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OBSERVATIONS DURING THE FIRST K NEST FUEL SHIPPING CAMPAIGN

1.0 BACKGROUND

Of the 2000 metric tons of spent fuel at K Basins roughly half 1s stored
in closed aluminum and stainless steel canisters in the K West Basin. In
March 1995 canisters were opened and fuel was shipped to the 300 Area
hotcells. This report summarizes the observations made during the fuel
retrieval operations and data obtained from chemical analyses associated with
this campaign. The fuel was subsequently utilized in detailed hotcell
examinations and furnace conditioning tests. The goals and justification for
the shipment of fuel are laid out in the Data Quality Objectives (DQOs) for
the fuel shipment (Lawrence 1995, WHC-SD-SNF-DQO-001). Specific canisters to
open were chosen through a review of the data base of available canisters
(Makenas 1995, WHC-SD-SNF-SM-002) and by sampling of canister gas and water to
identify presence of uncontained fission products (which Implies broken fuel
in a given canister). Only those canisters which were Mark II design,
stainless steel, which showed evidence of gas generation and which contained
fairly long fuel elements were considered candidates for opening.

2.0 GAS AND WATER SAMPLES FROM CANISTERS

Various gas and liquid samples were obtained from 10 canisters [through
the lid valves (Figure 1) of 19 barrels]. Attempts were made to sample water
from all 19 closed barrels after flooding and, in a minority of cases, from
barrels before flooding. (Note canisters nominally are water filled with a
2.5 inch nitrogen gas space when they are first loaded into K West Basin).
Also, in a few cases, a gas sample was obtained from the barrels before
flooding. Background information on the goals and target analytes for
gas/water sampling are given in the pertinent DQO document (Makenas 1995,
WHC-SD-SNF-DQO-003).

Gas and water samples obtained in this manner were first evaluated by a
mobile laboratory which provided immediate analysis for fission products i.e.,
Cs in the water and Kr in the gas. Subsequently gas and water samples were
sent to Pacific Northwest Laboratory 325 Building and Westinghouse Hanford
Company 222-S laboratories respectively for additional identification of
chemical species. The data from mobile laboratory and 325 Building are given
in (Trimble 1995, WHC-SD-SNF-DP-001) and 222-S d(ata are in (Miller 1995,
WHC-SD-WM-DP-138 and Trimble 1995, WHC-SD-SNF-DP-003). Analyses and
interpretation of these two data sets will appear in (Trimble 1995,
WHC-SD-SNF-ANAL-007, to be published) and (Trimble 1995, TBD). Some of the
conclusions from these are summarized below.

Analysis of cesium in K West canister water did lead experimenters to the
desired elements for hotcell examination. The badly damaged element (see
Appendix) removed from canister 4378 was indeed
highest cesium concentration.

from the canister with the
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Liquid samples from unflooded canisters were found to be more confusing
than those taken after flooding. This was due to the fact that water samples
were taken through a 2.5 Inch tube which terminates at the gas/liquid
interface in the unflooded case. Only a few gas
the press of schedule and equipment repairs.

samples were obtained due to

Hydrogen gas was found to be the major constituent of all of the credible
gas samples. Thus the original nitrogen cover gas had been largely replaced.
Krypton gas concentrations correlated well with hydrogen which 1n turn
correlated with cesium concentrations in the liquid. Thus, krypton is a
credible indicator of corrosion. The amounts of hydrogen and Kr 1n a canister
however quickly saturate for relatively small amaunts of uranium corrosion.
Thus, a large amount of extensive corrosion probably cannot be quantified
using gas data. Oxygen concentrations varied to an extent that a conclusion
on radiolysis (i.e., where did the hydrogen come from?) could not be drawn
from them.

Concentrations of corrosion inhibitor (potassium nitrite) were small in
all of the canisters studied. The analysis took into account potassium,
nitrite ions, and conversion products such as nitrate and ammonia. Thus it
was not possible to draw a conclusion from visual observation that inhibitor
had a direct effect on corrosion quantity or appearance for the limited visual
data discussed below.

3.0 REACTION OF BASIN WATER WITH FUEL

After canisters were opened (Figure 2) in tfie K West Basin, no energetic
reaction was observed between the newly introduced basin water and the fuel.
After three fuel elements were placed in shipping canisters (SFECs), the
associated SFECs were capped with inverted graduates to trap bubbles and
indicate any further reaction (i.e., hydrogen production). At the end of 2 to
5 days of monitoring, no accumulation of gas was found in any of the three
graduated cylinders even though at least two of :he resident elements were
failed with obvious exposed fuel.

4.0 OBSERVATIONS OF CANISTER SLUDGE

When canister lid valves were opened during
continuous stream of bubbles was observed. Often accompanying this stream was
a distinctly separate stream of reddish-brown liquid which appeared to have
the character of a suspension and which was easi
from the surrounding basin water.

the flooding operation a

y distinguishable (Figure 3)

When canister lids were opened to remove fuel, large amounts of sludge
were not observed. For the case of canisters 43'8 and 1990 no significant
sludge was visible in the canisters even when fuel elements were removed. The
bottom metal plate of canister 1990 was specifically examined and found to be
clean and easily visible (Figure 4). No sludge was seen to accompany the fuel
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elements retrieved from these two canisters during their transfer to SFECs.
For the fuel element retrieved from canister 4366, sludge was seen trailing
behind the element during Its transfer to a shipping container (Figure 5).
Removal of the element from the canister stirred up sufficient flocculent
sludge to fill the canister to within a few inches of the top for at least
2 hours. Differences in observed sludge content between canisters may be
significant or may be the result of differences in opening procedures between
cans which could have resulted in the expulsion of sludge in some cases.

5.0 VISIBLE CONDITION OF THE K NEST FUEL

When canister 4366 was opened, it was found that the known fuel element
breach identified in the loading video tapes circa 1983, had not greatly
deteriorated, if at all, since the time it was placed in the canister. The
condition of this element is shown in Figure 6. This outer fuel element, with
obvious missing fuel pieces, was selected for hotcell examination and moved to
a shipping container (SFEC).

Canister 4378 was opened based on its high cesium concentration. One
outer element with split cladding was easily visible. The fuel in this
element certainly had reacted with the canister water and the element was
selected for hotcell examination.

Canister 1990 was opened based on written records of a breached element
and on a moderate cesium content in Its water. An inner element was selected
for shipping to hotcells based on the desire for an Intact element and on a
visible dent in the end cap of the selected element.

Appendix A (authored by A. L. Pitner)
the condition of the 42 assemblies visible in
canisters. Fuel elements are rated consistent
the K East Basin fuel which is visible in open
of the observed condition of the three fuel
hotcells, the reader is referred to PNL-1077S

presents an overall assessment of
three opened K West
previous ratings given to

canisters. For a summary
elements when they arrived at

authored by J. Abrefah et al.

h
with
top

6.0 CONCLUSIONS

Canisters in the K West Basin do contain
first shipping campaign demonstrated conclusive
deterioration of this fuel, even when failed, 1
this fuel, even when failed, 1s possible with
specific type of fuel targeted by this examinat
had not occurred and in fact large amounts of s
sludge which was observed had a definite floccu
time (hours) to settle. Corrosion of damaged
some of the damaged fuel elements but it is al
fuel to have remained in a relatively uncorroded

failed fuel. However, this
y that catastrophic
not inevitable. Removal of
proper tools. For the

on, deterioration to rubble
udge were not observed. That
ent character and took some

is certainly occurring in
possible for some exposed
state.

the

fuel
Sl)
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The predominant constituent of the canister cover gas sampled was
hydrogen produced either from radiolysis or more likely from corrosion.
Oxygen concentrations did not give conclusive results on the extent of
radiolysis. A correlation between visually observed fuel corrosion behavior
and inhibitor concentration in the water was not possible for the very limited
sample of opened barrels.

The best discriminator for finding canisters with failed fuel appears to
be the concentration of cesium in barrels which have been flooded. Sampling
water from unflooded canisters is probably too unreliable as far as the
certainty of recovering an adequate volume of canister water. Canister gas
samples provide a correlation between fission gas and fuel corrosion but these
have also had problems with retrieval of adequate sample volume. The next
generation of sampling apparatuses needs to be more robust and have an
assessment of dilution by basin water.

7.0 OPEN QUESTIONS

Several issues remain unaddressed after the first fuel shipping campaign
from K West Basin;

• Behavior of other types of N Reactor fuel (shorter lengths,
different exposures etc.) has not yet been assessed.

• Leaking canisters were specifically excluded from the first
campaign. The effects of long term exposure of failed fuel to fresh
basin water have not been assessed.

• The amount and composition of sludge in canisters have not been
quantified.

• The canisters containing the most highly damaged fuel have not been
examined.

• The effect of inhibitors on the rate of corrosion of uranium in
closed canisters remains to be determined.

• The contents of aluminum canisters has not. been examined.

• Chip cans (cans containing high surface area small fuel pieces) have
not been examined. |

• Only one truly corroded element has been examined or made available
for hotcell ignition and conditioning tests.

• Failures resting in sludge at bottom ends of elements have not been
characterized. j

These issues will need to be evaluated and {prioritized by a DQO process
to arrive at the strategy for a future shipment.
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Figure 1. Schematic of a Mark II Canister Showing Lid Valves
Through Which Gas and Liquid were Sampled.
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Figure 2. K West Canister 1990 with Lids Removed
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Figure 3. Stream from a K West Canister During Flooding
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Figure 4. Bottom Plate of Canister 1990. Note the absence of sludge
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Figure 5. Sludge Trailing Behind a Fuel Element Removed from Canister 4366
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Figure 6. Canister 4366 with One Obviously Breached Element.
The condition of this element was essentially the same as in year 1983

12
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A P P E N D I X Ai

IN-BASIN INSPECTION OF OPENED K WEST FUEL CANISTERS

A, L. Pitner

13
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APPENDIX A

IN-BASIN INSPECTION OF OPENED K NEST FUEL CANISTERS

The video tapes of the three canisters opened in K West from which the
fuel elements for the first fuel characterization shipment were selected were
viewed to determine the general condition of the fuel. The survey was
performed in the same manner as that for the K East Basin (Reference), where
the Instances of incipient breach, cladding rupture, broken end caps, and
split cladding in each canister were counted. Incipient breach represents a
situation with the appearance of a possible breach
interface, but viewing conditions or angles make it difficult to ascertain the
breach. Rupture indicates a definite loss of cladding Integrity, often with
reacted fuel visible in failed region. Broken end
break in the top end of the end cap, or the end cap is disengaged from the
cladding. Split cladding means that the cladding
fuel, with local fuel voiding often evident.

Identification of cladding rupture for the K West canisters was generally

at the cladding/end cap

cap indicates a lateral

is peeled back from the

more difficult than it was for fuel in the K East
the effect of the potassium nitrite inhibitor in Ifhe K West canisters. The
lack of significant reacted fuel in the K West canisters made fuel element
failures harder to identify. However, two of the
shipping campaign were definitely failed. The ou1

canisters, possibly due to

elements retrieved for the
er element from the 4366

canister had most of the top end broken off, while; the outer element taken
from the 4378 canister had peeled cladding.

All three canisters opened contained the full complement of 14 integral
fuel assemblies (14 outer elements containing 14 inner elements), with
7 assemblies in each canister barrel. The results of the visual survey for
failed or damaged fuel are presented in Table Al,

Table Al. K West Canister

Incipient
Breach

Cladding
Rupture

Broken
End Cap

Split
Cladding

4366

Inner

5

Outer

4

1

1*

4378

Inner

2

1

Out

Survey.

er

4

2

2

1

1990

Inner

4

Outer

3

1

*End of element broken away

15
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Figure Al shows a fuel assembly that has both inner and outer elements
ruptured, with reacted fuel visible at the breach locations. This assembly
was in the same canister (4378) as the element with split cladding, but in the
other barrel.

Figure A2 shows an assembly in the 4378 canis
the end cap of the outer element. The break 1s at
position.

ter with a lateral break in
about the 2 o'clock

Figure A3 shows the assembly with split cladding on the outer element,
also in the 4378 canister. This is the "ugly" element shipped to the hot
cells for examination. In addition to the split cladding, the end cap has
also incurred a lateral break. There was substantial fuel voiding in the area
of split cladding.

In addition to the quantification of damaged fuel elements in the K East
visual fuel survey, a general rating of the fuel condition in each canister
was also made. The categories were "Good" (may contain minor ruptures but
with no reacted fuel present), "Fair" (at least oitie element with significant
exposed fuel), "Poor" (contains one element with hadly split cladding and
substantial fuel voiding), and "Very Bad" (multip e instances of "Poor"
elements in same canister). Of the three K West canister opened in this
campaign, the 1990 canister would fall in the "God" category, the 4366
canister would be rated as "Fair" (broken end witli exposed fuel), and the
4378 canister would be in the "Poor" category (sp it cladding and voided
fuel). This classification is of course based on,top end viewing results
only.

26
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Reference

A. L. Pitner, "K East Basin Underwater Visual Fuel
Rev. 0, March 1995.

Survey," WHC-SD-SNF-TI-012,
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Figure Al. Ruptured Inner and Outer Element in Same Assembly
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Figure AZ. Lateral Break in End Cap
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Figure A3. Split Cladding on Outer Element

20
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