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IN SITU CHARACTERIZATION OF HANFORD K BASINS FUEL

A. L. Pitner

1. INTRODUCTION

Irradiated N Reactor uranium metal fuel is stored underwater in the
Hanford K East and K West Basins. In K East Basin, fuel is stored in open
canisters and defected fuel is free to react with the basin water. In K West
Basin, the fuel is stored in sealed canisters filled with water containing a
corrosion inhibitor (potassium nitrite). To gain a better understanding of
the physical condition of the fuel in these basins, visual surveys using high
resolution underwater cameras were conducted. The inspections included
detailed "11ft and look" examinations of a number of fuel assemblies from
selected canisters in each basin. These examinations formed the bases for
selecting specific fuel elements for laboratory testing and analyses as
prescribed in the characterization plan for Hanford K Basin Spent Nuclear

Fuel.'V

II. K EAST BASIN

Because the fuel is stored in open canisters in K East Basin, a basin-
wide survey of the fuel assembly top ends was first performed.‘® Due to
various obstacles and debris in the basin, only about 70% of the fuel

assemblies were visible, but this nonetheless constituted a comprehensive
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survey (~35,000 assemblies). Overall damage projections were made assuming
that bottom end damage frequencies were the same as top end observations.
While about half of the fuel assemblies appeared to be still intact, varying
degrees of damage were noted. Figure 1 (top) shows badly degraded fuel
elements contained in an aluminum canister. Severe fuel corrosion and split

cladding are evident here.

A "11ft and look" campaign was subsequently conducted where about 225
fuel assemblies were individually extracted from selected canisters and
examined for damage over their full length.® The results basically
supported the damage distributions derived from the previous top end only

examinations.

III. K WEST BASIN

Fifty canisters were sampled to determine cesium levels, presumably an
indicator of failed fuel. Based on these measurements, twenty canisters were
selected for opening and "1ift and look" examination of all fyel assemblies,
about 250 in 211.%) Contrary to general expectations, substantial fuel
damage was found in the sealed canisters, including broken elements and
elements with split and dilated cliadding. However, the extent of damage and
observance of sludge was noticeably less than seen in K East Basin, presumably
due to the effectiveness of the corrosion inhibitor. A stainless steel
canister barrel with one of the highest measured cesium levels is shown in
Figure 1 (bottom). While substantial fue) damage is evident here, the overall

severity of damage is considerably less than that shown for K East Basin fuel.
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IV. SURFACE COATINGS

A1l fuel elements have a coating on their surface. In K East Basin,
this 1s a light gray film that is easily scratched. In K West Basin, the
coatings vary from something similar to that seen in K East Basin, to some
local crystalline-like formations, to a relatively heavy. translucent coating
that tends to flake off when disturbed.’® In one K West Basin canister
barrel, all the fuel elements had a red coating on them. All coatings but the
heavy translucent type [identified as Al1(0H)y] were easily removed using a

wire brush apparatus.

V. DAMAGE DISTRIBUTION

Most damage was observed on the outer elements of the fuel assemblies,
which is to be expected based on their greater vulnerability during discharge
and handling operations. About half of the outer elements in both basins were
found to be intact, with no evidence of cladding rupture. On the order of 10%
of the outer elements in each basin were found to be in an advanced stage of
degradation, including cladding dilation and splitting. The remaining
fraction of the outer elements (~40%) were failed to some degree (moderate

rupture), but not grossly distorted.

The frequency of damage observed on the inner fuel elements was about

one~fifth of that observed on the outer fuel elements.
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The overall severity of damage on degraded fuel in K West Basin was
notably less than that for degraded fuel in K Fast Basin. This ts presumed to
be a consequence of the corrosion inhibitor added to the sealed K West Basin

canisters.

VI. APPLICATION

The fuel conditions established in these surveys is used extensively in
the design and analysis of process systems being developed for the dispusition
of K Basins Spent Nuclear Fuel. This includes the fuel retrieva) and cleaning
systems, and projected fuel and scrap inventories for loadfng 1n Multi-

Canister Overpacks (MCO's) for extended dry storage.

VII. REFERENCES

1. L. A. Lawrence, et al., Characterization of Hanford K Basin Spent
Nuclear fuel and Sludge, Proceedings of the Topical Meeting DOE Spent
Nuclear Fuel and Fissile Materfal Management, Rene, Nevada,

June 16-20, 1996.

2. A. L. Pitner, K Fast Basin Underwater Visual Fuel Survey,
WHC-SD-SNF-TI-012, Rev. U, February 1995, Westinghouse Hanford
Cumpany, Richlang, Washington.
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Figure 1. Degraded K Basins Fuel.
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survey (~35,000 assemblies). Overall damage projections were made assuming
that bottom end damage frequencies were the same as top end observations.
While about half of the fuel assemblies appeared to be still intact, varying
degrees of damage were noted. Figure 1 (top) shows badly degraded fuel
elements contained in an aluminum canister. Severe fuel corrosion and split

cladding are evident here.

A "1ift and look" campaign was subsequently conducted where about 225
fuel assemblies were individually extracted from selected canisters and

examined for damage over their full Tength.®

The results basically
supported the damage distributions derived from the previous top end only

examinations.

III. K WEST BASIN

Fifty canisters were sampled to determine cesium levels, presumably an
indicator of failed fuel. Based on these measurements, twenty canisters were
selected for opening and "1ift and look" examination of all fuel assemblies,
about 250 in all.‘ Contrary to general expectations, substantial fuel
damage was found in the sealed canisters, including broken elements and
elements with split and dilated cladding. However, the extent of damage and
observance of sludge was noticeably less than seen in K East Basin, presumably
due to the effectiveness of the corrosion inhibitor. A stainless steel
canister barrel with one of the highest measured cesium Tevels is shown in
Figure 1 (bottom). While substantial fuel damage is evident here, the overall

severity of damage is considerably less than that shown for K East Basin fuel.
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IV. SURFACE COATINGS

A1l fuel elements have a coating on their surface. In K East Basin,
this is a light gray film that is easily. scratched. In K West Basin, the
coatings vary from something similar to that seen in K East Basin, to some
local crystalline-like formations, to a relatively heavy translucent coating
that tends to flake off when disturbed.®’ 1In one K West Basin canister
barrel, all the fuel elements had a red coating on them. A1l coatings but the
heavy translucent type [identified as A1(OH);] were easily removed using a

wire brush apparatus.

V. DAMAGE DISTRIBUTION

Most damage was observed on the outer elements of the fuel assemblies,
which is to be expected based on their greater vulnerability during discharge
and handling operations. About half of the outer elements in both basins were
found to be intact, with no evidence of cladding rupture. On the order of 10%
of the outer elements in each basin were found to be in an advanced stage of
degradation, including cladding diTation and splitting. The remaining
fraction of the outer elements (~40%) were failed to some degree (moderate

rupture), but not grossly distorted.

The frequency of damage observed on the inner fuel elements was about

one-fifth of that observed on the outer fuel elements.
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The overall severity of damage on degraded fuel in K West Basin was
notably less than that for degraded fuel in K East Basin. This is presumed to
be a consequence of the corrosion inhibitor added to the sealed K West Basin

canisters.

VI. APPLICATION

The fuel conditions established in these surveys is used extensively in
the design and analysis of process systems being developed for the disposition
of K Basins Spent Nuclear Fuel. This includes the fuel retrieval and cleaning
systems, and projected fuel and scrap inventories for Toading in Multi-

Canister Overpacks (MCO's) for extended dry storage.
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Figure 1. Degraded K Basins Fuel.




