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CHAPTER 1: IRRADIATION TEST FACILITIES

1.

RTNS-II Irradiations and Operations (LLNL)

Irradiations were performed for 21 different experimenters

during this gquarter. The second U.S.-Japan Steering Committee

meeting was held February 9-11, 1983. Work has begqun on the

preparation of the right machine for initial operation,

Light Ton Accelerator Facility to Study the Effects of
Interstitial Helium and Hydrogen Atoms on Microstructural
Evolution in Self-Ion Irradiated Nickel (U. of Wisconsin)

Initial experiments have been completed to characterize the
Dbhase space properties of the beam as it leaves the acceler-
ator. Irradiations of annealed nickel foils with He' and
H+ beams at 700 keV were completed to determine maximum

operating parameters of the system.

Intense Titanium Ion Beam for Radiation Damage Studies

(U. of Wisconsin)

A beam of TiH ions suitable for heavy-ion irradiation

studies utilizing a tandem accelerator has been developed and

characterized. Beam currents and emittances are presented

with estimated operating lifetimes of sputter cathodes,

11



CONTENTS (Cont'd)

Page

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS

1.

Fission Reactor Dosimetry - HFIR - CTR31, 32, 34, and 35
(ANL) 17

Measurements of neutron fluxes and energy spectra for four

irradiations in HFIR, designated CTR31, 32, 34, and 35, agree

guite well. The status of all other dosimetry experiments is

summarized.

27 26

Measurement of the “"Al(n,2n)" "Al Cross Section Near
Threshold (ANL) 27

It may be possible to measure plasma ion temperatures by com-

, 27 26
paring Al({n,2n) Al reaction rates with the Al{n,p) and

Al(n,0) reaction rates that vary much more slowly near 14 MeV.

Helium Production Cross Sections for 14.8-MeV Neutrons (RIES) 38

Total helium production cross sections have been determined at

En = 14.8 MeV for ¢ (graphite), Y, Ay, and Ta irradiated in
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RTNS-II, and for "ri, Li, and ~B irradiated in RTNS-T.
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The Effects of Collision Cascade Properties on the Diffusion
of Point Defects in Irradiated Materials (UCLA) 44

Vacancy and interstitial cascades are modeled as concentric
spheres in a Monte-Carlec solution to the point defect
diffusion problem. It is shown that large cascades typical
of fusion spectra may lead to a small fluctuation in the
average concentration of point defects. An assessment of the

validity of rate thecory is given.
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CHAPTER 3: REDUCED ACTIVATION MATERIALS 63
1. Activation of Components of a Fusion Alloy (HEDL)

The activation of 27 elements at the STARFIRE first wall posi-

tion for a Z-year irradiation period and for various cooling

times was calculated. Comparing the results to present NRC

regulations on waste disposal indicates that N, Ni, Cu, Nb,

and Mo additions to steels might face restrictions,
CHAPTER 4: FUNDAMENTAL MECHANTCAL BEHAVIOR
i. Grain Bouncary Chemistry, Hydrogen Embrittlement and Stress

Corrosion Behavior of HT9 (PNL) 77

The grain boundary phosphorus and sulfur concentrations of
HT9 were found to depend on heat treatment in a manner
consistent with other ferritic steels., Straining electrode
tests at cathodic and anodic test potentials revealed that
HT9 15 sensitive to hydrogen embrittlement but not stress
corrosion at 25°C in an acidic electrolyte, The reduction of
area was 13% at cathodic test potentials and 60% in air and
at anodic test potentials. This decrease in reduction of
area was accompanied by an increase in quasi-cleavage and

intergranular fracture.

Radiation-Induced Segregation of Phosphorus in Fusion Reactor
Materials (PNL) 103

The magnitude of phosphorus segregation in ferritics is much

less than in stainless steel. Sputtering places an inherent
limitation on the heavy ion irradiation technigue for the

study of surface segregation of impurity elements.
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CHAPTER 5: CORRELATION METHODOLOGY

1.

The Development of Model-Based Swelling Equations for Fusion
Design Applications (UCSB) 115

The predictions of a rate theory swelling model, calibrated

to fission reactor data, have been used to develop prelimi-
nary design eguations for the swelling of 20% cold-worked
AISI 316 stainless steel in a fusion reactor first wall.
These eguations complement two empirical eguations developed

elsewhere.

Bias in Ferritic and Austenitic Alloys {(U. of Wisconsin) 126

The hypothesis is advanced that the difference in the swelling
behavior of austenitic and ferritic alloys originates from

the difference in the net bias. Equations are given for the
bias factors of voids and dislocations for both interstitial
and vacancy capture. The net bias iIs found to be smaller by
about a factor of four in ferritic steels as compared to
austenitic steels. With the value obtained for austenitic
steels, an upper swelling rate of “v1.4%/dpa Is expected.

This compares favorably with the empirical value of “v1%/dpa.

Effect of Bubble Radius on the Equation of State for Gases

(U. of Wisconsin-Madison) 148

The gas pressure derived from a thermodynamic equation of
state is only egual to the gas-kinetic pressure exerted on a
surface whose radius of curvature is very large compared with
the radius of the gas molecules or atoms. Curvature correc-
tions show that the gas-kinetic pressure in small bubbles can
be significantly larger than the pressure obtained from the

thermodynamic equation of state.
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Contribution of Vacancies to the Equation of State of Solid
Helium {U. of Wisconsin)

It is found that vacancies make only a minor contribution to
the equation of state at the high temperatures of interest to

radiation damage and blistering applications,

Grain Boundary Helium Deposition in Nickel-Bearing Alloys

Irradiated in Mixed Spectrum Reactors (U. of Missouri-Rolla)

A general derivation was performed to determine the effect of
nickel segregation on the helium deposition rate at the grain
boundary in nickel-bearing alloys under irradiation in mixed

spectrum nuclear reactors.

A Computerized "Reference Manual" for Literature on Helium
Effects {(UCLA, ORNL)

A summary is given of a computerized "Reference Manual" for

all available literature on helium effects on solids. The
report is divided into 12 chapters, each dealing with research
on a particular area. The entries to publications are given

alphabetically and chronologically within each year.

Cross-Section Technique for lon-Irradiated AISI 316 SS
{U. of Wisconsin)

A cross-section technique involving nickel plating on a 316 S5

substrate has been demonstrated for 14-MeV 58Ni3+

irradiated
316 S5. Unlike a previous technigue for cross-sectioning
316 5SS, this method does not rely on a high temperature

diffusion bond between the nickel and the 316 5S.
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