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The Republic of Kazakhstan is being assisted by the U.S. Department of Energy in preparing spent fuel from the
BN-350 fast reactor for long term dry storage. Argonne National Laboratory was assigned responsibility for the physi-
cal and nuclear characterization of the spent fuel, for the design and safety analysis of 6-pac and 4-pac canisters used to
contain spent fuel assemblies for storage, and for the design, testing and installation of a closure station at the reactor in
which the canisters of fuel are dried, filled with inert gas and welded shut. This paper briefly describes the specialized
components and equipment used, the process followed, and experience gained in packaging the spent fuel. Olsen et al
and Schaefer separately discuss overall safety and criticality considerations of the packaging process in parallel papers
to this conference.

Characterizing the physical condition of the spent fuel preceded all other joint work at BN-350 and is summa-
rized in a parallel paper by Karaulov et al. Irradiated standard core and blanket assemblies were found to be only super-
ficially corroded by prolonged immersion in the spent fuel pool and to have retained sufficient strength to require no
special handling. These standard assemblies were placed in tubular inserts inside the 6-pac canisters (See Fig.). The
inserts provided mechanical separation of assemblies in the event of the high impact (~70 g) forces occurring during
worst-case transport accidents; this separation precluded the possibility of nuclear criticality. Experimental assemblies
with failed fuel and/or brittle ducts of 0.12C-18Cr-10Ni-Ti (MTT) steel, in which geometry could be easily lost, were
separately scaled into special canisters that were placed into the slightly larger tubular inserts of the 4-pac design of
canister. This double containment precluded the breakup and significant movement of fuel during postulated transport
accidents.

Before packaging, a standard assembly would be interrogated in the storage pool in a passive neutron counting
array known as a spent fuel coincidence counter (SFCC) in order to confirm its plutonium content relative to the value
calculated with core physics codes and actual reactor operating history. The insert basket was then loaded under water
with six assemblies, the basket remotely hoisted from the pool to drip dry, and lowered into position inside its open
canister located in the heavily shielded closure station. A shielded lid was next inserted into the open end of the canis-
ter. At this stage manned entry to the area could be made to weld the lid into position, using shadow shields to minimize
radiation leakage between the lid and canister wall. A hose connection to an evacuation port on the lid then allowed
vacuum drying of the canister contents. The closure station is thermally insulated and equipped with computer con-
trolled heaters to allow drying at 50"C (and higher). When a pressure of <5 mm Hg could be maintained at a rate of
pressure rise of <0.5 mm Hg/min, the canister and its contents were deemed to be dry (generally after about 5 hours).
The canister was backfilled with an Ar/He mixture to two atmospheres pressure and the port welded shut. After cooling,
leak checking and weld inspection, the loaded canister was hoisted back into the pool for temporary storage.

Failed or brittle assemblies required modified handling, double containment and more extensive drying. An as-
sembly would be removed from the pool to the hot cell in its normal water-filled storage container. The container was
drained, the assembly removed and its bottom steel plug cropped off. The shortened assembly was placed into a new
container and the upper end plug welded into position in the hot cell. This "failed fuel stabilization canister" (FFSC)
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was next transferred to the closure station that contained a jig to hold the small diameter FFSC. A proof test with a core
assembly containing at least six fuel pin failures had established that heating to the estimated equilibrium dry storage
temperature (250°C) and holding for 5 hours completely removed all occluded moisture in the failed pins to the <0.5
mm/min pressure rise criterion. Drying was continued for a further 1 hour to ensure complete dryness. The FFSC was
then backfilled with Ar/He, the port welded shut and the FFSC stored temporarily in the pool. Four FFSCs were filled
in this way and loaded into the tubular insert of a 4-pac canister. Drying the 4-pac canister proceeded in the same way
as for a 6-pac canister.

The canisters were designed in the US and manufactured in Almaty, RK, using Western steels and appropriate
standards. Mockup drying trials were performed in the US, as was manufacture of the components for the closure sta-
tion. The closure station was assembled and underwent field trials at the reactor site. Since then, characterizing and
packaging the spent fuel from BN-350 has proceeded very much as planned with only minor changes in procedures
being occasionally required. Monitoring spent fuel assemblies with the SFCC showed excellent agreement between
measured and declared masses of plutonium. Over a seven month period, nearly 2000 standard core and blanket assem-
blies were sealed in 6-pac canisters, with only one lid weld closure needing to be re-worked and three evacuation ports
needing to be re-welded. Packaging of the much smaller inventory of failed/brittle assemblies is now taking place. No
problems have been encountered although the process takes longer than for standard assemblies because of the addi-
tional steps required in the hot cell.

Schematic of a 6-pac canister for BN-350 spent fuel storage
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