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i 1. Objective of Prooosed Wrk
< ,

The objectives of this program are s (1) perform poscesse examinations of
irradiated causercial fuel rod specimens subjected to high-camperature
fission product release testing at CENI,; (2) develop information on fuel
response and the nochanisme of fission product release during these tests; (3)4

evaluate and interpret the ====4aation results for applications to the study
of reactor accidents and accident simulations; and (4) provide an independent
check on miformity of temperature and steam flow during the CENL

] esperiments. The examinations consist of optical and semaing electroni
microscopy, quantitative stereology, and microchemical characterization by
a*=== tag Auger and electron ateroprobe analysis. Both high-temperature-tested

;
' specimens and sibling fuel specimens in the as-irradiated condition are being.

esamined. The examinations are performed at.the Alpha-Cams Sot Cell Phcility
at ANL on small specimens obtained from the fuel rod segments tested at
CENI. Included in this proposal are the =wa=fn=tions of *Fhase I* tests, to

, be performed in FY 1982 and FY 1983, and any additional tests performed in IT
| 1984 and beyond.

2. Summary of Prior Efforts

! This program uns initiated at the end of FT 1982 with the arrival of
j specimens from ORNL's HI-1 (~1400*C) and HI-2 (~1700*C) easts. The

,

microstructural. character of the* specimens was analysed for fuel / cladding
i

interactions, porosity distributions, fission-gas bubble morphology and;

; location, cladding asidation, and identification of specific fission product
j concentrations. Conclusions were drawn as to the specimen temperature
j distribution during the test, cladding oxidation scenario, and fission gas

behavior / release as a function of test temperature. A draf t * quick-look*
i, report on the microstrnctural characterization results was issued in April.*

i The microchemical characterisation of HI-1 and EI-2 specimens (four additional
;

! specimens were. received in the fourth quarter of FT 1983) uma also completed
with emphasis on the fuel / cladding interaction, the location of Cs and I

*

fission products, and oxidation of the fuel. Three samples from the EI-3 cast
} (~2000*C) were received in the fourth quartar of IT 1983 and work progressed
j on their eterostructural characterisation.
4

; The information derived from the RI-1 and HI-2 examinations was conveyed
to ANL's fission product modeling eff6rt (FASTGRASS, being developed inader FIN
No. A2016).

The shielding for the Anger microprobe was procured and installed. This;
'

will allow the examination of the hot fuel and cladding samples for oxidation
3 of the fuel and cladding.
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3. Work to be performed and Exnected Results
,

FY 1984

Microstructural and microchemical characterization win be completed on
the H1-3 samples. Similar examinations win be performed on samples from
HI-4, -5, and -6. hse additional cases win be performed on fuel
irradiated in different reactors (FWR and BWRs) to several. different
burnups and tested with varying steam flow-rates and temperature as
variables. With the completion of these examinations, a relatively
complete description of the mechanisms for fission-product release at j

temperatures _<2000*C should be available. h mechanisms derived win be
interfaced with the FASTGRASS modeling efforts. Technical assistance
will be provided to NRC and ORNL as directed by DAE/FBB in the areas of
fission product release from fuel at high temperatures. Ouick-look |

reports will be issued approximately one month af ter the completion of
the ===4aation of each test's remains. ,

|

FY 1985

Pre- ad posttest characterization of fuel specimens win be performed as
the asterials become available from the ORNL program. The release of
fission products at temperatures greater than 2000*C win be
emphasized. h results of the posttest characterization viu be used in
the further development and verification of the fission product release
models in FASTGRASS. Technical assistance viu continue to be provided
to MC and ENL as directed by DAE/FBB in the area of fission product
release from fuel at high temperature.

4 Description of ibliou-on Efforts

Ponow-on efforts in this program win depend upon the duration of the
experimental progr a at OENT. Should the examinations be wrapped up in IT
1985, then the work in IT 1986 win consist of writing final reports and unste
disposal. Also, fuels characterization work directed toward specific
technical issues will be performed as requested by DAE/F35.

5. Relationship to Other projects

This program has a ' direct interface with the SNL program on high-
temperature fission product release. This relationship includes, but is not
limited to, the joint selection of specimens for detailed aw=4 nation, the
coordination of specimen shipments, and joint participation in the correlation
of test data with the posttest ew=4 nation results. The program is also
closely tied to Argonne's progree on code development for fission-product
release and fuel behavior. h posttest characterization will provide r (1)
the mechanistic information required for the development of detailed fission-
product release models; and (2) a data base that, in combination with the ORNL
release measurements, win be used for verification of the computer models.
The progra will produce results that are of interest to the interpretation of
the FIF severe fusi damage tests, and the TMI-2 postmortem. The program
results can also be used to check the validity of the SASCRA and, ORNL 10-kg
seit tests on simulated fuel / fission product mixtures.

;
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6. Reporting Schedule
.

FT 1984 - Planned

R. 7. Strain, Osick Isok Report on the Examination of the HI-3 Test (1st
Quarter).

R. 7. Strain, Quick Zook Beport on the Examination of the H1-4 and HI-5
Tests (3rd Quarter).

R. 7. Strain. Topical Report on FTZ Performed on Tests through HI-5
'(4th Ouarter). t

FY 1985 Planned '5

R. Y. Strain, Cuick Zook Beports on Posttest tr=4 nations (2nd, 4th
Quarters)., .

R. 7. Strain, Topical Raport on PTE through 2nd Ouarter of FT 1985 (4th
Quartar) .

7. Subcontractor Iuformation

Not applicable. *

8. Eeuipment Items

A computer costing $46E is very desirable to facilitate Auger microprobe
data collection, analysis, and presentation. De use in this progra is
principally in oxygen analyses of the fuel and cladding of specimens that have
been exposed to highly oxidising (steam) envirousents. Because the Auger
microprobe is used in other programmatic uork, the cost to this progrsu will
not exceed $23K, and will likely be less if equipment funds free other

t progress can be.obtained. No procurement action will be taken without prior
! approval of tha NEC Project Manager.

9. Special Pheilities Reenired

.

The ===4 nation of the OENL specimens will be conducted fu the Alpha-
Ca ns Hot Call Facility at ANL-East. This' facility has been engaged in

.

_
i

reactor fuels and macerials work for 18 years. Over the years its forte has
become the in-depth examination of irra11ated asterials using a wide variety
of exmination techniques and sophisticated aquipment. 2e facility's '

uniqueness derives from three principal sources: 1) a staff of senior,

! asterials people with extensive experience in taderstanding nacertals
behaticr; 2) an array ef electron beam instruments adapted for interrogating;

j irradiated materials ir.cluding a scanet ng electron microscope, a scanningi
i Juger microprobe, and an' electron microprobe; and 3) proximity to other

analytical instruments at ANL-E such as an ion microprobe and an ESCA Anger
unit that are also espable of h=M14a* irradiated materials. De facility:

currently supports progtma totaling approximately $1.7M annually, including
the costs to operata c':e fac111ty sad the balance of the programmatic
effort. To replace such a facility would cost about $50M and require about
six years.
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10. Conflice of Beerest hformation*

Argonne National Imboratory presently conducts research for .1RC and no
conflice of interest is involved.
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