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DESCRIPTION OF THE FUEL ELEMENT BRUSH ASSEMBLY'S
FABRICATION FOR 105-K WEST

1.0

INTRODUCTION

The Spent Nuclear Fuel Project (SNFP) is proceeding to remove all the
fuel from the 105-K East (KE) and 105-K West (KW) Basins into dry storage at
the Canister Storage Building (CSB) in the 200 East Area. One of the many
steps in doing this process is fuel characterization. Fuel characterization
was performed in the KE Basin and is on-going in the KW Basin. A crucial step
in the characterization of the fuel is identifying the adhesiveness of sludge
on the fuel elements. The testing of sludge adhesiveness was first started in
the KE Basin and showed that the sludge could be removed by a method of
brushing using a Fuel Element Brush Assembly (FEBA) (Bergmann 1996). The test
consisted of a known instrument (the FEBA) that was used to compare the
adhesiveness of different types of sludges found on the fuel elements.
Subsequently, it was necessary to perform this process on the KW Basin fuel.
The FEBA used in the KE Basin was contaminated beyond acceptable levels for
removal; therefore, a new FEBA was fabricated for the KW Basin. Also, the
FEBA had to be redesigned for the KW Basin because the FEBA that was used in
the KE Basin was designed for use on top of a storage rack inside the basin.
There were no storage racks of this type available in the specific area of the
KW Basin where the fuel was to be brushed.
The new FEBA used the same stainless steel wire brushes as the KE FEBA:
(1) to clean the outside surface of an outer N Reactor fuel element and (2) to
determine the adhesiveness of KW fuel elements' sludge coatings. The project
was started on December 16, 1996 and completed on January 23, 1997. The FEBA
was fabricated at the 305 Building Engineering Testing Laboratory (ETL) in the
300 Area on the Hanford Site. The design was developed in conjunction with
the ETL engineers and the SNF Characterization Project (SNFCP) engineers.
Only the outer fuel elements were tested. The cost of fabricating a FEBA
that could clean inner fuel elements was not cost effective for the data it
would collect. Both the inner and outer fuel elements were made from the same
materials and subjected to the same environments. The visual examinations of
the fuel (Pitner 1997) proved that the different types of sludge that were
formed on the inner fuel elements were also on the outer fuel elements. The
only difference between the two fuel elements were their shapes. Therefore,
the KW FEBA, as well as the KE FEBA, was designed to accommodate only an outer
fuel element.
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2.0 RESEARCHING THE OLD DESIGN
The first step in fabricating a new FEBA was to review the design of the
FEBA used in the KE Basin. During the design review, it was discovered that
there was not an accurate sketch of the FEBA; however, a preliminary sketch
was found. This sketch, shown in Figure 1, is the basic conceptual design of
the FEBA used in the KE Basin.
The design review did lead to some helpful details of the FEBAs
fabrication and design. The best information about the KE FEBAs design was
discovered by communicating with the two engineers (an ETL engineer, and a
Transportation and Packaging engineer) who designed and built the KE FEBA.
They remembered a good portion of the device's fabrication and gave some
useful suggestions for the construction of a new FEBA. Additionally, pictures
(see Figure 2 ) , obtained from a video tape recording of the use of the FEBA in
the KE Basin, gave a good general image of the first FEBAs design. Additional
information about the FEBA was obtained by talking to the SNFCP engineering
technicians who used the device in the KE Basin. They had a general idea of
the FEBA and gave good insight on how it worked during the brushing activity
in the KE Basin;
The conceptual design of the KE Basin FEBA is shown in Figure 1. The
basic design for the KE Basin FEBA was described as follows: One-inch long
stainless steel wire brushes were installed on the inside of a 4-inch
diameter, schedule 40, stainless steel pipe. This pipe was sealed at the
bottom by welding on a plate. Additionally, a stainless steel rod (1/4 inch
diameter) was welded to the bottom plate and centered in the pipe. Holes were
cut into the plate between the center rod and pipe to allow water to pass
through the bottom end of the pipe. Quarter-inch long stainless steel wire
brushes were attached to the center rod. The 1-inch and 1/4-inch wire brushes
were selected through a trial and error process of testing many different
length bristles. The brushes on the center rod, designed to brush the inside
of the element, were removed before the experiment began in the KE Basin.
They were found to be unnecessary as there was no way to view the removal of
sludge coatings from inside the fuel element with the underwater camera. All
of the necessary data acquired from the KE testing was obtained by brushing
the outer surface of the outer fuel element. Additionally, there was a
concern that the fuel element would get stuck inside the FEBA because of the
friction between the two sets of brushes and the fuel element. The KE FEBAs
cylinder was attached to a stainless steel heavy base with a flange that added
a great deal of weight. Hooks were installed to the bottom plate to keep it
on top of a canister storage rack and prevent the FEBA from rotating. The KE
FEBA was very stable and there was never any indication that it would tip over
during testing in the basin. The friction between the FEBA and fuel element
was good enough to remove the sludge and the fuel element was easily removed
from the FEBA (Bergmann 1996).
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Figure 1. The First Sketch of the 105-K East Basin Fuel Element
Brush Assembly (Conceptual Design). (All units are
in inches unless otherwise specified.)
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Figure 2. Pictures of the Actual Fuel Element
Brush Assembly Used in 105-K East.
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3.0 REDESIGNING THE FUEL ELEMENT BRUSH ASSEMBLY
The next step in fabricating a new FEBA was to redesign the FEBA for the
KW Basin. This redesign was necessary because, while the KE and KW Basins are
similar in structure, they differ in their operating procedures. In the
KE Basin, all the fuel canisters are uncovered, releasing radioactive
contaminants to the water. Brushing of the fuel was allowed anywhere in the
KE Basin, giving the test engineer the freedom of placing the FEBA on top of
the nearest canister rack. In contrast, the KW Basin contains the fuel in
covered canisters, reducing the amount of radioactive contaminants in the
water and, consequently, the radiation environment inside the basin. In order
to maintain this low contamination environment, there were only two places the
FEBA could be used in the KW Basin (PS-304-B3 1996): (1) the transfer channel
and (2) the South Loadout Pit. These two locations combine to make a shipping
cask transport pit in the Southwest corner of the KW Basin. After examining
the KW Basin drawing, "Structural Concrete Sections and Details at Elevation
0'" of Storage and Transfer Area," H-l-21072, Rev. 0 (a sketch of the testing
location that was created from the drawing is shown in Figure 3 ) , the best
location for the FEBA was determined to be in the transfer channel. The
additional depth of the South Loadout Pit would have created a problem with
the outer fuel element handling tool (H-l-80544, Rev. 1) which was used to
insert an element into the FEBA. The fuel element handling tool was designed
to operate in the transfer channel or the basin proper. However, the South
and North Loadout Pits are 5 feet deeper than the transfer channel.
A specific location was chosen to place the FEBA on the floor of the
transfer channel between the decapping station and canister racks by a test
engineer at the KW Basin. Initial information indicated that this area was
cleared of debris or obstructions, and the FEBA could be placed there. The
sketch of this area is shown in Figure 3. The area had a dimensional space of
2 feet long by 2 feet wide. The specific dimensions of 20 inches long by
20 inches wide were given to the SNFCP design engineer as an acceptable area
for the FEBA to occupy. This reduced area was used as a precautionary measure
to make sure the FEBA would fit on the transfer channel's floor.
Placement of the KW FEBA on the floor instead of on top of a canister
rack resulted in the following differences: (1) there were no hooks
underneath the KW FEBAs baseplate (like there was on the KE FEBA) and (2) a
stainless steel plate (20 inches x 20 inches x 1 inch) was used for the base.
A sketch of this second FEBA is shown in Figure 4. The hooks on the KE FEBA
prevented it from rotating or lifting from the canister storage rack. To
prevent this from occurring with the KW FEBA, the heavy stainless steel base
was added. In total, the KW FEBA weighed 137 pounds. Additional design
changes included: (1) elimination of the unnecessary center brush and rod;
(2) addition of an inclined ring at the top to act as a funnel for inserting a
fuel element; and (3) addition of a 0.5-inch diameter stainless steel rod to
the bottom of the FEBA to reduce the possibility of a broken fuel element
falling to the basin floor. All of these modifications helped transform the
KW FEBA into a floor model, satisfying the original design requirements of the
tool.
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Figure 3. 105-K West Basin Sketch (based on the Drawing H-l-21072, Rev. 0)
of the Specific Area where the Sludge Adherence Testing will Occur
(all units are in inches unless otherwise specified).
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Figure 4. Sketch of the 105-K West Basin Fuel Element
Brush Assembly Before Functional Testing.
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4.0 TESTING AND MODIFYING THE FUEL ELEMENT BRUSH ASSEMBLY
The FEBA was functionally tested in the Cold Test Facility's pool at the
305 Building ETL and the results were recorded on videotape (Videotape 1997).
A picture of the pool is shown in Figure 5. The only dimensional-type of
dummy fuel element that was available for testing had an outside diameter of
2.385 inches and weighed 21 pounds. This is in contrast to the "real" outer
fuel element's outside diameter of 2.400 inches and weight of approximately
40 pounds. The difference in the outside diameter was accounted for by
ensuring the dummy fuel element was easier to remove from the FEBA than if a
"real" fuel element was used. This criteria was tested by pushing and pulling
the dummy fuel element in and out of the FEBA.
The acceptance criteria for this functional test were: (1) the FEBA had
to stay on the pool's floor with no rotation while the dummy fuel element was
being inserted and removed from it and (2) the resistance between the brushes
and the dummy fuel element had to be the maximum that will still allow the
dummy fuel element to be removed easily by one person.
The test was successful in identifying some problems with the FEBA. The
first problem was the FEBA slid around on the pool's floor. Additionally, the
FEBA was periodically pulled approximately 6 inches off the floor. The third
problem was it took two technicians to pull the dummy fuel element out of the
FEBA. The operator should feel some resistance while removing the fuel
element but should not struggle while removing it from the FEBA.
The main causes for these problems were: (1) lack of friction between
the bottom plate and the floor of the pool; (2) lack of weight of the FEBA;
and (3) too much friction between the stainless steel brushes and the dummy
fuel element. These problems were thought to be more severe because a "real"
fuel element would be even more difficult to remove. The solution to these
problems included a combination of the methods described below: (1) add more
weight to the FEBA; (2) increase the friction between the floor and the FEBA
by using a different material with a higher friction coefficient and/or
increase the surface area between the FEBAs base plate and the floor; and
(3) decrease the amount of friction between the fuel element and the FEBAs
brushes without compromising the ability of the FEBA to clean fuel elements.
The first modification to the FEBA was to weld on two L-shaped stainless
steel strips (1/2 inch high x 1/2 inch wide x 17 inches long) onto the bottom
of the FEBAs plate. These new legs gave a greater friction force between the
FEBA and the floor of the basin because: (1) the entire weight of the FEBA
was supported by the rough edges of the stainless steel strips and (2) these
rough edges would catch the rough uneven surface of the floor, increasing the
amount of force it would take to rotate the FEBA. Also, this modification
provided the added benefit of creating a space for water and sludge to escape
through the bottom of the FEBA. Most of the sludge will be exiting through
the open spaces of the brushes at the top of the FEBA. However, it still
seemed necessary to have an exit at the bottom of the FEBA for any settling
sludge.
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Figure 5. Picture of the 305 Building Engineering Testing
Laboratory's Cold Test Facility where the Functional
Test of the Fuel Element Brush Assembly Occurred.
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The next modification was to reduce the frictional force between the
brushes and the dummy fuel element. The goal was to reduce the length of the
wire brushes by 1/16 inch. This was accomplished by using three Merit 80 Grit
flapper wheels with diameters of 2.11 inches. After the grinding of the wire
brushes, the dummy fuel element still seemed hard to remove from the FEBA;
therefore, the following actions were taken: (1) a 3-inch-outside-diameter
pipe was used to mash down the wire brushes and (2) an 1/8 inch was melted off
the brushes in the lower 8 inches of the FEBA. The melted ends of the brush
formed into ball-like end points. The usefulness of the ball-like end point
bristles are not known compared to the wire bristles that were not melted.
After all the modifications, the final diameter of the space created
between the top portion of the FEBAs brushes was 2-1/8 inches compared to the
original space of 2 inches (a total of 1/16 inch was taken off from the
original brushes with an additional 1/8 inch taken off of the lower 8 inches
of the brushes). The functional test was repeated on the modified FEBA and
the results were: (1) it was much easier to pull out the dummy fuel element
from the FEBA; (2) the FEBA never left the pool's floor; and (3) the FEBA did
not slide on the pool's floor. These results indicated that the frictional
force increased between the FEBAs bottom plate and the pool's floor, while the
frictional force decreased between the fuel element and wire brushes. The
FEBA, shown in Figure 6, was shipped to the KW Basin for use in the sludge
adhesiveness testing.

13
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Figure 6. K West Fuel Element Brush Assembly After Fabrication was
Completed at the 305 Building Engineering Testing Laboratory.
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5.0 FIELD USE AND MODIFICATIONS
At the KW Basin, it was discovered that the FEBA could not be placed on
the floor of the transfer channel (between the decapping station and the
canister storage racks) because there were objects in the way not accounted
for on the transfer channel drawings. This was contrary to the information
that was given previously. This error may have occurred because there was no
walk down performed in the transfer channel or there was a misunderstanding as
to the physical requirements of the FEBA. An elevator was located in the area
the FEBA was to occupy, preventing it from being placed there. The only
logical solution was to modify the FEBA to fit inside a canister storage rack
located further West in the transfer channel.
5.1 MODIFYING THE FUEL ELEMENT BRUSH ASSEMBLY
Dimensions of the canister storage racks were taken from the
Drawing H-l-44923, Rev. 0, (part of the drawing is shown in Figure 7 ) .
Using these measurements, the FEBA was redesigned from a floor model to
one that fits inside a canister storage rack while retaining the FEBAs
weight. A preliminary sketch of the redesigned FEBA is shown in Figure 8.
The steps needed to modify the FEBA for this redesign were: (1) remove
5 inches of stainless steel plate on two sides (along with the two L-shaped
strips); (2) cut each corner at a 45-degree angle, removing four triangularshaped pieces; (3) weld the four triangles to the bottom part of the plate;
and (4) weld the two stainless steel plate sides onto the cylinder of the
FEBA.
The
campaign
that had
received
would be

SNFCP group needed the FEBA as soon as possible. The fuel sampling
had already started and the SNFCP group was decapping canisters
candidate fuel elements for brushing. The quicker the SNFCP group
and installed the modified FEBA in the KW Basin, the more time there
to test fuel elements;

After the job was started, it was known that the planned modifications
to the FEBA would be completed in 3 business days. The critical path of the
FEBA project compared to the fuel sampling campaign was examined and it was
determined that the FEBA needed to be completed within the next business day.
It was determined the FEBAs completion schedule was not feasible and needed
to be accelerated. The modifications were re-engineered to decrease the
amount of time the FEBA was inoperable.
The reasons for the extended schedule were examined to see if the project
could be finished in a more efficient manner. One difficulty was the bottom
plate was being cut by a band saw which was taking a long time (the cutting of
the FEBAs base plate ultimately took 12 hours). Since there was not a faster
method of cutting the bottom plate in the 100-K Area, this task was continued.
Another difficulty was scheduling a welder. The earliest a welder could be
available was in three business days. This set back could have significantly
extended the restructuring schedule of the FEBA unless an alternative method
was used to attach the pieces to the FEBA.

15
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Figure 7. Part of the Drawing (H-l-44923, Rev. 0)
of the Canister Storage Racks. (All units are
in inches unless otherwise specified.)
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Figure 8. Modifications to the Fuel Element Brush Assembly.
(All units are in inches unless otherwise specified.)
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A solution to completing the FEBA within the next business day was
proposed. An alternative to welding the cut parts would be to mechanically
attach them by screws. This could be accomplished by millwrights in the
100-K Area. This solution would get the FEBA assembled and in the water for
use in the time required. Another idea that would save time was to attach
only two of the triangle pieces. Using only two of the triangular pieces for
the base of the FEBA would adequately keep it stable.
After all of the cuts were completed to the FEBAs base plate, the two
triangular pieces were attached by four 2-inch long stainless steel screws.
The shanks of the screws were then grounded down until they were smooth with
the top surface of the bottom plate. This removed a potential safety hazard.
During this time of modification to the FEBA, two blocks were designed to
replace the lost weight of the two plate sides (approximately 57 pounds)
because these plates could not be readily attached by mechanical means. After
some discussion with an engineer and the technicians at the 305 Building ETL,
it was determined to attach the two stainless steel blocks to the top of the
FEBAs bottom plate using screws. The dimensions of the blocks were determined
by reviewing the modified drawings (see Figure 8) for any open spaces on the
FEBAs top plate to place the stainless steel blocks. Upon completed
fabrication of the two stainless steel blocks, they were delivered to the
100-K Area for attachment.
During this time, a welder became available; therefore, the FEBA was
taken to the 200 Area to have the stainless steel blocks welded on instead of
mechanically attached. Welding was a less time consuming and more reliable
method of attaching the stainless steel blocks onto the top of the FEBAs base
plate. After the blocks were welded on, the FEBAs modifications were
completed.
The FEBA was inspected; it was a little more unstable than it was before
as its base supports had been reduced. The redesign and modifications were
determined acceptable. A sketch and pictures of the final as-modified FEBA
are shown in Figures 9 and 10. This sketch is accurate enough to be used for
the next time a FEBA needs to be fabricated for the KW Basin.
5.2 FIELD USE
The FEBA was placed in the center of one of the transfer channel's
canister storage racks that had no obstructions. The storage rack itself
surrounded most of the FEBA except for the top 2 inches and had about 1 inch
of clearance on each side. One advantage of placing the FEBA inside the
canister storage rack was the rack kept it from falling over or moving around.
The FEBA seemed stable with no swaying inside the rack.
The first element was selected to be brushed and brought to the FEBA by
an operator. The operator inserted the fuel element about 6 inches into the
FEBA. There was no motion from the FEBA that was detected. The fuel element
was then inserted another 3 inches with no motion from the FEBA. The fuel
element was then removed and the FEBA swayed slightly forward. The fuel
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Figure 9. Sketch of the Final Fuel Element Brush Assembly
Used in 105-K West Basin. (All units are in inches
unless otherwise specified.)
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Figure 10. The Final Fuel Element Brush Assembly Used in 105-K West.
The four pictures show the front, top, bottom, and side
views of the Fuel Element Brush Assembly.

Front View

Top View

Bottom View

Side View
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element was placed into the FEBA and removed 13 more times. Each time the
fuel element was removed from the FEBA, the FEBA slightly swayed forward.
This demonstrated that the FEBAs bottom plate had the proper weight
distribution to accomplish the sludge adherence testing. This was an
important piece of information to know if there would be another FEBA built.
The rest of the FEBAs use is summarized here. The inclined ring worked
very well when inserting the fuel element into the FEBA. It increased the
cross sectional area, creating a bigger target to place the fuel element in
the FEBA. The FEBA rocked back and forth in an apparent 20-degree arcing
motion but never left the floor when the fuel elements were removed. The
strokes of the fuel element were smooth with no jerking motion. This
indicated that the fuel elements were not hard to remove from the FEBA, a
fact confirmed by the operators. The FEBA seemed to do a very good job of
removing the sludge coatings from the outside of the outer fuel elements
(Maassen 1997). Only once was the FEBA pushed forward about 1 inch when a
fuel element was removed from the FEBA. There was a minor loss of bristles
from the brushes. Three bristles were identified as being removed from the
FEBA; this constituted an insignificant number of bristles lost when compared
to the total amount of bristles in the brushes.
The operators involved in the field use indicated that the FEBA was easy
to use. Fuel elements were easily, inserted and removed. The swaying of the
FEBA did not affect the operators performance when inserting or removing the
fuel elements. The operators did not recommend any changes to the FEBA.
Overal1, the FEBA worked very wel1.
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6.0 CONCLUSION
The project had some set backs from the beginning that led it to an
extended schedule. The two major problems encountered during the project that
were overcome were: (1) the lack of sketches from the first FEBA; and (2) the
lack of clear communication between the individuals working on the project.
The second problem was directly attributed to the need for a field
modification of the FEBA, leading to a very aggressive schedule.
Even with these problems, the FEBA was a success in doing its job to test
the adhesiveness of sludge coatings on the KW Basin outer fuel elements.
While the FEBA was 2 days behind schedule, it did not affect the critical path
of the overall testing in the KW Basin. The FEBA was built, successfully
modified, and used without problems during the testing of the sludge coatings
adhesiveness on fuel elements in the KW Basin. The only suggestions for
building another FEBA would be: (1) to fit it more accurately inside the
storage rack and (2) communication must be more clear and concise between the
groups performing the work.
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