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ABSTRACT 

This report summarizes the technical progress made under Contract 
AT-(U0-l)-3912 at North Carolina State University for the interval June 1, 
1969 to December 31» 1971. The name of the project is "Computer Experi-
ment Studies of Mechanisms for Irradiation Induced Defect Production and 
Annealing Processes". The work is proceeding on schedule. This Progress 
Report is vritten in conjunction "with a Renewal Proposal which covers the 
period of 13 months, from June 1, 1972 to June 30, 1973. 
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1. INTRODUCTION 
Results obtained under Contract AT-(1»0-1)-3912, from the beginning 

of the contract period, June 1, 1969, to December 31, 1971, are summar-
ized in this Progress Report* Selected aspects of work done on stress 
effects after December 31, 1971, are also included because of their 
special relevance to the Renewal Proposal. 

The topics considered: in this Progress Report are: 
A. High-Temperature Annealing 
B. Effects of Impurity Atoms on Void Nucleation Growth and Stability 
C. Interactions of Point Defects with Dislocations, Free Surfaces, 

Grain Boundaries and Precipitate Interfaces 
D. Nature of a Saturated Damage State 
E. Effect of hydrostatic Pressure on Defect Behavior 
F. Effect of Uniaxial Stress on Defect Behavior 
G. Computer Program Development 

The Agreed Scope of Work in the Original Contract is reproduced in 
Appendix 1. The above list of topics includes all items contained in the 
Scope of Work statement, but in a different order. 

The need to consider macroscopic and microscopic aspects of damage 
production and annealing, simultaneously, is illustrated from several 
different viewpoints in the following discussion. A sunanary of the con-
ceptual factors involved and their holistic Interrelation is given in 
Section 10. 
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2. HIGH-TEMPERATURE ANNEALING 
The ANNEAL Program vas used to simulate high-temperature annealing 

of 5 keV and 20 keV displacement cascades in alpha-iron and tungsten. 
Void nuclei can be produced directly in displacement cascades initiated 
by primary knock-on at cms (PKA) with energies above 5 keV. Low-energy * 
1 keV, displacement cascades were also annealed. The type of 
damage left after the annealing of low-energy displacement cascades 
( 1 keV) is a few isolated Frenkel pairs. We call this chaff damage. 
An examination of these ANNEAL results and those of Doran1 was made in the 
light of our computer experiments on point devest and point defect clus-
ter behavior at a free surface (void facet) and those on the evolution of 
saturated damage states. It was apparent that a proper simulation of de-
fect capture during the void nucleation stage required a more detailed 
treatment of local strain field effects than was incorporated in the 
ANNEAL Program. This examination was performed using the MULVAC Program 
(Multiple Vacancy Program) and the SIZMANN Program (SIZMANN simulates 
saturated damage state evolution). MULVAC had the capability of rearran-
ging irregular .aster forms into faceted voids and platelets, but did not 
he.ve the capability of nucleating dislocation loops. MULVAC showed that 
close-packed void facets in bcc metals were thermally ,stable but that the 
e£ges and corners tended to be 'instable. Edges and corners could be stab-
ilized, however, by adding carbon at cans. 

Void dissociation proceeded by unzipping of an edge, starting at an 
apex or corner. The presence of a carbon atom inhibited the initial move. 
The unzipping sequence for void dissociation is shown in Tig. 1. Without 
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Pig. 1 The void shown in this figure was sta-
bilized initially by carbon atoms at each cor-
ner * These carbon atoms were removed at Time 
Step TS =» 0. At this time the configuration 
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was as shown in Fig. la. During time steps 15 
and 16, unzipping started at the bottom corner« 
as shown in Pig. lb, wherein vacancies 24 and 
25 have moved downward from their normal sites. 
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Pig. 1c. This diagram shows the effect of unzipping activ-
ity having taken place at three corners. The void tends to 
come apart by sloughing rows of vacancies in a correlated 
sequence of moves. 
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directly considering the nature of a saturated damage state, one can not 
go further than the MLTLVAC simulations in discussing void nucleation and 
growth, aB vill he discussed in Section 5. 

The results of ANNEAL simulations * interpreted in the light of the 
MULVAC simulations, indicate that displacement spikes which initially con-
tain irregular vacancy clusters of 10 or more vacancies are nucleation 
centers for thermally stable void nuclei. 

These void nuclei are not necessarily stable against radiation attri-
tion, however. It appears as if the critical size against radiation attri-
tion by independent Frenkel pairs and small cascades is bb vacancies (Sec-

o 

tion 6). A void must be about 50-100 A in diameter, however, to insure 
stability against attrition by 80-50 keV collision cascades. 
3, EFFECTS OF IMPURITIES OH VOID NUCLEATION AND GROWTH 

Perhaps the most significant results produced thus far, under Contract 
AT-( 1*0-1)-3912, are the results on Impurity atom effects, together with 
those on stress effects (Sections 7 and 8). They are the key to melding 
macroscopic and microscopic aspects of radiation damage and effects theory, 
into a unified, holistic conceptual structure. 

Single layer carbon platelets formed at both (001) and (HO) void facets 
in alpha-iron. These single layer carbon platelets firmly stabilize a void 
facet. The binding energy per carbon atom in such platelets exceeds the 

2 
binding energy per carbon atcm in bulk precipitates. Johnson computed 0.35 
eV/ carbon at cm for bulk precipitates. The binding energy pe* carbon atom 
was 0.U2 eV in the single layer platelets. Blakely1 s IKED and Auger 
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spectroscopy work for nickel indicates that single layer carbon platelets 
form at (100) surfaces in fee metals as veil . 

Single layer carbon platelets occurred at (110) and (100) facets in 
bare crystal simulations for gamma-iron. One might ask "why the carbon 
platelets for?: at (110) and (100) facets in a fee metal rather than at the 
close-packed (111) facets. The ansver is as follows: The normal carbon 
position in bulk: cubic metals is an octahedral site. In order for carbon 
platelets to form at (Hi) facets in a fee metal, the normal carbon position 
in bulk metal would have to be a tetrahedral site. 

It 

Wilson's potential functions for helium in metals are those currently 
used in most point defect calculations involving helium. Use of Wilson's 
potentials in computer experiments indicate that helium in iron, nickel, o 
tungsten and vanadium are entirely repulsive and go to zero at 3.0-3-3 A. 
Use of Wilson*s potentials in computer experiments show that helium'adopts 
a substitutional position in alpha-iron by moving from an octahedral posi-
tion squarely into the center of an available vacancy. Computer experi-
ments done by us and by Wilson show how helium can serve as a strong nu-
cleation center for vacancy clusters. Although Wilson considered only 
helium in his work, our calculations treated the general case of oversize 
Impurity atoms, -Whether they be rare gas at cms or metal atoms. In either 
case, ve found that oversize impurity atoms always form bound complexes 
with nearest neighbor vacancies and act as the nucleation center for clus-
ters of eight vacancies in bec metals and twelve vacancies In fee metals. 
Wilson suggests that a single helium ateo could possibly nucleate as many 
as 30 vacancies in iron or nickel. We have not yet tested this suggestion. 
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Both undersize and oversize substitutional impurity atoms formed ordered 
defect structures with vacancies in alpha-iron. These structures are of 
interest with respect to the findings of Smidt and Steele^ on irradiation 
embrittlement in pressure vessel steels due to trace amounts of copper. 
Smidt and Steele indicate that their data suggest that such a structure 
can serve as the basis for the embrittlement associated with residual cop-
per. 

In summary: Oversize impurity atoms form strong nucleation centers 
for vacancy clusters. Rare gas atoms aire especially effective in this re-
gard because of the relatively long range of their repulsive interaction 

o 

with metal at cms, e.g., 3.0-3.5 A. Those interstitial impurity atoms 
which also form a strong chemical bond with metal atoms, stabilize the 
apexes and edges of octahedral voids. Both the internal position stabili-
zing effect due to oversize impurities and the surface position facet 
stabilization effect of small interstitial impurities act against thermal 
and radiation attrition of a void nucleus. 

U. INTERACTIONS OF POINT DEFECTS WITH DISLOCATIONS, FREE SURFACES, GRAIN 
BOUNDARIES AND PRECIPITATE INTERFACES 
Qualitatively there was a similarity between point defect interactions 

with a tilt boundary and those with a free surface. In simple terms, a 
surface exhibited a 'rubber sheet response' to the interstitial strain 
field which is localized along close-packed lines. Each intersection of 
a close-packed line in the interstitial strain field with the surface pro-
duced a bulge which drastically relieved the internal strain field energy 
density of the interstitial. As a result of this, interstitials were not 
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strongly drawn into a void. A grain "boundary behaves in a similar way 
and isolates grains from each other in a dynamic sense. 

Originally we intended to use the DYNAM and GRAINS Programs to simu-
late precipitate interface effects. However, it turned out that no one 
knows a practicable method for setting up the proper elastic continuum 
boundary conditions for this type of simulation, so we switched to a bare 
crystal luodel, the GLOB Program. Small precipitates have been set up in 
GLOB to ttudy defect trapping and radiation damage production effects. 
The results are not yet complete. Thus far, point defect trapping effects 
seem to be similar to those observed at grain boundaries. Dynamic isolation 
of the precipitate frcan the host material is also observed. The precipi-
tates studied have been carbon platelets and ordered substitutional im-
purity structures. We selected these particular precipitates because of 
their indicated roles in void stabilization and trace element induced 
brittleness, respectively. 

5. DISLOCATION DYNAMICS CALCULATIONS 

Thus far no one has been able to determine how to set up the proper 
boundary conditions for simulation of dislocation dynamics. One simu-
lation of straight screw dislocation motion has been reported in the liter-
ature, but it is not sufficiently realistic to be useful in radiation dam-
age simulations for reactor design parameters. In lieu of Item 5, above, 
the work described below in Section 6 was performed. 
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6. CHARACTERIZATION OF SATURATED DAMAGE STATES 
The results of the MULVAC simulations, described in Section 2 Item 1, 

and the results of the point defect-free surface interaction siumlations 
strongly indicated that mechanical linkages among point defect aggregates 
exerted the dominant influence on the nature of saturated damage state de-
fect distributions. 

Acting on this indication, the SIZMANN Program was written for a sim-
ple cubic crystal structure. SIZM<?HN simulates the damage state which oc-
curs due to the accumulation of independently produced and randomly posi-
tioned Prenkel pairs. Based on EBR-II damage production rates, 20-30 years 
irradiations were simulated at 0°K. This primary saturated damage state 
was run to give a reference state for accurately Judging the effect of tem-
perature on the structure of high-temperature saturated damage states (See 
RINGO Program, p. ). 

Without benefit of defect migration, vacancy clusters sufficiently 
large to serve as void nuclei were produced, as were interstitial clusters 
sufficiently large to convert to dislocation loops (l6 interstitials). 

Hard precipitate regions were introduced and found to be nucleation 
centers for either interstitial or vacancy clusters. This suggests that it 
is natural for visible voids to be associated with some precipitates but 
not with others. 

Defect clusters in the saturated damage state maintained a fixed size 
distribution but individual clusters were ephemeral entities in that they 
were continually being chopped up or enlarged by the steady rain of new 



Frenkel pairs. This same effect was observed in the overlap of collision 
cascades, but there on a grander scale. We call it the radiation attrition 
effect. 

One useful observation (idea) which emerged from this simulation 
work is the existence of an athermal effect mentioned above, vhich we call 
radiation attrition, that operates continually in a saturated damage state 
at any temperature. Because interstitial clusters soon convert to dislo-
cation loops, radiation attrition is more important as a determent to void 
nucleation than to interstitial cluster nucleation. A small void, whose 
volume is less than that of its enveloping annulus for spontaneous capture 
of interstitials, is subject to extinction by fluctuations in the local 
interstitial production density. This effect causes the current estimates 
for the mininum vacancy flux necessaxy to sustain void growth to be too 

o 
small. For void nuclei at the critical size in iron (about 12 A), these 
estimates are a factor of two smaller than they should be. 

A second useful observation is a pervasive overlap region which ex-
tends completely throughout the crystal in a saturated damage state. This 
is the region made up of sites covered by both annihilation regions cen-
tered on vacancy sites and annihilation regions centered on interstitial 
sites. This region defines the mechanical Juncture of crystal regions 
dominated by vacancy clusters with regions dominated by interstitial clus-
ters. This is an athermal character!stic which exists at any temperature 
and serves the same essential function at each temperature. Characteri-
zation of the overlap region defines the saturated damage state. 
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A third useful observation is that any stabilizing impurity atom or 
impurity atom aggregate in the host material will be "found" by a defect 
cluster, produced statistically in a saturated damage state. Thermal 
diffusion is not necessary to explore and discover agents for lock-in 
processes in high-fluence irradiation (See ORO-3912-5). 

7. EFFECT OF HYDROSTATIC PRESSURE ON DEFECT BEHAVIOR 
Kuleinski et al.^, for example, found enhanced annealing in irradiated 

molybdenum specimens subjected to hydrostatic pressure. They used pres-
sures up to 70 kbar, and mention that this enhancement might also occur in 
creep specimens. This evidence motiiates an interest in the detailed be-
havior of point defects in a material subjected to hydrostatic pressure 

Ve did computer experiments on the behavior of vacancies, interstitials 
and interstitial carbon in alpha-iron under hydrostatic pressures up to lUO 
kbar. A plot of the applied hydrostatic pressure versus lattice parameter 
(Aa/a) and volume (aV/V) change appears in Fig. 2 . The pressure curve be-
haves normally below 110 kbar. Above 110 kbar, it bends downward toward 
the abscissa, indicating the onset of lattice structure instability. Iron 
transforms from a bcc to hep structure at about lUO kbar. We will limit 
discussion, therefore, to results for pressures below 110 kbar. 

Simulation of hydrostatic pressure effects showed a slight decrease 
in the migration energies for monovacancies and divacancies. Under pressures 
up to about 110 kbar, first-neighbor divacancy configurations converted to 
second-neighbor configurations in alpha-iron. Concurrently, the binding 
energy of the second-neighbor divacancy decreased from 0.13 eV to zero. 
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Fig. 2 Hydrostatic pressure versus compression for 
alpha iron, as given by the DYNAM Program using the 
Johnson potential for iron. 



with the result that a cluster of interstitials becomes unstable, as a 
point defect configuration, at about 16 interstltlals and converts it-
self lnl - a dislocation loop. This latter result Is due to Bullough. 

Over the pressure range studied, the most stable carbon atom posi-
tion In alpha-iron was always the octahedral position. Both the octa-
hedral and tetrahedral carbon configuration energies increased with pres-
sure, but In such a way that the carbon atom migration energy decreased 
from 0.66 eV at zero pressure to 0.75 eV at 110 kbar. The zero pressure 

o 

result (0.86 eV) vas originally obtained by Johnson. Ve confirmed his 
result in verification calculations. 

The binding energy of carbon-vacancy complexes increased with pressure 
from 0.b2 eV, at zero pressure, to 0.71 eV at 110 kbar. This circumstance, 
and the rise in the octahedral carbon configuration energy with pressure, 
means that carbon actons will tead to be located either at vacancy clusters, 
void facets or grain boundaries in material subjected to hydrostatic pres-
sure* These defects provide the specific type of local configurations! en-
vironment necessary for enhanced carbon-vacancy binding. In this regard, 
It is important to point out that the carbon atom energy, in a vacancy-
carbon complex, is essentially Independent of pressure. A vacancy Is a 
natural haven for strain field relief on the part of a carbon atom in 
alpha-iron. In particular, the carbon atcm energy in a vacancy-carbon com-
plex, changed from -0.870 eV, at zero pressure, to -O.87U eV at 110 kbar, 
a change of less than 0.5%I This tendency toward a pressure independent 
impurity-vacancy complex binding energy will occur whenever the impurity 
atom-host metal interaction is strong and short-ranged compared with the 
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The strain fields of the monovacancy, Vg(2) divacancy and V^(ll2) tri-
vacancy were not significantly affected "by hydrostatic pressures up to 
HO kilohars. The vacancy configuration energy decreased with pressure 
due to the decrease in the cohesive energy per atom, in the model used. 
Aside ftrom the decrease in the stability of the first-neighbor divacancy 
with increasing pressure, there was no behavior which suggested that the 
observed enhancement of annealing with pressure by KUlcinski et al. was 
due to significant changes In either monovacazrcy, dlvacancy or trivacancy 
behavior. 

In sharp contrast to the stability of vacancy defects, the identity 
of the [110] split interstitial, as a localized point defect, was effect-
ively destroyed by application of hydrostatic pressure. In this context, 
the volume of the interstitial* s inelastic strain field expanded with 
pressure. At 100 kbar, the volume of luaterial encompassing the Inelastic 
strain field had increased by 5l£. This effect of pressure serves to in-
crease the volume of the vacancy-interstitial recombination region bar 
bout the same relative amount, and hence would enhance defect annihilation. 
If it is Indeed physically meaningful to consider Interstitial motion as 
a localized, thermally activated process In this case, the migration energy 
Is less than 0.1 eV. At zero pressure, the computer experiments give 
0.22 eV. Die simulation data for cm applied hydrostatic pressure suggest 
that an interstitial tends to lose its identity as a localized point defect 
while moving under pressure, and tends to flow along a stress gradient in 
an almost continuous fluid-mechanical manner. In this sense, a stress 
gradient should provide extreme biasing of interstitial motion. This in-
stability of an interstitial configuration under pressure is in harmony 
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host metal-metal interaction. 

8. EFFECT OF UNIAXIAL STRESS ON DEFECT BEHAVIOR 
A Variational Method Program, TENSION, vas -written to compute de-

fect characteristic energies and strain fields in a constant volume ex-
tension along the z-axis and contraction along the x-axis and y-axis. 

Preliminary runs have been made for monovacancy, divacancy, triva-
cancy and interstitial configurations. The second-neighbor divacancy, 
the tri vacancy and the (HO) split interstitial line up with their strain 
field axis perpendicular to the tensile axis. An octahedral carbon atom 
would line up with its strain field axis parallel to the tensile axis. 
Tension raised the vacaccy migration energy from 0.68 eV, at zero stress, 
to 0.80 eV, at 56 kbar (812 kpsi) tensile stress. 

It appears as if the interstitial migration energy is depressed by 
application of tenaile stress, however, the interstitial migration study is 
not yet incomplete. A dynamical method version of the TENSION Program will 
be required to finish the work on interstitial migration in stressed ma-
terial. 

9. COMPUTER PROGRAM DEVELOPMENT 
Three key programs were developed to describe lattice defect proper-

ties. Each program is capable of producing either a static equilibrium 
state description of a defect configuration at rest, or a fully dynamical 
description of all atom motions involved* as a function of time, when a 
defect configuration moves tnrough a crystal. The three programs concerned 
are called DYNAM, GLOB and TENSION. 
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DYNAM is a general purpose program designed for studying defect pro-
perties in unstrained crystals or crystals under hydrostatic pressure. It 
can be used to study either bcc, fee or hep crystal structure materials. 
As many as four different chemical species can be used in the composition 
of the crystal under study. DYNAM is a dynamical method computer experi-
ment program, which means that it describes atom motions in a crystal con-
taining N atoms by solving the 3N equations of motion for these atoms simul-
taneously. Numerical integration is used. Efficient computation of static 
equilibrium configurations is performed by running DYNAM in the quasidynamic 
mode. In this special running mode, all atom movements are critically 
damped so as to hasten convergence to the time-average equilibrium state 
atom positions. 

TENSION is a version of DYNAM in which an arbitrary, externally imposed 
strain field (stress field) can be Instituted. This allows one to superpose 
a pervasive strain perturbation onto a local defect property calculation. 

Both DYNAM and TENSION utilize a mant.le of semi-stationary atoms at 
preassigned positions to establish the desired crystal structure and lattice 
constant. In the case of TENSION, this mantle is also used to impose an 
externally applied, nonuniform stress field. 

It is not always possible to decide what the proper boundary conditions 
are for a given defect simulation problem. GLOB was written to circumvent 
this difficulty. This is accomplished sistply by removing the mantle of 
semi-stationary atoms and focusing attention on bare finite crystals. For-
tunately, Johnson*s iron potential will automatically give a bcc structure 
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when used in a hare crystal program such as GLOB. A large GLOB crystal 
can be used to study precipitate-host interfaces, for example, without 
having to worry about boundary condition artifacts. The price one pays 
far this advantage is the disadvantage of having surface relaxation per-
turbations present in most of the GLOB crystal volume. 

Two other programs developed are called INCA and BINGO. INCA simu-
lates the evolution of collision cascades initiated by PICA with energies 
up to 500 keV. It essentially is the old CASCADE Program with a pro-
vision for handling inelastic atomic collisions on the basis of Firsov's 
model. 

BINGO is a new venture without precedent. It is described in the 
Renewal Proposal. Briefly speaking, RINGO accepts cascade and chaff 
damage from a memory bank on the basis of a prescribed distribution of 
time intervals, damage positions and damage amounts. It continually an-
neals whatever damage state is in its memc?y. Defect clusters of appro-
priate shape and size are transformed into dislocation loops. Dislocation-
defect interactions and dislocation-dislocation interactions are accounted 
for in the annealing simulation. 

10. SUMMARY 

Proper treatment of the neutron irradiation damage and annealing pro-
cess in metals requires that macroscopic and microscopic aspects of the 
process be handled simultaneously in a self-consistent m&nner. The crux 
of the matter is that defect aggregates form by chance during irradiation, 
and their presence changes the local nature of atomic bonding, e.g., the 
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local force constants which determine the dynamics of local atomic vibra-
tional motion and diffusion Jumps. These changes come about by virtue of 
lattice distortions in the vicinity of the aggregates, i.e., by virtue of 
their strain fields. At the atomic level, this amounts to a continually 
changing, 'transient1 environment of defect aggregate configurations. 
Most of the defects are moved by natural annealing processes. Howevr»r, 
some of the transient defect configurations become locked in, as a result 
of accidently imposed restrictions on the freedom of atomic motion which 
thwart complete recovery of structural order. Part of these restrictions 
are local in nature and part are non local. Local restrictions are usu-
ally the result of strong chenical interactions or mechanical blocking 
due to atom size misfit or other localized (compressive strain field 
sources. Examples of restrictions due to strong chemical forces are car-
bon atom attachment to void apexes and edges, carbon atom-vacancy complexes, 
carbon atom-interstitial complexes and precipitate formation. Mechanical 
blocking restriction is effected by helium atoms when they nucleate vacancy 
clusters by virtue of their repulsive interaction with metal atoms. Hard 
defect clusters, such as interstitial clusters or pre-precipitation nuclei 
also provide mechanical blocking by virtue of their locally compressive 
strain fields. Non local restrictions are manifested by strain fields 
which pervade the entire material and arise by the conjunction of individ-
ual aggregate strain fields, as defects gradually accrue throughout the 
volume of the irradiated material. The movement of any given atom is af-
fected by the sum of the local and non local restrictions described above. 

This type of physical problem resists solution on the basis of either 
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a purely macroscopic, continuum model, or a purely atomistic, discrete 
structure model. Both must be applied simultaneously: An atomistic, 
discrete structure model is required to describe accidentally produced 
defect aggregates and the preservation of a small fraction of these ag-
gregates by lock-in processes. A macroscopic, continuum model is re-
quired to describe the pervasive conjunction strain field which acts 
throughout the volume of the material. 

Figure 3 illustrates the kind of strain field communication which 
develops among defects in the most simple type of primary damage state. 
This damage state is the result of the accumulation of individually pro-
duced Frenkel pairs, i.e., the accumulation of chaff damage. 
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Fig. 3- This diagram represents vacancies and interstitials 
in & saturated damage statfco Vacancies are denoted by *0* and 
interstitials by 18*. Sites indicated by are sites in in-
terstiiial-centered annihilation regions. Sites indicated by 
•©• are sites in vacancy-centered annihilation regions. Taken 
together, the and •©' sites represent the part of the crys-
tal in which the defect strain fields are greatest. Note that 
strain field communication among defects is quite extensive in 
a.saturated damage state. The damage state shown here was gen-
erated by the SIZMANN Program for alpha-iron. 
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APPENDIX 1 
2k 

The Agreed Scqpe of Work in the original contract was as follows: 

AGREED SCOPE OF WORK 
(Original Contract) 

The scope of work shall consist of the stucty- of the kinetic aspects of 
atom rearrangement in the neutron irradiation of materials toy simulation 
of the interactions of fast neutron induced atomic displacement damage in 
metal and alloy crystal models with the kinds of defects that are inherent 
in real crystalline materials. This simulation shall he obtained by com-
puter experiments through the application and/or modifications of the com-
puter codes SPECTRA, CASCADE, DEFECT, ANNEAL and GRAIN BOUNDARY. 
Specific crystal models and irradiation conditions to be simulated and the 
approximate order in which the Btudies shall be undertaken are: 

1. a. The elevated temperature irradiation and annealing of irradiation 
damage in alpha iron to permit vacancy migration and clustering 
and 

b. The study of the consequent nucleation and growth of voids in 
alpha iron. 

2. To extend l(a-b) to the alloy system iron-carbon and to the pure 
metals nickel and vanadium. The influence of the interaction of 
transmutation produced quantities of helium end hydrogen may also 
be examined in regard to void nucleation and growth at high neutron 
fluences. 

3. The influence of the application of a uniform stress field on the 
migration energy of and general interaction between Intrinsic and 
radiation produced point defects and defect clusters in the above 
crystal models. 

k. The application of the recently developed GRAIN BOUNDARY code to the 
computation of the Interaction of radiation produced point defects 
vith thi: point (vacancy, interstitial, impurity) line (dislocation) 
and surface (grain boundary, free surface and precipitate inter-
face) defects that exist in real crystalline materials. 

5. Extend the application of the GRAIN BOUNDARY code to compute the 
dynamic interaction of dislocations moving under an imposed stress 
with intrinsic and radiation produced point defects and defect 
clusters in the models of metal crystals. 
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The effort on these task iteras is to he divided into two phases as follows: 
Phase I: Studies of task items 1 to U, with primary emphasis on task 

items 1 to 3. This projects as an 18-month effort. 
Phase II: Continuation and extension of Phase I studies especially on 

task item b and extension of the effort to include task item 
5. Specific guidance shall be provided by program letter. 


