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This progress repon cowrs me meanh an,gl

various functional ‘mit~are groupcd and presertrdin
four parts.

_tures lcg)s\ ohr'x 5‘ *mg..mcm ("mcr (M
Baclufs b»i ID[OI'I’“JHOIv “Zn financiz

and ub.cation of funds. permnrcl organ a!.fmalga

slruuurc scmmar progr mJ hnnon and /.uv.m"

and ora: rrcwﬂ

summ,; ¥ l.)rm '
,, frd

and engineer. g -:f[on of !b' l)nr'wn ;_nnt-mm 0-
undergi change & step with muisy al Programs i —-xly '

in the e rgy ﬁ.:'! An wmcm\ sien esahiished
Manage ' the Natronal  Fossil. Enern r:,-.‘glarcri:*!_;.
Program fuf t. underlying purpose of expanding
dumestic energy supply by increasing extractionand
utilization of coal, Prowdmg a sound base n.
materigls 1oty (o parmit design and construc-
tion ol mw ,uv,» and equipment for efficient
mining; pmr ?;.4: ard use of coal is an important

Sultctive of -., progrem. In the arca of energy
) work has aceelerated onthe ™ -

COM VAL ;
‘Buildm: !,’L.»ro;m ! piglope Systems and Insulating
Mareric O BYES 5 Program, and the Division has

-~

summaries of lcl‘"niul ‘work in progrm mihc‘;:

Pan I dca!s n.lh thc .tcuune; nr -

L e
Forc_:v;ord; R,

bccn .nsslgncd new managemcm roles in connccuon
_with implementation of the nauon:nl ‘Residential

‘Conservation Service (RCS) program. The meritsof
72 the gel sphere-pac fuel process (0 producc LWR fucl :
aith. hlgbe;’ bnrnup capakbility and |mpro\-ed scnncc '

[ is"being recognized, and the effort kas -
advanced from the dcvelopmcm phase to actual

’ demonstrauon _of :performance in utility-owned
- power- planls A new basic program on material
. deformation and (racture has been initiated in the
the Fuels and l’mcessnﬂecunn and Pan 3 m!iu"“ i
Materials Sc:cnce Secuon. l’an 4 lughhgh ¢ 1'2 -

Materials. Science Section to broaden and integrate
the théon tscai and experimental applied work under
way on riechanical and metallurgical behavior of

" structural materials. The initial thrust of the cffon
~ will be focussed on void nucleation and growth at

grain boundaries during creep deformaticn. )
Considerable cffort has been devoted to establish-

ing uscrs groups so that university and_indusirial

newcarch people will have access to the specialized
1acilities and unigue equipment available at ORNL

: for:advancing materials research on a broad front.

Aenve groups are in existence for utilizing the Small-

_'Ali'g!c X-Ri:y Scattering (SAXS) Laboratory, which
“is pass.of the National Center for Small-Angle

&taucrmg Research, the high-voltage c¢lectron

~-.microscepe and related scanning transmission elce-
2 trow microscopes. and the surface analysis and
- microstructural
~~consortium of university and ORNL personnel was
" orgamzed to design, construct,

analysis facilities. -Rccently. a
‘and operate a
national x-ray scattering facility at the Brookhaven
Synchrotzon. In additio::. the HIML s heoag
“planncd as a national facility (0 promote cooperative
investigation of generic science in this importint
rescarch arca.

Previous reports issiied in this serics are listed on
the next page.
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I. Engincering Materials

G. M. Skughter

I hi. Section has the responsibility for determining
and cvaluating the sunabilitn  of cagincering
materials for use in various energy systems. for
descloping new ahoys. and £y determining and
developing improved joming and nondestructive
testing techmiques to assure the structural integrity of
materials and components in specific applications. It
comprises 4 stall of appreximazely 75. about 6 of
whom arc prolessionals. The research and develop-
ment achivities are carfied out in five different
laborateries: which carny the functioral names
Materials Compatibility.  Mechanical  Propertics.
Nondestructive Testing. Pressure Vessel Technology .
and Welding and Brasing. A bricl description of the
work pertormed  and  accomplishiments of cach
functional group durning the past vear are presented
below,

MATERIALS COMPATIBILITY
J. H. IxVan

The Materials Compatibility Group conducts cor-
rosion and alloy developmeni studies in support of
fusion enurgy. gas-cooled reactor, fosil energy.
space-nuclear. nuclear fuel reprocessing. and ad-
vanced technology projects,

We continuc to study  thermal-gradient  mass
transfer processes insmall. natural-convection loops
circulating hiquid lithium, nitrate salt mixtures, and
fluoride saslt mixtures. These Nuids sre of interest for
tritium-breeding  blankets and coolants in fusion
reactors. Fhe principal objective of these tests s o
charactenize the corrosion properties of J00-serics
stanless steeks and higher nickel alloys under the
temperature and  hydrodynamic  condiions  of
conceptual fusion reactor systems. These studies have
led to an eflective technigue for imiting the corrosion
ol mckel-bearing alloss in lithiom by adding
aluminum directly to th; lirthium,

To support the advancement of the Very High-
Temperature Gas-Cooled Reactor concept. we have
constructed a small helum joop 10 study the
compatibility  of comentional superalloys  with
systemic impuritics in the helium. Heliwm with fixed
levels of CH:. CO:.. H.O. CO.and Y s recirculated
over 1ot specimens heated o temperatures from
600 10 1100 C. The principal elfc 2t seen in these tests
o grain boundar, carburization and an associated
emt "ittlement and dilation of the reference alloss,

Studicy in support of space-nuclcar power syatems
arc concerned with the development of high-tempera-
ture metal claddings for the containment of PuQ; or
Cm-O. decav-heat sources. We have had long-
standing alloy development programs to upgrade the
mechanical and chemical propertics of Pi-Rh and
Ie-W alloys to mect eoxteeme  temperature and
environmental conditions. Key eftorts this year were
devoted 1o charactenizing  the  high-temperature
imps <t p: operties of the indium-base a' s toensure
that they can sun e heat source atmospheric reentry
and ground mpact. We abo studied the effects of
selenium on the high-temperature tensile properties
of platinum alloys to gquabiy these alloss for use
with scienide-containing thermoclectric generating
modules.

Fhe Group’s efforts in the arca of Tosil eneigy
centered around hot-corrosion problems in fluidized-
bed coal combustors (AFBCS) and stress-corrosion
and acid attack in coal-liquelaction processes. By
examining severai sets of heat exchanger tubes (ram
operating AFBCs. we have ostablished an instial
corrclation of oxidation-sulfidation processes with
Nuidized bed conditions and alloy composition. Our
coil liguetaction corrosion studies included metal-
lurgical examinations of suncillance  specimens
exposed in operating Sobvent-Retined Coal pilot
plants as well as tensile specimens tested at constang
extension rates in liboratory autockives,



The Group iy supporuing the Consolidated Fucl
Repro coving Program at ORNL by qualitving
containr marenals tor process thaids. The expen-
mental part of this program s being conducted by
subvontracting corroston  studies  with  Batclle-
Columbus and Westinghouse Advanced Reactors
Dasion.

Dervelopment of long-range-ordered (L. RO) alloys.
originally part of the space-nuclear program. is now

- being supported under DOES Advanced Technology

Program in the Office ol Encrgy Rosearch. The
objectine v the qualification of the (NLFeCo).V
alloy tor general applicatons in high-temperature
cnergy syvutems. Becau 2 of limited cobalt resources.
we have concentrated on the development of new

“compositions in whick cobalt is revtricted to 17 or

less. Such alloys har _ritical ordering temperatures
in the range from .0 o %00 7" and anpear
extremely siseful for fusion reactor and fast br.eder
applications.

MECHANICAL PROPERTIES
C R. Brirkman

During the past 12 months the staft continued
materials rescarch and  development support ot
national programs aimed at cnergy development.
Percentages of our elfort dirccted at various projects
within the group were as tollow s: Liguid Metal Fast
Breeder Reactor #4/7). High Ter perature Gas-
Cooled Reactor i §577). Nuciear Regulatory Commis-
ston (13 7). Fuson Pevelanment (897), and miseel-
lancous (27 /). Highlignts trom specific programs
were as tollows: ‘

Elevated-temperature mechanical property mea-
surements continued in support of TMEBR devel-
enmert Typical property studies included tensile.
creep. fatigee, crack growth, and creep-fatigue
teraciion.  [hese  properties were obtained in
support of specitic component development tasks
such as the steam penerator, cvolving constitutive
equations, failure critenia and ASMF Cade support,
and development of the Nuclear Systems Mate-
rialh  Handbook. Experimentally.  approximately
125 creep. 7 tatigue. and 7 ereep plasticity and relaxa-
tion machines were i olved in thiseftort, Long-term
creep tests were confinued with some tests in progress
exceeding 60.000 h at temperistures (425 649 () in
many instances above the range of previous long-
term data. Experimental technigues were deseloped
to study the cvolution of the "structure-dependent
state variables”™ needed 1o implement inclastic
design,

[

The chemical composition of 9 Cr-1 Mo steel was
opumized 1o vield @ material with clevated-tempera-
ture strength properties equal to or better than that of
tipe 305 stainless steel. These moditications were
madc 1o obtain a stronger ferntic material with the
ipherent advantages of high tacrmal conductivity.
low thermzl capansion. and :mmunity to halide-
induced stress—corrosion cracking. Work to qualiny
the material tor high-temperature  service iy
continuing. i

Nuclear Regulatory Commissien wponsored stud-
ies of the creepdown of Zircaloy fuel cladding under
conditions of external pressure. temperature. and Fast
ncutron tlux typicat of | ght-wate, power reactans arc
in their final vear. A joim irradiation program with
the Dutceh at ECN-Petten produced uniaue creep rate
data and other informacion on cladding behavior that
were dirzcthy applicable to computer modeling of that
hehavior in actual power reactors.

Faugue and crack growth behavior are among the
most umportant propertics 0 be considered n the
design ot the first wall of a magnetic continement
tuston reactor. Fowards this end fatguce tests were
conducted on arradisted specimens of 20 ;-cold-
worked type 36 stainfess steel. Further. another
tatigue svstem was designed and built to conduct
scoping tosty on unirradiated  candidate first-wall
alloys - ach as vanadium- and niobium-base alloys.
Accord: glyatis pow possible to conduct fatigue and
crack growth -3y on both nraduted and unir-
radiated speviens at clevated temperatures and
n vacuun, ]

Mecchunical poperts studies 1o support of HIGR
development smvoived creep and fatigue studies
conducted 1 animpure helivm environment. Struc-
tural materials characterized were 27 Cr-1 Mo stecl,
Hastelloy Noalioy 800H, and a-sociated weld metals.
Creep studies run to 25000 h rovealed  that
Hastello: X was carburized and 2 . Cr-! Mo sterl
was decarburized. Changes in strength and ductulity
were monitored.

NONDESTRUCTIVE TESTING

R. W. McClung

Fhe Nondestiuctive Testing Group develops new
or improved miethods of nondestructive testing
IND Fy and provides technical supportin NDF. The
scope of activities ranges trom long-range studies ol
physical mechanisms and theory 1o development of
advanced technigues and equipment and to near-
tern: apphied development, technical support, and
consultation in the technology of XD E Flae program




1> broad-based. hoth trom the technologies involved

tincluding  penctrating radiatnion,  oddy  current,

ultrasonic. thermal. and penetrant technigues) and

the projects (or agenciey) represented. mcluding

several projects tor both the DOE and the Nuclear
cgultatory Commission (NRC).

The major actvity for DOE has been on the
Breoder Reactor Program (BRP). We have coordi-
nated parslicl NDT development at ANL. GE. and
HEDL. including isuing periodical progress reports
and conducung review mectings. For the examia-
tion of austenitic stamnkos steel welds. we performed
ultrasonic calibration studic. with both machined
discontinuitioy (e.g.. notches and heles) and fatigue
-cracks toward extablishment of correfations berween
such natural and man-made flaws. Ultrasomc
frequency analysis was investigated lor improved
1law characterization in the steel welds. Eddy-current
studics emphasized  mnluparameier muhiple dre-
quency  techmiques, and modalar imstrumentation
containing an on-bhoard microcomputer was designed
and built, We have begun to apply this technology to
the work on stanless steel welds sy well as other
probicms. For the Chiach River Breeder Reactor
stzam generator we completed the development of
microtocus rod-znode radiography for manulactur-
g impection of the tube-to-tubeshect (1 18) join,.
developed  prototype  ultrasonic  technignizes  and
cquipment  for an-service aaspection (IS o1 the
U IS jonts. and costablished preliminany eddy-
current technigues tor the IS of the wbing. For
altermate steam  generator designs for BRP we
provided techmical support to Babeock and Wilcox
tor radiographic and ultrisonic examination of tube-
to-tubvand I 15 weldsand to Wesnnghouse Tampa
Division Jor radiographse examinatton ot 1 1S
welds.

FLong-range NI studies tor the DOE Otfice of
Banic Energy Sciences emphasized mechanisms lor
acomtic propar.aon across solid-solid intertaces.
Other DOJ: programs nclude stadies in o x-ray
attenueion tor fuel homogenenty lor 1 WRsinvesn-
vations for NDF ol composites, v-risy and ultrgsone
studios tor research reactor tucl, radiographic and
ultrasomc developments for graphite, snd techmical
support ot the csammation ol alfoys lor space
nuclear susfenis

The Targest activiy for e NRO was directed
tosward improved ltrasonie standards tor ISE of
IWR pressure sessels and included consultation,
mteraction with ASME - Code commuttees, and

contirmatony iboratory expeniments. For reacte,

salety research we opumized eddy-current sechniques
(with the atorementioned muluparameter  tech-
nology) tur the 1S1 of LWR sicam gencrators. and
completed development of eddv-current techniques
and equipment for the tn-core monitoring of defor-
mation of Zircaloy tuel cladding.

PRESSURE VESSEL TECHNOLOGY

. A. Canonico

The Prosstre Vessel Technology Group s con-
cerned with: the tracture resistance of ioad-bearing
matcnials. The development of such information
requires expertise i the areas of fracture toughnesy
tesiing and interpretastion of the data. Both DOE-
and NRC-sponsored programs are conducted by this
group. Currently, the major cmphaws is on the mate-
nal propenty  aceds for the heavv-section sicel
technology (HSST) tossenergy. HTGR. and fusion
CNCIEY programs.

I'he cftorts on behalt of the HSST program consist
of (1) mitiating a fourth irradiation experiment and
12) satistving the material properts needs tor the
ongoing intermediate estvess! (H'V) program. The
tourth irradiatien experiment w. i include 1T com-
pact speaamens (CS). Charpy V-notch (Cy) spec-
mens. and tepsile specimens. Specimen complement
in the fourth experiment was based on the need to
statistecally assign tracture toughness values to the
nuclear pressure vesse! materials after irraiation. It
Wwas accessain to completely redesign the capsule and
modify the speciren geometny for this expeniment.
This has been corpleted. and the first capsule i
scheduled to be placed in the Bulk Shiclding Reactor
(BSR) during FY 1979,

Material property data were obtainea tor the
LTV-8 repair weldment. The heat-atfected 7one of the
hali-bead weld repatis exhibited the highest tractiree
toughness of any region in 1IV-K The area of the
weldment that exhibited the poorest fracture tough-
ness was the onginal Gabncation weld. As aresil, of
the PV materiad charactenization studies the tlaw
tor the FIV-X test was placed in the fabrcation
weldment. Fhe tracture toughness data provided by
us and the residual stress values were used in the
pretest fracture mechanies analysis. This analyas
accuratehy predicted the fracture behavior ol the
FEV-% et vessel Inadditon to the testing programs,
we alwo deternmned the process heat treatment
reauired to develop THO MG m (10O ko~ oy it
about 20 C 0 Ty tor SASOX class 2 steel. A
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4-h treatment ai 615°C (135 F) provided the
required toughness. '

The research for the presteessed concrete reactor
vessel program includes the characterization of the
fracture toughness of plain carboi and low-alloy steel
liner materials. The SA-508 class la stecl exhibited
excgptionall_\ good rasistance to fiacture atextremely
low temperatures. This matenal exhibits a nil-
ductiliry temperature (NDT)at —55° C(—70°F;. Even
more impressive was the fact that the C. fracture
energy exceeded 68 J (50 ft-1b) at this same tempera-
ture. Usually. a plain carbon steel will exhibit about
20 J (15 fi-1b) at this temperature. It anpears that the
“microalloy.” lower carbon and high mangaw.. ..
permitied in the SA-508 class la specification
promotes improved fracture toughness.

“The characterization of the fr.cture toughness of
candidate materials for commercial coal conversion
pressure vessels is continuing. These studies include
an assessment of the effect of high hvdrogen pressares
at typical operating temperatures on the mechanical
propertics. Hydrogen attack. based on thermo-
dvnamic calculations of carbon-hydrogen interac-

tions. v nnder way. Early results indicate good-

agreement hetween the: computer-based predictions
and the empirica’ results shown in a Nelson dsagram.
An autoclave cipable of 14 MPa (2000 psi) and
5407 C (1000° F) has been modified and 1s being used
to experimentally assess the results obtained from the
thermodynamic calculztions.

WELDING AND BRAZING

G. M. Goodwin

The Welding and Brazing Group has conducted
matenals joining research and devclopment in the
Light-Water Reactor. Reactor Safety. Fossil Energr |
Basic Energy Science. Gas-Cooled Reacto, . Space-
Nuclear, and Fast Breeder Reactor Program arcas,

Iight-Water Reactor and Reactor Safety Pro-
grams have invoived review of ASMF code cases and
continuation of a study of lamellar tearing of reactor
matcerials. Additionally. more than a dozen complex
instrumentation assemblizs for Reflood Studies in
the Federal Republic of Germany  have been
developed and successiully fabricated in a coopera-
tive program with the Instrumentation and Controls
Division. This latrer projeet has involved  the
development of very dilficult ceramic-to-metal and
metal-to-metal brazsing procedures as well as Laser
welding technigues on small and intricate probes and
associated units,

Fossil Enecgy efforts have developed successful
technigiaes for corrosien-resistant weld  overlay
cladding of heavy-walled reacuion vessels and ini-
tiated a charactenization of prototypic ficld welds
in thick plate. Pro.otypic productior. cladding
processes were utilized (e.g. submerged-arc). and the
advzntage of an intermediate -transition lave. of a
nickel-base alloy was demoustraterd.

The Basic Energy Science Program has made
significant progress toward determination of the
sequences of phase separation during solidification of
austenitic stainless stecls and iron-chromiuvm-nickel
ternary  alloys. Microstructural and microprobe
analyses indicated both extensive solid-state trans-
formation and soiute redistribution during solidifica-
tion and cooling froi) the nonequilibrium solidus to
room temperature. :

Gas-Ccoled Reactor work hasemphasized charac-
terization of the weldability of 2 number ot refatively
new  high-temperature nickel-base alloys for ad-
vanced applications. Alloys that look particularly
promising are alloy 617. HI> 556. and ailoy ¥02:
mechanical properties of welds in these matznials are
currently being determined.

Work for Space-Nuciear Pelated Svatems has
advanced the state of the art of joining platinum-and
iridium-base alloys for isotepic fuel encapsulation.
Although modificd iridimn alloys containing tho-
rium were found te be sery susceptible to hot-
cracking during weldiag. the clectror hbeam process
showed greater promise of success in welding
them.

Breeder Reactor Programs have confirmed the
improvement 1n long-term high-temperature prop-
ertics achieved with ¢ nreolled  residual clement
(CRE) stainless steel welds for severai weld processes
and types of filler metals from commercial supphers.
I'he applicability of large-diameter pipe fabricated by
advanced techniques has been demonstrated in
detail. Five formed-and-welded pipes (0.91-m-O0) by
12.77-mm-wall) were procured to characterize their
tme-independent properties: two welding processes
and toree weld metaly were evaluated, Welding
procedures lor fast breeder reactor dissinular-metal
transition joints have heen developed and supplied (o
the commerciat fabrnicator,

" A progriun funded by Laboratory seed money has
shown great progress toward fabrication of pipe by
continuous  clectrosfag  casting ~ techniques.  The
results are applicable 1o many  energy  svstems,
current and advanced.
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2. Fuels and Processes

R.G. Donmliy

Over the past year losses in support iIrom nuclear
fuels programs. particularly the HTGR Recycle
Program. were fully-offset by increases in advanced
LWR and FBR fuel and aliernate high-level nuclear
waste form tecknology. Additionally. nonnuclear
activities have expanded in the areas of industrial
energy comsenation. residential e..crgy consenation.
and fossil energy. The groups most involved in thé
nonauclcar diversification are the Ceramic Tech-
nology Group and the Engineering Coordinationand
Evaluation Group. which was retitled from Fuel

Cycle Engincering to retlect this more broadening

scope of activities. At the same time. we have
increased our management role in navoral and
Laboratory programs. These include the Residential
Conservation Services Program. which is national in
scope. and multidivisional programs at ORNL on
solar process heat and proliferation-resistant re-
search eeactor tuei ssements, A magor contribution to
management of the National Fossit Foergy Materishs
Program » abo being made ia the torm of techaica)
issistance to the program manager.

Consolidation of irradiation  test  fabrication
services at ORNT. has resulied in the transter of this
tunction and associated personnel preousiy within
the Fuch Evaluation Group o the Engincering
lechnology Division,

Orerall. the Section han come lhmug.h this past
vear somewhat understalfed. particularly in the arca
of Ceramie Technology, where diversification cllorts
into nopnuclear teehnologies have been particuiarly
successtul,

A briet deseription of the major activities and
annual accomplishments of cach funerionil group in
the Section tollows,

CERAMIC TECHNOLOGY
b, Tenneny

Prunng thecar, the Ueramie Technology Grey,
darted work on several new programs and has

subject toillusirate the supponwc naug;,;cv
the programs funded by different sponsof

Significant new DOE program support -w
obtained this vear irom Fossil Energy for ‘work on.
materials for ceraniic heat ‘exchangers (HXs) and
from Solar Encrgy for work on materials for solar
process heat systems. Additionally. increased work
was accomplished on development and fabrication of .
ceramic insulators for the Advanced Instrumentation
for Peflond Studies (AIRS, program. Electrically
irsulating ceramiics  with: high thermal  shock
.ovistance are peeded for use in sensors lor the
inzernational 21> 3D Retlood Program. The objec-
tive of this program is to study losw of-coolant
accidents i preysurnized water reactors,

Several of the programs are ornented toward
application of structural ceramics and ather mate-
rialy in high-stross and high-temperatuse applica-
tions, which include HXs and HTGR core suppon
structures,  Accomplishments in the new  Fosil-
Encrgy-supported HNX progiam included completion
of assexsments of the application  potential of
advanced ceramics HXs in the stecl. glass, and
aluminum industeies for Righ-temp rature waste heat
recovery. Conceprual designs for these recuperatoss
were completed. and ceramic marterial and HN costs
necessary b schieve an atiractivg return on mvest-
ment wese determined. Construction ot the Cevamic
Recuperator Analysis Facihity (CRAFY was com-
pleted for use . 1osing structural ceramic BN tubes
mompure combustion  gas  environments.  The
Comervationsupported HNX work included comple-
tion ot analysisand reperting of (i) the behas ior ot an
MAN honeycomb cerimic recuperator trons i N60-h
imdustrial  turnace demonstration. (27 candidate
structural ceriamies rom long-Term recuperator (ests
i ghass melting turnace N gis cavironment. and
th the cosromon and  faiture of a reradiam
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fecaperator trom an mdustrod aluminunr, cor

turnace demaonstraiion A very waprabioant obseriae
tion from this work was that S0 cerencs exhishet
accelerated corrosion st tenper steres neas 200 € an
the pre-cnce of sadium-hearning Hue gases. while thee
exhibit much s ower corrosion at P30 ro 150 (
©The  Sofar-b netgs-sapported HN work was
directed st wdentitare candidists coramic materiehs
sutable tor ase i high-temperature sofar thermal
process sustems, such ac bydrogen production or
mtrogen Yivation ovcdes We ade tited the hest
¢ _amic materais lor use in modere - and vers hgh-
temperzture regimes i solar recens s and started
compatthility testing of these ceramuc with chermici:d
species from three recommended cheimial cveles at
high temperatures. The HTGR structural program
work focused on mitnde snd alumina cersing s tor use
*n core supports. We oompleted identification. of
experimental technigues tor measuring stross relaxa-
tion in these cerams and started cieep measure-
ments on sclected hegh-atunmina ceramics over i range
of temprratures. Results o the € onsernvation-
supported Alternate Fuels program included dents-
freatien of zincand iron as critical impunities inheavy
fuch wils as peng porteutarhy damegng to the newer
high-alumana o*raztor. bibrous isulstions now
being iised by 1S 1 manies. A J0B0-h combustion
exposure ost of se o relractors ansulations
and structnral setracto, oo was completed o the:
.Rl.'ll'il(h-lj\ fost Faahts i Fabyase ob o Nos 6ol
dernved trom Venezuclan crude

Transmission clectron nicroscopy (FEN) studies
ot chemically vapor deposted (CVENY S coatngs of
HTGR tuel particles demonstrated the presence of
hexagonal alpha polytypes within a matnix of cubic
beta plus a high stacking-tault densuy wuhun the
gramns.  Detaded  charactierization of  the prain
boundarics by FEM and scanmag TFM was
completed, and structure was correlied with the
deposition comditions. Studies ot silver and  pal-
ladium reactions with CVD SiCinathormal gradient
beean.

A radiological environmental  assessment  tog
thorium mining and milbing and 50 GWyric¢) npera-
tion ol (Ih.U)-carbide-tucled FBRs and  their
requisite reprocessing and relabrication plints was
completed and the results were published. Process
requirerients for sinfering O fuel spheres to the
high densities required tor use in sphere-pac tuel rods
were determined, and several Kilograms of the tucl
were prepared for ase in fuel rod tests inan . WR,
Cornsiderabie progress wis made on graphite mate-
rials, including analvsis of the relation between creep

pand Glher malvras Droportoo et g 0 e
a0 the ORR fre Creep dud nor copor
Srongit upon thant other graprite propertos

Analusty of the st miasor aed st productior

of the adranced sraphat

Cdencioned was
completed. and we plaved & ket role o oapplung
nondestructin e cvafunation and staintical afies o
technigues to assist the ndastrand tabrator 6
produce this miatenial as regared for thie Departmcns
of Detense

Asced mones program on - tudies of the stahiits ot

tavic clements nosohd coal paatier shsgs o

~ompleted and showed that HI-Gas sJaps conss

primarily ol oristathne Fe O o a sibicete glass

matnex. U nder selected coating conditions {ead,
selenium:. tanium. and other impunity clements
preferentially concentrate n thewe orstals. Meas
surements of the leaching rates of tiese clements trom
the slag were completed

In support of the sclemide pencictor, imtensne
;:h.;l_\sc-. o padohmam selrmide therm oclectzie tost
cements were completad toadentity why test maodales
showed erratic power output -\ poivmorphic phase
transtormation and theymal stress crachang in the
selemde were very detrimental to this material

A cnttical materids assessment was compleied of
the national MHD program tor “he Othice of Foergee
Rescarch of DOT L and we completed anaduvas ot th
Prosram system COmMPORes o B ceramic 1etiac-
tories, clectrodes, and invifators,

We  developed and  demonsirated an ALO -
plitinum cermet capable of prosviding clectncal
msulation and the vers ngh thermal shock tesntance
required ot the sensor ansulators e the ATRS
program. Fochnigues were developed tor tabnicating
the required shapes of these cermets with reproduce
thie properties. Many cermet shapes were made.
tested. and inserted o test assemblios toe v canthe
Federad Republic of Germany vetlood test taciis

ENGINEERING COORDINATION
AND EVALUATION

D. R. Johnson

We hanve continued tosuppart the Alternatinve Fuel
Cyele Fvaluation Program (AFCEP)Y by analy s ol
about 25 reactor tuel oveles as wdentified by the
Nonproliteration Alternative Sysiems Assessment
Program. Our involvement s an coordinating the
activities of the Fuel Cyvele Characteazation Waorkmg
Group i AFCEP. wath two direct responsihilities
chiractenzing tuel tabricistion plants using the Gel-
Sphere-Pac process and preparing consistent cost
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opreeldeamuiinalume el AFCEHP repoes
Tor b assnd an Bised veal fUSe .

The Group beaame anobved in the Fosal Facre
Matenials ProgramaFEMPyn A o 1979 inthe role
A coondination of the FEMP manapementactivatios
Moor actovines 1o date include particspation i
review of tne TH-Coat Piot Phant Mode Operations
Pien™ ro ostablish the phulosoph tor contngenay
plarisng tor Qiel opetation. o tnp to the H-Coud Pior
Pang o Catientsbury. Kentuchy, toreview the
mlatvrias testing amd falure anadvss progrioans lor
thal tacilttand the preparation ot sdrattsection tor
Waork b

L ! JET
bosal Bocres

Anaponing sie of RN Reves
hepen an g oretasner ot the ORNE
Mooy Manaveme  Plan Our next nugor eonsiy
~ the preparation of a fechmcad Progoam Pan for
sne PR

) Pro Eooacd Sratos and e bederai RL’["!h:lk o}
Gornars o ROy e canrently dunding conperatine
taationel provees oo tor HEGR el reovdde Those
provrest s addross the toflowing obyectives G ostabe
dsbiing o probderatior-roesisiont FHEGR tucel e,
£y deveioping necded technology and (3 actnch
suppotting the iathet mtroduction of HTGRs The
respuacting tational ot to reahize these objectines
Bave cvalved patablel program structures with the
common obi tes ol sentuing aceded processes,
sosten oo pts, designs, and pedloraarce.

Fhese commpion taatiges are the basis lor collabora-
N atd cooperation an soveral arcas of HEGR
Speciie details of TS P RG

compepation have beet draited inaosenes of projedd

veb o edhinmdos

wath statements, which foosely detine o framework
tor overall cooporation.

ORNE manages this eollshorative program for the
VS Pepaniment o) Eoerpy, and anothis capacity
during BY 1979 a e developed a planming hise tor the
cooperLtion The planming base ancludes (1) an
enveratl prograny plan detiaing objectives and o gani-
zattonad teatures of the collaborative cllort, (2 3
destgn assessment of the US Hot ngineering Test
l”l ll I’IH[L'L'I .lllll the I |((' ,“ l" ll k l’llv[('(l. and
£3) a0 program plan tor g Joint Prototy pe Headend
Facibin

W hinve asstmed responsibilits tor the techmical
roenagement of the Residentiad Conservation Service

CRON Procram Bos sonatonad i program that
Wil reguire Leree Gl colvr eortain scrnes to
e n aovartomions energs atdiisassslance

Wil procutement Oleiation. shd Dinanong ot

consgivabion micasures, emd othor reiated servces

ORNI s provdine support

preciam culemabine, proparation of repulaton

M all phases of the

decuments techinneed assistaticr To stale govern-
ments anid research and development This woek s
covoniphished warn st from siv ORND divisions
and severgl subcontractors T e program begarn i
NMarch 1979 and will contrmuae Tor five vears

The technical fcad tor the co weptual design of
Hot Fucls Fogmeenng Fabortorny (HEFD came
trom our group Fhe proect provades tor mod:hica-
tons and additions o the Fhorum-? ranam Rectele
(I Rby 1o suppont davclopmeni o
processes and  cgumpment tor e fabrcation of

}acihin

rdioactively hot tuchs tor alternative oveles. bhe
Pocoses amd cgqupmient deveioped would be useid
tar roteboncating hot tucl st rods sutable tor
itadation westine The aondstications and additions
ol process support sorvees, safety jeatures, and
catmpment n URFE
reguirzments for accommodigting amnd supporting the

will provide the essente el

retabrication process developments and tests wirk
highlv radioactive masenads i sale envirog merit
contorming with the appropriste standards. The
conceptash desien wis done by an architect-enginecer.,
Ine Ralph Mo Parsons Cooand was guwded by o
project team chosen trom the Metals and Ceramics.
Chemneal Technology, and Engincening Divistons.

We manage the TUREL AN bailkhing cympment
and contimment systems are operated amd main-
raned 1 accordance with DOE speatications. fwao
expenmental programs were operating i TURY
during the reporting peniod: (h)y provessing ot
transuranivm clements and (2) nondestructive tuel
asay and advanced manipulator development lor the
Consolidated Fucl Reevele Program.

FLEEL CYCLE TECHNOLOGY
AL B BHTY YU

Studies were performed this vear to better under-
stand the sintenng behavior of gel-derned VO,
(L.P0mO . and (Th.EHO  spheres, The hinan
shrinkage ot indmadual U0 spheres occugred i twoe
stapes. A graduad Iincar shrnkage of about 207,
occurred trom toom tempentture 1o 950 C0 A the
temperature was ancreased from 950 1o 1450 C, the
rate ol shrinkage increased. and the totad linear
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shrinkage tcachod vaiues greater than 55 The
shrinkage  stoppest abrupth in the range 1400
“C- as the sphere reached near-theorctical
ty. Effluent analysis fertified ‘temperature

ns over which xola'llc specics were liberated.
ESe: slydm allow opum.:anon of the smtcnng

mnsﬁc:.m advances were mad : in the sphcrc—pac
. .which _offers special advantages for the |
-manufacture of prolifcration-resisiant fuel,.
portant devclopment tis vear has been (ke
cnt of the rod load.ng process to permit

“have been succcssfully pwtotvpcd for this
fication. Inspection devices arc being developed
it the development program.: A fuel rod density
pspection device, which uses gamina ray attenuation
automatically determine axiai density profiles. has
‘bccn constructed. esign of a combined density and

assa) determining device-for use m:h spiked Tucl s

=i progoess, -
Development work this year has shown that the

“sphere-cal  process s a3 promising alternative to
conventional tucl pellet fabrication nfethods. In this
" progess. gel-derived spheres are cold-pressed into
pellets, which are subsequently sintered. Pellets with
excelient microstructures and denvities exceeding
95 1.1, have been produced trom urania spheres,
Thoria-urama spheres produced by the SNAM ex-
ternal gelation process are abso promising pellet press
feed material because their gel structure sssofter. The
best sphere-cal results were obtained with spheres

* having a larger crystallite size and high BET surface
arca since they sintered together rather than sintering
individually. We found that calcination of urznium-
containing spheres at 600°C  is  necessary  tor
reduction of the oxygen-to-uranism ratio hetore
pelletizing and that prolonged residence times and
higher temperatures minimize sphere reoxidation
during handling in air. Dilatometer studies showed
that all pellet shrinkage occurs rapidly hetween
900 and 1450°C and that slower heating in this
temperature range reduces pellet eracking,

A potentiol HEEGR fissile kernel is a highly dense

sphere of UO - and LiC . A procedure was developed
to sinter spheres of 1°'0: and carbon produced by

oading ; and DMPACEION in rtasonabl; short

interngi gelalion W the dosred cumposion and
dersity al temperatures as fow oo 1580 € Thos o
28 e MU € touer than reguired bor previous
processes, The partual pressure of €0 s controjied
during the process o ferst produce high-densarny
UO. =~ ©C.O and then skt the thermodsnamic
equilibrium 0 LO = £C. Many flusdived-bed
CoatRg runs were made to determine of gastight
coanngs could be made with carbon ¢ uaige s
“diluent. Coztings priduced with propyier ¢ and €O,
prmcd to by more gastight than TS AN pfﬂ’,ULCd
with propylenc. accrvlence, and CGo. We have not et
determined 1f these coatings arc superior to standare’
u):mnm produced with helium or aggon dilutiim, A

“Suiksize Sucl clement block loaded with fael rods #-
 produced .'n ORNE was processed 'hmugh Gencral =

Alomic’s curt-m -plice furnace. The ﬂh;cﬂm:s were

met as lhccxpu.tcd W, uﬂu.\lv.id“as oh'amcd and -

dclu.nu p.:rmlu. ih.m the \p-.uhc.umn vt Other
mu..mm[.l ul datie- were Lobtined tor fucl column
eapansion and.both tacl rod and end-plug puxh out
forces

FUELS EVALUATION
F 1 Homan

Most ot the supportior the FFach Evalustion group

comes from the HIGR Program: some s fro the
Gei-Sphere Fuel Development Program o coordi- -

nate the Sphere-Pac Performance Task. Duning the
report peniod this group™s signiticant accomplish-
ments on fuel pertormance for the LWR, BR. and
HIGR Programs iclude the tollow ing. -

We completed design. tabrication. and mstallation
and started operation ot the Postirradiation Gas
Analyzer (PGA)sestem. Thisapparatus measures the
mternal  gas content in srraduited HIGR  fued
particles. The system i composed of an enclosed
particle crushing chamber linked 10 a tme-of-flight
mass spectrometer, which is in torn linked to &
PDP-11 computer. The particles are crushed and the
quantities of escaping gases measured by mass
number. This equipment is used 10 determine the
ability of the particle coatings to retain hission gas
during irradition, By coupling the PGA with post-
treadiation anncaling at temperatures sutticient to
drive dissolved fission gas from the kernel, much can
be learned about the distribution of fission gases in
ircadiated tuel particles. This information is essential
1o fuel performance madels because the ability of
kernels to retain tission gas directly influences the

e ot il g b

T by e b
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~trinen of Fiied coatings that can be perminted in an
aperating cure. The PGA sy stem becas 1"'0;'(:'.!!!0"-!;
41 the ezy end of xhc reportng period. and valy fu l
frum (‘p“u{c HT-34 has been examinzd date.
. *\n.:hsr-. of the H'! =) d.ua ¥¢'\t.l!(:x. a nn‘* 'rv
pmddc 'bc mmpnm' md. ;zl':.x. computes the

: Ncscnr " :rmdtatcd

’uupc from pari;c kxvu:h faited coatmgs. The INGA
dﬂ.lh'ﬂ'c of the OF-2 fuel rods resealed some very
mteresting rosalts. Fhree batches of fissile p.nrudu
proctuced i prmluqum sk u{mp Al Wwere
yeradiated in |‘\.zl capsufe. One biatch s pmduc»'.
by use of & comcal gas distributos; the other two
batche used a fritted plate distributor. Fwo batches
~contmned aernch made of 757 UC: and 25910
~ the ather batch was 8577 UO: and 1577 UC:, The

hatch with 75, VO comed with the conical” g
performed  the worst. according 10
IMGA. The batch w th 757, LC- couted with the
frittedd plate pettormerd the best. This iy ot
surprising, as other work sacntstied the dritted plateas
superior 1o the cone. What was surprising was that
the particles containing 7§; CC- pcrfnrmcd hetier
than the particles contaning 157, UC-. In tact, the
. . 757 UC: bateh coated by use of the !mud plate was
. ~the only batch that met the §-ort Si. Vrair Reactor
pertormance spectication o Tess than 147 fuilure ata
95 contubence level. Metaiographic and micro-
probe eviduations hie o repeatediy caused. us 0

distributor

imin sy

TR S, R R Y

Postirradiation examination ob fucl irradiated in

o

_—y

- ' stle disassembly. specimen photographs and metal-
fography. and some ¢lectron microprobe work,

A detailed study on the peomeabihity ot pyrocarbon

tor the HTGR program was completed by o visiting

Germian scientist, Cogting propertios, chariscteriza-

e e M e

[ Budadi Shoma . B8

e

s ' pmduunL mdmm shu.: andioilto ihe n:qmrcd finish
asLx i, ()nc AU thuast volatile fission: products wiif

. pr\‘lllUk

- clectro-discharge machining and further reduces

5 behicve that tuchs igh m VO content perlorm best,

capsules HRB-14 und -15b ps. _ceded through cap-

- : . ¥

ton teck nigues, and the capahility of the .mungs w0
retan fivston gas uwr L(P.’!('thl:d

LWR lB!g ‘lod Pulnl) ]h.:
pmgram htmcm OR’\

and thickness without -needing. surface “grinding.
Iridium sheet and feil had not been p’roducrd.,
10 hinished thickness by cold mllmg asa
production Process. This COnsCIvey  Manpover. -
reduces the amount of indium ordinarily requiring
reprocessing. and increases the number of disks
produced from each ca:ting. An overall savings of =l
25 is reatized. Ao, we developed @ technigue tor. L g
prvasion punching the indium disks that eliminates . =~ - 2

Jahor costs and comserves iridium. Private inoustry
had failed 1o accomplish this alve. Mission changes
will decrease efforts with platinum  alfoys, Afl
defiveries  of flight  hardware were made on
schedule, : -
Fhe waste management program on " The Volume
Rzduction of {.ow-Level TRU-Contaminated Metals
by Mehking™ demonstrated that uranium susface
contamination op common structural metals could
be concentrateo in a slag. reducing contaminéntsin
the metal. Aluminum. lead. and copper can be
cleancd by preoxidizing the surface and drip meltivg.
The melt Tows from the oxidized shell feaving the
contaminants hehind with the dross, Previously these
metals  were crucible melted. allowing  surface
contaminants (o dissolve in the melt. Engincering
demonstration of these experiments will be conr
plesed in £Y 1979 with intentionally contaminated
mixed metalserap, Plans tor FY 1980 include similar o
experiments for removing plutoniom surface con-
tamination and initiation of & full-scile demonstra-
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Effons have also been dcmxed to the preparation .~ = B

of stainless ‘steel heats having very closcly controlled | .
‘ compositions and the procurement of large heats of :
|mdlznon_-res|sunl stamlcss slaeh and tefractorv
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development of radmnou-mrszam alloys for fast
reeder-and fusion ractors. About wo-thirds of the

Basic Energy Sciences program is devoted to long-

~ xerm support for tne various energy technologics and

one-third 1o tundamenial studies in advancement of

-the science of materials. State-of-the-ari capabilitics

are developed. maintained. and cxploited in the
varjous arcas of microstructural characterization.
including analytical. high-voltage. and high-resolu-
tion clectron microsce ,.v: X-ray scatiering (especially
use of synchrotron radiation and position sensitive
detectons); and surface anal)\n and nuclear micro-
analysis technigues.

During the past vear new programs have begun in
the arcas of metastable materialy and clevated-
temperature deformation and fracture. A consortium
has been formed with university researchers to
develop a major x-ray facility at the BNL
Syacrhotron. Users groups have beenactivated inthe
small-angle  x-ray scattering and microstructural
anatysis laboratoriey. Major scncnmu achievements
include:

Harry Yakel hay recently uved dittraction of synchrotron
radiation with cnergics near ahnorplion edges 1o determine wie
W CUPSTion pirameters i an ron-cobalt spinct This rosult would
not Rasve been possible with the Bised-wan clength radition from
CconLentionsl sources,

DN Fasten and co-warkers have developed an analstical
method for predicting the residuisl stress sTte and the stress-siran
varves of ShoSnooperconducting composiies ot 4.2 K- The stress
behavior of exning superconducting composites ds well as those
currenthy beng desgned can now be determimed without extenvise
CXPermental measirements,

W H. Butler and his collcagues have desclnped technig ios tor
caleulating the clectron-phonon interaction m metalbs from tirs
principles tr high precision Fhis mashes ot posaible to amderstand

RK Wilhans am! ;wmim m;mmm i phououalld

" from 100 20 300 K. ¥ he phonen conribution & atww AF; of the

- tofal and rexludes paramcten 10 dc»cnhc chectron-phonon ond

" phonon-phunon Watlching resistance
R. A Vandermeer, J. C.Ogle, and C_F. I.charvh.-wnl'nmd
cxpenment«t infor mation that greath increases the understanding
ot phase Transtormataims betaeen metastsbic states of aranivm-
nwbium 2llovs. |

. 1. Cashon, M, K. Haxny, amd R. A McKee have demon-

strated the exintchce of 3 sharp minimum. .. Jutc diffusion @i as
a function of selute concentsation o lead-base allins. The
minimom (occusring in the 10 198 ppm range? is comintent with a
trapping mechannm (hat is IBIGnsK 1o the system and b perhaps
“the finst direct comfirmation of the sifong intersticksacancy
mICTacTons thought e ovour in thowe alloys.
S K Bawrell B A Kenik, and N . Pachan Bave tound from
exiensive duat 1on bombacgment expersments that vonf swelling
induced by displavement-producing 4-Med nnl\dmnns maskedly
aftected by the relat:ee rat- and mode of heli um netion. The
smpheations. are significant for tast Tissien and planned fusion
reactor mutcnials i which hehium transeutaton weurs at vanng
rates with respext to peutron-induced displacements. depending
upon materal, dose, and reactor characionisics.

CERAMIC STUDIES
C. S Yust

The work of this group falls into three principal
categories: (1) crosion and wear, (2) synthesis and
preparation of  high-temperature materials, and
{3) the study of the structure of coal. In cach of these
arcas. signiticant ruulh have been developed in the
Past year.

I'he investigation of crosion is directed toward the
detailed understanding ol the material  damage
mechanism at the particle impact site by use of

chectroni: contributinns b the thermal conductn ity of purc iren”

L
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S caiig and transmission clectron mictoscops. The  uvz of thesc technigues. the pr()CCxS of secondany

results to date confirrs the role of plastic deformation. mzrakzation wn Ilinoss No.6 coal has been studied ‘
as fracture 31 mmpact sics e aiuminz-  in detal.- The zrowth features, punty. and crystal- LT ey
e in the immediate sicinity of the impact “ae.  lographic perfection of calcite. kaolinite. and pyrit€ o
e obicrved dislocation network corfigur-.usss - in thi< coal have been observed and rcponcd
RO be readily rationalized. Since the plastic =,
- an a pamck -mpac: pomz may bc:i ver, I-.:ghf‘ . PHYSICAL METALLURGY

tions and shape
alloys ‘are often

nnnons coulmg and mrhcrmal zgmg was mwcsn- "

gated by difatometry and x-ray diffraction. The

alloy lmmlorms martensitically according to the -~

NErest h:"ausc of :their pmcnual for use as wear- - sequence y{bcc)— 5" (tctragonal)—a (monmlmtc)

ant meterials and 4 _cutting edges. The i]'ﬁc A1, wemperature varics significantly with cooling

hn.ques f.r directiona? solifification continue 1o rate. The reverse transformation temperaturss, 4. - -

improved, as exemplificd by a recent development - and A, increasc as the heating rate decreases. The M.

ha; permits the adjustment of the chectrical  temperature s raised significantly by interposing a

uctivity  of oxide-metal compacts by the  bricl aging treatment ata temperature wellabove M. 5

ontrolled addition of metal particies to the test The y-to-0” ramsition vould also be accompiished
terial. _This step has greatly facilitated the  isothermally by agmg at a temperature 165 K

operation of the process fer growth of directionally  above M.

wdified cutectics. A mined borde-nickel composi- We are detenmining the Lffcct of niobium concen-

tion has also been prepared by hot-pressing in the tration on shape memory cifect ISME). A series of
pn’:scnccwi a liquid ph s 1o give a very dense, hard, polscrystalline alloys spanning the composition
o ~ fine-grained microstructure. Samples of this material range 13.9 10 I7.8 at. "¢ Nb has heen prepared and
Ll . have proved to be vers successful as catting tools in tested. An updated metastable transition phase

prefiminary  machining tests. Further tests are  diagram has bee .t constructed. The room tempera-
" planned to cvaluate this material as s wear-revistant. e stress=strai.s response was micasured in uniaxial

. composition, ' : tension, and parameters associated with SME have ’
The structure of coal continues to he of great  been defined. The extent of mechanically reversihle
. - jntérest as the need o wilize coal as an alternate  strain and othes SME paramcters were determined as

energy source increases. "he study of coal micro-  functions of compasition and structural state. Heat-
porosity and micromincrology will be necessary - activated  strain  recovery  patierns  have  been
background for any large-scalecoal application. This  characterized. and the SME behavior of v alloys
work continues to seck new techniques for coal  was compirred with tha' of a” alloys.
characicrization. such as the usc of infrared The thermal expansion characteristics of several
micrascopy. which has been used in this study (o NbiSn superconducting wire composites have been
examine the naturc of coal maccrals ordinarily  determined koiween room temperature and about
opaquec in the visible spectrum. Electron microscopy, 950 K.

both scanning and transmission, is also being used to Dilatometry has been uwed 1o ¢etermine the phase
study coal characteristics, and through thecombined  transformation temperatures and other expansion
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g des lh:m th Soa n,'md value. Similar
_Fudic. shew that tantafim and mobium have smalt
phunhn conts ibutions.and Lorens tune sons less than
‘the Sommcrteld value. w hw.awhrommm hasa large
ph()nnn contribution and a Lorens function that
exceeds the Sommult.ld value at about 150 K. The
- ratio of the ditferential thermal expansion coefficient

Nebee:Co.-0) : s
temperatore allovs, Experimental studies of ‘the
deviations from  Mattheissons rule in transition
: ) motal alloys showed that literature results for
- S paltadium-titanium all vys are defective.
: v Results obtained 1c 1000 K wsing thermal con-
¢ C - ductivity Standard Ref srence Material 735 are within
i S the property mits recommended by the National
3 Burcay of Standards. These results confirm the
4 operational procedures used with the high-tempera-
ure longitudinal heat fow apparatus. The thermal
conductivity at 300 C-of a helium gas-1/0: sphere-
pac increases 5077 when the gas pressure is increased
- from 0.1 t00.6 MPa (1 to 6 aim). Equipment has been
srdered 10 construct an clectrical heating apparatus
1o determine a numbcer of physical propertics in the
range 1200 10 2600 K. Apparatus is being developed
1t measure thermal conductivity of epoxy-containing
natertils in the range 4 1o 300 K.

Program Pln. the Thermal Insulation Confegence. -
-and active parucipation in ASTM C-16. Subcon-

ES guardmg. bt clculations and tests sho

'nl\ this al!ous“

“structure and composition on 2 micro scake. The

_ activities of the group. S

“ o tie thermal cxpansion coelficient of ordered .
is less than that of other high-

Support from Conscrvation is am-.ed atimproving .. S
the data base lor indusifial and building thermal
insulating matenials. This has resulted in a National

W

tracted work has obiained thermal resistance values
tor comm.ercially availabk R-11 and R-19 baus and
for high-temperature fibrous insulations. -Thermal
“Fosistance. testing is often complccatcd b

lhamahnndunwnl} hcaltrs can a\md tlns C

propertics l.ulorcd for spccmc apphcaumgs Elec!ron
miicroscopy (transmission, analytical, Ingh-\ollagc) ‘
surface analysis technigues (Auger. spectroscopy). tle
and nuclear microanalysis are used to characterize

ORR. HFIR. EBR-I. ORIC. and a 5-MV Vande
Graafl accelerator arc used in irradiation damagc :
studics. This report giees a bricl ouru"u of the

Alloy Development for Irradiation Performance -
(Office of Fusion Energy)

Four basic classes of alloys are being investigated
for fusion reactor fisst-wall applications: austenitic
stainfess steels. higher strength Fe-Ni-Cr alloys,
reactive and refractory metal allo; .ad innovative
materials (long-range-ordered alloys). Reactive and
refractory metal alloys being investigated are alloys
of titanium, niobium, and vanadium. Aloys contain- L
ing nickel are typically irradiated undcr conditions
producing both displacement damage and, as jn a
fusion reactor, helium from transmutation. Tech-.
nigues to introduce helium into other alfoys are heing
studicd to assess their validity m simulating fusion
reactor conditions.

Type 316 stainless steel and nickel-ba: ¢ alloys have
shown degradation of tensile propertics. especially
Toss of ductility. resulting from irradiation and the
presence of helium. The effect of helium is especiatly



saeere at temperatures akove S50 € In tvpe
6 stamnless steell an unesual ersstallographie
tracture has heen obsersed at 350 € and thes
hehissior appears to be related to ship baads tram cold
work betore arradiaticn and to peecipitation ot a
recemthy adentibied phase. Extensive transmission
clectron microscopy i~ heing conducted to charac-
terize microstructare acd preciprration an candudate
alloss.

An clectrohvdrzulic fatigu - testing system capable
ot birh vacuurn,. clevated-temperature stramm-controf
remote toung has been desceloped and w now
operztional in i radiaton hot cell. Low-cick tatigue
tosts on tvpe 36 sunnfews steed irradiated to damage
kevels up 1o 15 dps and (00 at. ppm He hive
exhibted o reduciion in tatirue hie of tactors 71 V1o
1041430 C.

frradiation oxperiments are now i progress m the
HER 1o determine the oitects of high levels ol
hebem. and @ new experinient in the ORR » bung
plazed o simulate the He dpa ratio of a fusion
reacior o corrzlation,

Fast Breeder Reactor Cladding and
Duct Alloy Development Program

Thee rescarch o part o 4 aational program (o
davelop allovs with improted resistanee to high-
temperature irradution damage Tor bast reactor core
applications. L he work contaims twomajor clements:
(h _he developaicat of maditied  AISE v
316 stnnless steels with low swetling ad (21 the
awessment of  high-strna-rate detormation and
tracture rehavior of rcadisted advanced alloys,

A detasled spvestigation and assessment ot the
relationship between voud ~welling during ncutron
irradisuon and dunng on uradistion have heen
completed. The objective was 1o determene und-r
what conditions on arradhiation can reproduce the
swelling  behavior,  phise  stabdlities,  and  other
microstructusal testures that devziop dunng neutron
uradnttion.

In solution-anncaled AIST tope 316 stnnless steel
preinjected with hehum, phisse mstabilities that e
risc 1o double-peiaked swelbing behavior in-reactor
are not reproduced dunmg irtadistions with $-Meb
N7 ions, Neither the NS+ phase nor the massive
nichel- and sihcon-rich carbosthicide phises develop,
and there is asingle swelhing-temperiture peak. Inan
attempt 1o arcumsent this ditticulty. nickel-lon
wradistion cxperinents hine been conducted on
specimens  that hid  been previowsdy  neutron
crpadiated to estabhisha gquast steady state with regard

14

o phise distribution, matray compositton, and void
and dislocation wink strengths. For cach neutcon
rradiation temperature an equnalentionirradiation
tmperature 1) 10 O ghose the neutran rradia-
Bon fempersturc) exists at which the cvolutiom ot the
vord  and  diskecation  struciures s reasonably
reproduced. In peacral. nowever. the preaipitate
structares are not reproduced. For oxample. precgn-
tetes produced duning neutinn wradiation arc
unstabic and redissolve. The resuitant changes n
ma:rx compmition lead to changes i suelling
kincues.

Lhis work has shown that because of the eftects of
damage ratc on phase stability and the interaction
between precipitates and helwam. € » very diticult te
quantitatinely retate sweliing behasior duning nichel
wn rradiabions o swelhing behavior under reactor
conditions.  Heavv-ion anadiations can be used
cteetinedy o explore the mech: -osms imohead n
phase stambity dureng arradation the nteraction
heiweer preapitates and helium, and the relstion of
ticse phenomena to swelling resstance.

Postrradiation mechanical  property datis are
herre measured on territie alloss, precipstation
hardenmg nickel aftoss_and 300 series stamess steels
that have been wradiated in EBR-IL to ttuences np 1o
L4 7 10 a m at temperatores between 450 and
738 O Fosnng s carried out over a range of strain
ratey and temperatures selected to proside intorma-
ton on the mechamical response of allovs subjected 1o
various reactor transient events and to tuel handling
aperations. The ferntic and austenttic stamless steel
altoy chasses exhthit safistactory response in teems ot
ductsiity and toughness. at last, o tlucaces up to 7 -
10" n m . but ~ome of the nickel-hiase allovs (such as
alloxs 706 and 718) exhibit low ductility when tested
al temperatures above the wradiation temperature.
An imestigation of embnttiement phenomenis s in
progress insolving SEM tractography and Auger
Elect:on Spectroscopy . messurements of  tracture
surtace compositions. Initusl resulis indicate that the
vonventional heat treatments developed lor non-
nuclear applications of rnickel-base itllovs need o be
substantially,: moditied tor tast-reactor applications,

Radiation Effects (Basic Energy Sriences)

P he aim of this progrm s to determine the mech-
anises responsihle tor radution-induiced changes in
metals and alloss under reactor conditions. The
research rehes heavily on combined theoretical and
cxperimentalanabyas. Recent etforts have tocused in
three general arcas: (1Y the effects o gascous 1im-
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punities and allouing clements on qucrostructurad
wvoiutton and swelling. (21 irradiation creep. and t5)
developmeni ot nuclear noacroanalisis wehargues,

Nichei-ion rradations sesing S-MeV Np have
heen used fo imestigate the role of hehum m the
devetopment ot the damige structure. The method of
implantation. cold or hot pramnpecion or wmita-
nicous, v cntical m determining the hinal vond
parameters tconcentration and size). Initial results ot
smultancous trple beam experiments indicate t -
i austenitic allovs hydrogen tdeuterium) » uno.
portent n the mucrostructural evolution refatne to
hclium. Experiments on aradiation creep of austen-
tic stainions steed at H0 and 340 C using 60 MV -
partichks have been completed. The resalts are e
good apreement with those obtained by 1 limaser
et al ot KEA. hilich. Stram rates of about $ - 10
and § - 107 < can be measured during thermal and
wradiaion creep. respectivedy. Future expenments
wili investigate oreep an samples prerradated n
FBR-II to oztablish the arradiation-pro-fuced miucroe-
structure. Theory and modeling have tocused om tne
cliccts of damage rate and the spatial vanation ol
damnaye durnng ion irradations and generaiization ot
the theory o anddude the ettects of impurities and
alloving cl-ments The otten-observed laree redee-
Lons 10 Lond audication and the milder reductionsain
vord growthand creep cien be explisined by e theory of
poat detedt trappainy The desclopmient of the theorny
ol baste processes v abvo contsnuing. The dervation
and caleulation of the etticiencies of sinks tor the
absorption ol point detects and the analyss of pos-
sthle mechanims ot sirradistion creep sre examples ol
onEoinge work.

Analyucal and High-Voliage Electron Microscopy
(Basic Energy Sciences)

During the past vear our rescarch cltort has
tocused on quanbfication ob mcrachenical snaly s
procedures by enerpy -dispersine X-risy spectroncops,
design and construction ot an clectron encres loss
spectrometer, and the expermmentis] evilustion of an
advanced anatytical scanning transmisston clectron
microscope hicted with i Hicld cnvssion clectron gun.
I e side entry consersion of the HVEN to tacihitate
in sty gas-sohid reaction rescarch and detormistion
observiations s complete.

Methads have been developed or determination ol
the chemical composition of hemogencous alloys by
statadardioss energyv-dispersive v microimisty sis
Analysesagree towtthin - 170 with those obtiined by
independent methods. This work v new  being
ontended 1o heterogencousallons, Construchion ot an

clectron —aergr loss specirometer s complete. Pre-
imirarny expernmmental resulisshow reolution of core
clectron absorpuion adges tor o thon, ttanum, anct
agmsnunt. Roewarch s barg mmtiasted on oxygen
concentration determination m boe metals. Fapen-
mentai  claluation the advanced  aralvucat
microscope iy producing superior resolution per-
tormance (019 nmy and exceptional dittraction
results, Dittraction patterns trom single uiskwations
m ~thcon and aiuminum are being obtained. High-
resolution imaging and dittraction rescarch eitorts on
criastals contatmyg detects will be expanded duning
the neat year. The high-voltage clectron micro-
sope i bomg used tor high-temperature low-
prossure oxidation  rescarch on vapadium  and
vanadium-ttenium alfovs. hydrogenztion rovarch
on hudrogen storage materiab, and alloy fract re
micchanism research.

ot

Fundamentals of Welding and Joining

Fhe objective of this program s to undenstand the
relstioshup betuween weld parameters and weld com-
position and the resuftant microstructure, mechani-
ol properties. and loag-term phase stabiisty,

Reactions  occurning  undder
inchude tormation of carbides. nitndes. mtermetathic
phuses. and. usualiv, muntures of these. Wentitication
of mucrophases by aeray dittraction ol separated
particles s now routine. Rates ot carbide tormation
in 1682 (36wt ' Crod wt 'y N 2wty Mo,

oNwE - Cohalance oy have shown two modes.

service  condifions

amd thoese can be simulated i homezcticous allovs
Intermetatlic phases torm over a mruch longer poeriod
ol time. he o reactions are controlled by seeminghy
minor sartations ¢ weoy of clements Bike silicon.,
ttamum, and carbon. Because thewe varstions are
smali, they must be studied in well charactenized.
homogencous alloss rather than directly in welds

Carbon olavs & cnitical role in the tormaton ot
several precipitates that intiuence mechanical prop-
crues, Acavities of this clementare being measured in
anium-moditicd steels 1o control precipstation ol
HiC as well as other Binum-contaming preciprtates
i both austenite and ternitic alloas, \envinies n
ternitie samples aged long penods of timie o -1 vearn)
are abvo barg deternuned. o hoth cases, preapitate
compositions are bang rekited to matnin compos-
tions and carbon activity,

Structure and Properties of Surfuces

Surface analynical sechnques e being used 1o
study the intluences of grinn boundarn and intertacial
structure and composition on matenals propeeties.
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process Strong cvidence by heen obloaned thet rhe
tecombination ol atonmae hodrogen to s molecubsr
form s olfen the rate bty - 1epan the recucbnge o
cocrget hvdrogen oan the wali to the plasmae Fhs
Prowess Iy A Crs senitove to stufhace conditions and. i
tact, may determine the concentration of hvdroven
tor tnnumy an the wids o a fusion reactor, thus
mbaenainy the matenals problems, the trmugm tact
ovele, and the ey onomics o! Tason reactorns

Studies of aripoline arcsge as o sonree o metali
wapunties 10 tokamak pleamas hine estiblished o
corrclation o arange withe surtace cleanbiness and
plastma disraptions. but the assessment ot the am-
portanee of J1Gne as an anpuniy o source o just
hoginming.

METASTABIE AND SUPERCONDUCTING
MATERIALS

(. Koch

f luxosd piniiny rescastchn tope HEsupercondue-
tors s included the complztion of a study of the
peak  cliect, summation problem. and nugnetic
history i bW ar L R alios v here the pinming:
centerns grespudl oommal precipitste particles Studies
af gran houndary pinoing by ohe use of mobum
hicrystads have been extended along wath theorencal
treatment of pinming by small weirh pinning centers.
Fhe stress ettects work in commicrcisl multitiamen-
tars Nh.Sncomposites has tocused on the miderial
parameiers and geometry that inluence mechameal
and supereonducting behavior. We developed i
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STURFACE AND SOLID-STATE REACTIONS

PV Cathicart

Stadios o oadation and dilloson phcnonans
cinphaszise the crmental Charactonization ol

detedt mobir, snd stractare conpled with theor
cal modciing and Gdcalatons despened o declop
hoth phononenologioai and atonast:. roprosenta
ol detace soinds A

current tescarch avtivaty todloms
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tions Mol

1 Fhe ettect of alloving cloments on high-temper -
atate onadation mechanisms ivheing investigated by
usiny Zirconinm and Zirconnrm-base aitovs s maodcld
suafems of

ICASUTSINCnIs

Tor i cliss metal alloss
ovdation kinetics at
ahout 1K) C show that the parsbolic rate constants
tor onvade and alpha Lnver growth on Zacatos -3 datter
tromn those on pure Zuconmm by <70 and 157,
respectinelyditferences that can be gccounted tor by
the SO, greater onveen diltusion cocttcent $or the
oxude on Zircalov-4 than tor 2irconiam.

20U setul magnetie susceptibihty data are being
collected tor very pure FeS samples as o part of our
attempt to characterize the pomtdetect structure snd
clectneal and magnetic propesties of FeS

X The oxudation of sron an sulfur vapor at 13 P
W torry and TO0 C tollows paraholic hinetics at

refracton

Precinion ol
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calculations ot dependence of the upper critical fieid

H:: of a wpe Il superconductor (niobium) on
= temperature and ficld direction. Again, results are in

excellent agreement with experiment.

" Inalloy theory we Yave achieved the fisst solutions

of the muffin-tin CPA equations. These calculations

on: ;h: same (ooting as that of ordercd ma!emls

“10 derive a iew set of linearized band theory

ieved by using these equations will allow us to
:study the encrgetics of both metals and alloys.

Durmg -he past year we developed the theoretical -

: a;nd compuiational techniguey necessary to study the
“‘energetics of surface interactions. This work repre-

structure studicy and will cnable a basic understat d-
mg of the mechanisms that ulimately control reac-
1ion rates of various surface - processes, such as
oxidation. corrosion, passivation. activation. and
heterogencous catalysis. .

Our study of lattice defect theory contintues with
good progress beimg recorded on relating theory to
radiation damage and mechisnical property behavior,
The generalized rate theory model of loop growth
and void swelling has been extended 1o include
| divacancies or heliume atoms as mohile defects. A

=second peak " of void swelling ducto the divacancies
created during neutron or ion irradiation has been
predicted by the model. Also. the effect of helum
created by a-particle-producing transmutations on
swelling of @ lusion reactor first-wall material has
been predicted. The role of deformation twinning in
fracture of metals and alloys was reviewed.

X-RAY RESEARCH AND APPLICATIONS

B. S. Boric

Most of the activities of the x-ray group during the
reporting period are refated to our efforts to accom-

qllow the clectronic structure nf alloys to be trcated

‘band theory we have used multiple scattering:

‘nons Thegreat mmpulamnalspced tha.canbe -

" semts 3 new level of sophistication of electronic

e

modate to new technoloyy: powerful new radiation
sourcey. sophisticated new detectors. automated and
computer-controlled instrumentation C. J. Sparks
heads an ORNL group charged withresponsibility to
provide the laboratory with experimental access to
the Brookbaven synchrotron now undcr construc~
tion. H. L. Yakel is currently on assignment at
Stanford University to test some of the new reseas -h
possibilities 2ccessable with a synchrotron radiation
source. Skills developed by R. W. Hendricks in the
use of position-sensitive detectors with automated
and computer-controlled da(a collection’systems in
our small-angle x-ray sc:mcnng laboratory have
influenced the National Sclence Foundation to fund

the construction of a 30-m small-anélc neutron scat- -
tering instrument at ORNL --a diffraction res’carch'

facility unique m the United States.
* At Stanford Yakel has used diffraction of wnchm-

tron radiation with cnergies near abmrpuon wdgesto

determine site occupation parameters in compounds
and alloys of first-row transition clements. He has
measured the real dispersion correction for iron with
a magnetite crystal and-has defined the distribution of
cations in an iron-cobalt spinel crystal.

Other research activities include a crystal structure
relinement and an attempt 1o urderstand the small-
angle scattering from the kinds of lamellac configura-
tions that may he characteristic of polvmers. Qur
nterest m the theory of secondary exunction and rhe
treatment of data cxhibiting this effect continues.

Our group includes the primary x-ray diffraction
service facility at ORNILL This lsboratory. with a stafl
ol one, examined about 500 samples during the past
year. We are currently actively considering com-
puter-controtled automated instrumentation tor this
laboratory, which will change its character and sigmif-
icantly expand its capacity,

‘
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Center (M STM(‘) Both these rechmml managcmem :
functions  arc muk ndhctplmary “and satwonal in

scope. . 2

'METALLOGRAPHY .
R.J “('jr:i';

The Metallography Group of the Hcmls and
Ceramics Division w charged with pmudmg SCTVICE

R 1 gcmralr_mu.lllogmph_\. postirradiation (hot cll)

metallography, and efectron beam microanalysis
( xcanning clectror: microscopy and microprobe). The

services of the group are utilized by most of the

scientific and technical personned of the division as
well as some other faboratory divisions and outside

orgamizations, such as IVA, Baticlie Northwess

Laboratories, and DOF,

On September 21. 1978, a fire seriously dissupted
operatiops at the United States Strategic Petroleum
Reserve Site at West Hackberry. [oouisiana. Mcm-
hers of the Division were asked 1o investigate
portions of the damage and (o serve as consulfants for
the investigation committee assigned to this project
by DOE. This investigation found a definite Icak path
through welds in the wellhead and a possible feak
path through o fracture in the cssing, A certificate of
appreciation from DOF resulted from this work,

Other tanilure analyses involved two large valve
stems from a local power plant, Mctallographic
examination jocated the origin of failure at the root
of the valve stem threads.

A continuing program of metallographic surveil-
lance of a solvent relined coul plene o0 Wikonsille,
Alabama. isengagedin by tlie Metallography Group.

’ﬂl)(l)hu()w Sm.'md IO(K) (’

A summary of the group service effort is fcund in
these numbers: 79 specimens processed, 3 4Sncga
tives produc;d and 896 slides made.

HIGH-TEMPERATURE MATERIALS
LABORATORY -

TR eatlu::m _

A critical hiced  exises to address a variety
ol hlgh-tcmpe’raturc mutericls  problems. “Heat
cngines”™ rcmz in the major source of cnergy
Ecmmlmn in | his muntr\ and a suncy of !hcw
systems sho“> that the ¢fficiency. reliability, and;
in some case:. the feasibility of our advanced
concepts for cnergy production are limited by the
behavior of high-temperature materials.  Limita-
tions such as those imposed by the maximum
permissible operating cemperature lor conventionat
stcam  baoilers. the ¢crosion-corrosion problesin in
coal gasificrs, and the life span of clectrodes in
coal-fired  magnctohvdrodynamic (MHD) power
generastors imeiediately come to mind. The exis-
tence of stich technological shoricomings under-
scores the complexity of high-temperiture niste-
rialy problems and v evidence of a4 need dor g
greater hasic undes tanding of  phenomenss and
properties of high-temperature materiah,




As a hirst step an the sojution of mapy ol these
“probléni-. we koo proposed that the Oftice o
Basic 4: rpy Scienc - tund o BY 1981 the con-
Csteuction of an HENGE The HENME will connist ol .
SF000-m- (OO s ity budding designed o Bouse
a’‘protessinnal Sl ol approxunately 75 (tatal statt
2 140).- The stafl wil be deuded among ~
<tional  groups Environmental  Interactions.
yacal Propertes. High-Temperatire Chemistr,
ctural Characierization, Mechanical Behavior,
Maicrials Syathesis and Preparation. Cirrent
@ns call for the completion o1 the HTM ate i
4. Opcrations will hegin with approximatch
the professional stalf. with-full staffing being
2 achicved in Shice 10 tour vears.

€ .r:u)gmlc the nporl.mc.c ol close inferaction

tha HITML and. the - university “and
uslnal research community, and _we plan to
hasise the user facility aspects of the HIMLL
“hope 10 be able to accommaodale users ot s
of 10 10 15 lullinic cquinalent persons.
L\L.H'Ch i the HEME will cocompass both
applicd and basic <tudies of  high-temperature
matzrials, We consiler close mmeraction between
hese ts o activtios to be Svental. the mape:
distincuon between the two bemg that the: Fasic
; VoS! wns will be onented toward the acneve-
‘ment ot an endestanding . ot ngh-tempeatire
h?a!crinls phenomenis, while s stems developnent
work will he more characterisiic ot the apphed
rascarch. -undamental research on the compley
ma.erials used in cnergy svstems s considered vital
in thix rescarch  philosophy:  consequently.  the
HIMIL will contiun a spectism o rescarch
ranging from the most basic o studies contribut-
ing dircetly to current or advanced cnergy  tech-
nofogics. We believe that this approach to the
desclopment of & rescarch program together with
e the unigue. state-of-the-art collection ot cgu.pment
contained in the HEMI will best serve the eeds
of DOE and will also promote interactions with
. industrisl rescarch interesty and be attractise 1o
- member:. ol the university community as well.

MATERIALS AND STRUCYURES
TECENOLOGY MANAGEMENT CENTER

J. R. DiSrefano

In line with its policy to decentralize the tech-
nical management of rescarch, deselopment. and

2u

Jemonstration programs, DOE has ostabished
a numbzr of national technelog. muanagement
centers CIMOS) Becar. e of its promminent role and
denmiinstrated exportine in the LMEBR program:
tor high-temperature structural desige and - rue-
tural matenals, ORNE has been sclected as the site
tar the nattoneal MSTMO O The farge-compaonerns
deselopment program and the et jractor salaty
program will be technicaliy managed by AN aid
the program . on reactor taeis and cors materads wiil
be maraged by HE DL Materads programs nae
been debineatad betveen core-related matenials and
noncore structural materiis

The obpectines ot the matenaly and structures

program are to dovelop hgh-temperature demgn

technology and to determine metallurgical behas -
ws and properties for speatic EMEBR applica-
tions. The MSTMC will teehnically manage mate-
raby and structural design prograins at Agbabian
Assocmtes. ANIL GE. HBEDL, INEL. NRIL
ORNE. AL and WARD. Fhe MSIEMO wili
adminntratinelv report 1o W O Harmis, Director,
Nuclear Reactor Fechnology Program. ar ORNI
Fhe materais techaologs rasks will be mznaged by
J. RO DidStetano of  the Metals and Ceramies
Dusion and the structural design tashs by O F
Pugh ot the Engincening Technology Davision,
Major program work clements e Hhigh-Tempera-
ture Structural Doewgn Fechnology, Senmie Design
Fechnotogy. Mechamcal Properties Design Pata,
Fabncauon Technology. Corrosion and [ rihology
lechnology. NDI Fechnology. Advanced Aoy
lechnology, and  Documentation.  $iason,  and
Apphcation. Both the Fagineening Fechnology and
Motals and Ceramics Divisions will provide stalt
to-implement  techmicad management in these
arcis.

Fo carrs out sty oussion, the MSTMO must
mmtertace with DOE headguarters, ORO, and the
individual  participants n the program. JU s

intended that DOE - headguarters provide broad

policy gumidance and overall direction lor program
plinming and implementation. The MST MO wil
prepare  the national  program  plan  with  the
understanding  and agreement of PDOE and the
managers ol the participating organiziations, DOl
will approve the program and provide resources
tor implementation, Coodination will be man-
tained with the other FMCs 10 avoid duplicatron
of ettort, develop consistent milestone schedules,
and present technological gaps.
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Appendin A

Budget and Allocation ot Funds

Froe Dhivision contaiues o oo tull \L:Ppurh\f

critois o foasonahiv hoegithy Donetonad statos

tunding tor oporations prew ot oosulhgient

rale in 19T and 979 te cope with sntlation and to
sohconitadt an chorsaesmgde Lirger shate o the
. roscardhoand Jdoschepment ctfort to outside tirms,
=’ Phe finmancel outieoh for the teht budpet van
Panty gppoass rather promeang i eams ol operat-
iy support st this hine

Fable AL prosents the operating budeet and
ahiocation of tunds by major program oty for
foskn. The
mremental morease of the FY 197 financial plan
aver B9 s evpeated tooreach aboar SES auilion

the throe-vaar persod 1978 through

boovear-vndd wihile the gon ot T9M s propectad 1o
sun o abont 3% paibon Howeser, soboontracted
werk has ancreased trom SIRLO00 0 (97X 1o an
stimatod SHOIS000 a0 1979 and s projected o
reach SIANEO00 5 Bash Conseguentiv, the
SBonnt ol sEpport rcmanang for m-hotse work.

atter adiostmients e made torantlation and Lirm-

oul work, andicates i shight decrease 1or 1979 and
a rise of uncertian magnitude tor [9N0.

While the budget tor m-house activity s tending
toward sty migor changes are oveurr ng n
the distoibution ol support tor ‘aneus  project
actinities. The Consenvation Program continaes to
prow at an accclerated rate, while support for the
Fossil Frergy Program s nsing at 3 more modest
rate. Among the progroms scheduled ot Jess
support are Space ancé NRO Satety. The expected
devrease m onuddear tisston work has notr nate-
fishized amd the level of support” appears to he
holding <teads.

he reguested and expected increase in tunding
on the Advanced Technology Progriom to permint
imtiation of mechanstic Mudies on the long-range-
ordered altors has not been realized. and this tuen
ob cvents represents i serious sethiack tor deselop-
ing these promsiag a'oss. Currently, chtons are
bang made 1o olbset this setbach by sccuring some
direct support Irom the Fusion Encrgy Program,

. Tahlc Al. Division Suppost Sources

tThousands oof Dollars)

Actual Current Predicted

by 1978° 1Y 1979 FY 1980°
1SK) (4] (SK) 7) (519 7)
Advanved fechnaology R0 n4 427 1.8 400 1.5
Basic Faergy Scienae 4,673 069 4.676 19.9 5.217 19.0
Camervalion 799 3.6 2.395 10.2 5,038 18.0
I tswon 9.1 40.7 8,272 353 9,386 339
I-ovasil 157 34 951 4.1 1.545 56
I usson I1.748 7.8 1.872 8.0 2015 7.3
NRO Sstets 1.295 58 |.466 6.3 1,132 4.1
Soksr 0 [} 103 0.4 100 N4
Space 2328 1.4 1.323 5.6 1,230 44
Wasie 196 n.9 147 0.6 240 n.9
Other 246 11 580 25 255 n.9
Service 1.12% 5.0 1,248 5.3 1,100 4.0

Fortal 22,3585 231460

Irom tinal 1978 Masagement Report.
Plram Fune Management Report.

From Badget and Manpower Analysis of June 20,1979,

27655
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Appendix B

Personnel Summary

The Division engages in a broad spectrum of
malerials science and engincering activities  that
require a  multidisaplinary staff of competent
people for implementation. This section of the
report describes the full staff of the Division in
terms of employex status and changes that have
occurred during the past twelve months.

Despite significant changes in program mix and
direction. the permanent staff of the Division has
remained ossentially  constant. with only minor
turnover during the past vear. Table Bl presents
the number of professional stafl and  support
people on role as of July 1. 1978 and 1979 as well
as a brecakdown of personnel into various ¢m-
plover claasitications. such as permanent. loances.
part-time. guests, and co-ops. The small decrease
in professional people indicated has been fully
offset by the administrative personnel added to
assist in managing the national program activitices
recently assigned. The lack of growth in profes-
sional staff can be traced to  three factors:
(1) limited monies available Yor growth of in-house
rescarch @ ud development, {2) personnel ceiling
imposed by DO and Laboratory management.

and (3) low rate of acceptance on employment
offers. Most of the budgeted increase reflected in
Y 1979 over FY 1978 iy carmarked to cover
inflztion and increased cost ol subcontracting
work. Of the cight people leaving the employ of
the Divion, five were transicrred 10 other ORNILL
divisions. two resigned. and one was requested to
seek employvment cisewhere. During the past year.
only three new professional people were hired and
four were transferred from temporary to perma-
nent roll. In additon. four new techmicians were
hired. and cach holds the equinalent of a two-vewr
degree or more from a technician traiming school.

The Division iy currently below the established
personnel ceiling of 300 people and  anticipates
ditficulty in stafting to the full kel regrired in
FY 1950,

The Division continued the practice of supple-
menting the staff with visiting guests trom other
rescarch institutions. During the vear. 17 guests
from outside institutions participated in on-going
rescarch and  development activity. Conversely.,
ninc Division staff people were on assigament to
other laboratorics. primarily in Furope.

Table B1. Division Staff Composition as of Mid-Calendar-Years
1978 and 1?79

Technical Support Total

1978 1979 1978 1979 1978 1979
Permanent employees 154 151 130 134 284 285
Temporasy, > 10 months 9 s 0 0 9 5
Div.-suppe.ried loances I I s 6 6 7
Loane4 out 4 3 3 | 7 4
Part time 6 8 5 3 I 11}
Assigned guests 1 3 0 0 13 13
Coops (1/2 time) 0 n 5 4 5 4




Appendix C

Organizauonal Structure and Chart

The Division is organized into a matrix struc-
turc w0 handle the dual adminmistration of line
organizaton by functional Jiscipline and manage-
memt of large. complex. and high-technology
projects. The current organization of the Diviston
is charted in Fig. CI.

During the past vear. a number of management
openings occurred in both the line and project
organizational structure and personncel were shifted
to fill these positions. In August, 1978, A. L. Lotts
was named Director of the Nuclear Fucl and
Waste Programs at ORNL. and subsequently
R. 1.. Beauy ot the Metals and Ceramics Division
was appointed Manager of the Nuclear Fuel
Development Program. In turm. 1. J. Homan
assumed  responsibility for  management of the
Gas-Cooled Reactor Programs in the Division in
addition to semaining as head ot the Fuels
Evaluation functional group. In October, R, A,
Bradley was appointed Manager of the National
Fossil Energy Matenals Program; ). R. Johnson
replaced him as head of the Engineering Coordina-
tion and Esvaluation functional group. formerly
known as the Fuel Cyele Engineering Group. In

November. AL C. Schatthauser was named Divi-
sion Manager of the Conservation and Advanced
Swstems Programs.  including the Space and
Terrestrial Programs he previously managed. T. S.
Lundy retained responsibility for management
of the national program on Building Thermal
Emvclope  Systems and  Insulating  Matenals
(BTESIM). In December. C. J. McHargue became
full-time Manager of the Basic Encrgy Sciences
Program :n the Dinision. and J. O. Stiegler
replaced him as head ol the Materials Science
Section. In wern. E. E. Bloom became head of the
Radiation Effects and  Microstructural  Analysis
Group.

The national Materials and Structures Tech-
nology Management Center (MSTMC) was estab-
lished at ORNL wn April, 1979, W. O. Harms
currcnth senves as Acting Director of the Center.
while J. R, DiStefano of the Metals and Ceramics
Division and C. E. Pugh of the Engincering
Technology  Division were appointed Managers
of Materials and High Temperature Structural
Design. respectively.
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Appendix D

Honors and Awards

Divivionai start members continue 1o be ated
and rewarded tor outstanding  techmical achieve-
ment. The type ot recognition revened or protes-
achicvement  aftaned  tends tall

the  tollowing speacibic CaleEonicy.
honors, awards. commendations, clected  otticers
and members. certication and  regstration, and

sionald tor nte

o of AIAN

appointments. A chronological hsting ot citastions
in cach ot these catezones dunnge the past wen

*
HE IR

HONORS
(ktobher 197x

James 1 Soth was advanced to Fellow of the
Amcrcan Society tor Nondestructine  Testing by
the Boward of Durectors. He recened the honor at
the Socetn ™S Fall Mecting in Penver.

Nenember J978

Rualpht G. Dosmelhy and Jackson H. Ded an were
advanced to the grade ot Fellow ol the American
Soviety lor Metab and recened the honor at the
Annual Awards Banguct in Philadelphia.

April 1979

Gerald M. Saughter wis selected to present the
Comlort A, Adams  lLecture at the American
Welding Socienn > Annual Meeting in Detroit,
Slsughter spoke on "The Technology of Brasing
and Solderning o Vital to the Industria] Econemy.”

Apnil 1979

Carl C. Aoch and Roberr W, Hendrich s were
advanced 1o the rank ot Fellow ol the American
Phyvaical Sovicty .

May 1979

Charles S, Yust wis promoted to the rank ol
Fellow ol the American Ceramic Society .

29

June 1979

James 4. Horakh was advanced to the grade of
Fellow ol the Amerncan Nuclear Sociery.

(. Rav Acnnedy wias selected to prowent a
plenary Jecture at the Hith Bieanial Conterence
aon Carbon at Peansyhanis State Uanversity.
Keanedi s kxture was enitled ~The Control of
Physical Properties by Fabrication.™

AWARDS
July 197%

Linod K. Sikka., Stanistav 4. David. Eimer 1L
{fee, Co W, (Petey Houck. avd Barbtwa I.P. Booke
receved  the tirst place award in the Opucal
Microscopy  Ferrous Class at the 197X Interna-
tonal Mcetaliographic FExhibit ot the laternational
Mctallographic Soctety and the American Society
tor Metals in Montreal, Canada.

Revnold  G. Berggren receined the Honorary
Member Award tor 1978 o) Commiuee E-10 on
Nuclear Applications and Measurements of Radia-
tuon Etfects, Ar crican Society tor Festng and
Matcrials,

December 197X

James F. King and Ronald 1. Klueh received an
American Nuclear Socicty Award for their poster
prosentation during the Materials Science and
Technology Division’s Poster Sesston at the ANS
Winter Mecting in Washington, PD.C,

April 1979

Revnold G, Berggren, Naney . Cole, Gene M.
Goodwin, Robert 0. Giav, Rov T Khmg, Gerald
M. Staughier, and James () Stiegler received the
MeKay-Helm Award ot the American Welding
Saciety,
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David I Stingeorr. Peter i
\z.ii,‘! II I-,’:-U\("k :h':
Corenmee Soasty Ceramoprepiue Frhibit an Cine

/ [ll""._

Amnerioan

trzeitn,
and entey i
annain won st plae i the 2puca! Microscope
dlransmutted Faghty Categart and Bey in Show
honors

Sue M Lees,
Ronne, Daaid |}
cenved the Liest place ntbbon tor thar exhibt i the
Optical Mwcropraphs (Retlectady Catepgory st the
Amencan Ceramie N ety € cramographic Fyhibat
in Cindinnaty,

Variin S II!'"I’IIIL\, Nehed /)
Tahe: and 1. Leon Seuth ye-

1 Hensen, Tares G Shader,
Vo ey receined Birst place honors n the
Scanming  Flectton Micoscopy . Gategory gt the
Amencan Ceramic Socrety Ceramographic Exhibit
in Cinainnat

o and

Tern

COMMENDATIONS

January 1979

Reshere and Gereld W Slawedirner were
prosented Pepartment of Focrey € enilicates o
Apprecration for ther participation in the invest-
gation obf the September 200 19750 exvploston and
bire at the West Hackberny, Lotsusna, Strategie
Petrolcum Rosenve.

Gorany

Junc Y74

Heny Inownve and Vo 4 Tenneny yecenved
commendations trom the epastment of Encrgy

MHD Review Board tor their techneal exnertine

and  TCVICW  Gsaastance IR SCTUBIZIng  \arious
clements of the Magnctohy drodynamics Program.
Davidd (). Hobson, Riuhard 1. Pawel, and

dames R Wen, D, recened ORNE Certiticates of
Appreciation lor their contebutions to anshses n
support ot emergency cltorts lolloweng the hree-
Mile Iskaind Acaident in March,

ELECTED OFFICERS AND MEMBERS

July 1978

Balter I Latherlv was clected Viee Chairman
and Membership Seerctany of Committee -5 on
Manutactured Carbon and Graphite of the Amerni-
can Sociely lor besting and Materials,

W

(ptebher 197>

Pobert W Henedrd -
b ool the Commission on €
ol the
lographs.
Angust [9=1

hecames an mielte .-
Appa-

[ SFSRN IS

talographs

- I crriig®y ' N
ratn Internationg! | nion o

tor the term Nugast [YTR O rhroopn

Apal 1979

Gene M Ayl was clectad Diredtor-atel arg-
ot the Amencan Wolding Socet

CERTIFICATION AND REGISTRATION
August 197X

Redidie R Judb s became i Regisored Proges-
sional Fagincer in the State of Calitorn:
Febosry 1979

Roberr W VoA funz abso bocame o Regintered
Protessional Fagneer i the State of Califarmg

APPOINTMENTS
bulv 1978

Dyordd wis
Pirectors”

Cane | the
Hoard o Avards Commuice ot the
Amencan Society tor Nondestructve Testing dur-
ing the 197X-1979 ycar

selected o serve on

Victon 1 Tennert was selected to serve on the

Fopics \ica
Maodules tor Maternalds Science and Fogineening

Coramaes Feam o the Fducationat

Pive-am ol the Natienal Science Foundation

September $97%

Roberg B ML Clung was imnvated 1o serve s o
member the Advisory Board tor the newh
estiasblished Nondestrucine Fraluation eeision of
the Fonversity o Fennesaee.

ol

Robere 8. Hendihs was appomnicd 1o the
Membership Commuttee ol the Division of High-
Polvmer Physies. Amenican Phyvsical Society, tor
tesm to end in March 1980,

Pecember 197K

Cars Ao DuBose was appomted Fditor ot
Iicrnanonal - Merallographc Fxlubin, o pubiica-
tion of the Internastional Metallographic Society,
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Jonuer, 197y
B fade. way nued byothe Natong!
Ruosearen Cound:! Commusion on Human  Re-

soerees e osenve on thar

panct o evaluate applica-

tonsy for the NRCO Rescarch Assoviateship Pro-
grams n 1979
dames R Wen, B was appomnted to the

Fd:toriel BoarC ot Res MWechamca, o pournal ot
Appited Science Pubishers Fid | Easen, Fogland.

Fobruary 1979

Ramde R Manviad  was appointed by the
b recutine Commitice o1 the Pressure Vessehs and
Pipineg Divsion Amencan Sodeny ol Mechanscud
[ npineots, to swornve o twostea? tern as Churman
o the Subvommitice M&EF-2 on | se of Matenab
Property Datain Design. under the Matenalb and
t abocation Commattee,

April (979

Jiaept 4 Cuarpenier was appainted o the
Amerwcan Sovett tor Metaly' Young  Members

Comm:tce

Mae 1979

M J lacker was selected to serve as Chairman

of the Amencan Ceramie Socienn s Editorial
Review Commutter tor the ACS Jowrnal and ot
Bullerin a~ well as 1o represers the Nuclear

hvision on the ACN Fditorul Advivory Board.

Junc 197

James R Wen. Jr. was appomted Coeditor of
The Fuvien Poser Reacror, 3 tno-volume book by
Applicd Scienee Pubhshers [d.. Fawex, England.

John L. Cunmingham was appointed 1o the
Amencan Suciear Societvs Honors and Awards
Commitice 1o i three-year term.
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Appendix E

Seminar Program

Since techiical advance usually evolves from
work performed by others. the Division premotces
and mainains an active seminar program to keep
the staff informed and abreast of recent develop-
ments and findings in the ficld of materials science
and engincering as well as in related areas of
interest. Most of the talks deal with scientific and
engincering subjects and are presented by invited
speakers from organizations in the United States
and abroad. The actual number of semisar talks
scheduled for any given week varies but over the
full vear averages greater than one per week.,

The seminar program i wdministered by a
committee appointed by Division management.
The Seminar Committee for calendar years 1978
and 1979 consists of J. D. Holder (Chairman),
J. R. Keiser. and R. R. Suchomel.

The speakers and topics of seminars presented
during the past vear Cre histed below. 1t s interest-
ing to note the international character of the
program and the fact that 24 of the 64 talks
scheduled were made by ‘ndividuals affiliated with
institutions located outside tize United States. An
alternate breakdown indicates 40 talks by uni-
versity  taculty members and graduate studenis,
7 by represceniatives from  industrial  concerns,
and the balance from governmental and other
organtzations.

S. B Lovesy (Institute baue-Langevin, Gre-
neble, France), "Anomalous Scaling Properties of
Models of Nonequilibrium Phenomena™ (July 12,
197K).

David J. Reed (Massachusetts [nstitute of Tech-
nology). “lon Probc Mcasurement of Oxygen Sclf-
Diffusion in Aluminum Oxide™ (July IX, 197K),

fan P. Jones (University of Birmingham. Eng-
land). “Investigation of the Detailed Structure of
Stacking Faults by Electron Microscopy™ (July 24,
1978).

B

B. Kesternich (KFA, Jilch, West Germany).
“Radiatien-induced Formation and Dissolution of
Precipitates in Ni-Cr-F¢  Aloys and  Stainless
Steel™ (July 25. 1975).

B. 1. Gyorffy (University of Bristol. England).
“Two-l.evel Tunneling States in Metailic Glassen™
(August 2. 1978).

W. D. Wilson and M. Baskes (Sandia |.ahora-
toriex). “Hydrogen Trapping 10 Vacancies. Dis-
locations, and Stress Ficlds Near a Crack - Tip
in FCC Metaly: A Quantum-Chemical  Lattice
Defect  Finite Element Hybrid Approach™ (Au-
gust 8. 1978), :

law. Roth (State University of New  York,
Albany» “Excitations in Amorphous Solids™ (Au-
gust 9. 1974,

K. Yagi (Tokyo fnstitute of Technology, Japan).
~Technigues for Ultrahigh-Vacuum Electron Mi-
croscopy” (August 11, 197K).

b. L. KA. Lou (Case Western Reserve Univer-
sity). "Materials  and  Procossing  Problems in
Doped Si:N. A Transmissicn Electron Micros-
copy and Thermodvnamic Study™ (August 15,
1978).

J. Sck (Rutgers University), “Critical  Point
fhenomena”™ (August 23, ,78),

Peul Butler (Imperial College. London, Eng-
land). ~High-Voltage Electron Micro:. cony at Im-
perial College: Gas-Solid  Reaction Studies and
Radiation Damage in Ordered Alloys™ (August 25,
1078).

H. Gleiter (University  de Saarlandes, West
Germany). “Dislocations in Interfaces™ (Septem-
her 15, 197%).

Jolm Harris (Institut fir Festkorperforschung,
Jiilich, West Germany). “Application of Hohen-
herg-Hohn-Sham Theory 1o Chemical Bonding:
3d-Dimers” (October 4, 1978).
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T 1 October 197
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Paul Seven 4V aversiy ot Penpsvisaniag, "S-
tace Stites aon Metah" (Novegnber B F9TR
JC I

“High-Resofution

State
Ihetecis

t\rizona
FEM ot i Iamond
Cubic SemiconducGns” (November 7 JO7X)

"o
versity ), Mechansmis ot Ihiftusional Nucleation
ot Oronth™ (Novembher 100 197%)

Yk Ravodt 1Sobd State [hicison,
“Fachange and Coprefation Flleots
Flectron Svstemsy™ (N ember 15 1975

Spreni Universitvy,

Aarorneon (Michipan Pechnofopcal 1o
K 3

ORNT ).

m Many

S Perkowrr - By Eooversitvg, “bar Ietvasred
Studies of Superconductors™ (November o 1978,

D e Papracentsiantopoudoy (Naval Research
Laborators, Washingron, DO " The Calculstion
ol Flectron-Phenon bnteraction in Comples Sruc-
tures (December 60197,

LS Faudhoer (et s and Ceotamies Phivision,
ORNEY “On the Mulnple Scattering Approach to
Band Theon ™ (December 200 1975y,

WA 1. Clark (Michigan Technological Tniver-
sity), “Characterization ol Eaterfacial Structuse by
Transmission  Flectron  Microscopy™ Chanwiy 4.
1979y,

Billiam Gressen (Northeastern University), "Re-
cent Devclopments in Metal-Metal Gliasses™ (Janu-
arv K. 1979).

Lars Hedmr (Stantord Ppiversity), “Correlated

Crystal Potentials tor Band Stroctu,e Caleoslations™
(January K, 197Y),

Jolm  Ballance  (bduor, Jowrnal  of  Metalyy,
“AIME-JOM: Fditorad Pohicies and New  Direc-
tions"™ Clanuary 11, 1979)
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G
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“Wihy Fdoo \Nenais Nl
1979,
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b thohpary e
Fot) Aevctriaum 1N Howg o
Phuoe,

Ruadiatinng

TRy Corncld

Frstramentation arnd

App Latione
N Ras Spectioncaps ot f o Fdesithe 3 A Revoos ™
N ch 19Ty

i 1
Fheory of Transition N gl

IF G b Baisdorp o nunersity ot Vit "o St
Dictormation of Ductde Metals an HVE M
Foeadime to Fractire™ eMarch 12, 1979

Harerem cStantond Eacersiesy, “Soupi
TaNLiech T 19T

the

trden 1 Bemerns, Do cbhrector, Otee of Mate-
naly Sacnee. Advanced Rescareh Progects Ageney
Department  of - Detense, Nrhington, Vg,
AR Frotistives i Matenals Suence 7 oM Manch 20
1979

i N Hemsticdd (8 niverats o Nottngham,
Fogland), “Fracture Mechamies  Analsais
Fiste Tlement Fechmigues™ ¢March 230 1979)

[ sing

K. M Mover (Cavendish Taboratory, [ niversits
of Cambridee. Fogland), A Model ot Vod Nucles
ton Dunng  Displacne brradiation™ (Apnl 2.
1979),

AW Perve thehigh Upnersin ), 7 A Analvss
ol Flecteoskpe Welded  Bridees o Pennsvivania™
(Aprid 10, 1979),

George Mo Pl iStantorsd Uninversityy, 7 A
Numerical Study of Cants Growth Controdled by
Surtace Dibtusion™ (Apnil 11, (979,
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ercr Marchaii (Contigd T leanony Generating

Boand, Faelatehy, “Progress in Fedestandimg the
Flosated  Tomperature Mechanical Properties of
Fope MO Staniess Steek i Support ot Fast Breeder
Reacror Development™ eNMas T 19749)
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N Fabharatarnes,
Eorocrs on Radietion-

N 071979
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thrvtrns tur B oosthorpertonschur g,

LIPS

Tooon Wost Geranory, "Radation Creepn

DecrencnBonharded Stamlos Steed™ (M I8
T
P 0 IBNY W enanin Fihorstorva, “Stadios o

the Opnicas Proparties of Vouds and Gas Bubbles in
Rodiat - Phemaped Mera7 o May 22 1979

rn

Frglandy

o
Moechanios Analvsas
Pinate fivment Fochmgues™ t8ay 23,1979

Henmviaein i nnerany Nottghan,

“lracrure [IRNTHY

SN M Heahd il ety of Washington), ~f \NAES
Studies of Bronnne-Giraphite Compounds 7o May 24,
97y,

Steven Kotanan e Argonne National Faboratory),
“Tracer Enttusion of Feo Noand Cr oin Austemit.l
Steeh " dhune 11979y

G D Mahan (Induans oiveratyy,
Spectrae of Metah 7 clene 60 1979)

“N-Rany

Jean-Pierre Briand (1 nnveratny ot Pans, Francer,
“N-Rav Spectroscopy Within
Width™ tJune 7. [979).

the Natural [ine

Gunter Ziegler (Institute tor Materials Research,
Cologne. West Germany ). "Correlstion ot Micro-
structure and Mechanical  Properties ot Sihicon
Nitnde™ Clune 14, 1979),

S Mvers Sandia Faboratories), “Metallurgy
by ton Implamaaon™ (lune 21, 1979).
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Appendin F

Advisory Comnuttee

The Advinor Committer 1o the Metal arnd
Coratnics Division canisists of v mernbers appodnted
by the L aborators Diacctor Memibers are appointed
tor o three sear term ona stagperod basis so that taa
new members replace two mombers retinng froam
sersice cach aear The men tunction ol the
Commuttee v to revcw  on-going toescateh and
development activitios and reader anoandependent
assessient on the peneral state and weltare shilits ot
statt. and progress being auude in vinoas opetations
and misstons of the Prvsion Moanbess aie drawn
trom  povernmental, andustrsl, and cducational
istitutions and  are selected on the basis of
demaonstrated atibity i managemen' . rescarch, and
technology  Members of the 1979 Aduvisory Come-
mittee are bisted below

D Walter R Hibbard, bt (C omnuttee C hacmnang
Eniversiny Dstingushed frrotessor

Collepe of | ngincerning

329 Norns Hall

Virgine Polviechnie Insnitute and State Toniversiny
Blacksburg, Virgina 23061

I, Arden b Bement, .
Pirector, Materils Science Otfice
Advanced Rescarch Projects Agenay

3

Iepartment of Detense
1300 Walvon Botiesard

Aclngton, Virgona 22080

Iy Roncrt W Railutl Protessar
Department of Materwis Saence and B
Massachiusetrs Institute of Technolop.

"7 Muassadhuserss Asenue

Cambndes. Maswachusetts 02139

Dr Fdward H KNotteamp by
Assistant to the Vice Prevdent
and Manager, Prosduct Rescarch
Bethlehen: Stecl Carparation
Beothichom. Pennsehvang 016

Me Mansitle §oSMasnicld

Program Manager. Combustion Soatems
Foorgy Rescarch

Fenoessee Valles Author

40 Commerce E mon Bank Building
Chattanoog, Tennessee 37401

e John | Staneer, Manager

Matenals Support Gioup

Fosstl Fucland Advanced Ssstems Disision
Flectiwe Power Rescarch EInstitute

PO RBox 10412

Palo Alto, Caltornia 94301

’
4

RN
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Appendix G

Publications

Comnpilcd by Dienine Campbel! and
Nathron Wothicrspony

PR Abkenbas B Baien W T Canrodi b C breeman. TS Fundi. DL Mot rov and B3 Poweli, The
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Measurements in LiF-LiCl-LiBr™

*Speaker

s TR e Vit syl B Bebencs B i




o R

3
3
¢
-
%
+
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1. O. Hobson.* In-Reactor Creep Detormation of Ziscaloy Fuel Clsdding”

PNkt

R



Amcntan Socicty for \‘Iclals Advisory Tcdimcal Awarencss Council Mectng. Cleveland. Ohio. \lan:h 7.

* April 23-25. 1979

F. J. Homan* “Materabh Pertormance and Systems Relabidity in High-Temperature Gas-Cooled
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Brecdcr Rector S\xzems :

(@}

I979 "
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J. Bentley.* N, J. Zaluree, E. A Kenik, and R. W. Carpenter, “Optimization of an Analyvtical Flectron
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R W Carpenter.® “High Resofunon Anabiticel Mictoscops o Materials Scienice Does 2 Compiets
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_ “IEEE Intcrnational Conference on Plasma Scicnce. Montreal. Quehee, Canada, June $:6. 1979
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