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Abstract 

A key mission of the Los Alamos National Laboratory (LANL) is to reduce the global nuclear danger 
through stockpile stewardship efforts that ensure the safety and reliability of nuclear weapons. In 
support of this mission LANL perfonns dynamic experiments on special nuclear materials (SNM) within 
large steel containers. Once these experiments are complete these containers must be processed to 
recover residual SNM and to decontaminate the containers to below low level waste (LLW) disposal 
limits which are much less restrictive for disposal purposes than transuranic (TRU) waste limits. The 
purpose of this paper is to describe automation efforts being developed by LANL for improving the 
efficiency, increasing worker safety, and reducing worker exposure during the material cleanout and 
recovery activities performed on these containers. 

Introduction 

Currently these dynamic experiment containers are manually cleaned at a specialized glovebox 
workstation within a facility at LANL (Figure 1). The ergonomics of this current cleaning procedure are 
very hard on the operators. Rubble in the container interior is removed manually using modified hand 
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Figure 1 Container Cleanout Workstation 
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tools mounted on long poles to physically grab and pull the material out of the vessel. After removal of 
the rubble the interior wall of the container is brushed using a light weight brush motor attached to long 
poles and other crude manual tools which extend the operator's reach from the vessel opening port to the 
vessel walls. Uniformity of the surface treatment is intermittent and depends upon the strength and 
dexterity of the operator. During brushing dust builds up quickly within the container and the process 
must be stopped after a few minutes to let the particulates settle before the cleaning can continue. More 
innovative cleaning methods are being developed by other LANL programs to enhance the surface 
treatment. However, these devices also must be attached to handling poles and are limited by operator 
capabilities. Additionally, large pieces of metals and other materials removed from the containers are 
transferred to an attached glovebox and cleaned by hand using brushes and other manual tools. The 
efficiency of this process is also relatively low. Smaller materials such as wire, cable, and small loose 
pieces are removed from the containers and stored. Currently, there is no method for decontaminating 
and recovering radioactive particulates from these smaller materials. 

As a first step in automating the material recovery and decontamination of these containers the 
Automation and Robotics team within the Engineering Sciences and Applications (ESA) Division at 
LANL is developing a remotely controlled crawler system. This crawler is to be used as a platform to 
transport various existing and developing cleaning and decontamination systems around the interior 
surface of these test containers. A prototype unit currently under testing and development utilizes a 
commercially available crawler that has been adapted to fit this application. In addition, work is being 
initiated to develop and apply various innovative surface and part cleaning technologies to further 
improve material removal capabilities of the workstation. 

Definition of Subtasks 

During initial discussions with the team responsible for the decontamination of these containers it was 
determined that there are four subtasks which need to be adequately resolved in order to efficiently 
complete the material recovery and cleanup. First, the rubble left from the dynamic experiments must be 
removed from the container (subtask #1). Next, the inner surface of the container must be cleaned 
(subtask #2). Then the larger pieces of rubble that were removed from the container need to be cleaned 
(subtask #3). Finally, a method for cleaning the small scrap (wire, miscellaneous small items, etc.) must 
be developed (subtask #4). 

The major focus of the work on this task in the past year has been to develop a crawler system to 
traverse and clean the inner surface of the container (subtask #2). Completion of the crawler system and 
deployment at the LANL container cleanout facility is scheduled for the end of October 1999. In 
addition, preliminary work was done last year to determine feasible methods for cleaning the small scrap 
(subtask #4) and a system is being designed and built this year to perform that function. Only 
conceptual designs have been discussed so far for addressing the other two subtasks. Plans are to design 
automated systems for resolving those two subtasks in future years. 

Crawler Description 

A tele-operated crawler system has been assembled and is currently being mechanically tested on a cold 
mockup container identical to the actual containers to be decontaminated. The basic crawler was 
purchased from Visual Inspection Technologies, Inc. (VIT) and several modifications were added to 
accommodate our application. The basic crawler without any LANL developed attachments is shown in 
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Figure 2. The model DX-20 crawler was originally developed by VYT for use in remote inspection of 
pipe and tank interiors. The entire basic crawler unit is about 15" long, 12" wide and less than 5" high. 
It utilizes high flux rare earth magnets within each of its four wheels to secure the crawler to the vessel 
interior walls at all orientations. The wheels are approximately 2 inches in diameter and utilize a 
stainless steel clad with a serrated outer surface to encase the magnets. Each wheel utilizes a stainless 
steel scraper to remove debris picked up on its surface during operation. 

Figure 2 Prototype Crawler 

Each wheel on the crawler is independently suspended and they are assembled in a staggered 
arrangement such that contact with any protrusion on the inner surface still leaves three wheels firmly in 
contact with the container wall. A central hinge allows both halves of the crawler assembly to move 
independently allowing the wheel surfaces to remain tangent to any curved surface for maximum 
holding capability. The crawler structure is made from anodized aluminum that helps keep the crawler 
weight, without any LANL added features, to 18 pounds. The magnetic clamping force under ideal 
conditions is 240 pounds and the horizontal tractive pull force is rated to be 165 pounds. However, 
under actual use, due to the rough and uneven walls and the loose material on the surfaces, the actual 
force limits are probably half or less of the rated numbers. 

Two 24 volt 90 watt DC motors are used to drive the crawler wheels. The rated motor speed and torque 
values are 6700 rpm and 7.0 in-oz, respectively. Power is transferred to the wheel assemblies through 
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case hardened bevel gears and drive chains encased in aluminum guard covers. The crawler is operated 
through an attached umbilical card from a control console located external to the glovebox station using 
joystick control. Full forward, backward, and turning capabilities exist. 

Additional hardware has been added to the basic crawler in order to be able to perform the wall cleaning 
function. A special platform designed by LANL has been added to the crawler assembly to hold 
cleaning fixtures. The initial cleaning fixture that is being developed for deployment with the crawler in 
October 1999 consists of a right angle drive grinder motor with a 3" diameter wire brush that is fixed to 
the crawler platform. A vacuum hose is mounted over the grinder brush in such a manner as to capture 
the particulate removed during the brushing operation. The vacuum hose and electrical wiring connect 
from the crawler/brusher assembly through an umbilical line to a pivot point and electrical slip ring 
located on the end of a structural boom attached to the opening of the container as sketched in Figure 3. 
This allows the crawler to access every portion of the container interior wall without tangling the 
umbilical electrical wiring or the vacuum hose. 

Figure 3 Crawler/Brusher, Umbilical, and Structural Boom Arrangement 

The crawler platform contains a small color board television camera to provide the operator with the 
capability to easily observe and inspect local wall objects or abrasions directly in front of the crawler. A 
larger global camera system with pan and tilt capabilities is mounted just inside the opening to the 
dynamic experiment container at the base of the structural boom (Figure 3). The operator can use this 
camera to determine the overall location of the cart within the container and to observe a larger portion 
of the container interior at one time. 
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Mockup Test Station 

In order to be able to test various container-cleaning concepts a cold mockup test station, dimensionally 
identical to the actual LANL container cleanout was assembled at a nonradioactive facility at LANL. 
This mockup test station is shown in Figure 4. This assembly consists of an actual cold (non
radioactive) dynamic experiment test chamber that is mounted on an actual standard roller bearing 
support pallet identical to the one used in actual facility. We were unable to acquire the use of the 
expensive Airfloat pallets used in the actual facility to maneuver the test chambers into place so we built 
a mockup pallet to raise the test chamber to the proper height. A mockup wooden glovebox with 
identical dimensions to the work station glovebox in the actual facility was built to complete the test 
station. Initial hardware testing of the prototype crawler, the camera systems, the brusher system, and 
additional container cleanout concepts have been performed in this station during this year. 

Figure 4 Mockup Test Station 
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Advanced Cleaning System Development 

The crawler system scheduled to be delivered to actual LANL facility at the end of this fiscal year 
contains the brusher apparatus describe above as the primary.method for cleaning the vessel interior. 
However, preliminary studies of other cleaning systems are also being pursued as part of this effort. 
Work is progressing to potentially adapt an existing LANL technology, utilizing an electrolytic 
decontamination process, to a cleaning head that can be fitted to this remote crawler platform. This 
process utilizes a small rectangular probe attached to the crawler that can be forced against the wall of 
the vessel to provide a temporary seal. The container vessel is electrically connected to the positive 
terminal and probe itself connected to the negative terminal of a low-voltage direct-current power 
supply. An electrolyte fluid is pumped from a reservoir to the space between the probe and the vessel 
wall and recirculated while a low-DC voltage is applied. This causes the charged radioactive 
contaminants to leave the vessel surface and become suspended in the electrolyte fluid. The probe can 
then be lifted and moved using the crawler to a new location on the vessel wall and the process repeated. 
The aqueous electrolyte used for decontamination can be recycled; and, after numerous cycles, the 
contaminants can be removed from the solution as solid waste. 

Preliminary work is also progressing on the investigation of the use of laser ablation as a method for 
removing surface contaminants. Laser ablation involves the application of short pulses of high peak 
power laser energy (COz or a YAG laser) to remove radioactive contaminants and other materials from 
substrate surfaces. The ablated material is completely withdrawn by a vacuum system and collected in a 
multistage filtration system for later recovery. The current crawler could be easily modified to transport 
the laser head around the interior of the container or a special station could be built to allow cleaning of 
the surfaces of the larger pieces of material in a separate glovebox. The laser unit itself would be located 
outside the glovebox and incorporate a fiber optic delivery system to transfer the laser light through a 
glovebox penetration and to the working head on the crawler. 

Preliminary work has determined that a sonication process used along with specific cleaning solutions 
may be a feasible method for cleaning batches of the miscellaneous rubble (small pieces, wire, etc.) 
removed from he dynamic experiment containers. A specific patented decontamination technology 
(TechXtractlm) using this method has been developed by Environmental Extraction Technologies (EET) 
under a DOE contract. The process uses non-RCRAAion-hazardous wetting solutions to remove both 
smearable and fixed radionuclides from a multiple range of substrates. When used in conjunction with a 
sonication process these solutions have produced dramatic decontamination results at a commercial 
nuclear power facility (References 1 and 2). Radionuclide removal rates have been shown to be very 
high (90-99%). Successful development of this type of cleaning system would resolve Subtask #4 and 
possibly Subtask #3 from the list above. A conceptual glovebox layout, which might accommodate this 
type of scrap cleaning system, is shown in Figure 5. 

It has been determined that some type of robotic arm assembly that can be inserted into the dynamic 
experiment container is a feasible (non-manual) method for remotely removing the large debris (Subtask 
#1 discussed above). In addition, by utilizing various end effectors, a robotic arm could also be used to 
transport the various heads to clean the chamber interior surface and eliminate the use of the robotic 
crawler perform. Use of a robot arm for this task would require installation of a modified glovebox into 
the workstation at the LANL facility. Adaptation of the current very small glovebox to fit an adequate 
robot arm would not be possible. 
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Figure 5 Proposed Sonication/TechXtracf1 Workstation 

Conclusion 

The purpose of this paper was to describe automation efforts being developed by LANL for improving 
the efficiency, increasing worker safety, and reducing worker exposure during material cleanout and 
recovery activities performed on dynamic experiment containers. This report has summarized the work 
completed on this project during the past year. Primary efforts have been towards assembling and 
testing a remote crawler system with an attached right angle drive brusher motor. In addition, possible 
enhancements to the existing cleaning technology such as laser ablation and TechXtractB7sonication 
were investigated and described. Future workscope activities, such as the development and inclusion of 
a robotic arm that could further improve the efficiency and safety of this material cleanout and recovery 
activity, were also outlined. 
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