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CHAPTER 1: IRRADIATION TEST FACILITIES

1.

RTNS-II Irradiations and Operations (LLNL)

Irradiations were done on a totul of six different experiments.
No major wnscheduled outages occurred.

Nuclear Data for Damage Studies and FMIT (HEDL)

Calculations of the transmission spectm of FMIT-like neutrons
through thick iron were completed; they are in good agreement
with revised experimental datu.

An evaluation was completed of proton and deuteron-induced
activation and neutron production from graphite beam stops
for both the FMIT prototype and f«1Z energy accelerators.
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T,

Fission Reactor Dosimetry {ANL)

Neutron fluence and damage parameters are reported for the ORR-MFEZ
and Omega West-HEDL1 irradiations. Analysis iS in progress for the
EBRII-XZ87 and ORR-MFE4A experiments.

Helium Generation Cross Sections for Fast Neutrons (RIES)

An initial three-dimensional neutron fluence map has been constructed

for the high-flux region of the RTWS-II neutron field, and helium
analyses are nearing completion for the RTNS-11-irradiated separated
isotopes of Fe, ¥, and Cu.
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3. Calculation of Damage Parameters (HEDI) 32

The damage energy cross sections (& <20 MeV) processed from ENDF/B-V
by the DISCS and ¥J0Y codes were found to have only slight differences.

CSEWG has established a charged particle format for EnvpF/B which
wi?l also be used for neutron evaluations above 20 MeV.

Heliwm production cross sections from EwpF/B-V were processed.

Solid and Gas Transmutation Production Code Development (HEDL) 36

The computer code REAC with its associated libraries has been
developed and successfully used.

Computer Simulation of High Energy Recoils in fcc Metals: Cascade
Shapes and Sizes (HEDL) 39

In the energy range from 30 keV to 50 keV In copper there is a
transition from compact single damage regions to chains of gen-
erally closely spaced, but distinct multiple damage regions. The
average spacing between multiple damage regions remaine constant
with energy. Only a small fraction of the recoils from fusion
neutrons is expected to produce widely separated subcascades.

The Effect of Irradiation on the Order/Disorder Transformation
in CuPd (U. of Wis.) 52

Irradiation of CuPd with 14-MeV copper ions at 10~% dpa/s causes the
ordered structure to disappear at temperatures below 20¢0° after 0.2
dpa. postirradiation annealing indicates that the reordering process
is a classical nucleation and growth type.

Low temperature (4.1 %K) 14.8-MeV neutron irradiation of ordered and
disordered CuPd provides a replacement to displacement ratio of 70.
Postirradiation annealing indicates that interstitial migration is
responsible for some reordering, but vacancy migration IS the main
mechanism.
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Effects of Heavy-lon Irradiation on the Phase Stability of a

Cu-3.4 at%Be Alloy (U. of Wis.)

Irradiation with 14-MeV Cu ions in the temperature range of
300-475° induced copious precipitation of CuBe platelets, even
at very low damage doses. Postirradiation annealing studies
proved that the continuous precipitate morphology was unstable

in the absence of irradiation. Thermal aging studies showed that
the precipitation process was very sluggish in the absence of
irradiation, and that prolonged thermal aging produced 2 precipi-
tate morphology quite different from that induced by irradiation.
A solute-drag mechanism is the most likely explanation for pre-
cipitate growth during irradiation.

Damage Development and Hardening in 14-MeV Neutron Irradiation of

Copper Alloys at 25°C (HEDL)

Copper and copper alloyedwith five atom percent of either alumirum,
nickel or manganese were irradiated at 25°C with 14-MeV neutrons to
fluences up to 7.5 x 10*7 n/em® (0.003 dpa). The radiation-induced
microstructure of these materials was characterized by the coupled
use of electron microscopy and microhardness. The radiation-
induced microhardness changes were found to be independent of alloy
identity and the magnitude of the solute-induced hardening. It
appears that at least 70%of the defect clusters are too small to
be resolved by microscopy (~1 nm). The point defects at 25° which
survive recombination and aggregate in either visible or invisible

clusters constitute at least #-10% of those produced in the cascades.

CHAPTER 3: FUNDAMENTAL MECHANICAL BEHAVIOR

1.

Crack Propagation Characteristics in Helium-Irradiated Type 316
Stainless Steel (U, of Va.)

In relatively ductile type 316 stainless steel a crack propagates
in aoscillatory manner with the crack angle, crack tip angle, and
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mean crack propagation direction varying widely as the crack lengthens.

The effect of helim irradiation of sufficient dose to produce large
(digmeter 120 w»m) bubbles is to reduce the magnitude of the oscil-
lations, reduce the mean value of the crack angle, and increase

the crack-tip angle as a result of significant grain boundary

sliding.

The Role of Luders Strain in Determining Flow Properties in Steel

From an Instrumented Hardness Test (UCSB)

From tests on a set of steels heat treated to exhibit a range of
Liiders strain e when tested in tension (EL = 0.88% to e, = 5.40%)
a quantitative correlation was determined between the Liiders strain
and the geometry of the lip arcund a ball indentation. Interfero-
metric techniques were found superior to profilometric techniques
for lip characterization. In addition, it was found that hardress/
microhardness data were best correlated to the homogeneous plastic

Fflow portion of the tensile stress-stmin curve.

CHAPTER 4: OORRHATION METHODOLOGY

1.

Tensile Property Correlation for 20% Cold-Worked 316 Stainless

Steel (HEDL)

Ultimate tensile strength data on 20% cold-worked 315 stainless
steel irradiated in fast and thermal reactors and by 74 M neutrons
we-e analyzed and a ten-parameter equation was developed to describe
the ultimate tensile strength behavior for the temperature range

25 < T < 800°C. Uniform elongation was characterized in terms of
yield and ultimate tensile strength. Total elongation was found

to be insensitive to helium at temperatures below 500° but sen-

sitive to helium above &552°C.
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2. Dose and Helium Injection Rate Dependence of Swelling on Dual-lon
Irradiated 316 Stainless Steel {ANL) 135

The dose and helium injection rate dependence of dislocation and
cavity microstructure in 316 stainless steel was measured. Five
and 15 appm He /dpa irradiations produced similar dislocation and
cavity microstructures. Irradiation at 50 appm He/dpa produced
higher densities of dislocations and cavities and greater swelling
than did the Zower injection rates.

3. The Influence of Preinjected Helium on Void Rucleation in Fe-17Cr-
16.7Ni-2.5Mo During Irradiation at 550°C in ORR (HEDL) 144

preinjection of 40-appm keliuwm leads to a suppression of swelling,
although there is some concern that the preinjection may inhibit
void growth and result in voids which are smaller than the resolu-
tion limit of 7EM.

4, The Influence of Cold Work on Swelling of "Pure" AISI 316 Irradiated
in ORR (HEDL) 148

Cold working causes an increase in the void density white the
swelling is essentially wichanged.

5. Comparison of the Swelling and the Microstructural/Microchemical
Evolution of AISI 316 Irradiated in EBR-IT and HFIR (HEDL) 162

The microstructural and microchemical evolution has been compared
for one heat of cold-worked 316 stainless steel irradiated in both
HFIR and EBR-11 at 500-620°. The dislocation and cavity densities
and the swelling at high fluence are remarkably insensitive to the
over two orders of magnitude difference in helium/dpa ratios. Minor
differences in microchemical evolution were ohserved, possibly
arising from solid transmutants that form only in #ZFIk. The micro-
chemical evolution is accompanied by the development of a swelling
rate typical of steels irradiated in fast reactors.
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The History Dependence of the Microchemical Evolution of Irradiated

AISI 316 and 304L Steels (HEOL and ANL-West)

It appears that the effect of helim on cavity density in AISI 316
<z primarily a transient phenomenon and zkat both the microchemical
evolution and swelling behavior of austenitic stainless steels ex-
hibit their primary sensitivity to other variables. The total
nickel removal from the aZloy matrix is a good index of the micro-
chemical evolution,

The Effects of Solid Transmutation Products on Swelling in 316
Stainless Steel (HEDL)

The isotopic evolution of AISI 316 was calculated for two breeder
reactors, two fusion devices and the High FZux Isotope Reactor
(HFTR). The largest changes in composition arise in HFIR, where
the manganese i s strongly depleted and substantial vanadium is
generated. Depletion of manganese Zi»n HFIR will lead to changes
in the swelling behavior of 316 SS. It is anticipated also that
the production of vanadiwn will alter the swelling behavior in a
manner typical of other strong MC-carbide forming elements such

as titanium.

The Inclusion of Transmutant Effects on Development of Fission-
Fusion Correlations {HEDL)

The scope of a study is outlined that is designed to assess potential

areas where differences in transmutation rates wWilt Zmpact analysis
of data and the development of correlations. The study focuses on

four problem areas: trace element effects, major element effects,

consequences of radiation-induced segregation on local helim depo-
sition rates, and recoil effects on precipitate stability.
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