
( V fe. -0\ '̂ r>a \'] - - ST 
UCRL-JC—110456 

DE92 018010 

The OTD Robotics Waste Minimization 
Program < 

S. A. Couture 

This paper was prepared for submittal to the 
American Nuclear Society 1992 Spring Meeting 

April 7-9,1992 

4 
*/ 

April 1992 

ThUUa preprint ofa paper intended for publication inajournalorproceeding*. Since 
changee may be made before publication, this preprint to made available with the 
understanding that it wilt not be cited or reproduced without the permiMion of the 
author. 

MASTER 



DISCLAMER 

This document was prepared as an account of work sponsored by an agency of IheUnites States GovemmenL Neiiher 
the Unites States Government nor theUniversity of California nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial products, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favorinz 
by the United Slates Government or the University of California. The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the Unites States Government or the University of California, and 
shall not be used for advertising or product endorsement purposes. 



THE OTD ROBOTICS WASTE MINIMIZATION PROGRAM 

Scott A. Couture 

Motivation for Waste Minimization 
The uanger to human health and safety posed by exposure to transuranic 

(TRU) and Pu contaminated materials necessitates remote processing in 
confined environments. Currently these operations are carried out in 
gloveboxes and hot-cells by human operators using lead-lined gloves or 
teleoperated manipulators. Protective clothing worn by operators during 
gloved operations has contributed significantly to the waste problems 
currently facing site remediators. 

The DOE Environmental Restoration and Waste Management (ER/WM) 
Program is in the process of developing and demonstrating technologies to 
assist in the remediation of sites that have accumulated wastes generated using 
these processes over the past five decades. Recognizing that continued use of 
existing production, recovery and waste treatment systems will compound the 
remediation problem, DOE has made a commitment to waste minimization. 

Although improvements in production processes may reduce the primary 
waste stream, they do not address the major portion of the waste problem. 
Secondary waste streams associated with waste treatment and recovery 
operations produce far greater quantities of waste, including large volumes of 
acids. Even so, tertiary wastes - including operator associated wastes • account 
for the majority of the waste stream. Historically, seventy percent of the waste 
from the Rocky Flats Plant is (low level and mixed waste) associated with 
manual operations. 

To reduce waste generation during weapons production and waste 
processing operations, automated processes are being developed and 
demonstrated for use in future DOE processing facilities as part of OTD's 
Robotics Technology Development Program. These technologies are currently 
being applied to pyrochemical processing systems to demonstrate conversion 
of plutonium oxide to metal. However, these technologies are expected to have 
applications in a variety of waste processing systems including those used to 
treat high-level tank wastes, buried wastes requiring remote processing, 
mixed wastes, and unknown hazardous materials. 

In addition to reducing the future waste burden of DOE, automated 
processes are an effective way to comply with existing and anticipated federal, 
state, and local regulations related to personal health and safety and the health 
of the environment. 

*Work performed under the auspices of the VS Department of Energy by 
Lawrence Livermore National Laboratory under Contract W-7405-Eng-48. 



Automation Technologies for Waste Minimization 
The goal of the OTD Robotics Waste Minimization Program is to apply 

modern materials handling technology to all phases of nuclear weapons 
production where dose and waste reduction, and gains in safety, safeguards, 
and productivity warrant such application. The emphasis of all 
Environmental Management (EM) sponsored robotics activities is to provide 
practical solutions that allow remediation to be accomplished faster, safer, 
better and cheaper than using manual methods. 

To accomplish these objectives in the Waste Minimization area, 
preliminary efforts are focused on automated and remote processing 
technologies including glove box robotics, interactive control of remote 
processes via telepresence and teleoperation, and advanced material handling 
and material transfer technologies. These "generic" technologies are applied 
to high priority NWC needs to demonstrate automation feasibility in a timely 
enough fashion to affect design and implementation decisions. 

Glove Box Automation 
Glove bo< robotics activities are currently centered around improvements 

to the IBM Electric Cantilevered Robot (ECR). The IBM ECR has been used 
extensively within IBM and in industry for high speed assembly applications. 
Because of its excellent reliability record, a joint effort between LLNL, IBM, 
SAIC. and other participants adapted it for use as an integral part of a glove 
box automation effort. Now dubbed the IBM Glove Box Robot Gantry (GR-G), the 
first installation took place in February 1991 in the Automated Testbed. 

The Automated Testbed (ATB) is an atmosphere controlled glove box 
suitable for surrogate testing of a variety of potential automated processing 
systems. The first demonstration occurred approximately one month after 
delivery of the robot and glovebox from the vendors and demonstrated 
material handling required for automated calcining of Pu powder. Since that 
time a more complex system has been developed that integrates material 
handling with operation of the Advanced Pyrochemical Furnace for Molten 
Salt Extraction (MSE), a piutonium purification process. Surrogate testing of 
automated processing equipment, including the robot, is the primary mission 
of the ATB. Operation with surrogates allows continual process improvement 
and refinement without the attendant problems of operator radiation 
exposure, and rad waste and Pu residue generation. Because the ATB is only 
used with surrogate materials, it is straightforward to remove and install 
automated equipment for new demonstrations, as necessary. However, the ATB 
will also be used in a pseudo-production mode to gather reliability, 
maintainability, and production data. Operating in this mode requires 
configuration control which makes it inconvenient to frequently change 
operations and demonstrations in the glove box. To address rapid development 
of new equipment and procedures, a Process Demonstration Testbed (PDTB) has 
recently been installed alongside the ATB. 

Information learned during the first year of ATB operation has led ;o 
improvements in the second generation Glove Box Robot Gantry whi;h is 
installed in the PDTB. Primary improvements addressed ease of disassembly, 



improved access to components, and replacement of wear surfaces on the 
vertical mast with precision linear bearings. Funded by the EM OTD Robotics 
Waste Minimization Program, the Process Demonstration Testbed is essentially 
a second generation ATB without the windows and with modular, removable 
floor panels. Sliding wall panels serve double duty as safety interlocks to 
prevent operator access while the robot is in operation and as glove box 
"windows". This open frame design allows equipment to be placed and 
removed easily for quick-turnaround demonstrations. Existing automated 
calcining equipment is being installed for initial system tests but will soon be 
replaced by automated equipment for weapons assembly and disassembly 
demonstrations. 

The Process Demonstration Testbed is the primary vehicle for 
incorporating advanced technologies developed in the !ab into production 
feasibility demonstrations. A state-of-the-art controller is being developed 
jointly by IBM and LLNL to replace the original IBM ECR robot controller still 
in use in both testbeds. The original controller, based on the IBM Series I 
computer, has neither the computing power nor advanced software features 
needed for real-time sensor-based trajectory control, improved operator 
interfaces including force-reflecting hand controllers, or model-based path 
planning. All of these technologies are currently under development in labs 
at LLNL and across the nation and will be incorporated when the RS/6000 
based controller arrives. 

In parallel with demonstrating feasibility of automated processes in the 
PDTB, process engineers are refining process equipment using surrogate 
materials in the ATB. Once surrogate testing is complete, qualified processes 
may be tested, as required, in a hot plutonium glove box in the MPL facility. 
By that time enough data on automated material handling will be available to 
provide a high level of confidence that the system will work as expected in a 
production application. 

However, no matter how high the confidence level, the system will 
probably not be accepted for production applications without hot testing using 
plutonium. To accommodate this final stage of testing, a plutonium capable 
glove box is in the early stages of design to accommodate demonstrations of 
production ready processes beginning in FY1994. The Pu capable glove box 
will accommodate a radiation hardened version of the GR-G incorporating any 
improvements suggested during operation of the PDTB. 

Material Transfer and Storage Technologies 

An area receiving limited attention due to budget constraints is material 
transfer between gloveboxes and from gloveboxes to the environment. Bag 
waste associated with conventional bagout processes is a significant waste 
stream and a high priority concern in the design of new facilities. An effort 
currently underway is investigating the feasibility of adapting existing 
manual downdraft assembly procedures to bagout of canned wastes. 

The downdraft assembly process involves careful coordination of 
handling operations by a "cold" operator • who never touches contaminated 
surfaces - and a "hot" operator - who handles potentially contaminated 
material using appropriate protective clothing. By careful coordination, hot 



surfaces are completely enclosed in a cold outer shell prior to removal to a cold 
environment. An automated analog to the manual system is currently being 
developed in a testbed being developed at LLNL in coordination with Sandia 
National Laboratory and Savannah River Laboratory. 

A second area that has received limited funding is sample transfer 
between gloveboxes. A vacuum powered "rabbit" system has been developed 
and demonstrated in the lab at the Rocky Flats Plant for sample transfer and 
storage. A multi-tiered carrousel system allows thousands of samples to be 
stored for analysis with automatic inventory verification. Additional funding 
will allow computer models to predict system performance over a range of 
payloads. system configurations and transfer distances. 

Remote Control of Automated Processes 
Automation of glovebox operations addresses a class of processing tasks 

that are both deterministic and within the manipulation capabilities of the 
robot arm. There is a much larger class of tasks that currently exceed the 
capabilities of existing robots and robot controllers. The performance of these 
tasks in a hazardous environment is relegated to teleoperators with human- in-
the-loop controllers. Included in this cla*r of tasks are most complex tasks 
involving object manipulation, tasks that must be performed in a cluttered 
environment, those requiring sensory input for control, and error recovery 
tasks. The amount of sophisticaiion required to handle most of these tasks is 
far beyond the capabilities of the most advanced robotics research controllers 
and will remain so long after Title II engineering is begun for Complex 21. To 
address these needs, teleoperalion and telepresence technologies are being 
developed and integrated in the Interactive Controls Lab for incorporation 
into the GR-G suite of tools. By integrating autonomous and (eleoperation 
capabilities into the robot control system, operators will be able to switch 
seamlessly between both modes of operation to perform maintenance 
activities, error recovery operations, and process intervention without suiting 
up and manually performing the tasks. This capability is paramount to 
automated materials processing in hazardous environments. 

Technologies being developed in the Interactive Controls Lab include: 

• Advanced robot controller technology for sensor-based control 
and real-time collision avoidance; 

• Force-sensitive robot control to accommodate variations in 
expected and actual environments; 

• Improved man-machine interface technology including force-
reelecting hand-controllers, 3-D Vision systems and context-
sensitive control systems; 

• Machine vision and object recognition systems to minimize hard 
tooling requirements and manual robot programming; 

• Fiducial target matching for system calibration and off-line 
programming; 



• Dexterous end-effectors for improved flexibility; and 

• Part scanning and digitizing systems systems for real-time CAD 
model revisions. 

These technologies must be integrated with advanced controller 
technologies to provide the flexibility needed to accommodate differences 
between theoretically "perfect" computer models and the relatively 
indeterminate world ol manufacturing. This indeterminance arises from the 
inherent inaccuracy of robot arms independent of repeatability issues. 
Conventional robot teach-pendants are ineffective tools for manual on-line 
programming, and off-line programming packages treat robots as six-axis NC 
machines with inherent accuracy. This approach has limited the successful 
application of robots to many manufacturing processes. 

The Interative Controls Lab is currently focusing on two demonstrations 
to integrate and apply these technologies to priority needs. The first is remote 
control of the button-breakout process in a glove box manufacturing 
environment. Teleoperation provides an attractive alternative to manual 
process intervention when variations in process parameters exceed the 
capability of the automated systems' pre-programmed response. The second 
application demonstrates automated waste characterization and segregation 
using object recognition for automated path planning and seamless transfer to 
manual control for unknown materials and objects. This task is leveraging 
technology developed in the Waste Minimization Program with funding from 
Waste Facilities Operations to avoid duplication of effort in the OTD Robotics 
Program. 

These interactive control technologies will be integrated with the GR-G 
autonomous capabilities when the advanced controller is installed later this 
year. Porting the capabilities to the GR-G robot will allow teleoperated process 
intervention during development of automated pyrochemical processes and 
will facilitate changes in process configuration, allowing the PDTB to quickly 
change from one application to another. This flexibility is necessary for 
timely demonstration of the diverse automated processes needed for future DOE 
processing facilities. 

Advanced Technology 
In addition to applying existing and emerging technologies for automated 

processing needs, the Robotics Waste Minimization Program is pursuing 
advanced technology development in several automation areas. Key to these 
current thrusts is the commitment to modularity and ^configurability. 

A modular robotics initiative is being initiated as an incentive to US 
industry to develop state-of-the-art robotics technology for use in industry 
and Complex 21. A number of universities and industrial partners are 
currently involved in developing a cooperative agreement to pursue this 
technology hand-in-hand with LLNL. The modular and reconfigurable robot 
initiative addresses two primary needs in Complex 21 that are shared with 
industry. The first is the need for robots that are custom-tailored to specific 



processing needs. Applications of robots in industrial environments span the 
range from assembly of electronic components to remote oil-well fire-
fighting systems. Across this wide field of applications are a limited number 
of vendors with manipulators and robots tailored to the appropriate range of 
payloads and operating envelopes needed for the application. All too often, 
sole-source procurements are required to obtain the "best-fit" robot for the 
job. The result is often a mismatch between robot capabilities and the job at 
hand. At best, robots from a wide variety of vendors are needed to address the 
diverse needs of a manufacturing facility, leading to expensive programming, 
maintenance, and support systems. This problem is accentuated at DOE 
facilities where there are only one or two venders with nuclear qualified 
robots available. Development of modular robots is the only hope for 
providing the diverse range of manipulators needed with sufficient reliability 
and maintainability history behind them to warrant their application. In this 
case, economies of scale will allow accelerated reliability testing in addition to 
providing a better and cheaper solution. 

Modularity in glovebox processing systems is also being pursued. 
Standardized interfaces are being proposed between glove-boxes, SNM material 
control interlocks, and material handling systems. A modular approach with 
well defined interfaces in these areas will facilitate process changes and 
advancements as new processes are developed and integrated with existing 
facilities. Modularity will allow systems to be brought on-line incrementally 
as new systems are developed to replace sub-optimal baseline processes, reduce 
the impact of Complex 21 Title II deadlines on potential high payback 
technologies that do not meet drop-dead decision points, and improve the 
flexibility of Complex 21 site return processing and production systems. 


