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Introduction

The Solid Waste Managemen;c Division at the Savannah River Site (SRS) has responsibility for
thousands of 55-gallon drums of mixed Transuranic (TRU) waste. The majority of the TRU waste is the
result of routine maintenance activities performed in plutonium processing operations. Typical waste
includes wipes, tape, cardboard, paper towels, gloves, bags, plastic suits, and tools. This waste is being
stored at SRS while awaiting certification and transfer to the Waste Isolation Pilot Plant (WIPP) located
near Carlsbad, NM. The drums must meet the WIPP waste acceptance criteria (WAC) before they can be
transferred to WIPP. Unfortunately, some of this waste is commingled with unacceptable items such as
resins and aerosol cans. |

The Savannah River Technology Center (SRTC), the Idaho National Engineering and Environmental
Laboratory (INEEL), the Pacific Northwest National Laboratory (PNNL), the Office of Science and
Technology’s Mixed Waste Focus Area, and the Savannah River Site’s Solid Waste Management Division
are working to develop a system to repackage drummed, mixed waste. The system is known as the
Handling and Segregation System for 55-gallon drums (HANDSS-55). HANDSS-55 is designed to be a
semi-remotely operated, modular, waste conditioning system that would open 55-gallon drums, sort and
segregate the contents, repackage the acceptable waste, and process the non-compliant waste. It will be
contained in a glovebox. HANDSS-55 is composed of a mumber of modules that perform discrete
functions. The modules include (1) a drum and liner opener, (2} a visual inspection and sorting table, (3) a
TRU-waste repackaging station, (4) a process waste reduction station, and (5) components for integrating
the modules. The function of the drum/liner opener module is to open a 55-gallen drum and its internal
liner to allow access to the drum’s contents. The visual inspection and sorting table module will allow
segregation of the drum’s contents so that all non-compliant items are removed from the waste stream. The

TRU-Waste Repackaging Module (TWRM) repackages the acceptable waste and removes it from the
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glovebox. The process waste reduction medule will provide size-reduction of the original waste container
so that it will fit into the repackaging container. Finally, the components for module integration perform a
variety of functions including manipulation of the incoming 55-gallon waste drum, exfricating waste stuck
in the drum, and moving waste between modules. This paper addresses the work that SRTC is performing

in the design, fabrication, assembly, and testing of the TWRM.

‘Work Description

The function of the TWRM module is to enable the removal of radioactive waste from the HANDSS-
55 glovebox. The waste will be loaded directly into a high-density polyethylene, welde.d, leak-tight storage
container free of external contamination. The process utilizes a welding and cutting operation to fuse and
then separate the storage container from the glovebox while maintaining both glovebox and storage
container integrity.

Engineers investigated the feasibility of adapting "split plug" bagless transfer technology in the
development of the TWRM. The split plug bagless transfer system has been used at SRTC with metal cans
and modified commercial welding and cutting tools for the processing of special nuclear materials.

In the split plug bagless transfer process shown in Figure 1, a waste-receiving container made of metal or a
polymer is inserted through a sphincter seal into the glovebox. A hollow plug is carried into the glovebox
by the container, removed from the container prior to placement of the compliant waste into the waste-
receiving container and then reinserted into the waste-filled container. Welding/bonding and cutting
operations are then performed outside the glovebox. The outer wall of the plug is welded (if metal) or
bonded (if polymer) to the inner wall of the container. It should be noted that this bond must be hermetic to
fully encapsulate any contamination that may have gotten on the inner wall of the container or outer wall of
the plug. The container/plug seal is then cut horizontally around the periphery of the container at the center
of the plug. The top half of the cut maintains the glovebox seal while the bottom half of the cut becomes
the lid for the waste-receiving container. Since the seal between the container and plug walls is hermetic,
any contamination in the cut plane is encapsulated and non-transferable. Finally, a new receiving container
and hollow plug is inserted through the sphincter seal, pushing the upper porticn of the previous container,

which now becomes waste, into the glovebox, and the process is fepeated.
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Figure 1 - “Split Plug” bagless transfer process
Discussion

The 3 main challenges in adapting the split plug bagless transfer system to the TWRM were:
+  Waste container material composition, size, and shape. |
s  Sealing of the joint between the container wall and the hollow plug.
»  Preventing migration of radionuclides outside the glovebox confinement.
Since high-density polyethylene (HDPE) drum liners have been used in the solid waste disposal process for
years at SRS, HDPE was the obvious candidate of choice for ﬁe wasté or repackaging container and plug.
The size of the container was dictated by the fact that it had to fit into a standard 55-gallon steel drum for
transportation purposes. The container is translucent and the plug is black in color as shown in Figure 2.
The color selection was based on the bonding process for the container and plug. The mating walls of the
container and plug were tapered at 10 degrees so that downward pressure on the plug would ensure good
wall contact, also necessary in the bonding process. The plug has a knob bonded to it to permit remote

handling when the plug is in the glovebox. The plug and container were produced in a rotational molding
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process. The container is made of a natural colored, conventional HDPE. The plug is also made of

conventional HDPE with 1.5 — 2.0% carbon black added.

a) Black HDPE hollow plug b) Natural colored HDPE container with plug

Figure 2 — HDPE container and hollow plug

The second important element in split plug bagless transfer is the bond between the container and
plug. This bond must be a hermetic seal over a wide enough band so that the container/plug combination
can be cut through.the bond. In addition, the bond must be made from the exterior of the container. A
number of polymer bonding techniques including adhesives, RF or dielectric welding, induction welding,
and spin welding were investigated. Most of these were found to be either ineffective or inapplicable to the
process. Research led to a welding technique known as infrared or IR welding as illustrated in Figure 3.
IR welding utilizes focused infrared radiation to bond translucent polymers to colored (preferably black)
polymers. This explains why the container is one color and the hollow plug is another. The IR energy is
passed through the translucent material and collected by the colored material. The energy is then passed
back to the translucent material by conduction, causing both materials to melt and upon cooling, form a
very strong bond. IR welding of polymers is fast, relatively inexpensive, and readily adaptable to

containers of various sizes and shapes.
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Figure 3 — Infrared bonding process

For experimental purposes, a test welder was fabricated using four parabolic reflector infrared heat
lamps. The lamps were configured on an adjustable radius slightly larger than that of the container so the
distance from the lamps to the container could be varied. Criteria for an acceptable weld were as follows:

1. The weld area had to be at least 1" wide.

2. The bond had to be hermetic. There can be no voids or air pockets in the welded area.

3. The bond had to be strong e_nough to maintain the integrity of the sealed container as it is
moved from the repackaging module to the 55-gallon steel drum shipping container.

Past experience indicated that initial verification of criteria 1 and 2 above could be done visually. When a .
weld is made, the translucent material darkens as the black material begins to bond to it. Voids in the weld
area will remain translucent and are readily visible. Numerous test welds were made, with variations in
distance between the welder and container wall, voltage, lamp power (wattage), and weld time. The best
results were obtained using 120 volt, 300-watt [amps at a distance of 5 centimeters. The infrared welder
was oscillated to achieve a uniform welded area. Aﬁ example of a test weld using the prototype welder is
shown in Figure 4. Based on this work, a 43-lamp welder array was designed, fabricated and installed in
the TWRM mockup as shown in Figure 5. The welder consists of 2 semi-circular halves mounted on air
slides that come together around the HDPE waste container as it is positioned by the lift table. Once the

weld is made, it is visually inspected. The container is then cut through at the center of the weld by a
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circular cutting device that separates the waste containing part of the container from the remnant that is

maintaining the glovebox seal. The container is removed and placed in a 55-gallen drum. Another waste

container and hollow plug are loaded on the lift table and the process continues.

a) Waste container being welded b) Waste container in cutting position with IR welder retracted

Figure 5 — Full-scale infrared welder
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The third important element of this repackaging system is the seal. A sphincter seal is needed to
prevent the release of radionuclides outside of the glovebox containing the HANDSS-55 system. Sphincter
seals have been used for many years in operating facilities at the Savannah River Site for certain
applications. Using a prototype seal, SRTC engineers demonstrated the viability of using a large-diameter,
multi-lip seal as the interface _between the TWRM and the 55-gallon HDPE containers into which waste is
to be transferred. The newest version of the seal has three EPDM rubber seal lips with an inside diameter
of 19-1/8”. It effectively seals arouhd a polyethylene container with an outside diameter of 22-1/8". The
final design will incorporate four EPDM rubber seal lips for improved sealing. The Sphincter Seal
Asserbly is compiled of two parts, the Seal Ring Assembly and the Seal Sleeve Assembly shown in
Figures 6 and 7 respectively. The Seal Ring Assembly consists of four EPDM seal lips separated by 17
neoprene rubber spacer rings, and pressed together between top and bottom aluminum cap rings. The cap
rings are pulled together with cap screws and set-length standoffs during initial assembly. The assembly
requires periodic replacement as needed, due to seal wear and contamination migration. Incidentally,
because of the size of the Seal Ring Assembly, the cap rings and spacer rings are designed to be

disassembled and disposed of through the TWRM load-out port, allowing 100% of the Seal Ring Assembly

to be discarded without special tooling or equipment.

GLOVEBOX FLOOR

Figure — 6 Seal Ring Assembly ' Figure — 7 Seal Sleeve Assembly

The Seal Sleeve Assembly is the housing assembly for the Seal Ring Assembly. The Seal Sleeve

Assembly is a series of flanges and gaskets that bolt together through the glovebox floor for securing a
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stainless steel section of pipe. The pipe provides thc_a sleeve, wall-sealing surface for the seal rings on the
Seal Ring Assembly. Additional top and bottom cap flanges position, capture and squeeze the Seal Ring
Assembly during final installation of the change-out process.

During the change-out process, a lift table located benealth the load-out port will be used for
locating and lifting the new seal as the old scal is pushed out of the Seal Sleeve and into the glovebox, This
process ensures that seal containment is not compromised. The Sphincter Seal Assembly will support the
“split plug” bagless transfer method of handling radiological waste while preventing migration of
radionuclides outside the glovebox confinement. Figure 8 shows a model of the final Sphincter Seal

Assembly.

Figure 8 — Sphincter seal for 55-gallon drum

Coﬁclusion

“Split plug” bagless transfer technology has been adapted to the repackaging of TRU-waste into 55-
gallon HDPE waste containers. The infrared welding of HDPE provides a hermetic seal that encapsulates
any contamination that may exist on the annulus of the container as a result of the waste loading process.
Infrared welding can be adapted to various shapes and sizes of HDPE containers. Maintaining a good seal
is a critical component of the TWRM system. Designing a seal for such a large diameter and pliable
container was a challenge. Currently, several other uses of this waste encapsulating technology are being

discussed.
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