DOE/ER-Q046/1

Damage Analysis and-
Fundamenial Studies

Quanerly Progress Report
ARy - March 1980

May 1980

o ) us Dopaﬂmentoﬂnergy'
Assistant Secrelav for Energy Technology
Ofﬂce of Fusion Energy




CONTENTS
Foreword
Figures

Tables

CHAPTER 1. IRRADIATION TEST FACILITIES

1. Rotating Target Neutron Source (RTNS)-IT (LLL)

Operation of the RTNS-11 was generally rcouzine during
the quarter. The correction of a rotating seal problem
resulted in improved performance.

2. Fusion Materials Irradiation Test (FMIT) Facility (HEDL)

Deuteron-induced activation measurements were made on Cu,
Ta, Au, and Pb.

Analysis has begun of transmission measurements of D-Li
neutrons through a thick iron block.

A computer code, PRECO-D, was written to calculate angular
distribution and statistical direct effects in a pre-
equilibrium model of nuclear reactions.

Unperturbed neutron fluxes have been calculated for the
FMIT test cell with the new microscopic d+L7Z neutron yield
model; results are stored at the Magnetic Fusion Energy
Computer Center (MFECC) .

The FMIT Activation Z<brary has been expanded and is in
use for design needs.
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DOSIMETRY AND DAMAGE PARAMETERS
Fission Reactor Dosimetry (ANL) 23
Helium measurements and calculations are swmarized for
ORR-MFE 1. Nickel two-step thermal fZux calculations
agree very well with the data, but titanium cross sections
are seriously in error. The status of the ORR-MFE 2 and
MFE 4 irradiations is presented.
Dosimetry in HFIR will be initiated with HFIR-CTR 30,31,
and 32 irradiations.
Spectral measurements are being prepared for the Omega
West Reactor at LASL.
Helium Accumulation Neutron Dosimetry for Mixed-Spectrum 28
Reactor Irradiations (RIES)
Sets of bare and platinum-encapsulated pure-element helium
aceumilation neutron dosimetry materials were prepared for
the ORR MFE-4B irradiation, and the HFIR irradiations
HFIR-CTR 30,31, and 32.
30

Characterization of the Be{d,n) Source at U.C. Davis (ANL)

The joint awnr, LLL, and RIES characterization of the U.C.
Davis source {Be(d,n) Ey = 30 MeV} has been completed.
Fluence, damage and keliwn contour plots are presented
based on the radiometric data. Comparisons are now being
made with more detailed heliwm measurements by RIES.
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Helium Accumulation Neutron Dosimetry for the T{d,n) and 36

Be{d,n) Neutron Irradiation Environments (RIES)

The helium analyses were completed for the helium accumi-
lation neutron dosimetry materials irradiated in T(d,n)
and Be(d,n) neutron environments. Analysis procedures
were developed which increase the mass spectrometer system
sensitivity about an order of magnitude. Comparisons
between the detailed T(d,n) helium data and an initial
T(d,n) neutron fluence map, generated from radiometric
counting data, showed that large (~10%-20%) fluence
variations can exist that are not readily d?scernible from
the radiometric data.

Dosimetry Standardization (ANL) 39

The activation dosimetry cross section and cross section
error files have been revised according to ENDF/B-V. All
previous integral data testing is being redone to evaluate
the new files; however, the changes in the nuclear data
will have the most impact on fission reactor dosimetry.

Evaluation of lonization-Assisted Displacements in Carbon 41
and A1,03 (BNL)

lonization-assisted displacement processes involving L
shell ionization of atoms by primary knock-on atoms

produced during neutron irradiation of carbon and A1;03
have been evaluated for a benchmark and a FMIT spectrum.
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Studies of Low Energy Displacement Cascades in the 55
Binary Collision Approximation (ORNL)

Anomalous behavior of low energy cascades in a static
lattice simulated with MARLOWE 1S removed by including
thermal displacements in the calculations.

Modeling of Defect Production in High Energy Cascades in 62
FCC Metals (HEDL)

Cascades generated with MARLOWE using a high displacement
energy, and temperature corrected (annealed) with SCAS,
are calibrated by comparison with cascades calculated
with low displacement energies.

RINS-II Irradiation Program (HEDL) 69

Hardening data are given for Cu. ¥Z, and an Fe-Ni-Cr termnary
irradiated at RTNS-11 to 3 x 107 n/em?. A high exposure
elevated temperature irradiation is being prepared.

Microstructural Development in Copper Irradiated in 77
RTNS-II (HEDL)

High purity copper irradiated at 25°¢ to 2.7 x 1017 n/em?
at RTNS-11 exhibits a high density of small defect clusters
of both interstitialand vacancy type. Comparisons are made
with calculated defect densities and with hardness measure-
ments.
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FUNDAMENTAL MECHANICAL BEHAVIOR

Segregation and Embrittlement in Cr-Mo Steels (PNL) 96

The susceptibility of 2 % to 12 Cr, I M ferritic alloy
steels to grain boundary chemistry induced embrittlement
Is reviewed. Phosphorus enrichment at grain boundaries
is likely to occur as a result of equilibrium (thermal)
segregation. However, radiation-induced segregation may
dramatically shift both the elements which segregate and
the resistance of ferritic alloy steels to intergranular
failure.

Effects of Near Surface Damage and Helium on First Wall 110

Performance (MIT)

Pressurized capsules of 316 S5 were irradiated in the MITR-
11 reactor under temperature and stress cycling for 9 weeks.
Interim examination revealed a small amount of creep and
some unexplained oxidation. A capsule failure WasS success-
fully detected.

CORRELATION METHODOLOGY

Development of Fission-Fusion Correlations (HEDL) 119

Correlations are being developed for swelling, creep, and
yield stress of AISI 316 stainless steel for application
to ETF.
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Dissolution of Particles Due to Radiation Recoil (MIT) 133
The stability of a dispersion of stable particles may be
affected by resolution due to radiation recoil. A simple
model of the diffusion of the solute that recoils into
the matrix allows an estimate of when this process will
dominate over the normal thermal coarsening.
Development of Microstructural Evolution Models (HEDL) 149

The status of modeling of loop nucleation, network dislo-
cation generation, and compositional effects on sink

biases is outlined briefly. A diserepancy between predic-
tions of the influence of solute elements on void nucleation
is discussed in terms of the role played by bound vacancies.

Analysis of Radiation-Induced Microchemical Evolution in 158
300 Series Stainless Steels (HEDL)

Scanning transmission electron microscopy and energy
dispersive X-ray analysis have revealed microchemical
evolution to be a primary determinant of the swelling and
creep response of these alloys. Analysis techniques are
described in detail.

The Use of Temperature Change Experiments to Determine 183
the Maximum Equilibrium Bubble Size in 316 SS (W-R&D)

Estimates of critical cavity size (r,) for bias-driven
growth obtained from temperature-change experiments are in
good agreement with helium inventory measurements of re.
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Preliminary Numerical Analysis of the Temperature 185

Dependence 0f Cavity and Dislocation Loop Formation
in Aged 316 SS (W - R&D)

A bubble growth regime at 600°c leads to double peak in
temperature dependence of swelling. Cavity and inter-
stitial dislocation loop growth rates dominate micro-
structural evolution; they are postulated to reflect
changes in austenite matrix composition and helium
partitioning to sinks.

Dose and Helium Injection Dependence of Swelling in Single 198
and Dual-lon Irradiated 316 Stainless Steel (ANL)

The dose and helium injection rate dependence of void
swelling in 316 stainless steel irradiated sim:ltaneously
with 8i¥ and He* ions is compared to a parallel experiment
on Fe preinjected and Ni* ion irradiated material. For
dual-ion irradiation, the size and number density of small
cavities in a bimodal cavity size distribution did not
appear to be strongly dose dependent, but the number
density increased rapidly with increasing helium injection
rate. For the large size cavities (formed preferentially
on precipitates), the number density remained fairly
constant with dose but the size increased rapidly with dose
producing rapid increases in volume swelling. The prein-
Jected samples exhibited the Zowest swelling at all doses
investigated.
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Characterization of Rapidly Solidified Boron Doped 213
Stainless Steel for Synergistic Hel ium Production (MIT)

Two type 316 stainless steels with different amounts of
boron and zirconium were rapidly solidified and thermo-
chemically treated, and microstructurally characterized by
means of transmission and scanning transmission electron
microscopy, energy dispersive X-ray and electron energy
loss spectroscopy and neutron autoradiography.

Determination of Helium Influence on Microstructural 224
Development: Two Experimental Methods (HEDL)

Additional analysis is given of the "helium-halo" tech-
nique. FEleetron microscopy of the inner surface of helium
pressurized tubes used in irradiation creep studies 1s
proposed.

Status of the DAFS Specimens in the AD-1 Irradiation 238
Test (MRL/HEDL)

Ore capsule containing ADIP titanium alloy specimens was
opened and the specimens showed evidence of corrosion.
The opening of the remaining two capsules was therefore
delayed.

DAFS Specimen Matrix for the ORR MFE-1V Test (HEDL) 243

DAFS specimen in the ORR MFE-IV experiment include TEM
and tensile specimens of several Fe-Ni-Cr ternaries and
TEM specimens of ADIP Path B alloys.
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Path A and Path B Model Alloys (HEDL) 246

Round bar stock (1.31 in.) should be available in May
1980, of two model Path A alloys and four model Path B
alloys for use in the DAFS program.
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