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10.5 HFIR IRRADIATION EXPERIMENTS — J.P. Robertson, Y. Katoh and J. McDuffee (Oak Ridge
National Laboratory)

Summary of recent, current and planned Fusion Materials Program experiments.

Status of the Reactor

HFIR completed 3.2 cycles during the second half of 2015. Cycle 460C (July 6 — July 11, 2015) added

406 MWdays to complete this cycle.

Cycle 460 started on June 9, 2015, but there was a manual

shutdown on June 13, 2015, in response to a reactor setback. The cycle was restarted on June 15, but
the reactor was again forced to shut down due to abnormal fluctuations in the primary temperature.
Cycles 461 (July 21 — August 15), 462 (October 6 — October 31), and 463 (November 17 — December 11)
were completed without incident.

Summary of Recent, Current and Planned Fusion Materials Program HFIR Experiments

Experiment Primary Specimen Irradiation Max Number of Irradiation
Designation Materials Types* Temperature Exposure Reactor Period
(°C) (dpa) Cycles (month/year)
Beryllium reflector (RB) irradiation positions
RB-15J F82H T,FFT 300, 400 6 10 6/08 - 12/09
RB-19J W alloys various 250/300C, 15 6 6/16 6/17
and F82H 500C, 800C,
1200C
Target zone full-length capsules
JP-25 F82H T,FT 300, 500 20 10 299 - 1/01
JP-26 F82H T,FT 300,400,500 9 5 12/03 - 11/04
JP-27 F82H T,FT 300, 400 21 13 12/03 - 1/08
JP-28 F82H T,FT 300,400,500 80 46 4/05 - 7/13
JP-29 F82H T,FT 300,400,500 80 46 1/05 - 7/13
12-DCT F82H DCT 50 1.6 1 8/11 - 811
JP-30 F82H T,FT 300,400,650 20 ~10 11/11 -  8/13
JP-31 F82H T,FT 300,400,650 20 ~10 11/11 -  8/13
Target zone rabbit capsules (DOE-JAEA)

F8A1 F82H T, FT 300 50 29 209 - 7/13

F8A2 ! ! ! ! ! ! - !

F8B1 ! ! ! ! ! ! - !

F8B2 ! ! ! ! ! ! - !
JCR-1 SiC/SiC Bend bars 800 30 15 10/04 - 1/09

JCR-2 ! ! ! ! ! ! - !

JCR-3 ! ! ! ! ! ! - !

JCR-4 ! ! ! ! ! ! - !
JCR-5 ! “ “ >50 >25 10/04 - 2/11
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Irradiation L
Experiment Primary Specimen Temperature Max Number of Irradiation
Designation Materials Types* (°C) Exposure Reactor
(dpa) Cycles (month/year)
Target zone rabbit capsules (DOE-JAEA) (Continued)
JCR-6 ! ! ! ! ! ! !
JCR-7 ! ! ! ! ! ! !
JCR-8 ! ! ! ! ! ! !
JCR-9 ! ! 500 30 15 10/04 1/09
JCR-10 ! ! ! ! ! ! !
JCR-11 ! ! ! ! ! ! !
JCR-12 ! ! ! ! ! ! !
F11A3 F82H T, FT 300 20 12 5/11 2/13
F11A4 ! ! ! ! ! ! !
F11B3 ! ! ! ! ! ! !
M4-TEN F82H DCT 50 1.6 1 8/11 8/11
JCR11-01 SiC/SiC Bend bars 950 50 25 11/12
JCR11-02 SiC/SiC Bend bars 950 10 5 10/12 8/13
JCR11-03 SiC/SiC Bend bars 950 30 15 5/13 8/15
JCR11-04 SiC/SiC Bend bars 950 30 15 5/13 8/15
JCR11-05 SiC/SiC Bend bars 950 50 25 10/12
JCR11-06 SiC/SiC Bend bars 950 10 5 10/12 7/13
JCR11-07 SiC/SiC Bend bars 950 100 50 10/12
JCR11-08 SiC/SiC Bend bars 950 100 50 10/12
JCR11-09 SiC/SiC UbDMC 950 4 2 6/13 11/13
JCR11-10 SiC/SiC UbDMC 950 10 8 6/13 8/14
JCR11-11 SiC/SiC UbDMC 950 30 15 6/13 8/15
JCR11-12 SiC/SiC UbDMC 950 100 50 6/13
F13A5 F82H T, FT 300 10 9 1/14 3/15
F13A6 F82H T, FT 300 20 18 1/14
F13B4 F82H T, FT 300 10 9 1/14 3/15
F13B5 F82H T, FT 300 20 18 1/14
SCF6 SiC/SiC Bend bars 600 10 6 11/14 10/15
SCF7 SiC/SiC Bend bars 600 30 14 11/14
SCF8 SiC/SiC Bend bars 600 100 45 11/14
SCF9 SiC/SiC Bend bars 600 200 90 11/14
SCF10 SiC/SiC Bend bars 950 10 5 1/15 10/15
SCF11 SiC/SiC Bend bars 950 30 14 1/15
SCF12 SiC/SiC Bend bars 950 100 45 1/15
Target zone rabbit capsules (DOE-NIFS)
T8Al SiC BSR 300 0.01 HT** 10/09 10/09
T8A2 SiC BSR 300 0.1 HT 10/09 10/09
T8B1 SiC BSR 500 0.01 HT 10/09 10/09
T8B2 SiC BSR 500 0.1 HT 10/09 10/09
T8C1 SiC BSR 500 ~1 1 5/09 6/09
T8D1 SiC BSR 800 0.1 HT 3/11 10/09
T8E1 SiC BSR 800 ~1 1 8/09 8/09
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Experiment Primary Specimen Irradiation Max Number of Irradigtion
Designation Materials Types* Temperature | Exposure Reactor Period
(°C) (dpa) Cycles (month/year)
Target zone rabbit capsules (DOE-NIFS) (Continued)
T8F1 SiC BSR 1200 ~1 1 8/09 - 8/09
T9Al W, Ni Discs 90 0.1 HT 1/09 - 10/09
T9A2 W, Ni Discs 90 1.2 1 1/09 - 1/09
T9C1 Steels T, MC 500 5.5 3 11/09 -  2/10
T9C2 Steels T, MC 500 9.6 5 11/09 -  6/10
T9G1 Steels T, MC 300 1.2 1 6/09 —  8/09
T9G2 Steels T, MC 300 9.6 8 6/09 - 8/11
MTTNO1 Steels T, MC 300 4.8 4 112 - 8/11
300-LD-1 Steels SSJ, MC 300 2 1 5/12 - 6/12
300-HD-1 Steels SSJ, MC 300 12 6 5/12 - 2/13
500-LD-1 Steels SSJ, MC 500 2 1 5/12 - 6/12
500-HD-1 Steels SSJ, MC 500 12 6 5/12 - 2/13
500-HD-2 Steels SSJ, MC 500 12 6 5/12 - 2/13
500-HD-3 Steels SSJ, MC 500 12 6 5/12 - 2/13
650-LD-1 Steels SSJ, MC 650 2 1 5/12 - 6/12
650-LD-2 Steels SSJ, MC 650 2 1 5/12 - 6/12
650-HD-1 Steels SSJ, MC 650 12 6 5/12 - 2/13
650-HD-2 Steels SSJ, MC 650 12 6 5/12 - 2/13
300-LD-2 Steels, W SSJ, MC 300 2 2 712 - 8/12
300-MD-1 Steels, W SSJ, MC 300 7 4 712 - 2/13
500-LD-2 Steels, W SSJ, MC 500 2 2 123 - 7/13
300-LD-3 Steels, W SSJ, MC 300 2 2 712 - 11/12
300-HD-2 Steels, W SSJ, MC 300 12 8 712 - 2/14
500-LD-3 Steels, W SSJ, MC 500 2 1 712 - 8/12
500-HD-4 Steels, W SSJ, MC 500 12 6 712 - 7/13
650-LD-3 Steels, W SSJ, MC 650 2 2 10/12 - 7/13
650-HD-3 Steels, W SSJ, MC 650 12 8 7/12 - 11/13
PC1 Various SSJ, MC 80/100 0.02 HT 6/12 - 6/12
PC1A Various SSJ, MC 80/100 0.02 HT 6/12 - 6/12
PC2 Various SSJ, MC 80/100 0.1 HT 6/12 - 6/12
PC2A Various SSJ, MC 80/100 0.1 HT 6/12 - 6/12
PC3 Various SSJ, MC 80/100 0.5 HT 6/12 - 712
PC3A Various SSJ, MC 80/100 0.5 HT 6/12 - 712
PC4 Various SSJ, MC 80/100 2 1 6/12 - 712
PC4A Various SSJ, MC 80/100 2 1 6/12 - 712
PC5 Various SSJ, MC 80/100 20 9 6/12 - 11/13
TB-300-1 Steels, W SSJ, MC 300 0.02 HT 8/12 - 8/12
TB-300-2 Steels, W SSJ, MC 300 0.1 HT 8/12 - 8/12
TB-300-3 Steels, W SSJ, MC 300 0.5 HT 8/12 - 8/12
TB-300-4 Steels, W SSJ, MC 300 7 5 7/12 - 6/13
TB-500-1 Steels, W SSJ, MC 500 0.1 HT 8/12 - 8/12
TB-500-2 Steels, W SSJ, MC 500 0.5 HT 8/12 - 8/12
TB-500-3 Steels, W SSJ, MC 500 7 4 712 - 2/13
TB-650-1 Steels, W SSJ, MC 650 0.1 HT 8/12 - 8/12
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Experiment Primary Specimen Irradiation Max Number of Irradigtion
Designation Materials Types* Temperature | Exposure Reactor Period
(°C) (dpa) Cycles (month/year)
Target zone rabbit capsules (DOE-NIFS) (Continued)
TB-650-2 Steels, W SSJ, MC 650 0.5 HT 8/12 - 8/12
TB-650-3 Steels, W SSJ, MC 650 7 5 7/12 - 6/13
TB-650-4 Steels, W SSJ, MC 650 20 11 712 - 7114
TTNO9 SiC Joint 500 3.4 2 8/11 - 1111
TTN10 SiC Joint 500 4.1 2 8/11 - 1111
TTN11 SiC Joint 800 4 2 3/12 - 512
TTNO1 SiC BSR 300 1 1 211 - 311
TTNO2 SiC BSR 300 10 6 211 - 12/11
TTNO3 SiC BSR 300 20 11 2/11 -  8/13
TTNO4 SiC BSR 500 10 6 511 - 4/12
TTNO5 SiC BSR 500 20 11 5/11 -  8/13
TTNO6 SiC BSR 800 10 6 511 - 4/12
TTNO7 SiC BSR 800 20 11 5/11 -  8/13
TTNO8 SiC BSR 1200 10 6 511 - 8/12
TTN16 SiC Fiber BSR 500 1 1 1111 - 1221
TTN17 SiC Fiber BSR 500 10 6 8/11 - 6/12
TTN18 SiC Fiber BSR 500 20 11 8/11 - 8/13
TTN19 SiC Fiber BSR 1200 1 1 312 - 4/12
TTN20 SiC Fiber BSR 1200 10 6 3/12 - 11/12
PXW1 w Discs 800 2 1 -
PXW2 w Discs 800 2 1 115 - 2/15
PXW3 w Discs 800 6 3 -
PXW4 w Discs 1100 2 1 -
PXW5 w Discs 1100 2 1 115 - 2/15
PXW8 w Discs 1100 6 3 -
Target zone rabbit capsules (US-NIFS-JAEA)
T11-01J V-4Cr-4Ti BTC 425 2 1 1112 - 12/12
T11-02J V-4Cr-4Ti BTC 425 6 3 113 - 713
T11-03J V-4Cr-4Ti BTC 425 2 1 1112 - 12/12
T11-04J V-4Cr-4Ti BTC 425 6 3 113 - 713
T11-05J SiC BTC 600 2 1 1112 - 12/12
T11-06J SiC BTC 600 6 3 1/13 - 7/13
T11-08J SiC BTC 600 6 3 1/13 - 7/13
T11-09J SiC BTC 600 2 1 11712 - 12/12
T11-11J SiC BTC 600 2 1 11712 - 12/12
T11-13J Graphite BTC 600 2 1 11712 - 12/12
T11-14J Graphite BTC 600 6 3 1/13 - 7/13
J12-01 F82H BTC 300 15 1 1/13 - 2/13
J12-02 F82H BTC 300 6 3 513 - 7/13
J12-03 F82H BTC 300 15 1 513 - 2/13
J12-04 F82H BTC 300 6 3 1/13 - 6/13
J12-05 F82H BTC 300 15 1 1/13 - 2/13
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Experiment Primary Specimen Irradiation Max Number of Irradigtion
Designation Materials Types* Temperature | Exposure Reactor Period
(°C) (dpa) Cycles (month/year)
Target zone rabbit capsules (US-NIFS-JAEA) (Continued)
J12-06 | F82H | BTC | 300 | 6 | 3 5/13 - 6/13
Target zone rabbit capsules (US-IMR)
MX-1 Ceramics Various 400 2 1 7/13 — 8/13
MX-2 Ceramics Various 400 6 3 7/13 — 3/14
MX-3 Ceramics Various 400 10 6 7/13 — 7/14
MX-4 Ceramics Various 700 2 1 7/13 — 8/13
MX-5 Ceramics Various 700 6 3 7/13 — 2/14
MX-6 Ceramics Various 700 10 5 7/13 — 5/14
MX-7 Ceramics Various 1000 2 1 7/13 — 8/13
MX-8 Ceramics Various 1000 6 3 7/13 — 3/14
MX-9 Ceramics Various 1000 10 5 7/13 — 5/14
IMR1 Various Various 200 2 1 6/15 — 7/15
IMR2 Various Various 200 2 1 6/15 — 7/15
IMR3 Various Various 200 2 1 6/15 — 7/15
IMR4 Various Various 200 2 1 —
IMR5 Various Various 200 4 2 6/15 — 2/16
IMR6 Various Various 600 2 1 —
IMR7 Various Various 600 6 3 —
IMR8 Various Various 600 10 5 —
IMR9 Various Various 1000 2 1 —
IMR10 Various Various 1000 6 3 —
IMR11 Various Various 1000 10 5 —
Target zone rabbit capsules (US)
SCJ2-10 Ceramics Joint 500 3 2 5/14 - 7/14
SCJ2-11 Ceramics Joint 500 >10 12 5/14 -
SCJ2-12 Ceramics Joint 500 3 2 5/14 - 7/14
SCJ2-16 Ceramics Joint 1000 3 2 6/14 - 8/14
SCJ2-17 Ceramics Joint 1000 3 2 6/14 - 8/14

*T = Tensile, F = Fatigue, FT = Fracture Toughness, MC = Multipurpose Coupon, BSR = Bend Stress
Relaxation Creep, DCT = Disc Compact Tension, BTC: Bellows-loaded Tensile Creep, UDMC: Uni-
directional Mini-composite. Most experiments also contain TEM disks, other special purpose specimens,
and monitors occupying small spaces.

**Hydraulic tube — fractional cycle exposures.
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