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BNWL-1056B

IRRADIATION OF GRAPHITE AT TEMPERATURES
OF 300 TO 1200 °cC
J. W. Helm

ABSTRACT

Irradiations of a large variety of graphites have been
conducted at temperatures from 300 to 1200 °C to maximum neu-
tron fluences of 2.7 x 1022 nvt (E > 0.18 MeV). As tempera-
tures and neutron fluences increase, bulk expansion of the
graphite becomes the controlling behavior in all orientations.
Materials which are well graphitized, highly crystalline,
isotropic, and have a high CTE show the lowest contraction at
moderate fluences. This document, BNWL-1056B, comprises the
appendices to BNWL-1056A and details sample selections, experi-

mental procedure, experimental results, and supplemental

figures.
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BNWL-1056B
IRRADIATION OF GRAPHITE AT TEMPERATURES
OF 300 TO 1200 °C
J. W. Helm

INTRODUCTION

BNWL-1056B presents Appendices A through F of the docu-
ment BNWL-1056A, and includes sample selection, experimental
procedure, experimental results, curve equations, supplemental

figures, and overlay graphs for CSF graphite.
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APPENDIX A

BNWL-1056B

SAMPLE SELECTION

Samples were taken from the original blocks as shown in

Figures Al through A6.

in Table 1

ing numbers less than 200 are transverse

The appropriate figure number is given
(BNWL-1056A) for each material.

All samples hav-
(1)

and all having

numbers greater than 200 are parallel with the following

exceptions:
® NC7 and NC8 sample numbers 1 through 29 are parallel
samples
® 63-19 > 200 are l, <200 are || - Wrong molding direction
- ® 063-50 > 200 are |, <200 are || - Molded, not extruded
.- ® 65-11 > 200 are |, - Wrong molding direction
® 65-20 < 200 are || - Second parallel direction
& 65-30 1, 2 are ||, 201-203 are | - Molded, not extruded
® 65-42 > 200 are |, <200 are || - Isostatically molded
® 66-4 > 200 are |, <200 are || - Isostatically molded
® 66-5 > 200 are |, <200 are || - Wrong molding direction
® 66-6 1-12 are ||, 200-203 are | - Wrong molding direction
’ ® 66-10 > 200 are |, <200 are || - Molded not extruded
- 1. | denotes transverse orientation and ||, parallel.
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4verse Samples

” Parallel Samples

Sampling Scheme - Rectangular Extrusion
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_L Transverse Samples

Il Parallel Samples

5 A
L/\’\
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FIGURE A8. Sampling Scheme - NC7 and NC8 Graphites
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FIGURE A4. Sampling Scheme - Cylindrical Extrusion
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\ } | Transverse Samples
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FIGURE A5. Sampling Scheme - Cylindrical Molding
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1 Transverse Samples

I Parallel Samples

Sampling Scheme - Rectangular Molding
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APPENDIX B

EXPERIMENTAL PROCEDURE

CAPSULE DESIGN

The basic capsule design has been discussed previously.(l’s)

The design was modified for some of the positions in the H-3-12,
and H-3-23 capsules. A solid graphite cylinder with blind
axial holes, called a telephone-dial, was used for these posi-
tions. The samples, 0.250 in. diam rods, of 1-3/4 in. length

were positioned in the holes.

SAMPLE MEASUREMENTS

Sample measurements were made in the same manner as dis-

(2)

cussed previously.

INSTALLATION, IRRADIATION, AND DISASSEMBLY

Installation, irradiation, and disassembly proceeded as

detailed in previous documents.(l’s’s)

CAPSULE DETAILS

The pertinent details on the several irradiation capsules
from which data were obtained are given in Table B.1 of this

appendix.

THERMOCOUPLE CALIBRATION AND SAMPLE TEMPERATURES

Details and results of thermocouple calibrations have
been presented.(5’14) Sample temperatures were based on

(1)

thermocouple indications.

NEUTRON FLUENCE DETERMINATIONS

Neutron exposures or fluences were determined from the

(1,3)

cross section data presented 1in BNW—llZ.(S)

equations discussed previously using the activation
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TABLE B1. Capsule History
Capsule Reactor Installation Reactor Effective Removal
Number Position Date Cycles Days* Date

H-1 GETR E5 Sept. 1959 5-8 75.6 Dec. 1959
H-3-1 GETR E7 May 1960 13-16 81.1 Oct. 1960
H-3-2 GETR E7 Nov. 1960 18-23 110.6 June 1961
H-3-3 GETR E7 July 1961 25-28 106.7 Nov. 1961
H-3-4 GETR E7 Feb. 1962 31-35 105.5 July 1962
H-3-5 GETR E7 Sept. 1962 37-41 84.1 Feb. 1963
H-3-6 GETR E7 April 1963 43-46 88.5 Aug. 1963
H-3-7 GETR E7 Sept. 1963 48-51 95.2 Feb. 1964
H-3-8 GETR E7 March 1964 53-56 100.3 Aug. 1964
H-3-9 GETR E7 Sept. 1964 58-61 105.5 Jan. 1965
H-3-10 GETR E7,D7 March 1965 63-66 109.5 July 1965
H-3-11 GETR D7 Aug. 1965 68-71 92.4 Jan. 1966
H-3-12 GETR D7 Feb. 1966 73-76 125.9 July 1966
H-3-13 GETR D7 Aug. 1966 78-81 97.0 Dec. 1966
H-3-14 GETR D7 Feb. 1967 83 6.3 Feb. 1967
H-3-15 GETR D7 March 1967 84-87 101.8 July 1967
H-3-21 GETR F7 July 1965 67 20.1 Aug. 1965
H-3-22 GETR E5 Nov. 1965 70-73 116.3 March 1966
H-3-23 GETR E5 April 1966 75-77 125.9 Aug. 1966
H-3-24 GETR E5 Oct. 1966 80-82 83.9 Jan. 1967
H-3-25 GETR E5 March 1967 84-86 76.9 June 1967
H-4-1 GETR D7 Nov. 1961 29-31 72.0 March 1962
H-4-2 GETR F7 May 1962 34-40 103.9 Jan. 1963
H-4-3 GETR D7 April 1963 43-47 108.0 Sept. 1963
H-4-4 GETR F7 Jan. 1964 51-55 113.4 June 1964
H-4-5 GETR D7 Sept. 1964 58-62 126.4 March 1965
H-5-1 GETR F7 Jan. 1962 30-33 90.4 May 1962
H-5-2 GETR D7 Sept. 1962 37-42 111.7 April 1963
H-5-3 GETR F7 July 1963 46-50 115.2 Jan. 1964
H-5-4 GETR D7 March 1964 53-57 127.3 Sept. 1964
H-5-5 GETR F7 Nov. 1964 60-65 159.6 June 1965
H-6-1 GETR D7 March 1962 32-36 86.6 Aug. 1962
H-6-2 GETR F7 Jan. 1963 41-45 114.0 July 1963
H-6-3 GETR D7 Sept. 1963 48-52 115.8 March 1964
H-6-4 GETR F7 July 1964 56-59 102.2 Nov. 1964
H-6-5 GETR D7 March 1965 63-65 80.6 June 1965
GEH-13-5 ETR N5 Sept. 1960 32-35 88.0 March 1961
GEH-13-8 ETR N5 Feb. 1962 44-47C 87.8 July 1962
GEH-13-10 ETR K7 Jan. 1964 61-65 127.1 Aug. 1964
GEH-13-11 ETR K7 Jan. 1965 69-74 119.6 Sept. 1965

¥ at full power

B-2

..
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APPENDIX C

EXPERIMENTAL RESULTS

The irradiation results from all the samples are pre-
sented by capsule number in the following Appendix C Tables
C.1 through C.42. Length changes are based on the end-to-end
Emmmc&mambﬂwmmv with the exception of five samples from H-4-2
and GEH-13-10 capsules as indicated. Sample weights did not
change more than 0.3% during the irradiation period. Sym-
bols | and || appearing in the following tables denote samples

oriented in the transverse and parallel directions, respectively.
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TABLE C2. H-3-2 Experimental Results

Fluence, No. of . Crystallite Parameters, R Young's Modulus Electrical Resistivity
Capsule Temp, nvt x 10-21 Sample Sample Capsules Length n:mwmm < o _ .rn ALc/L % . 2 . . La ] o si x 10-6 o , ohm-cm x 104 .
Position  °C (E > 0.18 MeV) Code Number Used AL/Lo, % Tnitial Final A¢/Co» % Tnitial Final c/"Co? Tnitial Final 0a/ao, % Tnitial Final ‘la/lag> ® tabeiar FimaT 2E/Eos Tnitial Final 2°/Po» %
1 475 1.50 CSF F 141-1 2 -9.223 £0.001 6.718 6.758 +0.595 700 199 -71.6
475 1.50 NC7 % NC7-31 2 -0.186 +0.001 6.722 6.760 +0.565 645 240 -62.8
475 0.92 CSF || 141-206 1 -0.143 +0.002 6.720 6.748 +0.416 570 260 -54.4 3.15
475 1.50 NC7 || NC7-1 2 -0.363 £0.002 6.732 6.755 +0.342 610 230 -62.3 2.461 2.459 -0.081 400 310 -22.5
2 575 2.40 CSF H 141-2 2 -0.283 +0.001 6.718 6.739 +0.312 685 220 -68.9
575 2.40 NC7 || NC7-2 2 -0.438 0.001  6.715  6.752 +0.550 685 250 -63.5 2.95
575 1.46 NC8 || NC8-11 1 -0.203 £0.001 6.719 6.742 +0.342 595 280 -53.0
575 1.46 NC8 || NC8-21 1 -0.212 +0.002 6.707 6.738 +0.461 485 283 -41.6 2.462 2.461 _0.041 485 287 _40.8
3 700 1.90 CSF H 141-7 1 -0.120 #0.001 6.725 6.738 +0.193 560 270 -51.9
700 1.90 NC8 H NC8-31 1 -0.144 £0.001 6.722 6.732 +0.149 762 279 -63.4
700 1.90 CSF || 141-207 1 -0.228 +0.001 6.730 6.738 +0.119 420 248 -41.0 2.71
700 1.90 NC8 || NC8-1 1 -0.231 #0.001 6.725  6.740 +0.223 680 243 -64.3 2.464 2.461 S0.122 775 773 0.3
4 800 2.10 CSF H 141-9 1 -0.114 £0.002 6.731 6.728 -0.045 560 261 -53.4 1,29 34.15
800 2.10 NC8 || NC8-2 1 -0.227 +0.001 6.723  6.728 +0.074 735 243 -67.0 22.57
800 3.64 NC7 || NC7-12 2 -0.662 +0.001  6.736  6.732 -0.059 620 213 -65.6 267 27.37
800 3.64 NC7 || NC7-22 2 -0.634 +0.001 6.756 6.733 -0.340 600 189 -68.5 24.02
5 775 3.54 CSF H 141-5 2 -0.324 $0.001 6.739 6.732 -0.104 630 219 -65.3 40.61
775 3.54 NC7 H NC7-33 2 -0.222 +0,001 6.722 6.738 -0.238 645 224 -65.3
775 3.54 CSF || 141-204 2 -0.643 +0.001 6.734 6.735 +0.015 580 217 -62.6 31.00
775 3.54 NC7 |] NC7-5 2 -0.653 +0.001 6.732 6.736 +0.059 720 210 -70.8
6 625 2.67 CSF F 141-6 2 -0.253 £0.001 6.722 6.724 +0.030 595 232 -61.0
625 2.67 NC7 H NC7-34 2 -0.227 #0.002 6.736 6.745 +0.133 700 258 -63.2
625 2.67 CSF || 141-208 2 -0.655 +0.001 6.722 6.744 +0.328 685 292 -57.4
625 2.67 NC7 || NC7-6 2 -0.397 +0,001 6.736  6.742 +0.089 635 250 -60.6
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TABLE C4. H-3-4 Experimental Results

o

chmznmuNH No. of Length Change - . Crystallite mmwmsoﬁmwm. A - <o:=m_m.ozomc€mv _ Electrical Resistivit
Capsule  Temp,  nvt x 10 Sample  Sample Capsules SL/L , % T 86/C., % T AL /L., % e sa/a_, % a 8L /Ly , & PSP x10 . p ,  ohm-cm x 10 .
Position C (E > 0.18 MeV) Code Number Used [¢) Initial Final =" =Zo Initial Final c’ 7Co Initial Final —' =0 Initial Final a’ 7ag?’ Initial Final 0’ ° Tnitial Final >n\oo~ s
1 475 3.11 CSF | 141-1 4 -0.588 £0.001 6.718 6.777 +0.877 700 160 -77.1 2.4643 233
425 0.69 NC8 | NC8-33 1 -0.081 +0.002 6.720 6.761 +0.610 695 263 -62.2 2.4619 349
450 2.19 CSF || 141-201 3 -0.590 +0.001 6.722 6.780 +0.864 720 180 -75.0 2.4648 223
425 0.69 NC8 || NC8-3 1 -0.142 +0.001 6.730 6.761 +0.461 545 262 -51.9 2.4628 478
2 575 1.15 CSF | 141-8 1 -0.112 +0.001 6.738 6.772 +0.505 530 268 -49.5 2..62 2.4657 +0,162 950 351 -63.0
600 2.57 NC8 | NC8-34 2 -0.302 +0.002 6.720 6.759 +0.580 748 231 -69.1 2.4632 274
575 1.15 CSF || 142-220 1 -0.182 +0.001 6.733 6.767 +0.505 510 278 -45.5 2.464 2.4640 0 486 447 - 8.0
575 2.61 NC8 || NC8-21 2 -0.508 +0.002 6.707 6.761 +0.805 485 264 -45.6 2.462 2.4626 +0.041 485 343 -29.3
3 700 2.82 CSF | 141-3 2 -0.232 +0.001 6.707 6.754 +0.700 600 225 -62.5 2.4631 405 1.33 38.04
725 5.23 NC8 | NC8-31 3 -0.601 +0.001 6.722 6.759 +0.550 762 230 -69.9 2.4650 262
700 2.82 CSF || 141-202 2 -0.411 +0.001 6.720 6.759 +0.580 680 210 -69.1 2.4648 268 2.84
700 1.54 NC8 || NC8-5 1 -0.159 +0.001 6.728 6.759 +0.461 592 285 -51.8 2.4640 285
4 775 3.88 CSF | 141-9 2 -0.338 +0.001 6.731 6.759 +0.416 560 250 -55.4 2.4639 295 1.38 38.38
775 3.76 NC8 | NC8-32 2 -0.256 +0.001 6.718 6.756 +0.565 469 227 -51.6 2.4640 319
775 5 .86 NC8 || NC8-2 3 -1.157 +0.001 6.723 6.753 +0.446 735 189 -74.4 2.4628 542 2.63 24.79
775 1.78 NC8 || NC8-6 1 -0.190 +0.001 6.719 6.755 +0.535 700 255 -63.6 2.4645 330
5 775 7.20 CSF | 141-5 4 -0.757 +0.001 6.739 6.765 +0.386 630 190 -69.9 2.4621 277 41.07
775 7.20 NC7 | NC7-33 4 -0.388 +0.001 6.722 6.770 +0.713 645 186 -71.2 2.4635 672
775 7.20 CSF || 141-204 4 -1.967 +0.001 6.734 6.767 +0.,342 580 160 -69.7 2.4635 293 27.62
750 1.76 NC8 || NC8-22 1 -0.198 +0.002 6.724 6.753 +0.432 535 253 -52.8 2.4632 432 24.14
6 675 1.39 CSF | 141-11 1 -0.089 £0.001 6.734 6.754 +0.297 620 266 -57.1 2.463 2.4654 +0.081 950 325 -65.8
625 5.41 NC7 || NC7-6 4 -1.148 £0.001 6.736 6.770 +0.505 635 207 -67.5 2.4640 418 2.84
675 1.39 NC7 || NC7-7 1 -0.168 +0.001 6.718 6.753 +0.520 590 296 -49.8 2.4656 313
675 1.39 NC8 || NC8-8 1 -0.151 £0.001 6.729 6.759 +0.445 509 300 -41.4 2.4647 590
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) TABLE C6. H-3-6 Experimental Results

o

. Crystallite Parameters, A Young's Modulus, Electrical Resistivity,
- Fluence,, No. of Length Change c L a L . - T
Capsule  Temp, nvt x 10 Sample Sample Capsules AL/L , % = acje % c 8L /L. % = saja _, % a AL /L, , % g _Ohm-cm x 10 YR
Position C (E > 0.18 MeV) Code Number Used o Tnitial Final ~=/=o° Tnitial Final o Tnitial Final Initia Final 0 Initial Final o
1 475 4.45 CSF |  141-1 6 -0.903 +0.001 6.718 700
’ 450 2.03 NC8 |  NC8-33 3 -0.414 +0.003 6.720 695
475 3,10 NC7 || NC7-1 4 -0.981 +0.001 6.732 610 2.461 400 23.88
450 2.03 NC8 || NC8-3 3 -0.608 +0.001 6.730 545
2 600 4,91 CSF | 141-2 4 -0.722 +0.002 6.718 685
.- 600 4.73 NC8 |  NC8-34 4 -0.782 +0.002 6.720 748
600 3.31 CSF || 142-220 3 -0.851 +0.001 6.733 6.734 +0.015 510 198 -61.2 ,.464  2.4584 -0,227 486 512 +5.33 24.33
600 5.04 NC8 || NC8-11 4 -1.197 +0.002 6.719 595
o 3 725 6.58 CSF | 141-7 4 -0.758 0.001 6.725 560
725 8.12 NC8 |  NC8-31 5 -0.902 :0.001 6.722 762
725 5.13 NC8 || Nc8-1 3 -1.064 :0.001 6.725 680
) 750 2.89 NC8 || NC8-221 2 -0.457 :0.001 6.746 451 2.4653 758 1.47 2.39  +62.6 6.65 22.37 +236.4
4 775 10.40 CSF |  141-5 6 -0.800 +0.001 6.739 6.723 -0.237 630 168 -73.3 41.04
. 775 10.40 NC7 |  NC7-33 6 +0.095 :0.002 6.722 6.759 +0.550 645 158 -75.5
775 10.40 CSF || 141-204 6 -3.534  10.002 6.734 6.738 +0.059 580 180 -69.0 27.86
775 9.10 NC8 || NC8-2 5 -2.486 :0.002 6.723 6.724 +0.014 735 160 -78.2 2.47 24.70
5 475 1.51 CSF | 142-44 1 -0.268 +0.001 6.763 6.753 -0.147 421 223 -47.0 2.4654 2.4587 -0.271 661 435 -34.2 0.77 1.38  +79.2 12.01  36.15  +201.0
475 1.51 NC8 |  NC8-53 1 -0.269 £0.001 6.751 6.734 -0.251 550 220 -60.0 2.4658 2.4603 -0.223 905 625 -30.9 0.81 1.42  +75.3 11.02  36.16  +228.1
475 1.51 NC8 || NC8-214 1 -0.400 :0.001 6.755 6.729 -0.384 520 240 -53.8 2.4655 2.4596 -0.239 867 478 -44.9 1.48 2.33  +57.4 6.34 24,10 +278.7
475 1.51 NC8 || NC8-222 1 -0.408 £0.001 6.728 6.723 -0.074 532 215 -59.6 2.4632 2.4603 -0.117 1000 465 -53.5 1.25 2.34  +87.2 7.45  27.02  +262.7
i} 6 400 1.10 CSF | 142-56 1 -0.149 +0.001 6.728 6.732 +0.059 523 220 -57.9 2.4616 2.4581 -0.142 635 263 -58.6 0.76 1.26  +65.8 13.12  39.86  +203.8
400 1.10 NC8 |  NC8-55 1 -0.155 +0.001 6.746 6.736 -0.148 512 230 -55.1 2.4665 2.4587 -0.316 747 325 -56.5 0.81 1.45  +79.0 10.94  34.86  +218.6
- 400 1.10 CSF || 142-235 1 -0.295 +0.001 6.739 212 2.4573 233 1.72 2.65  +54.1 7.12 24,22  +240.2
- 400 1.10 NC8 || NC8-223 1 -0.316 :0.001 6.755 6.736 -0.281 502 193 -61.6 2.4652 2.4584 -0.275 1520 505 -66.8 1.40 2.29  +63.6 6.91 24.77  +258.5
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TABLE C8. H-3-8 Experimental Results
Crystallite Parameters, A ' Electrical Resistivity,
Fluence, No. of Length Change - 0 Y s C Young woZOQCHcM‘ ectrica mem ivity
Capsule Temp, nvt x 10721 Sample Sample Capsules AL/L o = ac/c o c AL /L ,% = ra/ o a Dhm\rm , % psi x 10 AE/E o ohm-cm x 10 rp/ o
Position °C (E > 0.18 MeV) Code Number Used 0’ ° Tnitial Final =~/ =0’ ° Tnitial Final ¢ Tnitial Final /2,5 ° Tnitial Final o Initial Final o’ ° TInitial Final PrPgs ¢
1 325 0.71 CSF | 142-55 1 -0.087 0,001 6.719 6.761 +0.625 490 208 -57.6 2.4616 2.4561 -0.223 1670 482 -71.1 0.76 1.41 +85.5 13.59 36.76 +170.5
325 0.71 NC8 | NC8-54 1 -0.090 +0.001 6.755 6.751 -0.059 442 240 -45.7 2.4659 2.4544 -0.466 1010 520 -48.5 0.80 1.52 +90.0 11.57 34.52 +198.4
325 0.71 CSF || 142-230 1 -0.220 +0.001 6.724 6.746 +0.327 505 218 -56.8 2.4614 2.4556 -0.236 1050 658 -37.3 1.69 7.35 24,04 +227.1
325 0.71 NC8 || NC8-228 1 -0.218 +0.001 6.728 6.748 +0.297 465 200 -57.0 2.4625 2.4549 -0.309 1000 695 -30.5 1.50 6.83 24.59 +260.0
2 600 6.20 CSF | 141-2 5 -0.932 +0.001 6.718 6.742 +0.357 685 170 -75.2 2.4596 575 1.41 37.85
600 7.09 NC8 | NC8-34 6 -1.124 +0.001 6.720 6.742 +0.327 748 185 -75.3 2.4604 540 1.54 33.00
600 5.67 CSF || 142-220 5 -1.724 +0.001 6.733 6.749 +0.238 510 185 -63.7 2.464 2.4593 -0.191 486 2.76 23.84
600 6.33 NC8 || NC8-11 5 -1.625 :0.001 6.719 6.745 +0.387 595 220 -63.0 2.4591 525 2.70 23.66
3 750 9.80 CSF | 141-7 6 -1.032 £0.002 6.725 6.747 +0.327 560 168 -70.0 1.31 38.76
750 11.34 NC8 | NC8-31 7 -0.895 +0.001 6.722 6.737 +0.223 762 210 -72.4 2.4589 280 1.41 36.14
750 8.35 NC8 || NC8-1 5 -2.320 +0.001 6.725 6.739 +0.208 680 189 -72.2 2.4600 200 2.48 23.96
750 4.59 NC8 || NC8-221 3 -0.936 +0.001 6.746 6.736 -0.148 451 228 -49.4 2.4653 2.4598 -0.223 758 465 -38.7 1.47 2.35 +59.9 6.65 22.81 +243.0
4 775 14.15 CSF | 141-5 8 +0.091 +0.006 6.739 6.750 +0.163 630 138 -78.1 2.4575 181 1.38 41.99
775 14.15 NC7 | NC7-33 8 +2.251 £0.004 6.722 6.740 +0.268 645 145 -77.5 2.4534 350 1.60 48.64
775 14.15 CSF || 141-204 8 -5.496 +0.001 6.734 6.759 +0.371 580 140 -75.9 2.4595 395 2.33 29.06
800 12.85 NC8 || NC8-2 7 -4.374 +0,011 6.723 6.736 +0.193 735 138 -81.2 2.32 25.63
5 475 7.93 CSF | 141-1 8 -1.433 +0.001 6.718 6.746 +0.417 700 157 -77.6 2.4608 525 1.80 35.67
475 5.51 NC8 H NC8-33 5 -1.248 +0.001 6.720 6.748 +0.417 695 159 -77.1 2.4587 610 1.70 34.90
475 5.23 CSF || 141-201 6 -1.896 +0.002 6.722 6.754 +0.476 720 150 -79.2 2.4577 930 21.50
475 5.51 NC8 || NC8-3 5 -2.166 +0.001 6.730 6.759 +0.431 545 146 -73.2 22.88
6 450 3.77 CSF | 142-56 5 -0.846 +0.001 6.728 6.759 +0.461 523 180 -65.6 2.4616 2.4614 -0.008 635 380 -40.2 0.76 13.12 38.03 +189.9
450 3.77 NC8 | NC8-55 3 -0.856 +0.001 6.746 6.745 -0.015 512 160 -68.8 2.4665 2.4581 -0.341 747 422 -43.5 0.81 1.79 +121.0 10.94 33.45 +205.8
450 3.77 CSF || 142-235 3 -1.382 +0.001 6.736 250 2.4579 1.72 3.37 +95.9 23.80
450 3.77 NC8 || NC8-223 3 -1.380 +0.001 6.755 6.756 +0.015 502 172 -65.7 2.4652 2.4597 -0.223 1520 815 -46.4 1.40 2.60 +85.7 25.35
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TABLE C10. H-3-10 Experimental Results

Crystallite Parameters, R Young's Modulus Electrical Resistivity Coefficient of Thermal
Fluence, No. of c L a L, i« _6 ~ 4 . _6 o (a)
Capsule Temp, nvt x 10-21 Sample Sample Capsules Length Change _ = c psi x 1076 ohm-cm x 10 Expansion 1079 per °C
Position _°C (E > 0.18 MeV) _Code  Number _ Used AL/Lo, % Initial Final A¢/Co, % 1Initial Final OALc/leg, % Initial Final _22/26, % Initial Final Ala/lag, % Initial Final %E/Eo, ® Initial Final 20/00, % 125 225 325 425
1 300 2.07 CSF H 142-55 3 -0.359 +0.002 6.719 6.789 +1.042 490 140 -71.4 2.4616 1670 0.76 1.51 +98.7 13.59 38.34 +182.1
300 2.07 NC8 % NC8-54 3 -0.389 +0.002 6.755 6.778 +0.340 442 162 -63.3 2.4659 1010 0.80 11.57 35.46 +206.5
300 2.07 CSF || 142-230 3 -0.717 *0.003 6.724 6.781 +0.848 505 137 -72.9 2.4618 1050 1.69 3.19 +88.8 7.35 25.14 +242.0
300 2.07 NC8 || NC8-228 3 -0.717 +£0.002 6.728 6.776 +0.713 465 145 -68.8 2.4625 1000 1.50 6.83 25.97 +280.2
2 600 8.52 CSF H 141-2 7 -1.289 +0.003 6.718 6.766 +0.714 685 149 -78.2 1.39 39.74 3.18 3.58
600 9.41 NC8 H NC8-34 8 -1.365 *0.002 6.720 6.756 +0.536 748 132 -82.4 1.59 33.86 3.19
600 7.99 CSF || 142-220 7 -2.726 £0.001 6.733 6.778 +0.668 510 151 -70.4 2.464 486 24.36 1.60
600 8.65 NC8 || NC8-11 7 -2.504 +0.001 6.719 6.754 +0.521 595 155 -73.9 2.44 24.61 1.33
3 725 12.95 CSF H 141-7 8 -0.923 +0.006 6.725 6.769 +0.654 560 127 -77.3 1.33 41.52 4.33
725 14.49 NC8 H NC8-31 9 -0.378 +0.004 6.722 6.744 +0.327 762 136 -82.2 39.57 4.25
725 5.98 CSF || 141-202 4 -1.469 *0.001 6.720 6.752 +0.476 680 150 -77.9 2.92 24.86 1.61
725 11.50 NC8 || NC8-1 7 -3.806 *0.001 6.725 6.759 +0.506 680 147 -78.4 2.57 25.28 1.39
4 775 17.71 CSF H 141-5 10 +2.343 +0.008 6.739 6.774 +0.519 630 115 -81.7 51.67 4,24 5.33 5.59 5.86
775 17.71 NC7 F NC7-33 10 +6.657 +0.001 6.722 6.794 +1.071 645 113 -82.5 68.97 7.23
775 17.71 CSF || 141-204 10 -6.877 +0.002 6.734 6.776 +0.624 580 126 -78.3 1.84 35.17 1.62 2.03 2.18
800 16.41 NC8 || NC8-2 9 -5.964 0.013 6.723 6.781 +0.863 735 118 -83.9 31.21 2.05
5 475 10.79 CSF H 141-1 10 -1.583 20.001 6.718 6.764 +0.685 700 140 -80.0 1.79 36.31
475 8.37 NC8 H NC8-33 7 -1.486 :0.001 6.720 6.752 +0.476 695 143 -79.4 34,59
450 8.09 CSF || 141-201 8 -3.112 x0.001 6.722 6.761 +0.580 720 131 -81.8 23.82
475 8.37 NC8 || NC8-3 7 -3.294 $0.002 6.730 6.774 +0.654 545 140 -74.3 23.62
6 425 4.91 CSF H 142-56 3 -1.048 0.001 6.728 6.756 +0.416 523 127 -75.7 2.4616 635 0.76 1.67 +119.7 13.12 38.73 +195.2
425 4.91 NC8 H NC8-55 4 -1.027 0.001 6.746 6.759 +0.193 512 143 -72.1 2.4465 747 0.81 1.96 +142.0 10.94 36.53 +233.9
425 4.91 NC8 || NC8-223 4 -1.799 %0.001 6.755 6.759 +0.059 502 146 -70.9 2.4652 1520 1.40 2.74 +95.7 6.91 24.30 +251.7
475 4,38 NC8 || NC8-214 3 -1.519 *0.001 6.755 6.789 +0.503 520 138 -73.5 2.4655 867 1.48 2.87 +93.9 6,34 24,51 +286.6

(a) Mean CTE, 25 °C to the temperature tabulated. Final after irradiation.
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TABLE C12. H-3-12 Experimental Results

] . Crystallite mwﬂwaoﬁwﬂmu’m , <oc=w_moZo&chm Electrical Mmmwmﬁw,\wﬁﬁ
Capsule Temp. =<M=m=mm“5 Sample Sample nmmwcwwm Length Change < sc/e . Le AL /L 5 2 ra/a, § Torm fa —7 AL./lag, ¥ T Hm;ﬁ BE/E_, % Hmwﬂwwmﬂ xmwmmy splog, %
Position °C (E > 0.18 MeV) Code  Number Used 0’ Tnitial Final ~=/=o’ Tnitial Final c! #Co? Tnitial Final °“£ %0 nitial Fina a
+ .
1 300 3.19 CSF |  142-55 5 -0.699 £ 0.002 6.719 490 2.4616 1670 0.76 H.bw HMN.M ww.ww MM.MM +WMM.W
300 3.19 NC8 |  NC8-54 5 -0.719 + 0.002  6.755 442 2.4659 1010 0.80 H.w 000 LT S0 e
300 3.19 CSF || 142-230 5 -1.270  + 0.003 6.724 505 2.4614 1050 1.69  3.23 o ST
300 3.19 NC8 || NC8-228 5 -1.270 + 0.002 6.728 465 2.4625 1000 1.50 0 2.30 : '
2 600 10.58 CSF | 141-2 9 -1.439 : 0.002 6.718 685 W”MM 5310
600 11.47 NC8 |  NC8-34 10 -1.293 + 0.001 6.720 748 - 2 os 24 38
600 10.05 CSF || 142-220 9 -3.740 & 0.001 6,733 510 2.464 ) a5 2458
600 10.71 NC8 || NC8-11 9 -3.364 & 0.001 6.719 595 N
3 750 15.99 CSF | 141-7 10 +0.058 + 0.007 6.725 560 H”MM Mwumm
725 17.53 NC8 |  NC8-31 11 +1.156 + 0.011 6.722 762 2o 24 58
725 9.02 CSE || 141-202 6 -2.922 & 0.001 6.720 680 ) 2626
725 14.54 NC8 || NC8-1 9 -5.321 & 0.001 6.725 680
4 775 21.26 CSF | 141-5 12 +6.840 + 0.012  6.739 630 1.4 MM”WM
775 21.26 NC7 | NC7-33 12 +14.048 & 0.001 6.722 645 2 ) 43 43
775 21.26 CSE || 141-204 12 -7.731 1 0.006 6.734 580 ) 10 82
800 19.96 NC8 || NC8-2 11 -7.099 + 0.013 6.723 735 N
5 500 14.19 CSF | 141-1 12 -1.012 s 0.005 6.718 700 WHMM MMHMH
500 11.77 NC8 |  NC8-33 9 -1.014 & 0.015 6.720 695 126
475 11.49 CSE || 141-201 10 -4.808 & 0.002 6.722 720 y 25 08
500 11.77 NC8 || NC8-3 9 -4.784 & 0.005  6.730 545 s a1y eares
6 500 3.72 CSF | 142-27 5 -0.915 + 0.001 6.733 480 2.465 622 1.11 H.MM HWM.N MH.ON ne e
525 4.80 NC8 | NC8-53 4 -0.941 + 0.001 6.751 550 2.4648 905 o M.ON 7700 6.30 2595 +277.8
525 5.86 NC8 || NC8-214 4 -2.084 + 0,001 6.755 520 2.4655 867 1.48 .oo +o».m ﬂ.hm NQ.NO e
525 4.80 NC8 || NC8-222 4 -1.619 & 0.001 6.728 532 2.4632 1000 sz ’ . ’
A 325 0.30 TSX || DIAL A-L 1 -0.118 & 0.017
TSX | DIAL A-D 1 +0.006 + 0.006
CSF |  142-151 1 -0.023 & 0.002
CSF || 142-290 1 -0.118 & 0.001
CSE || 222-216 1 -0.104 + 0.002
NC8 |  NC8-159 1 -0.059 + 0.001
NC8 || NC8-250 1 -0.157 & 0.002
TSGBF |  225-29 1 +0.026 =+ 0.001
TSGBF || 225-216 1 -0.029 '+ 0.002
JOz | 65-18-67 1 +0.044 = 0.003
JOzZ || 65-18-265 1 -0.275 + 0.004
SX5 | 65-22-2 1 +0.045 =+ 0.001
SX5 || 65-22-203 1 +0.019 =+ 0.001
H319 | GLY-2 1 -0.038 & 0.003
H319 || GLY-204 1 -0.014 + 0.002
H205 || 63-50-14 1 -0.056 + 0.002
H205 || 63-50-16 1 -0.053 =+ 0.001
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TABLE C15. H-3-21 Experimental Results

: i . . R
mpcm:nmuﬁ No. of Length Change < T Crystallite vmamamwmp R I mwf“c”mlw Modulus mMMMWMMnNHHMMmeﬂH<HﬁN oowmm. omojmmmeH Expansion
nmmmsmm Temp, nvt x 10 Sample Sample Capsules AL/Lg, % — - >M\Mo. 5 — - AL/Le , % — - ra/a o — - AL /L o Imwlfi. - - AEJE B — - bo/o . 10 per n ACTE/CTE 5
Position °C (E > 0.18 MeV) Code Number Used Initial Final Initial Final ¢/ “Co Initial Final =/ 20> ° Initial Final a’ “ao? Initial Final 0> Initial Final o’ Initial Final 0’
- 1A 375 0.07 CSF | 222-23 1 +0.000 +0.002  6.744 268 v 14.67 36.46 +148.5
375 0.07 TSGBF |  225-11 1 +0.033 +0,002  6.789 245 25.46
375 0.07 Joz | 65-18-57 1 +0.026 +0.004  6.734 237 17.37 31.91  +83.7
375 0.07 Joz || 65-18-250 1 +0.001 +0.003  6.757 248 13.21 26.86 +103.3
. 375 0.07 63-19 |  63-19-12 1 +0.012 +0.003 18.83 43.79 +132.6
375 0.07 63-38 |  63-38-12 1 +0.015 +0.003  6.769 254 39.94 77.14  +93.1
1B 425 0.10 CSF || 222-208 1 -0.011 #0.002  6.737 295 7.59
425 0.10 TSGBF |} 225-213 1 +0.030 $0.003  6.773 245 14.08 24.83  +76.3
425 0.10 Joz | 65-18-56 1 +0.012 +0.003 15.06 28.68 +90.4
” 425 0.10 Joz || 65-18-259 1 +0.002 +0.002  6.746 284 12.94
425 0.10 65-9 ||  65-9-205 1 -0.007 %0.001  6.761 201 9.18 19.68 +114.4
425 0.10 CrpCs || 61-69-213 1 -0.026 0.002  6.739 258 5.12 14.16 +176.6
27 525 0.14 TSX | 167-171 1 +0.013 +0.001  6.742 283 17.89
525 0.14 Joz | 65-18-55 1 +0.008 +0.001 6.734 272 15.27 27.80 +82.0
525 0.14 Joz || 65-18-252 1 +0.014 +0.002  6.744 308 13.30 25.65 +92.8
525 0.14 65-9 | 65-9-48 1 -0.008 0,002 6.751 210 12.80 24.12  +88.4
525 0.14 1 61-56-24 1 +0.022 0.003  6.774 297 16.79 39.69 +136.4
525 0.14 AlyCz | 61-73-12 1 +0.026 +0.003  6.749 219 : 18.92
2B 600 0.18 TSX || 167-210 1 +0.018 +0.003  6.739 243 4.45
600 0.18 TSGBF || 225-203 1 +9.069 £0.002  6.790 240 15.81 26.40 +67.0
600 0.18 Joz || 65-18-255 1 +0.021 *0.001  6.756 235 13.49 24.83  +84.1
600 0.18 V,05 || 61-70-215 1 -0.015 *0.001  6.737 368 5.69
600 0.18 || 61-56-212 1 +0.013 £0.001  6.739 323 4.93
600 0.18 AlyCs || 61-73-214 1 +0.015 £0.002  6.744 267 11.61 29.23 +151.8
3A 700 0.23 CSF | 222-14 1 +0.034 +0.002 13.48 30.71 +127.8
700 0.23 TSGBF |  225-13 1 +0.106 +0.002  6.759 265 26.90 45.81  +70.3
. 700 0.23 Joz | 65-18-54 1 +0.058 +0,001  6.754 261 17.47 31.54  +80.5
700 0.23 63-19 | 63-19-13 1 +0.043 $0.002  6.759 278 17.53
700 0.23 CryCsz | 61-69-11 1 +0.037 +0.003  6.737 261 14.41
. 700 0.23 V,0c | 61-70-11 1 +0.037 £0.002  6.737 285 17.46 38.58 +121.0

(a) Mean CTE, 25-425 °C.
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TABLE (C15. (contd)

Fluence, No. of - . Crystallite vmamawwmam. R - ‘<ocstM Modulus Electrical me.Hmﬁ:wC\ Coeff. of Thermal Expansion
Capsule  Temp, nvt x 10-21 Sample Sample  Capsules Length nrmﬂmm = \ c . = . a J L 10 . owawna x.po A . ACTE/CTE , %
Position _°C (E > 0.18 MeV) Code Number Used AL/Lo, % Initial Final 2¢/S0» % Tnitial Final 2 c/Yco’ % Tnitial Final %3/30» % Tnitial Final “La’lac> ¥ Initial Final “E/Fos % Initial Final 2?/Po> 0’
6A TSX | 167-M6 1 6.739 273 17.76
Joz | 65-18-50 1 6.761 231 16.02 6.37
65-9 | 65-9-51 1 6.759 211 14.54
63-37 | 63-37-13 1 6.744 272 6.41
H205 | 63-50-12 1 6.774 201 15.95
Crz03 | 61-67-11 1 6.737 308 18.36
6B TSX || 167-216 1 6.742 240 5.84
TSGBF | | 225-219 1 6.776 260 14.41 2.51
Joz || 65-18-258 1 6.746 263 12.57 5.59
65-9 || 65-9-206 1 6.761 205 9.67
H205 || 63-50-211 1 6.769 222 20.13
Cry03 || 61-67-216 1 6.747 261 6.44
7A CSF | 222-13 1 6.749 245 13.96
Joz | 65-18-53 1 6.752 241 15.77
65-9 | 65-9-54 1 6.759 219 14.08 6.62
63-16 | 63-16-1 1 6.764 248 17.02
63-19 | 63-19-11 1 6.756 270 17.85
63-50 | 63-50-11 1 6.766 223 14.63 5.67
7B CSF || 222-214 1 6.744 272 7.38
Joz || 65-18-253 1 6.759 225 13.49
63-16 || 63-16-201 1 6.759 237 16.49
63-19 || 63-19-214 1 6.746 303 16.63
63-38 || 63-38-215 1 6.774 254 30.70
H205 || 63-50-210 1 6.769 198 18.14 6.31
a. Mean CTE, 25 to 425 °cC,.
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BNWL-1056B

TABLE (C16. (contd)

Fluence No. of . - Crystallite wwawamwmamv R - .«ocsmuw Modulus Electrical zwm»mﬁf\wﬁv\ Coeff. of Thermal Expansion
Capsule Temp, nvt x 1021 Sample Sample nmﬁwzwwm Length nrwwmw — o < o — o S — o I\mF . o ohm-cm_x 10 B o
Position _°C _ (E > 0.18 MeV) Code Number Used BL/Lo, % 1nitial Final “£/S0» % Tnitial Final 2Lc/Leos ® Initial Final 22/30s * nitial Final “Ya/Ya0>® nitial Final %/For ¥ Initial Final 2°/Por ® ACTE/CTE,, %
3B 925 2.34 NC8 || NC8-257 1 -0.751 #0.001  6.720 393 6.82 21.07 +208.9 1.52
925 2.34 TSGBF | | 225-202 1 -3.297 #0.001  6.771 260 17.26  27.81  +61.1 2.09
925 2.34 sx4 || 65-21-205 1 -0.553 0,001  6.734 264 10.18  22.79 +123.9 3.84
925 2.34 DS13 || 65-20-251 1 -0.605 *0,002  6.734 244 14.85 21.89  +47.4 3.24
925 2.34 H323 || 65-30-201 1 -0.383 #0,017  6.746 238 14.63 4.98
925 2.34 H319 || 65-32-201 1 -0.553 #0.001  6.737 295 10.80  20.99  +94.4 3.29 3.72 +13.0
4A 925 2.68 CSF | 222-24 1 -0.587 %0.002  6.720 366 15.04  36.38 +141.9 3.49 3.41 -2.2
925 2.68 V,05 | 61-70-15 1 -0.472 #0.001  6.724 345 15.88  38.22 +140.7 3.60 3.33 -7.5
925 2.68 63-38 | 63-38-18 1 +0.360 £0.002  6.749 309 41.48 6.68
925 2.68 63-16 | 63-16-3 1 +0.316 $0.001  6.749 243 17.30  26.44  +52.8 6.26 4,32 -30.9
925 2.68 Al,C3 | 61-73-13 1 -0.585 #0.001  6.724 323 17.30  46.90 +171.1 2.91 2.93 +0.5
925 2.68 SXs | 65-22-5 1 +0.151 0,002  6.737 287 12.56  26.57 +111.5 5.12 5.31 +3.6
4B 950 2.91 CSF || 222-201 1 -1.331 #0.001  6.724 340 7.47  23.63 +216.3 1.55
950 2.91 V205 || 61-70-217 1 -1.293 #0.001  6.724 505 7.41  22.78 +207.4 1.01 1.02 +1.8
950 2.91 63-38 || 63-38-218 1 -1.180 *0.003  6.751 276 34.65 4.80
950 2.91 63-16 || 63-16-203 1 +0.265 *0.001  6.746 263 17.08  25.47  +49.1 6.24 4.34 -30.4
950 2.91 AlyCs || 61-73-219 1 -1.182 #0.001  6.727 300 14.84 38,76 +161.2 1.05 0.98 -5.9
950 2.91 SX5 || 65-22-205 1 -0.494 %0.002  6.737 254 10.60  23.13 +118.2 4.05 4.39 +8.3
S5A 975 3.04 NC8 | NC8-152 1 -0.701 #0.001  6.722 352 13.54  32.48 +139.9 3.16 2.68 -15.0
975 3.04 TSGBF | 225-20 1 +0.327 20,001  6.759 278 24.64  39.55  +60.5 4.37 4.95 +13.3
975 3.04 Joz | 65-18-63 1 +0.775 +0.001  6.746 253 16.15 28.85 +78.6 6.15 4.34 -29.4
975 3.04 MSRE | 65-38-2 1 +0.199 $0.001  6.720 364 17.24  30.01  +74.1 3.43 3.73 +8.8
975 3.04 GN | 65-29-5 1 -1.100 #0.002  6.737 270 15.35  28.43  +85.2 2.78 2.55 -8.2
975 3.04 9567 | 65-37-1 1 -0.606 0,001  6.720 423 12.83  35.53 +176.9 3.25 2.80 -13.9
5B 1000 3.04 NC8 || NC8-258 1 -1.819 *0.002  6.722 343 6.75 19.28 +185.6 1.42 1.12 -21.3
1000 3.04 TSGBF | | 225-214 1 -5.137 +0.002  6.764 282 17.26  30.14  +74.6 2.74 2.75 +0.2
1000 3.04 Joz || 65-18-261 1 -0.569 +0,001  6.744 253 13.29  25.25  +90.0 5.52 3.82 -30.9
1000 3.04 MSRE | | 65-38-202 1 -3.221 %0.002  6.732 262 5.67 15.52 +173.7 0.84 0.99 +17.2
1000 3.04 GN || 65-29-202 1 -2.250 0,001  6.734 262 11.54  22.41  +94.2 1.90 1.99 +4.5
1000 3.04 9567 || 65-37-201 1 -4.097 +0,001  6.724 330 4.82  16.54 +243.,2 1.09 1.10 +0.2

a. Mean CTE, 25-425 °C.
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Fluence,

Length Change

TABLE (C17.

Parameters, R Young's Modulus

H-3-23 Experimental Results

Electrical Resistivity

ohm-cm x 10

Capsule Temp, nvt x 10°21 Sample Sample AL/L o —_— - . psi x 10°°
Position °C (E > 0.18 MeV) Code Number o> ° Initial Final Initial Final Initial Final 4a/ao, Initial Fina a0’ °Initial Final
1A 600 0.64 TSX || DIAL 1A-L 1 +0.032
600 0.64 TSX | DIAL 1A-D 1 +0.010
600 0.64 NC8 | NC8-154 1 +0.002
600 0.64 NC8 || NC8-251 1 +0.002
600 0.64 CSF | 142-150 1 +0.001
600 0.64 CSF || 222-235 1 +0.002
600 0.64 TSX | 185-151 1 +0.002
600 0.64 TSX || 185-250 1 +0.001
600 0.64 TSGBF | 125-36 1 +0.001
600 0.64 TSGBF || 125-239 1 +0.001
600 0.64 Joz | 65-18-64 1 +0.002
600 0.64 Joz || 65-18-262 1 +0.002
600 0.64 SXs | 65-22-1 1 +0.002
600 0.64 SXS5 || 65-22-201 1 +0.002
600 0.64 H313 | 64-17-4 1 +0.002
1B 625 1.03 TSX || DIAL 1B-L 1 +0.035

625 1.03 TSX | DIAL 1B-D 1 +0.015
625 1.03 NC8 || NC8-253 1 +0.002
625 1.03 CSF | 142-161 1 +0.002
625 1.03 CSF || 142-302 1 +0.001
625 1.03 TSX | 185-153 1 +0.001
625 1.03 TSX || 185-257A 1 +0.001
625 1.03 TSGBF | 125-37 1 +0.001
625 1.03 TSGBF || 125-235 1 +0.001
625 1.03 Joz || 65-18-263 1 +0.001
625 1.03 H207-85 |  GLZ-3 1 +0,002
625 1.03 H207-85 || GLZz-201 1 +0.002
625 1.03 9567 | 65-37-3 1 +0.002
625 1.03 SXs || 65-22-202 1 +0.001
625 1.03 H313 | 64-17-202 1 +0.002

a. Mean CTE, °c.

)

Initial Final

32.56
19.90
37.67
36.78
33.99
16.38
36.87
26.00
28.10
25.14
25.81
23.36
29.94

20.38
38.55
22.93
36.27
33.57
38.10
25.81
25.86
23.11
20.99
38.02
23.80
26.94

BNWL-1056B

Coeff. of Thermal Expansion

o (a)
O per °C "~ 8CTE/CTE, %

Final
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‘ BNWL-1056B

TABLE C17, (contd)

.

. Fluence No. of - - Crystallite wmamsawm%m. R . .<o::muw Modulus Electrical szwmmH<Wﬂ< Coeff. of Thermal Expansion
) Capsule Temp, nvt x Hoump Sample Sample Capsules Length mrw:mm _ o — & AL /L s % — o a o —psi x 10 o _ohm-cm x 10° B Ho.o per ommmu
Position °C (E > 0.18 MeV) Code Number Used EL\ro“ ° Initial Final >M\MO“ ° Initial Final ¢ C Initial Final ba/ay, % Initial Final ELm\rmov ° Initial Final LE/Eo, % Initial Final >o\oo~ o Initial Final >mam\mﬂmo“ o

5A 975 5.27 NC8 | NC8-152 2 +0.022 *0.001 13.54 29.40 +117.1 3.16 2.72 -13.9

975 5.27 TSGBF | 225-20 2 +11.460 0,008 24.64 62.16 +152.3 4.37
975 5.27 Joz | 65-18-63 2 +1.281 0,001 16.15 23.40  +44.9 6.15 2.62 -57.4
975 5.27 GN | 65-29-5 2 +0.593 *0.002 15.35 26.03  +69.6 2.78 3.31 +19.4
975 5.27 9567 | 65-37-1 2 -0.443 *0.002 12.83 30.43 +137.2 3.25 2.49 -23.4
975 5.27 MSRE | 65-38-2 2 +2.590 *0.001 17.24 28.22  +63.7 3.43 4.06 +18.4
5B 1000 5.35 NC8 || NC8-258 2 -4.458 0,001 6.75 15.83 +134.5 1.42 1.22 -14.7

1000 5.35 TSGBF || 225-214 2 -3.590 *0.002 17.26 36.27 +110.1 2.74
- 1000 5.35 Joz || 65-18-261 2 -2.056 *0.001 13.29 19.65 +47.8 5.52 2.24 -59.5
1000 5.35 GN || 65-29-202 2 -3.074 0,001 11.54 18.81  +63.0 1.90 2.36 +23.9
1000 5.35 9567 || 65-37-201 2 -6.629 20,001 4.82 12.04 +149.8 1.10 0.96 -12.2

1000 5.35 MSRE | | 65-38-202 2 -7.299 20.001 5.67 7.64  +34.7 0.84

6A 975 5.20 TSX | 167-M4 2 +0.407 %0.002 15.61 36.69 +135.0 3.44

775 2.86 CSF | 142-154 2 -0.763 +0,001 16.61 35.24 +112.2
775 2.86 NC8 | NC8-150 2 -0.676 £0.001 14.34  31.13 +117.1
975 5.20 DS13 | 65-20-4 2 -2.184 £0,001 14.52 17.17  +18.2 3.42
975 5.20 sx4 | 65-21-6 2 -0.077 *0.001 12.96 22.70 +75.2 5.04
975 2.32 Joz || 65-18-266 1 -0.142 +0.001 19.86

a. Mean CTE, 25-425 °C.
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TABLE C18.

Young's Modulus

BNWL-1056B

H-3-24 Experimental Results

Electrical Resistivity

Coeff. of Thermal Expansion

Capsule Temp, :chmsmmNNH Sample Sample nuwwcwwm Length Change psi x Ho.@ o ohm-cm x Hoa " Ho.o er onduv %
Position _°C (E > 0.18 MeV) Code Number Used AL/Lg, % Tnitial Final °F/Eo> % 1oieial Fimar 2°/f0> ® nitial TFinal ACTE/CTE, %
1 600 1.42 CSF | 142-150 2 -0.178
600 1.81 CSF || 142-302 2 -0.413
600 1.42 NC8 | NC8-154 2 -0.176 13.43  34.24 +155.0 3.18
600 1.81 NC8 || NC8-253 2 -0.360 21.45 1.34
600 1.42 TSX | 185-151 2 -0.211 36.26 2.72
600 1.42 TSX || 185-250 2 -0.356 17.84 0.66
600 1.42 TSGBF |  125-36 2 -0.214 38.82 3.93
600 1.42 TSGBF || 125-239 2 -0.356 25.25 2.73
600 1.42 | 64-17-4 2 -0.027
600 1.81 [| 64-17-202 2 -0.192 3.97
600 1.42 | 65-18-64 2 +0.060 28.56 6.86
600 1.81 | 65-18-263 2 -0.084
600 1.42 || 65-18-262 2 -0.044 25.41 5.72
600 1.42 1 65-22-1 2 -0.062 27.05 5.68
600 1.42 [l 65-22-201 2 -0.144
600 1.81 || 65-22-202 2 -0.197 25.36 5.13
600 1.81 1 65-37-3 2 -0.162 38.31 3.60
600 1.81 | oLz-3 2 -0.165 23.00
600 1.81 || GLz-201 2 -0.281 21.35 4.60
2 750 4.05 CSF | 142-154 3 -0.962 16.61  34.86 +109.9 3.79
750 4.29 CSF || 222-205 3 -2.090 7.52  19.90 +164.6 1.43
750 4.05 NC8 | NC8-150 3 -0.813 14.34  32.88 +129.3 3.11
750 4.29 NC8 || NC8-256 3 -1.917 6.97  16.69 +139.4 1.14
725 3.64 1 65-21-4 3 -0.483 13.08  25.06 +91.6 4.70 4.71 +0.2
750 4.13 | 65-21-204 3 -1.485 9.75  18.19 +86.6 3.57 3.37 -5.6
3 825 1.41 Joz | DIAL 3-L 1 -0.090
4 875 4.09 TSX | 185-154 2 -0.596 33.29 2.66
875 4.09 TSX || 185-254 2 -1.765 18.36 0.55
875 4.09 TSGBF |  125-33 2 +0.084 36.10 4.30
875 4.09 TSGBF || 125-230 2 -4.382 26.48 3.82
875 4.09 Il 63-16-202 2 -0.011 28.58 3.89
900 2.07 T 63-30-3 1 -1.219
900 2.07 Il 63-30-204 1 -2.862 0.91
900 2.07 T 63-36-6 1 -0.655 3.17
900 2.07 Il 63-36-200 1 -0.648
875 4.09 1l 63-38-5 2 -0.110 68.86 5.32
875 4.09 1l 64-17-2 2 -0.653
875 4.09 1l 65-8-2 2 -0.400
875 4.09 || 65-18-264 2 -0.452
875 4.09 1 65-22-4 2 -0.043 27.03 4.71
900 2.07 | 65-37-11 1 -0.375 8.06 27.95 +246.8 2.28
900 2.07 [] 65-37-218 1 -0.561 5.57 17.99 +223.0 1.45 0.78 -46.2
900 2.07 1 66-9-43 1 -0.276 29.64
900 2.07 | 66-13-2 1 -0.801 0.71 16.66 2.86 2.73 -4.5
900 2.07 [| 66-13-200 1 -1.093 20.67
a. Mean CTE, 25-425 °C.

c-27



8C-0

Jo $85-92 ‘4LO uvepy °®
9'69- ¢z°1 S0 ¥ T L5+ S9'9T  09°0T €152 S02-22-59 [ 8T°8
1°59- 72°1 0S°¢ 6779+ TL°9T  97°0T STy ¢- 902-12-59 [ 10°8
9°69- 061 vZ9 ARXEY L1°9Z  80°LT 9080+ £07-91-€9 ] 818
L9y~ 950 SO0 T LT8ST+ 6¢°8¢ v8 YT 887" L~ 612-€L-19 N 81°8
8°9T- v8°0 T0°T S opT+ S7'8T  Tv'L 0L0°8- LTZ-0L-T9 I 81°8
1°L- by SS°T v gsT+ 18° LT Ly L 887°9- ¢ 102-222 [| 480 8T1°8 SL6 L
0°9L- €71 Zts vrL9+ €0°T1Z  95°2T €05 0+ §5-7z-59 | 056
$°69- 161 929 pree+ 80°¢Z  08°LI 06t 0+ ¢-9T-¢9 | 056
€01~ 19°7 16°7 8GST+ 08°0%  0§°LIT 120°0- ST-$L-19 [ 056
L6~ sz ¢ 09°¢ LTSTT+ ¥8°S¢  88°ST 9TZ 7+ ST-04-T9 [ A 056
88°¢ vrzTI+ 6785  97°LI $79°7- 707-52¢ | 14981 08°9 S76
S TI- 60°¢ 6v°¢ L VTT+ 62°2¢  $0°ST 9580+ ¢ vz-22¢ T ds0 v L 056 9
7 p- 1579 98°9 LS7T+ 8¢ L8 95°9T ST T ZIT T+ 10Z-7-99 T
1°1- 79 879 L10ST+ §9°L8 799l I°¢T+ 8¢°T 771 9760+ T-¥-99 |
v°6- rT9 8L°9 9" 68+ v 1S LSU9T 776+ 061 vl T YOT T+ 007-2%-59 T
voT+ €0°L £6°9 9°21-  tL°1 66T 071 T+ 7-7t-59 |
6°07- 61" 0s°S € 79T+ 89°vz  Tv'6 €51 0Sv°0- L0Z-22-59 |
1°0¢- 9z ¥ €€°§ v opT+ 86°¥Z  ¥I°0T L70S+  T1°2 ov'1 057°0- 81-22-S9 T
8°8T- vz ¢ 66°¢ 7°8ST+ Y6 ¥Z 9976 6" I+ €61 891 v08°0- 607-12-59 |
0°8T- S0°v v6'v v rST+ 6v°Sz 70701 871+ 0S°'I ge°1 £9%°0- 8-12-59 T
9°8Z- 90" v 69°S 9°¢0T+ v7'97 68771 0¢°T SY1°0- 6L7-81-59 |
9712~ A L9°9 606+ 10°L2  ST'¥I £9°1T 04870+ ZL-8T1-59 T
0°81- vy LTS 8 80T+ ys0s 777t 00°T S$88°0- 10Z-9L1-%9 |
S°ST- 1v°s 09 8 6ST+ S8'%S €S HT 6°TI+ 2S°T 81T ZTT1 0+ $-9LT-19 T
9°9T- 767 0S¢ yUIST+ 69°8%  $0°'T1¢ L°0v+ €870 6S°0 LIy T- 707-9S1-t9 |
8°9- oY 86" 7°9¢T+ £8°9S 90" ¥2 6°ST- £5°0 £9°0 662°0- y-4$1-%9 T
oV 'y 9 STT+ v6 ¥9  ZI1°0¢ 7LS°0- 727-85-¢9 [
6°8- 99°§ 12°9 0°T8+ LL'TL  99°6€ 0y 0 YY1 0+ §7-85-€9 T
1°81- $v°S £9°9 8°GL+ vet 0§ 977 LT 7°0T-  6S°T LT €850+ 0TZ-9T-£9 ] 8v°z SL6
AR A 96 ¥ v$°9 6908+ 9z°0¢  6T°9T 0°9- LS°T L9° T 79570+ €T1-91-€9 T 812 SL6
) vrLT- 66°7 79°¢ T°08T+ 78°LS  0S°€T 0°69+ 8670 85°0 PvS°0- 1 9¢-5¢7 T dso 8v 7 SL6 S
<O BUT BIZTIU <0 BUT BTIITU < - —
3 %aLo/aLov mewmlmwmﬁwmmw 3 f9/9v M-ow@x e ¢ /v H\wmmaxm|wmmlw mm:N:WOMMMMQA mommMmmu otduvs a1 duss ﬁ>®ﬂNmMHOXprw ‘dusy ornedey
uotsuedxg TewIsayL FO °"JFFo0D AITATISTISOY TeDOTIIDa[F SNTNPON S,JUNOx 3o "oN ‘oduaniyg
(pguo?d) ‘8r0 HIGV.D

g9S0T -"TMNY



TABLE C18.

(contd)

BNWL-1056B

Coeff. of Thermal Expansion

Fluence, o No. of |yoin Change | Young's Modulus Electrical Resistivity'

Capsule Temp, | nvt x 10-21 Sample Sample | Capsules >M\r % & AEJE , % ohm-cm x_10° ACTE/CTE_, %
Position °C | (E > 0.18 MeV) | _Code | Number | _Used | o’ o’ * Infefal Final 2°/°o> o’
8 1000 8.65 NC8 H NC8-152 3 +6.308 13.54 39.52 +191.9 +24 A

TSGBF |  225-20 +34.80 24.64
1 65-18-63 +5.343 16.15 27.42 +69.8 -87.0
1 65-29-5 +6.547 15.35 37.56 +144.7 +20.9
1 65-37-1 +6.082 12.83 45.46 +254.3 +10.5
1 65-38-2 +10.353 17.24 34.75 +101.6 +17.5
9 1075 3.49 CSF | 233-20 1 -0.791 0.57 0.98 +71.9 13.20 34,71 +163.0 4.15 2.78 -33.0
1 63-16-12 -0.106 1.39 17.43 29.24 +67.8 6.55

I 63-16-208 -0.550 1.86 14.75 28.45 +92.9 6.35 2.32 -63.5

1 64-13B-24 -0.075 52.38 4.05
I 64-13B-205 -2.759 0.58 0.84 +44.8 20.68 45.09 +118.0 3.67 2.73 -25.6
1 64-17B-2 +0.045 1.21 1.27 +5.0 14.03 30.29 +115.9 6.40 2.62 -59.1
| 64-17B-200 -2.344 0.96 13.08  27.91 +113.4 5.39 1.80 -66.6
1 63-38-27 +0.512 0.42 39.01 71.19 +82.5 6.40 3.90 -39.1
| 63-38-224 -2.850 0.50 30.50 61.00 +100.0 4.84 2.68 -44.6
1 65-18-70 +0.937 1.46 14.29 26.47 +85.2 6.64 2.92 -56.0
I 65-18-278 -1.330 1.16 13.92 26.66 +91.5 5.60 2.44 -56.4
1 65-21-10 -1.053 1.41 1.54 +9.2 10.12 23.87 +135.9 4.92 2.38 -51.6
|l 65-21-213 -1.802 1.64 1.28 -22.0 9.53  23.28 +144.3 3.91 2.03 -48.1

1 65-22-28 -0.877 2.72 9.58 22.69 +136.8 2.14
|| 65-22-211 -1.429 1.39 9.60  23.40 +143.8 4.84 2.21 _54.3
1 65-42-202 +1.765 1.76 16.31  27.28 +67.2 6.91 5.02 _27.4
| 65-42-9 +1.834 1.86 1.69 -9.1 14.53  25.20 +73.4 7.04 4.51 -35.9
1 66-4-202 +1.394 1.08 1.64  +51.8 16.01 6.98 5.78 217.2
| 66-4-2 +1.123 1.24 1.38 +11.3 15.99  32.76 +104.9 6.52 5.12 2215
10 1025 8.57 NC8 || NC8-258 3 -6.254 6.75 19.00 +181.5 1.42 0.84 -40.8

TSGBF || 225-214 +13.783 17.26 2.74
|] 65-18-261 -0.771 13.29  21.59 +62.4 5.52 2.06 -62.7
|| 65-29-202 -1.455 11.54 24.40 +111.4 1.90 1.92 +1..0
|| 65-37-201 -9.759 4.82 14.04 +191.3 1.10 1.25 +13.6
|| 65-38-202 -11.826 5.67 6.75 +19.0 0.84 0.67 -20.2
a. Mean CTE, 25-425 °C

Cc-29
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BNWL-1056B

TABLE C19. H-3-25 Experimental Results

Change
Fluence No. of Young's Modulus Electrical Resistivity Coeff. of Thermal Expansion
Capsule Temp, nvt x 10°21 Sample  Sample  Capsules rmbm~ﬂ mrw:mm psi x 1076 , _ohm-cm x 10% L, 10°® per oc(a)
Position _°C (E > 0.18 MeV) Code Number  Used _ AM/1or Tnitial Final 2F/E» % Tnitial Final “*/°0> * Tnitial rpimar ACTE/CTE,,
1 575 2.12 NC8 | NC8-154 3 -0.399 13.43  35.89 3.36
600 2.51 NC8 || NC8-253 3 -0.646 22.45 1.40
575 2.12 TSX | 185-151 3 -0.434 36.57 3.12
575 2.12 TSX || 185-250 3 -0.670 18.53 0.72
575 2.12 TSGBF |  125-36 3 -0.432 39.05 4.49
575 2.12 TSGBF || 125-239 3 -0.786 26.44 2.68
575 2.12 L 65-18-64 3 -0.018 29.50 6.29
575 2.12 || 65-18-262 3 -0.172 26.41 5. 59
575 2.12 L 65-22-1 3 -0.173 28.31 5.90
575 2.12 || 65-22-201 3 -0.298 25.53 5 12
600 2.51 | 65-37-3 3 -0.354 39.15 3.7
550 0.70 | 66-7-4 1 -0.137 22.84 3.15
550 0.70 L 66-7-9 1 -0.135 2.77
550 0.70 || 66-7-200 1 -0.170 6.55 15.31 +133.7 5 15 0.98 281.0
550 0.70 |l 66-7-205 1 -0.178 3.41 6.40  15.49 +142.0  3.21 1.02 -68.2
600 2.51 | o6Lz-3 3 -0.308 23.55 544
600 2.51 || 6Lz-201 3 -0.462 21.62 1.76
550 0.70 D6189 -0.320
550 0.70 D6216 -0.265
2 725 5.12 NC8 | NC8-150 4 -0.846 14.34  29.48 +105.6 2. 89
725 5.36 NC8 || NC8-256 4 -2.588 6.97  15.14 +117.2 0.87
725 5.12 CSF | 142-154 4 -1.056 16.61  33.00 +98.7 3.39
725 5.36 CSF || 222-205 4 -2.832 7.52 17.95 +138.7 1.14
725 4.71 1 65-21-4 4 -0.639 13.08  22.49 +71.9 4.70 4.21 S10.4
725 5.20 [ 65-21-204 4 -2.000 9.75  16.98 +74.2 3.57 311 12.9
3 775 1.46 DIAL 3-L 1 -0.018
4 875 5.89 TSX | 185-154 3 -0.664 34.23 2.76
875 5.89 TSX || 185-254 3 -3.223 18.51 0.69
875 5.89 TSGBF |  125-33 3 +2.637 41.50 4.58
875 5.89 TSGBF || 125-230 3 -5.066 32.23 2.84
875 5.89 1l 63-38-5 3 -0.362 63.22 4.06
875 5.89 [| 63-16-202 3 -0.844 26.75 2.20
875 5.89 1 65-22-4 3 -0.249 25.61 3.42
875 3.87 1 65-37-11 2 -0.905 8.06  29.13 +261.4 1.79
875 3.87 ] 65-37-218 2 -1.403 5.57 20.10 +260.9 1.45 0.94 235,72
875 3.87 | 66-9-43 2 -0.597 31.81 2.79
850 1.80 || 66-9-223 1 -0.405 5.34  17.03 +218.9 0.99 0.89 -10.1
875 3.87 | 66-13-2 2 -1.631 0.71 16.66 2.86 2.46 -14.0
875 3.87 |l 66-13-200 2 -2.625 22.31 0.67
850 1.80 \_u 66-14-8 1 -0.224 9.76 26.81 +174.7 2.36 2.68 +13.6
850 1.80 || 66-14-207 1 -0.251 8.84  23.72 +168.3 2.30 2.41 +4.8
850 1.80 D5613 -0.400
850 1.80 D5412 -0.500
850 1.80 D5814 -0.587
850 1.80 D7421 -0.742

a. Mean CTE, 25-425 °C
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TABLE C19. (contd)

Young's Modulus Electrical Resistivity Coeff. of Thermal Expansion

Fluence, No. of —
Capsule Temp, nvt x 10-21 Sample  Sample  Capsules Length Change _psi x 10°° o ohm-cm x 10% . 10°° per oc(a)
Position °C (E > 0.18 MeV) Code Number Used EL\ro. ° Initial Final >m\mo. ° Tnitial Final >n\oo, ° Tnitial Final >0Hm\n~,mo~ g
8 1050 2.91 1 65-21-26 1 -0.691 0.76  0.93 +22.4 4.81
I 65-21-231 -1.241 1.50 2.23 +48.7 20.18 3.93 2.72 -30.8
1 65-22-31 -0.423 1.42 1.60 +12.7 9.45 21.33 +125.7 5.24 3.30 -37.0
I 65-22-214 -0.728 1.35 1.84 +36.3 9.54  22.06 +131.2 4.78 3.19 -33.3
1 65-37-24 -0.802 1.06 1.52 +43.4 9.05  25.06 +176.9 2.05
L 65-37-210 -1.605 1.79 5.34  16.77 +214.0  0.94 0.69 -26.6
1 66-9-3 -1.135 1.10 1.59 +44.5 8.99 23.89 +165.7 2.66 2.26 -15.0
I 66-9-232 -2.741 5.10 15.02 +194.5  0.91 0.62 -31.9
1 66-10-26 -0.760 1.45  2.66 +83.4 10.95  22.82 +108.4 5.47 3.27 -40.2
I 66-10-24 -1.213 1.43  2.20 +53.3 11.23  21.70 +93.2 5.17 2.90 -43.9
1 66-10-226 -0.666 1.96 22.64 5.71 3.40 -40.5
1 66-14-4 -0.863 24.51 2.17
[l 66-14-204 -1.250 1.24  1.47 +18.5 8.85 22.73 +156.8  2.26 1.74 -23.0
1 66-15-3 +0.732 0.85 25.28  40.32 +59.5  5.34 3.30 -38.2
[ 66-15-205 +0.829 0.85 24.20  38.00 +57.0  6.10 3.34 -45.2
1 67-1-10 +1.259 1.36  2.23 +63.9 11.74  23.31 +98.6  5.30 3.37 -36.4
Il 67-1-206 +0.050 1.42  1.56 +9.3 10.54  21.30 +102.1  4.78 2.91 -39.1
1 67-3-1 -0.668 1.87 10.96  23.72 +116.4  4.67 3.30 -29.3
| 67-3-203 -2.053 1.67  2.39 +43.1 9.29  19.71 +112.2  4.24 2.14 -49.5
9 1050 6.45 CSF | 233-20 2 +0.958 1.08 36.87 2.75
2.96 1 62-21-3 1 -0.202 14.16  35.09 +147.8  3.10 2.87 -7.4
2.96 I 62-21-200 1 -0.842 8.16  20.24 +148.0 0.87
6.45 1 64-13B-24 2 +4.486 66.37 4.84
6.45 [ 64-13B3-205 2 -2.861 1.08 53.27 2.82
6.45 1 64-17B-2 2 +4.397 33.79 3.12
6.45 I 64-17B-200 2 -2.258 2.40
) 6.45 1 65-21-10 2 -1.231 1.50 22.75 1.71
6.45 [ 65-21-213 2 -2.958 2.44 21.79
6.45 1 65-22-28 2 -1.113 1.52 21.10 1.26
6.45 I 65-22-211 2 -2.325 21.57 1.36
6.45 [ 65-42-9 2 +1.957 2.95 24.62 2.53
6.45 1 65-42-202 2 +1.747 2.76 26.39 2.52
6.45 1 66-4-202 2 +0.913 33.22 3.14
6.45 H 66-4-2 2 +0.407 1.80 32.11 2.83
2.96 1 66-14-6 1 -0.902 1.06 1.50 +41.5 9.69  24.90 +157.0  2.80 2.26 -19.3
2.96 Il 66-14-200 1 -0.977 8.67  23.21 +167.7  2.32 1.72 -25.9
2.96 D6015 -0.276
2.96 D6417 -0.750
a. Mean CTE, 25-425 °C.
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TABLE C20. H-4-1 Experimental Results

°

Fluence, No. of L h Ch . Crystallite Parameters, A Young's Modulus meOﬂwwomH»wmmwmﬂw<Mﬁ<
Capusle Temp, nvt x 10°21 Sample Sample Capsules mwmwr ¢ Msmw < rc/c g c AL /Le g . 2 _ ra/a g ] a laL /L g 5 ohm-cm x 10 ro/o 5
Position °C (E > 0.18 MeV) Code Number Used 0’ Tnitial Final ~“=' =0’ nitia ina c 0’ Initial Final o0 Tnitial Final a’/ “ap? Initial Final o’
1 450 0.52 CSF | 142-28 1 -0.030 :0.001 6.730 6.771 +0.609 583 310 -46.8 2.462 2.4645 +0.101 480 440 -8.3 0.79 1.30 +64.6 12.12 36.14 +198.2
450 0.52 TSX | 158-E13 1 -0.032 +0.001 6.729 6.768 +0.579 581 305 -47.5 2,464 2.4651 +0.044 536 812 +51.5 0.88 1.35 +53,4 11.25 31.84 +183.0
450 0.52 TSX | 158-M4 1 -0.025 +0.001 6.730 6.760 +0.445 593 325 -45,2 2.464 2.4653 +0.052 638 815 +27.7 0.89 1.38 +55.0 11.47 34.16 +197.8
450 0.52 TSX | 158-C7 1 -0.027 +0.001 6.730 6.773 +0.638 590 325 -44.9 2.465 2.4646 -0.016 863 660 -23.5 0.92 1.32 +43.5 11.30 32.90 +191.2
2 550 0.73 CSF || 142-218 1 -0.092 +0.001 6.724 6.769 +0.669 530 290 -45.3 2.466 2.4657 -0.012 745 493 -33.8 1.79 2.66 +48.6 7.23 21.17 +192.8
550 0.73 TSX || 158-210 1 -0.091 +0.001 6.725 6.773 +0.713 580 309 -46.7 2.464 2.4642 +0.008 410 740 +80.5 2.64 3.96 +50.0 5.53 17.30 +212.8
550 0.73 TSX | 158-E12 1 -0.042 +0.001 6.729 6.766 +0.549 695 385 -44.6 2.464 2.4641 +0.004 620 467 -24.7 1.12 1.41 +25.9 12.18 31.37 +157.6
550 0.73 TSGBF | 125-4 1 -0.026 +0.001 6.760 6.787 +0.399 450 350 -22.2 2.464 2.4634 -0.024 420 435 +3.6 0.90 1.01 +12.2 22.18 35.96 +62,1
3 675 0.98 CSF | 142-23 1 -0.035 +0.001 6.730 6.768 +0.564 550 330 -40.,0 2.464 2.4650 +0.040 500 752 +50.4 0.89 1.21 +36.0 12.43 33.07 +166.0
675 0.98 TSX | 158-E11 1 -0.031 +0.003 6.726 6.767 +0.609 650 332 -48.9 2.464 2.4653 +0.052 555 522 -5.9 0.91 1.37 +50.5 11.25 30.65 +172.4
675 0.98 TSX H 158-M2 1 -0.016 +0.001 6.734 6.756 +0.326 555 405 -27.0 2.464 2.4651 +0.044 505 737 +45.9 0.99 1.28 +29.3 11.45 30.98 +170.6
675 0.98 TSX % 158-C6 1 -0.026 +0.001 6.725 6.757 +0.475 660 370 -43.9 2.465 2.4640 -0.040 508 780 +53.5 0.93 1.50 +61.3 11.37 30.46 +167.9
4 700 1.11 CSF ii 142-217 1 -0.066 +0.001 6.724 6.765 +0.609 515 340 -34.0 2.464 2.4650 +0.040 697 570 -18.2 1.52 2.30 +51.3 7.05 20.58 +191.9
700 1.11 TSX || 158-209 1 -0.081 +0.002 6.732 6.757 +0.371 480 325 -32.3 2,465 2.4662 +0.048 665 795 +19.5 2.19 2.85 +30.1 6.96 19.24 +176.4
700 1.11 TSX H 158-E10 1 -0.020 +0.001 6.730 6.748 +0.267 505 245 -51.5 2.463 2.4650 +0.081 544 555 +2.0 0.92 1.34 +45.6 11.65 30.89 +165.2
700 1.11 TSGBF | 125-3 1 -0.018 +0.001 6.755 6.775 +0.296 410 248 -39.5 2.464 2.4637 -0.012 400 345 -13.8 0.93 1.31 +40.9 17.72 36.81 +107.7
5 675 1.01 CSF _* 142-213 1 -0.068 +0.001 6.735 6.762 +0.400 585 350 -40.2 2.463 2.4644 +0.056 885 787 -11.1 1.67 2.77 +65.9 7.70 21.02 +173.0
675 1.01 TSX || 158-201 1 -0.078 +0.001 6.728 6.771 +0.639 560 358 -36.1 2.464 2.4652 +0.048 890 620 -30.3 2.34 3.42 +46.2 6.05 17.87 +195.4
675 1.01 TSX | 158-E4 1 -0.030 :0.001 6.735 6.760 +0.371 610 395 -35.2 2.464 2.4607 -0.133 480 282 -41.3 1.00 1.51 +51.0 11.81 29.85 +152.8
675 1.01 TSGBF | 125-1 1 -0.020 +0.002 6.752 6.793 +0.607 451 262 -41.9 2.462 2.4636 +0.,064 350 278 -20.6 0.89 1.21 +36.0 20.00 37.56 +87.8
6 575 0.74 CSF | 142-21 1 -0.048 +0.001 6.73S 6.771 +0.534 510 385 -24.5 2.464 2.4646 +0.024 690 353 -48.8 0.73 1.15 +57.5 14.51 35.73 +146.2
575 0.74 TSX | 158-E2 1 -0.048 +0.001 6.732 6.766 +0.505 610 415 -32,0 2.463 2.4648 +0.073 465 543 +16.8 1.06 1.44 +35.8 11.14 31.02 +178.4
575 0.74 TSX | 158-M1 1 -0.050 +0.001 6.730 6.765 +0.520 600 375 -37.5 2.464 2.4647 +0.028 555 747 +34.6 0.88 1.35 +53.4 10.88 33.19 +205.1
575 0.74 TSX | 158-C4 1 -0.043 +0.001 6.73¢ 6.760 +0.356 483 310 -35.8 2.464 2.4647 +0,028 535 550 +2.8 1.15 1.45 +26.1 11.81 34.13 +189.0
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TABLE C22. H-6-1 Experimental Results

Crystallite Parameters, 2 Young's Modulus Electrical Resistivity
. Fluence No. of C L a L . -6 4

Capsule Temp, nvt x 10-21 Sample Sample Capsules rmzmmwvnvmwﬁ — Ac/c % - AL./L % Aa/a 5 . AL, /L % siox A AE/E % om-en 10 Ap/ %
Position °C (E > 0.18 MeV) Code Numbe r Used 0> ° Initial Final =/ z0> ° Initial Final c/*Cp> °Initial Final =/Zo» ° TInitial Final a’“ap’ ° Initial Final 0> ° Tnitial Final P/Pgs

1 425 0.51 CSF H 142-27 1 -0.047 +0.001 6.733 6.769 +0.534 480 255 -46.9 2.465 2.4626 -0.097 622 426 -31.5 1.11 1.43 +28.8 12.83 37.60 +193.1

) 425 0.51 TSX % 160-E7 1 -0.053 £0.001 6.735 6.770 +0.519 593 260 -56.2 2.465 2.4632 -0.073 645 345 -46.5 1.14 1.32 +15.8 10.25 33.05 +222.4

425 0.51 TSX F 158-M6 1 -0.051 +0.001 6.733 6.766 +0.490 680 242 -64.4 2.463 2.4626 -0.016 1650 772 -53.2 1.08 1.50 +38.9 11.12 35.50 +219.2

425 0.51 TSX % 160-C5 1 -0.047 +0.001 6.732 6.764 +0.475 684 280 -59.1 2.465 2.4635 -0.060 598 512 -14.4 1.05 1.45 +38.1 11.30 34,99 +209.6

2 575 0.81 CSF || 142-223 1 -0.118 +0.002 6.734 6.761 +0.400 540 279 -48.3 2.465 2.4654 +0.016 503 472 - 6.2 1.56 2.40 +53.8 7.77 25.02 +222.0

575 0.81 TSX vi 160-204 1 -0.119 +0.001 6.742 6.761 +0.281 527 310 -41.2 2.466 2.4630 -0.121 340 437 +28.5 2.31 3.40 +47.2 6.47 20.17 +211.8

575 o 0.81 TSX H 160-E8 1 -0.077 #0.001 6.730 6.756 +0.386 629 280 -55.5 2.465 2.4632 -0.073 454 298 -34.4 1.02 1.53 +50.0 10.17 30.62 +201.1

575 0.81 TSGBF H 125-7 1 -0.024 +0.002 6.751 6.770 +0.281 360 244 -32.2 2.462 2.4671 +0.207 314 238 -24.2 0.98 1.37 +39.8 19.52 41.07 +110.4

3 700 1.12 CSF || 142-224 1 -0.096 +0.002 6.733 6.761 +0.415 490 275 -43.9 2.464 2.4640 0 522 493 - 5.6 1.60 2.41 +50.6 7.44 22.78 +206.2

700 1.12 TSX || 160-205 1 -0.104 +0.001 6.725 6.759 +0.505 546 300 -45.1 2.465 2.4648 -0.008 413 523 +26.6 2.24 3.38 +50.9 6.34 19.76 +211.6

700 1.12 TSX % 160-E9 1 Oxidized 6.733 6.759 +0.386 645 315 -51.2 2.466 2.4651 -0.037 423 412 - 2.6 1.13 1.27 +12.4 12.11 33.78 +178.9

700 1.12 TSGBF H 125-9 1 -0.004 +0.001 6.757 6.773 0.236 440 230 -47.7 2.463 2.4628 -0.008 328 321 - 2.1 0.92 1.19 +29.3 20.47 42.29 +106.6

4 775 1.27 CSF H 142-30 1 Oxidized 6.734 6.736 +0.029 450 313 -30.4 2.464 2.4615 -0.142 477 563 +18.0 0.97 1.21 +24.7 12.56 36.92 +193.9

775 1.27 TSX H 160-E10 1 Oxidized 6.733 6.754 +0.311 607 325 -46.4 2.465 2.4616 -0.137 516 403 -21.9 1.22 12.22 35.89 +193.7

775 1.27 TSX % 158-M7 1 Oxidized 6.726 6.746 +0.297 630 266 -57.8 2.462 2.4647 +0.109 1350 270 -80.0 0.96 1.37 +42.7 10.99 35.96 +227.2

775 1.27 TSX % 160-C6 1 Oxidized 6.734 6.753 +0.282 590 310 -47.4 2,465 2.4613 -0.150 437 420 - 3.9 1.26 11.38 35.80 +214.6

5 775 1.21 CSF || 142-225 1 -0.070 +0.001 6.734 6.757 +0.341 470 272 -42.1 2.464 2.4644 +0.016 444 373 -16.0 2.10 7.69 24,30 +216.1

775 1.21 TSX || 160-206 1 -0.087 £0.001 6.734 6.729 -0.074 635 241 -62.0 2.465 2.4644 -0.024 422 410 - 2.8 2.26 3.44 +52.2 6.26 19.63 +213.4

775 1.21 TSX H 160-E11 1 Oxidized 6.741 6.729 -0.178 500 290 -42.0 2,465 2.4611 -0.158 373 428 +14.7 1.07 1.22 +14.0 12.10 35.21 +191.0

775 1.21 TSGBF % 125-2 1 Oxidized 6.762 6.778 +0.236 380 211 -44.5 2.462 2.4632 +0.048 385 246 -36.1 0.94 1.25 +33.0 17.02 39.02 +129.2

6 625 0.87 CSF | 142-31 1 -0.047 +0.001 6.734 6.761 +0.400 500 295 -41.0 2.465 2.4650 0 550 367 -33.3 0.78 1.26 +61.5 12.55 35.48 +182.7

625 0.87 TSX F 160-E12 1 -0.038 +0.001 6.719 6.765 +0.535 545 312 -42.8 2.465 2.4643 -0.028 399 437 + 9.5 1.26 12.06 32.36 +168.3

625 0.87 TSX H 158-E14 1 -0.037 $0.001 6.738 6.756 +0.267 530 267 -49.6 2.463 2.4656 +0.105 937 292 -68.8 1.03 1.40 +35.9 11.79 32.50 +175.6

625 0.87 TSX H 158-C16 1 -0.036 £0.001 6.733 6.750 +0.252 620 304 -51.0 2,462 2.4657 +0.150 950 405 -57.4 1.04 1.34 +28.8 11.62 32.15 +176.7
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TABLE C24. H-5-2 Experimental Results

Crystallite Parameters, ) Young's Modulus, Electrical Resistivity,
Fluence No. of C L a T . -6 [}
Capsule Temp, nvt X 10°21 Sample Sample Capsules ro:mmwrn:mwmm - = N c AL_JL . = rasa. a sLL , psirx 10 bE/E. 8 ohm-cm x 10 ros .
Position _°C (E > 0.18 MeV) Code Number Used os ° Initial Final ©°&/Zo» ° 1Initial Final " 'c/“Co’ ° Initial Final %%/20» ° Initial Final a’*ag’ ° Initial Final ©s ° Tnitial Final ©~P/Pos» ©
1 450 1.27 CSF f_ 142-214 2 -0.430 +0.001 6.734 6.745 +0.163 565 197 -65.1 2.465 2,4590 -0.243 525 295 -43.8 1.56 2.43 +55.8 8§.12 26.54 +226.8
475 0.75 TSX _v 158-208 1 -0.240 +0.001 6.753 6.732 -0.310 445 218 -51.0 2.4654 2.4604 -0.202 845 328 -61.2 2.69 4.12 +53.2 5.45 17.51 +221.3
475 0.75 TSX H 158-E18 1 -0.159 x0.001 6.751 6.735 -0.237 472 246 -47.9 2.4647 2.4601 -0.186 865 310 -64.2 1.08 1.73 +60.2 11.59 29.36 +153.3
450 1.27 TSX H 158-M4 2 -0.170 £0.001 6.730 6.733 +0.044 593 231 -61.0 2.464 2.4599 -0.166 638 340 -46.7 0.89 1.36 +52.8 11.47 36.57 +218.8
2 600 1.14 CSF H 142-46 1 -0.149 0.001 6.759 6.738 -0.310 470 242 -48.5 2.4661 2.4609 -0.210 1100 435 -60.4 0.80 1.25 +56.2 12.24 35.71 +191.7
625 1.87 TSX H 158-E12 2 -0.231 +0.001 6.729 6.727 -0.029 695 248 -64.3 2.464 2.4591 -0.198 620 388 -37.4 1.12 1.43 +27.7 12.18 34,12 +180.1
600 1.14 TSX H 158-M8 1 -0.155 #0.001 6.748 6.705 -0.637 457 212 -53.6 2.4647 2.4599 -0.194 946 535 -43.4 0.92 1.47 +59.8 11.35 32.59 +187.1
600 1.98 TSX H 160-C1 2 -0.312 £0.001 6.730 6.728 -0.029 685 210 -69.3 2,462 2.4604 -0.064 998 420 -57.9 0.91 1.39 +52.7 11.41 35.05 +207.2
3 725 2.61 CSF H 142-26 2 -0.258 #0.001 6.738 6.719 -0.281 471 210 -55.4 2.463 2.4593 -0.150 587 322 -45,1 0.84 1.37 +63.1 12.69 37.57 +196.0
725 2.61 TSX H 160-E3 2 -0.294 +0.001 6.728 6.723 -0.074 760 218 -71.3 2.463 2.4601 -0.117 744 400 -46.2 0.90 1.49 +65.6 11.44 36.31 +217.4
725 1.48 CSF __ 142-238 1 -0.248 +0.001 6.756 6.724 -0.473 458 238 -48.0 2.4660 2.4603 -0.231 694 470 -32.3 1.78 7.18 21.97 +206.0
725 1.48 TSX __ 158-220 1 -0.259 #0.001 6.749 6.720 -0.429 565 231 -59.1 2.4670 2.4609 -0.649 990 785 -20.7 2.76 3.69 +33.7 5.84 19.25 +229.6
4 775 1.60 CSF H 141-16 1 -0.128 #0.001 6.751 6.729 -0.325 585 240 -59.0 2.4692 2.4599 -0.376 833 360 -56.8 0.86 1.40 +62.8 11.80 34,33 +190.9
750 2,71 TSX H 158-E10 2 -0.204 £0.001 6.730 6.712 -0.267 505 228 -54.8 2,463 2.4599 -0.125 544 369 -32.2 0.92 1.47 +59.8 11.65 35.51 +204.8
775 1.60 TSX F 158-C2 1 -0.103 %0.001 6.753 6.716 -0.547 505 245 -51.5 2.4656 2.4596 -0.243 720 400 -44.4 0.385 1.38 +62.4 11.79 36.34 +208.2
775 2.93 TSGBF H 125-6 2 -0.448 +0.001 6.756 6.760 +0.059 490 148 -69.8 2.463 2.4576 -0,219 360 192 -46.7 0.95 1.27 +33.7 18.53 39.60 +113.7
5 750 1.51 CSF F 141-14 1 -0.128 +0.001 6.757 6.731 -0.384 462 273 -40.9 2.4671 2.4601 -0.283 467 392 -16.1 0.79 1.32 +67.1 12.05 34,51 +186.4
750 1.51 TSX H 158-M13 1 -0.124 +0.001 6.759 6.699 -0.887 393 240 -38.9 2.4659 2,4595 -0.259 1275 432 -66.1 0.88 1.46 +65.9 11.65 35.76 +207.0
750 2.80 TSX H 160-C4 2 -0.320 +£0.001 6.728 6.722 -0.089 625 252 -59.7 2,462 2.4589 -0.125 1010 445 -55.9 0.81 1.47 +81.5 12.13 36.56 +201.4
725 2.52 TSX __ 158-201 2 -0.390 £0.001 6.728 6.733 +0.074 560 242 -56.8 2.464 2.4594 -0,186 890 410 -53.9 2.34 3.69 +57.7 6.05 20.33 +236.0
6 575 1.10 CSF __ 142-233 1 -0.201 £0.001 6.759 6.721 -0.562 470 270 -42.6 2.4656 2.4597 -0.239 777 323 -58.4 1.76 2,37 +34.,6 7.13 22,24 +211.9
600 2.06 TSX 7_ 160-203 2 -0.406 20.001 6.734 6.734 +0.0 740 268 -63.8 2.462 2.4593 -0.109 907 372 -59.0 2,02 3.10 +53.5 6.49 22.37 +244.7
600 2,06 TSX H 160-E6 2 -0.289 0.001 6.731 6.731 +0.0 645 270 -58.1 2.462 2.4592 -0.113 925 330 -64.3 0.94 1.70 +80.8 10.17 33.12 +225.7
575 1.10 TSGBF H 125-11 1 -0.114 #0.001 6.769 6.744 -0.369 411 285 -30.6 2.4640 2.,4593 -0.190 668 288 -56.9 0.88 1.45 +64.8 15.24 35.68 +134.1
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TABLE C26. H-4-3 Experimental Results

Crystallite Parameters, b Young's Modulus Electrical Resistivity
Fluence, No. of Length Change [ L a L X s )

Capsule Temp, nvt x 10-21 Sample Sample Capsules mr\r wm — - re/e 5 — < - AL./L § T paja . — a - AL /L . psi x 10 e . ohm-cm x 10 .
Position _°C (E > 0.18 MeV) Code Number Used 0> Initial Final “=/=0° Initial Final ~~C/ “Co? Initial Final “22/20» ° 1Initial Final a’lag> ¥ 1Tnitial Final 2E/Bos % Initial Final 2P/Pos ¥
1 425 1.17 CSF | 142-28 2 -0.137 x0.001 6.730 6.734 +0.059 583 238 -59.2 2.462 2.4600 -0.081 480 330 -31.2 0.79 1.41 +78.5 12.12 38.52 +217.8
425 1.16 TSX _ 160-E7 2 -0.211 +0.001 6.735 6.742 +0.104 593 206 -65.3 2,465 2.4580 -0.284 645 280 -56.6 1.14 1.73 +51.8 10.25 33.47 +226.5

425 1.17 TSX Hi 160-201 2 -0.398 +0.001 6.737 6.744 +0.104 485 195 -59.8 2.463 2.4551 -0.321 914 328 -64.1 2.04 3.42 +67.6 7.03 23.91 +240.1

425 1.17 TSGBF | 125-5 2 -0.155 +0.001 6.755 6.754 -0.015 440 195 -55.7 2.463 2.4562 -0.032 325 289 -11.1 0.91 1.32 +45.0 19.52 42,22 +116.3

2 600 2.14 CSF ||  142-240 2 -0.480 +0.001 6.737 6.729  -0.119 445 245 -44.9 2.4650 2.4584 -0.268 569 342 -39.9 1.52  2.84 +86.8 7.19  23.51  +227.0
600 2.14 TSX || 158-216 2 -0.537 +0.001 6.733 6.734 +0.015 530 198 -62.6 2.462 2,4573 -0.191 1152 440 -61.8 2.58 4.26 +65.1 5.40 20.00 +270.4

600 1.94 TSX H 160-E2 2 -0.292 +0.001 6.735 6.730 -0.074 680 248 -63.5 2,463 2.4579 -0.207 1250 365 -70.8 0.81 1.46 +80.2 11.88 36.58 +207.9

600 2.87 TSGBF | 125-4 3 -0.492 +0.001 6.760 6.762 +0.030 450 185 -58.9 2.464 2.4567 -0.296 420 342 -18.6 0.90 1.44 +60.0 22.18 38.10 + 71.8

3 700 2.51 CSF H 142-23 2 -0.234 +0.001 6.730 6.723 -0.104 550 230 -58.2 2.464 2.4588 -0.211 500 645 +29.0 0.89 1.30 +46.1 12.43 37.18 +199.1
750 2.93 TSX | 158-E24 2 -0.306 x0.001 6.734 6.705 -0.431 610 200 -67.2 2.462 2.4588 -0.130 1150 420 -63.5 0.97 1.54 +58.8 12.14 35.78 +194.7

725 3.91 amx_| 158-M2 3 -0.409 +0.001 6.734 6.730 -0.059 555 275 -50.4 2.464  2.4580 -0.244 505 520 + 3.0 0.99 1.43 +44.4 11.45  36.72  +220.7

725 2.66 TSX M 160-C2 2 -0.284 #0.001 6.722 6.717 -0.074 740 205 -72.3 2.464 2.4587 -0.215 1290 372 ~71.2 0.81 1.32 +63.0 11.20 37.87 +238.1

4 775 4,41 CSF || 142-217 3 -1.028 £0.001 6.724 6.728 +0.059 515 200 -61.2 2,464 2.4585 -0.223 697 388 -44.3 1.52 2.46 +61.8 7.05 24.59 +248.8
775 4,41 TSX || 158-209 3 -1.023 +0.002 6.732 6.705 -0.401 480 185 -61.4 2.465 2.4587 -0.256 665 850 +27.8 2.19 3.16 +44.3 6.96 23.18 +233.0

775 4.25 TSX i 158-E4 3 -0.433 +£0.001 6.735 6.721 -0.208 610 240 -60.6 2.464 2.4584 -0.227 480 385 -19.8 1.00 1.69 +69.0 11.81 34,48 +191.9

825 3.30 TSX H 160-M4 2 -0.367 +0.001 6.750 6.719 -0.459 570 202 -64.6 2.4667 2.4587 -0.324 605 700 +15.7 0.83 1.38 +66.3 11.97 38.18 +219.0

5 725 1.63 CSF 142-53 1 -0.089 +0.001 6.727 6.717 -0.149 621 280 -54.9 2.4624 2.4588 -0.146 787 490 -37.7 0.77 1.19 +54.,5 13,22 36.66 +177.3
725 1.63 TSX 167-E31 1 -0.101 +0.001 6.725 6.717 -0.118 475 240 -49.5 2.4619 2.4592 -0.110 1135 538 -52.6 0.90 1.28 +42.2 14.27 34,95 +144.9

725 1.63 TSX 167-228 1 -0.222 £0.001 6.728 6.717 -0.163 453 240 -47.0 2,4627 2,4590 -0.150 1160 615 -47.0 2.70 3.77 +39.6 5.36 17.97 +235.3

725 1.63 TSGBF % 125-18 1 -0.145 +0.001 6.740 198 2.4599 450 0.88 1.26 +43.2 15.74 37.15 +136.0

6 600 2.08 CSF || 142-216 2 -0.392 +0.001 6.726 6.725 -0.015 660 247 -62.6 2.465 2,4586 -0.260 475 362 -23.8 1.56 2.50 +60.2 7.63 25.14 +229.5
625 2.22 TSX | 158-E19 2 -0.314 +0.001 6.761 6.733 -0.414 532 308 -42.1 2.4648 12,4587 -0.247 773 1105 +42.9 0.87 1.75 +101.1 11.78 30.24 +156.7

600 2.96 TSX | 158-M1 3 -0.460 +0.001 6.730 6.734  +0.059 600 210 -65.0 2.464  2.4587 -0.215 555 330 -40.5 0.88 1.48 +68.2 10.88  36.22  +232.9

600 2.08 TSGBF | 125-8 2 -0.296 +0.001 6.755 6.757  +0.030 490 310 -36.7 2.463  2.4563 -0.272 322 350 + 8.7 0.92 1.28 +39.1 19.62  40.53  +106.6
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TABLE C28. H-6-3 Experimental Results

-3

Crystallite Parameters, A Young's Modulus Electrical Resistivity
Fluence; No. of [ L a L R ~5 3
Capsule Temp, nvt x 19°21 Sample Sample Capsules, Length n:mw_mm _—_ . - . — o a . psi x 10 o ohm-cm x 10

Position  °C (E > 0.18 MeV) Code  Number _ Used  _ SL/Lg, % Initial Final “¢/€o» * Initial Final “le/legs % Initial Final 22720 % Tnitial Final “Ya’lacs ¥ Initial Final 5F/Fosr © Initial Final 2P/Pgs
1 450 1.80 CSF H 142-27 3 -0.377 +x0.001 6.733 6.748 +0.222 480 195 -59.4 2.465 2.4566 -0.340 622 370 -40.5 1.11 1.54 +38.7 12.83 36.91 +187.7
450 1.81 TSX | 160-E1 3 -0.408 $0.001 6.728 6.745 +0.252 635 190 -70.1 2.462 2.4556 -0.259 1010 180 -82.2 0.85 1.66 +95.3 12.55 36.04 +187.2

450 1.80 TSX | 158-M6 3 -0.377 +0.001 6.733 6.752 +0.282 680 195 -71.3 2,463 2.4561 -0.320 1650 382 -76.8 1.08 1.66 +53.7 11.12 35.10 +215.6

450 1.80 TSX % 160-C5 3 -0.378 +0.,001 6.732 6.746 +0.207 684 200 -70.8 2.465 2.4564 -0.348 598 280 -53.2 1.05 1.55 +47.6 11.30 34.88 +208.7

2 575 2.94 CSF || 142-223 3 -0.905 +0.001 6.734 6.740 +0.089 540 230 -57.4 2.465 2.4593 -0.231 503 295 -41.4 1.56 2,33 +49.4 7.77 26.64 +242.,8
575 2.86 TSX || 158-210 3 -0.811 +0.001 6.725 6.732 +0.104 580 210 -63.8 2.464 2.4581 -0.239 410 420 + 2.4 2.64 3.75 +42.0 5.53 19.54 +253.3

575 2.94 TSX F 160-E8 3 -0.661 +0.001 6.730 6.762 +0.475 629 205 -67.4 2.465 2.4560 -0.365 454 465 + 2.4 1.02 1.72 +68.6 10.17 31.98 +214.4

575 2.94 TSGBF F 125-7 3 -0.573 +0.001 6.751 6.746 -0.074 360 205 -43.1 2.462 2.4565 -0.223 314 362 +15.3 0.98 1.46 +49.0 19.52 37.05 + 89.8

3 725 4.10 CSF || 142-224 3 -1.077 £0.002  6.733 6,732 -0.014 490 200 -59.2 2.464  2,4570 -0.284 522 410 -21.5 1.60  2.62  +63.8 7.44 24,57 +230.2
725 4.10 TSX || 160-205 3 -1.124 £0.002  6.725  6.725 0.0 546 200 -63.4 2.465  2.4588 -0.251 413 585 +41.6 2.24 3,34 +49.1 6.34  22.57  +256.0

725 4,10 TSX | 160-E3 3 -0.606 0,001 6.728 6.717 -0.163 760 218 -71.3 2.463  2.4592 -0.154 744 960 +29.0 0.90 1.54 +71.1 11.44  36.37  +217.9

725 4,10 TSGBF H 125-9 3 -0.792 +0.001 6.757 6.760 +0.044 440 149 -66.1 2.463 2.4563 -0.272 328 328 0.0 0.92 1.19 +29.3 20.47 42.88 +109.5

4 800 4,92 CSF |} 142-215 3 -1.471 £0.001 6.735 6.731 -0,059 600 163 -72.8 2.465 2.4587 -0.255 466 400 -14.2 1.61 2,38 +47.8 7.73 25.54 +230.4
800 4,92 TSX F 160-E4 3 -0.646 +0.001 6.730 6.728 -0,029 740 185 -75.0 2.463 2.4587 -0.174 1150 382 -66.8 0.90 1.54 +71.1 11.98 38.02 +217.4

800 3.49 TSX H 158-C2 2 -0,315 +0.001 6.753 6.727 -0.385 505 222 -56.0 2.4656 2.4590 -0.267 720 615 -14.6 0.85 1.50 +76.5 11.79 37.84 +220.9

825 3.43 TSGBF F 125-10 2 -0.535 20,001 6.762 6.764 +0.,029 405 150 -63.0 2.461 2.4587 -0,093 515 560 + 8,7 0.92 1.22 +32.6 20.22 40.76 +101.6

5 750 4,46 CSF || 142-213 3 -1.077 20,001 6.735 6.726 -0,133 585 215 -63.2 2,463 2.4592 -0.154 885 355 -59.9 1.67 2.38 +42.5 7.70 25.49 +231.0
750 4,36 TSX || 158-201 3 ~0.985 +0.,001 6.728 6.716 -0.178 560 225 -59.8 2.464 2.4607 -0.133 890 325 -63.5 2.34 3.56 +52.1 6.05 20. 89 +245.3

775 4,74 TSX H 160-E5 3 -0.707 £0.001 6.728 6.731 +0,044 803 205 -74.,5 2,463 2.4589 -0.166 895 620 -30.7 1.00 1.70 +70.0 10.10 33.57 +232.4

750 4,64 TSX F 160-C4 3 -0.568 *0.,001 6.728 6.709 -0.282 625 218 -65.1 2.462 2.4587 -0.134 1010 395 -60.9 0.81 1.42 +75.3 12.13 35.99 +196.7

6 625 3.34 CSF H 142-31 3 -0.547 +0.001 6.734 6.731 -0.,044 500 212 -57.6 2.465 2.4570 -0.324 550 630 +14.5 0.78 1.24 +59.0 12.55 38.67 +208.1
625 3.14 TSX | 158-E2 3 -0.466 *0.001  6.732  6.736 +0.059 610 240  -60.6 2.463  2.4579 -0.207 465 430 - 7.5 1.06  1.58  +49.0 11.14 33,59  +201.5

625 2.47 TSX H 167-C26 2 -0.370 £0.001 6.740 6.732 -0.118 682 275 -59.,7 2.4655 2.4606 -0.198 870 630 -27.6 0.88 1.17 +33.0 12.80 38.76 +202.8

600 2.40 CSE || 142-233 2 -0.562 *0.002  6.759  6.734 -0.369 470 245 -47.9 2.4656 2.4592 -0.259 777 488 -37.2 1.76  2.86  +62.5 7.13 22.27  +212.3
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TABLE C30. H-5-4 Experimental Results

°

Crystallite Parameters, A Young's Modulus Electrical Resistivity
Fluence No. of C T a L R -6 4
Capsule Temp, nvt x HONNH Sample Sample Capsules rm:wmwrn:mwmm _— Ac/c o = AL./L o T y T ha/a g —= AL,/ o psi 2 10 AE/E 3 —ohm-cm x 10 Ao/ g
Position _°C (E > 0.18 MeV) Code Number Used o’ ° Initial Final °~=/=0’ ° Initial Final “~¢/~Co’ ° Initial Final °2/20» ° TInitial Final a’lag, ° Initial Final o’ ° Initial Final °2P/Po» °
1 450 1.98 CSF | 142-28 3 -0.336 20.001 6.730 6.759 +0.431 583 182 -68.8 2.462 2.4581 -0.158 480 322 -32.9 0.79 1.39 +75.9 12.12 39.69 +227.5
650 3.95 TSX % 160-M3 3 -0.610 +0.001 6.740 6.739 ~0.015 599 210 -64.9 2.464 2.4572 -0.276 462 290 -37.2 0.82 1.51 +84.1 12.42 39.48 +217.9
450 2,76 TSX H 158-M4 4 -0.497 +0.001 6.730 6.754 +0.419 593 180 -69.6 2.464 2.4565 -0.304 638 240 -62.4 0.89 1.54 +73.1 11.47 38.21 +233.1
450 2.24 TSX || 158-208 3 -0.810 +0.001 6.753 6.758 +0.074 445 169 -62.0 2.4654 2.4566 -0.357 845 465 -45.0 2.69 4.55 +69.1 5.45 18.48 +239.1
2 625 3.44 CSF || 142-240 3 -0.933 #0.001 6.737 6.749 +0.178 445 191 -57.1 2.4650 2.4580 -0.284 569 325 -42.9 1.52 2.87 +88.8 7.19 23.80 +231.0
600 3.25 TSX || 160-204 3 -0.917 +0.001 6.742 6.736 -0.089 527 188 -64.3 2,466 2.4587 -0.296 340 340 0 2.31 3.42 +48.1 6.47 23.04 +256.1
600 4,31 TSX h 158-E12 4 -0.688 #0.001 6.729 6.743 +0.208 695 180 -74.1 2.464 2.4598 -0.170 620 367 -40.8 1.12 1.59 +42.0 12.18 36.01 +195.6
600 4,42 TSX H 160-C1 4 -0.788 £0.001 6.730 6.746 +0.238 685 170 -75.2 2.462 2.4581 -0.158 998 330 -65.9 0.91 1.57 +72.5 11.41 35.44 +210.6
3 725 4.32 CSF H 142-26 3 -0.564 +0.001 6.738 6.738 0 471 188 -60.1 2.463 2.4593 -0.150 587 396 -32.5 0.84 1.40 +66.7 12.69 40.17 +216.5
750 4.64 TSX | 158-E24 3 -0.559 +0.001 6.734 6.740 +0.,089 610 197 -67.7 2.462 2.4599 -0.085 1150 340 -70.4 0.97 1.49 +53.6 12.14 37.51 +209.0
725 4,44 TSX | 160-M2 3 -0.577 +0.001 6.730 6.734 +0.059 640 177 -72.3 2.465 2,4581 -0.320 572 278 -51.4 0.82 1.43 +74.4 12.22 38.16 +212.3
750 4.79 TSX | | 158-220 3 -1.434 £0.001 6.749 6.740 -0.133 565 168 -70.3 2.4670 2.4600 -0.283 990 400 -59.6 2.76 3.98 +44.2 5.84 21.79 +273.1
4 775 6.52 TSX H 158-E10 4 -0.632 0,001 6.730 6.733 +0.045 505 164 -67.5 2.463 2,4577 -0.256 544 278 -48.9 0.92 1.54 +67.4 11.65 37.11 +218.5
800 3.57 TSX | 167-C21 2 -0.372 20.001 6.754 6.736 -0.267 440 180 -59.1 2.4656 2.4584 -0.292 825 340 -58.8 0.78 1.26 +61.5 11.98 39.61 +230.6
800 5.14 TSX || 160-202 3 -1.502 0,001 6.734 6.733 -0.015 545 154 -71.7 2.463 2.4584 -0.187 1025 410 -60.0 2.04 3.02 +48.0 6.81 24,31 +256.9
800 6.74 TSGBF | 125-6 4 -0.161 +0.001 6.756 6.792 +0.,533 490 106 -78.4 2,463 2.4572 -0.235 360 220 -38.9 0.95 1.37 +44.2 18.53 42.47 +129.2
5 725 4,72 CSF % 142-46 3 -0.835 +0.001 6.759 6.733 -0.385 470 167 -64.5 2.4661 2.4582 -0.320 1100 389 -64.6 0.80 1.42 +77.5 12.24 39.70 +224.3
775 3.21 TSX | 160-E13 2 -0.467 x0.001 6.748 6.723 -0.370 630 187 -70.3 2.4670 2.4588 -0.332 845 360 -57.4 0.81 1.39 +71.6 11.96 37.76 +215.7
775 5.06 TSX || 160-208 3 -1.566 20.001 6.746 6.737 -0.133 650 192 -70.5 2.4677 2.4588 -0.361 577 370 -35.9 2.09 3.71 +77.5 6.16 21.66 +251.6
- 750 4,22 TSGBF | 125-1 3 -0.732 +0.001 6.752 6.764 +0.178 451 149 -67.0 2.462 2.4573 -0.191 350 270 -22.9 0.89 1.24 +39.3 20.00 41.91 +109.6
6 600 4.58 TSX H 160-E6 4 -0.861 +£0.001 6,731 6.753 +0.327 645 205 -68.2 2.462 2.4591 -0.118 925 460 -50.2 0.94 1.76 +87.2 10.17 34.22 +236.5
625 3.50 TSX H 158-E19 3 -0.560 *0,001 6.761 6.751 -0.148 532 220 -58.6 2.4648 2.4577 -0.288 773 350 -54.7 0.87 1.81 +108.0 11.78 31.20 +164.8
600 2.45 TSX | 167-E26 2 -0.406 *0.001 6.730 6.738 +0.119 600 240 -60.0 2.4668 2.4589 -0.320 792 308 -61.1 0.86 1.56 +81.4 11.26 33.96 +201.6
600 4,58 TSX || 160-203 4 -1.289 *0.001 6.734 6.7438 +0.208 740 202 -72.7 2.462 2.4576 -0.179 907 400 -55.9 2.02 3.32 +64.4 6.49 22.53 +247.1
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TABLE C32. H-4-5 Experimental Results

9

Crystallite Parameters, A Young's Modulus Electrical Resistivity
Fluence No. of c L a L . -6 4
Capsule Temp, nvt x HONNH Sample Sample Capsules hmswwwrnrmwwm - — Ac/c 2 8 AL /L [ —_— } ha/a g —2 B AL, /L o ~Bsrx 10 AE/E o —ohn-cm x 10 __ Ao/ o
Position °C (E > 0.18 MeV) Code Number Used 0» 7 Initial Final =/ =0 ° Initial Final c/“Co’ ° 1Initial Final =/Zo0» ° Initial Final a’~ap» ° Initial Final 0* ° Initial Final e oovJM

1 675 4,95 TSX _ 158-E4 4 -0.720 +0.001 6.735 610 2.464 480 1.00 1.96 +96.0 11.81 34.00 +187.9
450 2.60 TSX _ 160-LE7 4 -0.635 +0.001 6.735 593 2.4650 645 1.14 1.68 +47.4 10.25 34.59 +237.5

450 2.61 TSX __ 160-201 4 -1.072 =20.001 6.737 485 2,463 914 2.04 3.56 +74.5 7.03 23.86 +239.4

450 1.44 TSGBF ‘ 125-20 2 -0.206 =0.001 6.738 395 2.,4601 783 0.90 1.37 +52.2 17.01 38.45 +126.0

2 600 4,14 CSF i_ 142-223 4 -1.372 +0.001 6.734 540 2,465 503 1.56 2.64 +69.,2 7.77 26.31 +238.6
725 4.69 TSX _i 167-228 3 -1.422 +0.001 6.728 453 2.4627 1160 2.70 4.07 +50.7 5.36 20.14 +275.7

675 2.71 TSX ; 158-M13 2 -0.430 £0.001 6.759 393 2.4659 1275 0.88 1.58 +79.5 11.65 36.82 +216.1

675 2.83 TSGBF ﬁ 125-18 2 -0.542 +0.001 0.88 1.34 +52.3 15.74 38.42 +144,1

3 725 5.80 CSF _ 142-23 4 -0.767 +0,001 6.730 550 2.4640 500 0.89 1.38 +55.0 12.43 38.94 +213.3
725 7.20 TSX i 158-M2 5 -0.750 +0.001 6.734 555 2.4640 505 0.99 1.56 +57.6 11.45 36.91 +222.4

725 5.76 CSF ﬂ* 142-224 4 -1.805 0,002 6.733 490 2.464 522 1.60 2.56 +60.0 7.44 24.86 +234,1

725 3.29 TSGBEF __ 125-202 2 -0.920 +0.001 6.745 375 2.4604 1450 1.48 2.87 +93.9 11.35 27.52 +142.5

4 800 5.39 CSF W 141-16 3 -0.757 +0.001 6.751 585 2.4692 833 0.86 1.47 +70.9 11.80 37.04 +213.9
800 7.01 TSX ‘ 160-M4 4 -0.721 +0.001 6.750 570 2.4667 605 0.83 1.55 +86.7 11.97 38.33 +220.2

800 8.12 CSF i_ 142-217 5 -3.125 +0.001 6.724 515 2.4640 697 1.52 2.54 +67.1 7.05 25.42 +260.6

800 8.12 TSX ii 158-209 5 -2.981 +0.001 6.732 480 2.4650 665 2.19 2.88 +31.5 6.96 23.98 +244.5

5 650 4,04 TSX * 158-M8 3 -0.582 +#0.001 6.748 457 2.4647 946 0.92 1.68 +82.6 11.35 34,56 +204.5
650 5.04 TSX _i 158-216 4 -1.508 #0.001 6.733 530 2.4620 1152 2.58 4,40 +70.5 5.40 19.21 +255.7

625 5.77 TSGBF i 125-4 5 -0.968 +0.001 6.760 450 2.4640 420 0.90 1.34 +48.5 22.18 38.54 + 73.8

650 4.96 TSGBF i 125-8 4 -0.799 +£0.001 6.755 490 2.4630 322 0.92 1.27 +38.0 19.62 40.18 +104.8

6 675 4,17 CSF | 142-29 3 -0.671 0,001 6.734 554 2.4650 498 0.80 1.46 +82.5 13.17 37.46 +184.4
700 5.64 CSF Hi 142-213 4 -1.694 +0.001 6.735 585 2.463 885 1.67 2.60 +55.7 7.70 25.96 +237.1

600 5.32 TSX _ 158-M1 5 -0.864 £0.001 6.730 600 2.4640 555 0.88 1.66 +88.6 10.88 35.50 +226.3

700 4,48 TSX i 167-E31 3 -0.776 +0.001 6.725 475 2.4619 1135 0.90 1.56 +73.3 14.27 35.26 +147.1
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TABLE C34. H-6-5 Experimental Results

Crystallite Parameters, & Young's Modulus Electrical Resistivity
Fluence No. of C L a L - -6 4

Capsule  Temp. nvt x 10-21 Sample Sample Capsules rmzmmwbnrmwmm — Ac/c % < AL_/L % — Aa/a % 2 AL,/L % T AE/E s s Ap/ 3
Position _°C (E > 0.18 MeV) Code Number Used o> ° Initial Final °=/=0’ ® Initial Final ~~c/“Co’ ® Initial Final ~Z/20* ° Tnitial Final a’“ag>» * Initial Final 0» ° Initial Final <=P/Pg» ©
1 450 3.12 CSF __ 142-214 5 -1.170 +0.001 6.734 565 2.465 525 1.56 2.70 +73.1 8.12 28.09 +245.9
450 2.98 TSX H 160-E1 5 -0.751 *0.001 6.728 635 2.462 1010 0.85 1.69 +98.8 12.55 36.30 +189.2

450 2.97 TSX H 158-M6 5 -0.696 *0.001 6.733 680 2.463 1650 1.08 1.77 +63.9 11.12 36.33 +226.7

450 2.33 TSX H 160-C5 4 -0.540 £0.001 6.732 684 2.465 598 1.05 1.56 +48.6 11.30 36.33 +221.5

2 600 4.79 CSF || 142-218 5 -1.448 *0.001 6.724 530 2.466 745 1.79 3.06 +70.9 7.23 24.26 +235.5
600 4.74 TSX || 158-210 5 -1.516 £0.001 6.725 580 2.464 410 2.64 3.99 +51.1 14.89 20.09 +263.3

600 4.82 TSX H 160-E8 5 -1.048 +0.001 6.730 629 2.465 454 1.02 1.87 +83.3 10.17 32.40 +218.6

600 4,82 TSGBF H 125-7 5 -0.989 +0.001 6.751 360 2.462 314 0.98 1.50 +53.1 19.52 41,39 +112.0

3 750 5.48 CSF H 141-13 4 -0.769 £0.002 6.754 535 2.466 522 0.86 1.48 +72.1 11.91 37.37 +213.8
725 6.58 TSX H 160-E3 5 -0.957 £0.001 6.728 760 2.463 744 0.90 1.62 +80.,0 11.44 38.38 +235.5

725 6.58 TSX || 160-205 5 -2.283 £0.001 6.725 546 2.465 413 2.24 3.17 +41,5 6.34 23.30 +267.5

725 6.58 TSGBF F 125-9 5 -0.861 +0.001 6.757 440 2.463 328 0.92 1.26 +37.0 20.47 44,46 +117.2

4 800 7.64 CSF || 142-215 5 -2.986 x0.001 6.735 600 2.465 466 1.61 2.52 +56.5 7.73 27.47 +255.4
800 7.64 TSX H 160-E4 5 -0.955 +0.001 6.730 740 2.463 1150 0.90 1.50 +66.7 11.98 39,33 +228.3

800 6.51 TSX H 158-C2 4 -0.536 £0.001 6.753 505 2.4656 720 0.85 1.66 +95.3 11.79 40. 34 +242.2

800 4,39 TSX H 160-E13 3 -0.647 £0.001 6.748 630 2.4670 845 0.81 1.38 +70.4 11.96 37.70 +215.2

5 750 7.21 TSX H 160-E5 5 -1,106 +0.001 6.728 803 2.463 895 1.00 1.83 +83.0 10.10 35.20 +248.5
675 4.99 TSX H 160-M3 4 -0.,732 +0.001 6.740 599 2.464 462 0.82 1.47 +79.3 12.42 38.44 +209.5

750 6.83 TSX __ 158-201 5 -2.100 20.001 6.728 560 2.464 890 2.34 3,55 +51.7 6.05 22.48 +271.6

750 5.19 TSX || 160-206 4 -1.565 20.001 6.734 635 2.465 422 2.26 3.23 +42.9 6.26 23.29 +272.0

6 600 4.77 CSF % 142-21 5 -0.807 £0.001 6.735 510 2.464 690 0.73 1.48 +102.7 14.51 39.17 +169.9
600 4,83 TSX H 158-E2 5 -0.804 £0.001 6.732 610 2.463 465 1.06 1.70 +60.4 23,64 34,31 +208.0

600 4.16 TSX H 167-C26 4 -0.708 £0.001 6.740 682 2.4655 870 0.88 1.32 +50.0 12.80 42.23 +229.9

600 4,03 TSGBF H 125-11 4 -0.754 £0.001 6.769 411 2.4640 668 0.88 1.52 +72.7 15.24 37.07 +143,2
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TABLE C36. GEH-13-8 Experimental Results

" Fluence,

Capsule Temperature, nvt x 10°21 Sample Sample Length nbemm
Position °C (E > 0.18 MeV) Code Number AL/Lg, %

" 1 450 0.27 CSF | D14A -0.009 0.005
. 450 0.27 CSF || D14B -0.020 +0.003
- 450 0.27 TSX | M3A -0.013 +0.003
- 450 0.27 TSX || M3B -0.024 +0.002
- 1A 600 0.64 CSF | D15A -0.048 +0.006
600 0.64 CSF || D15B -0.092 +0.004
600 0.64 TSX | M5A -0.045 +0.005
600 0.64 TSX || M5B -0.098 +0.005
600 0.64 TSGBF | J5A -0.025 +0.004
i 600 0.64 TSGBF ||  JSB -0.049 £0.003
2 700 0.91 CSF | D16A -0.017 +0.002
- 700 0.91 CSF || D16B -0.068 +0.002
700 0.91 TSX | M8A +0.005 +0.005
. 700 0.91 TSX || M8B -0.074 +0.003
3 700 1.93 CSF | D2A -0.134 +0.013
: 700 1.93 CSF || D2B -0.242 $0.002
700 1.17 CSF | D17A -0.038 +0.002
700 1.17 CSF || D17B -0.111 +0.005
700 1.17 TSX | MIA -0.025 +0.002
700 1.17 TSX || M9B -0.119 +0.005
. 3A 700 1.14 CSF | D19A -0.036 +0.004
. 700 1.14 CSF || D19B -0.126 +0.004
700 1.14 TSX | M13A -0.009 +0.005
700 1.14 TSX || M13B -0.134 +0.002
700 1.14 TSGBF | J8A -0.015 +0.005
) 700 1.14 TSGBF || J8B -0.084 +0.004
o 4 700 0.98 CSF | D22A -0.022 +0.004
: 700 0.98 CSE || D22B -0.077 +0.006
‘ 700 0.98 TSX | M16A +0.020 +0.006
700 0.98 TSX || M163B -0.097 +0.006
o 700 0.98 TSGBF | J11A -0.003 +0.005
700 0.98 TSGBF ||  J11B -0.059 +0.004
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TABLE (C37a.

BNWL-1056B

GEH 13-10 Supplemental Results

Coefficient of Thermal Expansion

6

(a)

10" Per °C

Sample Code Change, % 100 °c®® 200 °c_ 300 °C_ 400 °C_ 500 °C_ 600 °C_ 700 °C  Mean

CSF | (Unirradiated) 3.33 3.47 3.63 3.78 5.89 4.01 4.11

CSE || (Unirradiated) 1.14 1.2¢ 1.38 1.52 1.68 1.81 1.93

TSX | (Unirradiated) 2.92 5.35 3.75 3.97 4.14 4.25 4.33

NC-8 | (Unirradiated) 2.53 2.66 2.73 2.94 5.12 3.79 3.95

NC-8 || (Unirradiated) 1.20 1.12 1.28 1.37 1.46 1.63 1.80

NC-8 || (NC8-253) 0.93 1.16 1.28 1.37 1.51 1.63 1.76
4CTE/CTE, 225 +3.6 0 0 +3.4 0 2.2 2.5

KC | (Unirradiated 3.85 4.12 4.26 4.50 4.61 4.77 4.92

KC | (187-1) 4.00 4.23 4.46 4.67 4.79 4.92 5.13
4CTE/CTE 3.9 2.7 +4.7 +3.8 +3.9 3.1 +4.3 3.8

xc | (187-2) 3.22 5.77 4.00 4.26 4.47 4.68 .92
ACTE/CTE, “16.4 -8.5 -6.1 -5.3 -3.0 1.9 0 -5.9

TSGBF | (Unirradiated) 3.47 4.00 4.18 4.47 4.68 4.82 4.92

TSGBF | (125-23) 4.62 5.14 5.43 5.71 5.90 6.01 6.09
ACTE/CTE, +13.3 +28.5 +29.9 +27.7 +26.1 +24.7 +23.8  +24.9

TsGBE | (125-23)(®) 6.13 7.43 8.10 8.43 8.75 8.92 9.23
4CTE/CTE, +76.6 +85.8 +93.8 +88.6 +87.0 +85.1 +87.6  +86.3

63-16 | (Unirradiated) 4.62 5.38 5.88 6.27 6.55 6.75 6.92

63-16 | (63-16-71) 1.60 1.93 2.15 2.42 2.58 2.80 2.94
4CTE/CTE -65.4 -64.1 -63.4 -61.4 -60.6 -58.5 S57.5  -61.6

63-16 | (63-16-713 (P 1.73 2.12 2.40 2.79 3.03 3.10 3.16
4CTE/CTE, -62.6 -60.6 -59.2 -55.5 -53.8 -54.1 543 -57.2

63-38 | (Unirradiated) 4.62 5.00 5.22 5.42 5.53 5.57 5.89

63-38 | (63-38-60) 3.33 5.72 4.10 4.34 a.55 4.72 4.86
ACTE/CTE, -27.9 -25.6 215 -19.9 -17.7 -15.3 -17.5  -20.8

63-38 | (63-38-60) (") 4.00 4.28 4.60 4.86 5.17 5.38 5.54
4CTE/CTE, -13.4 -14.4 119 -10.3 6.5 3.4 6.0 9.4

(a) 25 °C to the temperature tabulated
(b) Annealed for 1 hr at 1700 °C
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TABLE C39. H-1 Experimental Results

°

Crystallite Parameters, A

Fluence, No. of Young's Modulus Electrical Resistivity,
Capsule Temperature, nvt x 1021 Sample Sample Capsules Length Change < . L. AL /L. , % __ a . La AL_ /L., % psi_x 10°° . ohm-cm x 107
Position °C (E > 0.18 MeV) Code Number Used ZL\H.o, ¥ Initial Final Ac/cos B nitial Final ¢ % Initial Final >m\mo. ° TInitial Final a3, Initial Final Em\mo. ° Tnitial Final >o\oo, ¢
1A 800 0.84 CSF | C33 1 -0.054 6.709 6.734 +0.373 760 415 -45.4
800 0.84 GL10 |  F23 1 -0.029 6.719 6.735 +0.238 700 305 -56.4
800 0.84 GL11 | G29 1 -0.039 6.712 6.741  +0.432 560 301 -46.2
800 0.84 ve | Al0 1 -0.032 6.702 6.732 +0.448 740 395 -46.6
1B 850 1.04 RC | M14 1 -0.095 6.698 6.729 +0.463 550 375 -31.8
850 1.04 RX-1 | N2 1 -0.045 6.720 6.746 +0.387 700 285 -59.3
850 1.04 RX-2 | P3 1 -0.059 6.717 6.739  +0.328 710 340 -52.1
850 1.04 RX-3 | Q2 1 -0.045 6.708 6.727 +0.283 770 370 -51.9
2A 950 1.30 CSF | C34 1 -0.061 6.705 6.727 +0.328 760 305 -59.9
950 1.30 GL10 | F24 1 -0.018 6.709 6.727 +0.268 700 345 -50.7
950 1.30 GL11 | G30 1 -0.055 6.727 6.732 +0.074 535 300 -43.9
950 1.30 ve | Al18 1 -0.029 6.702 6.732 +0.448 740 369 -50.1
2B 1000 1.56 RC H M5 1 -0.156 6.698 6.732 +0.508 550 298 -45.8
1000 1.56 RX-1 | N16 1 -0.077 6.712 6.744 +0.477 590 275 -53.4
1000 1.56 RX-2 | P4 1 -0.080 6.717 6.739 +0.328 790 243 -69.2
1000 1.56 RX-3 | Q4 1 -0.071 6.695 6.727 +0.478 745 270 -63.8
3A 1075 1.82 CSF | C35 1 -0.135 6.709 6.725 +0.238 760 243 -68.0
1075 1.82 GL10 | F25 1 -0.122 6.719 6.725 +0.089 700 270 -61.4
1075 1.82 GL11 | G37 1 -0.141 6.712 6.739 +0.402 560 232 -58.6
1075 1.82 ve | Al3 1 -0.099 6.702 6.729 +0.403 740 243 -67.2
3B 1150 2.02 RC | M13 1 -0.307 6.698 6.755 +0.851 550 177 -67.8
1150 2.02 RX-1 | N4 1 -0.257 6.705 6.714 +0.134 480 203 -57.7
1150 2.02 RX-2 H P11 1 -0.340 6.717 6.712 -0.074 710 215 -69.7
1150 2.02 RX-3 H Q5 1 -0.211 6.708 6.717 +0.134 770 195 -74.7
4A 1200 2.08 CSF | Cc38 1 -0.353 6.720 6.720 0 760 181 -76.2
1200 2.08 GL10 | F21 1 -0.235 6.719 6.715 -0.060 700 183 -73.8
1200 2.08 GL1l | G32 1 -0.294 6.712 6.727 +0.223 495 165 -66.7
1200 2.08 ve | Al4 1 -0.224 6.702 6.717 +0.224 740 178 -75.9
4B 1200 2.08 RC | M7 1 -0.451 6.698 6.729 +0.463 550 155 -71.8
1200 2.08 RX-1 F N1z 1 -0.374 6.712 6.732 +0.298 590 182 -69.2
1200 2.08 RX-2 % P2 1 -0.374 6.717 6.705 -0.179 630 173 -72.5
1200 2.08 RX-3 H Q6 1 -0.203 6.721 6.717 -0.060 800 175 -78.1
SA 1200 2.08 CSF | C40 1 -0.238 6.702 6.721 +0.283 760 162 -78.7
1200 2.08 GL10 | F28 1 -0.218 6.729 6.719 -0.149 700 165 -76.4
1200 2.08 GL11 H G34 1 -0.259 6.696 6.712 +0.239 640 341 -46.7
1200 2.08 ve | AlS 1 -0.050 6.702 6.707 +0.075 740 189 -74.4
5B 1200 1.95 RC % M10 1 -0.426 6.698 6.726 +0.418 550 168 -69.4
1200 1.95 RX-1 |  N13 1 -0.320 6.712 6.739 +0.402 590 181 -69.3
1200 1.95 RX-2 | P13 1 -0.373 6.717 6.712 -0.074 710 195 -72.5
1200 1.95 RX-3 | Q7 1 -0.273 6.708 6.721 +0.194 770 198 -74.3
6A 1075 1.76 CSF | C41 1 -0.134 6.709 6.732 +0.343 760 178 -76.6
1075 1.76 GL10 | F30 1 -0.119 6.719 6.729 +0.149 700 215 -69.3
1075 1.76 GL11 | G35 1 -0.131 6.712 6.725 +0.194 560 215 -61.6
1075 1.76 ve | Al7 1 -0.064 6.702 6.729 +0.403 740 183 -75.3
6B 1025 1.43 RC % M11 1 -0.152 6.698 6.721 +0.343 550 265 -51.8
1025 1.43 RX-1 H N15 1 -0.115 6.712 6.727 +0,223 590 265 -55.1
1025 1.43 RX-2 | P15 1 -0.159 6.717 6.714 -0.045 710 275 -61.3
1025 1.43 RX-3 | Q10 1 -0.109 6.708 6.721 +0.194 770 330 -57.1
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BNWL-1056B

- TABLE C40. (contd)
Temperature nvilge?8?21 Samp1 S Mean Linear CTE
: z G 0iver) il nember L THAeT hiaTecilos
3 0 . .
>00-700 0.21 61-73 | +0.005 0,002
‘ 0.50 61-73 | +0.001 0,004 3.14
0.77 61-73 | -0.014 0.004 3.35
0.21 61-73 || -0.010 +0.008
) 0.50 61-73 || -0.035 +0.011 1.04
0.77 61-73 || -0.740 %0.005 0.98
0.19 63-16 | +0.034 +0.001
0.19 63-16 || +0.036 0,001
0.19 63-17 | +0.034 +0,001
0.19 63-17 || +0.034 +0.002
- 0.19 63-19 | +0.034 $0.001
’ 0.19 63-19 || +0.035 £0.002
0.19 63-38 | +0.057 £0.001
.. 0.19 63-38 || +0.057 +0.001
0.19 H205 | 63-50 +0.013 #0.001
0.19 H205 || 63-50 +0.018 0,001
0.33 H309 | 64-13 +0.024 +0.002 4.82
0.33 H309 || 64-13 +0.014 *0.002 3.38
0.33 H313 | 64-17 +0.026 +0.001 5.91
0.33 H313 || 64-17 +0,020 +0.005 4.74
0.31 PO3 | 65-1 -0.171 %0.005
0.31 P03 || 65-1 -0.163 +0.005
0.51 65-5 | -0.206 *0.001
0.51 65-5 || -0.316 +0.001
0.51 65-8 | -0.104 0,003
- 0.51 65-8 || -0.156 %0.003
61-56 | 2,82
. 61-56 || 0.98
. 61-67 | 3.47
61-67 || 1.02
61-69 | 3.51
61-69 || 0.98
61-70 | 3.42
61-70 || 1.09
. 61-73 | 3.27
. 61-73 || 1.01
64-13 | 4.90
. ) 64-13 || 3.24
. 64-17 | 5.78
-, 64-17 || 4.44



c40. (contd)

BNWL-1056B

Mean Linear CTE

TABLE
Fluence
Temperature nvt x 10-21 Sample
°C (E > 0.18 MeV Code

500-700 1.60 RHM | |

1.60 RHM | |
0.21 61-20 |
0.68 61-20 |
1.37 61-20 |
0.21 61-20 ||
0.68 61-20 ||
1.37 61-20 ||
0.21 61-21 |
0.68 61-21 |
1.37 61-21 |
0.21 61-21 ||
0.68 61-21 ||
1.37 61-21 ||
0.21 61-56 |
0.50 61-56 |
0.77 61-56 |
0.21 61-56 ||
0.50 61-56 ||
0.77 61-56 ||
0.21 61-67 |
0.50 61-67 |
0.77 61-67 |
0.21 61-67 ||
0.50 61-67 |
0.77 61-67 ||
0.21 61-69 |
0.50 61-69 |
0.77 61-69 |
0.21 61-69 ||
0.50 61-69 ||
0.77 61-69 ||
0.21 61-70 |
0.50 61-70 |
0.77 61-70 |
0.21 61-70 ||
0.50 61-70 ||
0.77 61-70 ||

Sample Length Change (25-425 °C)
Number AL/Lo, % in./in./°C/106

GL9 +0.024 +0.001

GL9 -0.014 +0.001
+0.006 *0.006
+0.036 +0.,008
+0.055 +0.012
+0.005 +0.006
+0.019 +0.002
+0.003 +0.006
-0.009 *0.004
+0.029 *0.004
+0.062 *0.006
-0.006 *0.005
-0.001 +0.004
+0.004 *0.007
+0.004 +0.002
-0.003 +0.004 2.90
-0.019 +0.003 2.98
-0.005 +0.002
-0.028 +0.003 1.07
-0.068 +0.003 0.92
+0.004 *0.002
-0.003 +0.004 3.46
-0.019 +0.003 3.37
-0.005 £0.002
-0.028 +0.003 1.11
-0.068 +*0.003 1.08
+0.002 £0.002
-0.001 +0.002 3.46
-0.018 #0.004 3.63
-0.002 £0.002
-0.033 £0.003 0.84
-0.074 *0.003 0.99
+0.013 +0.010
+0.012 #0.012 3.36
-0.001 *0.008 3.58
-0.001 *0.001
-0.026 *0.002 1.18
-0.068 +0.004 1.14
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TABLE C41. General Atomics Experimental Results

Fluence
Temperature nvt x 10-21 Sample Length Change

°C (E > 0.18 MeV) Code AL/Lo, %
400 2.1 H319 | -0.48
400 2.1 H319 || -0.49
945 2.1 H319 | -1.19
945 2.4 H319 | -1.60
945 2.95 H319 | -2.2

945 3.2 H319 | -2.3

945 2.1 H319 || -1.42
945 2.4 H319 || -1.77
945 2.83 H319 || -1.89
945 2.95 H319 || -2.49
945 3.2 H319 || -2.61

C-59
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TABLE C42. Thermal Conductivity Experimental Results

Irradiation Fluence, Thermal
Temperature, nvt x 1072 Sample Sample Temperature, Conductivity,
°C (E>0.18 MeV) Code Number °C cal/cm/sec/°C

--- 0 CSF | D17 25 0.277
45 0.275

137 0.237

240 0.205

383 0.178

532 0.155

700 1.17 CSF | D17 25 0.085
86 0.090

138 0.092

197 0.094

253 0.095

311 0.089

375 0.090

440 0.089

536 0.087

775 1.27 CSF | 142-30 26 0.069
61 0.071

97 0.070

140 0.073

175 0.075

209 0.074

250 0.075

309 0.074

367 0.076

400 0.076

448 0.073

497 0.072

475 0.92 CSF || 141-206 25 0.096
65 0.105

98 0.108

135 0.114

151 0.113

174 0.114

225 0.112

278 0.113

308 0.113

351 0.109

425 0.114

446 0.108

--- 0 TSX | NPR-22 25 0.283
104 0.262

155 0.244

207 0.232

223 0.219

295 0.204

323 0.196

380 0.188

418 0.185

450 0.179

520 0.162
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TABLE C42. (contd)

Irradiation Fluence, Therma}
Temperature, nvt x 10-21 Sample Sample Temperature, Conduct1v1tg,
°C (E>0.18 MeV) Code Number °C cal/cm/sec/°C

--- 0 TSX | 163-3 25 0.233

117 0.229

177 0.204

230 0.202

280 0.180

332 0.175

403 0.160

467 0.163

522 0.157

572 0.151

- - TSX | M9 26 0.288

115 0.258

238 0.222

362 0.185

487 0.165

450 1.16 TSX | 158-C7 26 0.057

59 0.061

80 0.061

97 0.062

143 0.065

193 0.064

271 0.064

303 0.065

326 0.067

352 0.061

405 0.064

457 0.064

625 0.87 TSX L 167-E12 26 0.071

60 0.074

109 0.078

146 0.085

167 0.089

210 0.091

215 0.087

290 0.087

293 0.088

366 0.087

369 0.087

415 0.082

421 0.080

440 0.082

497 0.077

650 1.2 TSX L 163-3 28 0.070

100 0.078

136 0.079

202 0.081

270 0.085

355 0.083

425 0.082

486 0.079

558 0.062

605 0.075
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TABLE (C42. (contd)

Irradiation Fluence, Thermal
Temperature, nvt x 10-21 Sample  Sample  Temperature, Conductivity,
°C (E>0.18 Mev) Code Number °C cal/cm/sec/°C

650 7 TSX | NPR-20 25 0.049

65 0.051

92 0.053

143 0.055

180 0.056

200 0.057

228 0.058

261 0.058

298 0.060

328 0.060

386 0.057

458 0.059

477 0.058

515 0.060

700 1.17 TSX L M9 25 0.080

93 0.084

190 0.092

243 0.092

308 0.090

386 0.090

466 0.087

513 0.083

775 1.21 TSX | 160-E11 28 0.065

64 0.065

95 0.069

124 0.070

165 0.066

171 0.072

181 0.072

199 0.074

266 0.072

303 0.072

357 0.074

401 0.071

448 0.069

504 0.069

1000 7 TSX L NPR-19 25 0.065

69 0.070

108 0.073

156 0.075

188 0.076

220 0.077

260 0.080

313 0.077

362 0.079

401 0.076

440 0.076

468 0.077

508 0.076

525 0.073
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TABLE (C42. (contd)

Irradiation Fluence, Thermal

Temperature, nvt x 10-21 Sample  Sample  Temperature, Conductivity,
_°c (E>0.18 MeV) Code Number °C cal/cm/sec/°C

--- 0 TSX || 163-206 27 0.407

80 0.386

122 0.354

158 0.367

192 0.342

241 0.328

378 0.288

401 0.292

493 0.244

506 0.260

650 1.2 TSX || 163-206 25 0.098

101 0.103

202 0.094

295 0.106

360 0.103

416 0.108

508 0.093

608 0.098

--- - Nes | 1-1 25 0.501

25 0.484

67 0.474

70 0.464

73 0.478

101 0.461

103 0.455

104 0.450

152 0.442

153 0.425

157 0.445

195 0.415

248 0.367

299 0.354

360 0.322

402 0.302

453 0.290

495 0.273

650 0,2 NC8 || 1-1 25 0.165

62 0.166

103 0.169

151 0.180

219 0.174

244 0.174

298 0.174

338 0.176

402 0.170

442 0.169

503 0.161
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TABLE C42. (contd)

Irradiation Fluence, Thermal
Temperature, nvt x 10-21 Sample Sample Temperature, Conductivity,
°C (E>0.18 MeV) Code Number °C cal/cm/sec/°C

1000 3.41 NCS || NC8-253 28 0.107

62 0.112

88 0.123

111 0.120

168 0.130

225 0.130

266 0.126

313 0.120

379 0.125

421 0.124

453 0.120

479 0.119

492 0.119

625 4.02 NC7 | NC7-34 28 0.046

93 0.049

116 0.049

142 0.050

175 0.050

219 0.052

251 0.053

299 0.054

300 0.052

363 0.055

365 0.054

403 0.053

450 0.050

500 0.049

775 14.15 NC7 || NC7-33 25 0.035

64 0.038

91 0.039

122 0.040

229 0.043

289 0.045

355 0.045

385 0.046

427 0.045

465 0.045

491 0.045

503 0.045

(rerun) 25 0.040

67 0.046

93 0.049

127 0.053

155 0.052

219 0.055

272 0.055

350 0.058

405 0.062

455 0.061

503 0.061

‘.
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TABLE (C42. (contd)

Irradiation Fluence, Therma}
Temperature, nvt x 10-21 Sample Sample Temperature, Conductivity,
°C (E>0.18 MeV) Code Number °C cal/cm/sec/°C
950 2.82 KC | 187-1 27 0.070
62 0.077
. 65 0.076
- 98 0.077
: 142 0.080
N 160 0.080
168 0.082
. 183 0.080
L. 240 0.082
270 0.079
295 0.079
433 0.078
461 0.077
500 0.075
1100 3.81 KC | 187-2 28 0.070
56 0.077
83 0.077
117 0.076
¥ 149 0.080
195 0.082
235 0.085
290 0.085
- 383 0.080
407 0.074
452 0.075
487 0.075
512 0.073
--- 0 TSGBF | J11 25 0.162
137 0.170
243 0.155
355 0.140
472 0.128
700 0.98 TSGBF | J11 25 0.063
82 0.064
131 0.068
208 0.075
223 0.075
284 0.078
362 0.074
438 0.073
518 0.071
537 0.069
1150 4.47 TSGBF l_ 125-23 27 0.035
63 0.038
102 0.040
154 0.042
. 204 0.045
275 0.045
321 0.045
392 0.046
- 445 0.046
B 493 0.044
505 0.044

C-65



Irradiation
Temperature,
°C

TABLE (C42, (contd)
Fluence,
nvt x 10-21 Sample  Sample
(E>0.18 MeV) Code Number

1150

1150

1150

1150

4.47

63-17 | 63-17-71

63-17

[l 63-17-71

63-38 | 63-38-60

63-38

C-66

Il 63-38-60

BNWL-1056B

Thermal
Temperature, Conductivity,
°C cal/cm/sec/°C
25 0.074
67 0.082
90 0.087
121 0.090
165 0.091
218 0.092
264 0.094
320 0.091
393 0.095
438 0.092
481 0.094
504 0.091
25 0.048
60 0.051
87 0.056
120 0.055
160 0.057
206 0.059
280 0.060
338 0.061
372 0.062
410 0.063
446 0.062
508 0.063
25 0.032
55 0.036
83 0.038
105 0.040
158 0.042
208 0.043
247 0.044
302 0.045
380 0.045
433 0.046
498 0.044
505 0 045
25 0.065
70 0.072
97 0.076
125 0.078
163 0.081
218 0.084
273 0.084
337 0.084
391 0.089
429 0.083
480 0.084
500 0.084
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APPENDIX D

CURVE EQUATIONS

The equations of the best-fit third-order polynomial
curve for the data shown graphically in the body of the
report (BNWL-1056A) are given in Tables D1 through D8 in the

following order:

Table Parameter
D1 Length Change - CSF

. D2 Length Change - NC8, NC7

‘ D3 Length Change - TSX

T D4 Length Change - TSGBF
D5 Length Change - 61-70 through 66-11
D6 Coefficient of Thermal Expansion - CSF, NC8
D7 Electrical Resistivity - CSF, NC8, TSX, TSGBF
D8 Young's Modulus - CSF, NC8, TSX, TSGBF

The equation coefficients are for an equation of the

form A + BX + CX% + DX°

and +1 being 10+1, etc. For the CTE, for electrical resistiv-

3

b

, with a coefficient of -3 being 10

ity, and for Young's modulus the computed mean value is also
listed. If the calculated curve were exactly correct, the
"A" and the mean would be identical.
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TABLE D1. Curve Equations - Length Change - CSF
Irradiation
Graphite Temperature, Equation Coefficients
Type Orientation °C B (X) C(X4) D(X2)
CSF L 300-475 -2.40-1 +5.88-4 +7.27-4
CSF 575-625 -1.12-1 ~1.41-2 +1.08-3
CSF 650-750 -1.78-1 -2.52-4 +6.80-4
CSF 775-825 -1.45-1 -8.57-3 +1.36-3
CSF 850-900 -2.86-1 +3.38-1 -1.25-1
CSF 925-975 -1.91-1 -6.63-2 +1.39-2
CSF 1000-1075 +3.64-1 -3.32-1 +4,62-2
CSF 1100-1175 -6.78-2 -3.60-1 +8.63-2
CSF 1200-1275 -8.08-1 +2.39-1 -2.17-2
CSF } 300-475 -3.34-1 -1.10-2 +3.28-4
CSF 575-625 -1.79-1 -2.86-2 +9.35-4
CSF 650-750 -5.48-2 -4.65-2 +1,73-3
CSF 775-825 -1.35-1 -3.40-2 +1.09-3
CSF 850-900 -5.13-1 +7.35-1 -3.06-1
CSF 925-975 +2,52-1 -2.49-1 +1.58-2
CSF ' 1200-1275 +5.87-1 -1.04-2 +1.54-3
TABLE D2. Curve Equations - Length Change - NC8, NC7
Irradiation . Lo
Graphite Temperature, Equation Coefficients

Type Orientation °C B(X) C(X2) D(X3)
NC8 1 400-475 -2.94-1 +6.73-3 +7.58-4
NC8 575-625 -1.04-1 -2.23-2 +1.87-3
NC8 650-750 -9.66-2 -1.32-2 +1.26-3
NC8 775-825 -3.47-2 -5.31-3 -1.21-3
NC8 850-900 -7.34-2 -1.33-2 -1.16-3
NC8 925-975 -8.93-2 -9.72-2 +1,67-2
NC8 1000-1075 -3.29-1 +4,46-2 +8.99-3
NC8 1100-1175 -8.04-1 +3.38-1 -4.98-2
NC8 1200-1275 -1.24+0 +5,86-1 -8.01-2
NC8 | | 300-375 -1.61-1 -1.16-1 +1.43-2
NC8 400-475 -3.14-1 -1.58-2 +6.21-4
NC8 575-625 -1.29-1 -2.63-2 +8.49-4
NC8 650-750 -1.57-1 -2.32-2 +6.41-4
NC8 775-825 +8.86-2 -5.25-2 +1,54-3
NC8 850-900 +1.90-1 -2.69-1 +2.97-2
NC8 925-975 -2.75-1 -6.24-2 +2,74-4
NC8 J 1000-1075 -1.07-1 -2.21-1 +1,.72-2
NC8 1200-1275 -1.66+0 +6.66-1 -1.04-1
NC7 1 400-475 -2.23-2 -8.84-2 +1,37-2
NC7 l 575-625 +1.96-2 -5.48-2 +5,85-3
NC7 775-825 -1.51-1 -5.37-3 +1.96-3
NC7 || 400-475 -1.73-1 -4.43-2 -6.77-4
NC7 575-625 -8.02-2 -3.81-2 +2.51-3
NC7 775-825 -8.25-3 -6.43-2 +4,61-3
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TABLE D3. Curve Equations - Length Change - TSX

Irradiation

Graphite Temperature, Equation Coefficients
Type Orientation °C B (X) C(Xx2) D(X2)
TSX | 400-475 -2.67-2  -1.55-1  +2.96-2
TSX n 575-625 -8.78-2 -4,.86-2 +5,93-3
TSX 650-750 -2.90-2 -3.52-2 +2.95-3
TSX 775-825 -3.83-2 -3.22-2 +3.09-3
TSX 850-900 -7.05-2 -4,49-2 +6.38-3
TSX 925-975 -8.09-2 -6.76.2 +1,89-2
TSX 1000-1075 -4.31-1 +9,92-2 +4,51-3
TS8X 1100-1175 -8.77-1 +4.42-1 -6.33-2
TSX || 400-475 -2.30-1 -1.12-1 +1,79-2
TSX 575-625 -1.18-1 -7.60-2 +7,13-3
TSX 650-750 -2.21-1 +4,46-3 -3.71-3
TSX 775-825 -5.08-2 -5.44-2 +1.73-3
TSX 850-900 -8.07-2 -1.05-1 +4,28-3
TSX 925-975 +2.22-1 -2.40-1 +1,22-2

TABLE D4. C(Curve Equations - Length Change - TSGBF

lrradiation

Graphite Temperature, Equation Coefficients
Type Orientation °C B(X) C(x%) D(X3)
TSGBF i 400-475 +2.56-2 -1.71-1 +3,01-2
TSGBF 575-625 -8.15-2  -4.88-2  +4.65-3
TSGBF 650-750 +1.90-2 -1.01-1 +1.19-2
TSGBF 775-825 -5.42-2 -6.63-2 +1.03-2
TSGBF 850-900 -3.75-1  -7.03-3  +2.,49-2
TSGBF 925-975 -8.58+0  +3.78+0  -3,42-1
TSGBF || 575-625 +6.53-2 -3.08-1 +4,65-2
TSGBF 650-750 +1.71-1 -2.67-1 +3.94-2
TSGBF 850-900 +1.69+0 -1.96+0 +3.10-1
TSGBF 925-975 -1.54+0 -1.78-2 +2.57-2
TSGBF 1000-1075 -1.35+0 -2.35-1 +6.77-2
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TABLE D5. Curve Equations - Length Change - 61-70 through 66-11

Irradiation

Equation Coefficients

Graphite Temperature,

Type Orientation °C B (X) c(x?) D(X3)
61-70 L 925-975 -8.52-2  -1.14-1  +2.21-2
61-70 [ 925-975 +9.33-2  -2.21-1  +1.25-2
61-73 L 925-975 +7.45-2  -1.72-1  +2.17-2
61-73 [ ] 925-975 +1,72-1 -2.41-1  +1.46-2
63-16 1 925-975 +5,12-1  -2.18-1  +2,05-2
63-16 || 850-900 +3.62-1  -8.03-2  -6.88-4
63-16 |l 925-975 +6.63-1  -2.82-1  +2.42-2
63-17 1 575-625 +1.29-1  -1.58-1  +6.80-2
63-17 | | 575-625 +1.39-1  -2.26-1  +9.,20-2
63-38 1 850-900 +3.14-1 -1.28-1  +1.09-2
64-17 L 575-625 +7.98-2  -7.88-2  +7.29-3
64-17 1 850-900 +1.94-1  -1.50-1  +1,83-2
64-17 [ | 575-625 +4.55-2 -8,14-2  +1.69-2
64-17 || 850-900 -1.37-2  -4.12-2  -9.41-3
65-18 1 575-625 +1.87-1  -1.56-1  +2.96-2
65-18 1 650-750 +3.05-1  -2.24-1  +5,44-2
65-18 1 775-825 +1.09-1  +2.61-3  -8.37-4
65-18 || 575-625 +1.39-1  -1.66-1  +3.19-2
65-18 | | 850-900 +2.28-1  -7.88-2  +2.72-5
65-18 || 925-975 +5.02-1  -2.50-1  +2.,19-2
65-18 || 1000-1075 +3,35-1 -2,79-1  +2.,68-2
65-21 L 650-750 -1.66-1  +3.94-2  -7,07-3
65-21 1 925-975 -1.33-1  -3,96-2  -9.89-3
65-21 1 1000-1075 +1.21+0  -6.89-1  +7.31-2
65-21 || 650-750 +2.34+0  -1.15+0  +1.21-1
65-21 [ 925-975 +5.10-2 -1.53-1  +1.15-2
65-21 | 1000-1075 -4.,73-1 -1.59-2 +2.72-3
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TABLE D5. (contd)
Irradiation . ..
Graphite Temperature, Equation Coefficients

Type Orientation °C B (X) C(X2) D(X3)

65-22 1 575-625 -5.76-2  +6.09-2  -3.32-2
65-22 i 850-900 +1.44-1  -5,31-2  +3.65-3
65-22 1 925-975 +7.25-3 -1.89-2  +3,20-3
65-22 1 1000-1075 +9.86-1 -5.61-1  +5.,91-2
65-22 | 575-625 -1.96-1  +2.25-1  -9.24-2
65-22 || 925-975 +1,34-1 -1.35-1  +9.82-3
65-22 W 1000-1075 -1.06-1 -1.03-1 +9.57-3
65-29 | 1000-1075 -7.99-1  -1.03-2  +9,77-3
65-32 1 925-975 +1.79+0 -1.76+0  +3,03-1
65-32 [ 925-975 -3.,18+0  +2.18+0 -4,52-1
65-37 1 850-900 -1.59-2 -1.07-1  +1.31-2
65-37 1 925-975 +3.98-1 -4.24-1 +6.28-2
65-37 1 1000-1075 -4,89-1  +4.06-2 +1.12-2
65-37 | 850-900 +4.24-3 -1,71-1  +1,98-2
65-37 | | 925-975 -2.69-1 -8.05-2  +3.97-4
65-37 || 1000-1075 -3.99-1  -2,60-1  +2,00-2
65-38 || 1000-1075 -2.85-1  -3,25-1  +2,30-2
65-42 || 1000-1075 -1.06+0  +3,20-1 -3.97-2
66-9 1 850-900 -4.,29-2  -6.08-2  +8.28-3
66-11 1 575-625 +8,47-2 -1.35-1  +2,08-2
66-11 || 575-625 +7.53-2  -1.90-1  +3.43-2
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TABLE D6. Curve Equations - Coefficient
of Thermal Expansion -~ CSF, NC8

Irradiation . o
Graphite Orien- Temperature, Mean Equation Coefficients
Type tation °C (0 Exp.) A B(X) C(X2) D(X3)
CSF 1L 500-975 3.792+40  +4.031+0 -1.930-1 +1.622-2 +2.975-5
CSF || 300-975 1.783+0  +1,784+0 +7.926-3 -9.378-3 +5,771-4
NC8 1 575-975 3.336+0  +3.360+0 -2.053-2 -3.760-2 +2.986-3
NC8 [ 300-1075  1.662+0  +1.568+0 +3,481-2 -1.168-2 +6.618-4

TABLE D7. Curve Equations - Electrical Resistivity -
CSF, NC8, TSX, TSGBF

Irradiation . o
Graphite Orien- Temperature Mean Equation Coefficients
__Type  tationm °C (0 Exp.) A B(X) c(x?)  nxd)
CSF L 300-1275 1.333+1 +2,794+1 +4.,190+0 -4.778-1 +1.736-2
CSF || 300-1275 7.710+0 +1.846-1 +2.723+0 -3.202-1 +1.201-2
NC8 1 300-1275 1.101+1 +2,275+1 +4.825+0 -5.731-1 +2.112-2
NC8 || 300-1275 6.740+0 +1,624+1 +3,041+0 -3.575-1 +1.353-2
TSX 1 400-1275 1.257+1 +2,437+1 +8.676+0 -1.814+0 +1.172-1
TSX || 400-1275 6.000+0 +9,940+0 +8,184+0 -1.790+0 +1.254-1
TSGBF L 400-975 1.986+1 +3,261+1 +5.131+0 -1.034+0 +6.586-2
TSGBF || 400-975 1.381+1 +1,877+1 +1.214+1 -4.667+0 +4,755+1



e
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TABLE D8. Curve Equations - Young's Modulus-CSF, NC8, TSX, TSGBF

Irradiation . ..
Graphite Orien- Temperature, Mean Equation Coefficients
Type tation °C (0 Exp.) A B(X) C(X2) D(X3)

CSF l 300-550 7.004-1 +9,811-1 +2.688-1 -2,718-2 +8.281-4
CSF l 575-825 7.004-1 +9,969-1 +1.533-1 -1.523-2 +4,406-4
CSF L 925-1275 7.004-1 +7.380-1 +3.465-1 -1.114-1 +1.161-2
CSF | 400-750 1.585+0 +1,838+0 +6,049-1 -9.988-2 +4,656-3
CSF || 775-825 1.585+0 +2.028+0 +1,666-1 -1.543-2 +3.587-4
NC8 l 300-475 8.291-1 +1.,024+0 +3,517-1 -4.848-2 +2.021-3
NC8 L 500-1275 8.291-1 +9,502-1 +2.,647-1 -3.038-2 +9.885-4
NC8 | 400-825 1.497+0 +1.720+0 +3,521-1 -3.963-2 +1.179-3
TSX L 400-550 8.889-1 +9,302-1 +9.692-1 -4.516-1 +6,917-2
TSX i 575-625 8.889-1 +9,440-1 +4.649-1 -1.032-1 +8.031-3
TSX L 650-1275 8.889-1 +9.,838-1 +3.464-1 =-7.109-2 +4,685-3

|

I

|

1

1

TSX | 400-475 2,007+0 +2.020+0 +3,868+0 -2.544+0 +5,182-1
TSX | 575-750 2.007+0 +2.114+0 +1.474+0 -3.952-1 +3.088-2
TSX | 775-1275 2.007+0 +2.178+0 +9.524-1 -2,104-1 +1.292-2
TSGBF 400-625 8.656-1 +9,914-1 +4.081-1 -9.631-2 +6.827-3
TSGBF 650-825 8.656-1 +9,145-1 +2.,783-1 -6.763-2 +5.301-3
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APPENDIX E

SUPPLEMENTAL FIGURES

LENGTH CHANGE

Figures E1 through E6 present the dimensional behavior
for graphites for which only a small amount of data are

presently available.

EFFECT OF VARIATIONS IN IRRADIATION TEMPERATURE OF LENGTH
CHANGE

Data for four graphites are presented in Figures E7
through E9.

VOLUME CHANGE

Supplemental data are shown in Figures E10 through E18.

CTE

Figures E19 through E34 present CTE data for the graphites
exhibiting the same general behavior as those discussed in the
main text (BNWL-1056A).

ELECTRICAL RESISTIVITY

Electrical resistivity data for a number of the graphites

are shown in Figures E35 through E54.

YOUNG'S MODULUS OF ELASTICITY

Supplemental data are shown in Figures E55 through E62.
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H319 H327 H328
(65-32) (66-9) (66-10)
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300 - 375 1 300 - 375 1 300 - 375 1
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FIGURE FE1.

Fast Neutron Exposure, nvt x 1

0-21

, E>0.18 MeV

Length Change of Developmental Graphites
(Transverse)

-
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Length Change, Percent A L/L

H319 H327 H328
(65-32) (66-9) (66-10)
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I I I I I I
300 - 375 1 300 - 375 1 300 - 375 1
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7.0 — 575 - 625 4 7.0 — 575 - 625 4 — 7.0 b— 575 - 625 4 —
650 - 750 5 650 - 750 5 650 - 750 5
6.0 775 - 825 6 6.0 775-825 [R—— 6.0 775 - 825 6
850 - 900 7 850 - 900 7 850 ~ 900 7
5.0 925 - 975 8 5.0 — 925 - 975 8 5.0 — 925 - 975 8
1000 - 1075 9 1000 - 1075 9 1000 - 1075 9
1100 - 1175 0 1100 - 1175 0 1100 - 1175 0
4.0 — 4.0 — — 4.0 — —
1200 - 1275 - 1200 - 1275 - 1200 - 1275 -
3.0 3.0 3.0
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0 0 0
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0 2 6 8 10 12 0 2 0 2 4

Fast Neutron Kxposure, nvt x 10_21, E>0.18 MeV

FIGURE E2. Length Change of Developmental Graphites
(Parallel)
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H207-85 9640 9751
(66-11) (66-14) (67-1)
5.5 I 5.5 i I . 5.5 I T
300 - 375 1 300 - 375 1 300 - 375 1
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500 - 550 3 500 - 550 3 500 - 550 3
575 - 625 4 575 - 625 1 575 - 625 4 1
i |
4.5F— 650 - 750 5 15— 630 - 750 50— 3.5 — 650 - 750 5 —
775 - 825 6 775 - 825 6 775 - 825 6
850 - 900 7 830 - 900 7 850 - 900 7
4.0 +— 4.0 +— — 1.0 F— _—
925 - 975 8 : 925 - 975 8 925 - 975 8
i
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Fast Neutron Exposure, nvt x 10777, E>0.18 MeV

FIGURE E3. Length Change of Developmental Graphites
(Transverse)
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FIGURE F4.

Fast Neutron Exposure, nvt x 10'21, E>0.18 MeV

Length Change of Developmental Graphites

(Parallel)
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Fast Neutron Exposure, nvt x 10721, £>0.18 MeV
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Electrical Resistivity,.Q.- cm x 104
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OVERLAY GRAPHS

An easily removable duplicate set of 11 graphs for the
CSF graphite is provided in this appendix for use as overlay
graphs to allow ready comparisons of the behavior of different

materials.
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Augsburg, WEST GERMANY

0. J. Vohler

Speer Carbon Products

Research § Development Laboratories
Packard Road § 47th Street

Niagara Falls, New York

W. E. Parker

Speer Carbon Products
Development Department
St. Marys, Pennsylvania

W. A. Bauer
M. B. Redmount

THTR Projektleitung
517 Julich
bei Aachen, WEST GERMANY

L. Valette

Union Carbide Corporation
Cleveland, Ohio

J. T. Meers

Union Carbide Corporation
270 Park Avenue, New York, N.Y.

P. J. Hastings

Union Carbide Corporation
Lawrenceburg, Tennessee

L. D. Stoughton

Union Carbide Corporation (ORNL Y-12)
W. P. Eatherly
B. L. Greenstreet
F. J. Witt (2)

Union Carbide Corporation (ORNL X-10)
R. Kennedy (2)
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No. of
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Wright Air Development Division
Wright-Patterson AFB, Ohio

R. H. Wilson (Major)

ONSITE-HANFORD

1

25

AEC Chicago Patent Group
R. K. Sharp (Richland)

AEC RDT Site Representative
P. G. Holsted

AEC Richland Operations Office
R. L. Plum
C. L. Robinson

Battelle Memorial Institute

Douglas United Nuclear, Inc.
P. C. Carlson
R. Cooperstein
D. H. Curtiss
A. Russell

Battelle-Northwest
Baker
Cox
Dalen
Gray
Helm (3)
Henderson
Hobbs
Hope
Jervis
Knoll
Nightingale
Pitner
Tobin
. Vogel
Woodruff
. H. Yoshikawa
Technical Information Files (5)
Technical Publications (2)
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