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ABSTRACT

Robotic systems and equipment to facilitate removal of the contents of the Oak Ridge National Laboratory
(ORNL) Gunite Waste Tanks as well as the tanks themselves are one of several options being considered
for this site. The technology described consists of proven remote systems and equipment or remote
adaptations of proven industrial concepts.

The proposed robotic system would be housed in a portable containment structure, fabricated from steel
plate, and reinforced with structural shapes. The structure would be cylindrical and have a domed head.
The containment structure would be sized to cover one tank. The tanks are in two sizes: 60 ft and 35
ft diameters. The structures would be supported on driven steel piles and would have an earthen berm
around the base to enhance the effectiveness of the containment.

Internal to the containment structure, a polar crane bridge equipped with a pair of trolley-mounted
telescoping masts would be utilized to support and manipulate the systems, tools, etc., which would
perform the individual tasks. The bridge and mast control system and the manipulator control system
would provide both teleoperated and robotic modes to support either manual or pre-programmed
operations. Equipment mounted at the end of the mast would include servomanipulators, water jet cutter,
or a clam shell bucket. The mast would feature an interface plate allowing remote changeout of most
mounted equipment. The operating system would be required to have the capability to decontaminate the
dome and its equipment to the degree necessary to allow it to be relocated. Viewing would be provided
by commercial closed-circuit TV (CCTV).

It is believed that the systems described herein represent a feasible approach to removing the contents
from the ORNL gunite tanks and implementing remediation of the site. It is anticipated that additional
sampling and site characterization will result in some modifications to the proposed approach. There are
no identified equipment items or systems which would require significant development effort to deploy.
It is believed that the equipment can be designed, procured, modified as needed, tested in a cold mock-
up, and subsequently installed and operated within the containment structure. Cold mock-up testing is
crucial to the success of the project.

BACKGROUND

In 1943, the Clinton Laboratories were built at Oak Ridge, Tennessee, to serve as a pilot facility for
productions at Hanford. The work included the construction of six underground concrete (Gunite) tanks
(designated W-5 through W-10) for storing any waste that might be generated at the laboratories.
Construction was started in April 1943, and the tanks were in operational use in November 1943. Some
time later, two additional smaller underground Gunite tanks (designated W-3 and W-4) were installed.
Subsequently, the name of the laboratory became Oak Ridge National Laboratory (ORNL), and the waste
storage tanks became an integral part of the ORNL waste system. These initial six tanks became part of
what is historically called the South Tank Farm, and the latter two tanks became part of what has been
historically called the North Tank Farm.



The waste handled by these particular tanks had been routinely treated with caustic to achieve a pH of
10 or greater. Substances that are insoluble in alkaline solutions precipitate and settle in the waste storage
tanks. By 1980, when the ORNL waste system was revised and these Gunite tanks were taken out of
active service, about 1.5 million liters (400,000 gal) of sludge containing between 0.5 and 1 million
curies had accumulated in the tanks. Following clean-up operations in the early 1980s, the amount of
sludge remaining in these tanks was estimated at about 57.UOO gal, about 80% of which resides in tanks
W-6 and W-10.

This report describes a concept for removing both the remaining tank contents and the tanks themselves,
including the two smaller Gunite tanks (W-3 and W-4) in the North Tank Farm, using currently available
robotic technology.

Robotic Clean-up System Concept

This study was undertaken to develop a concept for cleaning the gunite tanks at ORNL. The goal of the
study was to develop a concept capable of meeting the requirements outlined below. The proposed system
must be capable of removing solid and liquid radioactive materials from the north and south tank farms.
The system must be capable of decontaminating, if practical, or otherwise provide the capability of
cutting the tanks into pieces small enough for removal and storage as waste. The tanks must have
containment during the entire decontamination and decommissioning activity. Finally, personnel radiation
exposure must be minimized during the entire operation. To minimize personnel exposure and maintain
containment, it was decided that the system would be designed for remote operation.

The basis for the proposed system would be a portable containment structure, fabricated from steel plate
and reinforced with structural shapes. Two sizes of containment structures (one for each tank farm)
would be required because of the size difference in the tanks. The structures would be cylindrical and
have a domed head. The containment structures would be sized to cover one tank. The containment
dome would be designed to be moved from one location to another using mobile cranes.1 The structures
would be supported on driven steel piles and would have an earthen berm around the base to enhance the
effectiveness of the containment.

Internal to the containment structure, a polar-crane bridge equipped with a pair of trolley-mounted
telescoping masts, would be utilized to support and manipulate the systems, tools, etc., which would
perform the individual tasks. The masts would be equipped with a quick-change system for attaching
tools, or end effectors. These systems would be powered by electromechanical means for moderate power
requirements and water-based hydraulics for high-power applications. The bridge and mast control
system and the manipulator control system would provide both teleoperated and robotic modes to support
either manual or preprogrammed operations. The operator interface would be designed in accordance
with human factors-based experience gained in past manipulator systems to provide the most efficient
operation possible. The control system will also provide monitoring and data logging capabilities
appropriate for an environmental remediation project. The operating system would be required to have
the capability to decontaminate the portable dome and its equipment to the degree necessary to allow it
to be relocated. Viewing would be provided by commercial CCTV. The containment dome and its
internal systems are illustrated in Figs. 1 and 2.
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The types of equipment and systems required are:

1. A high-pressure water-jet system to cut up and decontaminate the concrete (Gunite) tank roof and
to break up the solidified, crystalline residue in the bottom of the tanks (if this is required).

2. Hoisting capability and fixtures to handle the concrete pieces and containers of solid waste.

3. Articulated arm(s) to perform unexpected or off-normal operations.

4. A small clam-shell bucket to remove solid tank residue (sludge) and small concrete pieces.

5. A tip-bucket transfer container to move the sections of concrete tank roof as they are cut.

6. A wet/dry vacuum system to remove the last of the residue in the bottom of the tank.

7. A solid-waste processing and transfer system to receive sludge and small pieces of concrete and
transfer the waste outside the containment. This system would consist of a transfer hopper, a
grinder, a screw feeder, and a shielded transfer hopper. The shielded transfer hopper will
interface with a storage/packaging facility which must be built; however, it was outside the scope
of this study. This system is shown in Fig. 3.

The containment structure would in addition require the following features:

1. A large air-lock or bag-out port in the domed top for removal of the trolleys, telescoping tubes,
cutting and sluicing tools, and other large equipment for major maintenance.

2. Gloved penetrations and windows for minor maintenance to the systems, tools, and crane bridge.

3. A large port, in the side of the containment, for transferring solids (concrete pieces and soil)
packaged in drums outside the containment for shipment to the storage/packaging facility.

There are several systems which would interface with the containment structure and the operating
equipment within. The interfacing systems are identified as follows:

1. Overall control system and operating area.

2. Water treatment systems for the high-pressure water cutting, decontamination, and sluicing
systems. A schematic of the water treatment system is shown in Fig. 4.

3. Off-gas equipment necessary to connect the containment volumes with one of the existing stacks
on-site. A schematic of the off-gas system is shown in Fig. 5.



Figure 3
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System Set-up and Operation

The installation procedure described below is applicable to any setup after the first. The initial installation
would present fewer complications because the equipment would not be contaminated at that time. After
the decommissioning of a tank is completed, the equipment inside the containment would be
decontaminated to where it could be encased in plastic bags and handled by contact means. Initial
decontamination would be performed remotely using the through-the-wall manipulators, bridge-mounted
servomanipulator. or by tools inserted through the roof access ports. All the equipment internal to the
containment dome, except the bridge, would be bagged out and stored. The dome and bridge would be
cleaned or the transferable activity fixed by paint or other coatings. The bridge would be secured to the
rails and would subsequently be moved with the dome.

The support piles would be driven at the next tank's location. The earthen cover over the tank would
be removed to the extent allowed by personnel exposure considerations. The containment dome would
then be moved to the new location by a mobile crane and placed on its foundation. It would be secured
to the foundation by contact means and the bridge released from the rails. The master slave manipulators
would be installed first to facilitate debagging the remaining equipment. This would be followed by
introducing the telescoping masts into the dome, placing them on the bridge, and connecting the power.
One mast would be fitted with the excavator bucket and the other with the ultra-high-pressure water jet.
The remaining end effectors would be introduced into the dome and placed on the storage racks.

After connections are made and equipment preoperational checkout is completed, the system would be
operational. At this point the remaining soil over the Gunite tank would be removed using an excavation
bucket attached to the trolley mast. The soil would then be transferred out of containment.

The root of the tank is now removed using the high-pressure water cutting system. The cutting head for
this system is mounted on a telescoping tube and positioned so that it can be moved along the surfaces
to be cut. The roof will be cut into small peices to allow easy transfer out of the containment. Because
of the low cutting speed and short cuts to be made, the cutter will be mounted on a 3 degree of
freedom (D.F.) mount. The mount will provide the vertical and horizontal travel required for a single
cut. The mount will also feature a pitch adjustment to allow alignment of the cutter with the surface to
be cut. Azimuth rotation of the entire mount will be provided by the telescoping tube. The cutter and
mount are sketched in Fig. 6. The head will have automatic controls which allow entry of the desired
cut profile into the control system. The cut will then be performed automatically with only operator
oversight required.

The excavation bucket then will be used to remove the sludge content of the tank. The bucket will be
attached to the bottom of a trolley-mounted telescoping tube . The bucket will remove all but a small
layer of sludge. The bucket will empty into a hopper leading to a grinder and then to a screw feeder
which feeds a transfer container outside the domed containment, but within its own containment
boundary. This container is the primary interface with a siorage/packaging facility. The remaining
sludge will be removed using a self-contained, portable wet/dry vacuum. This vacuum will also be used
to collect miscellaneous fine material and small quantities of liquids which are not readily removed.

Finally following removal of the remaining sludge, the concrete surfaces of the tank will be cleaned to
the extent possible using water-jet cleaning. Initial decontamination of the tank surfaces will be
performed by programming the telescoping tube, trolley, and crane to sweep a water jet automatically
over the entire tank surface. If required, after the concrete has been cleaned, it will be cut into small
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pieces (walls and floor), placed in the evacuation bucket, transferred to the double-lid transfer drum port,
and transferred out of containment to the storage/packaging facility.

All equipment will be decontaminated to a level that it can be removed in piastic bags. All of the
equipment internal to the containment dome, except the bridge, wili be bagged out and stored. The
containment and bridge will be cleaned, or the transferable activity fixed by paint or other coating, and
then moved to the next tank site. Following removal of the containment, the tank site will be backfilled
with clean dirt. ,

The types of major wastes coming from this work will include the following:'

1. Sludge in a shielded transfer hopper, which interfaces with a storage/packaging facility.

2. Concrete pieces in stainless steel drums.

3. Excavated soil either in plastic bags or stainless steel drums (depending on its TRU/RCRA
content).

4. Liquid/solid waste from decontamination of equipment, tools, and containment interior.

5. At the end of the job, equipment, tools, and containment, which must be either decontaminated
to acceptable levels or disposed of as waste.

6. Sludge and ion-exchange resins from water treatment processing. <

MAINTENANCE

The system would be designed to facilitate maintenance by a combination of remote and contact means.
The equipment would be designed to be removed and replaced as entire systems or, in the case of the
more complex systems, as major subsystems. Failed equipment would be decontaminated to the degree
necessary for removal from containment. Repair, if applicable, would be affected by contact means or
in a hot-repair area. The equipment and facilities included within the dome which can be used for
maintenance and decontamination are as follows:

1. master/slave manipulators,
2. glove ports,
3. servomanipulator arms,
4 high-pressure water system,
5. CCTV system, and
6. tool ports in the top of the dome.

The telescoping mast trolleys, the masts, and the polar bridge would be equipped with redundant drives
to enable this equipment to be moved into positions where the appropriate maintenance tool can be
employed in the event of failure. In a worst-case scenario in which a multiple failure precluded a design-
basis recovery, it would be possible to suspend a servomanipulator from a mobile crane and work through
the bag-out port to affect recovery. Also, significant preventive maintenance could be performed between
campaigns.
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EQUIPMENT

The requirements and features of certain key equipment items are briefly discussed below.

Polar Bridge Crane. Trolleys, and Telescoping Tubes: Clean-up of the Gunite waste tanks would be
performed by equipment mounted on telescoping tubes. The telescoping rubes would be trolley-mounted
on an overhead crane system. The overhead bridge crane would be fitted with two trolleys. Due to the
containment configuration, a polar bridge crane would be used for mounting the telescoping tube and
trolleys. The crane/trolley/tube system is an important component of the Gunite tank decommissioning
system because it provides a stable platform for the cleanup equipment. The cranes would be located on
bridge rails at the top of the containment structure.

The polar bridge crane would feature dual redundant drives to allow positioning of the crane in the event
of failure of one drive system. The redundant drives would incorporate controls independent of each
other. The drive system would incorporate feedback and control mechanisms appropriate for robotic
operation of the bridge. Robotic operation would be required for initial decontamination.

The equipment to be mounted on the telescoping tube ends includes the following: manipulator arm ,
high-pressure water-jet cutting and cleaning equipment , an excavation bucket, and in-dome solids-
handling equipment. The end of the telescoping tube will be fitted with an interface package to allow
remote tool change.

Manipulators: There would be wall mounted master slave manipulators and a servomanipulator mounted
on the end of a telescoping tube. Master-Slave (M-S) manipulators would provide the means to
remotely repair, adjust, or modify in-containment equipment. The function of the telescoping, tube-
mounted, servomanipulator arm is to assist with the tank clean-up. It is not intended as a primary
maintenance tool, although it would be available for maintenance if needed. Primary tasks performed
by the articulated arm would include tank surface decontamination, sludge and debris removal using a
vacuum cleaner attachment, and sampling operations.

Solid Waste Transfer Equipment: Three paths are piovided to remove solid wastes. The primary route
for transferring sol id-waste tank contents is via the processing and transfer equipment illustrated in Fig. 3.
Solids would be picked up from the tank by the excavation bucket and deposited into the grinder hopper.
The grinder reduces the size of crystals, small concrete tank fragments, etc., to a size amenable to
transfer by a screw conveyor. The conveyor would transfer the waste into a shielded transfer hopper
(outside containment), which is transported to the processing and packaging facility. The shielded hopper
would be moved into position for filling by the cart/lift table. The cart would be equipped with load cells
to measure its content level.

The second path is »iarge, 48-in. diam opening that would provide the path for the removal of materials
suitable for bagout. The third would be a double-lid system to provide a metal container for the
containment of TRU-waste-bearing materials.

CONCLUSIONS AND TECHNICAL UNCERTAINTIES

It is believed that the systems described represent a feasible approach to removing the contents from the
ORNL Gunite tanks and remediation of the site. It is anticipated that additional sampling and site
characterization will result in some modifications to the approach. The proposed approach, however, is
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inherently flexible. For example, water jet cutting has been assumed to be the cutting technique of
choice; however, abrasive saw or plasma torch cutting could be used just as easily. It has also been
assumed that the excavation bucket would be adequate to remove the sludge from bottom of the tank. If,
however, the sludge has become hard packed and needs to be broken up, the option of attaching tools
to the trolley mast to break up the sludge exists.

The proposed systems and equipment are either commercially available or are remotized adaptations of
proven technology. No equipment items or systems which would require significant development effort
to deploy were identified. Expertise in robotics, remote systems, and radioactive material handling would
be necessary to successfully design and implement the proposed system. Cold mock-up testing will be
crucial to the success of the project.

Several major technical uncertainties were identified during the study. Due to the inherent technical
difficulties associated with sampling, there are uncertainties about the contents of individual tanks and the
degree that contamination has leached into the surrounding soil. It is not known to what extent
contamination has migrated into the concrete tank walls and whether the emptied tanks can be cleaned
sufficiently to allow tiie effort to remove the concrete to be accomplished out of containment by semi-
remote or contact means. The system, however, is flexible enough to allow fully remote removal of the
concrete tanks, should the need arise.

Water jet cutting and decontamination has been proposed. Water jetting was selected because it was
believed to be the lowest maintenance cutting alternative, based on discussions with vendors of water
jetting equipment. Should water jet cutting not be sufficient to the task of cutting the concrete walls of
the tanks, the proposed approach is flexible in allowing other cutting means to be used.

Because this was a pre-conceptual study, the regulations and laws governing the project were not fully
identified. Even if they had been, it is very likely that by fhe time the project was implemented there
would have been significant changes in regulatory requirements. Similarly, the environmental, safety,
and health issues were not explored in any depth and would probably have changed significantly by the
time the project is implemented. For the same reasons, the requirements for supplementary shielding
required at the face of the dome for operator protection have not also been evaluated. Environmental
conditions within the containment structure will be harsh. The combined effects of moisture and
particulates on mechanical and electronic components is a primary concern. This will need to be
addressed at the earliest stages of design.

There is some technical uncertainty about the portability of the containment structure. Moving such a
structure has not been demonstrated; however, an operation similar to moving the containment structure
has been performed recently. A 100-ft-diam, 86,000-lb sewage tank digester lid was lifted from its
fabrication point and placed on top of a 25-ft high tank.1 The containment structure for the south tank
farm is estimated to weigh 170,000 lb, which is heavier than the lift in Ref. 1; the containment structure,
however, is smaller in diameter than the sewage tank digester lid, which would make lifting the
containment structure easier. Also, the containment structure has only to be lifted high enough to be
moved a short distance during each move.
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