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CHAPTER 1. IRRADIATION TEST FACILITIES

1. RTNS-II Irradiations and Operations (LLNL)

Irradiations were performed on three primary experiments involving
Nb, 12, v, ¢u, and mica, and on three secondary ("piggyback™)
experiments. No major unscheduled outages occurred. A 50 em
target was operated at 5000 rpm and high vacwwn for 250 hours
with no problems encowntered.

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS

1

Fission Reactor Dosimetry (ANL)

Fluence and damage maps are presented for the EBR-II-X287
experiment. Dosimeters have been provided for several new
experiments in HFIR.

Characterization of Spallation Neutron Sources (ANL)

The Radiation Effects Facility (REF) of the Intense Pulsed
Neutron Source (IPNS} became operational in July 71981. Fluence
and damage parameters are given for the vertical thimble (vra)
and rabbit irradiation tubes.

Heliun Production in ORR MFE 4A Nickel (RIES)

A series of analyses has been performed on om of the nickel
dosimetry wires removed from the ORR MFE-4A experiment.
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Heliun Generation Cross Sections for 14.8 MeV Neutrons (RIES)
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The total heliwn generation cross sections have been measured
for v, Fe, ¥Z, cu, Zr, Nb, Mo, 4» and the separated isotopes
of Fe, ¥Z, Cu, and Mo irradiated in RTNS-11. The results are
presented along with the previous cross-section measurements
made as part of two RTNS-1 experiments.

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

Helium analyses have been completed for the Fe, #Z, and Cu
isotopes irradiated in the Be(d,n) neutron field, and average
integral cross sections huve been determined for all of the
Be (d,n)~irradiated materials analyzed to date.

Measurements of the 27A1(n,2n)25A1 Cross Section {ANL)

A new technique, AMS (accelerator mass spectrometry), was used
to measure the (xn,2n) cross section in alwnimen. The experimen-
tally measured cross section was found to be approximately one
half the theoretically calculated cross section presently being
used in neutron damage calculations.

Nuclear Data Applications in Radiation Damage Studies (HEDL)

Vanadiun was added to the nuclear cross section library associated
with the transmutation code REAC.

The damage energy cross sections and helium production from ENDF/B-V
for 25 materials were processed with the ¥/JY code.
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8 Reflection of Low Energy Helium Atoms From Tungsten Surfaces {ORNL) 53

The computer program MARLOWE (Version 11.5) has been used to simulate
the reflection of 8 eV to i.5 kev heliwn atoms from monocrystalline,
polycrystalline, and amorphous tungsten targets. Comparisons of
calculated and measured ion ranges indicate that the electronic
stopping cross section of low energy heliwn atoms in tungsten is
significantly greater than the traditional LsS value. The reflection
coefficients calecutated for the <007> surface are in fair agreement

with experiment.

9. Radiation Damage Studies (U. of Wisconsin) 66

Range and damage calculations with the new Monte Carlo computer
program HERAD shows improved agreement with recent range and
damage experimental data. The effect of voids developed during
irradiation is included. A parameter study indicates that the
electronic stopping cross section of low energy H in M s
significantly lower than the traditiornal LSS value.

CHAPTER 3: FUNDAMENTAL MECHANICAL BEHAVIOR

1. Environmental Effects on Fracture of Fusion Reactor Materials (PNL) 81

The known stress corrosion and corrosion fatigue fracture processes

in austenitic and ferritic steels are reviewed with an emphasis on
aqueous and liquid metal environments. Possible effects of irradia-
tion are discussed and precautions are given for the use of austenitic
and ferritic stainless steels in fusion reactor environments. Finally,
an approach to modeling the envirommental effect on the local fracture
toughness at the tip of a crack is given.
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CHAPTER 4: CORRELATION METHODOLOGY

1. Fusion Swelling Predictions From a Model-Based Fission-Fusion- 97
Fission Interpolation (UCSB)

The helium/dpa (He/dpa) ratio in stainless steel under fusion
conditions will be about 30 times greater than in EBR-II and
about 7 times less than Zn HFIR. A rate theory model that
explicitly considers some potential #e/dpa ratio effects has
been calibrated using data from both EBR-11 and HFIR. Appli-
cation of the model to fusion conditions indicates that simple
extrapolations of swelling data from either EBR-11 or HFIK may
not be valid.

2. Heliun Bubble Formation and Swelling in Metals (U. of Wisconsin, 114
HEOL)

The effect of continuous production of helim on swelling is analyzed
using an improved equation of state for gaseous helim that incorporates
both a gas-kinetic as well as a static pressure for densely packed
helim. At high temperatures, bubbles grow by thermal vacancy emission
at dislocations and their absorption at cavities. For high He/dpa
ratios, bubbles remain overpressurized, and swelling is less than 1 f
equilibrium is assmed. At low temperatures, swelling or void growth
driven by a modest bias i s always larger than bubble swelling, and
helim has no effect on the swelling rate.

3. The Radiation-Induced Evolution of AISI 316 (DO-Heat) in HFIR 127
and EBR-11 (HEDL)

Exagmination OoF a HFIR-irradiated specimen at 42 dpa shaws that the
dislocation and phase evolution are consistent with that of com-

parable EBR-II irradiated material but that the void densities are
higher. Microchemical analyses show that evolution is in progress
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at 42 dpa and it is expected that the swelling rate will increase
at higher fluence.
Migration and Trapping of Heliun by Cavities and Dislocations in 142

Dual lon Irradiated Stainless Steels (W-R&D)

The results of dual ion experiments suggest that approximately
99 percent of the helim is in visible cavities near the peak
swelling temperature. ~Numerical calculations of helim parti-
tioning based on cavity and disloecation sink strengths for
vacancies are shown to over-estimate the number of gas atoms
associated with dislocations, and to reduce the mazimum possible
equilibrium bubble size by a factor of two.

Bubble Growth Kinetics Associated With Irradiated and Postirradiation 155
Annealed Metals {U. of Virginia)

During in-situ observations of the irradiation of chemical vapor
deposited ¥Z films with H ions, it was found that the growth rate
of bubbles on the grain boundary increased up to 4.5 times that of
bubbles growing in the grain interior. Neighboring bubbles on a
grain boundary were dynamically seen shrinking and growing in
volume exchange patterns when the He-irradiated Ni was armealed.
The annealing of K Zrradiated 316 stainless steel specimens showed
that bubbles grew in underpressurized states as well as in over-
pressurized states; the overpressurized bubbles were found to grow
more rapidly than underpressurized bubbles.

Single-and Dual-lon Irradiations of Ferritic Alloys and Type 316 167
Stainless Steel (ANL)

Ferritic alloys were single- and dual-ion irradiated to isolate
the effects of nickel additions and helium; 316 SS was irradiated
for studies of helim injection schedule and prior thermomechanical
treatment. Specimens have not yet been analyzed.
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Further Examination of Swelling of "Pure" AIS| 316 Irradiated in 172
DRR (HEDL),

Examination of additional specimens of Fe-17Cr-16.7Ni-2. Mo
corroborate the previously reported result that cold working
of this "pure™ 316 alloy has no influence on suppressing void
formation.

Density change and aging studies indicate that swelling exists
in the form of wnresclvable voids in specimens of this alloy
preinjected with 40 appm heliwn.

The Effect of Applied Stress on Precipitate Stability in Irradiated 180
AIS| 316 (MIT, HEDL)

A particular state of applied stress may either stabilize, de-
stabilize, or have no effect on a particular phase, depending
on the transformation strain.

Shear stresses can alter precipitation as effectively as hydrostatic
stresses. It appears, however, that the acceleration of swelling
of AISI 316 by applied stress at high temperature is accomplished

by the hydrostatic and not the deviatoric components.

Measurement and Calculation of Solid Transmutants Formed in 198
AlS| 316 (HEDL)

A reassessment of the calculation of two transmutation products
produced in HFIR irradiations of AISI 316 has shown that the
inclusion of all competing reactions leads to changes in the
predicted concentrations. The peak vanadiwn level is reduced
somewhat from what was reported earlier, but not enough to
dismiss it as a potential determinant of alloy behavior. The
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copper level has been increased substantially, but not enough
to influence the swelling of AISI 316.

A Model for the Evolution of Network Dislocation Density in 210
Irradiated Metals (U. of Wisconsin, HEDL)

A model has been developed to explain the relative insensitivity
of network dislocation density in irmdiated metals at high
fluence to starting microstructure, temperature, stress and
displacement rate. The model also explains how the rate of
approach to saturation can be sensitive to flur and temperature
while the saturation level itself is not dependent on temperature.

The Microstructural Origins of Yield Strength Changes in AIS| 316 220

During Fission or Fusion Irradiation (HEDL)

The changes in yield strength of ATSI 316 irradiated in fast
reactors have been successfully modeled in tens of concurrent
changes in microstructural components. Extrapolation to anti-
cipated fusion behavior based on microstructural cmparisons
leads to the conclusion that the primary influence of trans-
mutational differences in non-pulsed environments is to alter
the tmnsient behavior and not the saturation level of yield

strength.

Canpositional Dependence of Radiation-Induced Change in Dimensional 234
and Physical Properties of Fe-Cr-Ni Austenitic Alloys (U. of
Wisconsin, HEDL)

Nickel segregates to void embryos in these alloys, increasing

the nickel level at their surfaces, and leading to changes in their
interstitia2 capture efficiency. This leads to changes in the void
nucleation rate and the duration of the transient regime of swelling.
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