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L. Oblective of Proposed Work

The objective of the proposed work is to decermine, through decailed hot-
cell examinations, the physical, metallurgical, and chemical changes that
occurred in ™I~2 core materials during the accident of March 28, 1979. These
determinacions will be used to supply the data needs for 1) reconstruction of
the accident sequance, 2) analytical tool development, 3) escablishment of
future licensing criteria, 4) methods for accident mitigation and safety, and
5) future designs, operation, or mmintecance. The hot=cell examinations will
be preceded by axtensive planning to assure that the correct data are obtained
and that the capability is ia hand to obtain that data. Such plans will
derive from laterfacing with pertinent NRC/DOE/EPRI planning committees. This
proposal addresses the planning and preparation activities that will lead to
the lacer examinations in the Argonne hot-cells.

2. Susmary of Prior Efforts
Pasc Years

Argoune has had extensive iateraction with cthe NRC/DOE/EPRI 7.4
Subcommittee responsidle for raviewing and recommendiog analycical
techniques for examining the ™I~ fuel and core components. Much of the
methodology ilncluded in the subcommictes's final report was derived from
ANL's recommendations. Argonne’'s experience ia this area comes from nany
7ears of examining seversly damaged fast resctor safety tests conducted
Lo the TREAT and ETR resctors. I[n the LWR area, s have conducted
saterials research programs for NRC and ZPRI on fission=-gas behavice
during accident situations, msechanical property studies of irradiated and
unirradiaced Zircaloy cladding, the analysis of flssion products released
to the fuel/cladding gap, the suscepcibility of Zircaloy to stress=
corrosion failure owing to these fission products, and the examination of
mu:uuy reactions i(n irradiated specimens from tests conducted ac

« The perscnnel expertise and hot=cell capabilities developed
through these programs will constitute a firm foundation for the
examination and evaluation of the ™I~ core materials at ANL.

Ia FY 1982 an laterface was esctablished with IG4G, the lead DOE
coutractor in the ™I~ core evalustion. This laoterface led to ANL
haviog ilaput to the 264G draft plas for the examinacion of the cors
sacerials. Also, ANL arranged with EG&G to examine samples of the
filerace recoversd from ™MI~1's filtering system shortly after the
accident. This examinecion was coordinated with the examinations
performad at ZG&C and LANL.

An evaluation was made of ANL's capabilities Lo the area of irradiated
sacterials cha-acterizacion. Because of ANL's exiscing strong base of
sophisticated equipment (SEM, TEM, scanaing and E3CA Auger analysis, and
alectron and Lon microprobe analysis), only & computar to control Auger
data collection and analysis was ldentified now as 4 necessary cew
equipment [(Cem. '
~
ANL was requestad by VRC-ASR to prepars a sumber of samples of synthecic
core debris that alght resemble similar combinations of macerials in the
T™I~2 core debris. The latent of this limited effor: was £o see Lf



1.

configurations could be genarated by iaduction heating that resemble
debris obsarved in the aid-summer TV examination of the core. Effort was

devoted to obtaining specimen materials and readying an {nduction
furnace.

In FY 198] chree samples of filter debris received from EGCSC ware
examined to characteriza the debris by size, shape and chemical
composition. Examinations carried out included visual inspections,
metallography, SEM, and gamma spectroscopy. The filtrate was found to
contain particles of 00,, oxidized and uncxidized 2Zr, Mq=In=-Cd, stainless
steel (control rod » and Inconel 718 (bundle straps). Mssion
products ware present in relacively small quantities. The results of the
examinations were combined with those of ZG&G and LANL in a joint repore.

The affort to generate synthetic cors debris was compleced., Combinations
of materials Lovestigated wars scainless steel/ Zircaloy, Zircaloy/ Inconel
718, Mg=In~Cd/scainless steel, and Zrcaloy/U0,. The environment for the
tests was flowing argon; oo attempt was made 0 simulate the more likaly
enviromment during the accident. However, in the first test with
stainless scteel/Zircaloy, perhaps because of locomplate system purging,
the Zircaloy underwent a rapid exothermic resction at ~1700°C.

subsequent tests only resulted in the expected esutsctic formation. The
ureu.cy/mz tests resulted’ Lo eutsctic reaction with the reaction
product escaping along grain bdoundaries through the cladding.

A continuing dialogue was maintained with 264G om obtaining one or more
grab samples of core debris. Originally scheduled for May, obtaining the
§rab samples from the cors was delayed uncil the end of #Y (983,

ANL's choughts om how NRC's examination objectives could be optimally
sarved within expected budgetary constraints were couveyad by latte €0
the VRC. This letter contained an examination approach for ANL, how
ANL's role fittad with those of other laboratories axpected %o be
fovolved, and examination cost estimaces.

¥ 4% 3

The examination of the grab samples that were obtained in FY 1987 will be
completed and a report Lssued. Ae Che core recovery operations gain
momentum at ™I, Lt Ls ancicipated that more samples will % - ceived at
ANL for examination. These examinacions will be very specific ‘sing
ANL's capabilities for optical md electron microscopy; l-ray saalysis;
alectron, lon, and Auger aicroprobe analvses; and chemical analyses.
Preparacions will continue at ANL for receiving the priscipal ™I samplas
fa FY 1983 during the major cors recovery operations. These preparactions
will cousist of a continued upgrading of our equipment and examination
techniques.




1983

It is expected that ANL's principal ™I activities will occur in this
year when core recovery and examination operations g0 inco full swing.
It Lo anticipated that ANL will receive represancative samples of the
various core regions of iaterest, i.e. rubble, portions of partially
damaged subassemblies, portions of {ntact subassemblies, and portions of
the upper and lower plenums. ANL's examination of these components will
be ouly a part of the total examination to be conducted by participating
laboratories. However, this sampling will allow ANL to provide the NRC
with a self-consistent set of data on fission=product distribucions,
macerials intaractions, core Cemperatures, and core damage.

4+ Descripeion of Mllow-on Efores

It is ancicipated cthat the detailed M™MI-2 examination effores will
contioue through FY 1986, This will include data collection, evaluation,
reporting, and disposal of radicactive wastes from the hot-cell. In addition,
it can be axpected the examination results will creats spin=off studies of
fual and cladding properties, fission-product behavior under extreme
conditions, and phase diagrams. Thase efforts could carry the program through
FY 1988, depending upon whan they were started.

5. Balacionshiy to Other Projeecs

It is expected that the principal MI-2 core examination will be carried
out under DOE auspices at a aumber of hot-cell facilities in the country to
maximize the denefits of cthe available expertise amd capabilities, It is now
anticipaced chat the larger portions of the core will be first sent to the
EG&G hot-cell for disassembly and subsequeant dissemination of smaller umits to
satallice hot-calls. We presently view ANL in the role of one of the
satallice facilicies for the detailed, lo=depth examinacions. Howaver, some
of tha smaller samples could be received directly at ANL. The work would be
coordinated by IG4G's Technical Integration Office for ™I-2 activicies. The
ANL activicies for the NRC are anticipated to be bayond those required or
funded by DOE.

6. Raporting Schedule
I ise

Examinacion of ™MI-2 Mlcter Dabris, R V. Serain, J. E. Sanecki, and
e A Neimark, June 1983 (with ZG&C and LANL).

Praparacion and [nterprecacion of Synthetic ™MI-2 Core Debris,
R. V. Serain and L. A Nelmark, September 1987,

.1

Examination of ™I« Core Dabris “Grab” Sample, R. 7, Strain and
e A Nelmark, September [984,



7. &beongtctor Information

Not applicable.
8. ¥ 4 ulred

A necessary new aquipment item is a computer to control data collection
and analysis for the scanning Auger aicroprobe. The present system requires a
laboricus and time consuming manual data reduction. The computer would
control data collection, evaluate the raw data, and present it in a readily
understandable format. The total cost is estimated to be $546,000; however,
this cost will also be borne by other programs (including NRC FIN Neo. A2232,
Posttest fuel Examination (ORNL Mssion Product falease Tesc Specimens)|.

9. Spscial Facilities feauired

The ™I~ core materials examination will be done in the Alpha~Gamma Hot
Call Facility at ANL-Zast. This facilicy has been engaged ia reactor fuels
and matarials work for 19 years. Over the years its forte has bdecome the ia=
depch examinacion of irradisted matarials using a wide variety of examination
techniques and sophisticated equipment. The facility's miqueness derives
from three principal sources: 1) a scaff of senior matarials people with
extensive experience in understinaing materials behavior; 1) an array of
electron beam ‘nstruments adapted for interrogacing irradiated materials
tncluding a scanning electron microscope, a scanning Auger microprobe, and an
alectron microprobe; and 3) proximity to other analytical instruments at ANL<E
such as an lon microprobe and an ZSCA Auger unit that are also capable of
‘handling irradiaced materials. The facility currently supports programs
totaling approximately $1.7M annually, including the costs to opearate the
facility and the balance of the programmactic effort. 7o replace such a
facility wuld cost about $50M and raquire about six ywars.

10. Conflice of Mterest Informacion

Argonne National laboratory presently conducts research for MRC and no
conflict of intarest is Lavolved.




