﬂr . . " B . R Date_'
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ORNL/TM-2006/022, Rev. O

Data Report Form DRF-16: Measyrement of Buffer Envelope Density using a Mercury Poresimeler

Procedure:

AGR-CHAR-DAM- 16 Rev. 2

COperater: [S. D.NUNN

Buffer-coated kernel batch 1D: INUCQO350-5468

Batch Descript%oli:

Bulfer Coated BWXT Kernet Cqmpoﬁfe 69300

Thermocouple Expiration Date:|5/23/06

Panetrometer Expiration Bate: [ 5/25/06

Completed DRF Filename:

\ic-agr\AGR\Porosimeter\S05062201\505062201R1_DRF16R2.xis

Mean average weight/buffer-comed kernet (o):f3.126004 )
Uncertainty in mean average welght/b-¢ kernet {9):|1.096-06
) Mean average weight/bare kernel {g): 2.31E-04 _
Uncertainty in mean average weight/bare kernel {g}:18.69E-07
Mean average envelope volume/bare kernel (¢¢):12.14E-0%
Uncertalnty In envelope volume/bare kernel (cc):|5.476-09
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data Nle number:]  $S05062201L 5050622021 S05062203L 5050622041, 5050622051
Weight of buffer-coated kernels (g): 4.1223 40694 4.0160 4.0391 LLA04ny
Approximate number of b-c kernels: 13255 1308% 4 12913 12987 oy
B L Uncedtainty in number of b-c kernels: 46 46 45 46 46
Total envelope volume of sample (cc); 1.233 1.225 1.209 1215 1.215
Ay, envelope volume/d-c kernels (cc): 9.30E-05 9.36%-05 ..9.36E-05 9.35€-05 9.34E-05
Sample envelope density {g/cc): 1,344 3.323 3.323 3.326 3.331
Mean average envelope volume/b-¢ kerel {¢c):{9.34E-05
Uncertainly in envelope volume/b-c kernel (cc):|1.16-0G7
Buffer density:{1.11E+00 o
Uncartainty in buffer density:{1.94E-02
. | /
.l' ) ! r J!f".'\./
Cperator Date
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ORNL/TM-2006/022, Rev.

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

Procedure;

AGR-CHAR-DAM-22 Rev. |

Operator: |Dixle Barker

Particle Lot 1D:

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 3.97£-02
Number of particies; 118 1490 123 135 129
Average weight/particle (g): 3.10E-04 3.14E-04 3.09E-04 3.13E-04 3.0BE-(4
Mean average weight/particle (g):13.11E-04
Uncertainty in mean average welght/particte (g):}1.09E-06
4 < e 7 .
. ) ! :
Lo A B Y
’ If . -~ Date
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ORNL/TM-2008/022, Rev. §
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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ORNL/TM-2006/022, Rev. 0

Data Report Forn DRF-16: Measurement of Bulfer Envelope Density using a Mercury Porosimeter

Pegcedure;

AGR-CHAR-DAM-16 Rev. 2

Cperator:

S, D.HUNH

Buffer-coated kernel batch 1D

NUCO350-588

Batch Description:

Composite of Buffer Coated BWXT Kernel Camposite 69300

Thermogcoupte Explration Date:

3/23/06

Penetrometer Explration Date:

5/25/06

Completed DRF filename:

\ic-agr\AGR\Porosimelen\S05062206\S05062 206R1L_DRF1G6R2.xls

Hean average weight/buffer-coated kernel (g}:|3.09€-04
Ungestainty in mean average weighi/b-¢ kernel {g): |4.99E-07
Mean average weight/bare kernef (g):)2.316-04 T
Uncertalnty in mean average weight/bare kernel (93:{8.69E-07
Hean average envelope volurne/bare kernel {cc):|2.14E.0%
Uncertalnty in envelope volume/bare keme (cc):|5.47E-09
Sample § Sample 2 Sample 3 Samgple 4 Sample &
Porosimeter dala lile numbes:|  S050622061 S$05062207L S05062 3010 SO5062302L 5050623031
Weight of buffer-coated kernels (9): 4.3399 4.3264 4.3459 44478 4.3485
Approximate number of b-¢ kernels: 14045 14001 14064 14394 14073
Uncertainty In number of b-¢ keenels: 23 23 23 23 23
Totat envelope velume of sample {(cch 1300 1.296 1.300 1,333 1303
3 Av. envelope volume/b-c kernels {cch: 9.25E-05 9.26E-05 9.24E-05 9.26€-05 1 9.26E-05
Sample envelope density {g/¢¢): 3.340 3.338 3,344 3.337 3.338
Hean average envelope votume/b-c kernel {ec): 9.25E-05 e e
Uncertainty in envelope volume/b-¢ kernel (cc): {3.8E-08
Buffer density: |1, 106+00
Unacertainty in buffer density:il.4YE-02
H ‘ " P
1 A [ [V LA
Operator Date o
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Data Report Form DRF-22:

ORNL/TM-2006/022, Rev. 0

Estimation of Average Particle Wealght -

Procedure:

AGR-CHAR-DAM-22 Rev, 1

Operator;

Dixie Barker

Particle Lot 1.

NUCO350-588

Particle Lot Description;

Composite of Bulfer Coated BWXT Kernel Composite 69300

Fllename: \Wmc-agr\AGR\ParticleWeight\W05062201_DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sampte 4 Sample 5
Welght 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 3.09£-04
Mean average weight/particle (g):{3.09£-04
Uncertainty in mean average weight/particle (g):[4.99€-07
CN oy, ) e
(/o N e ( o)
N & Operator s S E Date
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-10A: Measurement of Particle Diameter .

Procedure;

AGR-CHAR-DAM- 10 Rev. 0

Qperator:

Andy Nelson

Folder name containing images:

Wwmc-agr\AGR\ImageProcessing\PO5062401

Sample 1D;

NUCQ350-588

Sample Description:

Composite of Buffer-coated BWXT Kernel Composite 69300

Folder name containing processed data:

\mc-agr\AGR\ImageProcessing\Completed Shadow\P05062401 _output

Number of particles analyzed:|640

Mean of the average diameter of each particle {(ym): {561

Standard deviation In the average diameter of each particle (um): |18

Ristoibution of the averaqe particle dlaimeter (top binped)

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

A/l/f / R 7%/_“

Histogram

180
160 -
140
120 ¢
100 +

Fregquency

60
40 -
20 -

< 500

> 650

Qperator
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRE-16; Measurement of Buffer Eavelope Density using a Mercyry Porastmeter
........ Procedure! |AGR-CHAR-BAM-16 Rev, 2 _
o _...Operator:{S. D NUNN
Buffer-coated kernel batch ID:[LEUQ1-16B

___Batch Description:

Buffer on BWXT LEUCO kernel composite 69302

o ?Hérrﬁi‘acéuple Expiration Date:|5/23/06

Penetromeler Explration Date:|5/25/06

Completed DRF Filename; |\\mz-agriyAGR\Porosimeter\S051 1607011505 110701R1_DRF16RZ. xS

Mean average welght/buffer-coated kernel (g):[3.20E-04
Unceriainty in mean average welght/b-¢ kerel (g):(8.228-07
Mean average weight/bare kerel (g):[2.426-04
Uncertalnty in mean average weight/bare kernel (g):[5.96€-07
tean average envelope volume/bare keinel {cc):|2.21E-05
Uncertainty Iﬁwé‘nvelope volume/bare kernel {cc): |1.34€-08
Samgle 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:i  $05110701L 5051107020 SO05110703L S05110704L 051507051
Welght of bulfer-coated kernats (g} 4.0951 | 41007 4.2203 4.2527 43448
Approximate number of b-c kernals: 12797 4 12815 13188 13250 13578
Uncertainly In number of b-c keenels:| 33 14 1
Tetal envelepe volume of sample {cc): £.193 1,234 1.229
Av, envelope volume/b-c kernels {cc}): 9.31E-05 9.36E-05 9.25E-05
T "Sample envelope density {g/cc): 3.438 3.421 3.460
Hean average envelope volume/b-¢ kernet (cc):19.31E-05
Uncertainty in envelope volume/b-c kemnel (cc)f 1.8€-07
Buffer density: 11,166+ 00
Uncertainty in bulfer density:|1.46E-02

Operator
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ORNL/TM-2006/022, Rev. 0

ata

Report Form DRF-22:

Estimation of Average Particle Welght

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixle Barker

Particle Lot 1D:

LEUO1-16B

Particle Lot Description:

Buffer on BWXT kernel composite 69302

Fllename: |\\mc-agr\AGR\ParticleWeight\W05110701 DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Welght 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 welght/particle (q): 3.20E-04 3.22E-04 3.19E-04 3.22E-04 3.18BE-04
Mean average welight/particle (g):[3.20E-04
Uncertainty in mean average weight/particle (g): [8.22E-07

(‘ \‘\ N i // )
o 7 e 'r e
P /‘/,,//4‘”1. D Lty i./ — ’/] L)
/ "~ OQperator l ’ Date
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ORNL/TM-2006/022, Rev. 0

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
LEUO1-49T and should therefore be representative of the TPyC 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 diameter natural vranium 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.

64



ORNL/TM-2006/022, Rev. 0

Inspection Report Form IRF-028: Interrupted Coatlng Balches - IPYC Density

Procedura:

AGR-CHAR-PIP-02 Rev. 4

Batch 1 ID:

KUCO350-30B1

Batch 1 description:

1PyC/Buffer on BWXT kernel composie 63300

Batch 2 ID:

HUCO350-3781

Batch 2 description:

1Py C/Butfer on BWXT kernel compasie 63300

Batch 3 1D:

KUC0350-2981

Batch 3 desaiption:

[PyC/Buffer on BWXT kernel composie 69300

Measured Data Specification Pass
Acceptance Data
Property Mean [Std. Dev.| # measured | Kkort | INLEDF-4380| Acceptance Criterla | QECCRMRER | or | O8I
(x) (s) {n} value Rev. 6 fall
— A= x-ts/vn = 1.85 1.688 Pass
1711 —— ——— —_—
P TTo] 5,655 35 1.90 £ 0.05 B=x+ls/vns 195 1.896 pass
Batch 1: IPyC sink/float density (M ¥ . on - = —— | DRF:03
. / S Mg /aT) dispersion Cr=x-ks> 1.80 1.856 pass
3.158 <0.01 s 1.80
<0.01 = 2.00 D=x+ks <200 1.927 pass
g A= x-ts/vn 2 1.85 1.898 pass
1.725 —_—q - —
1.9040.05 | B=yqtsivn<195 1.910 pass
Batch 21 IPYC sink/foat density (Mg/m*) 1.9038 | 0.0153 21 — ——— DRF-03
dispersion C=x-ks > 1.80 1 854 pass
3.262 <00} s 1.80 |—— - =¥ =
<0.01 2 2,00 Dex+ ks« 200 1.954 pass
L iean A= _\.906 pass
1.90 + 0.05 Bo=x4ts/vVn s 1.95 1.917 pass
Batch 3: IPyC sink/float density (Mg/m”) 19112 | 0.0142 20 —— | ‘ORF-03
dispersion C=x-ks>1.80 1.664 pass
3.295 =0.01 5 1.80 e =S
<0.01 2 2.00 Dax+ks<2.00 1.958 pass
Comments

95% confidence Interval for Buffer thickness in camposite = (104pm, 106pm) with <1% <55um.
95% confidence interval for IPyC thickness in cotnposite = (34.2pm, 34.9pm) wilh >1% $30pm and <1% 256pm
Confirmatory batch on LEUCO kernels, LEUOT-151: mean IPyC density = 1,9074 g/cc

f/ f ’ {t’ { g f';’ /

{Ynnn~

Iy -
vy

Qc Supernlsor

Date
Acceplt process for 1PyC density (Yes or No):[ Yes ]
v 2} ) 7
/fy(/ A ; =
"7 5 .. / i [;L(._ { -
L =5 QA Reviewer Date
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ORNL/TM-2006/022, Rev. 0

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

Procedure:

AGR-CHAR-DAM-03 Rev. 1

Operator:

Dixie Barker

Filepame:

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

Sample 1D:

NUCO350-308I-8

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
o 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 i 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
- o o S 10 334.07 1.8863 0.0016
11 335.11 1.8869 0.0016
Density Gradient 12 336.64 1.8876 0.0016
2.00 R— 13 348.87 1.8938 0.0017
’ 14 348.31 1.8935 0.0017
15 350.33 1.8945 0.0017
3 16 351.97 1.8953 0.0017
s 17 355.50 1.8971 0.0017
9 18 357.75 1.8982 0.0017
2 19 359.46 1.8991 0.0017
2 190 20 364.06 1.9014 0.0017
g 21 363.84 1.9013 0.0017
3] 22 362.42 1.9006 0.0017
Q ymegd - 23 368.25 1.9035 0.0017
24 385.58 1.9122 0.0018
25 390.04 1.9144 0.0018
1.80 4+— —_———
0 200 4o e A D it 1.8917 0.0003
verage Density : :
S Poslt!_c_m ko) - Standard Deviation 0.0113
- : -7
. s ; LS v, / \ € . o
vy, O b, [ -39 -oy
%5 Operator Date
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Data Report Form DRF-03: Measurement of PyC Denslty using a Density Gradlent Column

ORNL/TM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-03 Rev, 1

Operator:

Dixie Barker

Fitename:

\wnc-agn\AGR\DensityColumn\D0O5063001_DRFO3R1.xls

Sample 1)

NUCC350-378B1-8

Sample Description:

1PyC/Buffer on BWXT kernel composite 69300

Float Expiration Date:

07/2007

Gauge Expiration Date:

01/2006

Bath Temperature:

22.9C

Calibrated Floats

Sample Density

Density Top of Bottom of Center of Particle Particle Calculated Standard
Float Float Mass Number Position Density Error
1.800 i51.98 161.42 156.70 1 313.15 1.87314 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 1.89R0 0.0016
slope Sthey intercept StDev 8 367.09 1.8989 0.0016
4,79E-04 2.94E-06 1.72E+00 1.17E-03 9 367.27 1.8950 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
2.0 R (0904 13 387.67 1,9088 0.0016
' 14 389.34 1.9096 0.0016
i5 390.40 1.9101 0.0016
16 404.73 1.9170 0.0017
o 195 i7 409.36 1.9192 0.0017
f.{ i8 412.62 1.9207 0.0017
o 19 412.95 1.9209 0.0017
o190 —— 20 418.50 1.9236 0.0017
G / 21 428.34 1.9283 0.0017
g
O yg5 ). -
1.80 o t
0 200 400 600

Average Density

Position (mm) 1.9038
Standard Deviation 0.0153
i ‘ ‘ M.) (’ )
lf/\{/-'{ . K/\) oy éw - [ - }
' - Date

Operator




ORNL/TM-2006/022, Rev. 0

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

Procedure:

AGR-CHAR-DAM-03 Rev. |

Operator: |Dixie Ba

rker

Filename:

\\mc-agr\AGR\DensityColumn\D05070101 DRFO3R1.xls

Sample ID:|NUCO35

0-29B1-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.B50 254.86 262.94 25890 | 2 336.71 1.8878 0.0016
1.900 363.03 368.69 365.86 3 341.90 1.8903 ~__0.0D16
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 3 7 373.30 1.9054 0.0017
slope. | Stbev intercept StDev 8 379.31 1.9083 0.0017
4.80E-04 [ 3.17E-06 1.73E+4+00 1.156-03 9 382.20 1.9097 0.0017
- - 10 383.00 1.9101 0.0017
I} 390.54 1.9137 0.0017
Density Gradient 12 390.54 1.9137 0.0017
5 13 405.88 1.9210 0.0017
200 Sl ‘ 14 406.48 1.9213 0.0017
15 108.91 1.9225 0.0017
1.65 16 409.63 1.9228 0.0017
T 17 414.97 1.9254 0.0017
\‘i 18 423.66 1.9296 0.0018
o 19 429,22 1.9322 0.0018
2 o190 - 20 410.67 1.9233 0.0017
I 21
5 22 o
O y85 )| 23
24
25
1.80 !
0 &L 00 e A D b 9112 0.0004
verage Densily 1. !
- Pasittantum) Standard Deviation 0.0142

—)
((/ ‘/[,'w’ Ad

L ay

$ A

V) _ /-t

Operator

A= g
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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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ata Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column

Procedure: [AGR-CHAR-DAM-03 Rev. 2
Operator: |Dixie Barker
Filename: [\\mc-agr\AGR\DensityColumn\D05110801 DRFO3R2.xlIs
Sample 1D: [LEUO1-151-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 ) .
— Top of Bottom of Centerof i - Linear Fit to Density Gradient
Float Float Mass " R = 0.9999
1.800 134.80 144,21 139.51 8 195
1.850 243,34 251.54 247.44 :@
1.900 351.28 357.11 354.20 > 190 [
1.950 456.05 463.23 459.64 @ !
2.000 557.73 565.05 561.39 g 1685
Linear Fit LBU P e
slope StDey intercept StDev 0 100 200 /300 400 500 600
. Position (mm)
4.73E-04 2.74E-06 1.73E4 00 9.73E-04 ) - =
Sample Densit
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Paosition Density Number Position Densily 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 19112 55
6 332.97 1.8908 31 381.77 1.9139 56
il 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
- 352.97 1.9003 40 392.11 1.9188 65
16 354.39 1.9009 41 393.13 1.9193 66
17 358.58 1.9029 42 396,08 1.9207 67
18 359.74 1.9035 13 397.78 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 18 408.28 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
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

'/ / { \ / > cwrli /( )i &N

Operator i g Date

70



ORNL/TM-2006/022, Rev. 0

Summary of "info only” measurements

Coating Thickness

Buffer thickness {(ym) IPyC thickness (um)
Batch 1 NUCO350-30B1-C 99 36.3
Batch 2 NUCO350-37BI1-C 102 35.1
Batch 3 NUCQO350-29BI-C 107 33.9
Average 103 35.1
Composite NUCO350-66BI1-C 105 34.5
Open Porosity
Average particle weight (q) Open porosity (ml/m?)

Composite NUCO350-6681 3.95E-04 1.65
Confirmatory LEU01-15I 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 LEU0Q1-151, calculated from the mercury intrusion between

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

mercury intrusion between 250 psi and 5000 psi, was 1.19 mi/m?, Porosimetry measurements on QPyC,
where compression between 5000 psi and 10000 psi is negligible, show little mercury intrusion above
5000 psi.

71




ORNL/TM-2006/022, Rev. 0

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

Procedure: JAGR-CHAR-DAM-08 Rey, 0

Operator: JAndrew K. Kercher

Sample 1D: INUCO350-3081-C

Sample Description: [ IPyC/Buffer on BWXT kernel composite 69200 -- repolished

Mount Number{s): {M05062902

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\PG5070101

DMR Calibration Expiration Date:[3/24/06

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

Measured Value for 500 pm in Stage Micrometer Image:{500.4 pm

/". i J /

. /
i - N
e S o i[( / ‘

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:

\Wmc-agr\AGR\ImageProcessing\Completed Layers\P05070101\

Sample 1D:

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\

om
=4

o uwy uy 0 wn
~ ~ (=] = o~ o
- L A = IA‘

Number of buffer layers analyzed: 123
Mean of the average buffer thickness of each particle (pm): 99.4
Standard deviation in the average buffer thickness of each particle (pm): 8.8
Distribution of the average buffer layer thickness (top binned)
Buffer Thickness (pmn) Frequency - e o - —%
<5t ) %0 Histogram
60 0
65 0 25 —— S T .
7 0 |
75 0 B p—r— — =
80 2 5 |
85 5 2 15 = —
90 11 |
95 19 E 10| - ==
26
28 ﬂ o
16 n R S O 1 T
13 o w o o
3 [s}] (o4] = o~
0
0

buffer thickness (microns)

—

Je

: Li l(]l ":) az5

Operator

('] Date
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Procedure:

AGR-CHAR-DAM-11 Rewv. 1

Operalor:

Andrew K, Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed Layers\PO5070101\

Sample 1D:

NUCO350-308I-C (repolished sample)

Sample Description:

1PyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data:

\mc-agr\AGR\ImageProcessing\Completed _Layers\PO5070101 _outpul\

Number of inner pyrocarbon layers analyzed: 216
Mean of the average 1PyC thickness of each particle (pm): 36.3
Standard deviation in the average IPyC thickness of each particle (pm): 2.4

Distribution of the averaqe IPyC layer thickness (top binned)

IPyC Thickness (jun) Frequency. R
=30 1 80 Histogram
32 7 - .
34 30 @
36 58 o B T 1
38 72 g 50 4 - .
40 34 2 40 — . = =
a2 12 2
44 2 - 30 4 -
46 0 20— o .
48 0
50 0 19 M ﬂ - -
52 0 L e R S R A T o B
54 0 g 8 3 8 89 9
56 0
T 0 ) IPyC thickness (mlcrcjns) B

T T T T

9 34 ¥ 9 83 8 3 3B

Daye

t\_SC, (&4 / 7, DO
J
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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:

NUCO350-3781-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 pm in Stage Micrometer Image: [500.7 pm

ey

77 Operator
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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\POS5070501\

Sample 1D:

NUCO350-3781-C

Sample Description:

1PyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data:

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

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

Distribution of the average buffer layer thickness (top binned)

Buffer Thickness (pm) Frequency

<55 0

._.
o
S
uleln(ZWIBIRINle v eelelole

125

>125

Hlstogram_

&
o
|

frequency

e
oL oL oo,
|
|

120 ]

125

OU":C’WOWOU‘!DU’J
w0 w0 I~ G)tOO)O’)C)O

o4

115 |

<55

buffer thickness (microns)

—r - ,‘ l
o
=
=

//:/41;- 7 I/—-Cw/z/t T;C.x ((/ 2 055

~ 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:

\\inc-agr\AGR\ImageProcessing\Completed_Layers\PO5070501\

Sample 1D:

NUCO350-37B1-C

Sample Description:

IPyC/Buffer on BWXT kernel composite 69300

Folder name 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 (pum): 35.1
Standard deviation in the average IPyC thickness of each particle (pm): 2.0

Distribution of the average IPyC layer thickness (top binned)

1PyC Thickness (pimn)

Frequency

<30

olojo|ololele|e|w|R|AIEIRIZ|0

120 1 —

100 —
80 |——

60 | —

40 ——
20 +—
0 |

frequency

Histogram

32 O
M

w
(]

g

L JE

g 9 9
IPyC thickness

T v T

¢ % 8 8

(microns)

L ek

)
/%{
L

Operator

77

'TJZ,(?I |9, 2025

Date



ORNL/TM-2006/022, Rev. 0

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 10:|NUCO350-29BI-C

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

Mount Number(s): |[M05070101

Falder name containing images: | \\mc-agr\AGR\ImageProcessing\POSO 70601\

OMR Calibration Expliration Date: {3/24/06

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

Measured Value for 500 pm in Stage Micrometer Image:|499.6 pm

pa
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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\P05070601\

Sample 1D:

NUCO350-29B1-C

Sample Description:

1PyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data:

\mc-agr\AGR\ImageProcessing\Completed_Layers\PO5070601_outpul),

Number of buffer layers analyzed: 120
Mean of the average buffer thickness of each particle (pm): 107.3
Standard deviation in the average buffer thickness of each particle (pm): 8.0
Distribution of the average buffer layer thickness (top binned)
Bulfer Thickness (pm) Frequency -

<55 A . Histogram

60 0

65 0 30 : — = Bl ——
70 0 S -

75 0 w20

80 0 S 20—

85 0 3 15

90 1 & e - o

95 7 = 4o .
100 13
105 22 Bl
110 31 0 S = NENEE
1 23

5 2 58 8 R 2588828888

A
3 buffer thickness (microns)
3 12 . 22

AL ‘ -( (/’/ /(/?, LS

pefator

fite
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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\P05070601%

Sample [D:

NUCO350-29B1-C

Sample Description:

[PyC/Buffer on BWXT kernel composite 69300

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P0O5070601_outputl

Number of inner pyrocarbon layers analyzed: 162
Mean of the average IPyC thickness of each particle (pm): 33.9
Standard deviation in the average IPyC thickness of each particle (pm): 2.0
Distribution of the average [PyC layer thickness (top binned)
IPyC Thickness (j1m) Frequency. - . o -
=30 > 70 - Histogram
32 24
34 62 60— —
36 52 50 = =
38 17 ;.:_;‘
10 5 g 40— o .
32 g & 30 |- — e
46 0 = 20 o I -
48 0 10 H — .
= : O L e S
54 0 88 3 889 93¢ 98B B8 Y
56 0
IPyC thickness (microns
#50) p 0 2 Py _y_ ( ~ ,fi o
/ . / <€ b o
L. /(//43(;.; i W= "\)J"‘l //I;FC3
Operator r ( j)ate
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Procedure.

AGR-CHAR-DAM-0B Rev. 0

QOperator:

Andrew K. Kercher

Sample 10

NUCO350-66B1-C

Sample Description:

Compuosite (3081437814 2981) IPyC/Buffer on BWXT composite 69300

Mount Number(s):

M05070601

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\POS070602\

DMR Calibration Expiration Date:[3/24/06

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

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

o -
¥~

\ y //'/ S J
, oW /
. A s //‘ . ; / E / o
FUY L U VD Y A S o S AL A
QOperator Date

81



ORNL/TM-2006/022, Rev. 0

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:

Wmc-agr\AGR\ImageProcessing\Completed_Layers\PO5070602\

Sample ID:

NUCO350-668B1-C

Sample Description:

Composite (30B1+3781+298B1) IPyC/Buffer on BWXT composite 69300

Folder name containing processed data:

\\inc-agr\AGR\ImageProcessing\Completed_Layers\PO5070602 outpuly

Number of buffer layers analyzed: 155
Mean of the average buffer thickness of each particle (pm): 105.3
Standard deviation in the average buffer thickness of each particle (pm): 2.2
Distribution of the average bulfer layer thickness (top binned)
Buffer Thickness (jm) Frequency "

<55 0 45 - Histogram

60 0

65 0 W= a - M o

?0 b 0 35 R e—— TR =——S=——"T—

75 0 & 30 -

80 0 g 25 —

85 0 220 | —

o S R

90 1 @

95 9 E 15 = o
100 31 10 4—r |
105 39 5 S n {
110 32 0 — e ki = -
115 2

i20 i3 §88F 888888828 KK
155 4 bulfer thickness (microns) "
>125 0 ”

[7, 200

’O[{emtor %

Date/

U[q
¢,
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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:

\Wmc-agr\AGR\ImageProcessing\Completed _Layers\PO5070602\

Sample 1D:

NUCO350-6681-C

Sample Description:

Composite (30B1+3781+298I1) IPyC/Buffer on BWXT composite 69300

Folder name containing processed data:

\\mclagr\AGR\ImageProcesslng\Comp!eledﬁLayers\POSO?OGOZ_outpul\

)

/ ’/’f: -
7w, / ,

Number of inner pyrocarbon layers analyzed: 193
Mean of the average IPyC thickness of each particle (pm): 34.5
Standard deviation in the average 1PyC thickness of each particle (pm): 2.2
Distribution of the average IPyC layer thickness (top binned)
IPyC Thickness () Frequency
<30 . 80 - Histogram |
32 17
34 55 0 ] 1
36 72 60— . —
38 31 Tsof |
40 12 e J
= ;|
42 2 o ‘
44 0 B 80— = 1
- 46 0 e ;
48 0 |
50 0 D — e 1
52 0 o — T —
54 0 %3”3‘33%%38$
>5566 b g IPyC thickness (microns)

Opérator
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Data Report Form DRE-22: Estimation of Average Particle Welgiht

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

Operator:|Dixie Barker

Particle 1ot 10: [NUCO350-66BI

Particle Lot Description: |Composite {30BI+ 3781+ 29B1) IPyC/Buffer on BWXT 69300

Fllename: 1\\mc-agrAGR\ParticleWelght\W05072101  DRF22R1.xis

Sample § Sample 2 Sample 3 Sample 4 Sample §

Welght of particles (g): 7.92E-02 - 9, 73E-02 8.60E-02 B.7BE-D2 7 A2E-02
Number of particles: 201 246 218 222 188

Average weight/particie (g): 3.94E-04 3.96E-04 3,94E-04 3.95E-04 3.95€-04

Mean average weight/particle (g):13.95€-04

Uncertainty in mean average welight/particle (g):{2.92E-07

o - ey

o e Sl g ! ' x / Lt

f—

Operator Date
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Data Report Form DRF-31: Measurement of Open Porosity uslng a Mercury Porosimeter

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

Operator:|S, D, Nunn

Coated particle batch 1D: |NUCO3%0-66B1-E

Batch Description: [IPYC coated BWXT NUCO composite 69300

Thermocouple Expiration Date:|5/23/06

Penetrometer Explration Date: [5/25/06 -

Completed DRF Filename: [\\mc-agr\AGR\Porosimeter\S05071462\505071402_DRF31R0.xIs

tean average welght/particle (g):|3.95E-04

Yncertainty In mean average welght/particie (g):]2.92E-07

Welght of particles (g):14.1698

Approximate number of particles: | 10556

Uncertainty in number of particles:|8

Total envelope volume of sample (cc):[1.391

Average envelope volume/particle {cc):{1.32F-04

Sample envelope density (g/cc):{2.998

Average particle dlameter {microns):{6.31E+02

Average surface areafparticle (em2):§1.25E-02

Total sample surface area (cmi2y:11.32E4+02

Intruded mercury volume from 250-10,000 psia (cc): |2, 1BE-02

Open porosity {ml/m2):| {.65E+00

v

A .:"/;/f"'- Y ,/ / /r

Qperator Date
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Data Report Form DRF-22:

Eslimation of Average Particle Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Operator:

Dixie Barker

Particle Lot 1D:

LEUCO-151-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 §
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 welght/particle (g): [9.19E-07

3 4
v & / .
< { \{'»‘ (_x l/\ CL"VLL 4

f)/
e

/ Operator
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Data Report Form DRF-31: Measurement of Open Porosity using a Mercury Porosimeter

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

Operator:{S. D. Nunn

Coated particle batch 1D:;|LEUQ1-151-DOt

Batch Description: |IPYC coated BWXT composite 69302

Thermocouple Expiration Date: [5/23/06

Penelrometer Expiration Date:]5/25/06

Completed DRF Fliename: {\\mc-agr\AGR\Porosimeter\S05110801\5051 10801 DRF31RO.xIS

Mean average welght/particte (g}:{4.26E-04

Uncertainty In mean average weight/particle {g):]9.19€E-07

Weight of partictes (g}:{4.0001

Approximate number of particles: 19390

Uncertainty in number of particles: 20

Total envelope velume of sampie (¢c):{1.344

Average envelope volume/particle (cc):|1.43E-04

Sample envelope density {g/cc):]2.976

Average particle diameter (microns): 16,496+ 02

Average surface areafparticie (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 (mi/m2):11.56E+00

.),j/ S k)

Operator Date
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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 LEUO1-49T
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 of the results
in section 9 of the acceptability of the IPyC deposition process for 1PyC density. These
additional results are valuable because they are for coatings on the same LEUCO kernel
composite as that used for LEUQ1-49T 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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Inspecilon Report Form IRF-Q2B; Interrunted Coating Batches - IPyC Density

Procedure; | AGR-CHAR-PIP-02 Rev. 4

Batch 1 ID:|LEWD)-23

Batch 1 descriptlon:{Variant 3b: 1PyC/Bulfer on BWXT kernel compasite 69302

Batch 2 10:|LEUDL-261

Batch 2 descriplion:| Variant 3b: [PyC/Butfer on BWXT kerpel composite 69302

Batch 3 10:|LEUGS-411

Datch 3 description:|Variant 3b: 1PyC/8uffer ¢n BWXT kerne! composite 69302

T - 2ot Measured Data - coo0 01 Specification fuoov ERER TR Auc'e.j:ﬁ'ncé Pass : a
Property Hean . |5td. Dav.] # measured |- kor t | INL EDF-4380 | Acceplance Criteria | "po ) oF {'pecords
Ix}) {s) - c (o) “valug- Rev. 6 L X - fail A
mean A= x-ts/vin 2 1.85% $.903 pass
1.628 A
1.9056 | 0.0127 48 P00 | B bivas b 1509 i DRE-G3
Batch 1: IPyC sink/float density (M 2 . h 5 -
v sink/ neity (Ma/m’) dispersion C=x-%s > 180 1.869 pass
2.868 50.01 § 1.80
=001 2 2.00 D =x+ ks < 2.00 1.942 pass
mean A= x-tsfv¥n 2 1.85 1.898 pass
1.676 1
v9016 | 0.0144 5 1.50 % 0.05 B=x+ts/vn s 1.95 1,905 pass 03
Batch 23 IPyC sink/float density (Mg/m* - : - ORF-
vesink/ ¥ (Mo/my dispersion Cwxe ks> 180 1.861 pass
2.848 £0.01 5 1.80
=0.01 = 2.00 D=x+% <200 1.943 pass
mean A= x%-s/vn 2 185 1,901 pass
$.679
y ! o1e04s | 00130 45 DOEOD | Bmxessingasy | 1008 P2% | bar-03
Batch 3: IPyC sink/ffloat denslty (M . " : :
v ! nsity (Ma/m7 dispersion C=x-ks» 1.80 1.867 pass
2.882 <0.01 £ 1.B0
<0.01 = 2.00 D=x+ ks < 2.00 1.942 pass
- Comments

The process cenditions for iFyC and Buffer were the sama as the AGR-1 baseline psog
These results demostrate that the baseline [PyC process conditions satisfy the IPyC density specification with the exception Lhat they were not obtained pricr Lo baseling fue! manufacture.

235 conditions,

A il

Pl 1 B S| g
1A /\,L o Joo U
E’_; aC supervisar. - Date .

I Accept process for JPyC density (Yes or No):l

HiA

(e

QA Revliewer

89

74"

Date




ORNL/TM-2006/022, Rev. 0

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: [\\mc-agr\AGR\DensityColumn\D06012501_DRF0O3R2.xIs
Sample 10: |LEU01-231-B01
Sample desceiption: |Variant 3b: 1PyC/Buffer on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date:|01/2007
Bath temperature:|22.9 °C
Calibrated Floats . .
Density Top of Bottom of Center of 2.00 — anirﬂi EOETSIW Gradlenl" —
Float Float Mass = R? = 0.9999
1.800 122.58 132.72 127.65 Y 105
1.850 223.47 231.53 227.50 o
1.900 326.68 332.74 329.71 > 190
1.950 429.77 437.46 133.62 @
2.000 535.93 543.23 539.58 g 1.85
Linear Fit 1.80 4 & e
~ slope StDev intercept Sthev | 0 100 200: 300 400 560 600
4.856-04 | 2.89E-06 | 1.74E+00 | 9.64E-04 ) Pasitica (mim)
Sample Densit
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 51
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 q1 366.52 1.9169 66
17 337.37 1.9028 42 368.35 1.9178 67
18 342.48 1.9053 LE] 370.63 1.9189 68
19 343.07 1.9056 44 373.61 1,9204 69
20 345.44 1.9067 45 377.86 1.9224 70
21 345.97 1.9070 16 379.11 1.9231 71
22 346.79 1.9074 47 380.42 1.9237 72
23 347.45 1.9077 48 381.00 1.9240 73
24 348.31 1.9081 49 74
25 350.73 1.9093 50 75
Average density of PyC fragments: 1.9056
Standard deviation in density of PyC fragmenls: 0.0127
Uncertainty in calculated density of PyC fragments: 0.0015

¥ =4 5=l

i Operator

Date

a0



ORNL/TM-2006/022, Rev. 0

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: |\\mc-agr\AGR\DensityColumn\D06012601_DRFO3R2.xls
Sample 10: [LEU01-261-B01
Sample description: [Variant 3b: 1PyC/Buffer on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date: [01/2007
Bath temperature:[22.5 °C
Calibrated Floats )
- Top of Bottom of Carteron i ”L_mear Fit Lioil)cnslty Gradient o
Floal Float Mass ~ R? = 0.9999
1.800 128,13 136.87 132.50 Y 185
1.850 228.36 236.83 232.60 :c'ix
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 ga 1.85
Linear Fit 1,60 4 T . ) ! . |
slope StDev intercept StDev 0 i) 200 _ 300 400 500 600
Position (mm)
4.84E-04 2.90E-06 1.74E+00 9.84E-04 - i = B
Sample Densit
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Paosition Density
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
8 301.91 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
12 318.36 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
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
( o )
g ” ! s
e AL /\ "'“(Uu‘ [~ Rl - UL

7 operatof Date
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Procedure: |[AGR-CHAR-DAM-03 Rev. 2
Operator: | Dixie Barker
Filename: |[\\mc-agr\AGR\Density Column\D06013001 DRFO3R2.xls
Sample 1D!|LEUO1-411-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
o To(;aclwlfbralea gloot?(‘;in of Center of o ﬂea_ff_it_m_l:)e_mi_itv Gr_adlenl_
ensity 200
Float Float Mass N RY = 1
1.800 127.12 136.14 131.63 Y195
1.850 229.50 237.55 233.53 o
1.900 335,50 340.95 338.23 5 190
1.950 439.00 446,59 442.80 @
2.000 542,50 549.76 546.13 g 1.85
Linear Fil L0 i ' I
slope StDev intercept StDey 0 100 200 300 4pa 500 600
A.82E-00 | 2.926-06 | L.74E+00 | 9.956-04 , s
Sample Densit
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
[ 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 410 376.49 1.9183 65
16 338.18 1.8999 a1 379.22 1.9196 66
17 340.70 1.9011 a2 380.71 1.9203 67
18 341.74 19016 43 383.98 1.9219 68
19 341.74 1.9016 44 390.28 1.9250 69
20 344.81 1,9031 a5 392,92 1.9262 70
21 345.54 1.9034 46 416.92 1.9378 2
22 346.21 1.9037 a7 72
23 346.46 1.9039 48 E 73
24 346.94 1.9041 49 74
25 348.16 1.9047 50 75
Average densily of PyC fragments: 1.9045
Standard deviation in density of PyC fragments: 0.0130
Uncertainty in calculated density of PyC fragments: 0.0016
= T ) -~ ,
/ /l/},'i L / > ’H"(j. / S« (
T T Onerabor =N Date
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Summary of "info only” measurements

Coating Thickness

Buffer thickness (pm) 1PyC thickness (um)
Batch 1 LEU01-231 109 35.2
Batch 2 LEUO1-261 108 35.1
Batch 3 LEUO1-411 110 35.0
Average 109 35.1
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-08; Imaning of Coated

Particle Cross-sections Using an Optical Microscope System

Procedure!

AGR-CHAR-DAM-08 Rev. 2

Qperator:

Andrew K. Kercher

Sample H):

LEUD1-231-B01

Sample description:

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

Mount 1D number:

MO6012401L

Folder name containing images:

\\me-agr\AGRA\ImageProcessing\PG601 300 1\POG01300101Y

DMR catibration

expiration date: 9/8/06

Calibrated pixelsfmicron: {2.8260

Stage micrometer calibration

expiration date:|2/17/07

tMeasured value for SC0 pm in stage micrometer irmage (pm):}1500.0

Polish-down distance n,m (um)

Approximate layer width in polish plane {pm)

2,2 2,8 8,2 8,8 Kernel sadius Bulfer 1PyC SIC CPyC
298 283 297 280 174 104 36
/ //’
.. o Poe SOy
I .
Date
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRE-11A: Measurement of Buffer Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Qperator:

Andrew K, Kercher

Folder name containing Intages;

Wnc-agr\AGR\ImageProcessing\Completed Layers\PO6013001Y

Sample ID:

LEUQ1-231-8B01

Samyple Doscription:

Variant 3b: [PyC/Buffer on BWXT kernel composite 66302

Folder name containing processed data:

Wnc-agr\AGR\ImageProcessing\Completed _Layers\PO6013001 _ outputy

Mumber of buffer layers analyzed: 77
Mean of the average buffer thickness of each particle {sin): 109,0
Standard deviation in the average buffer thickness of each particle (3m): 7.4

Distribution of the average buffer layer thickness (top binned}

Buffer Thickness {um Frequenc .
R B " _Histogram
60 0
65 0 60
70 0
78 0 > %0
80 0 5 40
85 0 3
a0 3 g 30
95 28 = 9 i
100 37
105 53 10
110 44 0 . ‘

115 19 W oo oW o
120 7 o ® v o~
125 0
>125 2

A P

Operator
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-118: Measurement of Inner Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev, 1

Operator;

Andrew X, Kercher

Folder name containing images:

Wwme-agr\AGR\ImageProcessing\Completed _Layers\P06013001Y

Sample ID;

LEYD1-231-B01

Sample Description:

Variant 3b: 1PyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data:

Wwme-agr\aGR\ImageProcessing\Completed Layers\P0601 3001 _cutputy,

Number of inner pyrocarbon layers analyzed: 80
Mean of the average IPyC thickness of each particle {(pm}: 35.2
Standard deviation in the average 1PyC thickness of each particle (pm): 2.4

Distribution of the average IPyC layer thickness {top binned)

IP}’C Tl'fkaﬂ{?SS ([II") FI'EQUE”C}' T . )
<30 0 70 - _ Histogram
32 0
39 3 60
36 25 50
I8 53 g
0 61 § 40
42 41 & 30
44 12 o
46 3 w20
48 2 10 4 bl F B Y I
50 0
53 0 ¢l v v :
54 o 3 ¢ 3 8 8 3 £ %
56 G
TEE G {PyC thickness (microns)
. - ¢ ‘.,t J/“‘
,’/. ‘I. i !f /l( '
o A ey A e ne A
" Qperator Date

a6
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Data Report Form DRE-08: Imaging of Coated Particle Cross-sections Using an Qptical Microscope System

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

Operator: |Andrew ¥, Kercher

Sample 10: |LEU01-261-801

Sample description: (Variant 3b: 1PyC/Bulfer on BWXT kernel composite 69302

Mount 1D number; [M0O60125011

Folder name cantaining images: | \\mc-agr\AGR\ImageProcessing\P06020701\P0602070101Y

DMR calibration expiration date: [9/B/06

Calibrated pixels/micron: [2,.8260

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

Measured value for 500 pm in stage micrometer image (1m): [500,4

Polish-down distance n,m {pm} . Approximate layer width in polish plane {um)
2,2 2,8 8,72 8,8 Kernel radius Buffer 1PyC SiC OPyC
296 303 290 298 175 100 37
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRE-11A: Measurement of Buffer Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 1

Operator;

Andrew K. Kercher

Folder name containing bnages:

Mmc-agriaGR\ImageProcessing\Completed Eayers\POG020701Y

Sample |D:

LEU01-261-B01

Sample Description:

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

Folder name contalning processed data;

\Mmc-agr\AGRAImageProcessing\Completed_ Layers\POBO20701_outputh
Nuinber of buffer layers analyzed: 75
Mean of the average buffer thickness of each particle {pum}: 107.6
Standard deviation in the average buffer thickness of each particle {(pm): 8.4

Buffer Thickness {1um) Frequency T
Histogram
<55 0 8 . istogram
5 16 e e . -
0 14 i
g é‘ 12 : 2
L [ & [ — :
4] 3 i |
o 8 : :
t @ I
3 = 6
11 4 i
17 2 n -
1‘._
8—) @ 2 B R 2 8 2 8 53 &
M
;_’ buffer thickness (microns)
= //
. // - are
. A o g
peratar”
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-118: Measurement of Inner Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev, 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\me-agr\AGR\ImageProcessing\Completed Layers\PO6020701\

Sample 1D:

LEUO1-261-B01

Sample Description:

Variant 3b: 1PyC/Bulfer on BWXT kernel composite 69302

Folder name containing processed data:

\mc-agr\AGR\ImageProcessing\Completed _Layers\P06020701 _outputy

Number of Inner pyrocarbon layers analyzed: 80
Mean of the average IPyC thickness of each particle (pm): 35.1
Standard deviation in the average IPyC thickness of each particle (pm): 2.3

Distribution of the average 1PyC layer thickness (top binned)

IPyC Thickness (1tm) Frequency [ - h o e - |
=30 5 50 Histogram )
32 4
34 22 25 +—— —— =5 .

36 19 i
38 24 §‘ 20 — +
10 8 S 15 - |
a2 1 & I
44 0 10 > - N
46 0 = |
48 0 5 — - —
50 0

52 0 0 " B

54 0 T Y Y898 Y38 g
>5566 g IPyC thickness (microns)

I & ,-/- : P

7 S i / / ) /

o . y ) / / Y g / 7,
A A gy A K peoAls ; Vb=,

Opérator  / 74 Date
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ORNL/TM-2006/022, Rev. 0

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

Procedure;

AGR-CHAR-DAM-08 Rev, 2

Qperator:

Andrew K. Kercher

Sample D

LEUO01-41}-B01

Sample description:

Variant 3b: 1PyC/Buffer on BWXT kernel composite 69302

Mount D number: |MOG0127011

Folder name containing images: \imce-agr\AGR\Image Processing\PO6020702\P0602070201Y

DMR calibration expiration date:|9/8/06
Calibrated pixelsfmicron: [2.8260
Stage micrometer catibration expiration date: [2/17/07
Measured value for 500 pm in stage micrometer image {1m): {500.4
Palish-down distance n,m (um) Approximate layer width in polish plane {pm}
2.2 2.8 6,2 8,8 Kernel radius Buffer 1PyC SIiC OPyC
308 297 314 300 168 111 36
Vi
- o / //
2 ‘ .,:‘,, o / /N
- '/ i g ’ ¢ f’ /{’ (f
,‘/ ) = x ¢ R T ::-(' ,f" S
Operator ' - Date
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ORNL/TM-2006/022, Rev. 0

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\r\GR\lmageProccssing\Compleled Layers\PO6020702\

Sample 1D:

LEUO1-411-B01

Sample Description:

Variant 3b: 1PyC/Buffer on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\lmageProcess!ng\Completed_l,ayers\POﬁOZO?OZ,output\

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

Distribution of the average buffer layer thickness (top binned)

i

101

Buffer Thickness (um) Frequency H - i
istogram

= : T e ——————
- 18 S —_— SRE—
65 0 16 1— —— = — I F —
70 g 14 = |
75 0 > B e — ]
L : c R — ]
85 0 R B ]
90 2 E 0 I — —ﬂ

95 4 6 —— = S o

100 3 I , -
105 8 e E— ﬂ I"I H.
110 16 0 e | L L i
5 9

70 T f88RR8BEREE e L. R g

A
)!12255 iai buffer thickness (microns) J

- ' "i ‘ / / 4 4/""
A Aw i £ /("< Al C2 /09 /2%
" Operator f Date




ORNL/TM-2006/022, Rev. 0

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

Procedure:

AGR-CHAR-DAM-11 Rev, 1

Operator:

Andrew K. Kercher

Folder name contalning images:

\\mc-agr\AGR\lmageProcesslng\Completed, Layers\P0O6020702\

Sample 1D;

LEUO1-411-B01

Sample Description:

Variant 3b: 1PyC/Bulfer on BWXT kernel composite 69302

Folder name containing pracessed data:

\\mc—agr\AGR\llnageProcessfng\CompIeled,Layers\P06020702_output\

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 cach particle (pm): 2.0

Distribution of the average 1PyC layer thickness (top binned)

IPyC Thickness (pin) Frequency ]
<30 0 30 - - Hijtog_”ﬂ
32 5
34 20 25 ——“—r e
36 26
38 24 ?20 T ity _ T =
40 3 o
15— - — _— — —
43 1 g-
4 0 10 4 — . e — S —
16 0 -
a8 0 51— - _— E
52 0 T -r T T T T T T T T T T T T —
54 0 § 83 8899399888384
56 0
56 0 B ) - Ij-“LC trhlckness(mircrons) o 7 -
) = 2
4 V& y 8 3 _-’f L
7 : 'd L y 4 7 ]
VANl B LG A : // Z
Operator 7 Date
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11 Characterization of first batch of TRISO-coated particles

This section contains data on LEUQ1-24T, the first batch of TRISO-coated particles used for the

LEUOI-49T 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 pm thick and effectively increased the kernel radius by that amount.

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. 7.
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inspesiion Repert Foroy IRE-Q31 Conted Particls Bakches

Procedurg:

AGR.CHAR-PIP-03 Rav. 2

Coated particle hatch 10:

LEUCL-247

Caated partide hatch descripliont

Yariant 31 TRISO on BWXT kernel composite 63102

S - Measured Data Spedfication . - Pass
; Acceptance Data
Property Hesn | Std, Dev.] # measured | tvalue | INL EDF-4380| Acceptance Critern Tt e or Records
{x) {s) (n} (] Rev, 7 o fall :
Average buffer thickness for 7 mean A = x -ts/vin x B85 101.7 pass DRF-08
sach partlcle (um) 102.6 8 228 1652 1001 15 B = x4 ba/ve 2 115 103.5 pass DRF-1}
Average IPyC thickness for 382 20 238 1.651 mean A= x-t4/vin 2 38 . 3v0 pass DRF-08
each particle (pm) ' ’ ! 40 £ S B ¥t ls/vn 5 45 38.4 0ass CRF-1¢
Average SIC thickness for 363 0.0 218 1.651 mean Arox-te/vin 2 33 36.2 Fass DRF-08
eath particte (pm) ' : 35+ 4 Bextls/vns 30 16.4 pass CRE-1)
Average OPyC Lhickness for 218 mean x-1s/vn 2 35 s pass CGRF-05
each partlda {(pm) 4015 % ¢ L6/vn 5 45 189 pass DRF-1L
defect fraction
Partlcles with missing OPyC 15566 ‘ S41n 15,500 o pass DRF19
< 6.0x 190
Comments

Accept Coated particte batch {Yes or Nu):i

et

/’/‘//;/} ( / 74/, -

{.~ QA Reviawer
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Data Report Form DRF-08: Imagin i = s | Micros
Procedure:|AGR-CHAR-DAM-08 Rev, 2
Operator: [Andrew K. Kercher
Sample ID: [LEU01-24T-B01

Sample description:

Variant 3: TRISO on BWXT kernel composite 69302

Mount ID number: |M06032701L

Folder name containing images: \\mc-agr\AGR\ImageProcessing\PO6032801\P06032801 01\

DMR calibration expiration date:|9/8/2006
Calibrated pixels/micron:|2.8260
Stage micromeler calibration expiration date:|2/17/2007

Measured value for 500 pm in stage micrometer image (um):|500.7

Polish-down distance n,m (pm) Approximate layer width in polish plane (pm)
218 2,8 8,2 8,8 Kernel radius Buffer 1PyC SiC OPyC
369 379 365 377 182 102 37 37 38

p P (4 )—/? ,
/S o i
Kog, /K £ ( ' '
gy . A Mxcel RE 206

/ Operator
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ORNL/TM-2006/022, Rev. 0

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:

LEU01-24T-801

Sample description:

Variant 3: TRISO on BWXT kernel composite 69302

Mount ID number:

M06032702L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06032801\POG03280102\

DMR calibration expiration date:|9/8/2006

Calibrated pixels/micron:|2.8260

Stage micrometer calibration expiration date:[2/17/2007

Measured value for 500 pm in stage micrometer image (pm):|500.7

Polish-down distance n,m (pm) Approximate layer width in polish plane (pim)
z2 2,8 82 | 88 Kernel radius|  Buffer 1PyC SiC OPyC
379 376 373 | 373 179 102 37 37 39
e
rd & = ) /

S U 2 R T o Py i 2

]

fford 58 S0ce

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:

LEUO1-24T-801

Sample description:

Variant 3: TRISO on BWXT kernel composite 69302

Mount 10 number:

M06032703L

Folder name containing images:

\mc-agr\AGR\ImageProcessing\P06032801\P0603280103\

DMR calibration expiration date:|9/8/2006
Calibrated pixels/micron:|2.8260
Stage micrometer calibration expiration date:|2/17/2007
Measured value for 500 pm in stage micrometer image (pm): [500.7
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
386 436 363 365 177 105 | 38 38 38
/ . - /_ ) -
y / / g Vil / " 1
- i L /
s /[ s 7 / / 5é . s
274 "/Q'(Q »/) (;'{-"—"{_(__{ /./-(,._rt /| ..\((‘ 220 ¢
Operator Date 7
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Data Report Form DRE-11A: Measurement of Buffer Layer Thickness

Procedure: |JAGR-CHAR-DAM-11 Rev. 2

Operator: |Andrew K. Kercher

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\Completed Layers\PO6032801\

Sample 1D:|LEU01-24T-B01

Sample Description: |Variant 3: TRISO on BWXT Kernel composite 69302

Folder name containing processed data:|\\mc-agr\AGR\ImageProcessing\Completed Layers\PO6032801 oulpul)

Number of buffer layers analyzed: 228
Mean of the average buffer thickness of each particle (pm): 102.6
Standard deviation in the average buffer thickness of each particle (pm): 7.8

Distribution of the average buffer layer thickness (top binned)

Buffer Thickness (pm) | Frequency {__ - 7 N 7
1 o ‘ Histogram
60 0 ‘ 80
65 0 ‘ 70 —
70 0 60
75 0 P
80 0 ’ e 50
85 2 3 40
90 10 & 30
95 22 “~
100 a9 20 I:l
105 69 10
110 34 1] D
115 28 W o v o n o cmomo
120 9 - B T e 28 =
>112255 : buffer thickness (microns)
= 7

===
120 :1

125 O
125

" 7 / //t/‘ 17 7/ /
AN oA AL 4 ( ZL L (/ﬁ < /7 / >‘(/ Rl (/ ’

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

Procedure:|AGR-CHAR-DAM-11 Rev. 2

Operator: [Andrew K. Kercher

Folder name containing images: \mc-agr\AGR\ImageProcessing\Completed Layers\PO6032801\

Sample ID:|LEU01-24T-B01

Sample Description: [Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed Layers\POG032801 _output\

Number of inner pyrocarbon layers analyzed: 238
Mean of the average IPyC thickness of each particle (pm): 38.2
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 | N Hi ) o
32 0
90
36 27 70 [F)
38 86 ‘ & &0
40 77 G &
42 38 B s
44 7 g 30
46 0
48 0 20
50 0 ‘g o | N
52 D = T T 4 T T ™ N LA
54 0 g%a%%%’%‘ T EE I8
56 0
IPyC thickness n
v 5 B | y t_ _(n_1lcro s) -
7 e A S
/ = S . f
; L ; = b ”)_, ~ O S
for AL ) S LY w{/ﬁ( : ik --r-z/r.-D [, RCTC>
L Operator Date
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Data Report Form DRE-11C; Measurement of Silicon Carblde Layer Thickness

Procedure: [AGR-CHAR-DAM-11 Rev. 2

Operator: [Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06032801\

Sample ID:|LEUD1-24T-B01

Sample Description:|Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mec-agr\AGR\ImageProcessing\Completed_Layers\P06032801 output\

Number of silicon carbide layers analyzed: 238
Mean of the average SiC thickness of each particle (pm): 36.3
Standard deviation in the average SiC thickness of each particle (pm): 0.9

Distribution of the average SIC layer thickness (top binned)

| SiC Thickness (j1m) Frequency - T e \
<25 5 0 | Histogram
56 0 100 = : . ‘
27 0 90 |
28 0 80 |
29 0 5, 70 fl
31 0 9 g
32 0 5 ‘
33 0 @ 40 !
34 3 a0 '
% 7 2 |
37 95 10 |—| . 0
38 46 0 D SN N DR R T b T IDI T T T T T LA ‘
39 5 @8&3%85%8%%%‘6%%3%
40 0
i 5 o ) SIC thickness (microns)
D C ) - W A
) g ez g s
/L'-ﬂ-/Lu R % <./%t/ < //’/,>z =TT A // AL C
< .

Operator Date
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Data Report Form DRE-11D; Measurement of Outer Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 2

Operator:

Andrew K. Kercher

Folder name containing images:

\Wmc-agn\AGR\ImageProcessing\Completed Layers\P06032801)

Sample ID:

LEUO1-24T-B01

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

Wmc-agr\AGR\ImageProcessing\Completed Layers\PO6032801 output)

Number of outer pyrocarbon layers analyzed: 238
Mean of the average OPyC thickness of each particle (pm): 38.7
Standard deviation in the average OPyC thickness of each particle (pm): 1.8
Distribution of the average OPyC layer thickness (top binned)
OPyC Thickness (um) | Frequency - .
=20 0 Histogram
52 0 100
24 0 90 .
26 0 80
28 0 70 .
30 0 Yy 60
32 0 s
[
34 0 3 50
36 17 o 40
38 73 = ap
40 86
42 53 20
44 9 10 l] n
46 0 0 b T LB e o T ]
ag 0 SAILEBIIBBIYILYES
50 0 A
PyC thick
%5 g - OPy ckness (microns)
/ // — - /
p / ¥ - /
S 1 / < » : (e / Y& 7 (
= al \,.f/]_/"/, /< - AN ' B et L0

Operator

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

Pracedure: JAGR-CHAR-DAM- 19 Rev. 1

Operator: {John Hunn

Sample 1D [LEU01-24T-CO1

Sample Description: [Variant 3: TRISO on BWXT kernel composite 69302

Fllename: |\\mc-agr\AGR\MissingOPyC\X06032901 _DRF19R1.xls

Mean average weight/particle (g):17.26E-04

Uncertainty In average welght/particle (g):}5.58E-07

Welght of sarnple of particles (g):111.301

Approximate number of particles In sample: 15566

Uncertainty in number of particles In sample: {12

Number of particles with missing OPyC layer: {0

Comments on unusual visual characteristics of OPyC

Al e

] /. T
Jf.'j/’ ,é//z-f\,r. z’f\'-i'/\”“v o R t {/ !ﬂ’
[ /

q 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.

113



ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-22: Estimatlon of Average Particle Welght

Procedure:

AGR-CHAR-DAM-22 Rev, 1

Operator:

Dixie Barker

Particle Lot 1D:

LEUD1-24T-D01

Particle Lot Description:

Variant 3: TRISO on BWXT kernel composite 69302

Filename: [\\mc-agr\AGR\ParticleWelght\W06032701 DRF22R1.xls
Sample 1 Sampie 2 Sample 3 Sample 4 Sample
Weight of particles (g): 9.66E-02 B.06E-02 9.73E-02 9.37E-02 1.05E-01
Number of particles: 133 111 134 129 145
Average welght/particle (g): 7.26E-04 7.26E-04 7.26E-04 7.26E-04 7.23E-04
Mean average welght/particte {g}:17.26E-04
Standard error In mean average welght/particle (g):[5.58E-07
. ! £ { ; ? .
L g Py uufi, ' A [
- ' “Dperator T - Date
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12 Characterization of second batch of TRISQ-coated particles

This section contains data on LEUQ1-25T, the second batch of TRISO-coated particles used for

the LEUO1-49T 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 pm thick and effectively increased the kernel radius by that amount.

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. 7.
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Inspection Report Eorm IRE-03; Costed Particle Batches

Procedure:

AGR-CHAR-PIP-03 flav. 2

Coated particle batch 1D:

LEUDE-257

Coated particle batch description:

variant 3: TRISO on BWXT kernel compostte 63302

: : Heasured Dala: Specification | : - : y Pass
o Py i | Acceptance i Data
Property Moan | 5td, Dev.] # measured | tvalue | INL EDF-43B0| Acceplance Criterfa Test Vatue OF | pecords
: (xy - {s) {r) [13) gev. 7 R R falt :
Average butfer thickness for mean A= x-tsi/o 85 | 1028 _pass DRF-08
each particde {pm} 3.6 4 2 1082 100 £ 15 Beoxt ts/vn < 115 104.4 pass ORF-11
Average 1PyC thickness for 19.2 - 216 1451 mean Aa ¥ tsfvn 2 35 34.0 _pass DRF.08
each particle {un) ' 405 B - x s ts/vn 5 45 39.4 pass ORF-13
Average SIC thickness for mean A= %o ls/vin 2 31 38.0 pass DORF-C8
cach particle (pm) 38 10 236 1631 3544 AT 352 pass | DRF-11
Averags OPyC thickness for 236 1651 mean A= x-ts/vin e 35 40.3 pass DRF-08
each particte {pm} - a0 ¢ 5 Bz x+ ts/vn 5 45 407 pass QRF-11
defect fractian
Porticles with missing OPYC 15636 efect fractia 5417 15,500 0 past DRF-1Q
56.0x10
Lomments

<

’ /\l/\/\f“\ -

QL Supervi

QT

Accept Coated partlcfe batch {Yes or No):l

Tes

Data

QA Reviewer
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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: |LEUO1-25T-B01

Sample description:

Variant 3: TRISO on BWXT kernel composite 69302

Mount 1D number:

M06032901L

Folder name containing Images:

\\mc-agr\AGR\ImageProcessing\PO6033002\P0603300201\

DMR calibration expiration date:|9/8/2006
Calibrated pixels/micron:|2.8260
Stage micrometer calibration expiration date:(2/17/2007
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 SIiC OpPyC
375 382 382 394 178 97 39 [ 39 41
) ! ,
=7
/ £ .08 Lhe, fo :"( L SO 20O
L XA A ) | . (814 . / ¢ g ( { ) a <L OO
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 10:|LEU01-25T-BO1

Sample description: [Variant 3: TRISO on BWXT kernel composite 69302

Mount ID number:|M06032902L

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P06033002\P0603300202\

DMR calibration expiration date:[9/8/2006

Calibrated pixels/micron:|2.8260

Stage micrometer calibration expiration date:[2/17/2007

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
367 367 375 371 171 108 40 40 41
) 7~ //
. / S (g "' by s g
L L / / /8 i, S

AL A /[ 2 { YOy OO0
i Operator i Date
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Data Report Form DRF-08: Imaging of Coated Particle Cross-sections Using an Qptical Microscope System

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

Operator: |Andrew K. Kercher

Sample 1D:|LEUO1-25T-B01

Sample description: [Variant 3: TRISO on BWXT kernel composite 69302

Mount ID number: |M06032903L

Folder name containing images:|\\mec-agr\AGR\ImageProcessing\PO6033002\P0603300203\

DMR calibration expiration date:|9/8/2006

Calibrated pixels/micron:|2.8260

Stage micrometer calibration expiration date:|2/17/2007

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)
22 | 38 8,2 8,8 Kernel radius|  Buffer 1PyC sic | opyc
402 [ 392 371 369 173 114 36 39 | 38
/

- . / / /
// o= /'/{.. / V4
/" / LA / / )

[ A YA
5

Operator Date
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Procedure:

AGR-CHAR-DAM-11 Rev, 2

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed Layers\P06033002\

Sample 1D:

LEUO1-25T-801

Sample Description:

Variant 3: TRISO on BWXT kernel composite 63302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\P06033002 output\

Number of buffer layers analyzed: 222
Mean of the average buffer thickness of each particle (pm): 103.6
Standard deviation in the average buffer thickness of each particle (pm): 7.4

Distribution of the average buffer layer thickness (top binned)

Buffer Thickness (1un) | Frequency )
<55 o ! 0 Histogram
60 0 |
65 0 60 M i
70 0 |
75 0 | &%
80 0 | 5 40 -
85 2 | 3
90 2 | g3
95 22 | % 20
100 a7 ‘
105 61 10 I]
110 35 ol S 'I:L‘l:l N
115 37 PR = S S < BT =) 2w g wyewg v
120 15 g e el G g xr o Naq
125 ] buffer thickness (microns) "
>125 0 Y , o
7 A e /
= S ; A P - -
/ ’\/\/L(f((_ ;'//] \ Ei 1 {L/ oy /// el ol ( 3] P 20 (A'(

Operator

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

Procedure:

AGR-CHAR-DAM-11 Rev. 2

Operator:

Andrew K. Kercher

Folder name containing images:

\me-agr\AGR\ImageProcessing\Completed Layers\P06033002\

Sample 10;

LEUD1-25T-B01

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\POG033002_output),

Number of inner pyrocarbon layers analyzed: 236

Mean of the a

verage IPyC thickness of each particle (pm): 39.2

Standard deviation in the a

verage IPyC thickness of each particle (pm): 1.9

Distribution of the average IPyC layer thickness (top binned)

1PyC Thickness (um) | Frequency ! - . -
<30 0 ! 120 Histogram
32 0 f I
34 0 100 B
36 10
38 50 §‘ 80
40 96 O
42 65 & 8 +
44 15 ® 40
46 0 *
18 0 20
50 0 [ l
52 0 0 e T T T T nl — T T T e
54 0 5%33%??3‘3?%%%%%
36 a IPyC thickness (microns)
>56 0 P L - %
; . 4 7
//," C 7 b, :
S P //, F /
’/\ ‘é o ,/ 7 /, v// . / = - O (
AR SN P A \ e ' LA () 22 <
g Operator Date 14
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Data Report Form DRF-11C: Measurement of Silicon Carbide Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 2

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed Layers\P06033002\

Sample ID:

LEUO1-25T-BO1

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\P06033002 output\

Number of silicon carbide layers analyzed: 236
Mean of the average SiC thickness of each particle (pm): 38.1
Standard deviation in the average SiC thickness of each particle (pm): 1.0
Distribution of the average SIiC layer thickness (top binned)
SiC Thickness (um) Frequency - . B )
Histogram
<25 0 ‘ 100
26 0 }
27 0 ‘ 90 r
28 0 ‘ 80
29 0 70 ]
30 0 3 60
L =
31 0 b
3 50
32 0 o
33 0 o 40
34 0 30
35 0 20
36 4
10
37 28
38 87 0 T T T T T T T T T T T nl T T T'D‘
39 74 @%R%%%E%ﬁ&%%%%%%’?
40 38
Cc K
40 s - Si tl'_llc_l?ess (microns)

—

e A@ia ) A e i /s /\ {4 DOOE

Operator ¥

Date
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-1 .

Procedure;

AGR-CHAR-DAM-11 Rev, 2

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\P06033002\

Sample 1D:

LEU01-25T-BO1

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed Layers\PO6033002 output\

Number of outer pyrocarbon layers analyzed: 236
Mean of the average OPyC thickness of each particle (pm): 40.5
Standard deviation in the average OPyC thickness of each particle (pm): 1.9
I \ i
OPyC Thickness (um) | Frequency [ T o 7 |
T 5 Histogram '
22 0 100 =
24 0 | 90 - ‘
26 0 80 — ||
28 0 70
>
30 0 & 6o |
32 0 g
34 0 2 50
36 1 o 40
38 18 = 30
40 77
2
42 91 10
44 42 0 n
46 7 0 T T T T T T T T T ST § 7 T
48 0 SHILEBTIBBLIITILLSI
50 0 v K A
ne I rons
= = - _(_)PyC thickness (mic ) ]
- Py
7 7 } < ‘7 - _','j / /
-4 Vs y .
JANILAT N AL o D A/t > (. L
& Operator Date 4
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Data_Report Form DRF-19: Counting of Particles with Missing QPyC Laver by Visual Inspection

Procedure: {AGR-CHAR-DAM-19 Rev, 1

Operator:i1John Hunn

Sample ID:{LEUDL-25T-CO1

Sample Description: {Varlant 3: TRISO on BWXT kernel composite 69302

Filename: \\mc-agr\AGR\MissingOPyC\X06032903 DRF19R1.xis

Mean average welght/particle {(g):{7.42E-04

Uncertainty In average weight/particle (g):{1.69E-06

Weight of sample of particles {g}:111.602

Approximate number of particles in sample:|15636

Uncertainty in number of particles in sample: |36

Number of partictes with missing OPyC layer! [0

Comments on unusual visual characteristics of OPyC

i

s
Ik i SR ET
{fj;‘ . 4}!7'!-\;’“ i/‘\(/"f”‘ 20 i.% [/ {/

. f : Operator o - 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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oo Data Repart Forny DRF-225 Estimation of Averdde Particle Welght »ion g siisi oy

Procedure:

AGR-CHAR-DAM-22 Rev, 1

Operator:

Dixie Barker

Particle Lot 1D:

LEUO1-25T-D0Y

Particle Lot Description:

Vartant 3: TRISO on BWXT kernel composite 69302

Fifename: \\mc-agr\AGR\ParticleWelght\W06032901 _DRF22R1.xls
Sample i Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles {g): 1.028-01 9,31E-02 7,.93E-02 8.16E-02 B8.61E-02
Number ¢f particles: 138 126 107 110 115

Average welght/particle (g): 7.41E-04 7.39E-04 7.41E-04 7.42E-04 7.49E-04
Mean average welght/particle {g):|7.42E-04
Standard error in mean average welght/particle (g):}1.69E-06

- . . g _
; 2 .
- o ;e f o E - ! -
PR {(/{ /_) ¢ {(i/(ﬁ; N } ; j / i (/
-7 Operator - .- - Date =
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13 Characterization of third batch of TRISO-coated particles

This section contains data on LEUO1-37T, the third batch of TRISO-coated particles used for the
LEUOI-49T 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 pm thick and effectively increased the kernel radius by that amount.

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. 7.

127



ORNL/TM-2006/022, Rev. 0

Inkpection Report Form IRE-03; Coated Particle Batchay

Procadure: | AGR-CHAR-PIP-D3 Rey, 2
Coated particle batch 101 |LEGOL-37T
“Coated particle batch description:|Variant 3; TRLSO on BWXT kernel compasite 69302
S [N ST C Measured Daty o | Specification’ {5 Spasie
RO i Acteplanca |
Proparty’-. © ‘Mean: sw. Dev. '#_ mensuted. | tvalus | INL EDF-4380 : ﬁ,tpv.m. S
L R U ixYy: Ta}: o e {t) Hev. 7 B Rl bt B
Average buffer thickness for mean A= x-ts/vne 8% 100.2
101.7 6.9 195 1.653
each particle {pm) . 169 + 15 B e +is/va <15 102.5
Averago IPyC thickness for mean Anxts/vnz 35 38.3
38.5 2.0 1% 1.652
each particie {um) 4025 Bwx+ts/vn £ 45 a8,y
Average SIC thitkness for 332 1.0 217 1652 mean A= x - 0500 2 3L EXR]
each particie {pm) ! 54 B8=x¢ls/¥n<39 133
Average OPyC thickness for 19.0 1.9 218 1,652 mean _Arx- ts/vn 2 35 ’ 8.8
each particle {pm) A0 5 8w x4 15/¥n S 45 39.2
e ; fect fragth
Particles with missing OFyC analh : 15554 B defect fract tn s41n 15,500 [
e = 5 £ 6.0x10

Commeants

P

QL Supeivisor Yo : E B . B Data

[ I
{E 22 g;\., Ii /I‘:Lt_-\»-/-—"-" {J if(f {-j(}

Accept Coated particls batch {Yes or Ho):' Yes

T A e/

{7 QA Reviewer.
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Data Report Form DRE-08: Imaaging of Coated Particle Cross-sections Using an Optical Microscope System

Procedure:

AGR-CHAR-DAM-08 Rev. 2

Operator:

Andrew K. Kercher

Sample 1D:

LEUO01-37T-B01

Sample description:

Varlant 3: TRISO on BWXT kernel composite 69302

Mount 1D number:

M0O6041701L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P0O6041801\P0604180101\

DMR calibration expiration date:

9/8/2006

Callbrated pixels/micron:

2.8260

Stage micrometer calibration expiration date:

2/17/2007

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

500.4

Polish-down distance n,m (pm)

Approximate layer width in polish plane (jim)

Operator

2,2 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC OPyC
400 392 399 398 177 97 37 34 42
(= S
7 I'J‘V f" = Z { /' x L3 j ( ( C ;
tj A A ,/Lf l/\) ﬁ - (/-'\,:-"/L_ A .7/;|'\l ! ey

129




ORNL/TM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-08 Rev, 2

Operator:

Andrew K, Kercher

Sample 1D:

LEUO1-37T-B01

Sample description:

Variant 3: TRISO on BWXT kernel composite 69302

Mount 10 number:

M06041702L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06041801\P0604180102\

DMR calibration expiration date:|9/8/2006
Calibrated pixels/micron:|2.8260
Stage micrometer calibration expiration date:|2/17/2007
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)
7,2 2,8 8,2 8,8 Kernel radius|  Buffer | IpyC Sic OPyC
389 384 389 380 173 107 | 38 36 38
/
e
/ 2
/ / .
- & Loty // : ( A v N
ot W< Ll' fL/_ 1. ex b~ L g 21| /\/ q -’(’('C'
7 Operator I Date
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Data Report Form DRF-08; Imaging of Coated Particle Cross-sections Us ng an Optical Microscope System
Procedure: [AGR-CHAR-DAM-08 Rev, 2
Operator: [Andrew K. Kercher
Sample ID:|LEUD1-37T-B01

Sample description:

Variant 3: TRISO on BWXT kernel composite 69302

Mount ID number:

M06041703L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06041801\P0604180103\

DMR calibration expiration date:

9/8/2006.

Calibrated pixels/micron:

2.8260

Stage micrometer calibration expiration date:

2/17/2007

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

500.4

Polish-down dlstance n,m (pm)

Approximate layer width in polish plane (pm)

2,2

2,8

8,2

8,8

Kernel radius Buffer IPyC SiC OpPyC

381

376

364

359

177 102 40 36 39

c

LAY L \1 A IRM A

Operator

/,él‘w/ /\, OO0

Date
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Procedure: |AGR-CHAR-DAM-11 Rey, 2

Operator: |Andrew K. Kercher

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\Completed_Layers\PO604 1801\

Sample 1D:|LEU01-37T-B01

Sample Description: [Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data: [\\mc-agr\AGR\ImageProcessing\Completed Layers\PO6041801 oulput\

Number of buffer layers analyzed: 195
Mean of the average buffer thickness of each particle (pm): 101.7
Standard deviation in the average buffer thickness of each particle (pm): 6.9
Distribution of the average buffer layer thickness (top binned)
Buffer Thickness (um) | Frequency h " L
Histogram
<55 0 60
60 0
65 0 ‘ 50 M
70 0 ‘
75 4] o> 40
80 0 .-
85 0 3 30
90 9 | g |
95 23 | = 20 }
100 51 ‘ |
105 50 ‘ 18- [‘I ” '
110 10 R A I —
115 17 ‘ momomomomomomo w
120 5 \‘?‘D“"‘"“‘w""”‘”‘.??_’:::il‘ﬂ?-‘
125 0 5 "
uff hickness (microns
o 5 » . W er thickn "(—_ ons)
- : rd
bl J 3 /
/’;; 7./' 4 /.
v e o / C Y O
/ '\/\f//\_& . o) / o 1t L-——/A_L < ;5,)‘ { { / ( 5 = C
Operator / Date
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Data Report Form DRF-11B: Measurement of Inner Pyrocarbon Layer Thickness

Procedure: [AGR-CHAR-DAM-11 Rev, 2

Operator: [Andrew K. Kercher

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\Completed Layers\P06041801\

Sample ID: [LEUO1-37T-B01

Sample Description: [Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\PO6041801_outpul)

Number ol inner pyrocarbon layers analyzed: 215
Mean of the average IPyC thickness of each particle (pm): 38.5
Standard deviation in the average IPyC thickness of each particle (pm): 2.0

Distribution of the average [PyC layer thickness (top binned)

1PyC Thickness (pm) Frequency . =
<30 0 90 ~ Histogram
32 0 80 . 1 -
34 2 :
36 25 . 0y —
38 57 & 60
40 82 S 50 = S
42 a1 o 40 }—— —
il 8 £ 30 -
46 0 20 B
48 0
50 0 - -
52 0 . -
54 0 = 1998 6 3 8 8
56 0 £
SEE ) P IPyC thickness (microns) 7 -

Pt Al "/‘}’-’
£ Koo £ L 1R s C
./'"L LA N0 (o [0 g o fl eI =
Operator [ l Date
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Data Report Form DRE-11C: Measurement of Silicon Carbide Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 2

Operator:

Andrew K. Kercher

Folder name containing Images:

\mc-agr\AGRAImageProcessing\Completed _Layers\PO6041801)\

Sample 1D:

LEUD1-37T-B01

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed Layers\PO6041801 output\

Number of silicon carbide layers analyzed: 217
Mean of the average SiC thickness of each particle (pm): 33.2
Standard deviation in the average SiC thickness of each particle (pm): 1.0
Distribution of the average SIC layer thickness (top binned)
SiC Thickness (pm) Frequency | . .
i Histogram
<25 0 a0
26 0
27 0 80 M
28 0 70 -
29 0
30 0
31 4 5 50
32 21 a- 40
33 70 2
34 80 «= 30
35 38 20
37 . (f I—— T NS
39 0 BRRERBS883I886LB889 S
22 9 / SiC thickness (microns)
>40 0 - J.— . N ) B
C ' ‘ /7

’7 /’7 7 4 '/'}",

v

V% *—Lw@ft,,' /"")- S L"c < -z’i/ T -

Operator
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Data Report Form DRE-11D: Measurement of Quter Pyrocarbon Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev. 2

Operator:

Andrew K, Kercher

Folder name containing images:

\\mc-ag NAGR\ImageProcessing\Completed Layers\POG604 1801\

Sample 1D:

LEUDL-37T-B01

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\PO604 1801 _output)

Number of outer pyrocarbon layers analyzed: 218
Mean of the average OPyC thickness of each particle (pm): 39.0
Standard deviation In the average OPyC thickness of each particle (pm): 1.9
Distribution of the average OPyC layer thickness (top binned)
OPyC Thickness (um) | Frequency 7 n . .
Histogram
<20 0
22 0 90
24 0 80 e
|
26 0 70
28 0
30 0 > 60 M
32 0 € 50
34 0 | 3
36 11 | & 4@
38 59 ¥ 30
40 79 i 20
42 55 [
44 13 u D D
46 1 0 e e T T T T L T T T g T
48 0 S AILEEIFTI g Y ‘3‘38$
o 0 PyC knes s '
e 5 ,f;, 2 OPyC thic s (r_nlcron )
Y 24 € o>
5 # A

/

LA AL LA ] - AL

Operator

P A AY e ﬁj?//’?;’ié”/ / // A j(/(( 2

"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

Cperator:

John Hunn

Sample 1D

LEUO1-3771-CO1

Sample Description:

Variant 3: TRISO on BWXT kernel composite 69302

Filename:

\Amc-agr\AGR\MIssingOPyCA\X06041101_DRF19R1.xls

Mean average welght/particle {g):|7.04E-04

Uncertainty in average weight/particle (g): [9.69E-07

Weight of sample of particles {g}:]10.950

Approximate number of particles in sample: {15554

Uncertainty In number of particles In sample:{21

Number of particles with missing QPyC tayer: [0

Comments on gnusyal visuat characteristics of OPyC

fq I, /‘f{.‘ 4
I‘ ; H
'/ k /\/W I ( e
i Operator — S TTRE
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For Information Only

The information in the remainder of this section reports results of measurements not
required by the fuel specitication and is provided for information only.
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Data Report Form DRFE-22: Estimation of Average Particle Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 1

Gperator:

Dixie Barker

Particle Lot ID:

LEUO01-37T-D01

Particle Lot Description:

Variant 3: TRISO on BWXT kernel composite 69302

Filename; [\\mc-agnAGR\ParticleWeight\W06041002 DRF22R1.xls
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Welght of particfes (g): 1.02£-01 1.0SE-01 9.04E-02 1.04E-01 1.05€-01
Number of particles: 145 154 129 147 150
Average weight/particle (g): 7.05E-04 7.05E-04 7.01E-04 7.06E-04 7.03E-04
Mean average welght/particle {0):]7.04E-04
Standard error In mean average weight/particle {g):19.69E-07
- , !
. A K . - o .
[ g / Ay { A H A o (
T Operator Date
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14 Characterization of TRISO-coated particle composite

This section contains data on the TRISO-coated particle composite, LEU01-49T. 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 pm 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 I.LEUO1-
49T 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. 8.
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Inspection Report Form 1RF-04A: Conled Particie Composites

visual standard

standard comparisen

vvvvv Procedure: | AGR-CHAR-PIP. 04 Rev, 2
Coated particle composite 10 [{EU01-49T
Coated particle composlite descriplon;| Variant 3 composite: TRISO on BWXT kernel composite 69302
. S o Messured Data . Specification . Lt PN Pass
: - . i | Acceptance N Data
Proporty Wean | 5td, Dav.] # measured |- kort | ENL EDF-4380 | Acceptanca Criterin. | SCUSRINNOR ] 0 o gp
- b : - " Test Vatue : Records
N (x) {8) {n} yalug Rey. B L : : . Tall
L651 mean A=y -1s/vVinz 85 103.4 pass
Average buffer thickness for 104.2 78 247 100 + 15 B =xtt/vn s 118 105.0 pass DRF-0R
each particie (pm) : : dispersion s DRF-11
2.547 €0.01 % 55 C=x-ks>% 84.3 pass
1658 mean A= x-13/vn 2 35 38.6 0355
R . . -
Average IPYC thickness for 388 21 238 04 B = x ¢ tifvin 5 44 3%.0 9335 DRE-08
each particie (ypm) ' ' dispersion C o= x- ks » 30 315 pass DRF-11
2.545 <0.01 < 30
£0.01 2 56 0=x+tks <56 44.1 pass
1651 mean A= x-Lsfvin e 32 35.7 pass
Average SiC thickness for 5.9 2.1 238 351213 B = x4 ts/vn 5 38 36.1 pass DRF:Q8
each particfe {(ym) : : dispersion DRF-13%
2.545 £0.01 % 25 C=x%+hki>2% 0.6 pass
1.651 mezan o Amxetlyvne 36 39.1 pass
Average OPyC thickness for 393 1 218 4614 B = x4 ts/vin 5 44 395 pass DRF-05
each partide (pm) ) : 2,546 dispersign DRF-13
54 <001 % 20 Corx-ks» 20 34.0 pass
o - T ——— =
Bulfer envelope density i e pass [RF-02A
B s
19yC sink /float density e pass IRF.028
e
1.684 Z’“;‘l“g A= - ts/vn 2 319 3.204 pass
SIC sinkffloat density {Mg/m’} 3.2046 | 0.0010 41 - DRF-02
ISPETSINN A
2522 £00L 5 3.57 Ce=x-ks> 317 3.202 Pass
OPyC sink/float density IRF-040
1633 5"‘:"6’;5 8= x4+ ls/Vn 5 1.035 1,930 pass
IPyC anlsotropy {BAFo equivalent) 1.029 0.002 10 y pa— DRF 18
disperston -
3981 <0.01 21.06 ©=xt ks < 1.06 1.037 pass
U B=x ¢ AV S 1.035 1.023 pass
QPyC anlsotropy (BAFD equivalant) . DRF-18
dispersion ;
£0.01 #1.06 D= x+ ks<1.06 1.033 pass
defect fraction <47 in 12,000
Partict ith SiC gold def . .
articles w gold spoy defects 50 10° or 592 i 73,000 [ pass DRF-20
dispersion 1in 500 DRF-07
Particle 1
aspect ratlo 0,01 21,34 or 7 1in 1420 ! P51 BRE-10
Partlcles with $iC burn-feach defecis defect fracbon $11r 50,000 1 DRF-2}
s Lex10t of 56 I 120,000 pass :
f "
Particles with missing OPyC defect "aa“:n =4in 31,000 [+] pass DRF-19
5 3.6x10
SIC microstructure cemparisen to atlimaged pass visual 3 pass DRF-23

. Lomments
M| ;
7 o
/ i >y [ [
(A4 Lh [N Y A
f’ ) QC Superviser Data
|Acce9\ coated particle composite (Yes or Haj:! Yes ]

QA Raviewer
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Procedure: [AGR-CHAR-PIP-04 Rev. 2
Coated particle composite 10 [LEUD1-49T
Coated particle composite dascipten: [Variant 3 composite: TRISO on BWXT kernet composite 9302
Bateh 1 ID; | LEUDS-24T
Batch 1 descriptioni|Varianmt 3: TRISO on BWXT kerngl composite 69302
Batch 2 I0:|LELUDY-25T
Batch 2 dascriptions|Vardant 3 TRISO on BWXT kernel composite $9302
Batch 3 101 {LEGOL-37T
Batch 3 description:{Varlant 3: TRISO on BWXT kernel composite 69302

2 Specification’
1678 mean A=x-18/Yn 2 185
R oo | o.0004 » 1802005 | g0y isfvin g 1,95 1,923 pass
Batch 1: OPyC sink/float density {Mgfm « " - DRF-03
¥e ! ¥ iHa/m) dispersion C=x-ks > 1.80 1,894 pass
2.868 $G.01 £ 1.80
50.01 2 2.00 D=x+ks <200 1,948 pass
- mean Awx-18f¥n 2 5.85 1.896 pass
S0 L 005 | pay ok rsivn g 1.95 1.899 pass
Bateh 2: QPyC sink/Hoat density {Mg/fm’) 1.8975 | 0.6074 41 - - O DRE-03
gispersion Conx-ks>1.80 1.876 pass
2.922 5601 5 1.80
50.01 = 2.00 Dex+ks< 2 (o] 1.9t9 pass
. mean A=x-1s/vn 2 1.B5 1.914 - pass
N vots? | o.com o1 LSO 2 0.0% | oy yits/ve s 1,95 1.9%7 pass
Batch 3: OPyC sink/tioat dansity {M . - YT I S DRF-03
¥ / ¥ (Hg/o) dispersion Cox-ki>i.80 1.695 pass
2.783 56,01 < 1.80
50.01 = 2.00 D=x+ks<2.00 1.936 pass
Y Comments i

L4
R VIV i

Qe Supew!:or

Accept composite for OPvC density (Yes or Nok:[ ¥es i

=85 "C/ QA Raviewar Da 'S
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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 [D:|LEU01-49T-B01

Sample description: |Variant 3 composite: TRISO on BWXT kernel composite 69302

Mount ID number: |M06042601L

Folder name containing images: [\\mc-agr\AGR\ImageProcessing\P06042702\P0604270201\

DMR calibration expiration date: [9/8/2006

Calibrated pixels/micron:|2.8260

Stage micrometer calibration expiration date:|2/17/2007

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

Polish-down distance n,m (pm) Approximate layer width in polish plane (pm)
2,2 2,8 8,2 8,8 Kernel radlusl Buffer 1PyC SiC OpPyC
381 382 390 387 173 [ 99 40 37 38
=
/ 5
7 / 7 )
/A T : _/'" 7] ) . N L Y A1 AN
A /ué () § £l /E.L ¢ /{]*»1 | ; = (.5 ROCK >
Operator ! Date’
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Procedure; |AGR-CHAR-DAM-08 Rev, 2

Operator:|Andrew K. Kercher

Sample 10:[LEU01-49T-B01

Sample description:|Variant 3 composite: TRISO on BWXT kernel composite 69302

Mount 1D number: [M06042602L

Folder name containing images: \\mc-agr\AGR\ImageProcessIng\P06042702\P0604270202\

DMR calibration expiration date: [9/8/2006

Calibrated pixels/micron:|2.8260

Stage micrometer calibration expiration date:|2/17/2007

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 2,8 8,2 8,8 Kernel radius Buffer 1PyC SiC OPyC

379 375 381 372 {72 109 36 38 40
\ ) B
) ) y 4 4

_ ) o /
s i ‘ 4 / -
o W / - E TS
. L,— A~ fh/ f(/: / \_L L-\,/j/[‘ v /z{ L—\.,\ l o =~ ”
Operator () Date
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Procedure:

AGR-CHAR-DAM-08 Rev, 2

Operator:

Andrew K, Kercher

Sample 1D:

LEUO1-49T-BO1

Sample description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Mount ID number:

M06042603L

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06042702\P0604270203\

DMR calibration expiration date:|9/8/2006

Calibrated pixels/micron:|2.8260

Stage micrometer calibration expiration date:|2/17/2007

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 2,8 8,2 8,8 Kernel radius Buffer IPyC SiC oPyC
391 394 385 391 179 102 38 39 41
) ‘," ) ' -t

s ¢

£ L7

-- o 2 i V{’,. ‘- ‘. -‘/- : ) / p
LN - A el A

,_. - 4 e .
/4[»&_{;“ (‘) s ( ( (’

Operator

G Date
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Data Report Form DRE-11A: Measurement of Buffer Layer Thickness

Procedure:

AGR-CHAR-DAM-11 Rev, 2

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed_Layers\P06042702\

Sample 1D:

LEUO1-49T-B01

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\lmageProcessing\Completed Layers\PO6042702_output\

Number of buffer layers analyzed: 237
Mean of the average buffer thickness of each particle (pm): 104.2
Standard deviation in the average buffer thickness of each particle (pm): 7.8
Distribution of the average buffer layer thickness (top binned)
Buffer Thickness (um) | Frequency . R -
<55 i 0 | Histogram
60 0 - |
65 0 70 e |
70 0 60
75 0 > ]
80 0 £ |
85 2 5 40
90 6 )
a5 15 =
100 47 20 1
105 70 10 D
110 42 ol = 1) || —
120 21 ‘6""“’""‘” o =g g e N W
125 3 b A
uffer thickness (microns
=125 1 - bas | B ) o

/

[
/." by .1 -
e, / /

IAAANLANT fL\ L ~ Il /1

/7',

i G ( 4 \'-} i l’-‘(;

Operator

ﬂ’Datc
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Procedure:

AGR-CHAR-DAM-11 Rev, 2

Operator:

Andrew K. Kercher

Folder name containing images:

\inc-agr\AGR\ImageProcessing\Completed Layers\P06042702\

Sample ID:

LEUO1-49T-B01

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agr\AGR\ImageProcessing\Completed Layers\P06042702 output\

Number of Inner pyrocarbon layers analyzed: 238
Mean of the average IPyC thickness of each particle (pm): 38.8
Standard deviation in the average IPyC thickness of each particle (pm): 2.1

Distribution of the average IPyC layer thickness (top binned)

IPyC Thickness (jun) Frequency o B . 7 o
<30 0 i Histogram ’
-~ 9 90 1
34 1 80 ] '
36 21 70
38 62 oy 60
40 87 5 o0
42 54 | i 40
44 11 | 2
46 2 | = %0
48 0 | 20
50 0 i 18 N
52 0 | gy “ T T T iy T T T T —
54 0 ‘ E-j 83 88T I LI ITY 8 %
14 0 IPyC thickness (microns
>56 0 [ ___y__ (7 ) -

; « - 4
i 4 ry / -
/ / ’ / / B WP, | -
Sy ’ L 5 e b b i .{.(
VA AY DY, A. K wetin / /“(J, g
Operator ) Date
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Data Report Form DRE-11C: Measurement of Sllicon Carbide Layer Thickness

Procedure: |AGR-CHAR-DAM-11 Rev, 2

Operator: [Andrew K. Kercher

Folder name containing images:

\Wmc-agr\AGR\ImageProcessing\Completed Layers\PO6042702\

Sample 1D: [LEYO1-49T-B01

Sample Description: [Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\me-agrnAGR\ImageProcessing\Completed Layers\P0G042702 outputy

Number of silicon carbide layers analyzed; 238
Mean of the average SIC thickness of each particle (pm): 35.9
Standard deviation in the average SiC thickness of each particle (pm): 2.1
Distribution of the average SiC layer thickness (top binned)
SiC Thickness (jm) fFrequency N S . .
<35 . Histogram
60
26 0
27 0 M
28 0 S0
29 0
30 0 &0 -
31 0 &
30
3 g
|
34 27 = 20
35 29
36 38 10 J:l
37 54 ) D
38 16 04— — T T TRy T r T —-
39 25 @8&?&?&85%83%3%%%‘3?
40 8
e 5 ) - Sic lh_lck_ness {mlcroni) -
)/ ) = P p,
£ i //J,: e, p vy f .
y ik D 4 .’ 1 DSl
L A LA% (g A Rlce Ll M ay |, ROOC
(&7 Operator ¢ ¢/ Date

147




ORNL/TM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-11 Rev. 2

Operator:

Andrew K. Kercher

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\Completed _Layers\P06042702\

Sample 1D:

LEUD1-49T-B01

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-agn\AGR\ImageProcessing\Completed Layers\P0O6042702_output\

Number of ouler pyrocarbon layers analyzed: 238
Mean of the average OPyC thickness of each particle (pm): 39.3
Standard deviation in the average OPyC thickness of each particle (pm): &1
Distribution of the average OPyC layer thickness (top binned)
OPyC Thickness (um) | Frequency [ o . - B
| Histogram
<20 0
22 0 | 80
24 0 70 M L
26 0 i
28 0 60 . |
30 0 & 50 [
32 0 5 ||
34 0 2 40 |
L 36 13 o 30 |
38 56 L2 I
40 76 20 ‘:
- : o I I |
46 4 0 e T L T RS 'rDG N ) T i
48 0 @ﬁ&ﬁ%%%éﬁ%%?‘#%‘@%’%%
50 0 \
OPyC
oy 5 ] Py thickness (microns) |
L i A
- A . (/. o —‘, p y, : // / ) e
P 2 A /d 7 A i 2 V)
£ A .['”U‘/ﬁf’/‘l- R Lte {u-r_,- (71 AY oy X e
= Operatér ¢ 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
Fitename: [\\mc-agr\AGR\DensityColumn\D06042401 DRFO2R3.xls
Sample ID: [LEUO1-49T-E01
Sample description: [Variant 3 Composite: TRISO on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date: [01/2007
Bath temperature:|23.4 °C
_ To(;a:}lftnated g'c:)l?ct)tn of Conter of ) Linear Fit}o Density (?r'?dient -
Density 3.21
Float Float Mass ) R? = 0.9985
3.150 156.08 175.78 169.21 83 1 !
3.170 284.21 308.38 300.32 &
3.190 393.91 416.29 408.83 Z
3.210 508.66 532.65 524,65 gxaz
o
Linear Fit #15 ¥ e == '
slope StDev intercept StDev 0 100 200 200 Ao 590 00
e Position (mm)
1.70E-04 3.24E-06 3.12E400 1.11E-03 -
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 482.81 3.2025 26 497.90 3.2051 51
2 483.96 3.2027 27 498.43 3.2051 52
3 484.79 3.2028 28 498.97 3.2052 53
4 485.95 3.2030 29 499,38 3.2053 54
5 186.26 3.2031 30 500.32 3.2055 55
6 487.99 3.2034 31 500.79 3.2055 56
7 488.22 3.2034 32 501.35 3.2056 57
8 488.39 3.2034 33 502.04 3.2058 58
9 489.77 3.2037 34 502.04 3.2058 59
10 490.30 3.2038 35 502.64 3.2059 60
11 490.98 3.2039 36 503.22 3.2060 61
12 492.00 3.2040 37 502.65 3.2059 62
13 492.79 3.2042 38 502.65 3.2059 63
14 493.38 3.2043 39 500.23 3.2054 64
15 494.01 3.2044 40 501.93 3.2057 65
16 493.92 3.2044 41 498.77 3.2052 66
17 494.36 3.2044 42 67
18 494.71 3.2045 43 68
19 495.04 3.2046 44 69
20 495,72 3.2047 45 70
21 495.94 3.2047 16 71
22 196.71 3.2048 47 72
23 496.71 3.2048 418 73
24 497.05 3.2049 49 74
25 497.39 3.2050 50 75
Average density of SiC fragments: 3.2046
Standard deviation In density of SiC fragments: 0.0010
Uncertainty in calculated density of SiC fragments: 0.0020
SN ’ 2 ( .
iy S a [ -ody¥. CL
/v 't -"(_ﬂ)peié[or " 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: [\\mc-agr\AGR\DensityColumn\D06032701 _DRFO3R2.xls
Sample 10: |LEUCO-24T-E01
Sample description: |OPyC from Variant 3: TRISO on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date:[01/2007
Bath temperature:|23.5 °C
Calibrated Floats ) ) g
Density Top of Bottom of Center of 200 LinearElA F?rofnﬂtiq@dlemw
Float Float Mass = R? = 0.9999
1.800 122,24 131.34 126.79 Y 195
1.850 227.24 235.60 231.42 ‘g.
1.900 330.72 336.43 333.58 & 1.90
1.950 430.67 438.09 434.38 @
2.000 529.67 537.00 533.34 g 1.85
Linear Fil 1.80 4 ¥t ¢ t O
slope StDev intercept StDev 0 100 200 b =20 400 40 bed
4.92E-04 | 2,99E-06 | 1.74E+00 | 9.98E-04 . SosMlen(mm) ]
Sample Density
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Densily
1 317.15 1.8927 26 376.40 1.9219 51
2 344.50 1.9062 27 377.39 1.9224 52
3 352.02 1.9099 28 378.22 1.9228 53
4 352.83 1.9103 29 378.22 1.9228 54
5 355.81 1.9118 30 378.96 1.9232 55 |
6 356.54 1.9121 31 380.23 1.9238 56
7 356.54 1.9121 32 381.02 1.9242 57
8 357.67 1.9127 33 382.11 1.9247 58
9 359.07 1.9134 34 382.71 1.9250 59
10 360.62 1.9141 35 383.84 1.9256 60
11 361.14 1.9144 36 385.23 1.9262 61
12 362.02 1.9148 a3z 385.23 1.9262 62
13 362.89 1.9152 38 386.96 1.9271 63
14 363.79 1.9157 39 389.34 1.9283 G4
15 364.06 1.9158 40 392.03 1.9296 65
16 364.63 1.9161 41 393.11 19301 66
17 365.54 1.9166 42 394.53 1.9308 67
18 366.67 1.9171 43 394.87 1.9310 68
19 366.92 1.9172 44 399.35 1.9332 69
20 368.39 1.9180 45 402.19 1.9346 70
21 369.27 1.9184 46 403.92 1.9354 71 _
22 370.00 1.9187 47 414.55 1.9407 72
23 370.81 1.9191 48 428.48 1.9475 73
24 372.68 1.9201 49 74
25 375.10 1.9213 50 75
Average density of PyC fragments: 1.9211
Standard deviation in density of PyC fragments: 0.0094
Uncertainty in calculated density of PyC fragments:| - 0.0016 ]
11 )
( e, g L Iyl A & P s
| AL ¢ / i i/\( v ) ol A O
AT T OpEraor Date
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ORNL/TM-2006/022, Rev. 0

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\D06032901_DRFO3R2.xls
Sample 10: |LEUQ1-25T-E01
Sample description: |OPyC from Variant 3: TRISO on BWXT kernel composite 69302
Floal expiration date: |07/2007
Gauge expiration date:{01/2007
Bath temperature: [23.6 °C
Calibr.
: Topaofb .l l:::ot':cl:n of Center of B E?j.*_ar_ﬂt _lo DensibnGradient
Density : 2.00
Float Float Mass . RY =1
1.800 126.61 135.68 131.15 Y195
1.850 233.19 241.19 237.19 )
1.900 338.87 344.83 341.85 2 190
1.950 441.18 449.15 445.17 @
2.000 543.88 551.21 547.55 g: 1.85
Linear Fil 180 fasi-asney = ===
slope StDev intercept StDev 0 100 200 %0 400 500 600
A.80E-04_ | 2.B9E-06 | 1.74E+00 | 9.92E-04 ) i .
Sample Densit
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Densily Number Position Density Number Position Density
1 313.89 1.8872 26 337.21 1.8984 51
2 313.89 1.8872 27 337.50 1.8985 52
3 316.25 1.8883 28 337.86 1.8987 53
4 320.08 1.8902 29 339.26 1.8994 54
5 321.12 1.8907 30 341.04 1.9002 55
6 321.29 1.8907 31 342,51 1.9009 56
7 321.29 1.8907 32 344.89 1,.9021 57
8 320.53 1.8904 33 346.21 1.9027 58
9 322.22 1.8912 34 345.16 1.9022 59
10 324.31 1.8922 35 347.09 1.9031 GO
11 325.17 1.8926 36 347.60 1.9034 61
12 325.65 1.8928 37 348.24 1.9037 62
13 328.74 1.8943 38 348.63 1.9039 63
14 329.76 1.8948 39 353.83 1.9064 64
15 330.07 1.8949 40 367.80 1.9131 65
16 331.04 1.8954 41 398.05 1.9276 66
17 331.36 1.8956 42 67
18 331.83 1.8958 43 G8
19 332.96 1.8963 44 69
20 333.38 1.8965 45 70
21 333.87 1.8968 46 71
22 334.43 1.8970 a7 72
23 335.82 1.8977 48 73
24 336.05 1.8978 19 74
25 336.24 1.8979 50 75
Average density of PyC fragments: 1.8975
Standard deviation In density of PyC fragments: 0.0074
Uncertainty in calculated density of PyC fragments: 0.0015
( ( /
[ 1Ak ) / > \'-i"ﬁ.ﬂ w1 (A
L T T " Operatod R Date
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Data Report Form DRF-03: Measurement of PyC Density using a Density Gradient Column

Procedure: JAGR-CHAR-DAM-03 Rev, 2
Operator: |Dixie Barker
Filename: [\\mc-agr\AGR\DensityColumn\D06041001_DRFO3R2.xls
Sample 1D: |LEUO1-37T-E01
Sample description: |[OPyC from Variant 3: TRISO on BWXT kernel composite 69302
Float expiration date:|07/2007
Gauge expiration date:|01/2007
Bath temperature:|23.5 °C
Calibrated Floats —‘
S Top of Bottom of Centerof 5iéh Linear Fit to Density GrafilenE
Float Float Mass = R? = 0.9999
1.800 134.63 143.49 139.06 Y 105
1.850 236.29 244.76 240.53 o
1.900 341.22 346.77 344.00 > 1.90
1.950 445.00 451.92 148,46 @
2.000 550.26 557.27 553.77 8 185
Linear Fit 1.80 im0 t g t —
slope StDev intercept StDev ) 190 el . 00 400 500 600
4.82E-04 2.91E-006 1.73E+00 1.01E-03 Pasition (mm) )
Sample Densit
Fragment Fragment Calculated Fragment Fragment Calculated Fragment Fragment Calculated
Number Position Density Number Position Density Number Position Density
1 340.52 1.8978 26 370.14 1.9120 51 389.59 1.9214
2 348.04 1.9014 27 370.79 1.9124 52 390.64 1.9219
3 352.54 1.9036 28 372.68 1.9133 53 391.96 1.9226
4 357.59 1.9060 29 373.59 1.9137 54 392.67 1,9229
5 358.56 1.9065 30 374.65 1.9142 55 392.90 1.9230
6 361.16 1.9077 31 375.30 1.9145 56 393.82 1.9235
7 361.58 1.9079 32 375.83 1.9148 57 397.84 1.9254
8 360.05 1.9072 33 376.84 1.9153 58 398.52 1.9257
S 362.50 1.9084 34 379.14 1.9164 59 399.59 1.9262
10 363.55 1.9089 35 379.85 1.9167 60 400.25 1.9265
11 364.51 1.9093 36 380.40 1.9170 61 404.12 1.9284
12 365.82 1.9100 37 381.95 1.9177 62 404.85 1.9288
13 366.30 1,9102 38 382.44 1.9180 63 405.55 1.9291
14 366.30 1.9102 39 382.68 1.9181 64 414.65 1.9335
15 366.90 1.9105 40 383.13 1.9183 65
16 367.04 1.9105 41 384.02 1.9187 66
17 368.02 1.9110 42 384.79 1.9191 67
18 368.26 1.9111 43 385.72 1.9195 68
19 365.27 1.9097 a4 386.01 1.9197 69
20 366.55 1.9103 a5 386.29 1.9198 70
21 367.67 1.9108 46 386.59 1.9200 71
22 368.24 1.9111 47 386.97 1.9201 72
23 369.19 1.9116 418 387.77 1.9205 73
24 369.19 1.9116 49 387.94 1.9206 74
25 369.63 1.9118 50 388.48 1.9209 75
Average density of PyC fragments: 1.9157
Standard deviation in density of PyC fragments: 0.0073
Uncertainty in calculated density of PyC fragments: 0.0016

L

( il ; 'I' /34‘_[{&’._ , J( - (\‘ ( (

= fép’e}atér Date
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-18A: Measuremeénit of Pyrocarbon Anlsotropy using the 2-MGEM ~ IPyC

Procedure:

AGR-CHAR-DAM-18 Rev. 1

Operator;

G, E. Jellison

Mount ID:

MO6042501L

Sample ID:

LEUD1-49T-B01

Sample Description;

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder containing data:

\\mic-agr\AGR\2-MGEM\RD6042801\

particle # Grid Diattenuation Equivalent BAFo
Position Average St. Dev, Ave. Error Average St, Dey, Ave. Error

1 4,4 0.0106 0.0034 0.0012 1.0318 0.0102 0.0036
2 4,5 0,0085 0.0029 0.0012 1.0255 0.0087 0.0036
3 4,6 0.0099 0.0029 0.0012 1.0297 0.0087 0.0036
4 5.4 0.0102 0.0031 0.0011 1.0306 0.0093 0.0033
5 56 0.0090Q 0.0027 0.0011 1.0270 0.0081 0.0033
[ 6,4 00,0106 0.0034 0,0012 1.0318 0.0102 0.0036
7 6,5 0.0091 0.0027 0,0011 1.0273 0.0081 0.0033
8 6,6 0.0104 0.0029 0.0011 1.03i2 0.0087 0.0033
9 4,7 0.0093 0.0027 0.0013 1.0279 0.0081 0.0039
i0 4,8 0.0102 0.0028 0.0011 1.0306 0.0084 0.0033

Average 0.0098 0.0030 0.0012 1.0293 0.0089 0.0035

Mean of average BAFo per particle: {1.0293

Standard deviation of average BAFo per particle: {0,0022

- Comments

- </ ’m / v)// f} ¢

Operator

s Date i

153




ORNL/TM-2008/022, Rev. 0

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;

M06042501L

Sample ID:

LEUO1-49T-BO1

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder containing data:

\\mc-agr\AGR\2-MGEM\R06042801\

particle # Grid Diattenuation Equivalent BAFo
Position Average St. Dev. Ave. Error Average St. Dev, Ave. Error
1 4,4 0.0066 0.0029 0.0018 1.0198 0.0087 0.0054
2 4,5 0.0061 0.0026 0.0011 1.0183 0.0078 0.0033
3 4,6 0.0074 0.0030 0.0012 1.0222 0.0090 0.0036
4 5,4 0.0069 0.0028 0.0012 1.0207 0.0084 0.0036
5 5,6 0.0061 0.0026 0.0011 1.0183 0.0078 0.0033
6 6,4 0.0081 0.0031 0.0012 1.0243 0.0093 0.0036
7 6,5 0.0074 0.0030 0.0011 1.0222 0.0090 0.0033
8 6,6 0.0065 0.0025 0.0011 1.0195 0.0075 0.0033
9 4,7 0.0075 0.0031 0.0012 1.0225 0.0093 0.0036
10 4,8 0.0086 0.0033 0.0011 1.0258 0.0099 0.0033
Average 0.0071 0.0029 0.0012 1.0214 0.0087 0.0036
Mean of average BAFo per particle: [1.0214
Standard deviation of average BAFo per particle: |0.0025
Comments
¥, 4 k‘\ ’ 2 2
{ < C Lz D3 OL
ot Operator Date
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ORNL/TM-2006/022, Rev. 0

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

Procedure: JAGR-CHAR-DAM-20 Rev. |

Operator:{John Hunn

Sample 10:1LEU01-49T-D02

Sample Description:iVarlant 3 composlte: TRISO on BWXT kernel composite 69302

Filename: 1\\mc-agr\AGR\GoldSpots\G06042601 _DRF20R1.xls

Mean average weight/particle (g):[7.26E-04

Uncertainty in average weight/particle {g):}7.80E-07

Welght of sample of particles {g):18.850

Approximate number of particles In sample: 12190

Uncertainty in number of particles In sample:{13

Number of particles with gold spot defects: {0

‘Comments on unusual visual characteristics of SIC

6 particles with an area of lumpy SIC were observed, These features were caused by carbon soot Inclusion at the IPyC/SIC
Interface. However, for the purpose of this acceptance test, they were not counted as partictes with Sic gold spot defects
because they could not be classified as such according to the visual standard.

2 ]S T Operator Date’
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LEUO01-49T-D02 ORNL/TM-2006/022, Rev. 0

Average appearance of SiC surface.

%
X
.zl. 0.

0/12190 gold spots found. However 6/12190 particles were observed with lumpy
surfaces.
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LEUO1-49T-D02 ORNL/TM-2006/022, Rev. 0

These lumpy surface features were revealed in optical cross section to be caused by
varying degrees of carbon soot inclusion at the IPyC/SiC interface. These inclusions are
the same type of coating defect that gives rise to the appearance of gold spots on the SiC
surface. These inclusions did not manifest as gold spots in the LEU01-49T composite
because of the difference in the SiC morphology associated with this variant. The mixed
Ar/H SiC deposition produced a significantly smaller grain size than the baseline SiC
deposition condition, as desired. This smaller grain size apparently resulted in more
optical scatter at the surface which overshadowed the optical effect that would cause
these defects to appear as gold spots.

Because these lumpy particles could not be categorized as gold spot defects according to
the visual standard in section 5.3 of EDF 4380, they were not official counted for
determination of product acceptance.
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[B] rm DRF-07:

ORNL/TM-2006/022, Rev. 0

Particle Diam t Ratio Usin ical Mi ) stem

Procedure:

AGR-CHAR-DAM-07 Rev. 1

Operator:

Andrew K. Kercher

Sample ID:

LEUD1-49T-CO1

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing images:

\\mc-agr\AGR\ImageProcessing\P06042601\

DMR Calibration Expiration Date:|9/8/2006

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

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

/47/%/{_ ~April 26, R006

Operator

Date
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-10B: Measurement of Particle Aspect Ratlo (Dmax/Dmin)

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

Operator: |Andrew K. Kercher

Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed _Shadow\P06042601\

Sample 1D:|LEUQ1-49T-C01

Sample Description: [Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing processed data: \mc-agr\AGR\ImageProcessing\Completed_Shadow\P06042601_output\

: Number of particles analyzed: 1709
Number of particles with aspect ratio = 1.14 1
Average particle aspect ratio: 1.055

Distribution of the aspect ratlo (top binned)

Aspect Ratio (D) Frequency ' e — —~
1.005 0 Histogram
1.010 0
1.015 5 250 ¢ e
1.020 15
1.025 26
1.030 65 : 1
1.035 85 200 +
1.040 149 _
1.045 162 I
1.050 215 }
1.055 184 )
1.060 188 g 150 1
1.065 154 ]
1.070 115 o
1.075 113 ] N
1.080 67 & 100 |
1.085 57
1.090 37
1.095 28
1.100 19 |
1.105 7 20
1.110 7
1.115 3 |]
1.120 3
1.125 3 0 '-‘+—|Di[|i AL LL UL L L e e
= (=] — ~ [12] g wn iy I~ 28] [o2] o i ~ m —
1.135 0 © @ @ @ o 9 @ o g 9 =H = oA =
1.140 0 LT T T B S S S T R (R S S S A
>'1' 14 1 ! Aspect Ratlor(Dmax/Dmln B
;s . "'/ ‘J;/ f/ ] .
S y /f" A / /K 3 ( YO y A
A o SRS O { ¢ AN v [J2r |l = { o =X OO o
7 Operator ] DRtaR
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ORNL/TM-2006/022, Rev. 0

Data Repo ri F-21: r

nt of Num

r of

rticles wi B

-Leach De

ts

Procedure:

AGR-CHAR-DAM-21 Rev. 1

Operator: |Montgomery

Sample 1D: |LEU01-49T-F01

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Filename:

\\mc-agr\AGR\BurnLeach\QCData\B06042601_DRF21R1.xls

Mean average welght/particle (g):

7.26E-04

Uncertainty in mean average weight/particle (g):

7.80E-07

Weight of sample of particles (g):

36.4308

Approximate number of particles in sample:

50161

Uncertainty in number of particles in sample:

54

Mean average welght/kernel (g):

2.42E-04

Uncertainty in mean average welght/kernel (g):

5.96E-07

Mean weight % uranium/kernel:

90.06

Standard deviation in weight % uranium/kernel:

0.09

Approximate welght uranium/kernel (q):

2.18E-04

Uncertainty in approximate weight uranium/kernel (g):

5.76E-07

Leach 1

Leach 2

Leach 3

Sample 1D

B0605040101

B0O605080102

Volume of solution (ml):

Measured p activity of 0.1ml aliquot (dpm):

Estimated welight of U in solution (mg):

0

0

Radiochemical laboratory analysis number

060510-001

060510-003

Weight uranium leached (g):

3.16E-07

1.55E-07

T 4.716-07

Uncertainty in weight uranium leached (g):

3.20E-08

1.60E-08

3.5BE-08

Calculated number of particles with SiC defects:

0

0

0

Uncertainty in number of particles with SiC defects:

1.47E-04

7.35E-05

1.64E-04

Comments

(=

checked by FCM against official analysls results IPA14268 on 5/15/06.

e ¢ Numbaune iy

U Operatdf
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Data Report Form DRF-21: Measurement of Number of Particles with SIC Burn-Leach Defects

ORNL/TM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-21 Rev, 1

Operator:

Montgomery

Sample 1D:

LEUO01-49T-GO1

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Filename:

\\mc-agr\AGR\BurnLeach\QCData\B06042602 DRF21R1.xls

Mean average weight/particle (g):|7.26E-04

Uncertainty in mean average weight/particle (g):|7.80E-07

Weight of sample of particles (g):]51.2017

Approximate number of particles in sample: |70499

Uncertainty in number of particles in sample: [76

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

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

Mean weight % uranium/kernel: |90.06

Standard deviation in welght % uranium/kernel: [0.09

Approximate welght uranium/kernel (g):|2.18E-04

Uncertainty in approximate weight uranium/kernel (g):|5.76E-07

Leach 1 Leach 2 Leach 3 Total
Sample ID| BO605040201 | BO605080202 Wi
Volume of solution (ml):
Measured B aclivity of 0.1ml aliquot (dpm):
Estimated weight of U in solution (mg): 0 0 0 ‘
Radiochemical laboratory analysis number| 060510-002 060510-004 1 WARES),
Weight uranium leached (g): 2.53E-04 1.85E-05 2.72E-04
Uncertainty in weight uranium leached (g): 2.50E-05 1.90E-06 2.51E-05
Calculated number of particles with SiC defects: 1 0 1
Uncertainty in number of particles with SiC defects: 1.15E-01 8.73E-03 1.15E-01
Comments

U checked by FCM against officlal analysis results IPA14268 on 5/15/06.

J‘ /
{'(‘.‘: \\\" C i | l(ﬂ\.lsr'; VY ALy

Operator =/
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ORNL/TM-2006/022, Rev. 0

w2 Datg Report Form DRF-19: Counting of Particles with Missing OPYC Laver by.VisGal Inspection oo 0 ieiai,

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

Operator:|John Hunn

Sample I{: |LEUG1-497-D01

Sample Description: |Vartant 3 Compaosite:TRISO on BWXT kernel compaosite 69302

Filename: \\mc-agr\AGR\MissingQPyC\X06042501 _DRF19R1.xls

Mean average welght/particle {g):17,.26E-04

Uncertainty in average weight/particle (g):i7.80E-07

Welght of sample of particles {g):]22.635

Approximate number of particles in sample: {31178

Uncertainty in number of particles in sample:{33

Number of particles with missing QPyC layer: {0

Comments on unusiral visual characteristics of OPyC il o

i f"; //r;,

f I R

"If A (?i/j /s\_%.-\/\/-\.,- EJ -7 3 . i"' {{/
T Gperator T
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-23: Imaging of SIC Grain Structure

Procedure:

AGR-CHAR-DAM-23 Rev, 0

Operator:

Paul Menchhofer

Filename:

\\me-agr\AGR\SEM\E06042601_DRF23R0.xls

Sample 1D:

LEUO1-49T-B01

Sample Description:

LEU01-49T-B01

Mount Number(s):

M06042101L

Folder name containing images:

\\mc-agr\AGR\SEM\

Images of SIC grain structure

particle 1 particle 2 particle 3
1000x image filename 59423 59431 59435
2500x image filename 59424 59432 59436
grain structure acceptable yes yes yes
Comments
] .‘ "' ‘ / {J-'f! i
L) IR | { 1 e i {
\ Mg /¢
) ¢ [ Operator ~ ‘ ‘ Date
[
/" ;" / U-2%- |
[fer -26- Db
{f QC Supervisor Date
T Qb péviewer Date
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ORNL/TM-2006/022, Rev. 0
For Information Only

The information in the remainder of this scction reports results of measurements not
required by the fuel specification and is provided for information only.
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ORNL/TM-2006/022, Rev. 0

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

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

Operator: |Dixie Barker

Particle Lot 1D: |LEU01-49T-H01

Particle Lot Description: |Variant 3 Composite:TRISO on BWXT kernel comp 69302

Filename: |\\mc-agr\AGR\ParticleWelght\W06042001_DRF22R1.xIs

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Weight of particles (g): 9.30E-02 9.24E-02 7.28BE-02 9.19E-02 8.78E-02
Number of particles: 128 127 100 127 121

Average weight/particle (g): 7.27E-04 7.28E-04 7.28E-04 7.24E-04 7.26E-04

Mean average welght/particie (g):|7.26E-04

Standard error In mean average welght/particle (g):|7.80E-07

J — 4N / 4 L r
Fied W o 07 ( o (

L { i
Y T Toperbtor = Date
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Data Report Form DRF-31: Measurement of Open Peraslty using a Mercury Poresimeter..-

ORNL/TM-2006/022, Rev. 0

Procedure:

AGR-CHAR-DAM-31 Rev. 1

Operatar;

S. D. Nunn

Coated particle batch [D;

LEUQ1-497-101

Batch Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Thermacouple Expiration Date:

5/23/06

Penetrometer Explration Date:

$/25/06

Completed DRF Filename:

MWmc-agnAGR\Poresimeter\S06042401\506042401_DRF31R1.xls

Mean average weight/particle {g):{7.26E-04

Standard error In mean average welght/particte {g}:|{7.80E-07

Welght of particles {g): 13,5113

Approximate number of particles: 14837

Uncertainty In number of particles: {5

Yotal envelgpe volume of sample (cc): {1,266

Average envelope volume/particle {cc):{2,62E-04

Sample envelope density {gfcc):]2.773

Average particle diameter {microns):[7.94E+02

Average surface areafparticle {cm2):11.98E-02

Totat sample surface area {(¢m2);[9.57E401

Intruded mercury volume from 250-10,000 psia {cc):19.50E-03

Open porosity {ml/m2}:19.93E-01

Comments

I N
SR

Operator = ©

1_//_;&.,' //’{A
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ORNL/TM-2006/022, Rev. 0

Data Report Form DRF-10A; Measurement of Particle Diameter

Procedure:

AGR-CHAR-DAM-10 Rev, 2

Operator:

Andrew K. Kercher

Folder name containing images:

\\mec-agr\AGR\ImageProcessing\Completed_Shadow\PO604260 1\

Sample 1D:

LEU01-49T-CO1

Sample Description:

Variant 3 composite: TRISO on BWXT kernel composite 69302

Folder name containing processed data:

\\mc-ag r\AGR\lmageProcessIng\Complelcd,Shadow\POGOd260l,oulpul\

Number of particles analyzed: 1709
Mean of the average diameter of each particle (um): 795.1
Standard deviation in the average diameler of each particle (pm): 15

Distribution of the average particle diameter (top binned)

Mean Diameter (pm) Frequency
<700 0
710 0
720 0
730 0
740 0
750 0
760 5
770 G0
780 206
790 384
800 444
810 338
820 179
830 67
840 21
850 5
>850 0

Histogram

500
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g 300
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50
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820 )

830 =3I
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850 |
-

770 3

<700 |
710
720
30 |
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780
7590 .
800 I

Mean Diameter (pm)

%);/ZZC/L 74?;( 27, 2006

Operatar

Date
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Supplement to DRF-21: Impurity Analysis Data

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

Operator: |Montgomery

Sample ID:|LEU01-49T-FO1

Sample Description: [Variant 3 composite: TRISO on BWXT kernel composite 69302

Filename: [\\mc-aar\AGR\BurnLeach\QCData\B06042601 DRF21R1.xls

174

Leach 1 Leach 2 Leach 3
Sample number: | BO605040101 | BO60S080102
RMAL Analysis Number:| 060510-001 | 060510-003 Natalng
Fe content of leach solution (pg) 9.31 0.93 10.24
Uncertainty in measured Fe content (yg) 0.93 0.19 0.95
Cr content of leach solution (jg) < 1.70 < 0.71 < 2.41
Uncertainty in measured Cr content (pg)
Mn content of leach solution (pg) < 0.24 < 0.10 < 0.34
Uncertainty in measured Mn content (pg)
Co content of leach solution (pg) < 0.68 < 0.28 < 0.96
Uncertainty in measured Co content (pg)
Ni content of leach solution (pg) 6.02 < 0.50 < 6,52
Uncertainty in measured Ni content (pg) 0.60 0.60
Cr + Mn + Co + Ni (pg) < B8.64 < 1.59 <10.23
Uncertainty in Cr + Mn + Co + Ni (pg) 0.60 0.60
Ca content of leach solution (pg) 22.20 8.55 30.75
Uncertainty in measured Ca content (pg) 2.20 0.86 2.36
Al content of leach solution (pg) 16.80 4,52 21.32
Uncertainty in measured Al content (jg) 3.40 0.90 3.52
Ti content of leach solution (pg) < 2.06 < 0.86 < 2.92
Uncertainty in measured Ti content (ug)
V content of leach solution (jg) < 0.94 < 0.39 < 1,33
Uncertainty in measured V content (pg)
Ti + V content of leach solution (pg) < 3.00 < 1.25 < 4.25
Uncertainty in measured Ti + V content (uq)
Comments
Impurities checked by FCM against official analysis results IPA14268 on 5/15/06.
Vi ;
’),Q \LLI ( \'{J\,'-"'\'-\‘f,f;L'v\\..U-J (S =00b
" Operatdr Date
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Supplement to DRF-21: Impurity Analysis Data

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

Operator: |Montgomery

Sample ID: [LEUD1-49T-GO1

Sample Description: [Variant 3 composite: TRISO on BWXT kernel composite 69302

Filename: [\\mc-aar\AGR\BurnLeach\OCData\B06042602 DRF21R1.xls

Leach 1 Leach 2 Leach 3
Sample number: | BO605040201 | BOG05080202
RMAL Analysis Number:| 060510-002 | 060510-004 fotal yg
Fe content of leach solution (pqg) 6.20 1.78 7.98
Uncertainty in measured Fe content (pq) 0.62 0.18 0.65
Cr content of leach solution (pg) < 0.71 < 0.71 < 1.41
Uncertainty in measured Cr content (pg)
Mn content of leach solution (pg) 0.11 < 0,10 < 0.21
Uncertainty in measured Mn content (ug) 0.02 0.02
Co content of leach solution (pg) < 0.28 < 0,28 < 0.56
Uncertainty in measured Co content (pg)
Ni content of leach solution (pg) 3.85 < 0.50 < 4.35
Uncertainty in measured Ni content (ug) 0.39 0.39
Cr + Mn + Co + Ni (pg) < 4.95 < 1.59 < 6,54
Uncertainty in _Cr + Mn + Co + Ni (g) 0.39 0.39
Ca content of leach solution (pg) 11.50 9.98 21.48
Uncertainty in measured Ca content (yg) 1.20 1.00 1.56
Al content of leach solution (g) 723 4.72 11.95
Uncertainty in measured Al content (ug) 1.40 0.94 1.69
Ti content of leach solution (pg) < 0.86 < 0.86 < 1,72
Uncertainty in measured Ti content (pg)
V content of leach solution (pg) < 0.39 < 0.39 < 0.78
Uncertainty in measured V content (yg)
Ti + V content of leach solution (pg) < 1.25 < 1.25 < 2.50
Uncertainty in measured Ti + V content (uqg)
Comments
Impurities checked by FCM against official analysis results IPA14268 on 5/15/06.
N .
/'.'\ (?\..l C k.l"\,‘;\.\_/{,\{?binl\k.'."—4 ) - (& Ol
Operator Date
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15 Superceded data

This section contains data related to the LEUQ1-49T 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. () 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 DRE-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 DRE-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 sets
of results for all buffer interrupted batches were within the density range specified in table 5.2 of
EDF-4380, Rev. 6.
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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:

LEUCO350-01H

Particle Lot Description:

BWXT LEUCO KERNELS COMPOSITE 69302

Filename:|\\mc-agr\AGR\ParticleWeight\W5051701_DRF22.xls
ist 2nd 3rd 4th 5th
Measurement |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
Mean average weight/particle (g);|2.47E-04
Uncertainty in mean average weight/particle (g):|1.03E-06

ON

<‘f | L /ﬂ et
.-

" Operator
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\\ - Data Report Form DRF-15: Measurement of Average Kerpnel Envelope Density using a Mercury Porosimeter

ORNL/TM-2006/022, Rev. 0

Procedure;

AGR-CHAR-DAM-15 Rev. 2

Operator:

S. . NUNN

Kernel Lot 10

LELICO350-01

. Kernel Lot Description:

BWXT LEUCO KERNEL COMPOSITE 69302

111ern1oén_uple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/06

WMC-3gr\AGRA\Porosimeter\S05052701\505052701 _DRF15R2

Completed DRF Filename:

Mean average weight/kernet (g):|2.47E-04
Uncertainly i mean. average welght/kerne! {g}:]1.03E-06
. Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number; S0S052701L 5050527020 5050527030 5050527041 5050527051
Welght of kernels {(g):{-. 12,5822 12.5075 12,8773 12.6448 12.6895
Approxlmate number of kernels: 50940 50638 52135 51194 51374
Unceriainty in number of kernels: 212 211 257 213 214
Envelope volume of sample {cc): 1.150 1.145 1.180 1.157 1.164
Average envelope volume/kernel {cc): 2.26£-05 2.26E-05 2.26E-05 2.26E-05 2.26£-05
Sample envelope density {g/cc): 10.943 10,925 10,912 10.932 10,906
Mean average envelope volume/kernel {¢c):{2.261E-05
Uncertainty in mean envelope volume/kerngl {¢c):{1.4E-08
Mean sample envelope density {g/cc):{10.924.
Standasd deviation in sample envelope density (g/cc): §0.015
(,-J 1') / /il e N e /// //(r < >
© - Operator: Cu B

LN TR T Data i
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Data Report Form DRF-22: Estimation of Average Particle Weight

Procedure:

AGR-CHAR-DAM-22 Rev. 0

Operator:

Dixle Barker

Particle Lot 1ID:

NUC0350-26-H

Particle L:

ot Description:

BWXT NUCO Batch 69300

Filename:|\\mc-agr\AGR\ParticleWelght\W05052401_DRF22.xls
1st 2nd 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 welght/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 welight/particle (g):|2.52E-06
( ;
= /e".r/_) 7 A /« (/‘/E—il C? % = & 0)
¥ Y operator = Date
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Data Report Form DRF-15: Measurement of Average Kernel Envelope Density using a Mercury, Porosiméter

Procedure:

AGR-CHAR-DAM-

15 Rev. 2

Cperator:

5. 0. NUNN

Kernel Lot 1D:

NUCO350-26

Kernel Lot Description:

NUCO KERNEL COMPOSITE 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Explration Date:

5/25/06

Completed DRF Filename:

\Wmc-agr\AGR\Porosimeter\S0505260 I\SOSGSZGﬁ.I,DRFi SR2

Mean average weight/kernel {g):{2.39E-04

Uncertainty in mean average weight/kernel {g)i12.52E-06

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data fife number:| S05052601L 505026020 S05052603L 5050526041, 5050526051

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 (e} 1.187 1,200 1,199 1.202 1,199

Average envelope volume/kernel (cc): 2.21E-0% 2,21E-05 2.21E-D5 2.21E-05% 2.21E-05
Sample envelope densily (g/cc): 10.805 10,792 10.797 10.799 10.807

Mean average envelope volume/kernel (cc):|2.213E-05

Uncertalnty 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

f

o M

Operator .
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N\ Procedure:

AGR-CHAR-PIP-02 Rev, 2

N Batch 1 10:

HUCO350-258

N “pateh 1 description:

Buffer-ceated BWXT kernel composte 69300

N Batch 2 1D:

HUCO350-368

. Batch 2 description;

Buffer-coated BWXT kernel composite 69300

Batch 3 10:

HUCO350-548

“Batch 3 description:

Buffer-coated BWXT kernel composite 69300

. Composite 10:

KUCO350-58B

/

Compokge descriplion: [Composite (258+ 368+ 54B) Bulfer-coated BWXT kernel composite 63300 7 o
~.\ /

Property \ Mean | Std. D'::‘ M:dl'::::““d tvalue ::T:lon:‘:;d/ fosiance Steriy ¥£p&:ne P:o? Rgc‘:::ds

. (x) (s) (n) (t) ail
Baten 1: Buffer envelope density |  0.97 0.09 5 2132 0.9{;?3,15 | : : : ‘ ‘:"::‘ *s "l-i‘; ‘:::Z ::i sl
Batch 2: Buffer envelope density \‘\ I\\Dl 0.09 5 2.132 03"5"?3 15 ; : : ' T:;::;z l.':P;C; ?3; z:: gi:;g
Batch 3: Buffer envelape density 1.01“: ‘ 0.09 ] 2,132 0.9??3.!5 %ﬁ% g—zg — :::: g;;_;g
Composite buffer envelope density 0.99 ‘D.O‘B 5 243 0..9’5"3‘3'0‘.15 B{\{ : ; l:l\«::;zc:al::) ?:s z::: Bz:;g

bt / Comments

Standard devialions are V5 Limes the uncertainties in buffer density (standard efrors) reported on DRF-16.
Average (hickness of buffer was 108 pm based on average envelope volume of 9.25E-5 cc (effective dlameter of 561 ym) and average kernel diameter of 345 ym

Average thickness of buffer was 108 pm based on average outer diameter of 561 priv thalned per DAM-10 and average kernel diameter of 345 pm,

-
//

TC Supervisor 4 Date
Accepl for butfer density (Yes or No).| Yes
0 (57— /)05
AT L7 7 qaReviewer 735 Date
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\
\ Data Report Form DRF-16; rement of Buffer E ity using a Mgrc_qmmm;g/
N y
N Procedure: [AGR-CHAR-DAM-16 Rev. 2

\

Operator:

S. D. NUNN

Butrt};(oalcd kernel batch [D:

NUCO0350-258

. Batch Description:

Bulfer Coated BWXT Kernel Composite 69300

Thermocouple Explration Date:

5/23/06

Penctromeler hplratlon Date:

P

5/25/06

Completed DRF Filename:

\\mc-agr\AGR\Porosimeter\S05062001\505062001 _DRF16R2.xIs

tMean average welght/buffer-coated kernel (g):|3.07€-04 S
o Uncertainty in mean average wélqlu,lb-c kernel (g):[1.00E-06 4
. Mean average weighb‘l{are kernel (g):|2.39E-04
“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 k@l\ql (cc): SQOE-OQ
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:[  S0506200fL |\ S05062002L | $05062003L S505062004L | S05062005L
Welght of buffer-coated kernels (9): 4.1223 N 42165 | 4.4333 44104 | 4.0445
~ Approximate number of b-¢ kernels: 13428 | 3735 1444} 14366 13174
~ Uncertainty In number of b-c kernels: 44 45 a7 47 43
Total envelope volume of sample (cc): 1.235 L 1.268, 1.335 .30 | 1212
Av. envelope volume/b-c kernels (cc):j  9.19E-05 9.23E-05. 9.24E-05 ~ 9.19E-05 9.20E-05
Sample envelope density (9/cc): 3.339 3.326 3.321 3.340 3,338
Mean average envelope volume/b-c kernel (cc):|9.21E-05 R B
~ Uncertainty In envelope volume/b-c kernel (cc):|1.1E-07 B \.\
o o Buffer density: |9.71E-01 N
[ Uncertainty in buffer density:|3.88E-02 *‘\

o/

l D )/h A

v Operator
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Form DRF-16: r f Buff | ity usin i I LA

Procedure: |[AGR-CHAR-DAM-16 Rev. 2

Operator: [S. D.NUNN

 Buffer-coated kernel batch 1D:|NUCO350-36B

Batch Description: |Buffer Coated BWXT Kernel Composite 69300

Thermocouple Expiration Date:|5/23/06

Penetronieter Expiration Dale:|5/25/06

Completed ORF Filename: \\mc-agr\AGR\Porosimeter\S05062006\505062006- DRF16R2.xis

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

3.11E-04

i
Uncertainty In mean avera\ge welght/b-c kernel (g):|1.20E-06 7
~ Mean average weight/bare kernel (g):|2.39E-04 / .
Unceltaln't-y In mean average welght/bare kernel (9):{2.52E-06 /
o Mean average envelope volun1e/bqre kernel (cc):|2.21E-05 g
Uncertainty in envelope volume/bare kernel (cc):[5.70E-09
Sample.1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number: $05062006L_ | ~S05062007L S05062008L 5050621011 5050621021
Weight of buffer-coated kernels (g): 4.0723 p 4.0655 4.0860 . 4,0696 4.0514
Approximate number of b-c kernels: 13094 S 13072 13138 13086 13027
Uncertainty in number of b-¢ kernels: 51 50 51 50 so
Total envelope volume of sample (cc): 1.226 fﬁg? 1.232 1.226 1.217
Av. envelope volume/b-c kernels (cc): 9.37€-05 9.3BE-85 9.38E-05 9.37E-05 9.34E-05
Sample envelope density (o/cc): 3.321 3.315 N\ 3.317 3.319 3.328
Mean average envelope volumeé/b-c kernel (cc):|9.37€-05 2
Uncertainty In envelope volume/b-¢ kernel (cc):|6.7E-08 X
Buffer density:|1.01E+00 N
Uncertainty In buffer density:|3.90E-02 N

S D r‘)(f.dli—'\_/r\_;

Operator
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.. Data Report Form DRF-16: Measurement of Buff

Envelope Den

Procedure: [AGR-CHAR-DAM-16 Rev. 2

¥ Operator:[S. D.NUNN

Buffer-coated kernel batch 1D:|NUCO350-54B

Batch Description:|Bulfer Coated BWXT Kernel Composite 69300

Thermocouple Explration Date:|5/23/06

/

Penetrometer Explr\ation Date:|5/25/06

v d
F s

Completed DRF Fllename:|\\mc-agr\AGR\Porosimeter\505062201\505062201_DRF16R2.x1s

.L/);Z) )(h‘_ f\/r\__./

7 Operator

184

Mean average weight/buffer-coated kernel (g):|3.11E-04 7
o Uncertainty In mean average welght/b-¢ kernel (g):[1.09E-06
- Mean average weight/baré kernel (g):|2.39E-04 .
Uncertainty in mean average weight/bare kEr(\cI (g):|2.52E-06 /
Mean average envelope volume/bare kernel {cc):|2.21E-05 o
Uncertainty in envelope volume/bare kernel (cc):|5.70E-09
Sample 1 “Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05062201L  } 5050622021 5050622031 5050622041 5050622051
Welight 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
Uncertainly in number of b-c kernels: 46” 6 a5 I [ 46
Tolal envelope volume of sample (cc): 1233 1.225 1.209 1.215 ) 1.215
- Av. envelope volume/b-c kernels (cc): 5.30E-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 (¢):|9.34E-05 N ]
Uncertainty In envelope volume/b-c kernel (cc):|1.1E-07 X,
Buffer density:|1.01E+00 -
“Uncertainty in buffer density:|3.85E-02 B
\.
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Procedure:

AGR-CHAR-DAM-16 Rev. 2

Operator:|S. D.NUNN

Buffer-coated kernel batch 10: [NUCO350-588

Batch Description:

Composite of Bulfer Coated BWXT Kernel Composite 69300 -

- fﬁermocouple Explration Date:|5/23/06

Penetrometer Explration Date: [5/25/06

Completed DRF Filename:

\\mc-agr\AGR\Porosimeter\S05062206\505062206_DRF16R2.xIs

~Mean average welght/bulfer-coated kernel (g):

3.09E-04 >

Uncertainty In mean average welght/b-c kernel (g):

4.99E-07 i

Mean average welghl/bare kernel (g):

2.39E-04

Uncertalnty In mean average welght/bare kernel (9):

2.52E-06 i

Mean average envelope volume/bare kernel (cc):

2.21E-05

Uncertainty in envelope volume/bare kernel (cc):

5.70€-09
i

Sample 1

Sample 2 Sample 3 Sample 4

Sample §

Porosimeter data file number:|  S05062206L

- 5050622071 5050623011 5050623021

5050623031

welght of buffer-coated kernels (g): 4.3399

/74,3264 43459 | 4.4478

Approximate number of b-c kernels: 14045 7

14001 14064 14394

Uncertainty In number of b-c kernels: 23 /S

23 23 23

Total envelope volume of sample (cc): 1.300

1.296 1300 | 1333

4.3485

Av. envelope volume/b-c kernels (cc): 9.25€-05

9.26E-05 | 9.24E-05 | 9.26E-05

Sample envelope density (gfcc): 3.340

3.338 3.344 3.337

9.26E-05
3.338

/

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

9.25E-05

3.86-08

/ Buffer density:

9.94E-01

Undertainty in buffer density:

3.65E-02

4

> 7 bfj)/ft N

7 Operator
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. Data Report Form DRF-16: Measurement of Buffer Envelope Density using a Mercury Porosimeter 7~
. i Procedure: |AGR-CHAR-DAM-16 Rev. 2 .
N ~ Operator:[S. D. NUNN S
o Buffer-toated kernel batch 10:|LEUQ1-168 N o
~ Batch Description: |Buffer on BWXT LEUCO kernel composite 69302 -
- Thermocouple €xpiration Date:|5/23/06 - o
77777 _ Penetrometer Expiration Date:|5/25/06

Completed DRF filename:

R

\\mc-agr\AGR\Porosimeter\S05110701\505110701,_ DRF16R2.xls

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

3.20E-04

Uncertaintly in mean average wclghfjl{-c kernel (g):

8.22€-07

; 7/“ —

2.47E-04

Uncertainty in mean average welght/bare kErq_eI (9):

1.03E-06

Mean average envelope volume/bare kernel‘Igc):

2.26E-05

~ Uncertalnty in envelope volume/bare kernel (cc):|1.40E-08
Sample 1~ Samnple 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S051107011 | S05110702L | S05110703L 505110704L 5051107051
Welght of buffer-coated kernels (g): 4.0951 4.1007- 4.2203 | 4.2527 ~4.3448
Approximate number of b-¢ kernels: 12797 12815 | 13188 13290 | 13578
_Uncertainty In number of b-¢ kernels: ~ 33 o 33w 34 34 35
Total envelope volume of sample (cc):| -~ 1,192 1.193 1,234 1.229 | 1.267
Av. envelope volume/b-c kerels (cc):|  9.32E-05 9.31E-05 9.36E-05 9.25€-05 | 9.33E-05
Sample envelope density (g/cc): 3.435 3.438 3,424 3.460 3.430
[ ~Mean average envelope volume/b-c kernel (c¢):|9.31E-05 N o
Uncertainly in envelope volume/b-c kernel (¢c):|1.8E-07 R
~ Buffer density:|1.04E+00 N S
Uncertainty in buffer density:|1.89E-02 N
<
- = ; O /)//t Sl /f/?/r“_‘;" :
7 Operator Date BN
\ ) Y-l
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