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CHAPTER 1: IRRADIATION TEST FACILITIES

1. RTNS-II Irradiations and Operations (LLNL)

Irradiations were performed on a total of five different experiments.
The 50-em target assembly was installed. Also installed was the
modified two zone furnace from HEDL. An unscheduled ocutage of three
weeks occurred due to unexpected problems with the 50-em target
assembly.

2. Nuclear Data for Damage Studies and FMIT (HEDL)

Estimates were made of damage and heating rates that might occur in
the FMIT target backing plate due to protons created in the lithium
target which penetrate to the plate. The upper limits of proton-
induced damage and heating rates are comparable at the surface of
the backing plate to estimated neutron-induced rates.

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS

1. Fission Reactor Dosimetry (ANL)

Final results are presented for the ORR-MFE44 experiments. Samples
have been counted from HFIR-CTR32.

2. Characterization of Spallation Neutron Sources (ANL )

The Neutron Scattering Facility (NSF) of the Intense Pulsed Neutron
Source (IPNS}) at Argonne National Laboratory has been characterized
for potential radiation damage experiments. The spectrum is softer
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and damage rates are lower than in the Radiation Effects Facility (REF);

however, longer exposure times will be possible.



CONTENTS (Cont'd)
Page

Helium Generation Cross Sections for 14.8-MeV Neutrons (RIES) 31

The total helium generation cross sections have been measured at
14.8 M/ for the pure elements Si, Co, Sn and Pt.

Helium Generation Cross Sections for Be(d,n) Neutrons (RIES) A

Helium analyses have been completed for the pure elements Cr, Co
and ¥b, irradiated in a Be(d,n) neutron field, and average integral
Cross sections have been determined.

Effects of Temperature in Binary Collision Simulations of High
Energy Displacement Cascades (HEDL) 37

Cascades from 3 to 500 keV were generated using MARLOWE for both a

nonthermal and a room temperature copper lattice. Differences are
small. Room temperature cascades tend to have a greater number of

distinct damage regions per cascade, but about the same frequency
of widely separated subcascades.

14-MeV Neutron Irradiation of Copper Alloys (U. of Wisconsin) 48

Resistivity measurements on three copper alloys (Cu+5% AL, Cu+5% Mn,
Cutbd% NZ) irradiated with 74-MeV neutrons show an initial decrease
with fluence to about I X 1017 n/em?. At the maximum fluence of

3 X 10'7 n/em?, the resistivity had exceeded the preirradiation
value for the AL and Ni alloys.

Neutron-Irradiation Plan for Calibration of Gama and Neutron Damage
Effects in Organic Insulators (LANL) 57

A number of organic insulators, G-10CR, G-21CR, two polyimide-based
analogues of G-10, kapton films, and glass-filled Epon 828 will be
irradiated in IPNS at liquid heliwm temperature to aid iIn differen-
tiating between neutron and gamma effects.
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CHAPTER 3: FUNDAMENTAL MECHANICAL BEHAVIOR 69
1. Quantitative Load-Elongation Capabilities of an In-Situ Hot Tensile

Stage for HVEM Use (U. of Virginia) 71

Load-elongation data can be obtained from thick (40 um) areas of
small tensile specimens while simultaneously observing crack prop-
agation characteristics and microstructural interactions through
HVEM video recordings obtained from the thin (<1 um) regions of
the specimen.

2. Mechanical Behavior Evaluation Using the Miniaturized Disk Bend
Test (MIT) 82

A new Miniaturized Disk Bend Test (MDBT) has been designed, con-
structed and is being developed for postirradiation determination

of mechanical behavior. A finite element computer model utilizing

a friction-gap boundary condition is used to convert the experimental
central load-deflection curves into stress/strain information. Pre-

liminary results using small strain theory show excellent agreement
with experimental data,

3. An Approach to Small Scale Ductility Tests (UCSB) 104

A bulge testing apparatus was used to test to failure small, thin
sheet specimens of 13 different materials under balanced biaxial
tension; uniaxial tensile data were also obtained. The bulge test
was found to be useful in characterizing pZast¢tZc instability and
in evaluating a ductile failure parameter.

4, An Evaluation of the Application of Fracture Mechanics Procedures

to Fusion First Wall Structures (UCSS) 118

An analysis OF the application of J integral based elastic-plastic
fracture mechanics procedures to fusion structures is carried out.

vii



CONTENTS (Cont'd)

Some limiting flaw-structure geometries are specified along with
estimates of upper- and lower-bound service properties of a mar-
tensitic stainless steel. Size requirements for J procedures in
unconstrained flow geometries and for low strain-hardening condi-
tions result in a small range of valid application even for
tower-bound properties. In constrained deformation geometries,
the range of application is extended for lower-bound properties.
Failure of J procedures is shown to coincide with approach to
fully plastic fracture, which can be treated partly with Zimit-
Load or net-section stress criteria.

5. A Fatigue Test for Specimens from Simultaneously lon-Bombarded and
Stress/Temperature-Cycled 316 SS Pressurized Tubes (MIT}) 136

A fatigue test to supplement information gained from microscopic
analysis of simultaneously ion-bombarded and stress/temperature-
cycled 316 S5 pressurized tube specimens has been developed.

CHAPTER 4: CORRELATION METHODOLOGY 141

1. Fission Fusion Correlations for Swelling and Microstructure in

Stainless Steels: Effect of the Helium to Displacement Per Atom
Ratio (UCSB, ORNL, W-R&D) 143

The effects of the helium to displacement per atom ratio on micro-
structural evolution are reviewed, with emphasis on austenitic
stainless steels. Charged particle data are analyzed to determine
mechanistic trends. The results appear to be consistent with a

more detailed comparison made between data from neutron irradiations
of type 316 stainless steel in EBR-11 (low kel<um) and HFIR (high
helium). A model calibrated to the fission reactor data is used

to extrapolate to fusion conditions.
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2. Cavity Formation in Single- and Dual-lon Irradiated HT-9 and
HT-9 + 2Ni Ferritic Alloys (ANL) 182

Dual-ion irradiation at all temperatures In the range 350-600°C
caused cavity formation in both HT-9 and HT-9 * 28¢, while single-
ion irradiation (<.e., without kelium injection) at the same
temperatures produced almost no cavities in either alloy. The
excess nickel in HT-9 * 2mi strongly suppressed swelling at 470°¢
but had little effect on cavity formation at other temperatures.

3. Influence of He Injection Schedule and Prior Thermomechanical
Treatment ON Microstructure of Type 316 SS (ANL) 191

Differences in heliwn concentration and distribution at low dose
(<5 dpa) were found to have persistent effects on high dose (25 dpaJ
microstructures but the nature of those effects varied with thermo-
mechanical history.

4. Continued Examination of the Swelling of "Pure" AISI| 316 Irradiated
In ORR (HEDL) 206

Preimplantation of 40-appm heliwn into “pure AISI 318" prior to
irradiation in ORR at 550°C to ~3 dpa leads to either total sup-

pression of radiation-induced cavities or reduction of their
diameters below 1.5 run.

APPENDIX A-1

Critical Assessment of Dual-lon and Charged Particle Research in

the Fusion Materials Program A-3

This report focuses on the status of "interpretational tools™ needed
to apply charged-particle results to the correlation of neutron data
obtained from different irradiation environments. The near-term
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impact OF charged particle data is expected to be indirect, as in
developing models, guiding data interpretation, planning neutron
irradiation experiments, and choosing among alternate interim
engineering correlation positions. 1In the long term, however, the
impact is likely to become more direct, because of the world-wide
interest in developing applications of the interactions of ion
beams with solids. The immediate need for fusion material studies
IS a two-fold ecommitment: 1) to sustain charged-particle research
and 2) to resolve the interpretational problems that are limiting
applications of the results.
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