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FARRY

ABSTRACT

This report documents the results of dimensional, thermal expansivity,
thermal conductivity, Young's modulus, and tensile strength measurements on
graphite specimens irradiated in capsule 0G~3. The graphite grades
investigated included near-isotropic H-451 (three different preproduction
lots), TS-1240, and S0818; needle coke H-327; and FEuropean coal tar pitch

coke grades P_,JHA_N, P_JHAN, and ASI2-500. Data were obtained in the

372 3
temperature range 823 K to 1673 K. The peak fast neutron fluence in the

25

experiment was 3 x 10 n/m2 (E > 29 £J) the total accumulated fluence

25 2 HIGR® 25, 2
exceeded 9 x 10 n/m~ on some H-451 specimens and 6 x 10 n/m” on some

TS-1240 specimens.

Irradiation—-induced dimensional changes on H-451 graphite differed
slightly from earlier predictions. For an irradiation temperature of about
1225 K, axial shrinkage rates at high fluences were somewhat higher than
predicted, and the fluence at which radial expansion started (about 9 x 1025
n/m2 at 1275 K) was lower. TS-1240 graphite underwent smaller dimensional
changes than H-451 graphite, while limited data on S0818 and ASI2-500
graphites showed similar behavior to H=451, PSJHAN and P3JHA2N graphites
displayed anisotropic behavior with rapid axial shrinkage. Comparison of
dimensional changes between specimens from three logs of H-451 and of TS~
1240 graphites showed no significant log-to-log variations for H~451, and

small but significant log-to-log variations for TS-1240.

The thermal expansivity of the near-isotropic graphites irradiated at
865-1045 K first increased by 5% to 10%Z and then decreased. At higher
irradiation temperatures the thermal expansivity decreased by up to 50%.
Changes in thermal conductivity were consistent with previously established
curves. Specimens which were successively irradiated at two different

temperatures took on the saturation conductivity for the new temperature,
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The fractional increase in Young's modulus as a function of
irradiation conditions was similar for all near-isotropic graphite
specimens, regardless of orientation or location in the parent log. The
tensile strength increased in a manner similar to Young's modulus, but the
exact relationship between strength and modulus was different for different
materials. The coefficient of variation of the strength determinations was

not significantly changed by irradiation.
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1. INTRODUCTION

This report documents the results of physical property measurements on
graphite specimens irradiated in the third of the OG-series of graphite
capsules irradiated in the Oak Ridge Reactor (ORR) under the ERDA-sponsored
HTGR Fuels and Core Development Program. The test plan for the irradiation
experiment is given in Ref. 1, and engineering details of the capsule
fabrication and assembly are contained in Ref. 2. A complete inventory of
specimens is available in Ref. 3, Full results from the first two
irradiation experiments in the OG-series are contained in Refs. 4 and 5.
For convenience, the present report also includes data from the two earlier

capsules.

Neutron fluences are given in this report in terms of neutrons with
energies greater than 29 f£fJ (0.18 MeV) in a typical HTGR spectrum,
calculated from the dosimetry measurements according to the number of
displaced carbon atoms based on the Thompson and Wright model. Conversion

factors for other fluence units are:

Fluence with E > 29 fJ in the ORR C-3 position 1.12 x fluence

(E > 29 fJ)HTGR

1.25 x fluence

Equivalent fission fluence for graphite damage

(E > 29 fJ)HTGR

Nickel~Dido equivalent fission fluence = 0.67 x fluence (E > 29 fJ)HTGR

1-1
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2, TEST DESCRIPTION AND OBJECTIVES

Capsule 0G~3 was the third in a series of graphite irradiation
capsules which are operated to obtain design-basis data on the effects of
neutron irradiation on the physical properties of candidate graphites for
HTGR fuel and replaceable reflector blocks. The range of operating
temperatures along the length of a capsule is approximately 823 K to 1673 K
(550° to 1400°C). All capsules have identical thermal design. After
irradiation, many specimens are transferred to the same location in the

next capsule in order to build up isothermal data at incremental fluences.

The principal objective of the 0G-3 experiment was to provide
additional irradiation data on Great Lakes Carbon Company grade H-451 near-
isotropic petroleum coke-based graphite which is the reference graphite for
HTGR moderator and reflector blocks. Specimens from three different pre-
production lots were included. Specimens of two other candidate petroleum
coke near-isotropic graphites (Union Carbide grade TS-1240 and Airco-Speer
grade S0818) were also irradiated. Some comparative dimensional change
experiments using European coal tar pitch coke-based graphites (Pechiney

grades PBJHAZN and PBJHAN and Sigri grade ASI2-500) were also included.
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3. MATERIALS INVESTIGATED

A summary table showing the number of specimens of each material
included in the experiment appears in Table 3-1. Further details of the

principal grades are contained in Refs, 6 and 7.

The largest proportion of capsule space was allotted to grade H-451
graphite. Specimens were taken from the following three preproduction

lots, which were made with minor differences in their coke formulation:

1. Lot 266, previously irradiated in capsules 0G-1 and 0G-2 (one log
sampled). The fluence accumulated by these specimens at the
higher irradiation temperatures now exceeds the end-of-life

fluence for large HTGR designs.
2, Lot 408, previously irradiated in capsule 0G~2 (one log sampled).
3. Lot 426, virgin specimens (three logs sampled).

In addition, a few previously irradiated specimens of grade H-429 (small-

diameter prototype for H-451) were continued.

The next largest proportion of space was given to another petroleum-
coke-based, near-isotropic graphite, Union Carbide grade TS-1240, Some
specimens previously irradiated in capsule 0G-2 were continued. Fresh
specimens sampled from three different logs (all from the same preproduction
lot) were added. Only a minority of the irradiated specimens of TS-1240
graphite were ténsile-tested; the remainder were held for possible future

reirradiation.
Dimensional change, thermal expansivity, and thermal conductivity

specimens from a single log of Airco-Speer grade SO 818 (preproduction lot

4B) were irradiated. No tensile specimens of this material were included.

3-1




Previously irradiated specimens taken from a single log of Great Lakes
Carbon needle coke graphite grade H-327, which was used for the core of the
Fort St. Vrain HTGR, were reirradiated. The planned irradiations on this

material are complete.

A limited number of dimensional change specimens made from pitch-coke-
based graphites (Pechiney grades P3JHAN and P3JHA2N and Sigri grade ASI2-~
500) and a fine-grained isostatically molded graphite (Stackpole Carbon Co.
grade 2020) were included for comparison with the major candidate

graphites.

The following standard specimen shapes were used:

Shape Dimensions Type of Test Technique
Cylinder 5.1 mm dia. x Dimensional Optical gauge
11.4 mm long Thermal expansivity Silica dilatometer
Cylinder 6.3 mm dia. x Dimensional Optical gauge
22,9 mm long Thermal expansivity Silica dilatometer
Tensile test Uniaxial tension
Disc 10,2 mm dia. x Thermal diffusivity  Heat pulse

1.3 mm thick

All virgin specimens were annealed at 1773 K (1500°C) for 1800s in an argon

atmosphere after machining.

3-2
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TABLE 3-1
MATERIALS IRRADIATED IN CAPSULE 0G-3

Graphite Coke Production| Previous Number of

Grade Type Manufacturer Lot Irradiations|Type of Test Specimen | Specimens
H-451 Near-isotropic| Great Lakes 266 0G-1, 0G-2 | Dimensional/CTE 96
petroleum Carbon Co. Dimensional/fatigue 21
Dimensional/tensile 34
Thermal diffusivity 28
408 0G-2 Dimensional/tensile 96
426 - Dimensional /CTE 40
Dimensional/tensile 102
Thermal diffusivity 20
H-429 Near-isotropic Great Lakes - GEH-422, Dimensional/CTE 23

petroleum Carbon Co. 0G-1, 0G-2

TS-1240 | Near-isotropic| Union -- 0G-2 Dimensional/tensile 50
petroleum Carbide Thermal diffusivity 24
—_ Dimensional/CTE 16
Dimensional/tensile 128
H-327 Needle Great Lakes| FSV-42 0G-1, 0G-2 | Dimensional/CTE 44
Carbon Co. 0G-2 Dimensional/tensile 10
Dimensional/tensile 26
S0 818 | Near-isotropic| Airco-Spear 4B - Dimensional/CTE 16
petroleum Thermal diffusivity 18
PyJHAN Pitch Pechiney - 0G-1, 0G-2 Dimensional/CTE 29
P3JHA,N | Pitch Pechiney —-— - Dimensional/CTE 22
ASI2-500| Pitch Sigri —-— -— Dimensional/CTE 22
2020 Fine grained Stackpole - 0G-1, 0G-2 | Dimensional 78

.petroleum '




4, CAPSULE OPERATING CONDITIONS

4.1, DESCRIPTION OF CAPSULE

Capsule 0G-3 was a fully instrumented, controlled-temperature, doubly
contained irradiation capsule which was irradiated in the C-3 position of
the Oak Ridge Reactor (ORR) between June 21, 1975, and December 5, 1975.
The total residence time in the reactor was 14.4 Ms with 12,8 Ms at a power

level of 30 MW, yielding a capsule cumulative power of 4452 MWd.

The capsule contained two cells, each with its own sweep-gas system.
Adjustment of the helium—argon ratio in the sweep gas allowed independent
temperature control in the upper and lower cells. The cells contained a
total of 10 graphite'crucibles approximately 57 mm in diameter by 51 mm
high (except for crucible No. 3, which was 76 mm high). The crucibles were
drilled with holes to act as specimen holders. The crucibles were
contained in Inconel 600 cans, which were housed in an annular aluminum
thermal bond inside two 304 stainless steel containment tubes. The heat
transfer gap between each crucible and the containment can was designed
according to the gamma heating rate to allow the crucible to operate at the
desired temperature. During operation the sweep gas composition was
periodically adjusted to maintain the centerline temperature of crucible 3

(in cell 1) and crucible 7 (in cell 2) at 1273 K.

The capsule contained 21 chromel—élumel thermocouples and 12 tungsten~
rhenium thermocouples. All crucibles contained at least one thermocouple
on the centerline and at least one thermocouple near the outside. Six sets
of chromel-alumel/tungsten-rhenium thermocouple pairs were located in
various crucibles to provide in-situ decalibration data for the tungsten-
rhenium thermocouples used alone in the two highest~temperature crucibles,

4 and 5. A schematic diagram of the capsule layout and thermocouple
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locations is shown in Fig. 4-1. All thermocouples operated reliably for
the full life of the capsule except thermocouple W5 in crucible 3, which

operated erratically from the start.
4.2. OPERATING TEMPERATURES

Each thermocouple reading was recorded four times per day, but the
data analysis was based on one reading per day (148 data points per
thermocouple). The chromel-alumel readings were assumed to represent the
true operating temperatures, but the tungsten-rhenium readings had to be
corrected for neutron-induced decalibration. The decalibration factors
were estimated from the ratios of the chromel-alumel/tungsten-rhenium pairs
as a function of thermal fluence. The factor applied to thermocouples W19,
W20, W29, and W30 in crucibles 4 and 5 was determined from the pairs in
crucibles 3 and 7, which were the closest in temperature to crucibles 4 and
5. The relationship between the true temperature, Tt’ and the indicated

temperature in crucibles 4 and 5, Ti’ was taken to be

Ty
T = ’
t oy 7x10% ¢

where f is the thermal fluence_(n/mz).

The averaged daily temperatures at the centerline and outside of each
crucible are listed in Table 4-1. The values are based on chromel-alumel
thermocouple readings except for crucibles 4 and 5, which are based on
tungsten-rhenium thermocouples. The irradiation-induced change in the
thermal conductivity of the graphite crucibles caused a 10 to 30 K long-
term drift in the temperatures of the crucibles running at 1273 K or 1less,
while crucibles 4 and 5 experienced a downward drift in temperature
amounting to about 80 K over the life of the capsule. In addition, the
control rod bank travel caused sawtooth-shaped fluctuations in temperature
which were most marked in crucibles 4, 5, 9, and 10. The upper and lower
limits of the fluctuations, defining the band within which the temperature

remained for 907 of the time at power, are included in Table 4-1.
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The mean operating temperatures of individual specimens were
calculated from the centerline and outside temperatures of the crucible,

assuming a parabolic temperature distribution along the radius.

4.3, NEUTRON FLUENCE

Dosimetry for the capsule was obtained from flux wires of vanadium -
0.216% cobalt, vanadium - 0.527% iron (88.25% enriched in Fe-54), and
titanium. The wires were encapsuled in quartz vials and placed in grooves
in the aluminum thermal bond at seven axial locations. 1In each axial
location there were four sets of flux wires spaced 90 deg apart
circumferentially. All flux wires were recovered from the irradiated
capsule and analyzed by gamma-ray spectroscopy. The measured activities
were decayed back to the end of irradiation and used to calculate the
thermal and fast fluences, taking into account the disappearance of target
atoms by competing nuclear reactions and the burn-out of product atoms.

The values used for the principal effective activation cross sections were
36.8 x 10—28 m2 for the Co-59 (n,Y) Co-60 reaction (thermal fluence), 46.56
x 10—31 m2 for the Fe-54 (n,p) Mn-54 reaction (fast fluence, E > 29 £J, ORR

31 m2 for the Ti-46 (n,p) Sc-46 reaction (fast

spectrum), and 6.61 x 10
fluence, E > 29 £J, ORR spectrum). The fluences obtained for the four

circumferential positions at a given axial location were averaged, and the

fast fluence results from the iron and titanium flux wires were combined.
The average fluences were plotted against the axial location, and third
order polynomial curves were fitted through the data and used to obtain the
fluence at the center of each crucible. The curves are shown in Fig. 4~2.
The equivalent fluences for each crucible, expressed in terms of neutrons
with energies exceeding 29 f£fJ in a typical HTGR spectrum and as the

equivalent fission fluence for graphite damage, are given in Table 4-1.

4-3
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TABLE 4-1
TEMPERATURES AND FLUENCES IN CAPSULE 0G-3

Neutron Fluence x 10723
(n/mz) Operating Temperature
Eggi:iiﬁnt Center Outside

Fluence for Mean Maximum(aj Minimum(a) Mean Maximum(a) Minimum(a)

E>29£7, Graphite
Crucible | Thermal HTIGR Damage K °C K °C K °C K °C K °C| K °C
1 1.29 1.84 2.30 979 706 | 1000 727 | 957 | 684 889 | 616 | 911 638] 870 | 597
2 1.47 2.40 3.00 1052 779 | 1076 | 803} 1031 758 | 927 654 | 951 678 907 | 634
- 3 1.68 2.82 3.52 1271 998 1286 | 1013} 1255 | 982 | 1182 | 909 | 1199 9261166 | 893
& 4 1.79 2.97 3.71 1576 | 1303 | 1658 | 1385 | 1491 | 1218 | 1409 | 1136 | 1494 | 1221[1320 | 1047
5 1.75 2.89 3.61 1661 | 1388 | 1726 | 1453 | 1586 | 1313 | 1580 | 1307 | 1644 | 1371{1513 | 1240
6 1.61 2.68 3.35 1314 | 1041 [1347 {1074 | 1273 [ 1000 | 1173 | 900 | 1223 | 950|1128 | 855
7 1.39 2.39 2.99 1262 | 989 1280 | 1007 | 1237 964 | 1189 916 | 1217 944 (1161 888
8 1.12 2,01 2,52 1160 | 887 [ 1193 | 920 1122 849 | 1090 | 817 [ 1130 | 857]1054 781
9 0.83 1.57 1.97 1055 782 | 1113 | 840 | 1041 741 981 708 | 1030 757 943 | 670
10 0.61 1.1 1.39 888 | 615 | 940 | 667 847 574 | 807 534 | 858 | 585{ 773 | 500

(a)

Maximum and minimum temperatures indicate range within which the temperature remained
time at power.

for 907% of th

e



5. EXPERIMENTAL RESULTS - DIMENSIONAL CHANGES

5.1, INTRODUCTION

Capsule 0G-3 contained dimensional change specimens of eight near-
isotropic graphites, needle coke H-327 graphite, and several miscellaneous
graphites. The design data bases for calculating irradiation-induced
dimensional change in H-451, TS-1240, and H-327 graphites were
significantly enlarged by the addition of 0G-3 data. 1In addition, spot
comparisons of dimensional change between domestic and foreign grades of

near-isotropic graphite were carried out.

Dimensional change data are reported as percent strain [( - 20)/20 X
100}, where £ is the post—-0G-3 irradiation length and RO is the original
(unirradiated) length. The average irradiation temperature and fast
neutron fluence experienced by specimens while in 0G-3 were assigned as
discussed in Section 4. Specimens which were re-irradiated in 0G-3 were
assigned fluence-weighted average temperatures corresponding to the

aggregate fast neutron fluence of the sgpecimen.

5.2. IRRADIATION-INDUCED DIMENSIONAL CHANGE IN NEAR-ISOTROPIC GRAPHITES

Two hundred and nineteen axial and 170 radial dimensional change speci-
mens of H-451 graphite were irradiated in capsule 0G-3. Many of these
specimens were previously irradiated in the OG capsule series (Ref. 5); thus,
the total fast fluence of some H-451 specimens exceeded the lifetime reactor

fluence for fuel element graphite. ,




Specimens were irradiated at average temperatures ranging from 880 K

to 1670 K to total neutron fluences of 1.55 x 1025 to 9.2 x 1025 n/m2 (E >

29 fJ)HTGR'
Tables 5-1 and 5-2. The data have been plotted as open symbols in Figs. 5-

The total dimensional chaﬁge of each specimen is tabulated in

1 and 5-2. The closed symbols in these figures represent irradiation data

from previous OG series capsules reported in Ref. 5.

The H-451 0G-3 data generally agree with previous H-451 data for GLCC
production lots 266 and 408 (see Section 3). Radial H-451 specimens were
irradiated to sufficient fluences to show turnaround in the dimensional
change and, in two specimens, net radial expansion. The earliest change in
linear dimensional change to net expansion occurred in H-451 graphite
irradiated at approximately 1275 K. Radial specimens appear to go to net
expansion when exposed to approximately 9 x 1025 n/m2 (E > 29 fJ)HTGR neutron
fluence. Higher irradiation temperatures create a greater initial
contraction which delays crossover to net expansion until fast fluences

greater than 9 x 1025 n/m2 (E > 29 £J)

HTGR’

These data and related effects were incorporated into the design
curves following the procedures outlined in Ref. 5. Since H-451 data now
extend through reactor lifetime fluence, the H-429 graphité (pilot-scale
precurser to H-451) data are no longer included in the data base to be
fit by computer. As a result, the scatter in data about the design surface
decreased. Isothermal sections through the design surface are plotted in
Fig. 5-3. The polynomial which describes the design surface is listed in

Table 8-1(a).

5.2.2. H-429

Twelve axial and 11 radial H-429 graphite specimens continued
irradiation in capsule 0G-3, The data provide high fluence [up to 11.4 x
25 2
10°7 n/m”~ (E > 29 fJ)HTGR

isotropic graphite dimensional change curves., Table 5-3 lists the 0G-3 H-

] definition of the shape of petroleum coke, near-

429 graphite data.



5.2.3. TS-1240

Capsule 0G-3 included 96 axial and 98 radial dimensional change
specimens of graphite TS-1240. The specimens were irradiated at average
temperatures of 865 K to 1655 K to neutron fluences of 1.55 x 1025 n/m2 to

25 2
> .
5.9 x 10 n/m- (E 29 fJ)HTGR

sional change for TS-1240 0G-3 specimens. Data at higher fluences are shown

Tables 5-4 and 5~5 list the total dimen-

as open symbols in Figs. 5-4 and 5-5. For comparison, dimensional changes
observed in the 0G-2 experiment (Ref. 5) are also included in Figs. 5-4

and 5-5 as closed symbols.

TS-1240 graphite continues to exhibit excellent dimensional stability
under neutron irradiation. Dimensional changes observed in TS-1240 are

approximately 50 to 70% the magnitude of those in B-451 graphite.

5.2.4. 850-818

A third potential fuel element graphite, S0-818, was irradiated in the
0G~3 experiment. Eight dimensional change specimens for each orientation
were irradiated. Observed dimensional changes were about equal to those of

H-451 graphite. The data are listed in Table 5-6.

5.2.5. Pitch Coke Graphites

Several pitch coke graphites developed by European programs were
irradiated in the 0G-3 experiment. ASI2-500 exhibited moderate dimensional
change similar to H-451. The two graphites of French origin, P3JHAN and

P3JHA2N, underwent considerably more contraction than any other near-

isotropic graphites. ASI2-500 and P3JHA2N data are included in Tables 5-7
and 5-8.

PBJHAN specimens from earlier experiments were reirradiated in capsule

0G-3. As shown in Table 5-9, some of the P_JHAN specimens were broken

3
during removal from the experiment after irradiation at high fluence levels

5-3




[8.5 x 1025 n/m2 (E > 29 fJ)HTGR]’ The unbroken specimens demonstrated

large net expansions in the radial direction at 8.5 x 1025 n/m2 (E > 29
fJ)HTGR while the axial specimens went through turnaround at the same
fluence. The large dimensional changes of the PBJHAN specimens caused
mechanical interaction between the specimen and the graphite crucible

severe enough that specimens were fractured during removal from the

crucibles.

5.2.6. 2020

The 28 axial and 50 radial specimens of 2020 graphite were
reirradiated in the 0G-3 experiment after previous irradiation in 0G-1 and
0G-2. Tables 5-10 and 5-11 contain the results of the 0G-3 irradiation.
Radial dimensional change is somewhat greater than axial dimensional change
in 2020 because the graphite is isostatically molded rather than extruded
as are the other graphites discussed above. The spread of observed
dimensional change between axial and radial orientations is about the same

as in H-451 graphite, but 2020 graphite contracts less and expands more

5.3. IRRADIATION-~INDUCED DIMENSIONAL CHANGE IN NEEDLE-COKE H-327 GRAPHITE

Specimens of H=-327 graphite which were previously irradiated in 0G
capsules were reirradiated in the 0G~3 experiment. Tables 5-12 and 5-13
list the 41 axial and 39 radial H-327 specimens irradiated in 0G-~3., The
data were added to the data base of H-327 graphite and computer fit by
FUNFIT as described in Ref. 5. The resultant design curves for H-327
graphite are shown as isotherms through the design surface in Fig. 5-6

which is generated from the polynomial given in Table 8-1(b).

5.4. MISCELLANEOUS GRAPHITES

The 0G-3 experiment contained miscellaneous graphite specimens, the

most important of which are contained in Table 5-6. Laboratory grade 565161

54



graphite, made from Robinson coke at Oak Ridge National Laboratory, showed
larger net expansion than other near-isotropic graphites following the 0G-3
irradiation. Grade H~451C, which was H-451 graphite infiltrated with
binder pitch during cure-in-place process studies, continues to demonstrate
about the same dimensional changes as observed in H-451 graphite. The mean
axial dimensional change for H-451C is -2.78%, compared with -2.93% for

H-451 at approximately the same irradiation conditions.
5.5. SIDE-BY-SIDE COMPARISON OF DIMENSIONAL CHANGES IN DIFFERENT GRAPHITES

To facilitate direct comparison, groups of four replicate axial and
radial specimens (midlength-center location) of H-451, TS-1240, S0-818,
P3JHA2N, and ASIZ2~-500 graphites were irradiated side-by-side at 1040 K in
crucible 2 and at 1653 K in crucible 5, The mean dimensional changes are
listed in Table 5-14. At both irradiation temperatures grade TS-1240

showed less shrinkage (in both directions) and grade P JHAZN showed more

3
shrinkage (in the axial direction) than the other three grades. Grade
PBJHAZN behaved more anisotropically than the other materials.

5.6. EFFECT OF CHANGING IRRADIATION TEMPERATURE ON DIMENSIONAL CHANGES

After irradiation in capsule 0G-1, two sets of four axial and four
radial specimens of H-451 graphite were interchanged between crucibles 1
and 6 for the next two irradiation increments. Their mean operating
temperature was 948 K (675°C) in crucible 1 and 1323 K (1050°C) in crucible
6. The dimensional changes of the specimens are plotted as functions of
neutron fluence in Fig. 5-7. Isothermal curves for specimens irradiated
continuously in crucibles 1 and 6 are included in the figure. When the
irradiation temperature of the axial specimens was increased, the shrinkage
rate increased to that of specimens irradiated isothermally at the higher
temperature., The shrinkage rate of axial specimens decreased when their
irradiation temperature was reduced, but remained higher than that of
specimens isothermally irradiated at the lower temperature to the same

fluence. The shape of the curves suggests that the new shrinkage rate may

5-5




correspond to the lower temperature isothermal curve extrapolated to the
higher strain of the stepped-down specimens, The data points for radial
specimens are too closely clustered to draw firm conclusions, but the

trends appear similar to those of the axial specimens.
5.7. BETWEEN-LOG AND WITHIN-LOG VARIATIONS IN DIMENSIONAL CHANGE

Several groups of H~451 and TS~-1240 specimens were made up from three
different logs out of the same lot. In some cases specimens from both the
midlength-center location and the midlength-edge location in the log were
included. Four or five replicates were used for each log and location.
After post—irradiation length measurements, the data were analyzed by the
analysis—of-variance method to find whether the between-log and within-log
variations were statistically significant. Individual measurements are
included in Tables 5=1 through 5-5. Summaries of the results of the
analyses of variance are given in Tables 5-15 through 5-18. For H=-451
graphite, neither the between-log nor the within-log variations were
significant at the 957 confidence level. Shrinkage of TS-1240 graphite
showed significant between~log differences among the specimens irradiated
at the highest temperature (Table 5-16). However, the differences were
small (0.337% or less). Differences in shrinkage between midlength-center
and midlength~edge specimens were not statistically significant for H-451
graphite, but the TS-1240 graphite showed slightly more shrinkage at the
edge of the log than at the center (Table 5-18).

5-6
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Record Specimen

Number Number

7797 OGe3 Teitd
7788 (ige3 Telld
7799 (Ge3d TeltsS
7800 OGe3 Telte
7801 0OG=3 Tell?
7802 NGe3 T=118
7748 DGwd Teltl
TT749 (3G=3 Telil
7803 DGw3d TupoTuy
T804 QGeld TuoTul
7805 0Ged TUOTUS
78060 DGe3 Taunl47
7807 DGe} Tug7u9
TBCA UGw3 Taun7St
7809 0G=3 740753
7810 NGwd T4n7sS
7811 OG=3 TuQ7I87
7812 G=3 Tun?89
7813 0Ged TUQTel
7814 YGes TupTed
8691 0UG=3  ,389,
8697 UGed « 381,
8701 UG-J .382.
8689 UGw3 379,
7736 OGw3 TuoSo01d
7737 0Ge3 TupndSed
7738 OGed T4050%
7739 (Gw3d TaoS07
7740 OGed TupSo9
7741 OGe3d TunS11t
7742 QGm3  YTdnd13
7743 UGm3Y TupSts
7744 UGe3 T40S517
7748 QOGwd TunS19
7746 UG=3 Tu0S21
7747 6«3 TupHS23
7704 LG=3 e 30U,
7708 NGed .34,
7712 0Ge3 J¥UT,
7713 Q6=3 . 348,

TABLE 5-1

" DIMENSIONAL CHANGE IN H-451 GRAPHITE, AXIAL ORIENTATION

Position
in Log

MC
*C
MC
MC
“C
MC
“e
ML
ME
ME
ME
ME
ME
ME
ME
ME
ME
ME
ME
ME
MC
L o
mC
me
MC
MC
MC
18
MC
MC
MO
mC
ML
MC
ule
MO
[de
MC
M

~C

Crucible/Hole

[P

Irrad.

S s el ek h b A mh e e o b il e ke e e s e

D

s o a rs o bl a A s lem e A s el (D

2e
22
2}
23
24
24
{6
in
25
25
25
26
27
27
28
28
29
29
30
LD

P4

3

P

i
10
19
1"
11
12
12
13
13
14
14
15
15

4
3
4
4

Previous Prior
Record Irrad. Temp
No. (°Cc)
6607 59n,0
6enk  S9¢,n
8609 59n,0
6610  590,0
h46tl  590,0
b6t S9n,0
6605 590,0
6606 S99,0
6613 615,00
661d  BH1§,0
6615 bH1§,N
13K 6l8,0
6617 615,0
bb18  618,0
5619  615,0n
6020 618,0
LT A 618,0
6622 615,0
6623 615,0
6624 H18,0
7512  bdn,0
7536 6400
78640  bun,0
7525 650,.0
651 €600
65137 660),0
8538  bo0,N
6539  66(,0
054y 6b60,0
6541 660,10
bSup 6b0,0
6503 6600
6544 b600,0
65US  AHONGO0
6546  bB6N O
K547 KOO, D
AS0Y KON, N
AS0NE  600,0
652¢ 660,0 (a)
6521 600,00 (a)

Total
bR/ 8g
(%)

., 757
1,028
o B0
=1.026
-, 785
={,122
. 713
»,923
", 433
e ,540
.,U}!
»,u68
",“13
=,514
-, 502
.,5u7
o, 4b7
L)
“,378
-, 511
»,658
=,613
-,qu
-, 597
., 318
- 449
0.319
-, 311
., 409
-.S}U
e 310
-, 488
v, 383
e, 349
@, U9y
564
u'b17
*2,19%
2,325

Total Fluence

(E>29fJ, HTGR) Average Irrad. Temp

(1025 n/m2)

5459
5,59
5.5%
9495
3,55
5.5%
5,58
5.55
3459
3,55
3,55
3.5%
3,5%
3458
3,5%
3.5%
3,5%
3,55
1,55
3.85
3,658
3,65
3,65
1.:065
3,58
3.5%
3,55
3,55%
3,58
3,5%
3,55
3,59
3,88
3,.5%
3,88
3,5%
5455
5,5%
9,5%
5,55

°c)

60%,0
05,0
608,0
6US, 0
605,0
60%,0
620, 0
620,90
630,0
630,0
630.0
630,0
630,n
630,60
630,0
6€30,0
630,0
630,0
630,0
630,0
630.0
630,0
630,0
64040
670,0
670,0
470,0
e70,0
e7n,0
70,0
670,0
70,0
670,0
670,0
&70,0
670,0
670,0
670,0

(a)
(a)

(X)

878
878
878
878
878
878
893
893
903
903
903
903
903
903
903
903
903
903
903
903
903
903
903
913
943
943
943
943
943
943
943
943
943
943
943
943
943
943
(a)
(a)
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e 1724 _0Ge3 2A  8A
... 1728 OGe3 24 BC.

Record Specimen
Number Number
7716 0DG=3} 0349,
7717 OG=} « 350,
7700 0Ge3 301,
7701 OGe3 +302,

7725 0Ge} 2A ag

7729

e 1132

7733

- .-1829 063 853, . .

7830
...1833
7834

OGe»3
0DGe3
OGe3

0Ge=3

0Gw3elBe SA

2A 8p
28 9A
an hd:

554,

DG=3edB 58
7837 0Ge3 2B 5C

7842 OGe3e28 50
e 1847 QGe3 2B, 6A
7852 (Ge3 2B - 6B
8597 OGe3 2A 78
8600 0OG=3 24 9D
8603 QGeld 24 7€
8615 0OGed 24 9C
_ 1825 DG=3 551,
7826 (QGe} 552,
8585 0Geld  ,e0i4,
8587 (QG=3 615,
8%83 (OGel «613,
B581 OGed 612,
8549 UG*3} T40615%
8550 OGe3 T4078)
RE19 Ged Tu0o009
8520 OGe3d Tug?77
8521 OGe3 Tapell
8522 QGe3 Tu0779
BS23 0Gel Tupobtd
8%24 (OGw3 Tap781
8509 OGe3d Tugp599
8510 UGes Tuyp767
8511 pGe3d Ta4060}
8512 0UGel TupTs9

Position
in Log

MC
MC
MC
MC

.

Me
Me
MC
ME

ME

Me

Me
MC
MC
M
MC
mMe
mMC
MC
wC
ME
ME
ME
e
ME
ME
me
ME
mC
ME
Me
ME
MC
mE
MC
ME
mC
ME

. MC
ME

Crucible/Hole

Irrad.
1 S
1 5
B
1 1
1. 1
1 7
1 8
1 8
1. 9
1 9
2 @
2 2
2. 3
2 3
2 4
2 S
e [
2 7
9 5
9 S
9 ©
9 9
2 1
2 1
9 2
9 e
9 1
9 1
8 23
& 23
8 14
& 14
A 15
A 15
8 1o
& te
A 9
8 9
LR R ¢
R 10

663

TABLE 5-1 (Continued)

Previous
Recorxrd

No.

6524
652%
6500
65014

VOO0 OO C O

g

QOO0 OO SO O

66es
bbd20

1426

7428
424
422
Tdy6
7417
7410
Tayy
412
7493
Tary
Ta45
7363
7364
7365
ALY

Prior

Irrad. Temp

(°0)

65000(3)
660,0 (a)

. 675,0.

67%,0

Total
A%/ fo
%)

=2,204
.2.326
'5615
".717

2,078

'.lSS
»,091
.liq‘

=,126

-,186
©1,077
.1.201

..191

"206

e, 244

®,126

*, 24U

,.273

"y153

»,080

5.009

'.06“
-1,212
wi 458
“i,337
.1,101
=1,202
1,434

,B06

*,655
«1,003

742

=, 58S

-.b97

-,943

., 734
=1,0063

w, 794
»{,032

=-,814

1,88

Total Fluence

(E>29fJ, HTGR) Average Irrad. Temp

(1025 n/m2)

5,59%
5,59
5,58
5,99

1,88
1,85
1,85
1.8%
1,89
7:80
7,20
2,40
2,40
2,40
2040
Q.40
2,40
155
1,58
1455
155
T.20
7.20
$,15
5,15
S.18
5,18
4,18
4,18
4ei5
4,18
4,15
4,15
4,15
4,18
4,15
4,15
4ol

(°o)

(a)

(a)
68%,0
68%,0

895,0 .

695,0
695,90
695,0

€99.0.

695,0
755,07
755,0
76%,0
765,0
765,0
765,0
76%,0
765,0
77%5.0
77%,0
775,0
775.0
77%,0
775,0
81%,0
815,0
825,0
830,0
BUS,0
845,0
855,0
855,0
855,0
855,0
855,0
855,0
885,0
885,0
88%,0
885,90

(K)

(a)
(a)
958
958
968 _ .
968
968
968

968 _ . ...

968
1028
1028
1038
1038
1038
1038
1038
1038
1048
1048
1048
1048
1048
1048
1088
1088
1098
1103
1118
1118
1128
1128
1128
1128
1128
1128
1158
1158
1158
1158
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Record Specimen Position
Number Number in Log
8513 0Ge3 Tdp603 MG
8514 OGe3 Tu077} ME
...B518 nGed  TU060S . wC
B516 0G=3 Tup?773 ME
e .. 8%11 QGe3} Tu0607 __  MC_ . ..
8518 pGwld T4077S ME
8507 O0Ge3 T40597 MC
8508 UGwld Tuol65 ME
-qmwmﬁ.__ﬁﬁﬁi_ﬂG!; >J113LM. .MC
8484 QGe} « 374, mMC
8487 QGe3 1758, MC
8488 QGe3 176, MC
8040 OGe3 Ee16 NE
8041 (Ged F 17 mMC
8042 UGel Fei8 Mg
8043 OGw] FetS MC
8044 QOGwY = Few20 MC
8048 0OGeld Fu2l MC
B0Us QGel T#13S MC
8047 QGe3} Tei 36 MC
Bu49 OG=3 Telld7 == Mc
8050 DGe3 Te138 MC
_..Bu479 QG=3 371, ul
8480 0G=3 «372,. MC
o 7998 0Ge3  Tel3f MC
7999 0G=3 Tel32 MC
8001 06=3 Te133 mMC
8002 0Ge3 Telly MC
8346 OGwlwlr 1A MC
8347 OGe3e2A 14 MC
_ 8348 0Ge=3w2a=1014 ME
8349 NGeimw2Awi01A ME
8350 DG=3e2A= 18 mMe
8351 0Gelela 18 MC
— ... 8352 0Ge3w2Aw1018 = ME
8353 OGw3e2A 1014 ME
81354 0Gelmibe 1A MC
8355 UGwl3=2a 18 ]
- _ 8356 0Gele2A=1048 ME
8357 pG=3wdawsi0iB ME

Irrad.

22 ooo'oocroocéouuuummuiﬂuuupuuuummmbmmmmm‘mmcx:
l . H . R
i :

[

WRAN I & 3 G ek U T = e

Crucible/Hole

i
l

TABLE 5-1 (Continued)

Previous Prior
Record Irrad. Temp
No. (°Cc)
7367 905,00
7368 90S,0
7309 905,0 _
7370 90S,0
1311 90S,0
7372 90%8,0
7361 905,0
7302 90%,0
1329 920,0
7330 92040
7333 920,90
7334 920,0
6845 910,0
6846 910,0
684 910,0
6848 910,0
6849 910,90
6850 910,0
682y 910,0
6822 910,0
..6B24 910,0
682% 910,90
7325 930,0
7326 930,0
6815 910,0
6816 910,0
6818 910,0
6819 910,0
0 W0
0 .0
0 o0
0 0
0 00
(] o0
R a9
0 o 0
0 Y
0 Y
/] o 0
0 o0

Total Fluence
(E>29f£J, HIGR) Average Irrad. Temp
(1025 n/m2)

4,15
“.’.5
4,15
4,18

. 4a15

4,18
4ets
4,15
6449
6,48
6,43
6.“5
8,50
8,50
8.50
8,50
8,50
8,50
8,350
8,50

8,50

8,50
6445
6,45
8,50
8,50
8,50
8,50
2,70
2,70
2,70
2,70
2,70
2,70

2410

2,70
2,70
2,70
2,70
2,70

.. 888,0

(°C)

885,0
88%,0
885,0
888,0

885,0
89%,0
895,0
940,0
910,0
910,0
910,0
915,0
915,0
919,90
915,0

. 9189.0

918,0

918,0
915,0
915,0

91%,0
92040
920,0

930,0

930,0
930,0
930,0

935,90
935,0
935,0

~938,0

935,0

'935,0

935,0
935,0
938,0
935,0
935,0
935,0

(®)

1158
1158
1158
1158
1158

1158

1168
1168
1183
1183
1183
1183
1188
1188
1188
1188
1188
1188
1188
1188
1188
1188
1193
1193
1203
1203
1203
1203
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
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Record Specimen Position
o Number Number in Log
.. .. B358 DGe3 24 24 MC
8359 OGe3w2A= 84 Me
... 8360 NGe3wRas102A  ME
8361 OGm3w2Amy02A ME
.. B362 OGu3edAw 8B Me
8363 NGelw2Ae 24 MC
8364 OGe]} 22e102B = ME
8365 0OGele2awy02A ME
... .8366 NGeledhe 2B = MC
8367 UGe3w2As 3A MC
8368 QGeledhe1 (2B ME
8369 DGm3e2A=1028 ME
e B370 (QGe3wRA 2B M
8371 OGw3 24w §10A mMC
.. 8372 OGelmgan1034 = ME
8373 0Ge3 2801014 ME
. B314 0Gw3 2B 10134 ME
8375 0Ge3 24 34 MC
... 1913 0Gey  Fe9 mMC
7974 0Ge3 Fe10 Me
7979 OG=3 | Fej}l. mMC
7976 0G=3 Fei2 Ll o
e 2221917 06w Fetd “C
7978 0G=3 Feid MC
1979 0G0} . PeyS  MC
: 7980 OGe3 T4052%5 MC
7984 0G=3 Tuapd27 MC
7982 0Ge3 T40529 MC
e 1983 0G=3  Tu0S3) MC
7984 0OGe3 T406533 mMC
7985 UGw3 T40535 MC
7986 0Ge3 TuoS37 MC
_ ... 1987 0g=3 T40539 Me
7988 OGe3 T4oSut MC
e 71989 OGe3 7140543 MC
7990 oGed Y4054 mC
7991 0G=3 Tu40S47 ML
71965 (Ge3 Fai MC
7966 0G=3 Fe2 Me
7967 0OG=3 Fel o

Irrad.

uJu‘uunuuu|ﬁaAu-uuﬁunuuﬂ\uhluuﬁu-uluu-o-ocrn»o:ta~¢ socopCCTOOO

Crucible/Hole

v
30

3

L3}
32
3¢

.33

33
34
L1')
35
35
36
36

.7

37
38
38

TABLE 5-1 (Continued)

Previous Prior
Record Irrad. Temp
No. °c)
0 oD
0 .0
0 20
0 s 0
Q 0
1] .0
0 20
0 00
' a0
0 o0
Q o9
0 N
0 o0
0 .0
0 0
0 '0
0 o0
0 .0
6808 91040
6839 910,0
6840 910,0
684y 910,0
6842 910,0
6BUY 910,40
6844 910,0
6176 970,0
6777 870,90
6778 970,0
6779 970,90
6780 970,0
6181 970,090
6782 97040
6783 970,0
6TR4 970,0
&78% 970,00
6786 970,0
6787 670,0
6800 960,0
6801 960,0
6802 960,0

(E>29fJ, HTGR) Average Irrad. Temp

Total Total Fluence
AR/ %o
(%) (1025 n/m?)
=,818 2,70
=,633 2,70
=, 932 2,10
*,637 2.70
- ..5.9_8 P ,2 070
«, 730 2,70
", 933 2,70
-, 752 2,70
©]1,001 2,70
», 698 2,70
2731 2,70
», 799 2,70
“ 718 2,70
«,71% 2,70
..999 2.70
=, 702 2,70
w833 2,70
., 685 2 N 70
=X,027 8,50
=2,976 8,50
=2,874 8,50
2,842 8,50
22,842 8,50
»2,949 8,%0
'2.926 B;Sﬂ
1,608 5,50
»1,908 §,50
=1,964 5,50
1,730 5,50
»1,953 5,50
«2,07% 5,50
1764 S,450
2,022 S$,50
=2,135 §,50
1,754 8,50
2,151 $,50
1,899 5,50
»2,845 8,50
2,967 B,S0
«2,756 8,50

(°c)

935,0
935,0

. 938,90

938.0

.938.0

938,0

- 935.0

938,0
938,0
935,0
935,90
935,90

C938,0

93%,0

935,0.

935,0

935.0.

935,0

93%.0.

938,0
93%,0
935,0

.935,0 .

938,0

935,0 .

970,0
97040
970,0

970,40 .

970,0

97040

970,0
970,0
970,0
970,0
970,0
970,0
97040
970,0

(x)

1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208 _
1243
1243
1243
1243
1243
1243
1243
1243
1243
1243
1243
1243
1243
1243
1243
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TABLE 5-1 (Continued)

o Previous Prior Total Total Fluence
Record Specimen Position Irrad. Record Irrad. Temp A%/%o (E>29fJ, HTGR) Average Irrad. Temp
Number Number in Log Crucible/Hole No. (°c) @) (1025 n/m2) (°C) (X)
7968 0Gw} Feu MC 3 b 6803 900,0 “2,904 8,50 . 970,0 1243
7969 UGw3 Fe5 MC 3 6 8804 960,0 =2,935 8,50 970,0 1243
.. ..1910 0Ge3 Fab MC 3 o 6805 960,0 2,950 8,50 - 970,0 1243
7971 OG=3 Fe? MC 3 7 6806 960,0 »2.,953 8,50 970,0 1243
1872 0GeY FmB  MC . 3T 6807 960,00 . . =3,120 8,50 .970,0 1243
8380 0Ge} 596, ME 7 e 7219 98S,0 =2,8%0 7,70 985,0 1258
8384 0G=3 597, ME 7 3 7223 985,0 22,802 17,70 985,0 1258
8388 0Ge3 598, ME 7 u 7227 98S5,0 »2,819 7,70 98%,0 1258
8392 0G=3 500, ME 7 S 7235 988,90 2,754 7,70 988,0 1258
8393 nGw3 601, ME 7 5 7236 985,0 w2,922 7,70 989%,0 1258
e e B316 0Ge3  ,59%, ME 7 { 7215 100040 »3,0%8 7,70 995,0 1268
7941 Ge3 w408, mC -3 { 6733 995,0 22,995 8,50 99%,0 1268
7943 0Ges3 632, ME 3 1 6733 995,90 =2,614 8,50 99%,0 1268
7945 0Ge3 406, MC 3 1 6735 995,90 «3,016 8,50 99%,0 1268
8285 0Ged Fadd Me 6 @ 7099 1010,0 =3,030 8,40 1019,0 1288
8287 QGe} Fo4s MC 6 3 7101 1010,0 2,997 8,40 1015,0 _ 1288
8289 (G=3  ,323, MC 6 4 7127 1038,0() =2,813 2,40 (a) (a)
8290 0Gw}3 324, ML [ 4 7128 1035,0(a) 23,035 7,40 (a) (a)
8293 0G=3 2325, MC e S 7131 1035,0(a) ©2.797 7,40 (a) (a)
8294 0DGe3 « 326, e, 6 5 7132 1038,0(a) 2,858 T,40 (a) . (a)
.. _ 8283 (QGe3 F=dy MC 6 i 7097 105%,0 3,166 B,40 1050,0 . 1323
8086 0Ge3  ,58%, ME 4 2 6903 1195,0 «2,926 9,20 1225,0 1498
— ...8087 OG=3 .05.89_.1_ ... ME 4 4 6904 1195,0 =3,1%0 9,2¢ 1225,0 1498
8082 OGe3 .581, ME 4 1 6899 1215,0 =3,087 9,20 1245,0 1518
e ... ... 8083 0OGe3  ,%82, = ME T | 6900 121540 »3,105 9.20 1245%5,0 1518
8269 0Ge3 T409%69 me 5 25 7083 1325,0 «3,208 5,80 1325,0 1598
8270 pGe3 T40S57¢ MC s 2s 7084 1325,0 »3,132 5,80 1325,0 1598
8271 UGe3 T40S73 MC s 2o 7085 1325,0 «3,209 5,80 1329,0 1598
8272 0G=3 140315 _Me 5 26 7086 1325,90 «3,012 5,80 1325,0 1598
8273 0Ge3 T4oS77 M s 27 7087 132540 =3,111 S.80 132540 1598
B} 8274 0G=3 7T40579 MC 5 27 7088 1325,0 2,989 5,80 1325,0 1598
8275 Ge3d TW0SB8) MC s 28 7089 1325,0 3,091 S,80 1325,0 1598
. . 8276 OGe3 T40S583 Me 5 28 7090 132540 3,023 S.80 1325,0 1598
8277 OGe3 Tundas M s 29 7091 132%,0 =3,078 5,80 1325,0 1598
—...B278 OGw3 TupS587 _ MC .5 29. 7092 132540 =2,898 5,80 1328,0 . 1598
8261 0G=3 Teld7 ME 5 24 7075 1330,0 =4, 042 9,00 1330,0 © 1603
. 8262 0G=3 Taidd mC 5 2t 7076 1330,0 «3,658 9,00 1330,0 1603
8263 0Ge3} Teld9 MC 5 22 7077 1330,0 3,797 9,00 1330,0 1603
- 8264 DG=3  Te150 MC 5 22 7078 1330,0 23,689 9,00 1330,0 1603
82685 (G=3 Twi1S mC s 23

7079 1330,0 «3,824 9,00 1330,0 1603
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" TABLE 5-1 (Continued)

Previous Prior Total Total Fluence
Record Specimen Position Irrad. Record Irrad. Temp AL/Ro (E>29fJ, HTGR) Average Irrad. Temp
i Number Number in Log Crucible/Hole No. (°c) %) (1025 n/m2) (°C) (X)
.. 8266 06Ge}  TeiS2 MC 5 23 T80 1330,0 «3,571 9,00 133049 1603
8267 Oged TeiS3 MC s 24 Y081 1330,0 «3,704 9,00 .- 1330,0 1603
.. 8268 Ge}  TelS4 0 MC s 24 7082 1330,0 3,646 9,00 13300 1603
8259 0Ge3 T405eS MC 5 2av T029 13685,0 »3,363 5,80 134S,0 1618
82600 0Ged  T40%67 . MC . _ .5 20 . 7030 136S,0 .. ... ®3,071 .S5,80 _134%9,0 1618
8214 0Ge3 T40S49 MC s 12 T021 136540 3,244 S.80 136%,0 1638
..B815 0OG=3 140551 = Mg S 12 7022 1365%,0 . «3,090 5,80 1365,0 1638
8216 (0Gesd T40SS3 Me s 13 7923 1365%,0 3,473 5,80 136%,0 1638
8217 0GmY Tup$SS MC - 7024 136%,0 , =3,288 5,80 136%,0 _ . 1638
8218 0G=3 T405%57 Me s 14 T702% 136%,0 «3,449 5,80 1365,0 1638
e BR19 OGe}  T40989 MC S 14 7026 1365,0 «3, Jud 5,80 1365,0 1638
8220 0Ge3 TuoSel MC s 1% 7027 1365,0 »3,310 §,80 1365,0 1638
8221 0Ge3  T40563 MC 5 15 7028 136%,0 «3,278 5,80 1365,0 1638
8174 OGeYe2Re 6( mMe ) e 0 00 «2,544 2,90 1380,0 1653
. 8179 (OGwledBm 60 ] S 3 0 10 o2,716 2,90 1380,0 1653
8184 0Gele2Be 7A MC 5 4 0 o0 ©2,619 2,90 1380,0 1653
e 8189 OGeldwgie 7B MC S 5 0 N w2.,316 2,90 1380,0 1653
8170 OGe3 <331, mMe 5 1 6985 139%,0 »3,562 9,00 139S,0 1668
8171 QG=3  ,332, = M(C % 1 6986 1395,0 ®3,467 9,00 1395,0 1668
(a)

Specimens whose temperature was deliberately changed between capsules 0G-1 and 0G-2
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TABLE 5-2
DIMENSTIONAL CHANGE IN H-451 GRAPHITE, RADIAL ORIENTATION

Previous Prior Total Total Fluence
Record  Specimen Position Irrad. Record Irrad. Temp AL/%o (E>29£J, HTGR) Average Irrad. Temp
Number Number in Log Crucible/Hole No. (°c) (%) (1025 n/m2) (°C) ®
8695 06=3 +505, ™C 10 4 7534 640,0 - U446 3,650 630,.,0 903
8599 (G=3 .006, mMe 10 3 7538 olo,0 -, 436 3,650 630,0 903
8703 06=3 W507, - MC 10 u 7542  640,0 «,.318 3,050 630,0 903
78{S DG=3 24 314 ML 1 3 ¢ o0 =, 166 1,850 640,0 913
7816 0OG=3 2B 40a mMC 1 3 0 0 -,105 1,850 640,0 913
TTTBIT OG=I 2R 3T UM I S ¥ e (A | -, 139" 1,850 640,00 ©913
7818 NG=3 2A 318 MC 1 32 0 o0 =,214 1,850 640,0 913
T7B19 0G=3 2B ~ 40 MC 1 33 0 W0 -, 125 1,857 640,00 ° 913
7820 0G=3 2A 318 MC 1 33 0 o0 -.192 1,85¢ 640,0 913
7821 0G=3 24 324 ML T 7 1 %4 0 W0 -, 137 1,852 640,0 913
7822 0OG=3 2A 41a mMC S T v o0 -, 180 1,85¢ 640,0 913
7823 0G=3 2K "¥ZE" RC™ 1 3% IR Y | B -, 14q "1,85¢ Teq0,0 o913 T
7824 NGe=3e2A =328 mMC 1 35 0 o0 -, 195 1,85¢ 640,90 913
8691 N0G=3 ~ ,504, ‘WMC 10 1 7530 650,0 -, 380 3,65 640,0 913
7706 0OGe=3 L428, MC 1 4 6506 660,00 -, 614 &,55¢ 670,0 943
1710 DG=3 429, -MT 1 3 6510 660,00 -, 661 5,55¢( 670,0 943
7714 06=3 472, MC 1 4 6522 6b0,0(a) =1,500 5,551 (a) (a)
77157063 477, ™ i 4 65237 660 ,0(a) =17386 5,551 (@ ~ (a)
7718 06=3 474, MC | ] 6526 660,0(a) -1,504 S,55¢ (a) (a)
7719 06=3% 475, L] ! 5 6527 660,0(a) 1,317 5,551 (a) (a)
7702 0G=3 2426, MC 1 1 6502 675,90 -,582 5,55¢ 85,0 958
""" TT03 DGe3 7,427, T T Yy T T 6503 75,0 -, 61d 5,55i 85,0 958
7726 NG=3 2B 394 mC 1 7 0 .0 =,156 1,85 695,0 968
7727 NG=3 2B39F T MU ATy T T T T T e YR 0T BN Tee%,0° 968
7730 DG=3 2B 39C mC 1 B 0 .0 -, 066 1,85 695,0 968
TT3Y 06G=3 268773907 ML 1 8 0 o0 -,128 1,85 695,0° 968
7734 0G=3 2B 404 MC 1 9 0 0 -, 155 1,85 695,0 968
7735 NG=3 2B 40B MC 1 9 0 P L P4 YA Y 1% T 695,07 968
7802 NG=3 2B 36D MC e 10 0 .0 -,182 2,40 740,0 1013
‘T867 NG+¥ 2B "3TK T e IT v W0 -, {62 2,40 740,07 1013
7872 0G=3 3B 528 MC 2 12 Y o0 -, 073 2,40 740,0 1013
7831 0OG=3 653, ME 4 2 6631 750,0 -,952 7,20 755,0 1028
7832 0G=3 «654, ME 2 2 6635 7%0,0 -,948 7,20 755,0 1028
7835 NG=3=2B 364 MT 2 3 0 .0 -, 213 2,40 765,0° 1038
7836 0Ge3=28 368 MC 2 3 0 L0 -, 211 2,40 765,0 1038
7857 0OG=3 2B “38C MC 2 9 - o R\ I " =,033° 2,uo0 TS 0T 1038
K06 NG=3 28 388 ML 9 7 0 W0 -,033 1,55 775,0 1048
8609 0G=3 2R 38¢C MC o R 0 0 =,083 1,58 775,0 1048
8612 NG=3 2B 38D MC 9 8 0 .0 =,016 1,55 775,0 1048
Bhl6 OG=3 2B  40C ML 9 9 0 W0 -,033 1,58 T775.0 1048
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TABLE 5-2 (Continued)

Previous Total Total Fluence
Record Specimen Position Irrad. Record Irrad. Temp AR/%o (E>29fJ, HTGR) Average Irrad. Temp
Number Number in Log Crucible/Hole  No. (°c) I€9) (1025 n/m2) (°C) (K)
7827 NG=3 .651, ME 2 1 6627 T70,0 1,067 7,20 775,0 1048
77828 (iG=3 .652, ME 2 1 6628 770,0 «1,073 7,20 775,.0 1048
8586 NG=3 o714, mE 9 4 7427 835,0 -, 670 S,1% 815,0 1088
8588 06=3 718, ME 9 2 7429 835,0 ’ ~,579 5,18 815,0 1088
8584 DG=3  ,713, = ME 9 1 7425 845,0 -, 435 5,15 825,0 1098
BSR2 NG=3 712, = ME 9 1 7423 880,07 e,b017F, 1% - 830,00 1103
8555 NG=3 2A 324 MC 8 26 U W0 -,163 2,00 835,0 1108
BSS6 D=3 2B 4tAa T MC 8 2o 0 o0 e, 144 2,00 835,0 1108
8557 NG=3 2A=133a ME 8 27 0 W0 -, 177 2,00 835,0 1108
- B5SB 0G=3 2A 133A ME 8 27 0 o0 -,081 2,00 835,0 1108
8559 DGe=3 2B 418 MC B 28 0 o0 =-,149 2,00 835,0 1108
" BSb0 NG*3 28 328 M 8 28 0 ) -, 140 2,00 835,0 1108
8561 0OG=3 2A 1354 ME 8 29 O o0 =173 2,00 835,0 1108
8562 (06=3 24 1604 ME 8 29 0 .0 -, 119 2,00 835,0 1108
8563 OG=3 2A 32a ML 8 30 0 o0 -,239 2,00 838,0 1108
564 NiGe3 2B 3334 = HC 8 39 0 .0 ' «, 173 2,00 835,0 " 1108
8565 NG=3 24 1608  ME 8 3 0 0 *,296 2,00 835,0 1108
6S66 NG=3 24 1338 " ME 8 11 0 o0 -, 180 2,00 835,0 1108
8567 NG=3 28 138 MC 8 32 0 W0 -,220 2,00 835,0 1108
8568 NGe3 28 4ba T MC & 32 0 .0 -, 143 2,00 835,0 1108
8S69 0G=3 24 1342 ME 8 33 0 e 0 =,262 2,00 835,0 1108
BST70 NG=3 2A 134A ME 8 11 0 o0 - e,ib2 2,00 - 835,0 1108
8571 NG=3 2B 4oB MC 8 34 0 0 =,231 2,00 835,0 1108
TT8STZ OG=3 2B 3IA T UUMC &3 ¢ L0 T T IRy 2,00 TB3S,0 T 1108
8573 NGe=3 2A 1338 ME 8 35 0 .0 -,228 2,00 83%,0 1108
8574 NG=3 2A 1624  ME 8 135 0 N T T e, 160 2,00 © 835,0 1108
BS7S NG=3 28 33K MC 8 38 0 ) -, 240 2,00 R35,0 1108
BS76 NG=3 28 32B 0 MC 8 3o 0 o0 -, 181 2,00 835,0 1108
8577 DG=3 2A 1628 ME 8 37 0 0 w, 241 2,00 835,0 1108
THEETR NGEY 2R 134RT T TOME L ¥ 0 o0 T w207 T2,00 835.0 1108
8579 NG=3 28 344 MC 8 38 0 .0 -, 235 2,00 835,0 1108
T BSH0 063 2A 1348 TME 8 I T 0 L0 T T e 12T 2,00 835,00 1108
855t QGe3 T40661 MC & 24 7418  8Sn,0 e, 66U 4,15 845,0 1118
BEE2 NG=3 Ta0663T MC 8 24 7419 850,0 ., 404 4,15 845,0 1118
8553 DG=3 Tu066S MC 8 25 7420 850,0 -,552 4,15 845,0 1118
8554 0G=3 Tua4066? ME & 25 Tu21 8S0,0 - 447 4,15 B45,0 1118
HUBS NG=3 L4498, M. 8 2 7331 Q20,0 «1,129 6,45 910,0 1183
8486 NGe3 LU9G ML 8 2 7332 920,0 «1,120 6,45 910,0 1183
B4BY NG=3 .S00, MC 4 3 733 92n,0 =1,017 6,45 910,.0 1183
B49) NG=3 501, MC 8 3 7336 920,90 =1,282 6,45 910.0 1183
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Record Specimen

Position
Number Number in Log
8048 NG=3 T=209 MC
BOST NG=3 T=210 MC
8481 NG=3 L4986, MC
8482 0OGe=3 2497, MC
8052 NG=3 T4o0el1 MC
8053 NE=3 TuUur62y T
8054 0G=3 7140625 MC
8055 (IG=3 "Td0s27 MC
8056 NG=3 T40629 MC
8057 0Ge3 T YU0EIT RC -
8058 0G=3 T40633 MC
80SY NG3  YRUSIS T MT
8060 NG=3 TY406137 MC
8061 NG=3  THUBIG MU
8062 NG=3 T4064}Y MC
B063 OG=3 T4064Y MC
8064 06=3 2A 334 MC
806% MG=3 2A WER ™~ ML
8066 NG=3 2A 334 MC
8087 G=3 24 1314 ME
8068 0Ge=3 2A=1314A ME
BO%9 NGe3 24 152% ME
8070 NG=3 24~ 468 MC
"BUTY OGe3 2ZA= 338 MT
B072 NG=3 2A 338 MC
TBOTI DGY 2A 13I8 T O ME
8074 DG=3 2A=1528 ME
8075 0G=3 2A=1318 ~~ HME
B076 NG=3 2A« 3UA MC
BUTT TGS 2R 3U& ~ MC—
B078 0G=3 2B Sé6A MC
B079 DGe3wZASISEA ME
B0RO NG=3w2A=132a ME
BOBY OGw3=2A=132A ME
8800 DG=3=2A= 34B MC
BBUI NG=3 28 "S&B MC
BB8y2 NGw3=2Aw 348 MC
BBD3 OG=3=2A=132R “E
BBOU4 NG=3 2a=132R ME
BBOS NG=3 24=~156H ME

TABLE 5-2 (Continued)

Previous
Irrad.
Crucible/Hole No.

I 26 0823
3 27 6826
2] 1 7327
B { 7328
3 28 6827
3 28 6828
3 28 0829
3 29 6830
3 29 6831
3 29 6832
3 30 6833
¥ O30T T 83N
LI 11) 683S
I 7 7 683
3 031 6837
3 O3 6838
3 32 0
3 T g
3 32 0
I 13 0
3 33 0
I 0
3 34 0
3 U 0
3 34 0

BT 0
3 35 0
3 I
3 36 0

O | R
3 3 0
I 37 B
3 37 0
LS YA o
3 38 0
338 0
3 38 0
3. 39 o
3 139 v
3 19 0

Record Irrad. Temp

(°c)

910,0
910,0
93n,0
930,0
920.0
926,10
920,0
020, 0
920,0
920,00
920,0
Y
920,0

1 920,0

920,0

"920,0

IS
20

Total Total Fluence
A/ (E>29f£J, HIGR) Average Irrad. Temp

(%)

=,801
-, 634
=-,923
-1,002
'10058
-1,238
'1.2“5
=1,071
1,173
-1,213
“1.,122
=1,19%
1,342

“=1,029

1,184
1,174
-, 213
‘e, 40S
-, 486
-.293
-, 336
-.438
«.319
-,335
-, 443
-.198
-, 350
=,378"
. 370
-, 3uT
-, 392
»,260
-,28%
., 270
-.168
=, 344
=,422
=, 193

 -,285

-, 370

(1025 n/m?)

8,50
8,50
6,45
6,45
5,50
5,50
5,50
5.50
5,50
5,50
5,50

B-1%-14

5,50
5,50
5.50
5.50
2,80

2,80

2,80
2,80
2.80.
2,80
2,80
2,870
2,80
2.80
2.80
2.80
2.80
2,80
2,80
2,80
2,80
2,80
2,80
2,80
2,80
2,80
2,80
2.80

(°C)

915,0
915,0
920,0
920,0
925,90
925,0
925,0
925,07
925,0

T T985%,0

925,0
925,0°
925,0
925,70
925,0
928.0
930,0
93,0
930,0
930,0
930,0
“9I0L0
930,0
930,0
930,0
930,0
930,0
930,0

(x)

1188
1188
1193
1193
1198
1198
1198
1198
1198
1198
1198
1198
1198
1198
1198
1198
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203
1203

O
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TABLE 5-2 (Continued)

Previous Total Total Fluence

Record Specimen Position Irrad. Record Irrad. Temp AR/%o (E>29£J, HIGR) Average Irrad. Temp
Number Number in Log Crucible/Hole No. (°C) (%) (1025 a/m?)  (°C) (x)
7996 0G=3  T=205 MC 3 15 68135 910,0 -, 716 8,50 950,0 1203
7997 NG=3 T=2006 MC 3 1S 6814 910,0 «, 590 &,50C 930,0 1203
8000 OG=3  Te207  MC 3 16 6817 910,0 -, 734 B,50 930,0 1203
B80T OG=3 T#208 MC 31T 6820 910,0 -, 197 8,50 930,0 1203
. .....7992 nG=3  Te201 = MC 314 6809 935,0 -, 793 8,50 945,0 1218
YS9 6.3 T Te202 TWE 3 14 68100 935,00 | «,587 8,50 945,0 1218
7994 0Ge3  T=203 MC 3 14 6811 935,0 =, 444 8,50 945,0 1218
71995 N6=3 T Te20d ML 3 15 6812 9350 -, 789 8,50 ©Qas,0 1218
8382 NG=3  ,696, ME 7T 2 7221 98%,0 -,878 7,70 985,0 1258
8386 063 .697, ME A T 7225 98%,0 -, 848 T,70 985,0 1258
8390 NG=3 « 098, ME 7 4 7229 985,0 w044 7,70 985,0 1258
8390 =3 L7000, ME 7 1Y 7237 98BS, 0 e, 686 7,70 985,0 1258
8395 NGe=3 701, ME 7 5 7238 985,0 ., 728 7,70 985,0 1258
8307 0Ge3 2A 354 MC 6 9 v 0 -, 851 2,70 995,0 1268
8308 NG=3 24 358 MC 6 9 0 .0 ., 660 2,70 995,0 1268
TE%09 G=3 2A S6R Ll 6 10 0 o0 -, 782 2,70 995,90 1268
6310 NGe3 2A 358 MC 6 U 0 .0 -,60t 2,70 995,0 1268
8311 0G=3 2B 314 ME 6 11 v ) -,848 2,70 99%,0 1268
6312 116=3 24 40a MC 6 11 S i) >, 668 2,70 995,0 1268
8313 0G=3 28 314 MC 6 12 0’ ] B «{,000 2.70 995, 0 1268
#8314 nG=3 28 318 =~ MC 6 12 0 ot =, 764 2,70 995,0 1268
8315 OGe3 247 40A = MC 6 13 0 .0 «,929 2,70 995,0 1268
8316 0G=3 2R 318 MC 6 13 0 W0 -, 807 2,70 995 ,0 1268
T OE3TR TOGeY T L,e95, T T TME T 1 7217 1000,0 ’ -, 8694 T,70 ELLN 1268
7942 NGe3 .9530, MC 3 1 6732 995,0 -,300 8,50 995,0 1268
7940 0G=3 738, ME T | 6738 995,00 L0581 8,50 T 995,0 1268
7946 NG=3 .531, MC 3 1 6736 995,0 .233 8,50 995,0 1268
8286 NGmw3  Fel¥ MC 6 F] 7100 10t0,0 -, 797 8,40 i015.0 1288
B288 0G=3 Fa74 MC 6 3 7102 1010,0 -,545 8,40 1015,0 1288
T BY057HG=3 24 3I®A T MC 6 8§ T L0 -, 887 2,70 "1030,0 1303
6306 NG=3 24 564 MC 6 8 v 0 «, 748 2,70 1030,0 1303
HPG{ OGe3 L UGE,T T MO 6 0 7199 1038, 0(a) et 420 T U0 @y (a)
2292 0Ge3 LU49, MC 6 4 7130 1035,0(a) ~-1,389 7,40 (a) (a)
B985 0G=% 450, MC b 5 7133 1035,0(a) -1,519 7,40 (a) ‘ (a)
8296 N6=3 451, ne 6 S 7134 1035,0(a) -1,433 7,40 (a) (a)
B2RU (G=3  FeTp = MC [ | 7098 1459,0 -, 602 8,40 10%0,0 1323
BOBB NGw3 683, ME 4 2 €905% 1195,0 -1,040 9,20 1225,0 1498
BUBRY NGe3 L6804, ME y 2 6900 1195,0 -~1,187 9,20 1225,0 1498
RORU NG=3 L 681, ME 4 1 6901 1218,0 -,833 9,20 124%,0 1518
£0E8 NG=3  ,682, HE 4 1 6902 1215,0 -,88Y 9,20 12u5,0 1518
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TABLE 5-2 (Continued)

Previous Total Total Fluence
, Record Specimen Position Record Irrad. Temp A/Ro (E>29£J, HIGR) Average Irrad. Temp
Number  Number in Log Crucible/Hole No. (°c) (%) (1025 n/m?) (°c) (K)
8279 OG=3 T4yubb9 MC s 30 7993 1325,0 2,116 5,80 1325,0 1598
T T B2BUO6=3d TaUe7Y T MO 5 %0 © 7094 1328,0 -1,940 5,80 1325,0 1598
8281 0OG=3 Tu0e73 ¥ MC 5 31 T09S 1325,0 2,17y 5,80 132S.0 1598
T B2BZ OGw3 TWO0ETS O UECT S 31 70960 1325,0°° ) 2,052 5,80 1325,0 1598
8209 NG=3=2Be 384 wc 5 10 0 o0 «1,700 2,90 1360,0 1633
BY94 OG=3<2B U0 TMCT T ¥ YT T T T AT T TR g 0By T 2,90 1380, 07 1653
8199 NG=3=28« 37C MC ) 8 0 W0 =2,150 2,90 1380,0 1653
8203 0G=3=28« 370 MCT 5 9 U W0 ‘-], 918 2,90 1330,0 1653
8172 NG=3 L4856, MC S 1 6987 1395,0 «, 075 9,00 13950 1668
E173% NGe3 L4587, ME 5 1 6988 1395,0 -, 482 9,00 1395,0 1668
(a)

Specimens whose temperature was deliberately changed between capsules capsules 0G-1 and 0G-2
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TABLE 5-3
DIMENSIONAL CHANGE IN H-429 GRAPHITE
Previous Total
Location Irrad. Previous Irrad. Fast Neutron | Average Irrad.
Record | Sample in Position Record Temp Fluence Temp
Number | Number Log Crucible/Hole| Number (°c) AR/ Ry (%) 1025 n/m? C K
Axial Orientation
8099 404 4/5 6924 1170 ~2.60 11.4 1200 1473
8101 405 4/5 6926 1170 -2.67 11.4 1200 1473
8103 406 4/6 6928 1185 ~3.13 11.4 1210 1483
8105 407 4/6 6930 1185 -3.04 11.4 1210 1483
8503 392 8/7 7357 905 -2.46 7.15 900 1173
8504 393 8/7 7358 905 -2.26 7.15 900 1173
8505 397 8/17 7359 905 -2.22 7.15 900 1173
8506 398 8/7 7360 905 -2.15 7.15 900 1173
8710 385 10/6 7557 630 -0.90 3.9 625 898
8712 386 10/6 7559 630 -0.68 3.9 625 898
8714 387 10/7 7561 630 -0.99 3.9 625 898
8716 388 10/7 7563 630 -0.58 3.9 625 898
Radial Orientation
8098 434 4/5 6923 1170 -0.83 11.4 1200 1473
8100 435 4/5 6925 1170 -0.88 1.4 1200 1473
8102 436 4/6 6927 1185 -0.99 11.4 1210 1483
8104 437 4/6 6929 1185 -0.76 11.4 1210 1483
8499 419 8/6 7349 905 -1.04 7.15 900 1173
8500 420 8/6 7350 905 -1.13 7.15 900 1173
8501 421 8/6 7351 905 -1.03 7.15 900 1173
8502 422 8/6 7352 905 ~-1.09 7.15 900 1173
8709 415 10/6 7556 630 -0.86 3.9 625 898
8711 416 10/6 7558 630 -0.68 3.9 625 898
8713 417 10/7 7560 630 ~-0.86 3.9 625 898
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TABLE 5-4
DIMENSIONAL CHANGE IN TS-1240 GRAPHITE, AXIAL ORIENTATION

Previous Prior Total Total Fluence
Record Specimen . Position Irrad. Record TIrrad. Temp AR/ % (E>29fJ HTGR) Average Irrad. Temp
Number Number in Log Crucible/Hole No. (°c) (%) (1025 n/m?) °c) x)
8727 0G=3 7140245 ME 1011 7613 S90,0 =236 2,25 S90.¢ 863
8728 (IG=3 TY40247 ME te 11 7614  590,0 -,159 2,25 590,0 863
8729 DOG=3 T40249 ME 10 12 Tols 59,0 ~,139 2,25 590,0 863
8730 NG=3 'T402Z51 "HE 10 12 7616 S90,0 -, 120 2,2% 590,0 863
8731 0G=3 740253 ME 10 13 7617 590,0 =,257 2,25 590,0 863
BT32 OG=3 7 TaA0ZSS ~~ TRE T 6 13 7618 595,60 -, 178 2,25 890, 0 863
8733 0G=3 Tu40257 ME 10 14 7619 S99,0 =.252 2,25 590.0 863
BY30[G=3 TTA0259 T HMES 1o Ttw T 7T 78200 590,00 T T =181 2,25 590,07 7 863
8725 nG=3 T4024) ME 10 10 7574 620,0 =, 263 2,25 605,0 878
8726 06=-3 T4¢24T T OME T 10 10 7575 620,60 ~, 182 2,25 T805,0 878
8657 0G=3 3A 107B MC g 24 0 0 -,004 1,58 725,0 998
TBESETOGeY 2AT WA T MO 9 RT 0 WO TTTTTTTTAL,093 1,55 T 725,00 998
8659 NG=3 3A 1114 ME 9 25 0 0 =,024 1,55 725,0 998
B660 NG=3 3A=1524A = HME 9 25 0 o0 .025 1,5% 725,0 998
8661 NG=3 2A 4s MC 9 26 0 0 -, 092 1,55 725,0 998
8662 NG=3 38 T8  ~  MC 9 26 0 L0 «,050 1,55 75,0 998
8663 NG=3 34 1528 ME 9 27 0 o0 =, 006 1,5% 725,0 998
B66U” OGS3 ZATTIUIE T WE 27 0 .0 079 1.8Y TES,UTTT 998
H665 NG=3 38 2B MC 9 23 0 0 «020 1,58 725,0 998
B66h NG=3 3A 1704 MC 9 28 0 o 0 .008 1,55 725,0 998
8667 NG=3 2A 1044 ME 9 29 0 ' 0 -,028 1,55 725,90 998
‘Bh6R OG-S 33X TI1B ™ TME 9 29 0 .0 L,000 1,55 725,0 998
8669 NG=3 3A 1108 MC 9 30 0 .0 -, 046 1,55 725,0 998
RETT OGS 2B R ME 9 x0T g ‘o - 093 1.55 725707 998
B671 0G=3 3B 1114 ME 9 3 v o0 =, 060 1,55 725.0 998
T BeTZ OGSI JATISUAR T T UMET 9 3 ] o0 “,0317 71,59 725,00 998
R673 NG=3 28 28 MC 9 32 0 .0 -,123 1,58 725,0 998
8674 0G=3 34 178 MC 9 32 0T GO T e 017 T1,SS 725,07 7 998
8675 0G=3 34 1548 ME 9 33 0 0 «,020 1,55 725,0 998
B6TE OG=324 1008~ HE ° 1I¥ 0 WO *, 007 1,55 T725.0 998
8677 NG~3 34 188 MC 9 3 v « 0 -,017 1,55 725,90 998
‘8678 UG=3 IB 132» T MC 9 34 0 o0 2006 1,55 725.,0 998
8679 NG=3 3R 1574 ME 9 35 0 o0 -, 028 1,55 725,0 998
8680 NG=3 3B 111B ME 7 35 \ .0 L6012 1,5% "725.0 998
8681 OG=3 T40089 MC o 1s 7520 765,0 -, 216 3,25 745,0 1018
Bb82 NG=3 TUOUIY MC 9 3% 7521 765,0 . -, 182 3,29 T45,0° 1018
8683 NG=3 TU00S3 MC 9 17 1522 765,0 =, 145 3,25 745,0 1018
8684 NG=3 T4009S MC g 37 7523 765,0 =, 196 3,25 745,0 1018
BOAS NG=3  TW0097 ML Q  3& 7524  76%,0 =, 161 3,25 745,90 1018
B6B6 NG=3 T40099 MC 9 128 7525 765,0 =, 166 3,25 745,0 1018
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Record
Number
8687 NGe3
" B6BB 0G=3

Specimen
Number

T40101

8629 0G-3 34 118
8630 DG=3 34 1074
8631 NG=3 24 1034

8632 NG+3 38 1108

7838 0G=3 3B SR
7843 0g=3 34 208
7848 0Ge3 38 38
T853°0G=3 34 308
8406 0G=3 T40041
RUOY AE=3  Fa00US
840R NGe3 740045
8409 06=3 Ta0047
8410 0G=3 .T40049
8411 DG=3 Ta0051
8404 0G=3 T40037
8405 06=3  T40039
8160 0G=3 740001
T B{61 NG=3  T40003
8162 NGe3 TU0005
8163 nNG=3 T4h007
8168 NG=3 740009
8165 D63 " TU0011"
8166 0G=3 740013
8167 NG=3 T40015

8144 NG=3 3A 151)

B14S nGe3 24 1018

8146 NG=-3 3A SR

BI4T 66=3 $A 1198

8148 NG=3 2A 1024

BTA9 N6=3 38 1018

8150 NG=3=38=1414
8151 NG=3=2A 24
8152 NG=3=38 1028
8153 0G=3=34=15148
8154 OGe3=24= 28R
8155 (G=3=3A- 88
K156 NGe3=3A=1534
8157 0Ge3e24=102R

T40103

Position
in Log

MC
MC
MC
MC
ME
HE
MC
MC
MC
MC
MC
ML
MC
Me
MC
HE
mMC
ME
MC
Mt
mMC
MC
MC

N

MC
MC
ME
ME
MC
TTHT
ME

MC
MC
ME
ME
MC
M
MF
ME

ME

Previous Prior
Irrad. Record Irrad. Temp
Crucible/Hole No. (°C)
9 39 1526 765,0
"9 39 1527 76%,0
Q 16 0 o0
CI 0 0
9 17 0 0
% 17 U .0
2 4 00
2 S 0 «0
2 6 0 .0
2 5 0 e 0
7 9 7253 9790,0
7 9 7254 9700
7 10 7255 970,0
7 106 1256 97¢9,0
7 11 7257 970,0
7 11 1258 970,0
7 8 7251 970,0
7 8 7252 979,0
4 29 6967 1105,0
4 29 6968 1105,0
4 30 6969 1105,0
4 30 6970 1105,0
4 3 6971 1105,0
431 U927 1108, 0 T
4 32 6973 1105,0
4 32 T6974 1105,0
4 21 0 .0
4 21 0 o0
4~ 22 Y 0
4 28 b .0
O e S
4 24 U L0
4 24 0 o0
4 25 0 1}
4 25 0 o0
4 2»s 0 o0
4 26 0 0
4 27 0 .0
4 27 0 .0

TABLE 5-4 (Continued)

Total Total Fluence

AL/, (E>29£J, HTGR) Average Irrad. Temp

(%) (104° n/m
=,193 3,25
-, 145 3,29
~,036 1,55
-, 02% 1,58
-,038 1,55
e, 061 1,585
-,036 2,40
=, 158 2,40
~.129 2,40
-, 133 2,40
-, 986 4,90
-, 773y W96
-.QQI 0.90
Bt T
“1,031 4,90

w,826 4,90
=1,106 4,90
«1,003 4,90
-1,396 5,90
«1,506 5,90
~1,364 5,90
-1,538 5,90
«1,410 5,90
Ly TUSe 5,90
-1,385 5,90
-1,521 5,90

-,975 2,95
1,494 2,95
-,947 2,95

1,023 2,95
=1.366 2,95
TTR1L,17Y 2,95

«,945 2,95
1,246 2,95
=1,067 2,95
-,975% 2,95
«1,018 2,95
-1,026 2,95
-, 845 2,95
-1,3u42 2,95

°0)

745,0
745,0
760,0
760,90
760,0

760,0

76%,0
765,0
765,0
765,0
970,0

970,0

970,0
970.0
970,0
970,0
97%,0
975.0
1140,0
1140,0
1140,0
1140,0
1140,0

ST I B

1140,0

h 7" ‘ab-.-o

1180,0
1180,0
1180,0
1180,0
1180,0

1180,0 ~

1180,0
1180,0
1180,0
1180,0
1180,0
1180,0
1180,0

"1180,0

(x)

1018
1018
1033
1033
1033
1033
1038
1038
1038
1038
1243
1243
1243
1243
1243
1243
1248
1248
1413
1413
1413
1413
1413
1413
1413
1413
1453
1453
1453
1453
1453
1453
1453
1453
1453
1453
1453
1453
1453
1453
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TABLE 5-4 (Continued)

Previous Prior Total Total Fluence
Record Specimen Position Irrad. Record Irrad. Temp A/Ro (E>29fJ, HTGR)Average Irrad. Temp
Number Number in Log Crucible/Hole No. (°c) (%) (1025 n/m?)y  (°0) (K)
BI158 OG=3=3A= I8 MC 4 28 0 o0 -, 692 2,95 1180,0 1453
§159 0G=3=3A 1108 =~ Mg 4 28 0 o0 1,034 2,95 1180,0 1453
8114 nG=3 3A= 3B MC ¢ 1y 0 0 1,159 2,95 1250,0 1523
BIIS OG«3 38 1354 TRAD T 41 0 Y “w1,011 2,95 1250,0 1523
8116 NG=3 24 1018 ME 4 12 0 0 -1,366 2,95 1250,0 1523
BI17 NG=3 34 T0IB T WE U 4 o 0 o Tw,ITY 2,95 125050 1523
8118 NG=3 38. 1358 mMe 4 13 0 o f) -,%1 2,95 1250,0 1523
8119 NG=3 2A "~ 38 AL 4 13 0 L “e1,367 2,95 1250,0 1523
8120 NG=3 38 101A ME 4 14 0 0 1,118 2,95 1250,90 1523
812% Ne=3 34 1194 ME 4 14 0 .0 -1,008 2,95 1250,0 1523
8122 NG=3=24A 3A MC 4 15 0 o0 1,143 2,95 1250,0 1523
8123 nG=3 34 4§ - L] 4 5 0 o0 «1,/084 2,95 1250,0 1523
8175 0G=3=3A 298 MC 5 2 Y .0 =1,790 2,90 1380,0 1653
8180 DG=3=34= 268 MT S 3 0 20 ol 794 2,90 1380,0 1653
8185 0G=3=3A= 228 MC ] 4 0 o0 1,612 2,90 1380,0 1653
8190 OG=3«34= 2TR g - 6 0 w0 ' «Y,86B 2,90 _1380,0 1653



LE-S

in Log Crucible/Hole

Record Specimen Position
Number Number
8760 NG=3 34 4S8 MC
8761 DE=3 3B T73a Me
8762 0G=3 2A 133a ME
TTTUTBTEY DG ZATIZB T ME
8764 NGe3 38 1738 MC
e BT6S TUEET PR CIZA R
8766 0OG=3 3A 1328 ME
8787 0G=3 3B 1854 TOME
87686 NGe3 28 338 MC
"TBT769 NG=3 34 398 TMC
8770 NG=3 38 1858 ME
T BT77Y OGe3 22 1338 - ME
8772 0G=3 3A S78 M
" B877T3 0G=3 3B 1T6A ML
8774 DG=3 2A 1344 ME
"BTTS OG=3 3B 13287 ME
8776 N6=3 3B 1768 MC
TUBTTTTOG#Y 2B 3OA M
B778 DG=3 3A 1314 ME
T BT779 063 3B T8TA “HME
8780 0OG=3 2B 34dg MC
TTT TBTBT OGe3 3A 44w ML
8782 OG=3 3B 1878 ME
TTTTTTT T8 QL3I ZA Y34 UUUME
B873S DOG=3 740149 MC
T T BT36 0Ge3T OTA0ISY T OMT
8737 0G=3 TWU153 MC
TB7TIBTO6EY TE0ISS MC
7929 NG=3m3amibia MC
B A 51 Mol cT N T .U X ) - R 1
7931 0Ge3=-2A 338 Me
7932 NG=3=3A=1618 " MC
7933 NG=3«38= 348 mC
7930 NG 3w2A= 34R MC
7935 NGele3A=ibBA MC
793k DG=3=3B=" 358 MC
7937 NG=3=2A= 358 MC
7938 OG=3=3A=16E8 M
7939 (G=3=3B« 388 Me
7940 NGw3a2A= 34A MC

Irrad.

Lo
10
10
fo
10

N

10
10
10

T3

19
10
10
10
10

10

10

10

10
i¢
10

107

10

107

10

10

10
10

ee
2e
23

23

24

g

25
°5
26
2b
27
27
28
28
29
a9
30
30
31

31

32
32
33

TABLE 5-5
DIMENSIONAL CHANGE IN TS~1240 GRAPHITE, RADIAL ORIENTATION

Previous
Record Irrad. Temp

No.

COOOC‘OCQCOCOCOGOCC‘COC Lo oy

<
!
o

7621

" 7622

7623
7624

S o

S oT oo

R o]

Lo -agi o

DOCODDDDDO O

Prior

0

Total Total Fluence

Az/go(E>29§J, HTGR) Average Irrad. Temp

@ (102 n/m?) (°C) x)
-,026 1,10 555,0 828
-, 034 1,10 555,0 ° 828
«, 077 1,10 555,0 828

e, 042 1,10 - 555,0 - 828
-, 002 1,10 555,0 828
L0300 1,10 555,10 828
=,0u40 1,10 555,0 828
«, 056 1,10 555,00 ° T 828
-,028 1,10 558,0 828

021 1,10 555,.0 828
-,045 1,10 555,0 ‘828
-,032 1,10 555,90 828
-,053 1,10 555,0 828
«,037 1,10 555,.0 828

Y 13 B 0 1) §9%,0 828

«019 1,10 595,0 828

L0048 1,10 " §55,0 7 828
-,048 1,10 555,0 828
-,019 1,10 555,0° 828
-,024 1,10 555.0 828

L0080 1,10 555,0 828
*,070 1,10 $55,0 828

TTe, 083 1,10 555,00 828
-, 159 2,25 T590,0 863
«,193 2,25 590,0 863
~,168 2,25 590.0 863
-,081 2,40 685,0 958
-,123 2,40 89,0 958
«,123 2,40 685,0 958
=, 120 2,40 85,0 958
=, 106 2,40 685,0 958
-, 174 2,40 685,0 958
-, 094 2,40 685,0 958
- 117 2,40 685,0° 958

‘e,078 2,40 685,0 958
-, 637 2,40 685,0 958
-,019 2,40 685,0

958
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Record
Number

Specimen
Number

7863 NG=3 38 588
7868 NG=3 38 584A
7873 NG=3 3B STE
B617 NG=3 34 308
8618 0G=3 3A 163a

BT G-I 2B 3ta

8620 NG=3 3B U408

8621 NG=3 34 1638

8622 DG=3 28 318
8623 DG=3 IR 32B
8624 NGe3 3A f664A
A628 NG=3 28 324
8626 0OG=3 3a S38
8627 (=3 3A 1668
8628 NG=3 2R 328
7858 NG=3 I8 598
8475 NG=3 T4012%

8470 Ni=Y Ti0127

8477 NG=3 T4012S
B4TE NG=3 T40127
8455 NGe3=3Ae131B
8456 NG=3 34 184}
8457 NG=3s2A= 31R

‘BUSH NG=3=3A= 317

8459 OG=3=3A 1848
8460 OG=3=2A 1318
8461 0Ge3 3B 41B

8462 NG=3 38 1784 °

8463 NG=3 2A 1324

TBUET OGe3 3B [I(W

BU6S NG=3=3R=1788
BU66 NG=Iedh= 322
8467 NG=3=3R=141R
8468 (1G=3=3B=18ba
8469 NG=3=2A~ 328
8470 NG=3=3B~ 3R
8471 DG=3=3R=186R
8472 NG=3=2A=1323
B4T3 NG=3m3he 40R
8474 NGe3m3haludRr

Position
in Log

Mg
1s
ML
MC
MC

e
MC
MC
MC
-
MC
MC
MC
M
MC
Me
MC
i
MC
MC
ME
ME
MC

e
ME
ME
MC

S
ME

M
ML

N
ME
Mg
MC
MC
ME
ME
mC
MF

Previous Prior
Irrad. . Record Irrad. Temp
Crucible/Hole No. (°C)
2 1 t .0
2 11 0 «0
2 13 ¢ .0
9 10 [V 0
9 10 v o0
9 17 0 WO
9 11 0 o0
9 t2 0 %0
9 12 o L0
9 13 0 .0
9 13 0 )
9 14 g o0
9 14 0 0
9 1S 0 o0
9 S 0 o0
2 9 0 .0
7T 29 7321 920,0
7 29 1322 920,90
7 30 7323 920,0
7 30 7324 920,0
7 19 0 00
7 19 0 .0
7 20 0 0
R o e
7T 21 0 .0
7 21 0 o0
7 22 0 o0
7 22 0 .0
7 23 v o
7 2% 0 )
7 24 0 .0
7 a4 0 N
7 25 ] 0
7 25 4 .0
7 26 0 0
7 26 v o0
7 27 4] .0
7 27 ¥ o 0
7 2& 0 o
7 28 0 o0

TABLE 5-5 (Continued)

Total
AL/ 8o
%

“,169
=,051
-, 020
W014
«013

.l002 "

074

ote

-,003

N

023

. 039
-, 019
., 011
-,050
-, 053
-, 365
-, 267
-, 311
'.291
-,231
-, 193

-,285
s el22r

-, 195
-, 362
-,269
-, 181
-, 255

~ =.258

'.EbQ

-, 308

-, 277
-, 232
-'2“7
.. 2U5
-, 222
-, 261
=-,263
-,159

Total Fluence

(E>29£J, HTGR) Average Irrad. Temp

(1025 n/m2)

2,40
2,40
2,40
1,55
1,55

1,55
1,55

T1,55

2,40 -
2,40
2,40
2,40
2,40
2,40
2,40
2,40
5" 4o
2,40
2.40

(°¢)

740,0
740,0
740,0
To0.0
760,0

©760,0

760,0

T760,0

760,0

“Ye0T0

760,0

760,0

760,90
760,0
760,0
765,0
25,0
925,0
925.0
925,90
935,0
935,.0
935,0

935,0

935,0
935,0
935,0
935,.0
935,0
935,0
935,0

9350

935,0

935,0

935,0
935.0
935,0
935,0
935,0
935,0

(K)

1013
1013
1013
1033
1033
1033
1033
1033
1033
1033
1033
1033
1033
1033
1033
1038
1198
1198
1198
1198
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208
1208

N D



Previous Prior
Record Specimen Position Irrad. Record Irrad. Temp
Number Number in Log Crucible/Hole No. (cc)
8412 NG=3 3a4 4U1R mMC 7 112 0 o0
T T BA1Y O06=3 38 1714 MC 7T 12 0 ]
8414 DG=3 24 1314 ME 7 13 U 0
T8 UIS UGe3a3A 14RO T MET 713 o W0
8d16 NG=3«38 1748 MC 7 14 ] 0
- BELT NE=3s2as STEC HE T et S
8110 NG=3 T40165 mC 4 9 6939 1200,0
BT OG=3 "T40167 ~ MC 4 9 6940 1200,0
8112 NG=3 T40169 mC a4 10 6941 1200,0
B113 NG=3 Y4017 MC 4 10 6942 1200,0
8106 DG=3 T40187 Mc 4 7 6935 1200,0
T ETIT NGeEY Y40 1S9T MT” 4 7 6936 1200,0
8108 0OG«3 TUU1L} MC 4 8 6937 1200,0
w T BI09 06y T TY0TeY MU 4 8 6938 1200,0
1 8210 NG=3 3B= S4j MC 5 11 0 o0
tg 81935 NG=3=3Be STA MC S 7 0 <0
8200 0OG=3 3B S2a MC S 8 V] 0
B20S NG=3=3I8= S64 ~ MC 5 7% ST L0

TABLE 5-5 (Continued)

Total Total Fluence

A2/%, (E 29£J, HTGR) Average Irrad. Temp

%)

-, 286
e, 174
-,272
-, {87
-, 191

wleag

-,545
" =,588
-,508
., 534
., 620

550"

-,616

- =,59§

-1,117
«1,15%

-1,021

(1025 n/m2)

2,40
2,40
2,40
2,40
2,40

T

5,90
5,90
5.90
5,90

5,90
5,90
2,90
2,90
2.90

-390

(c®)

965,0
965,0
96%,0

“965,0

965,0

985,00 T

1225,0

12285,0°

1225.0
1225.0
1245,0

TY2AS 0

1245,0
i245,0
1360,0
"1380,0
1380,0

1380,

(K)

1238
1238
1238
1238
1238
1238
1498
1498.
1498
1498
1518
1518
1518
1518
1633
1653
1653
1653



TABLE

5-6

DIMENSIONAL CHANGE IN MISCELLANEOUS GRAPHITES

Previous Total
Location Irrad. Previous | Irrad. Fast Neutron| Averase Irrad.
Record | Sample in Position Record Temp Fluence Temp
Number | Number Log Crucible/Hole | Number °c) ARy (%) 1025 n/m? m—r
Axial Orientation
50-818
7841 1a-1A MC 2/5 -0.21 2.4 765 1038
7846 | 1a-18 MC 2/6 -0.15 2.4 765 1038
7851 1A-1C MC 2/7 -0.21 2.4 765 1038
7856 | 1a~1D MC 2/8 -0.28 2.4 765 1038
8178 1A-2A MC 5/3 -2.31 2.9 1380> 1653
8183 | 1a-2B MC 5/4 -2.27 2.9 1380 1653
8188 | 1a-2C MC 5/5 -2.44 2.9 1380 1653
8193 | 1A-2D MC 5/6 -2,25 2.9 1380 1653
5651~61
8008 S-525 3/18 6855 925 +2.22 8.5 940 1213
8014 $-528 3/19 6861 925 +2.57 8.5 940 1213
8020 S-531 3/20 6867 925 +2.07 8.5 940 1213
8027 S-534 3/21 6873 925 +2.22 8.5 940 1213
8032 S-537 3/22 6879 925 +2,83 8.5 940 1213
8038 S-540 3/23 6885 925 +2.52 8.5 940 _ 1233
H=451C
8332 S-951 6/20 7195 980 -2.48 8.4 985 1258
8333 S-963 6/20 7196 980 -3.22 8.4 985 1258
8334 $-952 6/20 7197 920 -2.68 8.4 985 1258
8335 S-964 6/20 7198 980 -2.78 8.4 985 1258
8336 S-953 6/21 7199 980 -2.46 8.4 985 1258
8337 5-965 6/21 7200 980 -2.13 8.4 985 1258
8338 S-954 6/21 7201 980 -3.52 8.4 985 1258
8339 5-966 6/21 7202 980 -2.83 8.4 985 1258
8340 S-955 6/22 7203 980 -2.75 8.4 985 1258
8341 S-967 6/22 7204 980 -2.3 8.4 985 1258
8342 $-956 6/22 7205 980 -3.36 8.4 985 1258
8343 5-968 6/22 7206 980 -2.82 8.4 985 1258
Radial Orientation
S0-818 -
7861 1A-61A MC 2/10 -0.11 2.4 740 1013
7866 1A-61B] MC 2/1 -0.24 2.4 740 1013
7871 14-61C MC 2/12 -0.23 2.4 740 1013
7876 1A-61D MC 2/13 -0.22 2.4 740 1013
8198 1A-684 MC 5/8 -1.54 2.9 1380 1653
8203 1A-68B MC 5/9 -1.45 2.9 1380 1653
8208 1A-68C MC 5/10 -1.28 2.9 1380 1653
8213 1A-68D; MC 5/11 -1.40 2.9 1380 1653
5651-61
8009 | S$-625 3/18 6856 925 +1.16 8.5 940 1213
8015 5-628 3/19 6862 925 +0.98 8.5 940 1213
8021 5-631 3/20 6868 925 +1.56 8.5 940 1213
8026 S5-634 3/21 6874 925 +1.53 8.5 940 1213
8033 S-637 3/22 6880 925 +1.26 8.5 940 1213
8039 $-640 3/23 6886 925 +1.29 8.5 940 1213

5-40
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TAB

LE 5-7

DIMENSIONAL CHANGE IN ASI 2-500 GRAPHITE

Previous Total

Location Irrad. Previous Irrad. Fast Neutron Average Irrad.
Record | Sample in Position Record Temp Fluence Temp
Number | Number | Log Crucible/Hole| Number | (°C) AL/ (%) | 1025 n/m? °c) r K

Axial Orientation
7840 | 1A-5A EE 2/4 -0.30 2.4 765 1038
7845 1A~5B EE 2/6 -0.20 2.4 765 1038
7850 1A-5C EE 2/7 -0.23 2.4 765 1038
7855 1A-5D EE 2/8 -0.18 2.4 765 1038
8177 1A-5E EE 5/2 -1.70 2.9 1380 1653
8182 1A-5F EE 5/4 ~1.88 2.9 1380 1653
8187 1A-5G EE 5/5 -2.08 2.9 1380 1653
8192 | 1A-5H .EE 5/6 -2,06 2.9 1380 1653
8599 1A-5L EE 9/5 -0.11 1.55 775 1048
8602 | 1A-5J EE 9/6 -0.06 1.55 775 1048
8605 1{ 1A-5K EE 9/7 -0.27 1.55 775 1048
Radial Orientation

7860 1A-4A EE 2/9 -0.18 2.4 765 1038
7865 1A-4B EE 2/11 -0.26 2.4 740 1013
7870 | 1A-4C EE 2/12 -0.16 2.4 740 1013
7875 1A-4D EE 2/13 -0.17 2.4 740 1013
8197 1A~4E EE 5/7 -1.30 2.9 1380 1653
8202 | 1A-4F EE 5/9 -1.35 2.9 1380 1653
8207 | 1A-4G EE 5/10 -1.41 2.9 1380 1653
8212 | 1a-4H EE 5/11 -1.44 2.9 1380 1653
8608 | 1A-4J EE 9/7 -0.03 1.55 775 1048
8611 1A-4K EE 9/18 -0.09 1.55 775 1048
8614 1A-4L EE 9/9 -0.33 1.55 775 1048
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DIMENSIONAL CHANGE IN P

TABLE 5-8

JHA_N GRAPHITE

3 2
Previous Total

_ Location Irrad. Previous | Irrad. Fast Neutron | AvVerage Irrad.

Record | Sample in Position Record Temp Fluence Temp

Number | Number Log Crucible/Hole| Number °c) MLy (B) 1025 n/m?2 °c) l X

Axial Orientation
7839 3A-1A MC 2/4 -0.35 2.4 765 1038
7844 3A-1B MC 2/5 ~-0.43 2,4 765 1038
7849 3A-1C MC 2/7 ~-0.31 2.4 765 1038
7854 3A-1D MC 2/8 -0.29 2.4 765 1038
8176 3A-1E MC 5/2 -3.22 2.9 1380 1653
8181 3A-1F MC 5/3 -3.02 2.9 1380 1653
8186 3A-1G MC 5/5 -3.27 2.9 1380 1653
8191 3A-1H MC 5/6 -3.21 2.9 1380 1653
8598 3A-33A MC 9/5 -0.30 1.55 775 1048
8601 3A-33B MC 9/6 -0.17 1.55 775 1048
8604 3A-33C MC 9/6 -0.16 1.55 775 1048
Radial Orientation

7859 3A-3A MC 2/9 -0.17 2.4 765 1038
7864 3A-3B MC 2/10 -0.13 2.4 740 1013
7869 3A-3C MC 2/12 -0.19 2.4 740 1013
7874 3A-3D MC 2/13 -0.15 2.4 740 1013
8196 3A~2A MC 5/7 -1.63 2.9 1380 1653
8201 3A-2B MC 5/8 -1.65 2.9 1380 1653
8206 3A-2C MC 5/10 -1.68 2.9 1380 1653
8211 3A-2D MC 5/11 ~-1.49 2.9 1380 1653
8607 3A-2E MC 9/7 -0.06 1.55 775 1048
8610 3A-2F MC 9/8 -0.06 1.55 775 1048
8613 3A-2G MC 9/9 -0.04 1.55 775 1048




TABLE 5-9

DIMENSIONAL CHANGE IN P,JHAN GRAPHITE

3
L Previous Total Average Irrad.
Record | Sample ocigion piiiif'n PEeViogs %:rad' Fa:; peoosi Temp
p 0 ecor mp uence ]
Number | Number Log Crucible/Hole| Number (°c) A/ %o (%) 1025 n/m? (°c) K
Axial Orientation
7947 0.851 3/2 6737 985 Broken 8.5 985 1258
7949 0.852 3/2 6739 985 -2.29 8.5 985 1258
7951 0.853 3/2 6741 985 ~-0.87 8.5 985 1258
8297 0.864 6/6 7170 995 Broken 8.4 1005 1278
8299 0.865 6/6 7172 995 -3.14 8.4 1005 1278
*8300 1} 0.868 6/6 7178 995 -0.66 8.4 1005 1278
8301 0.866 6/7 7174 995 Broken _ 8.4 1005 1278
8303 0.867 6/7 7176 995 -2.62 8.4 1005 1278
8304 0,869 6/7 7180 995 -2.34 8.4 1005 1278
8589 0.884 9/3 7450 795 -2.10 5.15 790 1063
8590 0.885 9/3 7451 795 -1.99 5.15 790 1063
8593 0.886 9/4 7454 795 -2.16 5.15 790 1063
8594 0.887 9/4 7455 .795 -1.86 5.15 790 1063
8717 0.876 10/8 7597 600 -0.99 3.65 600 873
8719 0.877 10/8 7599 600 -0,93 3.65 600 873
8721 0.878 10/9 7601 600 -0.86 3.65 600 873
8723 0.879 16/9 7603 600 -0.67 3,65 600 873
Radial Orientation
7948 0,901 3/2 6738 985 +4,57 8.5 985 1258
7950 0,902 3/2 6740 985 Broken 8.5 985 1258
8298 0.914 6/6 7171 995 +7.01 8.4 1005 1278
8302 0.916 6/7 7175 995 +7.93 8.4 1005 1278
8591 0.934 9/3 7452 795 -0.87 5.15 790 1063
8592 0.935 9/3 7453 795 -0.84 5.15 790 1063
8595 0.936 9/4 7456 795 -0.92 5.15 790 1063
8596 0.937 9/4 7457 795 -0.77 5.15 790 1063
8718 0.926 10/8 7598 600 -0.70 3.65 600 873
8720 0.927 ’ 10/8 7600 600 -0.54 3.65 600 873
8722 0.928 10/9 7602 600 -0.55 3.65 600 873
8724 0.929 10/9 7604 600 -0.51 3.65 600 873

5-43
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TABLE 5-10

DIMENSTONAL CHANGE IN 2020 GRAPHITE, AXIAL ORIENTATION

Record Specimen Position Irrad.
Number Number in Log Crucible/Hole
8739 OG=3 S8e583y to. 17
8741 OGe3 Se58¢2 10 17
8743 nGed 8583 0 jo0 18
8745 OGw}y 82584 190 18
. 8747 QGe3 8w585 10 19
8749 (gGel S«58¢6 ty 19
1750 0Ge3  8=501 1 17
7751 QGe3 8=502 1 17
... 1154 0OGe} _Se503 _.. 1. 18
7755 QGe3 8«504 1 18
... ..1158_0G=3 $250S 1 19
7759 0OGe3 S=506 1 19
7885 0OGe3  8e511 2. 18
7887 (OGe3 S=512 2 18
1889 OG=3} Se513 2 19
7891 (G=3 S=514 2 19
—— .. 7893 0OGe3  8SeS4S . __ . .. .2_20._
7895 0Ge3 Se516 2 20
. 7897 nGe3  Se517 . . e 21
7899 DG=3 82518 2 2t
8433 0G»3 §569 . 9 18
8635 0OGw»3 S«870 9 18
8637 0G»3 8511 9 19
8639 0G=3 SeS72 9 19
_ . Bouy QGw3 8e573 9 20
8643 0OG=3 8=574 9 20
8645 QGe3 8575 9 21
8647 (0Ge}d 8«576 9 21

Previous
Record

No.

1576
7578

_158Q .

1582
7584
7586
6548
65u%
6552
6553
6536
6587
5675
6677
6679
6681
6683
6688
6687
6689
7472
744
7476
7478
Tudo
7482
T484
7486

Prior
Irrad. Temp

(°c)

615,10
615,0

818,0

615,0
615,0
618,0
615,90
615,0
€150
618,0
615,0
615,0
695,90
69%8,0
695,0

695,90

95,0

695,0.

95,0
795|0
795,0
79%,0
79%,0
795,90
795,0
795,0
79540

Total Total Fluence Average Irrad. Temp

AL/ %o
%
», 729
v, 700

LY -1-1 0.

v, 668
..bbg
0,677
-,833
.,827

», 826

-, 711
!;b7°
=, 720
®»,403
w, 207
«,28%
., 380
=577
..220
., 299
=, 501
'.217

,078
w,101

141
=, 234
-, 044
-, 203

(E>29£J, HTGR) (°C)

(1025 n/m?)

3465 610490
3,68 610,0
3,65 810,00
.05 61040
3,08 610,00 . .
3, 65 610,0
5,55 635,0
5455 63%8,0
555 _635,0
5,59 63%,0
5,59 38,0
5,55 635,0
7,20 710,0.
7.20 710,0
7480 710,0
7420 710,0
7420: 7100
7,20 710,0
7420 C.T10,0
720! 710.0
$,15: 78%,0
5,15 785,0
5.15! 785,0
S, 151 785,0
S5,15¢ 785,0
S.15¢ 785,0
S, 15 785,0
5.151 785.0

(K)

883
883
883
883
883
883
908
908
908
208
908
908
983
983
983
983
983
983
983
983
1058
1058
1058
1058
1058
1058
1058
1058
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DIMENSIONAL CHANGE IN 2020 GRAPHITE, RADIAL

Record Specimen Position Irrad.
Number Number in Log Crucible/Hole
. 8749 0G=3  Seb8] 10 17
o 8742 0G=3 Seb82 10 17
8744 nGel  Be683 , 10 18
8746 DGe3 Seb84 10 18
e B748 OGe} Se68S 10 19
8750 DGe3 Seb86 10 19
.. 21752 0Ge3  Seb01 1 17
7753 OGe3 S§e60¢ 1t 17
... 1756 _QGw3 = 8e603 1..18
7757 0Ge}  Seb04 1 18
1760 OGe3 = 8e60% 1 .19
7761 0Ge3 S=b06 t 19
7886 _0Ge3  Ss6i1i 2 18
7888 DGw3 Sebt2 2 18
7890 0Ged . 8e613 . 2 19
7892 OGel Seoby4 2 19
e 1894 OGel . Se61S. 2 20
7896 0Ge} Seb16 2 20
e 1898 0Ge3  Swey? 2 21
7900 OGw3 S=618 2 el
.. BH34 OGe3 Swebd 9 18
8636 0Ge} Seb70 9 18
e . BO3B 0GwY. S=071. 9. 19
8640 (0Ge3 Seb672 9 19
... 80642 DGeY 80673 9. 20
8644 6w} Se0674 9 20
8646 DGe} S=07% 8 21
8648 0Ge3} Seb76 9 21
.. ... 8527 pG=3 8 659 8 17
o 8528 0Ge=3 S 660 8 17
8531 0Ged 8 661 8 18
8%32 0Gw»3 8 662 8 18
8535 UGe3  8eb663 8 19
8536 (G=3 Seb64 8 19
8006 OG=3 Sw=b2} 3} 18
8007 OGe3d 8eb2d 3 18
8012 QGe3 Seb26 3 19
8013 UG=3 Se627 3 19
. B01B 0G=3}  8e629 3 20
8019 DGe} 8#630 3 20

TABLE

Previous
Record
No.

7817
7579
15814
7583
_158S

7587
6550
6581
6554
658%
6558
6559
6676
6678
6680
6682
6684
6686
6688
6690
71473
T475
7477
7479

Ju8y

Tuay
748S
487
7374
7376
7378
7380
7382
7384
6882
6854
6858
6869
684
6868

5-1

Prior
Irrad. Temp

(°c)

815,0

61%,0
615,0
618%,0
61%,0
615,0
61%5,0
6318,0
619,0.
615,0
618,09
61,0
695,90
69%,0
695,0
695,90
695,0
69%,0
695,0
695,0
795,0
795,0
798,0
795,0
795,90
79%5,0
795,90
798%,0
875,0
B75,0
87%,0
878,0
87,0
925,90
925,0
925,0
925,0
925,0
92%,0

=1,008

ORIENTATION

Total Total Fluence

AR/%o (E 2917

(%)

.1|1Sq
», 704

.. w958

., 707
=931
*1,108
1,065
.1'2q3

ot 18}
©1,183
1,213
=1,32%
e],19%
21,131
*.970
i 498
v, 718
“1e611
»,938
v, 570
» 822
=, 815
o, 744
., 973
w,703%
=, T66
-, 734
o, 016
»,928
1,079
1,014
1,121
«, 973
- 888
=, 702
- 871
-.75“
w,601
'.5“5

(1025 ;/m2)

3,68
3,65
3465
3,65
3,05
3v08
5,55
5,58

D59

S.,5%
5259
5,55
7.20
7,80
T.20
T.:20
T.20
7.20
T7:20
7.20
S.18
5¢1%
S,18
5,45
5.45
515
5.15
5,18
6,45
6,45
6,45
6,45
6,45
6,48
8,50
8,50
8,50
84,50
8,50
8,50

(°c)

010,0
610,0
_610,0
610,60

. 610,00

610,0
635.0
63%,0

.638,0

635,0

635,0

635,0
71040
710,0

- 110.0

71040
710,0
T10,0
710.0
710,0
785,0
785,0
785,0

.. 188,0
785,0

788,0
785,0
.810,0

870,0

.870,0
870,0
870,0
870,0
40,0
40,0
940,0
940.0
940,0
940,90

» HIGR) Average Irrad. Temp

(K)

883
883
883
883
883
883
908
908
908
908
908
908
983
983
983

983

983
983
983
983
1058
1058
1058
1058

1058

1058
1058
1058

) 1143
1143
1143
1143
1143
1143

11213
1213
1213
1213
1213
1213
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TABLE 5-11 (Continued)

Previous Prior
Record Specimen ) Position Irrad. Record Irrad. Temp
Number Number 7 in Log Crucible/Hole No. . °c)
024 OGe} Se632 3 21 6870 925.0
T gggs 0Ge3 8eb33 3 21 6872 925,0
8030 NGwd __Beb3% 3 22 6876 95,0
8031 063 8=6136 3 22 6878 928,90
... 8036 OGed = 8eb38 3 2 6BB2. 925,00
8037 (QGe) S«63¢ 3 23 6884 9¢5,0
8132 0G=3 Sebd) 4 18 6952 112%,0
8133 QGe3 Sebd? 4 18 69%4 112S,0
8136 0Ge} S»643 4 19 0956 1125.0
8137 0G=} SeblU4 4 19

6958 112%,0

Total Total Fluence
(E>29£J, HTIGR) Average Irrad. Temp

AR/ %
(¢3)]
=1.262
»,549
w,523
=, 483

vl,164.

w, 031
'1.096
-1.009

®,997
-‘.1°u

(1025 n

8,50
8,50
8,50
8,50
8,50
8,50
9,20
9,20
9,20
9,20

-t

/m?)

°c)
940,90
940,0
940,90
940490
940,90 .
940,0
1165,0
11658,0
1169,0
116%,0

(K)
1213
1213
1213
1213
1213
1213
1438
1438
1438
1438
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Previous
Record Specimen Position Irrad. Record
Number Number in Log Crucible/Hole No.

...8707 0Gs3 _ 3. MC 1o H 1411
8708 OGw} 4 ME 10 8§ 158,
7720 QGw3 L2201, . MmME_ . _ .t _ & . . 6589
7721 DG=3  ,202. ME 1 6 6599

» 240, . _Mp 10 2. ... 1533

8698 (G=3 41, MC 10 3 7537
... 8702 0Ge3 = 42, . MC o 4 7541
8690 Ge3 39, MC 10 1 7529
1923 0Ge3  Te255 MC 2 M 67114
7924 0OGw»3 Tw256 mMC 2 3 6712
7925 0Gm3 . Ta2S7. Mc - I 6713
7926 OGe3 Tw2gs MC 2 ¥ 6714
1927 QGe3 TegS9 MC 2 31 6715
7928 OGe3 Twdb0 MC 2 33 6716
7708 QGel ole MC. 1 2 65089
7709 OGw3 02, MC 1 3 6509
1919 0G=3  Te251 Mg 2 Q9 6707
7920 06=3 T=252 Me 2 @9 6708
.1921 0Ge3 Te253  MC 2 30 6709
7922 0G=} Te2B4 MC 2 30 6710
. 7881 0Gm3 Tel32) . ML e .18 6717
7882 OG=3 T=322 MC e 16 6718

. 7883 06=3. Te323 MC 2 17 6719
7884 G=3 Te324 mMC 2 17 6720

_ 78711 0623 _ Yed?  MC . 2 .14 6671
7878 QGe3 T=338 Mc 2 14 6672
7879 0G=3 Tel19 mMC 2 15 6673
7880 0OGe3 Te320 MC 2 1§ 6674
8495 (QGe3. 140 MC 8 ) 7347
8497 DOGe3 136 MC 8 5 7343
_ 8498 OGw] RS X ME 8 5 7344
8493 nGe3 176 mC 8 d 73319

. 8494 0Gw3 177 ME 8 4 7340
7958 0Ge=3 -I'N MC 3 k) 6773
7962 0Gad 214 MC 3 4 6767
7963 0DGe3 0220 MC LI 6768
7964 QGe} 23, MC 3 4 6769
8381 0Ge3 0222, ME 7 P 7220
838S 0Ge3 +223, ME 7 3 T224
8389 nGe3d 224, ME 7 4 7228
8377 QG=3 o281 ME 7 i 7216

DIMENSIONAL CHANGE IN H-327 GRAPHITE,

TABLE 5-12

Prior
Irrad. Temp
(°c)

63840
0300
896,0
590,.0
640,0
640,0
640,40
6%0,0
655,0
655,0
655,0
655,0
655,90
655,0
660,0
660,0
690,0
690,90
690,90
690,0
s880,0
680,0
680,0
80,0

T40,0

T40,0
T40,0
740,0

o0

0

0
00,0
90040
970,0
970,90
97040
970,0
985,0
98%,0
955!0
995. 0

AXTAL ORIENTATION

Total Total Fluence
AL/ %o (E>29£J, HTGR)Average Irrad. Temp
) (1023 n/m2  (°C) (K)
1,221 4435 ©2%,0 898
=,949 4,38 625,90 898
»,724 5,98 629.0 898
*,867 5,58 02%,0 898
. 2,658 3,69 30,0 903
», 710 3,68 630,0 903
“,566 3,65 630,0 903
v, 034 3,65 640,0 913
1,329 7,20 065,0 938
1,337 7,20 66%,0 938
»1.264 7,20 665,0 938
“1,352 T.20 66%,0 938
-f, 258 7,20 66%,0 938
«, 322 7,20 66%,0 938
w,840 5,59 670,0 943
°,832 5,58 670,0 943
901“2 I,ZQ Q?Q;O 963 -
1,308 7,20 690,0 963
=l ,364 7,20 690,0 963
1,367 7,20 690,0 963 -
", 656 4,60 710,0 983
2,723 4,60 710,0 983
, 681 4,60 710,0 983
., 680 4,060 710,0 983
s, 0042 4,00 740,0 . 1013
«, 799 4,60 740,0 1013
®,696 4,60 740,0 1013
«, 809 4,60 740,0 1013
'5.272 1003 550:0 J153
5,643 1,03 880,0 1153
5,252 1,0% 880,90 1153
3,772 8,2% 895,0 1168
'3.@‘7 8025 895.0 1168
«i,%68 8,50 975,0 1248
ld,336 8,50 97%,0 1248°
=Uy737 BaS0 975.0 1248
4,734 8,50 97%,0 1248
wid,724 7,70 985,0 1258
=4,987 7,70 985,0 1258
4,811 T.70 - 98%.0 1258
5,126 7,70 993%,0 1268
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Record Specimen
Number Number
8705 UGe3 1
8706 0OGe3 2
1122”0313 .251.
7723 OGw} 252,
8696 OGe3 . 140,
8700 pGe3l W11,
8704 QGe3 2142,
8692 0OG=3 .139,
7707 pG=3 «101,
7711 OGe3} 102,
1909 0Ge3  Twdiy
7910 OGw} Twé12
7911 QGe) Tedi3}
7912 DGw3 Tedly
7913 QGe3 TwdS
7914 0Ge3 Twdie
7918 0Ge3 Tedr?y
7916 0OGe3 Tedid
7917 0Ge3} Tuldt9
7918 0G=3 Ted20
8496 0Ge3 138
849y 0Gey 174
8492 QGg=3 175
8344 pGwd Ted2?
8345 0G=3 Tedps
8317 0Ge3 Teket
8318 pGe3  Ta422
8319 0Ge3 Ted2}
8320 nG=3.  Ted24
8321 0Ge=3 Telp§
8322 0G=3  Ted20
7957 nGe3 o128,
7959 0Gey L1214,
7960 0G=3 122,
. 1961 0G=3 L1213,
8383 OGe3 212,
8387 oGe3  ,273,
8391 OGe)} 274,
8379 0G=3 271,

Position
in Log

MC
ME
vE
ME
L]
mMC
mMC
MC
MG
MC
MC
me
MC
MC
MC
mMC
me
MC
MC
MC
ME
MC
ME
MC
MC
MC
mC
g
Me
MC
MC
mC
MC
MC
MC
ME
ME
ME
ME

Irrad.
Crucible/Hole

10
19

1

1
10
10
10
10
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TABLE 5-13
DIMENSIONAL CHANGE IN H-327 GRAPHITE, RADIAL ORIENTATION

Previous Prior
Record Irrad. Temp
No. °c)
7548 630,0
7549 630,0
6591 S9¢0,0
6592 890,0
TS318  640,0
7539 640,0
7543 640,0
7531 65n0,0
6507 660,0
651t 660,0
6721 680,0
6722 680,40
6723 680,0
6724 680,0
6725 680,0
6726 680,0
6727 680,0
6728 680,0
6729 680,0
6730 80,0
T342 W0
7337 900.0
7338 900,00
7168 960,0
7169 96040
7162 960,0
7163 960,0
7164 960,0
TieS 960,90
T166 960,0
Tie7 960,0
6770 970,0
6Te4 97040
6765 970,0
6766 870,00
7222 98S5,0
7226 985,0
7230 985,0
7218 99s5,0

Total Total Fluence

AL/ Lo
(%)

'1.023
., 852
'|§91
.87}
», 370
'.175
., 329
'.366
=, 643
«, 738
-,571
=, 023
-.SB‘
»,599
", 521
-,598
!4511
»,609
-,534
=, 024
g,144d
s,374
4145
®,992

723

., 906
*, 975
., 743
=,987
»,838

(E>29fJ, HTGR) Average Irrad. Temp

1025 n/m

4,38
4,35
5,58
5,59
3,05
3,65
3,65
3,6%
5,59
5,55
4,60
460
4,60
4,60
4,60
4,60
d.60
4,60
4,60
4,60
10. 3
8,25
8,25
S.,40
Se40
$,40
S,40
S,40
5440
S,40
5,40
8,50
8,50
8,50
8,30
7,70
7,70
7|7°
7.70

(°c)

628,0
625,0
625,0
625%5,0
630,0
630,0
630,0
40,0
670,0
670,0
685,90
685,0
655.0
685,0
685,0
685,0

©683,0

85,0
6850
68%5,0
880,0
895,90
89%,0
9%0,0
95040
970,0

970,0

970,0

97040

970,0
970,90
97%,0

(X)

898
898
898
898
903
903
903
913
943
943
958
958
958
958
958
958
958
958
958
958
1153
1168
1168
1223
1223
1243
1243
1243
1243
1243
1243
1248
1248
1248
1248
1258
1258
1258
1268

N D



TABLE 5-14
SIDE-BY-SIDE COMPARISON OF IRRADIATION-INDUCED DIMENSIONAL CHANGES IN
NEAR-ISOTROPIC PETROLEUM COKE AND PITCH-COKE~BASED GRAPHITES

6%-¢

Crucible 2: 2.4 x 102 n/m2 at 1040 K Crucible 5: 2.9 x 1025 n/m2 at 1653 K
Percent Axial Change | Percent Radial Change | Percent Axial Change | Percent Radial Change
Grade (+ std. dev.) (+ std. dev.) (+ std. dev.) (+ std. dev.)
H-451 -0.21 + 0.05 -0.15 + 0.08 -2.55 + 0.17 -1.96 + 0.20
TS-1240 -0.11 + 0.05 -0.07 + 0.06 -1.77 + 0.11 -1.11 + 0.06
SO 818 -0.21 + 0.05 -0.20 + 0.06 -2.32 + 0.09 -1.42 + 0.1
P3JHAN2N -0.35 + 0.06" -0.16 + 0.03 -3.18 + 0.11 -1.67 + 0.17
ASI2-500 -0.23 + 0.05 -0.19 + 0.05 -1.92 + 0.17 -1.38 + 0.06
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TABLE 5-15

BETWEEN-LOG VARIATIONS IN IRRADIATION-INDUCED SHRINKAGE OF H-451 GRAPHITE, LOT 426

Neutron _25
Irrad. | Fluence x 10 . o Is Variation
Temp (n/mz, E>29£J, Mean Shrinkage (%) Significant at 95%
Orientation | Crucible x) HTGR) Log 6484-33 | Log 6484-34 | Log 6484-41 | Confidence Level?
Axdial 6 1210 2.68 0.71 0.79 0.69 No
Radial 1 910 1.84 0.18 0.16 0.14 No
Radial 8 1110 2.01 0.17 0.20 0.19 No
Radial 3 1200 2.83 0.28 0.36 0.36 No
Radial 6 1270 2.68 0.79 0.82 0.79 No
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TABLE 5-16

BETWEEN-LOG VARIATIONS IN IRRADIATION~INDUCED SHRINKAGE OF TS-1240 GRAPHITE

Irrad. Fluegi:t;O?O_zs Mean Shrinkage (%) Is Variation
Temp (n/m2, E>29fJ, Log Log Log Significant at95%
Orientation | Crucible | (K) HTGR) 5651-72 | 5651-73 | 6489-29 | Confidence Level?
Axial 1000 1.57 0.02 | 0.01 0.05 No
Axial 1450 2,97 1.07 0.96 1.29 Yes
Radial 10 830 1.11 0.02 0.03 0.03 No
Radial 960 2.40 0.09 0.10 0.10 No
Radial 9 1030 1.57 0.02 0.01 0.00 No
Radial 7 1210 2.39 0.24 0.21 0.28 Yes
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TABLE 5-17
WITHIN-LOG VARIATION IN IRRADIATION-INDUCED SHRINKAGE OF H-451 GRAPHITE, LOT 426

Neutron . p
Irrad., | Fluence x 10_25 Mean Shrinkage (%) Is Variation
Temp (n/m2, E>29fJ, Center of | Edge of | Significant at 95%
Orientation | Crucible (K) HTGR) Logs Logs Confidence Level?
Axial 6 1210 2.68 0.71 0.75 No
Radial 8 1110 2.01 0.18 0.18 No
Radial 1200 2.83 0.36 0.30 No
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TABLE 5-18
WITHIN-LOG VARIATIONS IN IRRADIATION-INDUCED SHRINKAGE OF TS-1240 GRAPHITE

Neutron . g
Irrad. | Fluence x 10722 Mean Shrinkage (%) Is Variation
Temp | (n/m2, E>29fJ, | Center of | Edge of | Significant at 95Y%
Orientation | Crucible (K) HTGR) Logs Logs Confidence Level?
Axial 9 1000 1.57 0.04 0.01 No
Axial 4 1450 2.97 1.06 1.15 Yes
Radial 10 830 1.11 0.01 0.04 Yes
Radial 1210 2.39 0.24 0.24 No




6. EXPERIMENTAL RESULTS - THERMAL PROPERTIES

6.1. THERMAL EXPANSIVITY

The thermal expansivity of representative groups of cylindrical
specimens was measured between ambient temperature and 100 K below the
irradiation temperature, using a silica dilatometer (ASTM Method of Test
E288). Measurements were made on H-451 graphite (lots 266 and 426), H-429,
TS-1240, and SO-818. All except the H-451 (lot 426) and the 50-818 had been

irradiated in previous capsules,

The mean thermal expansivity between ambient temperature and 773 K is
listed in Tables 6-1 through 6~5. Summary tables showing the fractional
increase or decrease in thermal expansivity of H-451, H-429, TS-1240, and
S0-818 graphites irradiated in capsules 0G-1, 0G-2, and 0G-3 appear as
Tables 6-6 through 6-9. The fractional change in thermal expansivity is
plotted as a function of fast neutron fluence in Fig. 6-1. At the lowest
irradiation temperatures (865 to 1045 K) the thermal expansivity first
increases by 5% to 10% and then slowly decreases. At higher irradiation
temperatures, the thérmal expansivity decreases by as much as 507 of its
preirradiation value, with the decrease most marked at the highest
irradiation temperatures., Data from all the near-isotropic graphites fall
into the same band regardless of orientation and log location, with the
exception of H-429 whose irradiation-induced changes in thermal expansivity

are somewhat lower than the others,

For convenience in design calculatiomns, the data for irradiation-
induced fractional changes in thermal expansivity, (ai - ao)/ao, of H-451,

TS-1240, and SO0-818 graphites were fit to the following polynomial:




(ai - OLO)/OL0 = (0.27830 - 4.2734 x 107 ' T + 1.7815 x 10—7 T2)®

~2.0664 x 1072 0% + 1.3601 x 10> &3

4

where T is the irradiation temperature (°C) and ¢ is the neutron fluence
25 2
(107 n/m, B > 29 £) 0

included in Fig. 6~1. The standard deviation of data points from the

]. Curves calculated from the equation are

design curves is 0,063,
6.2. THERMAL CONDUCTIVITY

Thermal diffusivity measurements were made on discs of H-451 (lots 266
and 426), TS-1240, and SO0-818 graphites irradiated at three temperatures
(925, 1220, and 1615 K). The H-451 (lot 266) and the TS-1240 specimens had
been previously irradiated in earlier OG capsules. The measurements were
made by the heat-pulse method (ASTM Method of Test C714), and the thermal
diffusivity value was converted to the thermal conductivity by multiplying
by the density and heat capacity. Readings were taken every 100 K between
ambient temperature and 1073 K, except for the specimens irradiated at 925
K, when the upper measurement temperature was limited to 773 K to avoid the

possibility of annealing.

The measurements are listed in Tables 6-10 through 6-13, The tables
include values for the conductivity extrapolated to the irradiation
temperature. The accumulated data on near-isotropic graphites from
capsules 0G-1, 0G-2, and 0G-3 are summarized in Tables 6-14 through 6-16.
The conductivity at the irradiation temperature is plotted as a function of
fast neutron fluence in Fig. 6-2. Irradiation rapidly reduces the thermal
conductivity to a saturation level which increases with increasing
irradiation temperature. The thermal conductivity of all the near-
isotropic graphites falls into the same band after irradiation, in spite of
some differences in preirradiation conductivity. The irradiated values
are in excellent agreement with the design equations currently in use (Ref.

5).

6-2



Two radial specimens of H~451 graphite which had been irradiated
previously in capsule 0G-1 at 1625 K were reirradiated in 0G-3 at 925 K.
Two more specimens, formerly irradiated at 875 K, were reirradiated at
1615 K. The conductivities are shown in Table 6-17. 1In both cases the new
conductivities were equal to the saturation level for the new irradiation
temperature. This behavior is consistent with the currently used design
model for the conductivity of graphite subjected to a changing irradiation

temperature,

6-3
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DESIGN
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923 K
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SYMBOL | GRADE [LOT | TATION | TION
¥ b ® | H-451 1266 | AX MLC
o 7 O H-451 {266 RAD MLC
=~ [ | H-451 | 266 AX MLE
j O H-451 | 266 RAD MLE
0o € |H-451 |426 AX MLC
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= X H-428 — RAD MLC
> 40 T\RR = 865-1045 K A TS-1240 | —— AX MLC
7] A TS-1240 | —— RAD mLC
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Fig. 6-1(a).

FAST NEUTRON FLUENCE X 10725 (N/m2) (E > 29 #h)ly1gR

Percent change in thermal expansivity (295 K to 773 K) of
near-isotropic graphites as a function of fast neutron

fluence, irradiation temperature 865 K to 1205 K
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> -~ ® |sosis | 48 RAD | mLC
=
|
[Ty]
[=2]
]
>-
=
> — —
17} 40 TlRR = 1250 — 1380 K DESIGN
g (977 — 1107°C) CURVE
> 1323 K
[NE]
-
<
E 60 1 1 | | |
=
= 20
(¥}
(4]
: g
L
>
<
=
o 0
(4]
=
<
o v
[&]
’_
=
]
< -20
[¥F]
a.
x
1+
—40 T\pp = 1415 — 1705 K X
IRR 0 ,
(1142 — 1432°C) A DESIGN
CURVE
1623 K
—80 ,-l l- 1 1
0 2 4 6 8 10 12

Fig. 6-1(b).

FAST NEUTRON FLUENCE X 10725 (N/m?) (E > 28 fi)y1gR

Percent change in thermal expansivity (295 K to 773 K) of
near isotropic graphites as a function of fast neutron
fluence, irradiation temperature 1250 K to 1705 K
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100

AXIAL ORIENTATION
O H-451 GRAPHITE, LOT 266
A H-451 GRAPHITE, LOT 426
{1 TS—1240 GRAPHITE
< S0818 GRAPHITE

RADIAL ORIENTATION
O H-451 GRAPHITE, LOT 266
A H-451 GRAPHITE, LOT 426
0O TS—1240 GRAPHITE
< 50818 GRAPHITE

50

T =875-926 K

IRR " (602-6529C)

T . = §75-925 K
IRR " (502-6520C)

100

50

THERMAL CONDUCTIVITY AT IRRADIATION TEMPERATURE (W/M-K)

50

T =1195-1220 K
IRR " (922-967°¢)

T =11956—-1220 K
IRR  1922-9670C)

ks

T\pg = 1615-1625 K
{(1342-1352°C)

R

X

<

Fig. .6-2.

1 |

T pp = 1615-1625 K
(1342-1352°C)

_Mé PR

5 10

0 5

FAST NEUTRON FLUENCE X 10_25 (N/Mz) (E> 29 ”)HTGR

Thermal conductivity at the irradiation temperature for

near-isotropic graphites as a function of fast neutron fluence
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TABLE 6-1
THERMAL EXPANSIVITY OF H-451 GRAPHITE, LOT 266,
IRRADIATED IN CAPSULE 0G-3

LUT NUMBEKS 266 - LNG MUMBER(S)? 565128

..--‘---..-.----..------.-.-.-‘--n-’-n..-—-‘---------.--'.---.

UkItnN= LOCA= CRUCe HOLE MEAN FLUENCE SPECIMEN C.T.E,

TATION TI0ON  TBLE IRR, (luEXP2S NUMBER  (10EXPeb/K)
TEMP, N/Mxxg,
(x) E>.18MEV) 295K =77 3K

(22C=500()

--.-.-’.—.----.-.-------..w--..-.o-._n---.-.-.-.-------.'-----

AxTaL MLC 1 1 935 5.5 « 301, 5,65
1 (662 C) dve, 3,69

4 o 303, 3.7V

MEANS 3.67

STD, DEVs ,04

-..-.-.--.----.---........."0-.-..--"--....----‘--'-'-----'-‘

AXIAL  MLC B 1 1170 6.4 L371, 2,85
1 (897 ) CLare, 2,98
2 . L. #3738, . 2,83
MEANS 2,89

81D, DEV: ,09

.-5ii.---‘.--.....--....“-.ﬂ--...-."-.--..---...-‘.-..------

AXTAL MLC 3 1 1270 8¢5 405, 2,458
1 (997 C) 032, - 2,38

A L akue, e Ca20
MEANT 2,34

8TD, DEV:  ,12

'--"---'-.-u----.-i}i:iidt.‘.-'-.o.u-----.---

AxIAL  MLE 4 11515 9,2 .581, 2,18
1 (1242 C) 582, 2.2¢2
MEANT 2,29

| i, eV .02
PP

AXIAL  MLEC S 1 1660 9,0 331, 2,12
ST (38T 6y T332, 1.90

e s e e e e REANT 2,00

“8Tp, DEVE 15
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TABLE 6-1 (Continued)

CLUT NUMBERS 266 LUG NUMBER(S): 5651=28

ORTEN= LOCAe CRUCe HOLE MEAN  FLUENCE SPECIMEN C,T.E,
TATIUN TIUN  IBLE IRR, (10EXPZS NUMBER (10EXPwmb/K)
TEMP, N/MaXxe, _ i} o
(x) E> 1BMEV) 295K=77 3k
(22C=500C)

RADIAL  MLC O | 935 5.5 U426, 4,61
i (o2 () ouz7o 0.69
S C eH28, | b, 15

MEANS 4,68k

$TO, DEV? « 07

-.'--.-..-.-.‘-...-----.--.-'-.'..-..-....--.---.------Q---.-.

RADIAL MLC 8 1170 6,4  LU9%6, 3,54
1 (897 C) CU97, 3,70
L e 49B, . 3.54
- MEANZ o 3.60

o _ ) STD, DEv:  L,09
reryY 22222 rr e r Yy Xy X8 3 3 2 0 48 R 0 XX D 4 2 4 XX & & & b & & b A d A A A d Jdol o flal

RADIAL mMLC 3 1 1270 8.5 0530, 2.81

1 (997 ©) J713¢e, 2,48
i Y L _e98Y, 2,68
CMEAND 2,66

- §TD, DEVy 16

RADIAL MLE 4 | 1515 9,2 W681, 2,66
o 1 (1242 ©) 682, 2.73
e L 2083, 3,07

L F X 2 XA 0 2 L X X A 2 2 B 2

MEANI 2,82

3 81D, DEV: _ ,e2
v.-‘i"‘;>A.CO-I;;..;‘i.-‘-C.‘.....ﬂ-"--‘....-.“-'.'..-..------
RADIAL MLC 5 1 1660 9.0  .456, 2,48
. - 1 (1387 CO) 457, 2.60
TMEANT T T2.54

U S e TR DEVS 0B
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TABLE 6-2
THERMAL EXPANSIVITY OF H-451 GRAPHITE, LOT 426,
TRRADIATED IN CAPSULE 0G-3

Lut NuMBERT 426 © LUG MUMBER(S8): 6UBU4=3u

OWIENe [JCA= CWUC= HUOLE MEAN  FLUENCE SPECIMEN CelokE,

TATION TION  IBLE IRR, (10EXPRS NUMBER (10EXPeb/K)
TEMP,  N/Mwew2,
(x) E>, 18MEV) 295Ke 77 3k
o ] (22C=560C)
AXTAL MLE 1 7 970 1,8 34ePi=da 3,67
7 (697 C) 3u=2ABB 3,86
8 v _3um2Aedl 3,65
MEANT 3.73

ST0, DEV:  ,12

AXTAL MLC 2 4 1040 2,4 Jue2B=5C 3,89
5 {767 C) Juw2Re5D 3.78
(] JiwlHe0A 3,63
MEANS 3,77
o o STD, DEVS L1

LA A 2 A 4 2 L X X D e A3 LTI AT R R L AR Y Ry X X L X A L L 2 2 2 J
AxTaL MLC 5 2 1655 2.9 Jue2de6l 3,9¢
3 (1382 O) Ji=2BebdD 3,87
MEANS 3,90

8TD, DEVs U3

SOPER RIS P eSOV NOPO DTN RNERP T UREI NIRRT RES

RADIAL mMLC 1 7 970 1.8 Jue2B=39A 4,41
7 (697 ©) J4w2Be398 4,40
8 A Jue=2Ba39C 4,u3
mEANT 4,41

STD, LEVE U1

L LRl X4 J 2 D2 22 2 2 J 0 2 2l g4 d 24l aaddaddd sl Lol d 4l i L2 il Ll

RADIAL MLC e ° 1010 2,4 3de2Be36C 4,20
10 (737 0) 34=2B-3060 4,3%9

N % SRS - .. 34=2B=36A 4,49

MEANE 4,34

8TD, DEVI .12

rr r r 2 F Y Y X R T Y Y Y Ay Y R Y Ly gL d Ll gL L2 L L g b ddddd ol d b dalad o

RADIAL MLC S 7 1655 2,9  3ue28eu0D 4,60
‘ B B (1382 C) 3u=28=37C 4,42
9 Bue2B=37D 4,67
MEANS 44,506

STL, DEVE (13
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TABLE 6-3
THERMAL EXPANSIVITY OF H-429 GRAPHITE IRRADIATED
IN CAPSULE 0G-3

CTLUT NUMBERS ee " TLUG NUMBER(S)t 4974= GUA

ILIKITEN= LUJCAe CWUCe HULE ME AN FLUENCE SPECIMEN CoaTatbo

TaTluN TION I1B8LF IRR, (LUEXP2S NUMBER (1UEXPeb/K)
TEMP, N/Mx%x2, : .
(K) E>.18MEV) 295Ke7 7 3K
) (22C=500C)
AXTAL 8 7 1170 7.2 392 3,20
7 (R97 C) 393 .44
R -0 X A 3,48
MEANS 3,38

sTD, DEV?e 15

-.-..----"......----.....-----..-..-.-..--..-.----*-.--.-----

AXTAL 4 5 1480 11,4 agd 2.57
5 (1207 ©) 405 .67

o L . 4oe 2433

MEANS 2,52

STD, DEVE 17

..-....O-..-.--.---...-.-.-......-...-c---------.----—-------

RADIAL 8 6 1170 7.2 419 3,90
‘ ‘ 6 (897 C) 42v 4,09
. e oo wer . _Wee0

MEANJ 4,05

$TL, DEV: 415

PYYI AT T X 2 2 2 L0 b L 2 .'-‘..O-..----..--.-----..-...---,-.-

RADIAL 4 5 1480 11,4 434 3,09
R C 5 (1207 ©) 435 3,05
— RTINS SUR w36 3,04

mEANI 3,06

STD, DEVS  ,03



TABLE 6-4
THERMAL EXPANSIVITY OF TS-1240 GRAPHITE
IRRADIATED IN CAPSULE 0G-3

CLUT NUMBER: 1 - LuG NUMBER(S8)3 $651=73

URTENe LOCAe CRUCe HOLE MEAN FLUFNCE SPECIMEN C.T,.t.

TATION TIUN IBLE IRR, (1UEXPZ2S NUMBER (10EXP=6/K)
e TEMP, h/Max2,

(x) E>, LBMEV) 295k =77 3k

o _ ) o B (22C=500C)

....---.-..------..-D.O-------.---.-.---....---.--.-------.--
AxTAL MLE 10 10 880 2.3 Tdo2uy d,0e
1o (607 C) Tupesl 4,50
11 - SRALY L) : 4,55
MEAN] 4,55

STD, DEV: W06

AXIAL  MLC 7 8 1250 4,9  T40037 2,60
A (977 C) T40039 2,86

- ° . Taogudy 2460

MEANS 2,71

STu, DEV: 13

AXTAL MLC 4 29 1415 5.9 140001 2,91
29 (1142 O) Tupag3l 2,63
30 N BREIUI o 3.0y

MEAN 2o b5

STD, DEV:  ,19

NADIAL MLC 10 15 880 2.3 T40149 S,u8
15 (607 C) T40151 5,15
16 TW015% 4,82
ME AN 5,02

S§Tp, DEV3 o 17

-.--'-.-‘-..-'..-.--‘-..-.--.-‘-...-.--.-‘--.--.------—---‘-.

RADIAL MLC 7 29 1200 4,9 T40121 3,77
‘ B 29 (9271 ¢y T40123 4,04

} S %% o Tauids 3,79

MEANS 3.87

$TD, DEVI 15

RADIAL mMLC 4 7 1500 5.9 140157 . 2.064
7 (12271 ) T40159 2,57
8 Lo Tuorer . 2456

MEANE 2.59

B 81D, VEVE  ,u4
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TABLE 6-5
THERMAL EXPANSIVITY OF S0818 GRAPHITE
IRRADIATED IN CAPSULE 0G-3

LUT NUMBERS deB © LUG NUMBER(S): 6484=22

URTEN= NCA= CRUCe HOLE MEAN FLUENCE SPECIMEN C.TWE,

TATION TTUN  IBLE JRR, (10EXPZ2S NUMBER (1UEXPwmb/K)
TEMP, N/Mxa2, . R

(x) E>.18MEV) 29SK=T7T7 3k

. - (22C=500C)
axIaL  mMLC 2 5 1040 2,4 22=1hAeln 4,71
b (767 ©) 2e=lA=lB 4,75
A . e2=1A=1C 4,49
MEANT 4,65

STD, DEVs 14

AXTAL MLC S 3 1655 2.9 2e=1A=2A 4,16
4 (1382 C) 22=1A=2B 3,89

. - ... ... . eé=1Ae2C 3,95

MEAN 4,0V

810, DEV: 14

YT I I X XY XTI YYY Y YI Y S X223 2 ;T 2 2 % 1 2 2 & 0 B B 3 & & & & & 4 &0 B A & B A & 4 A & & A b A hohodh i d e

RADIAL #MLC 2 10 lO;Q 2,4 22=1A=b1A , 5,53
11 (737 C) 2é=1A=618 S.26

- R XS . ge=1A=61C 5,50
MEANS 5,43

STO, DEVE .15

;';";"~‘--.--.'-"'.‘;"-’-'..'-.".-'..;";';'..‘“-‘;-.“;"-......e-...-.’.-.-

RADIAL MLC 5 8 1655 2,9 22-1A-68A 4,55
‘ o 9 (1382 ©) 22«1A=b688 4,54
e .. 2e=lheeBC  L4,47

___MEANS L. 4,52

— 87D, DEV:  ,04
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TABLE 6-6
SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL EXPANSIVITY OF H-451 GRAPHITE
IRRADIATED IN CAPSULES 0G-1, 0G-2, AND 0G-3

€1-9

Average
-25 Percent
Mean Irradiation | Fluence 10 Change
Location Temperature (n/m") in CTE
Lot | Log No. Orientation| in Log (K) (E>29 fJ)HTGR (295-773 K)
266| 5651-28 Axial Midlength 915 2.0 +1
center 935 3.7 +3
935 5.5 -3
1045 1.9 +6
1195 2.3 -4
1205 4.5 ~15
1170 6.4 -24
1270 8.5 -38
1335 3.0 -7
1665 3.2 -4
1660 6.1 =34
1660 9.0 -47
Midlength 1045 1.9 +4
edge 1125 1.9 +2
1110 3.6 +2
1255 2.8 -11
1260 5.3 -20
1480 6.3 =30
1515 9.2 =43




TABLE 6-6 (Continued)

71-9

Average
-25 Percent
Mean Irradiation| Fluence % 10 Change
Location Temperature (n/m™) in CTE
Lot | Log No. Orientation! in Log (K) (E>29 fJ)HTGR (295-773 K)
266 {5651-28 Radial Midlength 915 2.0 +3
center 935 3.7 +7
935 5.5 0
1045 1.9 +9
1195 2.3 -9
1205 4.5 -9
1170 6.4 -23
1270 8.5 =43
| 1335 3.0 -7
! 1665 3.2 -9
; 1660 6.1 -34
1660 9.0 -46
Midlength 1045 1.9 +2
edge 1125 1.9 +2
1110 3.6 +2
1255 2.8 -11
1260 5.3 -18
1480 6.3 =27
1515 9.3 -41
426 | 6484-34 Axial Midlength 970 1.8 +10
center 1040 2.4 +11
: 1655 2.9 +15
Radial Midlength) 970 1.8 +10
center ! 1010 2.4 +9
? 1655 2.9 +13
i




TABLE 6-7

SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL EXPANSIVITY OF
H-429 GRAPHITE IRRADIATED IN CAPSULES 0G-1, 0G-2, AND 0G-3

Average
Mean Percent
Irradiation Fluence Change in
Temperature X 1025 n/mz) CTE
Log No. Orientation (K) (E > 29 £I)uTGR (295-773 K)

4974-04A Axial 1165 3.0 -8
1180 5.2 -4
1170 7.2 =21
1435 5.6 -13
1460 8.6 -28
1480 11.4 -41
1705 6.6 -22
1675 8.8 =30
Radial 1165 3.0 +2
1145 5.6 +1
1170 7.2 -19
1435 5.6 -9
1460 8.6 -29
1480 11.4 -39
1705 6.6 -17
1675 8.8 =27
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TABLE 6-8

SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL EXPANSIVITY OF

TS-1240 GRAPHITE IRRADIATED IN CAPSULES 0G-2 AND 0G-3

Average
Mean Percent
Irradiation Fluence Change in
Location Temperature (X 1023 n/m2) CTE
Log No. {Orientation in Log (K) (E > 29 £I)ygrgr | (295-773 K)
5651-73 Axial Midlength- 895 1.2 +7
center 1040 1.7 +2
1195 2.5 -1
1250 4.9 -36
1380 2.9 +1
1415 5.9 -33
Midlength- 880 2.3 +6
edge
Radial Midlength- 865 1.2 -1
center 1080 1.7 =4
1195 2.5 -4
1200 4.9 -20
1475 2.9 -1
1500 5.9 =47
Midlength- 880 2.3 +4
edge
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TABLE 6-9
SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL EXPANSIVITY OF
S0818 GRAPHITE IRRADIATED IN CAPSULE 0G-3

Average

_25 Percent

Mean Irradiation| Fluence x 10 Change

Location Temperature (n/m?) in CTE

Lot | Log No. Orientation| in Log (K) (E>29 fJ)HTGR (295-773 K)

4B | 6484-22 Axial Midlength 1040 2.4 +3
center 1655 2.9 -12
Radial Midlength 1010 2.4 +7
center 1655 2.9 -1
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TABLE 6-10

THERMAL CONDUCTIVITY OF H-451 GRAPHITE, LOT 266,

IRRADIATED IN CAPSULE 0G-3

LOT NUMBRER: = 266 _LOG NUMBER(S8):5651-28
NRYFNTATTOMS AXTAL LOG LOCATIANSG MIDLENGTHaCENTER
CRICTALE MNg 1 FLUENFE ¢ 5.50%EXP2S
N/Mra2, E>, 1BMFYV
MEAN "SPECTMEN  THERMAL CONDUCTIVITY (W/M.x)"Ars'”'“
TRR, MUMBE R
TEMP 298K 073K 673Kk A73K 1n73K 1RRAD,
k) (22 €Y (200C) (40NCI(600CT (ROOCH TEMP,
ann 201 30,8 .1 38,7 33,9
(h?7 €3 202 29,3 322 4,0 In,2
* 201 30,6 37,9 38,5 13_9
. 200 27.7 1.9 30,8 28,2
MFANE 9.6 15,0 35,7 11,5
’Tp, DEVY 1.4 3.4 3,7 R
CRICTBLE NDt 7 FLUENCE 3 7.70%EXP2S
N/Maa?, F> 1RMFV
ME AN SEECIMEN T THERMAL COMPDIICTIVITY (W/Mek) AT
TRR, NIIMRER
Tup 295k 4T3k 673K ATIK 1073k TRRAD,
(%) 122 cY(P00CHI(U00CI(BNNCY(ROOC) TFMP,
1210 2ng 15,7 W, 40 37,0 33,7 32,8 29,4
(237 £y P04k go.s ar.S 3901 333 19,0 30,2
x 07 51,3 &0,2 S2.9 S0.,B 45,6 39,4
« PNR 4n,8 S8 Y 4R, Y 45,4 I9,1 3s,R
MEAN g 43 4%,/8 44,3 40,8 37,1 34,1
3TR, PEVE 6.8 7.0 7.5 8.7 6.6 5.9
CRUCTRLE nNg 5 FLHENCE ¢ 9.00xEXP2S
N/Mna, E>.18MFY
MEAN T &PFFIMEN  THERMAL annllcTIVITY (W/M=K) ATED
TRR, MUUMARFR ) ) ,
TEMP, h 505Kk 473K  AKTIK BTIK 107IK  IRRAD,
(k) (22 r\faoocw(aOOC)(boorw(aonr) TEMP,
1620 210 61,0 66,2 56,8 52,6 59,8 33,0
(VAT 63 AT 6618 6917 61,4 5517 sa.2 3u(
* 21?2 65,8 KR, 59,3 €5.> 50‘7 33_5
* 213 82,1 R2,4 78,9 63,2 »7.7 37.3
MF AN 68.9 1.6 63.3% S56.7 55,8 34,5
ROBDEVE 9.2 7.3 B.6 a6 8,1  3,A



TABLE 6-10 (Continued)

ILOT NUMBEP: 266 106G N'MRER(3)15651=28
NRTENTATTINNG RADTAL LDG LOCATIONS MINLENGTH=CENTER
FRUCTRLE ~nnp 1 FLUENCF 3 _5,50%FXP2%

N/Mx2, F>_ 1RMFY

MEAN  SPECIMEN THERMAL CONPUCTYTIVITY (W/MaKY ATY
TRR, . NUMBER ]

TEMP, P95k AT3K  HTIK  BTI3IK 073K TRRAD,
R _ B (P2 CYe200C)YTUNOCYI(6000Y(RNNCY) TEMP,
gro_ 221 26,7 3,2 33,0 . ... 29,9
(627 £ 222 25,1 33,0 33,4 29.9

* 223 29,4 27,5 27.8 ¢ 25,8
+ 224U 26.3 ?9.4 29,6 26,4
MEAMY 259 31, 31, 28,0
SYp, OEVY IS S - B A o 4,7

CRUCTRLE NNy 7 FLUENCE 3 7. T0%EXP2S
N/Mrx2, E>, 18MFEV

MEAN TSPFCIMEN  TRERMAL CONDUCTIVITY (W/Mek) AT
TRR, NIMBER ] )
TFMP 208k AT73K  HTIK RTIK 1NTIK  TRRAD,
() A (22 CY(200CHIU400CI(600CHIROOC) TEMP,
t2vo . 23 2,1 41,2 39,9 38,8 18,3 32,8
(937 ) 212 24,6 304 2R,4 27,4 27,2 24,9
* 233 1 37,6 36,3 36,7 33,6 29,9
* 214 37,0 45,4 H9,6 44,2 44,06 38,2
MEANY 31,2 38,6 36,6 36.8 35,9 30,7

sTh, DEV: S.1 6,3 8,9 7.0 7.3 6.1
XY TP Y Y Y Y Y PPy T Y Y P Y Y Y Y Y L L LA L L LIS LYY L L h lh ot

CRUCIBLE NNy S FLUENCE . 9,.00EXP2S
N/Mxa2, F>_ 1BMEY

MEAN SPEFCIMEN  THERMAL CONDUCTIVITY (wW/Mak) AT3
TRR, _ MUMBER L , L
TEMP 208K 4TI 673K  8TIK 107IK  TRRAD,
L I (22 £)(P00CH(400C)(600CYIROOCY TEMP,
.--..--------.....---.--..---.---.--..----.--.--.-.--..‘-...
1020 242 .56, S 63,7 59,4 53,4 up,.4 33,5
(137 ) 243 <3‘9 62, 0 81,6 49 1 as,.6 31,8
« o 2an 60,0 68, 3 _bO.bmwﬁbgﬂ 51,7 34,7
. 24s %4 4 62, ‘o 56.1 50,7 46,3 32,6
MEAND 86,2 64,0 56,9 52,5 47,8 33,1

o TTTTTEYR, DEVE . 2.8 X0 w0 T34 3,0 a0
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TABLE 6-11
THERMAL CONDUCTIVITY OF H-451 GRAPHITE, LOT 426,
IRRADIATED IN CAPSULE 0G-3

LOT NUMBERS 426 10G NUMBER(S)164B4=34

ORTENTATION: AXIAL _ L0NG LNCATIONT MINLFNGTH=CENTER
_CRUCTBLE nO3 1 FLUENCES 1.804EXP2S

N/Maa2, E> 1BMEV

TMEAN SPFCIMEN THERMAL CONDUCTIVITY (W/MaK) AT
TIRR, | - NUMRER o e L
rggﬁl'”’ 298K 473K 673K  BTIK 1073K  IRRAD,
(<) (22 C?(?OOC)(“00C1(600C)(80063 TEMP,
925  3lUePR=|. =14 0.8 37 0 33.6 30,1
(RS2 €Y 3WdRe(=1R I5.6 38.6 36.5 31,6
* 34mPRal=1iC 35.7 u137 40,7 34,4
MFANS 34,0 3971 36,9 32,0
8T0, DEVs 3,0 2.3 3,6 6.6
...-.':...--_;;;:-;-..-...-.-.---....;.....-.-.-...-.-—uo-.-.-
CRUCTBLE ~Os3 7 FLUENCEt  2,40#EXP2S

N/Mxe2, ED>.1BMEV

-O..------.---..-----..--—---.---.-.----...----.-----.--Q---

TMEAN SPECTIMEN THERMAL CONDUCTIVITY (W/Mek) AT}
IRR, = NUMBER o - . o e
TEMP, PO8K  4TIK  HTIK BTIK 1073K TRRAD,
ey o (22 C\(?OOC’(“OOC)(600C1(BOOC) TEMP,
1220 38-2Rel1G 65,7 63,7 54,4 99“}wm£3 3 38,4

(%47 €) 1UnPRal {H £3.3 6T, 6 S7.1 St 4k, 2 40,1

* J4e2R=l 1] A0, N 65,1 60,8 sggu soib a1A2
* 3UmPRe 1] S3. 8 59, 9 S1.,4 43,5 3A,R 36,1
MFAN 60, B KU1 55,9 UR,T 44T 39,0

‘--.‘--.--.--'-..'....-...-..-.”_E._-.-‘..-....---.-.----...--...-.---

CRUCIRLE NO3 S FLUENCEY  2,904EXP2S
N/Maw2, E> 1BMEV

§Th, DEve TEIT 3]2G,e Tule Tsjo 6.7

TMEAN SPECIMEN  THERMAL COMDUCTIVITY (W/MaK) ATS

TRR, _ _  NUMBER

TEME 295K  4TIK  6TIK BTIK 1073k TRRAD,

fK\ e (22 C\(?OOC)(UOOC)£900C1(BOOC) TEMP,
_1A15 342BeL 1D Rl.6 82,5 71,2 63,2 58,7 33,1
(1342 €) Tiw2Ral {E 82 o 81‘8 71,4 62,7 56,3 32,8

*  3a2BeLiF 83 6 73,9 65,2 Se, a 53_3 31,5

~ MEANZ B2.4 79,4 69,3 60,7 55,8 32,5

8Tp, PEVs 1)1 4/8 3,5 3,8 3,2 6,3
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TABLE 6-11 (Continued)

LOY NUMBER: 426  LNG NUMBER(S)164R4=34
NRTIFMTATTNANY RADTAL LNG LOCATIONSG MINLENGTH-CENTFR
CRUCTRLE ~Ny 1 FLUFNCF ¢ 1,8NaEXP2S

N/Mrag2, FO _1RMEY

MEAN  SPFCTMEN  THERMA| CONDHETIVITY (W/Mek) AT:
TRR, NIIMRER
TFMP 295K  4T7IK AT7IK  BTIXK 1073IK TRRAD,
(K (22 r’(?Oocwruoocxtbooc\rnonr) TEMP,
925 L 34ePReL=6A 24,0 33,0 29,2 , °T .1
RS2 £y 34uPRe| =bHR 31‘6 3,2 35,2 30,8
* JiaPR=l =60 2.0 37,5 36,2 _ 31,4
MEAN g 29,6 35,6 33,5 29,8
8TD, DEVE 4,1 2,3 3,R 4 o 6,7
---...---..--.------...nn--n-.---------u-.------------------
CRINCTRLE NOZB 7 FLUENCE ? 2.40eEXP2S

N/Maw?, F> 1RMFYV

Ll L L Aol R et adinhald ettt e douiddbedrdudonteitintdndededak L L L L R X L X L L L L L XX X3

MEAN  SPFCIMEN  THERMAL COMDHCTIVITY (W/Max) AT:
TRR, MNIIMBE R
TFMD PASK  UT7IK AT3IK  BTIK 1073k IRRAND,
(K (P2 CYE200CHICU00CH(600CI(AINCY TEMD,
1220 34a=2Rel=bG 55,8 52,5 47,8 44,9 41,0 35,6
(247 £) 3Ue3RelebH B9 7 A0 6 52,9 44,0 41,5 37,4
* JUwlHul b 62‘9 53,1 4R3I 41,1 39,1 35,0
* JUeDRel =T 7.2 53,9 47,0 40,2 35,6 34,0
ME AN g 58,9 &G, 49,0 426 39.% 35,4

sTo, PEv: 301 7T 207 2.3 207 6,4

CRUCTALE NNy S FLUENCE ¢ 2.90*EXP2S
N/MxaD, FS>_ 18MFvV

CMEAN TTSBECTMEN  THERMAL CONDUCTIVITY (W/Mek) AT
TRR, | NIIMRE R ] )
TEMP_ 295K 473K 673K 873K,1073K TRRAD
(K) . o (22 CYC200CNCL00CI(HONCI(RONCY TEMP,
1615 3 =L6D 73,2 77,1 65,7 S7,.8 55,2 32,9
Y302 ) TUwdRel 6F To 8 R1,7 kU6 56,2 S3.4 32,14
* 342B=L6F 73,0 T4,1 65,0 SS5,6 §3,3 31,5
CMEANT 728 77,6 65,1 56,5 S4,0 31,9
STN, DEVS 1,3  3/B .6 1,2 1.1 6,3
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TABLE 6-12
THERMAL CONDUCTIVITY OF TS-1240 GRAPHITE
IRRADIATED IN CAPSULE 0G-3

LOY NUMBERE 1 .06 NUMBER(S)15651=73
NRYENTATINNE AXIAL LOG LOCATINNG MINLENGTH=CENTER
CRICIALE w~Ng 1 FLUENCES 1,50%FXP28

N/Mxa2, ED,1BMEV

ME AN SPECIMEN  THERMAL CONPUCTIVITY (w/Mak) 4T
TQQ. L ""U_,MR,E,R o
TEMP, 298K 473K 673K BIIK {073K IRRAD,
() (22 CH(200C)(800C) (600CH(RNOC) TEMP,
--n---.--------.---‘.--.-..---------.---.-.-.—.-.--....---.-
91§ 74ned 26,3 29,8 26,8 . 26,0
t6d? €)Y Fineu 277 33,5 30,9 286
* 74065 ?q,a 16, 00 36, 6 31,5
* 74n66 5.6 ?8.5 27.0 25,4
-.----..-.---.-‘-----.--..--.-...-.-.’.-.'.--.-
MEANS 26.8 2.0 30,3 27.9

s, DEVE ~ J9 ¥4 e, T T T ®le

CRUCIBLE NOg 7 FLUEng;  U,90%EXPRS

N/Maw2, E>s1BMEV

MEAN SPECTIMEN THERMAL CONDUCTIVITY (W/MaK) AT

TRR, NIIMRER o ] . ] ~ ,

TEMP . 296K 473K 673K  BT7IK {nT3IK  IRRAD,

() ) (P2 €Y(200CH(UODCICHO0CI(BOOC) TEMP,

1220 74pTY 0 SO0.1 4R.2 47,7 44,0 37,6 36,4
NETY AN Tun7T2 84,3 &3, Y5RYL Y Tas 2 uu 0 39,4

* 74073 <1.7 u1‘7 u3,7 38, 6 ss 4 34,4

* TaPTY 49.8 4B 0 U7,4 41,2 15,6 35.6

MEAN 51,5 49,3 47,5 43,0 M,/2 36,5

§Th. DEVY 2.1 2,7 3.1 Td.0 4.0 4,6

cnncreLEans S FguENCE: _ 5. BOnFXPZS
N/Maw2, E>,18MEV

MEAN GPFCIMEN  THERMAI CONDUCTIVITY (W/MaK) ATT

TRR. MﬁllﬁM_BE_R o - o )
TEMP, 298k 473K 673K 873K 1073K IRRAD,

Ky _ (22 €Y e200CH(U00C)(60OLI(ROOCY TEMP,
1615 74D0AT 72,4 76,7 66,1 57.5 55,1 39,1

{1342 €y  Yaboéh 62‘8 9.6 SA, Y 54,6 49,0 36,9

* 740069 72,5 7545 64,7 58,5 Sb, .8 39,1

* B 745070 §6°3 63.2 Su,7 U8.6 a6, 6 35 0

MEANg 66,0 71.2 61,0754,8 51,9 37,5
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TABLE 6-12 (Continued)

LOT NUMRER$ LOG NUMBER(S8)15651=73 -
NRTENTATINNG RADTAL . L0NG LNCATINN} MINDLFNGTHaCENTER.
CRUCTALE NNg 1 FLUENCE3 _ 3,50%EXP25

N/Mxe2, ED>_1BMEV

-..-'---.---..-..-----..O--.-..ﬂ'-—n-.—--...--.---.---—-----

ME AN SPFCIMEN THERMAL CONDUETIVITY (W/Meak) ATH
TRR, ... .. NUMBER o e R,
TEMP, 295K 473K 673k B73K 1073k IRRAD,
ey (22.€)€200C)(4000) (600C) (ROOC) TEMP,
915 74n9Y 27.0 30,0 28,4° _,2_943 S
(642 €Y 74Ny 26,8 29,3 25,3 25,0
« . T74nss .27, ° 29,8 26,2 . 24,8
* 74n96 28, u 27.8 26,7 24,4
MEANT 275 202 26,7 . 25.1

381D, DEVy 8T LY T 3,4

CRUCTALE NO3 7 FLUENCE __4,90#EXP2Y
N/Mxx2, E> 1BMEV

MEAN  SPECIMEN  THERMAL CONDUCTIVITY (W/MaK) aTt
TRP!. o NIIMRER o L
TEMP | 295Kk 473K  6T3K B73IK 1073IK  IRRAD,
€KY (22.€)(200C)(400C)(60NCICRNOCY TEMP,
--.....---.-.---..----....-.--.-..‘D-----.-----.---'-.------
1220 74D109 48,9 52,4 48,4 43,0 40,9 37,9
(947 €Y | 74D110 49,0 59.2 52,9 46,0 43,4 40,3
* . Tudiny 50,6 UR,T 48,2 39,5 34,6 35.9
. Tup112 1,8 47,8 47,3 42,3 15,5 36,2
-.--..-.--u-.-..--u.--n-----..--.--.---.--.---7-7-
MEANY 50,1 2.0 49,2 42.7 a,6 37,6

TTUTTTTUETh, BEVE 1.4 5.2 2.5 2.7 4,2 4,7

--.---.-‘-------ﬂ.----.--------n---Q.-..-.----'..----.-..-.-

CRUCIBLE NO3 S . FLUENCEy  S5,B0%EXP2%
N/M*t?. F>. 18MEV

MEAN 8PECIMEN THERMAL CONDUCTIVITY (W/Mek) AT3
TRR, . NUMBER UV .
TEMP 295K 473K 673IK  BTIK 1073K IRRAD,
i (K) T -1 C1§200C)(000CU§00C1(RO0C) TEMP,
--.-------O------.-..--'-.-.-.-u-'--.--...---.-.--'.--.-.-.-
1615 74n80t 66‘5 AN 61,4 54,5 54,1 36,8
(1342 C) 74n102 63,2 66, 6 S7.7 53 6 51, 8 35 &
* . T74p103 _ﬂﬁﬁgﬁ 74, Wl 64,9 60, 2_“55 .9 381 0
. 7un104 b3.2 T3.8 3.7 86,2 53.3 37.6
‘ T MEANT  65.4 T1.5 61.9 Se.1 53,8 37,0 )

TSR U hEVY . 2.8 3.5 3.2 2.9 1.7 3.5
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TABLE 6-13
THERMAL CONDUCTIVITY OF S0818 GRAPHITE
IRRADIATED IN CAPSULE 0G-3

__LOY NUMBERY  UeB LDG NUMBER(S)36484=22

NRTENTATINNG AXIAL L0G LOCATINNE MIDLENGTH=CENTER
CRUCTRLE NNy 1 FLUENCE:  1,BO#EXP2S

NIM*‘?. E>. 18MEV

ME AN SPFCIMEN THERMAL CONDUCTIVITY (W/MeK) ATS

TRR,  NUMRER e e L
TEMP, 295K 473K 673K BTIK 1073K TRRAD,

[ (22 che200cHdo0c)conncd (anoc) TEMP,

- Q25 22-3A=L51A 27,7 30,4 29,3 26,7

(657 €) 27«3A=| 518 28,9 28,6 26,7 24,7
N ~ 22=3A=L51C 29, 2 32, 8 31.5 LM

~ MEANg 72&,b 10,6 29.2 26,7

8Th, DEVE /8 2,1 2,4 4.6

-.-.-.-.....--....-.-.....".....--..--.--...--..'.--.-.-..-

CRUCTRLE NO3 7  FLUENCE:r  2,404EXP25
) N/M*22, E>, 18MEV

ME AN SPECIMEN THFRMAL CONDUCTIVITY (W/Mek) AT

TRR, | _ NUMBER o o o L

TEMP . 295k 473K 673K  B73IK 1073k TIRRAD,

ey o €22 €H¢200C) (4n0CH(600CI(RNOC) TEMP,

1220 22«%4=L%5A 51,1 58,6 49,3 42,7 19,4 36,7
(947 €) P2=1A=| 55R 49 .7 58,2 50,4 44,4 T 37q0
] 22=3A=L55¢C 50.7 54, 5 Sl.or 42, 7 8.4 36,4

MEANY 50.5 %6,1 50,2 43,3 39,3 3s, 7
87D, DEVI .'ei__>__‘_2JLB___,___-_?__ 1,0 .8 4,2

g U SUE LIRS

>

CRUC!&L; NOEL S L FQUENQELN _2.90%EXP2S
N/Maw2, ED.IBMEV

MEAN SPFCTMEN THERMAL CONDUCTIVITY (W/MaK) AT:
JRR, _ NUMBER
TEMP, 298K 473K 673K B73K 1073K IRRAD,
ok €22 ¢)200CH c400C) (600CH (BOOCY TEMP, )
.----.-u-..-----.---'---------'----n---.-.----.--.----------
1815 22«3A=LB1A 69,6 75,5 69,8 63,0 58,7 35,2
(1342 C) 22«3A=LA1R 59,8 68,6 61,5 53,7 49,8 32,6
x  22-34LBIC 64,1 T7.3 68,9 62,0 ST.4 35,1
_ MEAN] 64,5 73,8 66,7 99.6 55,3 34,3

ST, DEVY 4.9 4.6 4,5 5,1 4,8 4,4
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_TABLE 6-13 (Continued)

LOT MUMBER} deR LG NUMBER(S8)31648Ue2?2
DRYENTATIONG RADTAL ~ LOG LNCATION: MIDLENGTH=CENTER
CRUCIBLE ~op 1 FLUENCES 1,B0%FXP2S

N/M**?u E>. 18MEV

TMEAN SPFCIMEN THERMAL CONDUCTIVITY (W/Mak) AT}
TRR, NUMBER e )
TEMP, 295K 473K HTIK B7IK 10T73IK JRRAD,
k(22 €Y (200CH (400CH(600CHCBOOCY TEMP,
925 22-34aL 784 27,4 28,0 25,7 24,3
(652 € 22=3A= 78R 29,0 %1,6 30,2 7.0
* . 2P=3a=L7BC PA.B RM,S5 32,6 29,6
MEANT  2BJ4 31,4 29,5 27,0

sTD, DEVs B 372 3.5 5,0

CRUCTBLE NOt T FLUENCESY = 2,40%EXP2%
N/M*a2, E>, 1BMEV

MEAN SPEC TMEN THERMAL CONDUCTIVITY (w/MeK) AT:
IRR, . MUMBER e o o o
TEMD 298K 473K 673K BT7IK 107IK  TRRAD,
(k) (22 €)Y(200CH(H400CI(60NCHI(BNOCH TEMP,
1220 22=3R=| 904 39,7 45,1 42,9 37,3 34,2 31,6
(947 ©) 22=1R=| 90R 43, 4 47,0 42,3 35,4 36,0 31,9
* _ 2P=3ReL90C 4R.p 50,3 44,0 37.5 37,0 33,3
CMEAN® 437 47,5 43,0 36,7 35,7 32,3

STD, DEVY 4,2 2.6 9 1,2 1,4 4,3

CRUCIBLE nOg 5 FLUENCEs 2, 9°'EXP25 _
N/Mxx2, E>.1RMFV

MEAN SPECIMEN THERMAL CONDUCTIVITY (W/MaK) ATH
_TRR,  NUMBER o e
TEMP. 298K 473K 673K  BT3IK 1073k IRRAD,
Ky . (22 €H(200C)(400C)I(H00CH(RBOOC) TEMP,
---Q-.--.-..—.-..-..-...-.....-..--0....--‘...-...-.--.-..'-
1615  22=3BelL62A 67,8 70,3 62,5 57,9 53,8 33,4
(1342 C) 22=3R=L62B ‘43,3 68,6 60,0 52,9 52,3 32,6
X .. 22=3BsL62C 66,4 0,4 63,9 59,0 49,6 33,1
..'-----....-‘..'-..-'.--......-A..-'--_..-'..A.'-
MEANS 65,8 69,8 62,1 56,6 51,9 33,0

87D, DEVY 2.3 1,0 2.0 3’3 2.2 4.2
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TABLE 6-14
SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL CONDUCTIVITY OF H-451 GRAPHITE IRRADIATED IN
CAPSULES 0G-1, 0G-2, AND 0G-3
(ALL SPECIMENS FROM MIDLENGTH-CENTER OF PARENT LOG)

9z-9

Mean Mean Thermal Conductivity
Irradiation Fluence x 1027 (W/m-K) * Std. Dev.
Log Temperature (n/m2) At At Irradiation
Lot No. Orientation (K) (E > 29 fJ)HTGR 293 K Temperature
266 5651-28 Axial - 0 145.2 + 1.3 -—
875 2.0 34.7 £ 1.4 33.3 £ 2.7
890 3.7 30.1 = 0.9 32.5 £ 4.3
900 5.5 29.6 * 1.4 31.5 £ 4.4
1195 2.8 48.8 + 1.8 40.0 £ 1.7
1205 5.3 41.3 t 8.4 39.8 + 3.0
1210 7.7 43.6 + 6.8 34.1 £ 5.9
1625 3.2 79.8 £ 4.2 41,1 ¢ 1.2
1625 6.1 80.9 * 4.0 40.7 * 0.6
1620 9.0 68.9 + 9.2 34,5 + 3.8
266 5651-28 Radial - 0 123.0 £ 7.1 -
875 2.0 32,0 £ 1.9 33.3 £ 2.7
890 3.7 27.8 + 3.1 29.5 + 3,2
900 5.5 25.9 = 0.8 28.0 + 4.7
1195 2.8 42,9 £ 3.3 36.1 + 2.8
1205 5.3 34,2 * 4.3 29.5 + 2.0
1210 7.7 31.2 £ 5.1 30.7 + 6.1
1625 3.2 83.5 £ 7.2 39.3 + 3.4
1625 6.1 65.7 * 8.2 36.4 + 2.0
1620 9.0 56.2 + 2.8 33.1 £ 4.4
426 6484-34 Axial - 0 136.0 * 17,2 -
. 925 1.8 34.0 = 3.0 32,0 £ 6.6
1220 2.4 60.8 * 5.1 39.0 £ 6.7
1615 2.9 82.4 + 1.1 32.5 £ 6.3
Radial - 0 128.9 + 10.0 -
925 1.8 29.6 4.1 29.8 £ 6.7
1220 2.4 58.9 t 3.1 35.4 + 6.4
1615 2.9 72.4 + 1.3 31.9 £ 6.3




TABLE 6-15
SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL CONDUCTIVITY OF TS-1240 GRAPHITE IRRADIATED IN
CAPSULES 0G-2 AND 0G-3
(ALL SPECIMENS FROM MIDLENGTH-CENTER OF PARENT LOG)

LT-9

Mean Mean Thermal Conductivity
Irradiation Fluence x 10-25 (W/m-K) * Std. Dev.
Log Temperature (n/m?2) At At Irradiation
Lot No. Orientation (K) (E > 29 £I)HTGR 293 K Temperature
5651-73 Axial - 0 97.9 + 8.4 -
910 1.7 30.5 £ 1.2 34.1 £ 1.7
915 3.5 26.5 + 0.9 27.9 * 5.0
1220 2.5 45,5 + 3.7 38.2 £ 2,4
1220 4,9 51.5 £ 2.1 36,5 *+ 4.0
1620 2.9 68.8 + 3.4 37.2 £ 1.5
1615 5.8 66.0 + 7.9 37.5 £ 4.6
5651-73 Radial - 0 103.3 % 4,2 -
910 1.7 28.5 t 2.8 32.6 £ 0,3
915 3.5 27.5 + 0.8 25.1 = 3.4
1220 2.5 37.0 £ 2.2 29.9 + 1,7
1220 4.9 50.1 = 1.4 37.6 £ 4.7
1620 2.9 64.5 * 5.5 33.5 + 1,2
1615 5.8 65.4 + 2.8 37.0 + 3.5
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TABLE 6-16
SUMMARY OF IRRADIATION-INDUCED CHANGES IN THERMAL CONDUCTIVITY OF S0818 GRAPHITE IRRADIATED IN

CAPSULE 0G-3 '
(ALL SPECIMENS FROM MIDLENGTH-CENTER OF PARENT LOG)

Mean

Mean Thermal Conductivity

Irradiation Fluence x 10-25 (W/m-K) + Std. Dev.
Log Temperature (n/mz) At At Irradiation
Lot No. Orientation (X) (E > 29 fI)HTCR 293 K Temperature
4-B 6484-22 Axial -— 0 135.1 £ 5.0 -
925 1.8 28.6 + 0.8 26.7 * 4.6
1220 2.4 50.5 + 0.8 36.7 £ 4.2
1615 2.9 64.5 £ 4.9 34.3 £ 4.4
4-B 648422 Radial - 0 125.9 £ 5.0 -
’ 925 1.8 28.4 * 0.8 27.0 £ 5.0
1220 2.4 43,7 + 4.2 32.3 £ 4.3
1615 2.9 65.8 £+ 2.3 33.0 % 4.2




TABLE 6-17
THERMAL CONDUCTIVITY OF H-451 GRAPHITE IRRADIATED AT TWO DIFFERENT
TEMPERATURES: (1) 3 x 1025 n/mZ AT 1625 K, THEN 1.8 x 1025 n/m2
AT 925 K; (2) 2 x 1025 n/m2 at 875 K, THEN 2.9 x 1025 n/m2 AT 1615 K

..--.o.o..--ﬁ..ﬁ.

LOT NUMRERS 266 DR NUMBER(§>=5651-2ﬂ
NRTENTATINNG RADTAL LOG LOCATIONS MINLENGTHeCENTER
CRUCTRLF NNt Sef  FLUENCES 4,B0+FXP25

N/Makx2, ED>,1BMEV

MEAN T TSPECTMEN  THERMAI CONPUCTIVITY (W/Mak) ATS
TRR, NUMBER o T
TEMP, 595K 473K 673K 873K 1073k TRRAD,
(%) (P2 CH(200C) (400C) (600CH(RO0CY TEMP,
16252925 250 ?6.5 28,3 29,2 25,5
STER DNWM 251 25 .2 30 76 29 9 ?7 0*. -
MFAN S 2.8 29,4 29,5 TP, 2
" 8Th, DEV:E .9 1.k .5 | 43

CRUCTBLE NOg 1=5 . FLUENCEp  4,90#EXP2S
N/Mtta. E>.1BMEV

T MEAN SPFCIMEN THERMAL CONDUCTIVITY (w/M.K) ATt
IRR, . NUMBER ) I B
TFMP 298K U73IK 673K BTIK 1073K TRRAD,
ru) T -2 C’(?UOC)(“00C)(600C)(800c3 TEMP,
. B75=161S 229 71,5 80,0 64,9 55,5 53,2 36,0
STEP 4P 230 71,7 77,8 62,9 S59,% 83,4 36,4
N -.-.-_!:--2,_,.‘..:----C-ﬂ‘..--.-O--.‘.O..‘.p_-_-'.-_ _
MEAN ¢ 71,6 78,9 63,9 S§7.4 83,3 36,2
81D, DEV: 1 1,6 1.5 2.7 4 4,2

-..----.-ﬁ--------.....-.Q..-n.---.-D-'.----'-.--..--..-.-..
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7. EXPERIMENTAL RESULTS - MECHANICAL PROPERTIES
7.1. TENSILE STRENGTH AND YOUNG'S MODULUS

More than 200 ambient-temperature tensile tests were conducted on
graphite specimens irradiated at several different fluences and
temperaturés. Specimens of H—451 graphite (lots 266, 408, and 426), TS-
1240 graphite, and H-327 graphite were tested. Many specimens had been
previously irradiated in capsules 0G-1 and 0G-2. An Instron tensile-
testing machine with a crosshead speed of 2 um/s was used, and strains were
measured with a 12,6 mm gauge length extensometer. The specimens were
cemented to metal end pieces with high strength epoxy cement, and the load
was applied through roller-link chains to maintain uniaxial alignment. The
specimens were loaded to 7 MPa, unloaded to 0.7 MPa, and reloaded to

failure. Young's modulus was measured from the 0.7 MPa to 7 MPa portion of

the relcading curve.

The tensile strengths, strains at failure, and Young's moduli are
listed in Tables 7-1 through 7-5. Summary tables of all tensile data
obtained in capsules 0G-1, 0G-2, and 0G-3, including unirradiated controls,
appear as Tables 7-6 through 7-8, The percent increases in strength and
Young's modulus (referenced to unirradiated control specimens from the same
location in the same log) are plotted as functions of fast neutron fluence
in Figs. 7-1 through 7-3. For H~451 and TS-1240 graphites the data for all
orientations, locations, and lots fall in the same scatter bands. For H-
327 graphite the increase in Young's modulus is the same in the axial and
radial directions, but the fractional increase in tensile strength is

somewhat lower for radial specimens than for axial specimens.

The statistical spread in strength values is an important parameter in

the mechanical design of graphite structures. Irradiation causes a
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significant increase in the standard deviation (Tables 7-6 through 7-8).
However, the coefficient of variation (standard deviation divided by the
mean) appears to be unaffected by irradiation. Figures 7-4 and 7-5 show
the estimated coefficient of variation, together with its 957 confidence
interval, plotted as a function of fast neutron fluence. There are
considerable differences in the coefficients of variation for different
materials, with TS-1240 graphite and radial specimens of H-327 having
higher coefficients of variation than H-451 or axial specimens of H-327,
but no definite trend with irradiation is apparent. Possible exceptions
are the H-327 axial specimens irradiated beyond 5 x 1025 n/m2, where an
apparent increase in coefficient of variation may occur (Fig. 7-5). This
may be explained by the slight warping which develops in highly irradiated

specimens of needle coke graphite and prevents perfect axial alignment of

the tensile specimens,
7.2, DESIGN CURVES

The design curves presently used for the irradiation-induced increase
in Young's modulus (Ref. 5) are based on Dragon project data for the change
in sonic modulus of a near-isotropic pitch coke graphite. The data on H-
451 and TS~1240 graphites are in excellent agreement with these curves (see
Figs. 7-1 and 7-2). However, the high fluence data on H-327 graphite for
an irradiation temperature around 1200 K does not show the second increase
in modulus seen in near-isotropic graphites. Reference to the Dragon
project data (Ref. 8) shows that, in general, the second increase is not
présent in the curves relating Young's modulus to fluence for needle coke
graphites. A new set of design curves were prepared for H-327 graphite,
based on Dragon project data for a needle coke graphite (Dragon Code No.
120) (Ref. 8). As before, it was assumed that the static Young's modulus
of unirradiated graphite is 0.8 x the sonic modulus, but the two values
coincide after irradiation. The new design curves are shown in Fig., 7-6,
The experimental data on H-327 Young's modulus agrees well with the new

design curves (Fig. 7-3).



L

The present design method for accounting for the irradiation-induced
sfrength increase assumes that the strength increases in proportion to the
square root of the fractional change in Young's modulus. Consideration of
all the data now available (Tables 7-6 through 7-8) leads to the conclusion
that different graphites behave differently. An alternative method is now
recommended. The increase in strength (S) is assumed to be related to the

irradiation-induced increase in Young's modulus (E) thus:
k
S/SO = (E/EO) s

where the exponent, k, depends on the graphite grade. The following

average values for k were obtained from the data in Tables 7-6 through 7-8:

H-451, axial and radial: k = 0.64
TS-1240, axial and radial: k = 0.48
H-327, axial: k = 0.67
H-327, radial: k = 0.40

The revised k values are reflected in the '"design curves" for the

strength data plotted in Figs., 7-1 through 7-3,

7.3. BETWEEN-LOG AND WITHIN-LOG VARIATIONS IN STRENGTH INCREASE

Three groups of tensile specimens of H-451 graphite were made up from
three different logs from lot 426 of H-451 graphite, and three groups
contained specimens from both the midlength-center location and the
midlength—-edge location. Five or more replicate specimens were used from
each log and location. The irradiation-induced percent strength increases
(referenced to control specimens from the same log and location) were
analyzed by the analysis—of-variance method. Individual strength wvalues
appear in Tables 7-2 and 7-3. The results of the comparison are summarized
in Tables 7-9 and 7-10. Among one group of specimens, those from log 6484~

34 showed a significantly smaller increase than those from the other two
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logs, but this was not so for the other two groups (Table 7-9). There were
no significant differences in the strength increases between specimens from

the center of the log and specimens from the edge of the log (Table 7-10).
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INCREASE IN TENSILE STRENGTH (%)

TENSILE STRENGTH

H-451

YOUNG'S MODULUS

200 200
T gp = 860-940 K T gp = 860-940 K
(587-667°C) (587-667°C)
100 }- DESIGN 100 | 35?\%\1
CURVE
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| 1 I | i | 1 1 |
) :
00 ORIEN— 300 Tigg = 1110-1250 K
LOT | TATION |LOCATION (837-977°C)
® 266 | AXIAL MLC
O 266 | RADIAL | MLC g
W 408 | AXIAL MLC @
200 |- ¢ 408 | AXIAL MLE 2 200
0 408 | RADIAL | WLC 3
A 426 | AXIAL MLC 9
¥ 426 | AXIAL MLE -
A 426 | RADIAL | MLC ©
Vv 426 | RADIAL | MLE 3 DESIGN
S 100 CURVE
z
w
(7]
<€
w
[ =4
(&)
z
0 0
Tigg = 1110-1250 K
(837-977°C)
1 A 1 1 | 1 1 | | 1
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T pg = 16001630 K Tipp = 16001630 K
(1327-1357°C) (1327-1357°C)
100 — 100 +—
DESIGN CURVE
DESIGN CURVE
0 0
1 ! 1 1 1 1 1 i 1
0 2 4 6 8 10 0 2 4 6 8 10
FAST NEUTRON FLUENCE X 10725 (N/M2) (E > 28 )16
Fig. 7-1. Changes in tensile strength and Young's modulus of H-451

graphite as a function of fast neutron fluences. Error

bars denote * one standard deviation
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TENSILE STRENGTH TS-1240
200 -
T\qg = 890 K (617°C)
100
DESIGN
ne CURVE
0 ﬁ
] 1 ] | |
300
T\pp = 1040-1190 K
(767-8179C)
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- WAXIAL }MIDLENGTH ot
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Fig. 7-2.
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0 2 4 6 8

2
(N/M%) (E> 29 Wy16R

denote * one standard deviation
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10

Changes in tensile strength and Young's modulus of TS-1240

graphite as a function of fast neutron fluence. Error bars



TENSILE STRENGTH H-327 YOUNG'S MODULUS
200 200

T\pg = 940-1060 K Tipg = 940-1060 K
(667-787°C) {667—7879C)
100 DESIGN 100 +—
: CURVES DESIGN
AXIAL CURVE
s RADIAL
0 0
| | 1 { ] | | 1 ] |
300 300
T, = 1110-1270 K T ogn = 1110-1270 K
IRR  (837-9979¢) IRR  (837_9970¢)
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= =
w v
] 4]
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Bo100 - S 100 CURVE
= >
= DESIGN =
o CURVES W
§ AXIAL 2
o« RADIAL o«
(&) (&)
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- 0 l? 0
1 | ] ] ] ‘ ! 1 ! 1 ]
200 Tqg = 1340-1390 K 200 T g = 13401390 K
{(1067-1117°C) (1067-1117°C)
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AXIAL DESIGN
DESIGN CURVE
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0 0
- 1 1 ] 1 ! ! 1 | L
0 2 4 6 8 10 0 2 4 6 8 10
-25

FAST NEUTRON FLUENCE X 10 (N/Mz) (E>29 ”)HTGR

Fig. 7-3. Changes in tensile strength and Young's modulus of H~327
graphite as a function of fast neutron fluence. Error bars
denote * one standard deviation
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50
ORIEN -
LoT TATION LOCATION H-451
A 266 AXIAL MLC
O 266 RADIAL MLC
- O 408 AXIAL MLC
© 408 AXIAL MLE .
® 408 RADIAL MLC (
T
30
®
20 — A
@)
<
T 10
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Fig. 7-4. Coefficient of variation of the tensile strength of H-451
and TS~1240 graphites as a function of fast neutron fluence.
Error bars denote 957 confidence interval
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Fig. 7-5.

COEFFICIENT OF VARIATION OF STRENGTH (%)

60
H-327
OMIDLENGTH CENTER AXIAL
OMIDLENGTH EDGE
T
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40
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T
30 ﬁj
20 + HL L
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0 . ' ' : l
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0 L . '
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FAST NEUTRON FLUENCE X 10—25 (N/Mz) (E>29 ”)HTGR

Coefficient of variation of tensile strength determinations on
H-327 graphite as a function of fast neutron fluence. Error
bars denote 95% confidence interval
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TABLE 7-1
TENSILE PROPERTIES OF H-451 GRAPHITE, LOT 266,
IRRADIATED IN CAPSULE 0G-3

B T T T Ty
UHAPM]ITE GRADE] HedS])
LOT NUMBEWS 26t
LUG NUMBER(S) T So51we¢gs

GRIENTATIONT  AXIAL CRULIBLE w1 !
LUG LUCATIONG MIDLENGTHmCENTER FLUENCE ¢ 58U 0EXP 2g
N/Maag,
Edu,16 nkv
-.-.'....-....--..-.-...'-u...-.--0-.-D.‘--...-.....-.-...-.
HULE MEAN SPE(CIMEN TeNSILE FRACTURE YUUNGY S
NU, IRR, NUMBER STRENGTH STRAIN MOUYLUS
TEMP, (MPA) (PCT) (GPA)
(x) :
LA A A R A A LA A A L LA AN A XS XER I AN R XY RIIEERIERR R R YRR Y X ¥
1o 88% Teity 17,2 133 15,3
16 (612 C) Teii2 15,9 : 109 18,1
22 870 Te113 17.06 131 1841
22 (597 C) Te{ld 18,5 19,1
23 * T=115 19.9 125 2ue7
23 . Telle 18,3 14,4
24 * Teili?7 18,9 132 16,4
24 * Tej 18 19,3 167 1éeb
LA A XA R T XY AT YRR R Y N REE Y Y Y Y F¥ ¥
MEAiNE 18,8 MPa  ,132 PCT 10,8 P,
(2633, ¢8I (2,04 Mpsl)

81D, DEVE 1,4 MPa ,020 PCTY 2,7 GPa
( 199, p8I) ( +39 MpP8I)

..Q...‘....-....-.-.-...-.........'.0.0.........--..-..-.---
GRIENTATIONS AXTAL CRUCIBLE NuUt 3

LG LLUCATIONS MIDLENGTHeCENTEK FLUENCE ¢ RaBU*1OEXP 25
N/Mks g,
£E>0,18 MEV

nijbe ME AN SPECIMEN TENSILE FRA(LTURE YOUNG S
N1 ‘Rk. NU”BEQ STﬁtNGTH STHAIN ’ MOpULUS
TEMP, (MPA) (PCT) (GPa)
(x)
PRSI PO TN ORI R O EORNC R NC ORI NERAT ISP PPN ES NSNS aRTRESY
te 1205 Tet 3t 1S,4¢ 100 24,5
16 (932 ) Te1 32 2042 03 39 17,8
17 * Te133 2049 2120 2204
17 . Tei 34 14,9 0108 19,7
20 1190 Te135 . 21t e 140 20ed
26 (917 €) Tey3s 2645 1152 20,9
27 * Tewi3d7 15,9 , U813 25,6
27 . Te138 1641 dlte 184
( YA 2R XYY AR R R A X RN J LA RO 0 4 2 & & & & 2 & 2 X J
MEANS 18,9 MPa 118 PCT 21,2 4PaA
(2735, »8DH (3,08 MpSI)

STD, DEVY 4,0 MPa  ,023 P(T 2,8 GRA
{ 882, pPSI) : { 41 MPSI)



TABLE 7-1 (Continued)

seesrcsecsnvesncnsutesnsnnnsenRaRaIeRToRTsRRREREsEaRSTssREne
GRAPHITE GRADED WwdS]

_LOT NUMBERY  Zeb
LUG NUMBER(S)1 5651=28

ORIENTATIUNT  AXIAYL CRUCIBLE NOB S
LOG LUCATINNG MIDLENGTHeCENTER FLUENCE S 9., U0*10gXP 25§
N/MaRZ,
E>0,18 MEv
-----'...-'.D..-I.-.--....O.I-........---'--..---.....-.'...
HULE MEAN  SPECIMEN  TENSILE ~ FRACTURE  YOUNG!'S
NO, JRR, T NUMBER TSYRENGTH T TSTRAIN T MUDULUS
YEMP. (MPA) (PCT) (GPA)
(k) ' '
....-......'...I-.-D.‘.-..'.-.-...--.‘..-C.'--.-.I---.'.-.-.I
21 1oV . T=147 21,0 2193 11,5
2l (1327 C) ~  T=je8 23,8 143 22,7
22 . Tw14d9 18,4 ,129 16,7
23 * Te131 ao.s 121 18,8
23 * Te152 21,6 Q110 23,6
24 * Te183 18,4 2160 10,0
Qu * Tei1S54 1643 2103 1641
-I'--...-.-.--.--.---...'-.-.--..-.....
MEANS 19,6 iPa 134 PCT 17,3 GPa
(2802. PS1) CZ.SE MPEI)

8TD, DEVI 2,6 MPA ,030 PCT 4,1 GPA
— (319, PSI) {489 MPSI)

ORJENTATIONT RADJAL CRUCTALE NOI 3
LUG LUCATIONS MIDLENGTHeCENTER FLUENCE B,SO*10EXP 25
/M.ﬁa’
E>0,18 MEV
I........-.'-.-..--.-.--.'.-'...--....-....-I..-...-...’-QCI
HOLE  MEAN  SPECIMEN  TENSILE  FRACTURE  YUUNG!S
NOD, IRR, NUMBER T8TRENGTH  STRAIN MOpULUS
TE"P!. ; . . (MPA) (PCT) (6PA)
(x)
.-.-.--.-"---..--.-.....--.l--.--.......---.....-I---...-.O
14 1220 Twd0y 23,3 W 145 20,8
14 (947 C)  Te202  22.9 “,uu-iilm., _‘22-24. -
14 * o203} 21414 145 2102
15 * Te204 25,5 122 25,0
15 {205 T=20% 36;7' 143 ’ 20}6
15 (932 C)  Te20s 2342 e12) 25,5
16 " Te207 26,1 L, 145 19,9
oo« TeguB 28,9 Cal87 21,0
26 {190 Tw2(® 2645 139 23.3 i
&7 (917 ¢) Te210 19,9 1100 28,6
.-...--.I-...-....--I-I--........-Q---
MEAN] 24,2 MPA 132 PCT 23,2 GPA
tygll, PS1) (3.30 MPSI)
T §TD, DEVY 2,7 MAA "U019VTPCT e,7 GPA ~
€ 397, PSI) (.39 MPSD)
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TABLE 7-2
TENSILE PROPERTIES OF H-451 GRAPHTIE, LOT 408,
IRRADIATED IN CAPSULE 0G-3

GRAPHITE GRADET Hmd5{
_ LOT NUMBERy w08

LUG NUMBER(3)1 5651=86

ORIENTATIONT  AXIAL  CHRUCIBLE NUy
LUG LUCATIONS MIDLENGTH=CENTER FLUENCES 4, ounjOpxp 25
' N/MeeQ,
t>0 LX) ntv
'..---..I..............DI’-.‘D...-.-.-...---.Q...-.-..------.
HULE ~ MEAN . WQEELINSN C_TENSILE ’RAQTU@;_A YOUNG!'S
ND IRR, NUMB BTRENGTw STRAN MOpULLS
TENP, C(MPA) (PCT) (GPa)
() ’ ' n
LA A R AL I X T Y R L A A LY XY A R X R iyt Ye R ad Xy lyyXY.)]
10 40 Teu050¢ 20,4 173 18,0
10 (pe7 C) T=40%03 15,8 149 10,2
IS TwEGSeS T VY T80T Ve
11 . Te40507 12,8 W11 12,4
12 " Teido%09 18,% 0184 12.2
12 . Teu0S1y 17,8 $159 12,0
13 * Te40%13 16,2 140 133
13 * T=40519 19,0 o184 1e,2
14 B L T'Y'1- 3 I A -2 IS 1 | R 243
14 * "“0519 13.7 0110 16,0
15 » Ted40%21 18,3 1827 12,0
15 " Ted 0523 1505 .xeb 1140
....--Q...-.....ﬂ..."'..-...'-..-.'-.
MEANS 17,8 MPA ,159 PCT 12,5 GPa
’ (2"7. 229 T 82 ‘HpEl)
8TD, DEVI 2,2 MPaA 028 PCT 1,6 GPa
( 322, P31 ¢ .23 MPBI)
.......I...l.......l.....ICIICI.Q.'I..B'I......."'....-C...
URIENTATIOUNS - AXIAL e ,EBECAQEF Ll L N
LOG LUCATIONS MIDLENGTHeEDGE FLUENCE 4ebOn10EXP 25
N ' o o N/Mnu2,
E)O 16 MEV
.......‘......-.-....-.--BI.-.-...C...D..-"--...-I---..-I-'
HOLE MEAN L sPECIMEN, TENSIL FHACTURE  YOUNG'S
ND, 1RR, NUMBER TBIRENGTH SYRAIN MOpULUS
TEMP, (MPa) (PCT)  (GPR)
-yt
I....---..-.---I-.-.-.--.....'.-..-..---...--.--...--—.-...-
25 900 7 Teugray
2% (627 C) Tol07463 25.1 «200 14,4
B S 1T T A Tt R vy S
L) * Te4074? N a;.e 188 15 7
2 A Yed(r49 25,5 Y 22’"0 o
27 * Te4075) 26,4 2170 8lad
28 e Te40783 19,5 T,N9 20.3
28 * - 1e40755  26.8  ,182 16,4
1 A Tel0787 Y 100 19,4
29 * Te4078% 24,7 220 12,4
0 ) Ted0761 TS WiTE 17.2
30 ¥ 1mu0763 25,4 4185 1648
.'...----.-"....-.-.---...O..'--.---.
MEAN® 2u,8 MPy 176 PeT 17,6 GPa
CTmmm e '“""“’i'i'é{df; ey (2,55 Mp8l)
"8TD, DEVY T2,2 MPa 030 PCT 3,7 GPaA
{ 319, PSD) A {454 mMPSI)



TABLE 7-2 (Continued)

7 GRAEN}TE Gngpgavu-ugg
WO NUMBERy 408
LUG NUMBER(8)1 5651=86

ORIENTATIONS AXIa, CCRUCIBLE NOUB 8
LOG LUCATIUNY MIDLENGTHeCENTER FLUENCE GedOW10EXP 25
) o ' N/Mang,
~ E>0,18 mMEV
.-.-.---...-..--’---I.-..-..'-.----'--..-...‘-...’---.-..-..
HOLE  MEaN  SPECIMEN  TENSILE  FRACTURE  YOUNG!S
NG, (AR, NUMBER TTSTRENGTM T STRAIN “MpuLUS
TEMP, . (MPAy 1% 5] (GPA)
(x) o
.-.-.-.-.---.I.-.-....--.--.-----.--..--.'--.-.-...--.---.I-
4 © 1160 Teu0597 17.7 196 10,8
9 887 €) _ Tew0599 17,8 s162 12,7
R i P V73 i+ T ‘2'7,
1 " Ted0e03 14,7 189 9,0
12 * Ted08605 18,7 on 18,2
13 » Tedp607 1405 0133 155
14 1130 Teld0600 17,2 .18% 10,6
15 (857 C)  Ted0bly 15,85 193 11,9
16 LA Tel0613 1900 a1 %0 '15.5"“'
23 " Teu0615 18,9 223 10,7
.--'.-.III-..-.--..--...;...--."-..-’
MEAN® 16,9 MPA 174 PCT 12,06 GPa
v (2007: P81y - o (1.82 Mpsl)
T e sto. UEVE 1 8 MR U PCLT T R, TGP
( 267, p81) t 36 Mp§])
l'."'-'...l.'.-...-...-..-..------‘..--.....-..-..6....--..
ORIENTATIONS AXIAL CRUCIBLE NOt 8
LOG LUCATIONI "!DLENGIH-[DG[ FLUENCES u.tuthtXP 25
S ‘ TALLTT
E>0,18 mEV
I-.‘.-.-....I..I-.."I..-.--;D.-IlI--..Q-.....O.-'.-I-.'...I
HOLE  MEaN  ~ BPECIMEN ~~ TENSILE  FRACTURE = YOUNG'!S
N0, TIRR, NUMBE R STRENGTW  STRAIN mapuLlys
TEMP, . A (MPA) (PCY)_  (GPA)
Ot '
.-I"-'.....---.-.I-II..--._.I-.'-.....--......'---.'..'-.Q-.
8 TTiLe0 Teu(re8 26,8 s2UB 13,4
9 887 Cy- Ted07e7 Zb.s _al98 18.{w~w
v T Tedo¥69 25.5 0183 2,
11 " Ted0771 24,2 2183 15,5
' | Ted0773 7~ 2646 e33O 1?;3
13 "  TeqQ77% 2249 _eRle 1247
1d oYy T TeupTYYT U 21,9 210 1140
15 (887 C) _Teu0779 22.3 W20 15,1
TR T T T TTYe a8y zu“ﬁ“’ YT ] 14,6
23 . ~ Teug783 86,2 4202 14,7
T - ST .-I-.‘.;;--'---.-.--.....-'-'..’.-.-.I
MEANS 25,0 MPA  ,20% PcT 15,3 GPa
. (3o22. X2 5 (2.21 Mp§I)
TITTTTITIT T T T T BT DEVE TG MRAT UTETRCT T 3,7 GPA
(349, P8Iy € 54 MPSI)



TABLE 7-2 (Continued)

.-0.--'...9-.I-.I..._.-..,VD.I'_--.--IPEUOIQ-...-.!..-.-_.-O,-“g_-
GRAPaIT; Gﬂapgn HedS]
LOT NUMBERy 408

LOG NuMBER(8)1 S651e806

ORIENTATIONG AXIAL _ CRUCIBLE NO3_ 3
LOG LUCATIONG MIOLENGTH=CENTER FLUENCE 5sSONI0EXP 2%
) N/Mnag,
E>0,16 pEV
.--—.-.-.‘.-.I-‘---....--...'..-.--.....-..--.-..-.'.-I-I...
HOLE  MEAN SPECIMEN TENSILE  FRACTURE  YOUNG'S
NO,  IRR TNUMBER T 8TRgNGTW  BTRAIN MOpULUS
TEMP, (MPA) (PCT) (GPa)
(x) ’ T '
-..........-.-l-I..-.....-.-.-..--.....-I...--....--.--...-.
10 1245 Ted052% 16,9 ° 109 24,7
10 (972 C) Ted0927? 19.1 1161 1«.3
o~ T TTeUGEE LU Ty 146,77
11 ] Tedyu531 22,1 , 156 18,0
11 * Tal (533 21.6 2160 176
1t . Tedg53% 238 177 16,8
12 . Te4(537 17,4 , 189 12,8
ie * Teld0539 21.8 175 1043
1e L CTTREBAY T R0WY T T AT T TS,y
13 . Ted0Sus 18,2 131 1744
13 . Tel(54% 23.3 T e163 2046
1) » Ted08547 18,1 QIZS 17,9
--0-I.u-.----0..ﬂ....--'.---.---..--.-
MEANE 2U,6 MPa 1S5 PCT 17,1 GPa

T Ve R8sy T T (2{@0 Mp8T)

$TD. DEVI 2,2 MPA ,022 PCT 3,1 GPA
€ 318, pOL) (.45 MpRD)

ORJENTATIONS AXIAL CRUCIBLE NOY L]
LOG LUCATIONg MIDLENGTHeCENTER FLUENCE s S,BU%I0EXP 2%
N/mnag,
E>0,18 mbv
.-'....-..I...-I.-..-..-.---D.-.-'-.I.w..-.-'...’-...-.-...‘
WOLE  MEAN  BPECIMEN  TENSILE  FRacTURE  YOUNG'S
NO, IRK, ‘NUMBER T BTRENGTH  STRAIN MUQULUS
rE"P- (MPA) (P (6Pa)
tx) . - “ v
-.-.....-..-.--..-.........---I‘.-..-.ﬂ..-..-.-.'-..----..-.
1 1635 Twd0849 2200 150 i6,2
{e (1362 C) Tal40551 17,9 C_eib7T 13,2
R S IR A T'1-1 5 IS 7S +183 Py
13 . Teu(55% 21,1 223 13,3
14 " Tl (857 21. o 1500 17.8
14 * Ted(559 23.3 165 163
s - Twl(56) 13,6 0173 11,3
15 » 70“0563 20.0 »n2“7 B 9-6
TR0 e '“"TOGOSGS" AR FPY BT | T I T T
eu (1347 ¢) Tedgs67 . 23,3 151 20,3
.-...--.-.....--'.I.......IU.-.-.-.-..
MEANT® 20,8 MPA L1806 PCT 14,3 GPa
o h (301?; P8y e, 06 Mp8I)
T T T T Ih T DEVET 3T MPAT OB RET T3, 3 GPA T
( 447. PSI) o 7( .“8 MPSI)




TABLE 7-2 (Continued)

L A L Ty L L X L Y L Y Yy Y LYY Y L)
PHITE GRADES HedS1

_LUT NUMgeRs 408

LOG NUMBER(3)s 5651=86

URIENTATIONS RADIAL _  CRUCIBLE NOB B
LOG LUCATIONI MIDLENGTHeCENTER FLUENCES 4e10"QEXP 28§
o N/M*® 2,
~ EDU,18 MEV
.....-.I.....-..--.--.-..--I-.I-...----.DI.-...'..-..-.’--..
HOLE  MEAN  SPECIMEN  TENSILE ,ngA%}uag _ YQUNG'S
Nd, 1Rk, NUMBER 8YReNGYw STRAGN MopULUS™
TEMP, B  (MPa) (PCY) (GPa)
(<) T )
....---.-..-.‘.I...--.....-D---..-I-..--..--.---.--..D-.-...
24 1115 Tedlony i .0 206 i1,
24 (842 C)  Teu0ebd 15,8 w188 11,2
es T TTTar ) Ted(66% BT 23 I ¥ T & 7L 2
25 * EERETITYY 17,0 167 12,7
..-...--.-.....'.I...-..I..'I.-...-...
MEANS fo,7 MPa L1065 PrT 12,3 GPa
(EUZQ. 1:39) ' (1;75 MpSI)
T T T T Y G, DRV T3, MPA 008 PETT {, Y GPA
« S19, p8l) ( +19 Mp8l)
................I..'..I....Q-.........II--.'.....---...'.--.
ORIENTATIONT RADIAL CRUCIBLE NOS 3 o
LUG LUCATIONG MIOLENGTHwCENTER FLUENCE S.S50010EXP 2%
- N/pnng,
E>0,18 MEvV
'-.'.-..I...--I.-..l.-'----.-I.-l..'...I.I.....‘...I.....--.
MOLE  MEAN _SPECIMEN  TENSILE  FRACTURE ~ YUUNG'S
NO,  JRR, ’ NUMBE R STRENGTH SYRAIN MOputL uUS
YEMP, ) (MPA) (PCT) (GPa)
(x)
...-.----...I-..-....-....-..I'-.--.-I......'...--.-I.-.....
28 1200 Y-uoaal 25,5 192 16,4
28 (927 ©) Ted0623 1641 4131 14,8
287 TR T TTelyeds” T 23,5 V162 17,6
29 " Ted0o7 17,5 2158 13,14
29 T Te40629 24,% W17 18,4
29 * Teu0b3l 22,3 0195 1247
30 * Twd(633 21,7 194 12,7
30 L . TeH0635 22,0 4147 20,1 _
B2 Ted0e3d7 3.2 167 16,8
3 o Ted0639 22,5 205 12,7
3 . Teu(bdl 23,3 »203 15,0
31 * Tedpou3 1843 ale9 1448
.-.---.I-.-"-.-ﬂ.-.iﬂl..-....l-.I.---
MeaNy 21,7 MPA 173 PCT 15,4 GPa
N & LT S 12,24 Mpsl)
81D, DEVY 2,9 MPA  ,02% PCY 2,5 GPa
€419, psly (436 MPsD)



TABLE 7-3
TENSILE PROPERTIES OF H-451 GRAPHITE, LOT 426,
IRRADIATED IN CAPSULE 0G-3

SeseecsncescencERTErEERNErecERsLRsREC R eEEsRRNERRIEES R
GRAPHMITE GRAUEL HedS|
LOT NUMBERy 42
LUG NUMBER(§)) 648dell

LA A A A Al I A A L R A X Y A T A L2 R TR Y T P YT TR Yy uy

DRIENTATIONT  AX]AL CRUCIBLE NOI o
LUG LICATIONE MIDLENGTHeCENTER FLUENCES 2,700 XP 25
. ' ’ N/Muad,

v , o E>0.18 MEY
.--..-I...C-....-...-......0.0-.........-.........'..'.--...
=OLE MEAN SPECIMEN TENSILE FRACTURE YOUNG!S

NUO, IRR, ©ONUMBER TSTRENGTH TTETRAIN MODULUS
TEMP> (MPa) (PcT) (GPa)
(x)
.--.I.-.-.Q..._-'-.'--....CUOD---00-......,-.---..-----....-
24 12190 33e2Amia 27.8 229 12,8
28 (937 C) 33e2AeiB 21,4 L2011 14,2
30 ) KSLFILFY 26%0 T ee28 T 1648
36 * 33=2am28 21,1 183 14,5
34 L I13e2Ae3A 2204 213 13,9
PEPOREOPRNEIODNNSRNOPORTVOP IR RERROEw
MEANE 23,7 MPA 21l PCYT 14,3 GPa
) (3442, p8l) (2,08 Mpsl)
81D, VEVE 3.0 MPA L0819 RCY 1,9 GPa
( 434, P8I ’ ( .21 MPSI)

.-....-.-...,.-.-,_.-,_::.,’.,.,2_0,.__-_-_-....V,,'_.-'-..".-.......-...-......-
LUG NUMBER(8)t 64Buald

---.--...--.----..--0.-.Ouu-..----n--——---------.--"..--..-

28 1240 Jiw2pmip 21,8 o197 12,8
26 (937 C)  3ue2heiB 20,7 .+800 ERRYR
32 » LYTFYLFY 22406 W 210 11,8
34 L] 3“'2A.2b 2e.1 ciqa l“‘
38 . Jue2Ae3A 16,3 174 10.8
-..---.----.-'.-D..I-.-.--’--.-..—-.--
MEANS T 20,8 MPR T 195 PcT 12,1 GPy
L3020, pS1) . (1.79 Mp8l)
8Tp, DEVE 2,6 MPA ,013 Pl 1,5 GPa
( 382, p8D) ( ,22 Mp8l)

(LOG NUMBER(8)1  6484edt

“'.....'..”...--'..--..--...-.-I.I..0.'.....'.‘...........

ad RY 1Y) ICHLIVS 18,3 w165 15,8
26 (937 C) ~ 4le2AeiB 21,3 192 @ 14,5
T¥ TR T T T e gheBa 19,9 2163 15.&
32 . 41w2a088 21,5 s242 10,3
30 e C4fegAm10A T 19,8 «184d 12,9
...Q'--....-'.-.ﬂ---..’..ﬁ...--..-.--.
MEANS 20,1 MPaA 189 PCT 13,8 GPa
(2914, P81y (2,00 Mp8I1)

STp, DEVE 1,3 MPa 032 PCY 2,2 GPA
( 193, pS1) ( +32 mpSD)
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TABLE 7-3 (Continued)

csucmcsnemscsmssenenTessuRuaCERrPaTssEesenss RN usSE s uETR .
GRAPHITE GKADES Mea51
_LUT NUmMBERY 4o
LUG NUMBER(S)1 6484a3}

URIENTATIUNS  AXIAL CRUCIBLE NOI 6
LG LUCATIONS MIDLENGTHeEDGE FLUENCE ¢ 2.TUNLOEXP 25
N/Mung,
ED0,18 MEV
---.-O.....-..-.-..-.O.'.-.'..-..-.--.-'.-.-..I-.I-...I;'.-;
HMOLE ME AN SPECIMEN TENSILE  FRACTURE  YOUNWL'S
NO, IRR, —  NUMBRER BYRENGTH ~ STRAIN MOOULLS
TEMP, (MPa) (Pch) (GPa)
(x)
LA A XA A X RN IR A R 2 XX R R XX AR RSN X2 X0 X ]
es 1210 33e2a=1044 27.9 218 15,4
27 (937 ¢) 33=2a=1013 18,5 143 19,2
31 T T T 3¥egbdei02A 0 24,00 0 T 2u0 11,3
13 . 33m2Ae) (028 2dll 0186 16,3
37 " 1l=28°101a 32,0 « 313 10,8
MEAN] 2%.3 MPA 220 PCT 15,0 GPA
(3069, p81) (2,17 Mpsl)

STD. DEVI S.u MPA LUl PCT 3,9 GPa
¢ 732, p8I1) { (56 Mp8I)

LOG NUMBER(S8)S ouBumdy

2% 1210 Juedpe101a 30,9 271 10,9

29 (937 ©) JueAei01B 28,1 L2335 14,5

11 AT T RuwghepdhT T 26,8 1230 1445

35 * J4e2ae)028 27,0 o251 10,5

37 » Jue2Bel03A 26.2 R 14e3
(X2 XXX YT Y2 Y SRR R R R R XN 0 2 X 2 X K 3 KB I
MEANY 27,6 MPA 24T FCT 14,1 GPa

(4033, psly (2,05 MpSI)

$TD, DEVE 1,9 MPA 018 PCT 2,3 GPa
« 272, P8I) { .39 MpaI)

L AL AL I A2 A 2 2 A A 0L A A d a0l a2 a2 X 20T Ad R B 22l i Al 2 2 24

LUG NYMBER(S)E 64BUedl

(T AL L LI LI d Al Al d i dltld il Al i ldldllldihddd ldlddddddd

27 1210 Giedaw1 014 25,3 221 19,4
29 (937 C)  41=2A=1018 24,3 20185 16,5
33 TUWTUTTTT yiwghe A 28,5 280 1093
39 " diw@ael 028 24,7 263 11,3
18 * T Gye2Bey01AT T 28,4 231 15,9
MEAND 25,6 MPA 236 PCT 13,9 GPa
(3718, p8l) (2,01 Mp3l)

8TD, DEVE 1,6 MPA 037 PCT 2,8 GPA
( 237, PSD) ) ( .41 MPBIY



TABLE 7-3 (Continued)

e T T L LT L T LTI LTI T T YT TR P PP EP LTS P
GRAPHITE LRADES MwdS)
(LOT wuMBERy o d2e
LOG NUMBER(S)1 b484s3]
T T T T T T P P P PP T T T L PP
URIENTATIONT  RADIAL . CRuUClBLE NOS 3 v
LUG LUCATIONS MIDLENGTH=CENTER FLUENCES 2,80%10EXP @5

N/Mang,
£>0,18 MRV

HULE ME AN SPECIMEN TENSILE FRACTURE YUUNG' S
N(Y, [RR, NUMBg R STRENGTH  STRAIN MOpULUS
TEMP, (MPA) (RPCT) (GPAY
(X1}
YT XYY Y YT ARSI Y SIS AN R AR YRR R L XA N A R N R 0 2 R & X 42 ]
LY 1208 33wpam33a fu,l 143 leeS
34 (932 ) 33s2Ae338 13.2 130 13,4
36 LA RELPIES 1Y R Y S ¥ 106}
38 * 33w 234 14,1 0155 11,3
---ia..n----ia--o..o---....--..---.-.--
MEANI 13,3 MPa  ,14f PCT 11,7 GPa
(1938, pSI (1,70 MpSI)
TOSTDL DEVE T NL,0 MPAT L0011 PeT T {3 GPA
( t4g, P8I { 19 Mpsl)

LOG NUMBER(S)S 64BU=]4

12 1208 Ium@am3ip 17,9 i 188 10,3
34 (932 C) Jyne2A=ll)d 18,4 o472 12,2
38 e Ruspheyud 17,7 7 41BY 1242
36 " Jdegam iUy 17.5% e 1806 11,7
MEANT 17,9 MPA 183 PCT 11,6 GPy
(2595, p8ly (1,68 Mps])
T 8Tp, OEVY L4 MPA D07 PEY 9 6P
¢ 57( p8I) » ( +13 MpaDH

LOG NUMBER(S8)1 64Bu=dy

LAAAA A AR A AL Al 21l Il il 3l Il Il LTIl Il Y I Y YL 22 2T}

1 208 Gim@pAmuop 18,3 W18 7 11,8
34 (932 C) 4imeAwiusB 18,2 0 192 11,4
36 B B g1 L 1 S V- Y N1 - T YT Py
38 " 4i=28=508 19,6 o177 14,2
) -..--"‘.'.“-"...-..'-....‘.'.--..'---‘--.
ME AN © 18,9 MPA  L189 PCT 11,9 GPa
o (2685, psSly (1,72 MpSDH
CTTU8T, BEVYS O JTTMPE L0T1ZPEY T LT GPA
( 103, p8IDY : C .25 Mp8I)

(A A LA A2 AL A A A P I I XA 02 X2 R0 Rl A 2 A XY 2 R Xd Xt ]




TABLE 7-3 (Continued)

S L LT T TP PP PP P
GRA?HITE GRADE) MedB{
 LOT NUMBERY 420
LOG NUMBER(S)I 64Bum33

ORIENTATIONT RADIAL CRUCIBLE NOUI 8
LG LUCATIONS MIOLENGTHeEDGE FLUENCES 2.00*10EXP 25
h N/mewg,
ED0. 18 MEY
.-.-.--...-.I.....-..-.'.-I;.II-;-....--.I-...---..'..----.-
HULE ME AN SPECIMEN TENSILE FRACTURE YOUNG S
N}, IRR, TONUMBgR THTReNGTH  STRAINT T ROQULUS
TEMP, (MPA) (PCT) (GPA)
(k)
-..-.-.-...’...-......-...-..."..-...."-.--’?--.-...-----.-
e/ 1109 LRLFYL IR ETY 17,1 o113 21,3
35 (832 C)  33=24e1338 22,0  ,240 1044
33 L 33e24w] 364 21,7 v 189 1441
3 . 33e2aw134y 20,7 W17 18,1
29 » Jis2Aw] 354 2dol 221 14,1
(2 2 A E R R X F R NN LR 4K N X XN X & 3 N 4 0 L 0 4 2 X2 2 % 2 3
MEANT 21,2 MPs 187 #cT 15,6 GPa
o (3073, e81) (2,26 MpS])
81D, DEVE 2,7 MPa 049 PCT 4,2 6Pa
{ 388, p81I1) {61 MPSI)

LUG NUMHBER(8)1 o48Ue3d

a7 1105 Jue2a21 33, 27.3 0269 11,06
31 (832 C)  3ue2Ae1338 18,8 0226 9,5
35 » 3“"2"13““ 2309 243 15,0
37 . 3us2ae) 3Up 17,1 138 16,0
(YT Y XY XY I I XA R YRR RS R R 0 2 L 0 X 4 )
MEANS 21,8 MPA  ,218 PCT  138,u GPa
(3158, e8ID) (1,89 Mpsl)
R 8§70, DEVY 4,7 MPA  ,0%6 PCT 3,0 GPA
( 680, P8]) ( 244 Mp8l)

[ IR R DALY R AR R AP 2 A 2 P2 22 R R 0 2 X 2 2 2 202 ] Al dd dddd

LUG NUMBER(8) ! o4Buaut

.-'O......'...U'."'.--.!.C‘..-..’......'.’.................

o 31 (832 ()  41=gAeieos 19.4 a248 9.0
k- I CAyegAmib2A 2840 7 T Y T T 9,8
37 . 41e2amib2y 17,3 JAS51 17,8
» Uy Uy G-
- MEAN 20,1 MPa 231 PCT 12,1 GPa
’ (2922, PSI) ' (1,76 Mp81)

o 37D, DEVY E;Z”MPK”M}OSH"ﬁCY" B TS L Y

{ 319, p81) { «56 Mps])

(A A X R A2 A A 12X RS LY R X Ll AR Al R A A 2 At d i a2l R ddll d X ]
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TABLE 7-4
TENSILE PROPERTIES OF TS-1240 GRAPHITE IRRADIATED
IN CAPSULE 0G-3

GRAPHITE GRADED T&ig4v
LOT NuMBER® %

LOG NUMBER(8)E 5651=73

YIS R Y IR Y YRR PN YRR Y LA R N R R R N A N 2 2 X AR 2

ORIENTATIUNS RADIAL CRUCIBLE nNQOS q
LOG LUCATIONG MIDLENGTHeCENTER FLUENCE 3 5., 9U* 1 0EXP 28
' ' N/Me®2,
EDVU,18 mEYV
..--.'...--."-...-I--..-O---Il'QI...I’.'-..'-'-'---".-Q-I.-.
HOLE ME AN SPECIMEN TeENSILE FRACTURE YOUNG' S
NU, IRk, T UNUMBER STRENGTH  STRAIN  MDpuULUS
TEMP, (MPA) (PCT) (GPA)
<y A 4 L AP v
-.-Q.-.---..----.-.---.-.-.-..'-'-l!.-ll-.-...'.-.-..Q.-'.-----
7 1519 ‘ Ted0157 13,2 FRRRY 13,2
7 (1242 C) Ted(199 13,9 0119 14414
B T Tedgrer (e T TN 1dve
8 » Tedplold 15 9 .112 l5|°
9 1500 © Teld016% 16;5‘ 154 1240
° (1227 C) Tadgio7 13.9 0120 13,0
10 * TedQ169 14,7 088 21,4
10 * T.“0171 17.4 0160 126
) oo .---QOO‘;—-..-ﬂﬂ.".--.:-.'-'Q.‘;;-.QQI-C- ’
ME AN T 15,2 MPA 124 PCT 14,5 GPa
(2209;'ﬂsrs“““"” '(Z;tx'ﬂPSIJ
" 8TD, DEVY 1,8 MPa ,022 PCT 2,9 GPA
( 221, P8I) { 42 MPSI)

. '.-.--.'.---...'.--"Mﬁ.;."“0....'.’“.'....”‘.'-.Q-..--.-.
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TABLE 7-5
TENSILE PROPERTIES OF H-327 GRAPHITE IRRADIATED
IN CAPSULE 0G-3

(A LA XA AL X L DAL LA LI LA B X A L AR dd it Xl ldi R} XA) 2 X1

nganrgdanADtt_H.327

_LOT NUMBERY - ee i

LUG NUMBER(8)1 497uey3

ORIENTATIONE AXIAL CRUCIBLE NOS 2
LOG LUCATIONY MIDLENGTH=CENTER FLUENCE ¢ 7,20%10EXP 2y
’ N/MRRR,
20,18 MEV
...-'..........--..-.-.-...-'--.-..-.-..-.---'.--..---...Q..
HOLE MEAN SPECIMEN TENSILE FRACTURE YOUNG S
NG, [RR, 777 TTUNUMBER TRYRNGTH T STYRAIN O TMOQULUS T
IEMP. (MPA) (PCT) (GPA)
A il i v 17, a
.......----.-.‘..I-..-.--.....-..--...-.--.-.-.--.-.......-.
29 960 Teeb1 16,8 110 19,1
29 (687 ) Te25%2 10,9 +U78 17.7
30 WU TR sy T e, T Jise T W”IQTT””
30 L Twgbd 16,8 W 147 14,4
31 940 ' Te258 15.% Wiy 18,1
3 (667 C) Te256 18.4 « 135 2042
3 LI ’ Te257 12,1 T Wt21 13,8
32 ] Tegb8 19,1 .135 15.0
33 e oy T T P M AT
33 . Te2so 14, 9 090 22, 0
.-I.---.-‘.--.......-..-.O..-....’...-
MEANT o MPA 11T PCY 17,86 GPA
o (2"1'9’0. p8IYy (2.5‘8’ LT3 8]

T T 8TUL DEVE @ I PPAT T,02BPCTT 3,2 GPA
€ 327, p8l) (447 MpSI)

QRIENTATJONS  AXTAL C“QCI”FF_NQIAU_aﬂ
LOG LUCATIONY MIDLENGTHeCENTER FLUENCE S UebU*LOEXP 25
c o T ' T N/Mas2,
E>0,18 MEV
..I-.-..I-.......I----.....-..------...--..-..-......----..-
HOLE MEAN  SPECIMEN TENSILE  FRACTURE  YOUNG'S
NG, IRR, NUMBER THYRENGTH  STRAIN T MUpULUST
Tiﬂﬁg, - C(MPA) (PCY) (GPA)
(x)
.....-.-......I..'..‘"--....D........'._.».-.N.h.----.----.--.-
14 ERTILY ' T Te31? 18,2 BT 18,0
14 (742 C) . .T'ilem,m._llge.ww_m_gl95 N.ulb-l
s e T390 (7.2 135 14406
15 * Te320 12,7 4114 18,0
16 T 98% O Tedg{ 13.5 116 16 0
16 (7112 ©) o Te3g2 17.2  e110 2le2
17 I T=323 16,7 128 17,%
17 * Te32u 15,4 W15 1B, -
- commmr e o o ‘ .-.-..‘;-;;'--"‘.'.’."--.-.-...;’.'....'..'-";:'-.' o
MEANT 15,0 MPa L4120 PgT 17,8 GPa

(2257{“é515 ' ‘ (2, 1) Mp8T)

STp. DEVE 2,1 MPa ~,0T2 PCT 1,9 GPA
( 303o PBI) - ( ._27 ﬁPSI)

7-22



TABLE 7-5 (Continuéd)

...-...-..--.-..-.--.‘..00..-..--.A.m..ll.'...'......—,'-.-..'—
GRAPHITE GRADE) We327
 LOT NUMBERy  ee e

LUG NUMBER(S)1 4974wl

URIENTATIOND RAULLAL CRUCIBLE NOZB e
LNG LUCATIONS MIDLENGTHeCENMTER FLUENCE UebO*I0EXP 25
’ o ' N/Mee2,
E>0,18 MEV
.-..--.O...-.-.--....-.-.-O-.--...-.-.-.-..-.-.—-..U--..--I.
HULE MEAN SPECIMEN TENSILE FRACTUKE YOUNG S
NOD, TRK, T NUMBE R STReNGgTw  STRATN MDpULUS
1evd, (MPA) (PCT) (GPa)
(x) h .
I-—-.-.--..-....'.-.--.-.-----'-.I.Q.Oﬂ..-...-.II-.‘.--.'.-.
24 955 Teaiy 10,3 121 9,6
eu (e82 C) Teule 4.1 0165
P 2R R 112 -
25 * Tediy 9,8 100 7.5
e * " Twais 7.8 .IO@ 9,3
2o * Teiyb 8,9 ' 135 647
27 * Teldy?7 7.8 R Y ) 9,6
27 * Tedld 4,5 100
28 LA £ T8 A U 1Y SRS & { 1,1
28 * Teu2o 7.5 2100 B,6
...I.--‘----.III-...-......--I'.'..--.'--.
MEANS 7,4 MPA 123 PCT G,4 GPA
(1070}”Psl)” o '(1.21 MPSI)
T © BTD, DEVE VU MPR TL,UISTPCT T 1,9 GPAC
(408, P31 ( +27 MP8l)
.'.....'.........-......l..l.l.-.."..-.'.....I..'...-..-..-
ORIKNTATIONB RADIAL CRUCIBLE NOB b
LOG LUCATIONI MIDLENGTH-CENTER FLUENCE S G4V I0EXP 25
T . CN/MERE,
E>0,18 MEV
..--..---.I..‘;I..O---..---.‘;C'-'--'.-......A'...-..'--..'...7
HOLE  MEAN  SPECIMEN  TENSILE  FRACTURE  YUUNG!'S )
NO, IRR,TTTT NUMBER T STRENGTH STRATN TMYpULUS
TEMR, ) e (MPA) _PreT) ~ (GPA)
TR o PAY RG] b
--.-.'».7-..ﬁ’?!rﬂ.-.-.--..-I'-.’C---..-..--Q.--...ﬂ..-'.----.'.
14 1250 Teu} 9,1 s 145 840
14 (977 C) Ted422 10,8 163 9.0
s e B C LT X | YT S 1) 9,2
15 ® Tedgu 8,6 148 8,0
e o veuds 5“5“ BT ' -
16 " Teu2e 9.2 0140 8.5
2y feey Ted2?7 .87 .fBi i T
23 (947 C) . Tmugs Teb . _elus - R
Commmmmmmm e m—m————— ..--..-u-.---...-.--....-.O-I.--.-...-
MEANS o2 MPA L 143 PCT  ©,3 GPA
h ST tliéﬁ{ e8Iy o (1,80 Mp8I)
STH. DEVE 2,3 mPy 023 P(Y '8 GPa
{ 339, PSI) (.11 mMPSL)

'..-‘....-..-..-.---...-.-l’ﬂ'ﬂ-'-..ﬂ-.'ﬁ---'-'..-......-.....
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TABLE 7-6
SUMMARY OF TENSILE PROPERTY DATA FOR H-451 GRAPHITE IRRADIATED IN CAPSULES 0G-1, 0G-2, AND 0G-3

Irradiation Conditions Ultimate Tensile Strength Young's Modulus
Mean Observed ‘ Observed
Irrad. Fluence Value Percent | Coefficient Value Percent Coefficient
Log Orien~| Location Temp. X 1025 n/mz) + Std. Dev. Increase | of Variation| ¢t Std. Dev. Increase of Variation
No. tation in Log (K) (E > 29 fJI)yTGR (MPa) + Std. Dev. [¢3] (GPa) * Std. Dev. [¢3]
5651-28 | Axial | Midlength- - 0 10.8 * 0.9 -~ : 8 7.9 £ 0.6 - 8
center 890 1.4 16.7 ¢+ 1.8 55 217 | 1 18.1 * 1.4 131 = 18 8
870 2.0 17.1 £1.2 59 £ 11 | 7 15.3 £ 0.8 95 + 10 3
860 2.6 17.1 = 2.2 59 + 21 H 13 17.5 2 1.4 123 + 18 8
880 5.5 18.2 * 1.4 68 x 13 ! 8 6.8 * 2,7 i 114 * 34 16
1200 3.0 16.3 £ 1.9 52 £ 17 12 14,2 + 1.7 81 + 21 12
1200 5.3 19.1 ¢+ 1.8 78+ 17 9 17.6 ¢+ 1.0 124 + 13 6
1200 8.5 18.9 * 4.0 75 £ 37 ! 21 21.2 £+ 2.8 170 + 36 13
1630 3.2 15.4 + 0.8 43 2 7 ‘ 5 13.0 x 0,9 | 6511 7
1600 9.0 19,6 + 2.6 81 * 24 13 17.3 £ 41 119 + 52 24
Radial | Midlength -— 0 11.5 = 1.7 - l 15 7.0 + 0.3 - 4
center 1190 2.8 18.3 ¢ 1.9 58 £ 16 | 10 13.0 * 0.9 88 + 13 7
1200 8.5 26,2 * 2.7 110 £ 24 ‘ 11 23,2 + 2.7 236 * 39 12
565186 | Axial | Midlength- - ) 12.9°% 1.7 ¢ - 13 7.4 £ 0.7 - 9
center 940 4.6 17.2 £ 2.2 33 +17 ! 13 12.5 £ 1.6 ! 69 + 21 13
1150 4.1 16,9 * 1.8 31 14 11 12.6 * 2.5 70 * 34 20
1250 5.5 20,6 £ 2.2 59 £ 17 | 11 17.1 £ 3.1 131 + 42 18
1630 5.8 20.8 = 3.1 61 = 24 i 15 14.3 + 3.3 93 £ 45 23
Midlength- - 0 17.4 3.5 - 9 8.3 £ 0.7 - 8
edge 900 4.6 24,8 * 2.2 43 + 13 | 9 17.6 = 3.7 111 * 45 21
1150 4.1 25,0 + 2,2 44 £ 13 | 9 15.3 + 3.7 84 + 45 24
Radial | Midlength- - 0 12.2 £ 1.6 - ! 13 7.2 + 0.8 - 11
center 1120 4.1 16.7 * 3.6 37 *+ 30 22 12.3 £+ 1.3 71 + 18 11
1200 5.5 21,7 £ 2.9 77 24 13 15.4 * 2.5 115 * 35 16
6484-33 | Axial | Midlength- - ] 16,4 * 1.4 - ; 8 7.8 + 0.8 - 10
| center 1210 2.7 23.7 £ 3.0 45 * 18 I 13 14.3 £ 1.5 83 + 19 10
Midlength- - 0 18.6 * 1.9 - ! 10 9.3 1.4 - 15
edge 1210 2.7 25.3 + 5.0 36 + 27 ! 20 15.0 + 3.9 61 ¢ 42 26
Radial | Midlength- - 0 8.5 ¢ 2.4 - i 28 6.3 * 0.5 - | 8
center 1210 2.8 13.3 1.0 56 + 12 | 8 11.7 £ 1.3 86 + 21 11
Midlength- - 0 16.6 * 1.2 - i 7 7.6 £ 0,7 - 9
edge 1110 2.0 21.2 £ 2.7 28 * 16 13 15.6 + 4.2 105 * 55 27
i
6484-34 | Axial | Midlength- -— 0 12.9 + 2.2 - 17 7.5 0.7 - 9
center 1210 2.7 20.8 * 2.6 61 + 20 ’ 13 12,1 £ 1,5 61 + 20 12
Midlength- - 0 18.5 + 1.3 - 7 8.7 £0.9 - 10
edge 1210 2.7 27.8 £ 1.9 50 + 10 | 7 14.1 £ 2.3 62 = 26 1¢
Radial | Midlength~ - 0 13,3 £ 0.9 - ! 6 7.0 £ 0.5 - ' 6
center 1210 2,8 17.9 ¢ 0.4 35*3 2 11.6 * 0.9 66 + 13 g
Midlength- - 0 16.5 £ 1.7 -— 10 7.3 0,5 - | 7
edge 1110 2.0 21.8 £ 4.7 32 ¢+ 28 22 13.0 £ 3.0 78 + 41 : 3
6484~41 | Axial | Midlength- -- 0 14,0 21,3 -— i 9 7.7 0.6 - 8
center 1210 2.7 20,1 £ 1.3 4 9 6 13.8 2.2 7929 | 16
Midlength- - 0 16.8 £ 1.3 -— ! 8 8.1 ¢+ 0.7 - i 8
edge 1210 2.7 25.6 £ 1.6 52 + 10 6 13.9 + 2.8 72 ¢ 35 1 20
Radial | Midlength~ - 0 11.6 £ 1.7 - ‘ 14 6.4 % 0.6 - l 9
center 1210 2.8 18.5 ' 0.7 59 + 6 { 4 11.9 = 1,7 86 + 27 14
Midlength- - 0 14,5 = 1.1 — . 8 7.0 ¢ 0.6 _— 9
edge 1110 2.0 20.1 + 2.2 39 £ 15 ] 11 12,1 + 3.9 73 £ 56 32
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TABLE 7-7
SUMMARY OF TENSILE PROPERTY DATA FOR TS~1240 GRAPHITE IRRADIATED IN CAPSULES 0G-1, 0G-2, AND 0G-3
Irradiation Conditions Ultimate Tensile Strength Young's Modulus
Mean Observed Observed
Irrad. Fluence Value Percent Coefficient Value Percent Coefficient
Log Orien- Location Temp. X 1025,n/m2) + Std. Dev. Increase of Variation | * Std. Dev. Increase of Variation
Lot No. tation in Log (K) (E > 29 £I)yrGr (MPa) + Std. Dev. (%) (GPa) + Std. Dev. (%)
1 5651-73 | Axial |Midlength~ - 0 10.8 ¢ 1.7 - 16 6.2 + 0.7 - 11
center 890 1.2 12.7 * 3.1 17 £ 29 24 11.9 £ 2.2 91 * 36 18
1040 1.7 14.3 + 2.7 32 + 25 19 11.9 £ 1.2 91 * 19 10
1190 2.5 14.6 * 1.8 35 * 16 12 11.4 £ 0.9 84 *+ 14 8
1380 2.9 13.1 + 3.7 21 + 34 28 11.7 £ 1.4 88 *+ 23 12
Radial | Midlength- - 0 9.5 2.1 —_— 22 6.2 * 0.8 - 13
center 1080 1.7 13.5 2.3 41 = 24 17 10.3 * 1.8 67 * 29 17
1515 5.9 15.2 £ 1.5 60 + 16 10 14,5 + 2.9 134 + 47 20




TABLE 7-8
SUMMARY OF TENSILE PROPERTY DATA FOR H-327 GRAPHITE IRRADIATED IN CAPSULES 0G-1, 0G-2, AND 0G-3

9¢-L

Irradiation Conditions Ultimate Tensile Strength Young's Modulus
Mean Observed ) Observed
Irrad. Fluence Value Percent Coefficient Value Percent Coefficient
Log Orien-| Location Temp. (x 1025 n/m2) * Std. Dev. Increase of Variation| * Std. Dev. Increase of Variation
Lot No. tation in Log (X) (E > 29 £J)yrgr (MPa) * Std. Dev. (%) (GPa) + Std. Dev. (%)
FSV-42 ( 4974-03 | Axial | Midlength- - 0 9.1 £ 1.1 - 12 9.0 * 0.8 -— 9
center 1010 2.2 13.4 + 2.6 47 + 29 19 15.5 + 2.8 73 + 31 18
1000 4.6 15.6 + 2.1 71 ¢+ 23 13 17.8 + 1.9 98 + 21 n
950 7.2 15.1 £ 2.3 66 + 25 15 17.8 + 3.2 98 + 36 18
1060 3.6 16.7 * 2.4 83 + 26 14 19.1 + 3.4 113 *+ 38 18
1110 4.5 16,8 * 2.5 84 * 27 15 17.6 + 2.2 96 + 25 13
1150 2.3 14.7 £ 1.9 61 *+ 21 13 20,8 + 1.9 132 =+ 21 9
1270 2.7 13.4 + 2,3 47 + 25 17 17.1 + 2.8 91 =+ 31 16
1260 5.7 15.3 * 3.2 68 * 35 21 16,0 £ 2.1 78 + 24 13
1390 6.3 13.8 + 4.0 52 = 44 29 16.0 + 2.1 78 + 23 13
Midlength- - 0 15.1 + 2.0 - 13 13.3 + 1.7 - 13
edge 940 2.6 21.7 £ 1.9 44 £ 13 9 26.5 * 2.3 99 * 17 9
1060 1.9 19.2 + 1.7 27+ 1 9 21,4 * 1.8 61 + 13 8
1340 3.3 19.5 £ 1.8 29 *+ 12 9 22,3 + 1.3 67 * 10 6
Radial | Midlength- - 0 5.7 + 2.0 - 35 4,4 ¢ 0.6 - 14
center 960 4.6 7.4 2.8 30 £ 50 38 8.4 + 1.9 91 * 42 23
1260 3.0 6.6 + 1.4 17 + 24 21 8.5 * 1.4 92 * 31 16
1240 5.4 8.2 + 2.3 44 + 40 28 8.3+ 0.8 89 + 18 10
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TABLE 7-9

BETWEEN-LOG VARIATIONS IN IRRADIATION-INDUCED STRENGTH INCREASE OF H-451 GRAPHITE, LOT 426

-25 .
Irrad. | Fluence x 10 g Is Variation
Temp (n/mz, E>29£7J, Mean Strength Increase (%) Significant at 957
Orientation | Crucible (x) HTGR) Log 6484-33 | Log 6484-34 | Log 6484-41| Confidence Level?
Radial 8 1110 2.01 28 32 39 No
Radial 1200 2.83 57 35 60 Yes
Axial 1210 2.68 41 56 48 No
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TABLE 7~10
WITHIN-LOG VARIATIONS IN IRRADIATION-INDUCED STRENGTH INCREASE OF H-451 GRAPHITE, AXTAL ORIENTATION

Neutron Fluence
x 10-25 (n/m2,
E>29fJ, HTIGR)

Mean Strength Increase (%)

Center of Logs

Edge of Logs

Is Variation
Significant at 95%
Confidence Level?

Irrad.

Temp
Lot | Crucible (K)
408 1 940
408 8 1150
426 6 1210

4.6
4.1
2.7

33
31
50

43
44
46

No
No
No




8., IMPACT OF TEST DATA ON CURRENT DESIGN METHODS

8.1. DIMENSIONAL CHANGE

The available H-451 dimensional change data now extend through fuel
element lifetime fluence limits at higher temperatures. In addition, the
new H-451 high fluence data from 0G~3 differ from the high fluence H-429
graphite data. Therefore, all H-429 graphite dimensional change data were
deleted from the data base, 0G-3 H-451 data were added, and the data base
fit to a polynomial expression in fluence and temperature by the computer
code FUNFIT. The resultant dimensional change surface was a better fit to
the H-451 data as evidenced by a decrease of 207 in the standard deviation
of the data points from the curve in the axial direction. Polynomial
coefficients for the new design curves are listed in Table 8-1a for H-451

graphite and in Table 8-1b for H-327 graphite,

Compared with the design curves currently in use, the new isothermal
cuts through the dimensional change surfaces reflect 0.1%Z to 0.3% more
contraction at 6 x 1025 n/m2 (E > 29 fJ)HTGR in the axial direction. At a
fluence of 8 x 1025 n/m2 (E > 29 fJ)HTGR’ the curves show 0.1 to 0.47 more
contraction at temperatures of 1225 K to 1425 K. Dimensional change in the
radial direction is characterized by the earliest crossover to net
expansion at an irradiation temperature of 1275 K and neutron fluence of
about 9 x 1025 n/m2 (E > 29 £J)

is delayed to higher fluences.

HTGR® At higher temperatures, the crossover

There are insufficient data on TS-1240 graphite to make a polynomial
fit. Measurements so far show dimensional changes smaller by 30% to 50%

than H-451 graphite,




8.2, THERMAL EXPANSIVITY

All current data on-the fractional change in thermal expansivity
(Ao./o) of H-451, TS-1240, and SO-818 graphites were used in a least-squares

procedure to fit the following polynomial:

4 2

Ao/o = (0.27830 - 4,2734 x 10 ' T + 1.7815 x 1077 ) &

~ 2.0664 x 1072 ™% + 1.3601 x 1073 3 |

where T is the irradiation temperature (°C) and ¢ is the fast neutron

25 2
fluence [10°7 n/m~ (E > 29 fJ)HTGR]'

This expression may be used to estimate the irradiation-induced change

in thermal expansivity. for both axial and radial orientations at

temperatures between 800 K and 1600 K and fluences up to 8 x 1025 n/mz. The

changes predicted from the equation are very close to the emprical curves

currently being used.
8.3. THERMAL CONDUCTIVITY

The thermal conductivity values obtained in the 0G-3 experiment are in
good agreement with the design values presently in use (Ref. 5), and no.
changes are required. The tests in which specimens were successively
irradiated at two different temperatures verified the model presently being

used to account for changes in irradiation temperature.
8.4. MECHANICAL PROPERTIES

Young's modulus values measured on H~451 and TS-1240 specimens
irradiated in the 0G-3 capsule agree well with the design curves presently
in use (Ref. 5), and no changes are needed in the design curves for near-
isotropic graphites. Revised design curves for H-327 graphite are shown in

Fig . 7-6 .

8-2



Present design practice assumes that the fractional increase in
tensile strength, S, is proportional to the square root of the fractional
increase in Young's modulus, E. The new data indicate that this
relationship is not exact for all graphites (see Section 7.2). Revised

analysis gives the following relationships:

H-451, axial and radial: s/sO = (E/E0)0'64
TS-1240, axial and radial: s/sO = (E/EO)0.48
H-327, axial: S/So = (E/Eo)0'67
H-327, radial: S/so - (E/EO)O.40

Thus, the strength increase for H-451 graphite is slightly higher than

currently assumed, but that of TS-1240 graphite is essentially unchanged.




TABLE 8-1(a)
POLYNOMIAL COEFFICIENT FOR DIMENSIONAL CHANGE DESIGN EQUATIONS:
H~451 GRAPHITE

2

3

4

e = (Cq + CyTy + CaT," + C, T, + CsT, ) @
+ (C6 + C7T¢ + C8T¢2 + C9T¢)3 + C1OT¢4) @2 + C16 ®2T5
+ (C11 + C12T¢ + C13T¢2 + C14T¢3 + C15T¢4 + C17'1‘5 + C18T6) @3
where €° = irradiation strain (dimensional change) AL/2 (%)
$ = fast neutron fluence (E > 29 fJ)HTGR (1025 n/mz)
T¢ = average irradiation temperature (°C)
Ci = coefficients determined for each orientation of
graphite. Coefficients listed in tables
H~451
Axial Radial
c, 1.098172 1.158111
c, -0.9131061 x 1072 ~0.8374059 x 1072
c, +0.2032687 x 10“: +0.1728673 x 10':
<, -0.1637322 x 10 -0.1288228 x 10
cg +0.4062104 x 107" +0.2846460 x 107!
C, +0.6525928 +0.3958980
c, -0.5715322 x 10°2 -0.3689394 x 1072
Cq +0.1903633 x 107 +0.1287180 x 107 %
Cy -0.2936923 x 10":0 -0.2043258 x 10':0
1o +0.2049909 x 10 +0.1438031 x 10
Ciy ~0.5931751 x 1072 +0.1306940 x 107"
€y ~0.6867503 x 107> ~0.1877240 x 107>
Cs +0.3302258 x 10:2 +0.1022022 x 10:2
Ciy ~0.1353233 x 10 -0.2709323 x 10
Cs +0.2236601 x 10:11 +0.3665231 x 10:11
Cig -0.5213917 x 10 -0.3621619 x 10
c,, ~0.1612017 x 1074 ~0.2369797 x 10714
C,q +0.4196564 x 10718 +0.5766467 x 107 'S
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TABLE 8-1(b)
POLYNOMIAL COEFFICIENT FOR DIMENSIONAL CHANGE DESIGN EQUATIONS:
H~327 GRAPHITE

e = (Cy + CpT, + C3T¢2 + C4T¢3 + C5T¢4) o
+(Cq Ty + C8T¢2 + 09T¢3 + C10T¢4) o>
+ (C11 + C12T¢ + C13T¢2 + CMT¢3 + C15T¢4) <1>3
H-327
Axial Radial

c, ~6.901536 0.122708
C, +0.214790 x 107 +0.225189 x 1072
c, -0.209455 x 10:: -0.842109 x 10::
c, +0.615816 x 10 +0.941604 x 10_11
C 0.00 ~0.360083 x 10
c +0.718380 -0.265774
c, ~0.209419 x 102 ~0.531424 x 1073
Cg +0.179240 x 107> +0.344720 x 107°
Cy ~0.485434 x 1077 ~0.427347 x 1078
Clo 0.00 , +0.162954 x 10_11
¢, ~0.356955 x 10 +0.725128 x 10
c,, +0.605363 x 107° ~0.164812 x 1073
C s 0.00 0.00 B
h4 0.00 +0.204765 x w0
c,. 0.00 ~0.108765 x 10
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