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Early 1986, the Commissariat à l'Energie Atomique agreed the Department 
of Energy proposal, to contribute to the examination of samples retrieved from 
TMI-2 core in the frame of a OECD/CSNI working group. 

The sample examination is still in progress at the end of April 1988 and 
only part of the results can be presented in this résumé ; such an examination 
is due to be completed by next November and the results presented at the 
meeting. The full paper will describe the TMI-2 core samples acquired in 
France, the examinations and analyzes carried out at CEA, the results obtained, 
how such results compare with those gained at EG&G Idaho and at other labora
tories when available, and, ultimately, which lessons can be learned from our 
standpoint as regards the TMI-2 accident scenario and, more generally, the core 
severe damage phenomenology. 

Five core samples have been examined : three core bore rocks, coming 
from assembly positions K9, G12 and 07 - among them a resin embedded cut of a 
rock (from position G12) -, a rod segment of a hanging remnant of fuel assembly 
C7 upper seccion, and a fuel rod segment from the side wall of the core cavity 
in assembly position LI. 

As regards the core bore rocks the analysis program comprises the 
following examinations, when appropriate : visual examinations, immersion 
density, gamma spectrometry to identify the fission products retained, 
metallography to display the metallurgical structure, including grain size and 
porosity, the metallic and ceramic materiel partition and the material 
interactions, scanning electron microscopy with wavelength dispersive X-ray 
(WDX) analysis to obtain the elemental cunposition, at last X-ray diffraction 
to identify the chemical forms of rock materials. 



Regarding the rocks, the examination results, as of April 1988, are the 
following. Rock K9-P3-M is essentially a prior molten ceramic (U02;, which 
displays porosities of various sizes as a lava stone ; a significant activity 
of 1 4*Ce was identified, whereas Cs and Ru are absent : such a result supports 
EG&G observations for prior molten ceramic materials (e.g. rock K9-P3-F). Rock 
cut G12 PI (section T)s is also essentially a prior molten ceramic, which 
exhibits a porosity pattern similar to that of rock K9-P3-M ; metallography 
showed different phases, along with small metallic inclusions, whereas X-ray 
diffraction provided some indicatifs as regards the existence of Fe, Cr and Ni 
oxides, and of non-stoichiometric UO^ and ZrOa ; although EG&G already 
identified oxidized structural materials in the ceramic material, the latter 
result on G12 PI needs confirmation by WDX analysis. Rock 07-P5 was retrieved 
from the agglomerate zone ; its visual examination clearly shows two distinct 
prior molten phases : a metallic, and a ceramic one. Metallography displays the 
existence of some monocrystals in the porosities of the ceramic phase ; the 
peripheries of such porosities often have a vortex aspect, whereas porosities 
in the metallic phase are more irregular. A global gamma spectrometry 
identified 1 4*Ce, 1 0'Ru and 1 3 ,Cs, the two latter isotopes in a proportion 
larger than would be expected without migration ; such an abnormally large 
concentration of 1 0*Ru had already been observed by EG&G in the upper and 
peripheral crusts around the prior molten zone. 

Regarding now the hanging rod remnant of fuel assembly C7 upper section, 
the examination program consists of the following : visual examinations, 
scanning electron microscopy (SEM), garania spectrometry and neutron activation 
for detecting radionuclides and core metals on/in the cladding, metallography 
for scrutinizing cladding oxidation, UO,-Zy interaction and the structures of 
UOj and cladding, X-ray diffraction and therroogravimetry for checking the 
oxidation level of the fuel, ultimately WDX analysis to identify specific 
elements of interest. The major new finding is the existence, in the 7 cm long 
lower part of the sample of a prior molten alloy filling the gap between the 
pellets and the inner surface of the cladding, including the free volumes left 
by the champfers, and penetrating into some fuel cracks ; WDX analysis 
identified Zr, Fe, Cr, Ni, U and Ag as elements of such an alloy, which is 
supposed to have flowed upwards before the collapse of the upper part of the 
core. 
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The last sample examined is an empty segment of cladding of external 
fuel assembly LI (the t'0a pellets are supposed to have been lost during sample 
retrieval). The examination program is the following : visual examinations, SEM 
analysis, gamma spectrometry, metallography and WDX analysis. No major damage 
is apparent. Metallography on a diametral cut displayed an external zirconia 
layer, 20 to 6C pm in thickness, depending on the azirautal position, then a 
aZr(O) layer, 52 to 88 pm thick, and a large p-phase domain in the remainder of 
the cladding ; hydrides appear only at the grain boundaries of che 8-phase and 
at the limit of <x/p phases ; such hydrides probably explain the brittle type of 
the cracking visible on the sample. WDX analysis is due to provide shortly the 
oxygen content at the limit of P / a-Zr(O) phases, from which oxidation 
temperature can be derived. Gamma spectrometry identified l 3 7Cs deposits, and 
l î SSb ; no 6 0Co was found. 

A first rapid comparison of the results obtained from sample examination 
in CSNI countries was made at OECD ?aris at mid-March ; such a process will be 
continued in the next months and, hopefully, will allow CEA to contribute 
efficiently in the elaboration of a consensus on the knowledge gained from the 
TMI-2 accident evaluation program. 


