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As a JAERI/USDOE collaborative irradiation test for high-temperature gas-cooled
reactors fuel, a capsule irradiation test of JAERI fuel compacts in the High
Flux Isotope Reactor followed by postirradiation examinations at the Oak Ridge
National Laboratory was planed. This report describes fabrication processes
and preirradiation characterization of the JAERI fuels for the HRB-22 capsule
irradiation test. The fuel compact contained Triso-coated fuel particles and
dummy particles which were nceded to adjust a linear heat rate of the fuel.
The preirradiation characterization was performed of the Triso-coated fuel
particles, the dummy particles and the fuel compacts. Impurities, dimensions,
densities, free uranium fractions, SiC-defective fractions, etc. were measured,
The fuels were observed by optical microscopy, X-ray microradiography and
scanning electron microscopy. The preirradiation characterization revealed that

the fuels were suitable for the irradiation test and of good quality.

Keywords : Coated Fuel Particles, HTGR, Fuel Kernel, Silicon Carbide, Pyrolytic
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1. INTRODUCTION

Within an international collaborative program between the Japan Atomic Energy
Research Institute (JAERI) and the U. S. Department of Energy (USDOE) on cooperation in
research and devclopment in the area of High-Temperature Gas—Cooled Reactors (HTGR},
an irradiation test of JAERI fucl compacts was planned. The fuels were loaded in HRB-22
capsule and irradiated in the High Flux Isotope Reactor (HFIR) at the Oak Ridge National
Laboratory (ORNL).

The fuels for the HRB-22 capsule irradiation test, which were fabricated by the
Nuclear Fuel Tndustries, Ltd. (NFI), are Triso—coated fuel particles dispersed in graphite
matrix to form fuel compacts. The Triso~coated fucl particle consists of a microspherical
kerne! of uranium dioxide (UQ,) fuel and coating layers of porous pyrolytic carbon (PyC),
inner dense PyC (IPyC), silicon carbide (SiC) and outer dense PyC (OPyC). In the fuel
compacts for the HRB-22 capsule irradiation test, SiC-kerneled coated particles, dummy
particles, were contained to attain a target irradiation temperature of around 1300°C, keeping
the packing fraction of the particles in a fuel compact unchanged. The dummy particles were
needed becausc of an accelerated irradiation of the HRB-22 test. |

The fucl design for the HRB-22 capsule irradiation test is called the advanced fucl,
which is different from that for the initial core fucls of the High Temperature Engineering
Test Reactor (HTTR) being built at the Oarai Rescarch Establishment of JAERI [1]. A target
burnup of the advanced fuel is 10 %FIMA, whereas that of the HTTR fuel is 3.6 %FIMA.
In the advanced fuel design, the diameter of the fuel kernel is smaller and the porous PyC
layer, called the buffer layer, and the SiC layer are thicker than those of the HTTR fuel.

For the collaboration, twenty fuel compacts were sent to ORNL from JAERL Twelve
out of twenty fuel compacts were encapsulated and irradiated in HFIR. The test of the fuel
compacts were used for preparatory examinations in a hot cell or are stored at ORNL. At
JAERI ten fuel compacts are stored, somec of which were used for the preimadiation
characterization. _ _

This report describes the fabrication processes and preirradiation characterization of

the coated fuel particles, the dummy particles and the fuel compacts for the HRB-22 capsule

irradiation test.
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2. FABRICATION PROCESSES OF FUELS
2.1 Fabrication Process of Coated Fuel Particles

The fabrication process of UO, kernels was the gel-precipitation method [1,2]. Uranyl
nitrate (UO,(NO,),) solution mixed with additives which controls the viscosity of the solution
was dropped through vibrating nozzles into ammonia solution (NH,OH) to form ammonium
diuranate (ADU) spheres. After washing with water and alcohol and drying, the ADU spheres
were calcinated to produce UQ, spheres. The UO, kernels were obtained by sintering the UQ,

spheres. Figure 2.1 shows the fabrication process of the UO, kemels.

U0, (NO, ), ADDITIVES

1 ]
i
(DROPPING) through vibration nozzles
i)
(AGING) in ammonia solution
i
(WASHING) with water and alcohol
1
(DRYING)
1

ADU SPHERES

l
(CALCINATION)
1

UO, SPHERES

!
(SINTERING) 1in hydrogen
!

U0, KERNELS

Fig. 2.1 Fabrication process of UO, kernels.

The coating of the UOQ, kernels was performed in a fluidized bed coater [1,2]. The
buffer layer of porous pyrolytic carbon was deposited on the UO, kernels by the pyrolysis of

acetylene (C,H,) in the presence of argon (Ar), and the IPyC and the OPyC layers of dense

— 2 -
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pyrolytic carbon were deposited by the pyrolysis of propylene (C,Hg) in the presence of
argon. The SiC layer was chemically vapor deposited using methyltrichlorosilane (CH,SiCl;,

MTS) and hydrogen (H,). Figure 2.2 summarizes the coating process of the UO, kernels.

U0, KERNELS

l
(BUFFER LAYER COATING) with C,H, and Ar

!
(IPYC LAYER COATING) with C;H, and Ar
3

(SiC LAYER COATING) with MTS and H,

1!
(OPyC LAYER COATING) with C;H, and Ar
i

COATED FUEL PARTICLES

Fig. 2.2 Coating process of UO, kemels.

2.2 Fabrication Process of Dummy Particles

The dummy particles were prepared by coating the SiC kernels in the fluidized bed
coater. The SiC kernels were produced by powder metallurgy. The SiC kemnels were coated
by the IPyC layer of dense pyrolytic carbon, the SiC layer and the OPyC layer in the same

manner as in the fabrication of the coated fuel particles, as shown in Fig. 2.3. No buffer layer

was present in the dummy particles.

SiC KERNELS

1
(IPyC LAYER COATING) with C;H, and Ar
i

(SiC LAYER COATING) with MTS and H,
!

(OPyC LAYER COATING) with C,H, and Ar
i .

DUMMY PARTICLES

Fig. 2.3 Coating process of dummy particles.

_3_
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2.3 Fabrication Process of Fuel Compacts

The fabrication process of the fuel compacts was the overcoat/press method [1,2],
which is shown in Fig. 2.4. The coated fuel particles and the dummy particles were
overcoated by the resinated graphite powder with alcohol. The resinated graphite powder was
prepared by mixing electrographite powder, natural graphite powder and phenol resin as a
binder in the ratio 16:64:20, followed by grinding the mixture to powder. The overcoated
fuel and dummy particles were warm-pressed by dies to form annular-shaped green fuel
compacts. The green fucl compacts were heat-treated at 800°C in N, to carbonize the binder

and at 1800"C in vacuum to degas the fuel compacts.

GRAPHITE POWDER | PHENOL RESIN
1 1
!
(MIXING)
l
(GRINDING)
l

RESINATED GRAPHITE POWDER

COATED FUEL PARTICLES DUMMY PARTICLES
| ]
)
{OVERCOATING) with alcohol
!
{( WARM-PRESSING) by dies
!
(PREHEATING) at 800°C in N,
!
(HEATING) at 1800°C in vacuum
1

FUEL COMPACTS

Fig. 2.4 Fabrication process of fucl compacts.
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3. CHARACTERIZATION OF FUELS

3.1 Characterization of Coated Fuel Particles

3.1.1 Enrichment of U-235
The enrichment of U-235 of the starting U,0, powder was 4.07 mass% determined

by y-ray spectrometry.

3.1.2 O/U ratio of fuel kernels
The O/U ratio of the UO, kernels was 2.00 measurcd by gravimetric method.

3.1.3 Impurities in fuel kernels
The contents of 25 elements were analyzed in the UQO, kemcls. The results are

summarized in Table 3.1.

Table 3.1 Impurities in fuel kernels

Element Content (ppm) Method
Ag < 0.6 Emission spectrochemical analysis
Al <10 FEmission spectrochemical analysis
B <04 Emission spectrochemical analysis
C <10 Induction heating coulometry
Ca 44 Emission spectrochemical analysis
Cd < 0.1 Emission spectrochemical analysis
ci <10 Pyrohydrolysis spectrophotometry
Cr | <5 Emission spectrochemical analysis
Cs < 0.002 Activation analysis
Cu <4 Emission spectrochemical analysis
Dy < 0.05 Emission spectrochemical analysis
Eu < 0.05 Emission spectrochemical analysis
F <1 Pyrohydrolysis spectrophotometry
Fe <20 Emission spectrochemical analysis

_5_
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Gd < (.05 Emission spectrochemical analysis
Mg < 4 Emission spectrochemical analysis
Mo <5 Emission spectrochemical analysis
N <10 Molecular absorption spectrophotometry
Ni <12 Emission spectrochemical analysis
Pb <6 Emission spectrochemical analysis
Pd < 0.02 Activation analysis

Ru <5 Activation analysis

Si 8 Emission spectrochemical analysis
Sm < 0.05 Emission spectrochemical analysis
Sn <3 Emission spectrochemical analysis

3.1.4 Dimensions of coated fuel particles

The diameter of the UQ, kernels was measured on 1083 kerncls by the Particle Size
Analyzer (PSA) [3]. The thicknesses of the buffer and the IPyC layers were measured on 200
particles polished to the eqﬁator by optical microscopy. The thicknesses of the SiC and the
OPyC layers werc measured on 200 particles by X-ray microradiography. The diamecter of
the coated fuel particles was measured on 1058 particles by PSA. The results are summarized

in Table 3.2. All the measured values for the coating thicknesses on 200 particles are listed

in Appendix A.

Table 3.2 Dimensions of coated fuel particles

Mean (um)  Standard deviation (um)

Kemel diameter 544 9.1
Buffer thickness 97.4 12.9
IPyC thickness . 329 34
SiC thickness 33.7 1.6
OPyC thickness 39.3 3.1
Particle diameter 950 26.6
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3.1.5 Density of coated fuel particles

The densities of thc UQ, kernel and the buffer layer were measured by mercury
pycnometry on two samples of 4 g-kemels and on two samples of 4 g-buffer—coated
particles. The density of the IPyC layer was measured on ten fragments of the layer by the
sink—float method using tetrabromoethane (CHBr,CHBr,) and ethanol (CH,CH,OH). The
sink-float method was applied to the measurement of the SiC density on ten fragments using
tetrabromoethane and methylene fodide (CH,L,). The density of the OPyC layer was measured
on two samples of 4 g—coated particles by n-butanol pycnometry. The density of the coated
fuel particle was measured by two methods: on 1058 coated particles by PSA and on two

4 g—coated particles by n-butanol pycnometry. The results are listed in Table 3.3.

Table 3.3 Density of coated fuel particles

Mean (Mg/m’) Method

Kemel density 10.84 Mecrcury pycnometry
Buffer density 1.10 Mercury pycnometry
IPyC density 1.85 Sink—float method
SiC density 3.20 Sink—float method
OPyC density 1.85 n-butanol pycnometry
Particle density 3.78 PSA

3.67 n-butanol pycnometry

3.1.6 OPTAF and crystallite size of PyC layers

The optical anisotropy factors (OPTAF) of the IPyC and the OPyC layers were
measured on five particle—cross sections. On each cross section four points were sampled. The
measurced valuc was 1.00 for both the IPyC and the OPyC layers. The crystallite size of L
of the OPyC layer was found to. be 230 nm by X-ray diffractometry.

3.1.7 Sphericity of kernels and coated fuel particles
The sphericity is defined as the ratio of maximum diameter to minimum diameter

(d_,/d .} of a particle. PSA was used to measurc the sphericity on 100 kernels and 100

max

- 7 —
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coated fucl particles. All kernels measured were d,,./d,;,<1.2. For the coated fuel particles,

97 out of 100 particles were d_,./d ; <1.2.

3.1.8 Crushing strength of coated fuel particles
The crushing strength of the coated fuel particles was measured on 50 particles by

uni-axial compression test. The data was analyzed with the Weibull statistic theory as shown
in Fig. 3.1. The 50%—failure strength (median strength) was 23.0 N and the Weibull

paramcter was 7.5. All the measured data is listed in Appendix B.

99.9 ] —
99.0 F -
90.0} .
700} .
3 50.0F -
300+ .
=
E
[
2 100}k =
=4
5.0 .
=
=
5
=
S 1.0F .
0.5F 1
01 | | | ] |

10 20 30 40 50
Crushing strength (N}

Fig. 3.1 Crushing strength of the Triso~coated fuel particles.

3.1.9 Free uranium fraction of coated fuel particles
The free uranium fraction of the coated fuel particles was measured by the acid

leaching. Five samples of 30 g—particles were boiled in 7 mol/l nitric acid (HHNO,) for 20 h,
and the solution was analyzed for uranium by both fluorometric and colorimetric analyses.
The measured valucs, as shown in Table 3.4, mean that no through—coating failure was

present in the samples, for 30 g—particles correspond to about 18000 particles.

_84..
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Table 3.4 Free uranium fraction of coated fuel particles

Fluorometric Colorimetric
Sample Al 1.9x1077 3.3x1077
Sample A2 2.9x1077 3.3x1077
Sample A3 3.0x107 5.6x107
Sample A4 2.3x1077 3.3x107
Sample A5 2.2x1077 5.3x1077

3.1.10 SiC—defective fraction of coated fiel particles

The SiC-defective fraction of the coated fuel particles was measured by the burn/leach
method. Five samples of 20 g—particles were burned at 900°C in the air and the heating was
continued for 6 h after the OPyC layers were bumed off. The burnt samples were boiled in
7 mol/1 nitric acid for 5 h and the solution was analyzed for uranium by both fluorometric and
colorimetric analyses. The measured values shown in Table 3.5 mean that no SiC-defective

particle was present in the samples, for 20 g—particles correspond to about 12000 particles.

Table 3.5 SiC-defective fraction of coated fucl particles

Fluorometric Colorimetric
Sample Bl 3.2x1077 3.3x1077
Sample B2 2.5x1077 3.3x1077
Sample B3 5.3x107 3.6x107
Sample B4 2.5x1077 3.3x1077
Sample BS 2.2x1077 3.3x1077

3.1.11 External view of coated fuel particles

As—fabricated UO, kemels, SiC—coated particles and Triso—coated fuel particles were

observed by optical microscope. Typical examples are shown in Fig. 3.2.

_9_
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(c) Triso—coated fuel particles

Fig. 3.2 Extemal view of as-fabricated coated fuel particles.
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3.1.12 X-ray microradiography of coated fuel particles

A failure detection method of methylenc jodide infusion followed by X-ray
microradiography [4-6] was applied to the IPyC-coated and the Triso—coated fuel particles.
By this method, through-coating failure and defects of the PyC layer can be dctected. No

anomaly was found by this method, as shown in Fig. 3.3.

(b) Triso—coated fuel particles

Fig. 3.3 Typical examples of methylene jodide infusion/X-ray microradiographs.
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3.1.13 Ceramography of coated fuel particles

Fifty Triso-coated fuel particles were embedded. and polished to their equators to
observe the cross section of the particles by optical microscope. The UO, kemels were
chemically etched by a mixed sotution of sulfuric acid (H,SO,) and hydrogen peroxide (H,0,)

before the observation. No anomaly was found. Typical examples are shown in Fig. 3.4.

(b) Coating layers

Fig. 3.4 Typical polished cross section of the Triso—coated fuel particle.
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3.1.14 Internal flaws or gold spots of SiC layers

The gold spots are caused by circumferencial internal flaws in the SiC coating
layer [7-10]. External observation was made of about 10,000 coated fuel particles after SiC
deposition and the Triso—coated fuel particies from four fuel compacts, about 11,000 particles,
burned back to the SiC coating fayers. No discolored spot nor gold spot was observed on the
SiC layers of total about 21,000 particles. Typical examples of the visual examination on the

coated fuel particles after SiC deposition are shown in Fig. 3.5.

The coated fuel particles for the present irradiation test were fabricated after the
optimization of the SiC coating process [8]; the internal flaws or the gold spots were mostly

* eliminated from the particles by controlling particle fluidization in the coater.

Fig. 3.5 Typical examples of external view of SiC-coated fucl particles.
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3.2 Characterization of Dummy Particles

3.2.1 Dimensions of dummy particles

The diameter of the SiC-kernels with the IPyC layer and the thicknesses of the IPyC,

SiC, and OPyC layers were measured on 100 particies by X-ray microradiography. The

diameter of the dummy particles was measured on 929 particles by PSA. The resuits are

shown in Table 3.0.

Table 3.6 Dimensions of dummy particles

Mean {um)

(Kernel+IPyC) diametier
IPyC thickness

SiC thickness

OPyC thickness

Particie diameter

3.2.2 Density of dummy particles

The densities of the IPyC and the SiC layers were measured on ten fragments of each

layer by the sink-float method, and those of the OPyC layer and the dummy particie were

measured on two samples of 2 g-particles by n-butanol pycnometry, as shown in Table 3.7.

Table 3.7 Density of dummy particles

Mean (Mg/m*)

Method

IPyC density
SiC density
OPyC density

Particle density

1.88
3.20
1.82
2.13

Sink—filoat method
Sink—float method
n-butanol pycnometry

n—butanol pycnometry




JAERI-Tech 95-036

3.2.3 External view of dummy particles

As—fabricated dummy particles were observed by optical microscope. Typical

examples arc shown in Fig. 3.0.

Fig. 3.6 External view of as—fabricated dummy particles.

' 3.2.4 Ceramography of dummy particles

The dummy particles were polished to their equators and observed by optical

microscope. Typical examples are shown in Fig. 3.7.

n
b

Fig. 3.7 Typical polished cross section of the dummy particle.

| —15—
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3.2.5 Internal flaws or gold spots of SiC layers

External observation was made of the dummy particles from four fuel compacts
burned back to the SiC coating layers. A few percent of the particies had gold spots on the
SiC layers. X-ray microradiography showed internal flaws in the SiC layers of the particles
with gold spots. Figure 3.8 shows typical examples of the dummy particles with gold spots
or intcrnal flaws, which are the same kind as seen in the coated fuel particles fabricated

before the optimization of the SiC coating process {8].

(a) Optical micrograph

(b) X-ray microradiograph

Fig. 3.8 Typical examples of dummy particles with gold spots or internal flaws.
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3.3 Characterization of Fuel Compacts

3.3.1 Dimensions of fuel compacts

An clectromagnetic micrometer was used for measurement of the outer diameter and
the length of the fuel compacts, and a micrometer for the inner diameter. The outer diameter
was measured at six points of cach fuel compact: at the top, middle and bottom of the
compact in the two directions at right angles. The inner diameter was measurcd at two points
of the top and the bottom of cach compact. For the length, four points were sampled. The

results are summarized in Table 3.8. All the measured values for 30 fuel compacts are listed

in Appendix C.

Table 3.8 Dimensions of fuel compacts

Range of values (mm)

Quter diameter 26.03 - 26.07
Inner diameter 10.00 - 10.02
Length 38.95 - 39.07

3.3.2 Weight and density of fuel compacts

The weight of the fuel compacts was measured by a direct reading balance. The
density of the fuel compacts was calculated from the measured values of the weight and the

dimensions. The results are summarized in Table 3.9. All the measured and calculated values

for 30 fucl compacts are listed in Appendix D.

Table 3.9 Weight and density of fuel compacts

Range of values

Weight (g) 34244 - 34327
Density (Mg/m®) 193 - 194
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3.3.3 Packing fractions of particles

The fuel compacts contained both the Triso—coated fuel particles and the dummy
particles (SiC-kerneled coated particles). The packing fractions of these particles in the fuel
compacts were calculated from the weight, the dimensions, and the fabrication data of the
compacts. The results are summarized in Table 3.10. All the calculated values for 30 fuel

compacts arc listed in Appendix D.

Table 3.10 Packing fractions of particles

Range of values (%)

Fuel particles 6.8
Dummy particles 271 - 272
Total 339 - 340

3.3.4 Uranium content in fuel compacts

The content of uranium in the fuel compacts was measured by y—ray spectrometry. The
measurcd values ranged from 2.260 to 2.371 g-U/compact. All the measured valucs for 30
fuel compacts are listed in Appendix D.

To check the uranium content in the fuel compacts, four fuel compacts were burned

back to the SiC coating layers and the number of the fuel particles contained in each fucl

Table 3.11 Uranium content in fuel compacts

Counting/calculation (g) v=ray spectrometry (g)

910PB-5 2.27 (2821 particles) 2.300
910PB-16 2.26 (2807 particles) 2.323
910PB-20 2.26 (2807 particles) 2.331
910PB-29 2.24 (2787 particles) 2.302
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compact was counted with X-ray microradiography. The uranium content in each fuel
compact was calculated from the mean uranium content in a fuel kernel and the number of
the fuel particles contained in each fuel compact. The mean uranium content in a fuel kemel
was calculated from the mean kernel diameter and the mean kernel density. The uranium
content in the fuel compacts obtained by the counting/calculation method is listed in
Table 3.11, where the results measured by the y-ray spectrometry are also shown for
comparison. It was found that the values obtained by the y-ray spectrometry were

systematically larger than those by the counting/calculation method by 2.5%.

- 3.3.5 Density of graphite matrix

The density of the graphite matrix of the fuel compacts was calculated from the
weight, the dimensions, and the fabrication data of the compacts. The calculated valucs ranged

from 1.68 to 1.69 Mg/m’.

3.3.6 Free uranium fraction of fuel compacts

The free uranium fraction of the fuel compacts was measured by the deconsolidation
followed by the acid leaching. Five fucl compacts were deconsolidated electrolytically and
the deconsolidated samples were boiled in 7 mol/l nitric acid for 20 h, and the solution was
analyzed for uranium by both fluorometric and colorimetric analyses. The measured values,
as shown in Table 3.12, mean that no through—coating failure was present in the sampled fuel

compacts, for about 2800 coated fuel particles were contained in a fuel compact.

Table 3.12 Free uranium fraction of coated fuel particles

Fluorometric Colorimetric
Sample C1 1.7x107° 3.6x107°
Sample C2 2.1x107° 5.3x107
Sample C3 1.2x1078 2.9x107°
Sample C4 9.0x10°° 2.2x107°
Sample C5 1.4x107° 3.1x107°
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3.3.7 SiC-defective fraction of fuel compacts

The SiC—defective fraction of the fuel compacts was measured by two methods: by
the burn/leach method and by the burn/X-ray microradiography.

In the burn/leach method, five fuel compacts were burned at 900°C in the air and the
heating was continued for 6h after the OPyC layers were burned off. The bumnt samples were
boiled in 7 mol/l nitric acid for 5 h, and the solution was analyzed for uranium by both
fluorometric and colorimetric analyses. The results are shown in Table 3.13. The measured
values mean that no through—-coating failure was present in the sampled fuel compacts, for

about 2800 coated fuel particles were contained in a fuel compact.

Table 3.13  SiC-defective fraction of coated fuel particles by burmn/leach method

Fluorometric Colorimetric
Sample D1 1.3x10°° 1.1x107°
Sample D2 1.3x107° 1.1x107°
Sample D3 1.3x107° 1.1x10°°
Sample D4 9.6x107 9.3x10°¢
Sample D5 1.1x107° 1.0x107°

In the burn/X-ray microradiography, four fuel compacts were burned i the same
manner as in the burm/ieach method. The burnt samples were observed visually whether the
SiC fragments and discolored particles were present or not. Before X~-ray microradiography,
the fuel particles were separated from the dummy particles using the density difference
between them; the fuel particles sink in methylene iodide, while the dummy particles float.
No SiC fragment was found in four sample. As described in sections 3.1.14 and 3.2.5, no gold
spot was found on the SiC layers of the fucl particles, while a few percent of the dummy
particics had gold spots on the SiC layers. With respect to the SiC-defective particle, a
particle was found to be SiC-defective in the visual examination. Figure 3.9 shows the SiC-
defective particle observed by optical microscopy and X-ray microradiography. The SiC-
defective fractions of the coated fucl particles measured by the burn/X-ray microradiography

are shown in Table 3.14.
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{(b) X-ray microradiograph |

Fig. 3.9 SiC-defective particle found in a fuel compact.
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Table 3.14 SiC-defective fraction of coated fuel particles by burn/X-ray microradiography

SiC~defective / Total particles

91 OPB--5 0 /2821
910PB-16 0/ 2807
910PB-20 0/ 2807
910PB-29 1/2787 (3.6x10™%

The SiC-defective particle was further observed by scanning electron microscopy.
Figure 3.10 shows typical scanning electron micrographs of the SiC-defective particle.

As shown in Figs. 3.9 and 3.10, the cracks were obscrved on the surface of the SiC
coating layer by optical microscopy and scanning electron microscopy. Although the X-ray
microradiograph also showed the cracks, it revealed no anomaly in the fuel kerncl, the buffer
layer and the TPyC layer. If the cracks ran through the SiC layer, the buffer and the IPyC
layers would be burned off and the UG, kernel would be oxidized to powder U;Og during the

burning of the fuel compact. From these facts, it was concluded that the cracks of the

Fig. 3.10 Scanning clectron micrographs of SiC-defective particle.
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Fig. 3.10 Scanning electron micrographs of SiC—defective particle (continued).
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SiC-defective particle found in 910PB-29 fuel compact did not run through the SiC layer.
The result of an additional heat trecatment of the SiC-defective particle at 900°C for 6h

confirmed this conclusion.

The mechanism for the formation of the SiC-defect of this kind was not determined.
However, it must have been formed either after the SiC deposition by mechanical shocks or

during the compact fabrication [6].

The SiC—defect of this kind is troublesome. It cannot be detected by the hurn/lcach
method, which is usually applied to the determination of the SiC-defective fraction. The
particles with the SiC~defect of this kind seem to have a high probability of the coating

failure during irradiation.

3.3.8 Impurities in fuel compacts

The contents of 26 clements were analyzed in the fuel compacts. The results are

summarized in Table 3.15.

Table 3.15 Impuritics in fuel compacts

Element Content (ppm) Elcment Content (ppm)
Ag < 0.005 Gd < 0.05
Al 3.0 K - <07
B 0.08 Mg < 0.09
Ca 18 Mo 0.4
Cd 0.02 N <02
Cl <02 Na 0.4
Cr < 0.2 Ni < 0.2
Cs < 0.002 Pd < (1.02
Cu < 0.1 Ru < 0.1
Dy < 0.1 Si 24
Eu < 0.0005 Sm < 0.05
F < 0.02 Ti < 0.2
Fe 4.2 A% <09
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3.3.9 External view of fuel compacts

The externals of the fuel compacts were examined visually. On the top of each fuel

compact, a mark of "S" was present. No anomaly was found, as shown in Fig. 3.11.

PR-1-2 910

TP umEmS
o fom By B4

v

O

. s T
R ERE s w

b

R T R P RN EL T TS R
e L R & a . A I Y
S B RS SR, L e L mESEm e s s w gy I
"*%%ﬁ&f@¢§,»%$k&;?5§%?i" ‘§W&‘§“@{§3“¥$¢§¢&amfﬁﬁ‘@g&%&*&*%$@ﬁ,
*“‘"‘3'-=:wg:‘;,_.kvﬁ:\;ﬁgs:&s;f-> x«ﬂfewir@m:wsw}%*&*&‘)&&%i*@*’%&%‘gtwﬁwgc‘;n
’($‘a\$;&§$**gz§?a*®«asfzz'&"ﬁg&?\ﬂg§&§“3*@#%a%ygfgi;gzzﬁ%&&*$‘
: P N ‘ P 5 i
. TR AL IR ki ke ha ey op g v\y:m’%ﬁ”m FHAE ok oo EERRREya
DRI S - ¥ S e " £y ; BTG
=R w " oaw b % Bm
L A 3 - %
% A
Y
o om .
v & )
Iy ;
R 54
3wy :
g ST *i
BTEE
P "%‘
. LR
* FEE R L oo B R . e N 3 PR
e - - PRRp— A " oS P
- . w Y o LT T
# gy PR sy g DO T T E gy L T SEEL L S L S T,
Sy &g S g o g g T L Y B
satteRa, L P iy ﬁ&gﬁﬁ%*“%@&*&“g@ By i*&.‘
ORI B Trkmy . % RBwa.. . TEe
: TR b s g EL T o,
SR T e
iR NGy o
L ET T “
(ER ey
R
R Ewsg
TRuEn,
B E T
&%*g&,
TEEE g
LS X"
gy
TlEakag
Teratsl

910PB-6 910PB-7 910PB-8 910PB-9 910PB-10

Fig. 3.11 External view of fuel compacts.
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3.3.10 Ceramography of fuel compact
The fuel compact was polished and observed by optical micrdscope‘ No anomaly was

found, as shown in Fig. 3.12.

Fig. 3.12 Typical polished cross section of the fuel compact.
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Fig. 3.12 Typical polished cross section of the fuel compact {continued).
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4, SUMMARY

As a JAERI/USDOE collaborative irradiation test for high-temperature gas—cooled
reactors fuel, HRB-22 capsule irradiation test of JAERI fuel compacts in HFIR followed by
postirradiation examinations at ORNL was planed. The fuels loaded in the HRB-22 capsule
were annular—shaped fuel compacts containing the Triso—coated fuel particles and the dummy
particles. The dummy particles were needed to adjust a linear heat rate of the fuel.

The fuel design for the HRB-22 capsule irradiation test is called the advanced fuel,
which is different from that for the initial core fuels of HTTR. A target burnup of the
- advanced fuel is 10 %FIMA, Whereés that of the HTTR fuel is 3.6 %FIMA.

The UO, kemels of the fuel particles were fabricated by the gel-precipitation method.
The coating layers of buffer, IPyC, SiC and OPyC were deposited on the kernels in the
fluidized bed coater. The fuel compacts were fabricated by the overcoat/press method, where
the Triso—coated fuel particles and the dummy particles were overcoated with graphite powder
and pressed to form annular compacts.

The preirradiation characterization was performed of the Triso—coated fuel particles,
the dummy particles and the fuel compacts. Measurements were made of the enrichment of
U-235, the O/U ratio of the fuel kernels, the impurities in the fuel kernels, the dimensions
of the coated fuel particles, the densities of the kernels and the coating layers, the OPTAF and
the crystallitc size of the PyC layers, the sphericity of the kernels and the coated fuel
particles, the crushing strength of the coated fuel particles, the free uranium fraction of the
coated fuel particles, the SiC-defective fraction of the coated fuel particles, the dimensions
of the dummy particles, the density of the dummy particles, the dimensions of the fuel
compacts, the weight and the density of the fuel compacts, the packing fraction of the
particles, the uranium content in the fuel compacts, the density of the graphite matrix, the free
uranium fraction of the fuel compacts, the SiC-defective fraction of the fuel compacts, and
the impurities in the fuel compacts. Examinations were made of the external view of the
coated fuel particles, the X-ray microradiography of the coated fuel particles, the
ceramography of the coated fuel particles, the internal flaws or the gold spots of the SiC
layers, the external view of the dummy particles, thé ceramography of the dummy particles,
the cxternal view of the fuel compacts, and the ceramography of the fuel compacts.

The preirradiation characterization revealed that the fuels were suitable for the

irradiation test and of good quality.
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APPENDIX A COATING THICKNESSES OF FUEL PARTICLES

Table A.1  Buffer layer thicknesses

Table A.2 1PyC layer thicknesses

Table A.3 SiC layer thicknesses

Table A.4 OPyC layer thicknesses

Fig. A.l
Fig. A2
Fig. A3
Fig. A4

Distribution of buffer layer thicknesses
Distribution of IPyC layer thicknesses
Distribution of SiC layer thicknesses

Distribution of OPyC layer thicknesses
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Table A.1 Buffer layer thicknesses (mean of four measured values in a particle)

No. Thickness No. Thickness No. Thickness No. Thickness
(nm) (um) (um) (um}

1 116.00 31 92.25 101 196.25 151 112.00

2 84.00 52 95.75 102 89,75 152 106.75

3 67.25 53 88.50 103 103.50 153 92.75

4 93.50 54 103.25 104 85.00 154 111.25

5 111,75 55 89.50 105 73.50 155 105.50

6 97.00 56 99,50 106 103.50 156 102.25

7 94.75 57 109.75 107 109.50 157 08.25

8 110.25 58 114.25 108 74.25 158 108.25

9 106.75 59 102.25 109 116.50 159 86.25
10 95.00 60 . 79.00 110 82.75 160 73.75
11 108.00 61 75.50 111 90.75 161 81.00
12 101.25 62 88.50 112 106.75 162 75.00
13 100.50 63 108.75 113 93.25 163 79.50
14 88.50 64 97.75 114 102.25 164 89.75
15 109.00 65 108.50 115 111.50 165 112.00
16 83.25 66 103.25 116 97.50 166 89.25
17 91.00 67 91.00 117 82.75 167 91.25
18 86.00 68 68.75 118 90.50 168 94.75
19 89.25 69 99.75 119 112.25 169 80.75
20 G9.50 70 108.50 120 107.25 170 104.00
21 99.50 71 92.50 121 72.50 171 98.00
22 109.00 72 106.00 122 106.50 172 97.75
23 124.25 73 128.00 123 90.75 173 90,00
24 79.50 74 96.75 124 119.50 174 G90.25
25 95.50 75 96.50 125 99.75 175 120.00
26 78.50 76 87.75 126 95.00 176 R3.25
27 111.00 77 97.75 127 90.25 177 101.00
28 80.00 78 119.50 128 86.25 178 85.00
29 79.00 79 111.00 129 93.00 179 106.25
30 106.50 80 97.00 130 98.25 180 94.50
3] 88.75 81 100.75 131 95.25 181 93.25
32 93.00 82 103.25 132 117.50 182 90.75
33 109.25 83 82.50 133 107.25 183 108.75
34 88.25 84 103.50 134 73.25 184 110.00
35 110.25 85 88.50 135 110.50 185 103.50
36 90,00 86 89.75 136 86.25 186 127.25
37 76.75 87 101.25 137 128.25 187 98.25
38 76.75 88 93.25 138 66.75 188 60.25
39 76.00 89 90.25 139 83.25 189 76.50
40 103.25 Q0 88.25 140 113.75 190 $2.00
41 121.75 91 103.25 141 92.75 191 90.25
42 103.75 92 104.50 142 88.25 192 92.75
43 098.50 93 112.50 143 114.25 193 110.25
44 108.25 94 88.50 144 81.50 194 97.25
45 91.50 95 99.50 145 125.50 195 115.50
46 109.25 96 97.00 146 96.00 196 94.50
47 101.50 97 96.25 147 91.00 197 88.00
48 108.50 98 96.25 148 125.75 198 83.25
49 g7.00 99 895.75 149 106.50 199 118.25
50 104.25 100 105.50 150 101.75 200 106.25




JAERI-Tech 95-056

Table A.2 IPyC layer thicknesses (mean of four measured values in a particle)

No. Thickness No. Thickness No. Thickness No. Thickness
(um) (um) (um) (um)

1 31.00 51 31.00 101 28.00 151 32.50

2 33.25 52 35.75 102 38.75 152 36.50

3 35.25 53 27.50 103 31.75 153 29.50

4 29.75 54 36.25 104 32.50 154 36.00

5 31.25 55 31.00 105 35.50 155 28.25

6 28.75 56 29.75 106 29.50 156 31.25

7 33.00 57 39.00 107 3425 157 35.00

8 37.50 58 41.75 108 35.00 158 33,75

9 26.00 59 31.00 109 34.50 159 31.00
10 29.00 60 32.25 110 38.50 160 30.50
11 31.50 61 33.25 111 28.25 161 35.25
12 35.75 62 33.00 112 34.50 162 32.25
13 26.25 63 34.75 113 31.75 163 31.50
14 36.25 64 32.50 114 29.25 164 33.75
15 31.50 65 30.50 115 38.00 165 31.00
16 38.25 66 32.50 116 32.25 166 30.50
17 35.00 67 35.25 117 31.25 167 27.50
18 38.75 68 34.50 118 33.25 168 29.00
19 25.00 69 35.25 119 36.50 169 33.00
20 40.50 70 32.25 120 29.25 170 28.75
21 37.50 71 29.00 121 33.25 171 37.00
22 37.25 72 36.00 122 27.75 172 35.25
23 38.50 73 35.75 123 35.25 173 33.50
24 38,75 74 32.25 124 32.00 174 33.00
25 32.00 75 35.25 125 30.25 175 33.50
20 30.00 76 34.00 126 31.00 176 38.25
27 31.75 77 34.00 127 36.00 177 32.50
28 32,75 78 40.00 128 31.00 178 33,75
29 36.00 79 32.25 129 37.25 179 36.75
30 35.25 80 26.25 130 32.75 180 30.00
L} 38.00 81 34.50 131 25.00 181 27.25
32 3B.75 82 27.75 132 34.50 182 31.50
33 2775 83 28.50 133 34.50 183 31.00
34 33.25 84 26.00 134 32.50 184 30.75
35 35.00 85 35.75 135 28.75 185 3275
26 32.25 86 33.25 136 31.00 186 30.50
37 33.50 87 28.75 137 30.50 187 37.00
38 28.25 88 25.75 138 33.25 188 28.50
39 38.25 89 28.50 139 32.00 189 35.50
40 31.50 Q0 32.25 140 29.50 190 27.00
41 36.50 a1 31.50 141 31.75 191 34.75
42 32.50 92 34.75 142 31.50 192 31.25
43 35.00 93 33.50 143 33,50 193 35.25
44 33.00 94 43.00 144 30.00 194 38.00
45 2875 95 30.75 145 31.00 195 32.50
46 28.75 96 33.00 146 36.50 196 29.50
47 33.75 a7 28.00 147 34,75 197 36.00
48 37.50 o8 36.75 148 31.50 198 35.25
49 37.75 o9 31.75 149 31.25 199 29.50
50 30.00 100 38.00 150 36.50 200 31.75
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Table A3 SiC layer thicknesses (mean of four measured values in a particle)

No. Thickness No. Thickness
(m) (um)

1 31.00 51 31.25

2 33.25 52 31.50

3 30.75 53 33.25

4 31.50 54 33.25

5 32.75 55 34.00

6 31.00 56 33.25

7 37.75 57 32.00

8 31.25 58 34.50

g 33,75 59 34.75
10 34.50 60 34.75
11 35.25 61 33.00
12 34.00 62 33.75
13 33.00 63 33.75
14 31.25 64 32.25
15 33.50 65 33.00
16 32.25 66 34.00
17 32.50 67 34.75
18 32.25 68 35.00
19 33.75 69 35.00
20 3325 70 36.00
21 34.50 71 31.25
22 32.75 72 33.00
23 34.25 73 33.50
24 32.75 74 33.00
25 34.00 73 33.00
26 32.50 76 34.50
27 36.75 77 33.75
28 33.25 78 34.00
29 33.75 79 32.75
30 32.50 8O 34.00
31 32.75 81 31.50
32 39.25 82 32.25
33 31.00 83 33.00
34 33.50 84 32.25
33 34.25 85 35.50
36 34,75 86 33.50
37 37.00 87 33.75
38 31.25 88 32.25
39 31.25 89 35.25
40 30.25 90 35.25
4 33.25 91 3475
42 32.25 92 31.75
43 31.75 93 3475
44 35.00 94 32.75
45 34.75 93 35.75
46 34.00 96 34.75
47 33.00 97 33.75
48 32.50 08 34.50
49 32.75 99 31.75
50 30.75 100 34.50

No. Thickness No. Thickness
(um) (um)
101 35.00 151 36.25
102 33.75 152 33.50
103 32.75 153 33.25
104 35.75 154 34.25
105 3425 155 33.00
106 32.25 156 32.25
107 33.00 157 35.50
108 34.00 158 32.50
109 34.50 159 35.25
110 31.25 160 32.25
111 33.50 161 31.75
112 34.00 162 33.75
113 32.75 163 33.25
114 34.50 164 34.00
115 31.75 165 33.75
116 34.25 166 33.50
117 32.50 167 33.25
118 34.00 168 32.75
119 34.25 169 31.25
120 34.00 170 33.25
121 33.50 171 31.75
122 33.00 172 33.00
123 33.75 173 34.00
124 33.50 174 35.50
125 35.25 175 35.50
126 35.25 176 34.50
127 34.75 177 34.00
128 36.25 178 32.00
129 32.75 179 36.50
130 33.00 180 34.75
131 35.75 181 36.25
132 33.75 182 34.50
133 34.25 183 36.00
134 33.75 184 32.00
135 3250 185 33.00
136 20.50 186 36.75
137 34.50 187 35.75
138 35.50 188 36.75
139 33.50 189 34.25
140 33.50 150 38.25
141 34.75 191 36.75
142 32.75 192 35.25
143 35.50 193 31.25
144 35.75 194 32.50
145 33.75 195 36.00
146 33.75 196 36.75
147 30.25 197 31.25
148 3325 198 34.75
149 34.75 199 34.25
150 34.75 200 37.50
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Table A.4 OPyC layer thicknesses (mean of four measured values in a particle)

No. Thickness No. Thickness No. Thickness No. Thickness
(umy) (um) (um) (um)

1 42.75 51 36.75 101 43.50 151 42.25

2 36.75 52 36.00 102 42,00 152 39.00

3 39.00 53 33.25 103 43.25 153 31.50

4 39.75 54 36.00 104 42.00 154 35.75

5 41.50 55 34.00 105 42.00 155 37.00

6 37.50 56 39.00 106 41,75 156 39.50

7 37.00 57 31.50 107 40.00 157 41.25

8 37.50 58 38.00 108 42,75 158 39.00

9 39.50 59 37.00 109 43.25 159 37.50
10 39.50 60 41.75 110 44.25 160 45.00
11 41.25 61 35.50 111 37.50 161 39.50
12 38.50 62 39.50 112 35,75 162 41.75
13 45.50 63 34.75 113 38.50 163 42.00
14 45.50 64 41.25 114 37.25 164 44,50
15 36.75 65 37.75 115 41.00 165 39.50
16 31.00 66 35.25 116 40.25 166 39.75
17 35.75 67 38.00 117 40,75 167 43.00
18 41.75 68 29.50 118 39.75 168 40.75
19 41.00 69 32.25 119 26.00 169 42.75
20 37.75 70 39.00 120 39.25 170 36.75
21 36.00 71 38.50 121 38.75 171 36.75
22 43.75 72 38.25 122 39.75 172 42.00
23 34.75 73 39.25 123 37.50 173 41.25
24 30,75 74 41.50 124 40,00 174 43.00
25 45.00 75 39.00 125 42.00 175 45.50
26 37.25 76 38.75 126 40.00 176 40.75
27 39.50 77 41.00 127 34.50 177 40.50
28 39.25 78 42.00 128 37.50 178 39.50
20 36.25 79 42.50 129 34.50 179 39.00
30 42.25 80 37.00 130 38.75 180 35.00
31 39.00 81 40.75 131 42.00 181 38.75
32 43.00 82 40.25 132 38.00 182 34.50
33 37.25 B3 4425 133 41,75 183 42.25
34 33.75 84 45.25 134 41.25 184 40.25
35 36.50 85 39.50 135 42.25 185 39.50
36 36.50 86 40.25 136 40.75 186 37.25
37 41.25 87 42.00 137 38.75 187 36.00
38 38.25 88 44.00 138 43.50 188 38.00
39 41.00 89 40.50 139 40.25 189 38.75
40 38.50 90 36.00 140 45.25 190 43.25
3 35.50 91 34.50 141 41.75 i91 38.00
42 42,50 92 38.75 142 41.25 192 38.00
43 42.25 93 37.00 143 41.50 193 41.00
44 41.50 94 33.25 i44 40.75 194 33,75
45 37.75 95 40.00 145 44.25 195 41.50
46 36.50 96 36.75 146 44.50 196 38.75
47 37.25 97 38.75 147 45.50 197 36.50
48 39.75 98 41.25 148 37.75 198 38.25
49 40.25 99 39.50 149 35.50 199 28.75
50 42.00 100 41.50 150 40.00 200 39.50
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APPENDIX B CRUSHING STRENGTH OF COATED FUEL PARTICLES

Table B.1 Crushing strength of Triso—coated fuel particles

No.  Strength No.  Strength
(N) N)

1 17.65 26 18.53
2 2177 27 21.18
3 2030 28 20.59
4  17.65 29 19.42
5 2501 30 21.48
6 20.01 31 20.01
7 1971 32 20.30
8 20648 33 20.30
9 2648 34 26.77
10 32.36 35 2471
11 2148 36 27.36
12 21.18 37 19.71
13 2471 38 25.89
14 26.18 39 28.83
15 2648 40 23.54
16 2589 41 20.89
17 21.18 42 20.30
18 19.12 43 1942
19 2942 44 27.36
20 2148 45 18.24
21 2030 46 30.89
22 2059 47 23.24
23 26.77 48 24.71
24 2354 49 19.71
25 24.71 50 20.30
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APPENDIX C DIMENSIONS OF FUEL COMPACTS
Table C.1 Dimensions of fuel compacts loaded in HRB-22 capsule

Table C.2 Dimensions of fuel compacts stored at ORNL
Table C.3 Dimensions of fuel compacts stored at JAERI
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Table C.1 Dimensions of fucl compacts loaded in HRB-22 capsule

Name Outer diameter (m) Inner diameter (mm) Length (mm)
top middle bottom top bottom

910PB-2 26.05 26,05 26.06 10,01 10.02 39.01 38.98
26.04 2605 26.06 38.96 38.97

910PB-3 26.04 26.05 26.05 1001 10.01 39.01 39.00
26.05 26.05 2605 38.99 39.00

910PB-7 26.03  26.04 2605 10,00 10.01 3003  39.01
26.04 26.05 2606 3899 39.00

910PB-8 26.04 26.04 26.05 10.01 1001 39.02 38.98
2605 2605 2605 3897 3899

910PnB-9 26.05 2604  26.05 1001 1001 39.03  39.02
26.04 2605 26.05 3899 39.02

910PB-10 26.04 2605 2605 10.01  10.02 39.01 3899
26.04 2606 26.06 39.01  39.02

N0OPB-11 26.04 2605 26.05 10,01 10.02 39.02  39.02
26.04 26.05 26.05 3901 39.02

910PT-12 26.04 2605 26.05 1001 10.01 39.02  39.01
26.05 2605 26.06 39.00 39.01

910PB-15 26.04  26.04  26.06 10,00 10.02 39.00 39.00
2603 26.05 26.05 38.98 38.99

910PB-17 2604 2605 26.05 10.02 10,02 39.01  39.01
26.04 2605 2605 39.00 38.99

910PB-21 2603  26.04 26.06 10.00  10.02 39.04 39.04
26.04 2606 26.05 39.02  38.99

910PB-22 26.05 26.05 26.06 10.02  10.01 39.00  39.00
26.05 26,05 26.05 39.00 38.99




Table C2 Dimensions of fuel compacts stored at ORNL

JAERI-Tech $5-056

Inner diameter (mm)

Length (mm)

Name Quter diameter (mm)
top middle bottom top bottom
910P13-1 26.05 26.06 26.07 10.00 10.01 39.01 38.99
26.04 2606 26.06 3896 38.97
910PB-13 26.05 26.05 26.05 10.01 10.02 39.01 38.99
26.04 26.05 26.05 38.99 3899
910PB-14 26.04 2605 26.06 1001 10.01 3897 3898
26.04 2605  26.05 3896 3898
910PB-18 26.04 2605 2606 10.00 10.01 39.02 39.01
26.05 26.05 2606 38.98 3%.01
910PB-23 26.04 26.06 26.06 10.00 10.01 3901 39.00
2604 2605 2605 39.00 39.02
910PB-24 26.05 2605 2605 10.01 10.02 39.03 35.00
26.04 2605 26.06 39.01 38.99
910PB-25 26.04 26.05 26.05 10,02  10.02 39.03  39.04
26.04 2605 26.06 3899  36.00
910PB-26 26.05 26.06 26.06 10.01  10.02 39.07  39.03
26.05 26.06 39.03  39.06

26.06




Table C.3 Dimensions of fuel compacts stored at JAERI

JAERI-Tech 95-056

Inner diameter (mm)

Length (mm)

Name QOuter diameter (mm)
top middle bottom top bottom
9101P13-4 26,04 2605 26,05 10.01 10.02 3899 38.97
26.03  26.04 26.05 3896 38.98
910PB~5 26.03  26.04 2605 10.02 10.02 39.01  39.02
26.04 26.04 26.05 39.02  39.02
S10PB-6 26.03  26.04 - 26.06 10.01  10.02 3899 38.96
26.03 2603 26.04 38.95 3398
910PB-16 26.04  26.04 26.04 10.00  10.01 39.01 3897
26.04  26.04 2605 3895 38.98
910PB-19 26.02 2604 2605 10.01  10.02 39.03  35.03
26.03 2605 26.06 38.98 38.99
9107PB-20 26.03  26.04 26.05 1002 10.02 39.02 38.98
2603 26.04 2605 39.00 39.02
910PB-27 26.03 26.04 26.06 10.01 10,02 39.01  39.00
2603 2604 2606 3902 39.02
910PB-28 26.04 2604 2604 10.01  10.02 39.00  39.00
26.04 26.05 26.05 39.02  39.02
910PB-29 26.04 2604 26.04 10.01 10.01 3897  38.96
26.04  26.04 26.04 38.97 3896
910PB-30 2603 26.04 2605 1001 10.02 39.01  39.03
26.04 26.04 26.05 39.01 39.00
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APPENDIX D CHARACTERISTICS OF FUEL COMPACTS
Table D.1  Characteristics of fuel compacts toaded in HRB-22 capsule

Table D.2 Characteristics of fuel compacts stored at ORNL
Table D.3  Characteristics of fuel compacts stored at JAERI
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Table D.1  Characteristics of fuel compacts loaded in HRB-22 capsule

Name Weight Density Packing fraction (%) U content
(g) Mg/m?) Total Fuel  Dummy (g)
910rB-2 34.292 1.94 339 68 271 2.283
910PB-3 34.275 1.93 339 638 27.1 2.268
910PB-7 34.287 1.94 339 638 271 2.323
910PB-8 34.299 1.94 339 68 27.1 2321
210PB-9 34.286 1.94 339 6.8 27.1 2.311
910FB-10 34.285 194 33.9 638 27.1 2.352
910PB-11 34.298 1.94 339 6.8 27.1 2.316
910PB-12 34.316 1.94 339 68 27.1 2.321
910PB-15 34.282 1.94 339 68 27.1 2.318
910rB-17 34311 1.94 339 68 27.1 2,251
910PB-21 34.274 1.93 339 68 271 2.349
910PB-22 34.299 1.94 339 68 271 2.329
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Table D.2 Characteristics of fuel compacts stored at ORNL

Name Weight Density Packing fraction (%) U content
() (Mg/m®) Total Fuel  Dummy (&)

910PB-1 34.274 1.93 339 68 27.1 2.260
910PB-13 34.291 1.94 339 68 27.1 2.356
910PB-14 34.310 1.94 339 6.8 27.2 2.354
910PB-18 34.274 1.93 33.9 6.8 27.1 2371
910PB-23 34.244 1.93 33.9 6.8 271 2.348
910P-24 34.283 1.94 339 6.8 27.1 2.355
910PB-25 34.258 1.93 339 68 27.1 2.356
910OPR-~26 34.277 1.93 338 6.8 271 2.349
Table D.3  Characteristics of fuel compacts stored at JAERI

Name Weight Density Packing fraction (%) U content

(g) Mg/m*) Total  Fuel Dummy {2

910PB-4 34.307 1.94 339 68 272 2.268
910rB-5 34.300 1.94 339 68 27.1 2.300
910PB-6 34,327 1.94 34.0 6.8 27.2 2.289
910PB-16 34.298 1.94 33.9 0.8 272 2.323
910PB-19 34.275 1.94 339 68 27.1 2.328
910P3-20 34.289 1.94 339 68 27.2 2.331
910PB-27 34.281 1.94 339 68 271 2.306
QIOPB—Z_S 34.259 193 339 6.8 27.1 2.328
910PB-29 34.257 1.94 340 68 272 2.302
910PB-30 34.270 1.94 339 6.8 27.1 2.324




