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The Office of Environmental Management (EM) is responsible for cleaning up 
the legacy of radioactive and chemically hazardous waste at contaminated 
sites and facilities throughout the U S .  Department of Energy (DOE) nuclear 
weapons complex, preventing further environmental contamination, and insti- 
tuting responsible environmental management Initial efforts to achieve this 
mission resulted in the establishment of environmental restoration and waste 
management programs. However, as EM began to execute its responsibilities, 
decision makers became aware that the complexity and magnitude of this 
mission could not be achieved efficiently, affordably, safely, or reasonablywith 
existing technology. 

Once the need for advanced cleanup technologies became evident, EM 
established an aggressive, innovative program of applied research and 
technology development The Off ice of Technology Development (OTD) was 
established in November 1989 to advance new and improved environmental 
restoration and waste management technologies that would reduce risks to 
workers, the public, and the environment; reduce cleanup costs; and devise 
methods to correct cleanup problems that currently have no solutions. 

In 1996, OTD added two new responsibilities-management of a Congression- 
ally mandated environmental science program and development of risk 
policy, requirements, and guidance. OTD was renamed the Office of Science 
and Technology (OST). 

i . 

i .. . 

..... ., .. . I 

OST is one of seven Deputy Assistant Secretarial Offices within EM. Each 
Deputy Assistant Secretarial Office is discussed here, with the exception of 
OST (EM-50). addressed in detail later in this Introduction. 

Office of the Assistant Secretary for Environmental Management (EM-1) 
The Office of the Assistant Secretary for Environmental Management provides 
centralized direction for waste management operations, environmental 
restoration, and related applied research and development programs and 
activities within DOE. The Office of the Assistant Secretary develops EM 
program policy and guidance for the assessment and cleanup of inactive waste 
sites and facilities, and waste management operations; develops and imple- 
ments an applied waste research and development program to provide 
innovative environmental technologies to yield permanent disposal solutions 
at reduced costs; and oversees the transition of contaminated facilities from 
various departmental programs to environmental restoration. The Assistant 
Secretary provides guidance to all DOE Operations Offices. Organizational 
relationships are shown in Figure A. 
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Figure A. Office of Environmental Management Organization Chart. 

The Office of Management and Evaluation (EM-10) 
The Deputy Assistant Secretary for Management and Evaluation serves as the 
Assistant Secretary's principal advisor on all administrative functions and 
activities for EM line offices. Responsibilities include personnel administra- 
tion; training and career development; total quality management; organization 
and manpower management; cost and performance management; space and 
logistics management; acquisition, procurement, and contracts management; 
general administrative support services; and automated data processing, 
automated office support systems, and information resources management 

The Office of Planning, Policy, and Budget (EM-20) 
The Office of Planning, Policy, and Budget analyzes and provides support on 
policy and planning issues associated with environmental compliance and 
cleanup activities, waste management, nuclear materials and facilities stabili- 
zation, overall budget and priority setting analyses, nuclear nonproliferation 
policy practices, and the ultimate disposition of surplus materials and 
facilities. This Office is also responsible for the review, coordination, and 
integration of inter-site, interagency and international planning activities 
related to these issues. The Office coordinates policy and procedural issues 
associated with the external regulation of the environmental restoration, 
waste management, and nuclear materials and facility stabilization programs. 

The Office of Waste Management (EM-30) 
The Office of Waste Management provides an effective and efficient system 
that minimizes, treats, stores, and disposes of DOE waste as soon as possible 
in order to protect people and the environment from the hazards of those 
wastes. The Office carries out program planning and budgeting, evaluation 
and intervention, and representation functions associated with management 
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of radioactive high-level, transuranic, and low-level waste; hazardous and 
sanitary waste; and mixed waste. 

The Office of Environmental Restoration (EM-40) 
The Office of Environmental Restoration remediates departmental sites and 
facilities to protect human health and the environment from the risks posed by 
inactive and surplus DOE facilities and restores contaminated areas for future 
beneficial use. This Office provides program direction for and management of 
environmental restoration activities involving inactive sites and facilities, 
including the decontamination of surplus facilities. 

The Office of Nuclear Material and Facility Stabilization (EM-60) 
The Nuclear Material and Facility Stabilization program mission is to protect 
people and the environment from the hazards of nuclear materials and to 
deactivate surplus facilities in a cost-effective manner. The Off ice provides 
program planning and budgeting, evaluation and intervention, and 
representation functions associated with the stabilization of nuclear materials 
and the deactivation of surplus facilities. 

The Office of Site Operations (EM-70) 
Acting to eliminate barriers and ensure that field concerns are recognized in 
major EM decisions, the Office of Site Operations acts as a focal point and 
champion for the Operations Offices and field sites, serving as facilitator, 
coordinator and ombudsman for crosscutting issues and topics raised by the 
various EM elements. The Office of Site Operations provides Headquarters 
policy direction for landlord planning and budgeting and sets policy and 
guidance to improve the effectiveness of crosscutting environment, 
transportation management, and waste minimization activities. 

I I OST manages and directs focused, solution-oriented national technology 
development programs to support EM by usinga systems approach to reduce 

i waste management life-cycle costs and risks to people and the environment 
. ' OST programs involve research, development, demonstration, testing, and 

evaluation of innovative technologies and technology systems that meet end- 
user needs for regulatory compliance. Activities include coordination with 
other stakeholders and the private sector, as well as collaboration with 
international organizations. In 1994, the EM program identified five major 

! : 

I 
; 

I .  

i b  

- ,  

problem areas on which to focus its technology development activities (later 
two were combined), and implemented Focus Areas to address these prob- 
lems. In addition, some needs were identified that were common to all the 
Focus Areas, and three Crosscutting Programs were created to address them. 

OST programs establish, manage, and direct targeted, long-term research 
programs to bridge the gap between broad fundamental research that has 
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wide-ranging application and needs-driven applied technology development 
research. OST expects to produce technologies to answer the needs of its 
major customers within EM for innovative science and technology through 

Figure B. Organization Chart of the Office of Science and Technology. 

integration of basic research programs, applied research programs (Focus 
Areas and Crosscutting Programs), industry partnerships, and technology 
transfer activities. 

Three offices comprise OST: the Office of Science and Risk Policy, the Office 
of Technology Systems, and the Office of Technology Integration. The 
organization for OST is shown in Figure B. 

The Office of Science and Risk Policy manages EM’s Science Program and the 
formulation of risk policy. The mission of this office includes the development 
of a targeted, long-term basic research agenda for environmental problems so 
that “transformational“ or breakthrough approaches can lead to significant 
reduction in the costs and risks associated with the EM Program. This Office 
also bridges the gap between broad fundamental research that has wide- 
ranging applicability, such as that performed in DOE’s Office of Energy 
Research, and needs-driven applied technology development that is con- 
ducted in EM’s Office of Technology Systems. This Office was designed to 
focus the country’s science infrastructure on critical national environmental 
management problems. 

The Science Program draws on information from its DOE customers to identify 
necessary basic research. The Science Program concentrates its efforts on the 
characterization of DOE’s wastes and contaminants, interactions of 
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$ , ' . I radioactive elements with biosystems in various natural media and waste ! forms, extraction and separation of radioactive and hazardous chemical 
t contaminants, prediction and measurement of contaminant movement in 

DOE facilities' environments, and formulation of scientific bases for the risks 
associated with DOE-based contaminants. 

Risk policy activities within this Office involve the development of policies, 
procedures, and guidance to ensure that EM activities in preventing risks to 
the public, workers, and the environment are within prescribed, acceptable 
levels. Risk evaluation methods and event and consequence analyses provide 
DOE with a basis for assessing both the risk and any actions being considered 
to reduce that risk. The Off ice of Science and Risk Policy ensures that advances 
in risk evaluation methods are integrated into coherent decision-making 
processes regarding risk acceptability. Decision-making processes must meet 
DOE missions while protecting public health, worker health and safety, 
ecosystem viability, and cultural and national resources. 
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OST programs involve research, development, demonstration, testing, and 
evaluation activities designed to produce innovative technologies and 
technology systems to meet national needs for regulatory compliance, lower 
life-cycle costs, and reduced risks to the environment To optimize resources, 
OST has streamlined technology management activities into a single focus 
team for each major problem area. To ensure programs are based upon user 
needs, these teams include representatives from user offices within EM. There 
are four major problem areas upon which technology development activities 
are focused. 

i 

.. . I 
Mixed Waste Characterization, Treatment, and Disposal 

Radioactive Tank Waste Remediation 

I ,  

I .  
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j Subsurface Contaminants 
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' !  Decontamination and Decommissioning 

Mixed Waste CfiaracterIzation, Treatment, and Dfsposal Fucus Area 
DOE stores 167,000 cubic meters of mixed low-level and transuranic waste 
from over 1,400 mixed radioactive and hazardous waste streams at 38 sites. 
The Mixed Waste Characterization, Treatment, and Disposal Focus Area 
provides an integrated, multi-organizational, national team to develop 
treatment systems for the department's inventory of mixed radioactive and 
hazardous waste and to dispose of these low-level and transuranic waste 
streams in a manner that fulfill regulatory requirements. 
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This Focus Area plans to demonstrate three technologies to treat at least 90 
percent of DOE'S stored mixed waste inventory by the end of FY97. The . ,.: . .%.,. .:: . $  I '  
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outcome will be waste forms that are reduced in volume, as compared 3 the 
volume of stored mixed waste, and meet regulatory requirements for safe, 
permanent disposal. Technology development is being conducted in the areas 
of thermal and nonthermal treatment emissions, nonintrusive drum 
characterization, material handling, and final waste forms. 

Radioactive Tank Waste Remediation Focus Area 
The Radioactive Tank Waste Remediation Focus Area develops technologies 
to safely and efficiently remediate over 300 underground storage tanks that 
have been used to process and store more than 90 million gallons of high-level 
radioactive and chemical mixed waste. Technologies are needed to character- 
ize, retrieve, and treat the waste before radioactive components are immobi- 
lized. All this must be done in a safe working environment. Emphasis is placed 
on in situ or remotely handled processes and waste volume . 
minimization. 

Research and development of technologies in this area is aimed at enabling 
tank farm closure using safe and cost-eff icient solutions that are acceptable to 
the public and that fulfill Federal Facility Compliance Act requirements of site 
regulatory agreements. 

Subsurface Contaminants Focus Area 
The Subsurface Contaminants Focus Area is developing technologies to 
address environmental problems associated with hazardous and radioactive 
contaminants in soil and groundwater that exist throughout the DOE complex, 
including radionuclides, heavy metals, and dense, nonaqueous phase liquids. 
More than 5,700 known DOE groundwater plumes have contaminated over 
600 billion gallons.of water and 50 million cubic meters of soil. Migration of 
these plumes threatens local and regional water sources, and in some cases 
has already adversely impacted off-site resources. In addition, the Subsurface 
Contaminants Focus Area is responsible for supplying technologies for the 
remediation of numerous landfills at DOE facilities. These landfills are 
estimated to contain over 3 million cubic meters of radioactive and hazardous 
buried waste, some of which has migrated to the surrounding soils and 
groundwater. Technology developed within this specialty area will provide 
effective methods to contain contaminant plumes and new or alternative 
technologies for remediating contaminated soils and groundwater. Emphasis 
is placed on the development of in situ technologies to minimize waste 
disposal costs and potential worker exposure by treating plumes in place. 
While addressing contaminant plumes emanating from DOE landfills, the 
Subsurface Contaminants Focus Area is also working to develop new or 
alternative technologies for the in situ stabilization and nonintrusive charac- 
terization of these disposal sites. 

Decontamination and Decommissioning Focus Area 
The Decontamination and Decommissioning Focus Area is developing 
technologies to solve the department’s challenge of deactivating 7,000 
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contaminated buildings and decommissioning 700 contaminated buildings. It 
is also responsible for decontaminating the metal and concrete within those 
buildings and disposing of 180,000 metric tons of scrap metal. Technology 
development for decontamination and decommissioning focuses on large- 
scale demonstrations, each of which incorporates improved technologies 
identified as responsive to high-priority needs. All technologies will be 
considered for eventual deployment, and side-by-side comparisons of 
improved technologies are being performed using existing commercial 
technologies as baselines. 

.... 

In addition to work directed to specific Focus Areas, EM is engaged in research 
and development programs that cut across these problem areas. Technologies 
from these Crosscutting Programs may be used within two or more of the 
Focus Areas to help meet program goals. These programs complement and 
facilitate technology development in the Focus Areas as shown in Figure C.The 
Crosscutting Programs are: 

Characterization, Monitoring, and Sensor Technologies, 

Efficient Separations and Processing, and 

Robotics Technology Development Program. 

Characterization, Monitoring, and Sensor Technologies crosscutting 
Program 
DOE is required to characterize more than 3,700 contaminated sites, 1.5 
million barrels of stored waste, 385,000 m3 of high-level waste in tanks, and 
from 1,700 to 7,000 facilities before remediation, treatment, and facility 
transitioning commence. Monitoring technologies are needed to ensure 
worker safety and effective cleanup during remediation, treatment, and site 
closure. 
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Emdent Separa ions and Processing Crosscu ting Program 
Separations and selected treatment processes are needed to treat and 
immobilize a broad range of radioactive wastes. In some cases, treatment 
technologies do not exist; in others, improvements are needed to reduce costs 
and secondary waste volumes and to improve waste form quality. This 
Crosscutting Program concentrates efforts on specific high-priority needs as 
defined by the Focus Areas, then evaluates and adapts the technologies for 
other applicable Focus Areas. 

This program is working to meet Federal Facilities Compliance Act milestones 
and other regulatory requirements, and to develop separations and treatment 
technologies that minimize risk, the volume of waste requiring deep, 
geological disposal, and secondary waste volumes. 

Rohotics Technology Development Crosscuttf ng Program 
Existing technologies are often inadequate to meet EM'S mission needs both 
at a reasonable cost and under conditions that promote adequate worker 
safety. Robotic systems reduce worker exposure to the absolute minimum 
while providing proven, cost-effective, and, in some cases, the only acceptable 
approach to problems. 

Robotics remote systems development work occurs in three areas. Remote 
systems for decontamination and dismantlement of facilities will reduce or 
eliminate extensive worker radiation protection requirements and increase 
productivityiRobotic systems for characterization and retrieval of stored tank 
waste will allow work to proceed within the radiation fields in the waste storage 
area. Automated chemical/radiological analysis systems are estimated to 
provide a cost benefit of $10.5 billion from FY96 through FYOO. 

Industry and University programs provide to the Focus Areas and the Cross- 
cutting Programs the capability to involve private industry, universities, and 
other interested parties in their program through direct procurement with 
DOE. The public-private partnerships that are established encourage the 
enhancement and commercialization of technologies developed by the pri- 
vate sector through pilot- and field-scale demonstration at DOE sites. The 
integration of industry, academia, and the DOE laboratories allows all aspects 
of the technology to be evaluated, including worker safety and health, com- 
mercial potential, and technical merit. 

Industry and University activities support more than 100 agreements with the 
private sector. These agreements include the Small Business Innovative 
Research (SBIR) program, international activities, stakeholder activities, worker 
safety and health activities, and commercialization initiatives, as well as the 
direct support to the Focus Areas. For information on how to participate in 
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The Office of Technology Integration addresses issues that affect the involve- 
ment of critical external entities such as production/waste sites, users, the 
public, tribes, regulators, and commercial parties. The office is involved in the 
assessment, acceptability, availability, and use of improved technical solu- 
tions by providing uniform guidance, tools, and initiatives to support the Office 
of Technology Systems. This office also sponsors efforts to encourage and 
promote the involvement of affected parties' in regulatory issues. 

In addition, the Office of Technology Integration sponsors domestic and 
international technology transfer programs within OST and coordinates 
planning and cost-benefit analyses with other EM organizations. 

--. . ,  
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In January 1994, the U.S. Department of Energy Office of Environmental 
Management (DOE EM) formally introduced its new approach to managing 
DOE's environmental research and technology development activities. The 
goal of the new approach is to conduct research and development in critical 
areas of interest to DOE, utilizing the best talent in the Department and in the 
national science community. To facilitate this solutions-oriented approach, 
the Officeof Science andTechnology (EM-50, formerlythe Office ofTechnology 
Development) formed five Focus Areas to "stimulate the required basic 
research, development, and demonstration efforts to seek new, innovative 
cleanup methods." In February 1995, EM-50 selected the DOE Morgantown 
Energy Technology Center (METC) to lead implementation of one of these 
Focus Areas: the Decontamination and Decommissioning (DID) Focus Area. 

The D I D  Focus Area is responsible for developing, demonstrating, and 
implementing cost-effective and safe technologies to deactivate approximately 
7,000 contaminated buildings, and decommission approximately 700 
contaminated buildings that are currently on DOE's list of surplus facilities. 
Deactivation refers to ceasing facility operations and.placing the facility in a 
safe and stable condition to prevent unacceptable exposure of people or the 
environment to radioactive or other hazardous materials until the facility can 
be decommissioned. Typically, deactivation involves removal of fuel and 
stored radioactive and other hazardous materials and draining of systems. 
Decommissioning is the process of decontaminating or removing contaminated 
equipment and structures to achieve the desired end state for the facility. 
Desired end states include complete removal and remediation of the facility, 
release of facility for unrestricted use, or release of facility for restricted use. 

In general, commercial technologies exist to deactivate and decommission 
the DOE surplus buildings, structures, and their contents. Many of these 
technologies have been developed by the nuclear utility industry, which has 
similar problems to those found within the DOE complex, or the D I D  firms 
that service this industry. In addition, other countries with nuclear weapons 
and/or nuclear utility programs have developed technologies to handle their 
D I D  problems. However, these technologies are often labor intensive, time 
consuming, expensive, and can unnecessarily expose workers to radioactive 
and other hazardous materials. Many of the commercial technologies also 
generate secondary waste beyond those of the building materials and their 
contents. 
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The D I D  Focus Area is addressing these problems by developing, 
demonstrating, and implementing technologies that generate lower quantities 
of waste materials, are lower in cost, require less labor, reduce exposure of 
personnel to radioactive and other hazardous materials, and improve worker 
safety. Innovative technologies are being developed for characterization of 
contamination, decontamination of buildings and materials, dismantlement 
of buildings and equipment systems, reuse or recycle of materials, waste 
minimization, and worker protection and safety. 

Ultimately, the end goal of any technology development program is to 
commercialize the technology. A key phase of technology development in the 
D I D  Focus Area is "demonstration" of the technology to potential end users. 
Technologies reaching the demonstration stage should have customer support 
for the demonstration; firm cost-sharing arrangements and partnership 
agreements; and resolution of technical, safety, regulatory, public, and licensing 
issues. It is the intent of the D I D  Focus Area to conduct technology 
demonstrations in end users' facilities at a scale and test duration that is 
convincing to end users. Data from demonstration testing of the technology 
should provide end users with pertinent information needed in making 
decisions regarding subsequent use of the technology. Primary end users for 
D I D  Focus Area technologies are the DOE EM-40 (Environmental Restoration) 
and EM-60 (Office of Nuclear Materials and Facilities Stabilization) organizations. 
In general, EM-40 is responsible for decommissioning DOE surplus facilities, 
while EM-60 is responsible for deactivation of the facilities. EM-30 (Waste 
Management) is also an end user. EM-30 is the beneficiary ofwaste minimization 
and recycling technology. 

The D I D  Focus Area has observed that its EM-40 and EM40 customers are 
often unwilling to accept the risk and liability associated with the first time use 
of a new technology. In order to fairly evaluate the cost and performance of 
new technologies, the DGD Focus Area has embarked upon a strategy to 
sponsor these first-time, full-scale demonstrations within the DOE complex, 
whether the technology originates with the D I D  Focus Area or outside the 
complex. The only requirement is that such demonstrations be performed on 
real D I D  projects, and thatthe problem-holder committo deploy the technology 
within that project if its cost and performance merit such deployment 

i 
I The key indicator to a successful technology development program is ! : I  i 

I , I  applicability and end use. In order to facilitate this process, the D I D  Focus 
Area has recently begun a new strategy to provide hands-on demonstration of 
D I D  technologies at DOE facilities currently being deactivated or 
decommissioned. The large-scale demonstration projects are the "cornerstone" 
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of this new strategy. In the large-scale demonstration projects, innovative DGD 
technologies are demonstrated during ongoing deactivation or 
decommissioning of a DOE surplus facility. The intent of the large-scale 
demonstration projects is to show that using a combination of innovative and 
commercial D I D  technologies has substantial cost and other benefits over 
using only commercial DGD technologies to deactivate or decommission a 
DOE surplus facility. This approach provides a unique opportunity to test 
innovative DGD technologies side-by-side with commercial technologies in an 
active D I D  project 

The DGD Focus Area has several goals for the large-scale demonstration 
projects. These goals include the following: 

Achieve a significant impact, such as visible skyline changes and reduction 
in cost, time, and safety and health risks for the project. 

Prove significant benefits of using a suite of innovative technologies 
compared to baseline technologies. The suite of technologies should 
address technology needs in characterization, deactivation, surveillance 
and maintenance, decontamination, dismantlement, and material 
disposition and recycling of the DOE surplus buildings, structures, and their 
contents. 

Conduct a large-scale demonstration at a scale that is convincing to 
potential users of the innovative technologies, and will serve to assist 
DOE Operations Offices in accomplishing their ongoing and planned 
deactivation and decommissioning activities. 

Manage and conduct large-scale demonstration projects through a D I D  
Integrating Contractor Team who will transfer the experience and expertise 
to similar DGD jobs at other DOE facilities and commercial plants. 

Thus far, the DGD Focus Area has three ongoing large-scale demonstration 
projects. These projects, described in detail in Section 1.0, are the 
decommissioning of the Chicago Pile 5 research reactor at Argonne National 
Laboratory-East near Chicago, Illinois; decommissioning of the Plant 1 uranium 
processing complex at the Fernald Environmental Management Project site 
near Cincinnati, Ohio; and deactivation of the C production reactor on the 
Hanford Reservation near Richland, Washington. Each project is managed by 
an Integrating Contractor Team, consisting mainly of industrial D I D  firms. 
These Teams will promote commercialization of the proven innovative 
technologies by including them in bids for DGD work at other DOE sites and 
commercial nuclear facilities. 

The DGD Focus Area plans to select an additional five large-scale demonstration 
projects. The last project is expected to be completed by the end of calendar 
year 1999. Technology demonstrations in the eight large-scale demonstration 
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projects are expected to address at least 90 percent of the technology 
problems identified by the EM-30, EM-40, and EM-60 organizations. Therefore, 
it is necessary that the eight facilities selected be broadly representative of the 
7000+ surplus facilities in the DOE complex. To categorize this large number 
of facilities and to bring logic and order to the selection process, the Focus 
Area has devised Product Lines to ensure that the 90 percent goal is met. 

" t 
,,' ' I ....'. f 

The D I D  Focus Area Product Lines are centered around the three main areas 
of surplus facilities: Reactor Facilities, Processing Facilities, and Laboratory 
Facilities. In addition to these three main areas, the Focus Area categorizes 
products in a fourth Product Line: Infrastructure and Supporting Activities. 

Reactor Facilities 
Facilities within this Product Line include production, test, and research 
reactors, and their associated buildings. These facilities represent a significant 
portion of DOE'S DGD mortgage. Furthermore, decontamination and 
dismantlement of the reactors, using currently available technologies, present 
high levels of exposure risk to the workers. These are the principal reasons the 
Focus Area has chosen these facilities as a Product Line. 

Processing Facilities 
This Product Line encompasses a number of facilities including plutonium, 
fuel, uranium, tritium, and lithium processing, and gaseous diffusion plants. 
Each type of facility requires its own applications, given the nature of 
contaminants, but similarities in the infrastructure provide the basis for this 
Product Line. The objectives for development in this Product Line are to 
demonstrate in situ characterization and analysis, less restrictive and less 
costly disposal options, automated systems for containment and 
dismantlement, and recycling resultant materials. 

Laboratory Facilities 
Hotcells and gloveboxes, among other laboratory facilities, are found 
throughout the DOE complex and represent a significant problem area for 
DGD. Hotcells and gloveboxes have a high-radiation environment wi,th 
highly contaminated equipment. The DGD Focus Area chose this Product Line 
to demonstrate improved technologies for performing DGD in a highly 
radioactive environment. Improved technologies are demonstrated for 
characterization, decontamination, dismantlement, and waste disposal. This 
development will improve techniques in debris removal, dry/wet 
decontamination, segregation volume reduction, and remote/robotic 
dismantlement. 
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Infrastructure and Supporting Activities 
In addition to the main Product Lines, the DGD Focus Area supports technology 
development to improve infrastructure and supporting activities. This includes 
innovative development in the areas of personal protective equipment, concrete 
and metal recycling, waste minimization, pollution prevention, and final waste 
form. 

The DGD Focus Area strategy is to look first to commercially available 
technologies, which are unproven in a DOE setting or in a DGD application, 
before developing innovative alternatives to baseline technologies currently 
used in the DOE complex. Only if an effective solution does not exist, will the 
DGD Focus Area move to develop a new technology. Where innovative 
solutions do not exist, the DGD Focus Area works in collaboration with EM- 
50's three Crosscutting Programs (Characterization, Monitoring and Sensor 
Technologies; Efficient Separations and Processing; and Robotics), as well as 
with Industry Programs, to conduct the necessary research and development 
to satisfy these technological gaps. 

The Focus Area's structure for technology development is organized into 
three main areas: facility deactivation, facility decontamination, and facility 
dismantlement and material disposition. Facility deactivation addresses 
problems such as separating plutonium from process solutions, separating 
tritium from water, improving worker productivity and protection, sampling/ 
mapping surfaces and locating contaminants, and removing sludge and water 
from reactor pools. Facility decontamination addresses problems such as 
remotely cleaning and decontaminating surfaces, and extracting contaminants 
from concrete and metal. Facility dismantlement and material disposition 
addresses problems such as dismantling concrete and metal structures using 
delivery/manipulator/tooling systems, remotely reducing sizes of cut metal 
and concrete, remotely disassembling and removing material, containing 
work areas, demolishing buildings, immobilizing asbestos, and recycling. 

These problem areas are addressed through technology research and 
development conducted by DGD, Crosscutting, and Industry Programs. Once 
mature, full-scale demonstration of these technologies will be supported by 
the DGD Focus Area as part of the large-scale demonstration projects, as 
depicted in Figure D. 

The D I D  Focus Area will complete its research and development activities on 
existing projects during Fiscal Year 1996 (FY96). Beginning in FY97, the DGD 
Program will focus on largescale demonstration projects. Research and 
development activities will be performed by the Crosscutting and Industry 
Programs. 

~~ ~~~~ ~ 
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Figure D. Technology Development and Implementation Framework. 

Given the nature of DGD technology development activities, the technology 
development structure described earlier is accustomed to group activities, 
rather than Product Lines. Most technologies being developed within this 
structure have applications in each Product Line. Therefore, this document is 
organized according to this structure. Information in this document reflects 
ongoing activities being conducted by the DGD core program, Crosscutting 
activities that have applications to DGD projects throughout the complex, and 
the Focus Area's program status and accomplishments as of January 3 1,1996. 
The information on Characterization, Monitoring, and Sensor Technologies; 
Efficient Separations and Processing; and Robotics Technology Development 
was provided by these programs. The information is the same in their books. 
It is included here to give the reader a complete picture of the EM-50 DGD 
technology development initiatives. 

Paul Hart, Ph.D. 
Focus Area Lead 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

phart@metc.doe.gov 
(304) 285-4358 

Jerry M. Hyde 
Headquarters Program Manager 
US. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1 290 

jerry.hyde@em.doe.gov 
(301) 903-7914 
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In July 1995, the Decontamination and Decommissioning (DGD) Focus Area 
issued a competitive Request-for-Letter Proposal to all U.S. Department of 
Energy (DOE) Operations Offices, requesting they offer facilities to host a 
largescale demonstration project. In August 1995, eight letter proposals were 
received by the D I D  Focus Area. The letter proposals were evaluated using 
four major criteria: significance of demonstration, readiness of demonstration, 
site commitment, and project management. 

In October 1995, the DGD Focus Area selected three DOE facilities to host the 
largescale demonstration projects. These facilities are the Chicago Pile 5 (CP- 
5) research reactor at Argonne National Laboratory-East near Chicago, Illinois; 
the Plant 1 uranium processing complex at, the Fernald Environmental 
Management Project site near Cincinnati, Ohio; and the C production reactor 
at the Hanford Reservation near Richland, Washington. Each of these projects 
is scheduled to complete its technology demonstrations within 18 months 
after the start of the project 

These large-scale demonstration projects represent the cornerstone of the 
DGD Focus Area's technology development program. In the large-scale 
demonstration projects, innovative DGD technologies will be demonstrated 
as part of DOE'S ongoing deactivation or decommissioning efforts. The large- 
scale demonstration projects will use a combination of commercial and 
innovative DGD technologies to deactivate or decommission the DOE surplus 
facilities. The intent of these projects is to show that by usingthe combination 
of innovative and commercial DGD technologies, compared to using only 
commercial DGD technologies, significant cost savings and other benefits can 
be achieved. This approach provides a unique opportunity to test innovative 
DGD technologies side-by-side with commercial technologies in an active 
DGD project. 

Each large-scale demonstration project is managed and conducted by an 
Integrating Contractor Team. This Team coordinates and oversees the work 
of subcontractors who own the innovative and commercial DGD technologies. 
Typically, three or more experienced D I D  firms comprise this Team. 
Management of the largescale demonstration project by multiple DGD firms 
ensures a balanced approach to DGD of the DOE surplus facility, since 
different firms may use different commercial and innovative technologies and 
may have different perspectives on the risks associated with the use of 
innovative technologies. The Integrating Contractor Team and its 
subcontractors will be able to use the technologies in performing future DGD 
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work at other DOE sites and commercial nuclear facilities. In addition, 
knowledge of the technologies used in the large-scale demonstration project 
will be directly transferred to more DCD firms. 

The Integrating Contractor Team is responsible for evaluating innovative 
technologies for possible demonstrations during the large-scale demonstration 
project. Major criteria include applicability to the technology needs of the 
project, applicability of the technology to other DOE surplus facilities, maturity 
of the technology, potential benefits of the technology, and cost to demonstrate 
the technology. The Integrating Contractor Team works closely with the 
technology vendor to develop demonstration test plans and performance 
goals for the technology. Data collected during the demonstrations are 
analyzed by the Integrating Contractor Team, and the results of the analyses 
are documented in a manner consistent with DOE Office of Environmental 
Management (EM) requirements. 

Through an interagency agreement, the DGD Focus Area has acquired the 
services of the US. Army Corps of Engineers to provide an independent cost- 
benefit analysis of all the largescale demonstration projects. First, the Corps 
of Engineers will estimate the cost to decommission or deactivate the DOE 
surplus facility using only commercial, baseline DGD technologies. They will 
then evaluate the cost to accomplish the same DGD end state using the 
proposed combination of innovative and baseline technologies. Lastly, they 
will evaluate the actual cost of using the combination of innovative and 
baseline technologies based on work performed during decommissioning or 
deactivation of the facility. Based on the performance data collected during 
demonstration of the innovative technologies, they will project the cost and 
benefits of the innovative technologies, when available, as commercial, baseline 
technologies. The cost and benefits of the innovative technologies will be 
compared to the commercial, baseline technologies in a life-cycle cost- benefit 
analysis of the entire largescale demonstration project. 

The cost of the large-scale demonstration projects is shared by the DGD Focus 
Area, the vendors of innovative technologies, and EM-40 for decommissioning 
projects or EM-60 for deactivation projects. In general, costs associated with 
demonstration of innovative technologies are provided by the DGD Focus 
Area. Costs associated with the use of commercial, baseline technologies are 
provided by EM-30, EM-40, or EM-60. Vendors are expected to share the costs 
of their demonstration, since successful demonstration of a technology in a 
largescale demonstration project provides a rapidavenue to commercialization 
and acceptance by end users, regulators, and other stakeholders. 

The DGD Focus Area plans to issue additional Requests-for-Letter Proposals 
to the DOE Operations Offices, leading to selection of an additional five 
large-scale demonstration projects. The last largescale demonstration project 
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is expected to be completed in 1999. Technology demonstrations in the eight 
large-scale demonstration projects are expected to address atleast90 percent 
of the technology problems identified by the EM-30, EM-40, and EM-60 
organizations. 

This section provides a more detailed description of the three ongoing large- 
scale demonstration projects. Section 1.4 provides a detailed description of 
a computer-based tool being developed by the DGD Focus Area. This tool will 
assist decision makers and program managers in planning and executing 
future largescale demonstration projects andother DGD projects at commercial 
nuclear facilities and at facilities throughout the DOE complex. 
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The CP-5 research reactor, as shown in Figure 1.1-1, is a heavy-water moderated 
and cooled, highly enriched, uranium-fueled, thermal reactor designed to 
supply neutrons for research. The reactor had a thermal-power rating of 5 
megawatts and was continuously operated for 25 years until its final shutdown 
in 1979. 

The containment building is an upright cylinder, 70 feet in diameter and 42 feet 
high. The walls are made of approximately l-foot thick, reinforced concrete. 
The reactor biological shield is an octagon, 15 feet high and 20 feet across, 
located in the center of the reactor floor. It is estimated that there is an 
inventory of radioactive material inside the biological shield of greater than 
100,000 Ci. Much of this activity is Corn, Fe55, and NF3 from the activation of a 
steel tanklocated adjacent to the concrete biological shield and other structural 
steel components. The remaining activity consists of mostly Ci4, E u I ~ ~ ,  and 
E u ~ ~ ~  from the activation of the graphite reflector that surrounds the reactor 
tank. High levels of Csi37 are possible. 

original building. Currently, the fuel pool contains approximately 50 shield 
plugs from the fuel module which are still highly radioactive and are classified 
as a mixed waste. The fuel-pool water is contaminated with Cs, Corn, and trace 
amounts of H3. 

With small exception, the general exposure rates inside the containment shell 
are less than 1 millirem per hour. However, numerous locations throughout 
the facility have much higher readings and are controlled-access locations. 
More importantly, once the reactor vessel area is opened for full-scale DCD 

Decontamination and Decommissioning Focus Area -August 1996 



operations, levels of radiation are expected to exceed 250 rems per hour. 
These high exposure rates will necessitate the use of remote dismantlement 
equipment and personnel protective equipment to reduce worker exposure 
during D I D  activities. 

The scope of the large-scale demonstration project will be to integrate 
technology demonstrations and management approaches within the ongoing 
DGD of CP-5. This includes a supportive, project focus on technologies 
emphasizing characterization, worker protection, robotics and remote systems, 
concrete decontamination, and storage-pool filtraticn. The approach 
complements the existing CP-5 effort which includes removal of the reactor 
internals and biological shield; decontamination of the fuel-rod storage area 
and radioactive material storage and handling facilities, including the fuel 
pool; and DGD of the building. 

The current large-scale demonstration project schedule includes six 
demonstration "sets." Demonstration of technologies is scheduled to occur 
over a three-week period beginning April 1, 1996, for the first demonstration 
set. This initial set of demonstrations has been labeled the "Validation Set" in 
that the overall planning, execution, assessment, and reporting process will be 
fine-tuned during the demonstrations. The remaining five demonstration sets 
are scheduled to begin the final quarter of Fiscal Year 1996 (FY96) and end early 
FY97. Recommendations for adding technologies to these demonstration 
sets will be made in March 1996. Demonstration set number five has been set 
aside for the dismantlement of the research reactor and will include 
demonstration of the Mobile Work System, "Rosie;" the Dual Arm Work 
Module (DAWM); and a number of innovative and commercially available end 
effectors and tools. 

A successful large-scale demonstration project will achieve meaningful 
technology demonstrations that qualify for commercialization and field 
application throughout the DOE complex. The practical approach of this 
project is the expedited deployment of needed DGD technologies to meet 
specific customer needs while meeting DOE EM-50 Office of Science and 
Technology (OST) established return-on-investment guidelines, and to identify 
technology activities that should be reviewed for continued DOE support or 
termination. Additionally, this project introduces commercial business practices 
to technology deployment and illustrates DOE'S commitment to performance- 
based strategies and contracting reform. 
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1 The Integrating Contractor Team is led by Duke Engineering and Services and 
includes 3M Corporation, Commonwealth Edison, Duke Power, ICF Kaiser, 

i I . Florida International University, and Argonne National Laboratory. It is 
anticipated that technology transfer will be accomplished through multiple 
pathways. In coordination with DOE EM-50 and the D I D  Focus Area, the CP-5 
largescale demonstration projectwill examine potential application of qualified 
technologies to other DOE sites with similar needs, or to private industry such 
as Commonwealth Edison’s Dresden 1 facility in Morris, Illinois, which is 
currently in the early stage of DID.  
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Assessed 10 technologies for insertion in the second and third quarters of 
W96. Eight technologies were recommended for demonstration. The 
Technology Assessment Team identified five major D I D  problem areas for 
which technical subteams were developed. These teams were chargedwith 
developing comprehensive needs/problem descriptions, technology 
evaluation and performance review parameters, and draft demonstration 
requirements/test processes in the areas of characterization and monitoring, 
worker protection, contaminated concrete, robotic systems, and fuel- 
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3 Developed a draft revised baseline and presented to the Integrating 

Contractor Team for its review and comments. This effort is scheduled to 
be completed by the end of March. As part of this effort, work packages will 
be developed for each of the primary DCD activities in order to capture the 
cost of these activities. Argonne personnel are currently working to 
incorporate exposure and waste volume parameters into the baseline 
effort. 
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The Fernald Environmental Management Project Plant 1 complex, as shown in 
Figure 1.2-1, consists of Building 1A and six other buildings. Building 1A was 
used to receive all enriched-uranium materials thatwere processed at Fernald. 
Additionally, nonenriched ore concentrates and recycled materials were 
milled in this plant prior to distribution to other process facilities. This four- 
story building contains asbestos insulation; transite; large, contaminated 
process equipment; and utilities. Other smaller buildings in the Plant 1 
complex include two 
storage sheds, two 
drumstorage buildings, 
a drum-reconditioning 
building, and a thorium 
war e house. Deco m- 
missioning the Plant 1 
complex will consist of 
decontaminating and 
dismantling the build- 
ings and their contents. 
Technologies that will 
enhance safety, effi- 
ciency, and cost 
effectiveness duringthe 
decommissioning 
process are needed. 
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Figure I .24. Femald Plant 1 Uranium-Processing Facility. 
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This project provides for the integration of multiple technology demonstrations 
into the Fernald Environmental Management Project's ongoing Plant 1 D I D  
project. A suite of technologies will be demonstrated in the areas of 
characterization, worker protection, demolition, and decontamination. The 
demonstrations will be new technologies or developed technologies from 
other industries that are being integrated into nuclear D I D  projects for the 
first time. The intent of the largescale demonstration project is to quantify the 
derived benefits (i.e., cost, schedule, and/or safety) achieved through the use 
of each of the D I D  technologies relative to its corresponding baseline 
technology. In order to preclude the need to scale up technologies, full-scale, 
commercial D I D  demonstrations will be conducted. 
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The Plant 1 DGD project being performed by Babcock and Wilcox Nuclear 
Environmental Services, Incorporated commenced in October 1995, and is 
scheduled for completion in July 1997. The planning and execution of this 
largescale demonstration project is scheduled for an 1 &month period that 
commenced in January 1996. Technology selection is scheduled to begin in 
early February, and the first demonstration should begin in June 1996. 

' i 

'1 
This project allows selected technologies to be fully evaluated under an actual 
commercial-scale application. This will preclude the need to scale up the 
results of the demonstration, which on occasion, can produce misleading 
conclusions. This information will be beneficial to DGD contractors in employing 
the technology on future DGD projects. With respect to addressing similar 
problems/needs across the complex, this large-scale demonstration project 
will provide proof of the benefits (or deficiencies) of each new D I D  technology. 

The Integrating Contractor Team is composed of Fernald Environmental 
Restoration Management Corporation; Fluor Daniel; Halliburton Nuclear 
Utility Services; Jacobs Engineering; Babcockand Wilcox Nuclear Environmental 
Services, Incorporated; and Foster Wheeler Environmental Corporation. 

The results of the large-scale demonstration project at Fernald Environmental 
Management Project Plant 1 will be transferred throughout DOE and to private 
industry through four separate avenues: Babcock and Wilcox Nuclear 
Environmental Services, Incorporated, the D I D  contractor for the Plant 1 
DGD Project; technology suppliers involved in the demonstrations of new 
technologies; Integrating Contractor Team and its members who are actively 
involved in environmental remediation and DGD projects; and performance 
evaluation reports prepared on each of the demonstrated technologies. 
These reports and conference presentations will provide for the wide 
dissemination of information on the proven technologies. Issues that may 
influence the future use of any of the demonstrated technologies (e.g., regulatory 
issues, special training requirements, and availability from suppliers) will be 
addressed in these reports. 

> . -  

*. Conducted a kick-off meeting at the Fernald Environmental Management I.$'- < .?* - .  . 
+~..: :. I .-.-I-: .., ' . I t  

I i' :, Project site on January 25 and 26, 1996. The meeting was attended by g ....: , .: -.-. 
: .;. -., . ,?~>,"'.,.' >; representatives from the DOE Morgantown Energy Technology Center 

(METC), DOE Fernald, U.S. Army Corps of Engineers, Fernald Environmental 
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i ’. Restoration Management Corporation, and Babcock and Wilcox Nuclear 
Environmental Services, Incorporated. A management plan and a timeline 

.I for the demonstration were developed. During this visit, DCD Focus Area 
representatives met with project stakeholders, including individuals from 
the Ohio Environmental Protection Agencyand local citizens’ organizations. 

1 
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Plant 1 Complexat Fernald Environmental Management Project Site technology 
development activities are funded under the following ?TP: 

TTP No. OH06DD2 1, “Large-Scale Demonstration” 
i 

> 

5 .,* .......... . .. .. .... ...... ... ..~ 
_ .  . .  . .  . .  . .  €QNfAcTS . .  
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$ . .  I Rod Warner Steven J. Bossart 
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.. , . Principal Investigator Project Manager 
. *  

I 

’, US. Department of Energy US. Department of Energy 
’ $  

Fernald Operations Office 
7400 Willey Road 
Cincinnati, OH 45030 

rod-Warner@ fernald.gov sbossa@metc.doe.gov 

Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 
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U.S. DOE Fernald Field Office. “Operable Unit 3: Remedial Design/Remedial 
Action work Plan for Interim Remedial Action,” Fernald Environmental I 

I 

I 
2 Management Project, Fernald, Ohio (March 1995). 
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To reduce the costly burden of maintaining and cleaning up DOE'S aging 
inventory of former weapons production facilities, it is critical that DOE 
successfully demonstrate the concept of low-cost, interim, safe storage 
(cocooning) of a major facility. The C-Reactor, as shown in Figure 1.3-1, is a full- 
scale surplus production reactor that was scheduled to be the first of eight 
reactors at Hanford to be dismantled. Cocooning the Reactor facilitates its 
safe storage during the period before final dismantlement, reducing risks and 
costs of prolonged surveillance and maintenance. 

The C-Reactor facility is located in the 100 B/C Area of the Hanford Site. The 
105-C building is 105.5 meters by 45.7 meters by 36.6 meters. Except for 
reinforced sections, the building can be classified as a light, nonairtight, 
industrial structure. The lower levels of the building and the central portions 
surrounding the Reactor are constructed of reinforced concrete. The massive 
reinforced concrete walls surrounding the Reactor are 0.9 to 1.5 meters thick. 
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The upper portions of the building are enclosed with corrugated asbestos 
cement (transite). Other exterior walls are concrete block. The roof is mainly 
cast-concrete panels. 

Arecord of decision was issued by DOE subsequent toa National Environmental 
Policy Act evaluation of the decommissioning alternatives for the surplus 
production reactors at Hanford. The record of decision states that the 
preferred alternative is to place the reactors into a safe-storage condition for 
up to 75 years and then move the reactors in one piece to a specially prepared 
burial facility in the 200 West Area of the Hanford Site. 

1 
i 
I I , I  

! 

i. 
! 

i 

i 

This large-scale demonstration project will provide DOE a major opportunity 
to demonstrate progress in accomplishing highly visible DGD cleanup activities. 
The technologies associated with this new approach will include the following: 
characterization, decontamination, dismantlement, demolition, waste 
minimization, facility monitoring and surveillance, and radiological and 
industrial safety enhancements. 

The main tasks include an extensive removal of the contaminated surfaces. 
Some contaminated areas, such as the outer rod rooms and metal storage 
rooms, can be cleaned by conventional wiping technologies. Other areas, such 
as the fuel-storage basin, fuel-examination facility, and fuel-transfer pits, will 
require aggressive surface-removal techniques. 

The baseline plan for the safe storage of the C-Reactor includes removal of the 
fuel-storage basin, the adjacent fuel-examination facility, and the fuel-transfer 
pits. The proposed baseline technique for surface removal from these 
facilities is scabbling (mechanical removal of contamination from concrete). 
However, whether or not to remove any or all surfaces would be decided on 
the basis of a cost-benefit analysis. I t  may be cheaper to fix the contamination 
and remove the components as low-level waste rather than expend time and 
resources to remove the surfaces only. 

. . . . . . . . . . . .  . - --.--: 
. .  ; 

i 
i NEWS - 
t This large-scale demonstration will show that the improved technologies will 

have significant benefits over the use of baseline technologies in the following 
areas: 3 

Lower facility life-cycle costs 
Lower health and safety risks to the worker and the public 
Lower risks for detrimental impact to the environment 
Reduced amount of secondary waste . _  

1 -:, 'I- , -I ! ,  

1 .  ' - , - : j  
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Reduced hazard level and category of waste 

Increased reuse of materials within DOE and/or free release of materials for 

Less time required for characterization, deactivation, decontamination, 

Reduced amount of residual contamination in materials following 

Reduced cost and worker exposure in surveillance and maintenance of 

This project will also result in the identification of technologies that will be 
us production reactors at Hanford 

recycle by the private sector 

dismantlement, and disposition of facilities 

decontamination 

1 Hanford, Inc.) will transfer the 
Reactor interim storage activities to 

similar DGD jobs at Hanford, other DOE facilities, and commercial jobs. The 
technical performance data collected will be transferred to DOE 
Headquarters, EM-50 OST for evaluation and shared with other federal 

e various technologies. 

Initiated planning activities for this large-scale demonstration. The draft 
Conceptual Design Report for long-term storage was received from the 
engineering subcontractor in late December. The draft has been reviewed 
with the Environmental Restoration Contractor, and comments were 
informally forwarded to the subcontractor for resolution. The conceptual 
cost estimate has been completed by the subcontractor and is being 
reviewed by the Environmental Restoration Contractor estimating staff. 
The Environmental Restoration Contractor, DOE Richland team, presented 
the Value Engineering Concept to the Hanford Site DGD Site Technology 
Coordination Group subgroup at their monthly meeting. The Environmental 
Restoration Contractor, DOE Richland team, will use the DGD subgroup as 
the Value Engineering team to get regulatory, Native American, and local 
business input for technology identification and selection. 
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C-Reactor at Hanford Reservation technology development activities are 
funded under the following TTP: 

"TP No. RL06DD2 1, "Large-Scale Demonstration: C-Reactor Cocooning at 

I - I  
j .- 1 

. :f 
I Hanford" 

I )  Jim Goodenough John Duda 
>,. ..i Principal Investigator Project Manager 

U.S. Department of Energy 

825 Jadwin Avenue 

U.S. Department of Energy 

P.O. Box 880 
-, < Richland Operations Office Morgantown Energy Technology Center 

- - :  . ,  

. - I  

- .  Richland, WA 99352 Morgantown, WV 26507 
1 

(509) 376-0893 (304) 285-4217 . .  . !  

"; 1 

i - ,  t 
> '  i ' I  . .> james-d-goodenough@rl.gov jduda@metc.doe.gov 

$ -  > ' 
i 

. I  

'I 
; 

' .. 
~ ,:: 
- I  

None at this time. 

i 
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M* I PHOENIX: A COMPUTER~BASED, DECISION= 
':MAKING TOOL FOR DECONTAMINATION AND 1 DECOMMISSIONING OF NUCLEAR FACILITIES 

' 

The objective is to design, develop, and demonstrate a prototype, 
computer-based tool that assists decision makers and program managers in 
planning and executing DGD projects at nuclear facilities. Specifically, the tool 
will facilitate the following activities: programmatic decision making, project 
planning, detailed cost estimating, DGD technology selection, and waste 
management. 

Phoenix, the computer-based tool, will assist in determining the safest and 
most cost-effective process to decommission a given facility and whether the 
workshould be done immediately, in phases, or at alater date. Considerations 
include cost, health risk, governmental policies, and waste issues. The tool will 
also identify, collect, and organize data required to plan a DGD project, and 
provide an accurate cost estimate. The database will include information on 
commercial and innovative technologies applicable to DGD. This information 
will include applicability of technology, cost and other attributes, along with 
related advantages and disadvantages. Key components of the tool will be a 
geographical information system and a suite of algorithms that are based on D G D  
related data. An example screen from Phoenix is illustrated in Figure 1.4-1. 

In June 1996, a prototype of the operational Phoenix system will be 
demonstrated. This demonstration will be based on the Fernald Plant 1 DGD 
large-scale demonstration project. It will serve as a baseline to show potential 
users the system's capabilities and enable users to critique the system. The 
demonstration will be a point of departure for design of a commercial, 
operational Phoenix software. 

Phoenix will assist program managers and D I D  decision makers with the 
selection of optimal technologies for specific applications or entire projects. 
It will provide detailed cost estimates as well as compute the amount and type 
of waste that will be generated from the selected technology or approach. The 
tool also selects the safest and most cost-effective waste container and 
storage location; determines the quantity of waste to store in a specific area; 

' 1  . - 3  
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I Example Screen 

I . '  

Figure 1.4-1. Phoenix Example Screen. 

recommends handling procedures; and estimates packaging, storage, 
transportation, and disposal costs. 

, t .............................................. ~ .,... ___: .... ____: 

,Co~~oRAlr~~CHNorocv.llRANSFEa. . _^I_ J 

....... ~ 

! Arrey Industries and its subcontractors (Arrey Team: Nuclear Expertise and 
MRJ) are currently working on several project tasks in parallel. Nuclear 
Expertise is providing the domain expertise in D I D  planning, technology 
selection, and cost estimation. MRJ is providing engineering and software 
design expertise to program the domain expertise into Phoenix. 

I 

1 i 

i 
.............. ".....,......I.. ,.~.. ." ,. -~ ...... :. . . . .  : _ _  I 

ACCf3mPLISHMEMTS --- i . _.- I 
i 

-1 

0 

Initiated development of evaluation criteria for technologies. The evaluation 
criteria will include, for example, speed of operation, decontamination 
factors, waste generation, operational costs, capital costs, radiation 
exposure, and many other factors. 

Developed menu screens for the Phoenix user interface, and designed and 
integrated D I D  sequence and technology selection constraints. 

Created Site-Independent databases containing D I D  data applicable to a 
wide range of nuclear facility types. Databases were created in Access and 

, .  . .  
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are being populated. Links to hypermedia and Internet information have 
been incorporated into the Site-independent datatables, assuring a continual 
updating of available data such as catalogs, procedures, regulations, 
photographs, and video clips. 
Developed Site-Dependent database, in Access, to contain facility-specific 

Selected MicrosoftVisual Basicas the Phoenixsystem executor, since it can 
handle all commercial off-the-shelf software planned for the demonstration, 
and has the newest object-linking and embedding features needed for the 
demonstration. 

Phoenix: A Computer-Based, Decision-Making Tool for Decontamination and 
Decommissioning of Nuclear Facilities technology development activities are 

TTP No. ME06DD23, "Phoenix" 

Steven J. Bossart 

U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

sbossa@metc.doe.gov 

Principal Investigator DOE Project Manager 

10560 Arrowhead Drive 
Fairfax, VA 22030 

(304) 285-4643 

"Phoenix Progress Report," Presentation by the Arrey Team 
(November 20, 1995). 

"Phoenix Progress Report," Presentation by the Arrey Team 
(January 23, 1996). 
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%@ FACBLBTY DEACTBVATBON 

Facility deactivation refers to the process of placing a facility in a safe and 
stable condition to minimize the long-term cost of a surveillance and 
maintenance program that is protective of workers, the public, and the 
environment until decommissioning is complete. Actions include the removal 
of fuel and stored radioactive and other hazardous materials, and draining 
and/or de-energizing nonessential systems. As a bridge between operations 
and decommissioning, deactivation can accomplish operations-like activities 
such as final process runs, characterization activities, and also decontamination 
activities aimed at placing the facility in a safe and stable condition. 

The U.S. Department of Energy Decontamination and Decommissioning (DOE 
DGD) Focus Area has identified a number of broad technological needs that 
can reduce surveillance and maintenance costs incurred throughout the 
Department due to delays in decontamination and decommissioning of 
facilities. These needs include real-time characterization and sampling 
techniques for characterizing contaminants on concrete and metal, as well as 
inside pipes; improved worker protection systems; improved techniques for 
separating radioactive contaminants from sludge, process equipment, and 
other media; and improved techniques for the disassembly and removal of 
contaminated process equipment. This section highlights the current DGD 
portfolio of technology development activities addressing these needs. 

Harold D. Shoemaker 

U.S. Department of Energy 

. e  

I 
i t Program Manager 
1 

1 
. -  i Morgantown Energy Technology Center 
i P.O. Box 880 5 

Morgantown, WV 26507 

hshoem@metc.doe.gov 

t 

i (304) 285-471 5 
3 
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Many DGD activities require difficult tasks to be completed by workers in 
protective suits and respirators. The suit essentially encapsulates the wearer's 
body, preventing the evaporation of perspiration, and thereby preventing the 
heat generated by the worker's activity from leaving the suit. As a result, the 
average worker cannot tolerate exposure to the hot and humid atmosphere for 
more than approximately45 minutes, after which the worker has to cool down. 
Time required for donning and doffing a suit and respirator, along with 
decontamination time, makes for a work day that is, at best, less than 50 
percent efficient, and frequently only 25 percent efficient New protective 
equipment and systems are needed to improve performance. 

. .. 

The Advanced Worker Protection System (AWPS), as shown in Figure 2.1-1, is 
a self-contained, extended service-time, personnel-protection system that 

. uses a liquid-air backpack to provide air to workers for both breathing and 
cooling. Breathing air is provided to a pressuredemand respirator worn by 
the worker. Air is also used to cool water that is circulated in a liquid cooling 
garment worn against the worker's skin. The worker can wear either a 
two-piece, splash-protection suit 
(Level B protection) or a totally 
encapsulating suit (Level A 
protection). 

The backpack includes the 
vacuum-jacketed dewar which 
contains the cryogenic liquid air. 
The liquid air is fed through a heat 
exchanger that uses the water 
warmed by the wearer's body to 
vaporize the cryogen for breathing, 
while it cools the water to control 
body temperature. The air is 
regulated to the appropriate 
pressure and delivered to the 
respirator. The cooled water is 
delivered to the liquid cooling 
garment The amount of cooling 
can be controlled by the wearer. 

Figure 2.1 -1. Advanced Worker Protection System. 
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A recharge station is required to fill the dewar on the AWPS with the liquid air. 
The present design allows this recharge station to be retrofitted to current self- 
contained breathing apparatus charging units. Workers can wear the AWPS for 
more than two hours without the need for a forced break or cooldown period. 

Complete development of the AWPS involves two phases of work. Phase I, 
which has been completed, included the development and testing of the AWPS 
prototype, including preliminary assessment of the apparatus by the National 
Institute for Occupational Safety and Health. Phase 11, currently underway, will 
optimize the design using information gained from the Phase I testing and 
assessment. Phase I1 development of the preproduction units will conclude 
with certification by the National Institute for Occupational Safety and Health, 
U.S. Department of Transportation, and Los Alamos National Laboratory, and 
a field demonstration at one of the DOE facilities. 
.. . . . , , 

1 

I 
! 

; 
I : 
i 

Firefighters from Manhattan, Kansas, were the subjects of human performance 
tests conducted at the Institute of Environmental Research at Kansas State 
University. Participants walked on a treadmill at 3 miles-per-hour for up to 90 
minutes wearing three different types of apparel. The three different types of 
apparel were shorts and tshirt, the AWPS, and standard clothing and self- 
contained breathing apparatus worn by firefighters. The test subjects were 
monitored for heart rate, blood pressure, and body temperature. Firefighters 
were able to walk on the treadmill for 90 minutes when wearing the AWPS, 
compared to only 20 to 30 minutes when wearing the standard 
firefighting suit  

I < 
* 

I 

i 
I 

1 
f 

This project is funded through the Morgantown Energy Technology Center 
(METC) via an Industry Program Research and Development Announcement 
(PRDA) award. Oceaneering Space Systems, a division of Oceaneering 
International, Inc., is the prime contractor for the AWPS. The AWPS is one of 
many life-support and cryogenic technologies being developed by Oceaneering 
Space Systems. 

: 
I 

, *  

1 
I 
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I Developed a full-scale prototype AWPS, for both Level A (vapor protection) 
and Level B (liquidsplash protection) 

Completed human performance testing of the AWPS at the Institute of 
Environmental Research at Kansas State University (see Benefits section) 

1 :  ! 
I 
1 ' ,% 
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.: I j 
A. . 

. . -  I 
I : . 
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e Scheduled a demonstration of the prototype AWPS at the International 
Union of Operating Engineers Human Factor Facilities in Beaver, West 

Advanced Worker Protection System technology development activities are 
funded under the following technical task plan (TTP): 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 

. .  Program Manager 
XI 

and Principal Investigator 
Oceaneering Space Systems 
Life Support G Cryogenics Group 
16665 Space Center Boulevard 
Houston, TX 77058 
(713) 488-9080 x3253 
jmyers@oss.oceaneering.com 

Steven J. Bossart 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

sbossa@metc.doe.gov 
(304) 285-4643 

Caldwell, Bruce, P. Duncan, and J. Myers. "Advanced Worker Protection 
System," Proceedings of the Environmental Technology Through Industry Partnership 
Conference, DOE/METC-96/102 1, Vol. 1, p. 177 (October 1995). 

"Kansas State University Testing Report - AWPS," Phase I Topical Report 
(June 15, 1995). 
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i 
I MEMBRANE AND CARBON ADSORPTION 

I PROTECTWE CLOTHING BASED ON PERMSELECTIVE 

Decontamination workers at DOE sites face potential contamination from a 
variety of hazardous compounds including asbestos, mercury and other 
heavy metals, toxic organic compounds such as polychlorinated biphenyls 
(PCBs) and chlorinated solvents, and radioactive metals and salts. For many 
activities, they must wear protective garments that are impermeable to 
particulates, aerosols, and organic vapors, and provide protection from toxic 
contaminants. These garments are heavy, time consuming to put on and 
remove, and impermeable to water vapor. Because perspiration cannot 
evaporate, body heat is not dissipated. Therefore, the potential for workers 
to become heat-stressed is high. Frequent, lengthy rest periods are needed. 
Use of existing protective garments greatly reduces worker and process 
efficiency. 
...................... . . . . .  _I .... .;. , ....... " ...... /.. - ,. , " 

inner layer captures any 
hazardous compounds that 
may breach the membrane 
layer. 

... . . .  

. .  , .; 

This protective clothing will 
provide protection equi- 
valent to current garments, 
but is lighter weight to 
improve comfort. It is 
breathable, therefore 
allowing water vapor to 
escape, and reducing heat 
stress. In laboratory tests, 

I "1 < 
I 

I 

The objective of this work is to develop and demonstrate improved protective 
clothing made of an innovative fabric that combines an ultra-thin, permselective 
outer membrane with a sorptive inner layer. This protective clothing is 
illustrated in Figure 2.2-1. The outer membrane layer is extremely permeable 

compounds. The sorptive 
I 
: ,  to water vapor escaping from the wearer, buthighly impermeable to hazardous 

I : 

i 
- 1  . .  
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Figure 2.2-1. Protective Membrane Clothing. . - 1  
.'. ,-'" ; f 
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water-vapor-transmission rates of 600 to 900 grams per square meter per day 
have been measured through the fabric. This water-vapor-transmission rate is 
far superior to butyl rubber suits with a water-vapor-transmission rate of 0 to 
10 grams per square meter per day. Chemical vapor transmission rates have 
been equal to, or lower than, the fabrics of commercial suits. Membrane 
Technology and Research, Inc. (MTR) compared the economics of using a suit 
made from their fabric with a Saranex-coated Tyvek and Barricade suit 
Results indicatedthat although the MTRsuit is more expensive ($53 versus $3 1 
to $45), the life-cycle cost of usingthe MTR suit is less than for Saranex-coated 
suits because of increased worker productivity when wearing the suit 

This project is funded through METC via an Industry PRDA award. MTR was 
founded in 1982 as a membrane research company with the long-term goal of 
developing marketable membrane technologies. MTR’s programs have focused 
on gas separation and pervaporation, and ,have ranged from fundamental 
development to full-scale demonstrations. Uretek is conducting the lamination 
of the MTR permselective fabric onto the sorptive layer. Kappler Systems 
manufactures the suits from the laminated fabric. 

. .x. i - ;:; <,’ . ~ : ‘“;::I 
Completed development of fabric materials and the layering configuration. .-- ~ . . .>:. 

i- .-- -- ~ ~ -- . 9. : > ., . -- . 
I .:.I. ...‘.-:.<.~- --..--y 

? ,. .- 

Produced rolls of laminated fabric to conduct laboratory tests and to send 
samples of the fabric to Uretek for lamination. 

Received two laminated rolls of fabric from the Uretek. One roll of fabric 
(90 meters by 30 inches) uses ripstop nylon as both inner and outer layers. 
The second roll (40 meters by 30 inches) uses the ripstop nylon on the 
outside and a flexible, lightweight, nonwoven fabric on the inside. 

Received prototype suits manufactured by Kappler Systems. These included: 
13 suits from MTR 1 fabric (ripstop on both sides), five suits from MTR 2 
fabric (ripstop/nonwoven), six suits from Saranex-coated Tyvek fabric, and 
six suits from uncoated Tyvek fabric. Saranex and Tyvek suits were 
produced so that identical suits made from conventional fabrics were 
available to compare with suits made from the MTR fabrics. 
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Protective C l o t h g  Based On Permselective Membrane and Carbon 
Adsorption technology development activities are funded under the following 

I 

j ?TP: 

"TP No. ME06IPO 1, "METC Industry Programs Technology Development 
Projects" 

I I .................................... , 

Doug Gottschlich 
Principal Investigator 

I Membrane Technology I I and Research, Inc. 
1360 Willow Road, # 103 

. . i  Menlo Park, CA 94025 
(4 15) 328-2228 
doug@mtrinc.com 

. 5  

Steven J. Bossart 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

sbossa@metc.doe.gov 
(304) 285-4643 

Gottschlich, Douglas, and R. Baker. "Protective Clothing Based o n  
Permselective Membrane and  Carbon Adsorption," Proceedings of the 
Environmental Technology Through Industry Partnership Conference, DOE/METC-96/ 
1021, Vol. 1, p. 65 (October 1995). 

, -  i 
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CHARACTERIZATION OF RADIOACTWE 
CONTAMINATION lNSIDE PIPES WITH 
THE PIPE-EXPLORER~~ SYSTEM 

Pipes and ducts that are potentially contaminated are difficult to access and 
characterize. Buried drainlines, or those encased in concrete, must often be 
excavated to satisfy survey requirements. Therefore, characterization efforts 
require significant additional effort and cost. 

Standard internal detection methods, such as pipe crawlers and push rods 
which become contaminated, can lead to ambiguous results. There are 
additional limitations associated with these alternative methods. For example, 
pipe crawlers are typically limited to larger diameter pipes (greater than 4 
inches). They are also cumbersome to operate around elbows, and have a 
difficult time in pipes with slippery surfaces. Push-rod methods are limited in 
length and are often unreliable when trying to get a detector around elbows. 

The objective of this effort is to develop and demonstrate the Pipe-ExplorerTM 
System, a remotely operated system for surveying radiological contamination 
in pipes. The Pipe-ExplorerTM System, shown in Figure 2.3-1, integrates 
standard radiation detectors with a unique inverting-membrane deployment 
method (originally developed for sensor deployment in boreholes and known 
as SEXMISFM). which tows instruments through a long, tubular membrane 
inside pipes. The initial deployment system consists of sodium-iodide and 
cesium-iodide scintillation detectors coupled to photomultiplier tubes. 

Figure 2.3-1. The Pipe-ExplorerTM System. 
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Electrical pulses proportional to radioactivity are transmitted through a cable 
back to the data acquisition system. Pulses are either counted for gross 
contamination or analyzed with a multichannel, pulse-height analyzer to 
determine their energy and the specific radioisotope. Based on end-user 
requests, alpha and beta detection and visual capabilities have also been 

! I  

; 

f 

I developed. 

DOE'S Formerly Utilized Sites Remedial Action Program co-funded a 
demonstration of the gamma and beta activity-detection system at a Program 
site in Adrian, Michigan. The Pipe ExplorerTM was used to characterize over 
1,000 feet of suspect contaminated drainline at the site. Program personnel 
estimate that the Pipe-ExplorerTM System saved DOE over $1.5 million. This 
estimate is based on the cost to dig up and characterize the suspect pipes and 
includes the costs of shutting the facility down for 90 days, which would have 
been required to do the work. A second demonstration at an operating DOE 
research facility saved an estimated $500 thousand because piping suspected 
of contamination did not have to be excavated to be characterized. Instead, 
after the aging pipingwas determined to be uncontaminated, itwas allowed to 
remain in place and could be structurally upgraded with a low-cost, slip-lining 
technique. 

The use of Pipe ExplorerTM offers many technical benefits including: 

Enables 100 percent gamma, beta, and alpha surveys of pipe interiors, even 

Prevents detector from becoming contaminated 

Eliminates spread of contamination along pipe 

Reduces personnel exposure 

Provides ability to operate around elbows 

in buried pipes 

. ..,.. ..... . . _ _  , _ _ _ _ _ _ _  , , .. .... l__"_ , . . .... ~. . . .x , .:.- . .... ~~. ........ .. . . -.: mSH-&: . <  j 
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This program is funded through METC via an Industry PRDA award. Science 
Engineering Associates develops, builds, and commercializes radiological 
and chemical characterization technologies for application to DOE needs. ' .  . .  , -  
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Demonstrated the viability of the Pipe-ExplorerTM System at the Idaho 
National Engineering Laboratory on a drainline mockup (with calibrated 
Cs137 sources mounted to the pipe's exterior) and on sections of suspect 
contaminated scrap pipe in luly 1994. In the drainline mockup tests, the 
Pipe ExplorerTM unambiguously detected the Cs137 sources ranging in 
activities from 0.449 pCi to 0.047 pCi. 

Completed a successful characterization of 175 feet of drainlines at a 
Program site in April and May 1995 (see Benefits section). 

Evaluated scintillating materials for alpha detection. ZnS(Ag) was the 
scintillator of choice. Due to the fact that it has high light output (large 
number of photons emitted per alpha particle), it is a good spectral match 
with existing high sensitivity photodetectors, is relatively inexpensive, 
easily incorporated into a thermoplastic such as polyethylene, and is a 
nonhazardous material. 

Completed the second full-scale demonstration of the Pipe-ExplorerTM 
System in November 1995. A major milestone in this demonstration was 
the inclusion of a video survey with the System. It was found that very clear, 
good resolution pictures could be obtained through the membrane. Further, 
the camera was well protected by the Pipe-ExplorerTM membrane. The 
video pictures were used by site personnel to assess the structural integrity 
of the drainline, assess the level of buildup in the pipe, and to verify 
configuration of the drainline system. Beta and gamma activity 
characterization was also accomplished. 

Selected an optimum model photomultiplier tube for a prototype detector 
package for 4-inch pipe geometry and placed an equipment order. 

. .  , _  
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Characterization of Radioactive Contamination Inside Pipes with the 
Pipe-ExplorerTM System technology development activities are funded under .*.+.-.-, - I  I , I .  . 

\~ I the following TTP: 

?TP No. ME06IPO 1, "METC Industry Programs Technology Development 
Projects" 

? '  . . ,- I 
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sition and orientation data throughout 
s do not exist that can provide that data 

accurately and reliably. As a result, the full capability of robotic operations is 
typically hampered. Existing three-dimensional, vision technologies lack both 
resolution and sensitivity to ambient lighting conditions and surface shading. 
Various techniques, including world models and simulations, exist to work 
around these difficulties; but the challenges become even more severe if the 
work area itself is dynamic (i.e., other objects are moving, or the scene is 
changing). 

The objective is to develop and demonstrate a sensor that can provide timely, 
accurate, and reliable three-dimensional position and orientation data in a 
dynamic environment The Coherent Laservision System (CLVS), as illustrated 
in Figure 2.41, is a lightweight, compact, robust sensor that provides scanned 
images of 256 by 256 pixels at a rate of 1 frame per second. The radar uses the 
relatively large tuningrange of injector laser diodes to achieve greater precision 
than available with other techniques. An eye-safe laser source is used. An 
acousto-opticscanner is used to steer the laser beam and enable addressability 
of all pixels. 

IGeneration I] 

7cm 
Diameter 2cm 

Diameter 

Figure 2.4-1. Cdlerent Laser Vision System. 
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f The project is planned in two phases. Phase I includes the development of a 
prototype system with a two-dimensional scanner, a frame density of 128 by 
128 pixels at 1 frame per second, and a 1.5 meter depth of range. In Phase 11, 
the receiverwill be upgraded; the frame density increased to 256 by 256 pixels; 
and the operating range increased to beyond 5 meters. 

I 

1 
' ! i 

-- i Benefits of the CLVS include: 

Reduces need for humans to conduct simulations or remote operation 

Provides ability for robots to function in a dynamic environment 

Offers ability to detect low-contrast features and those of minor surface 

Enables true robotic operations functioning on a real-time basis 
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Coleman Research Corporation is the prime contractor for this project which 
is funded through METCvia an Industry Research Opportunity Announcement 
(ROA) award. Coleman Research Corporation designed the transmitter and 
receiver modules and is assembling the transmitter. Designs for the acousto- 
optic scanner were prepared by the University of Colorado and Essex 
Corporation, subcontractors to Coleman Research Corporation. The University 
of Colorado scanner design was selected for the CLVS, and they are now 
building the scanner. Sciteq Electronics supplied the direct digital frequency 
source to the University of Colorado for driving the scanner, and NEOS 
supplied the University of Colorado with the Bragg cell. 
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I 
! Completed design of the transmitter, scanner, and receiver 
i 
I Initiated assembly of the transmitter module 
i 

I Selected acousto-optic scanner designed by the University of Colorado, :, 1 
? subcontracted to the University to build the scanner, and completed the . . .  

optimization software 

Selected Sciteq Electronics to supply the direct digital frequency source 
that will drive the scanner and compensate for internal doppler shifts 
caused by the coherent frequency shifts of the laser interacting with the 
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Coherent Laser Vision System technology development activities are funded 
under the following "TP: 

"TP No. ME06IPO 1, "METC Industry Programs Technology Development 

Dr. Philip Gallman Ron Staubly 
Principal Investigator DOE Project Manager 
Coleman Research Corporation U.S. Department of Energy 
655 1 Loisdale Court, Suite 800 Morgantown Energy Technology Center 
Springfield, VA 22 150 P.O. Box 880 
(703) 719-9200 Morgantown, WV 26507 
philgallman@mail.crc.com (304) 285-4991 

rstaub8metc.doe.gov 

Barry, R.E., M. Beckerman, B.E. Bernacki, T.W. Burgess, B.L. Burks, and O.H. 
Dorum. "A Preliminary Analysis of Metrology Techniques Related to ITER 
Mapping Requirements," Oak Ridge, Tennessee, Oak Ridge National 
Laboratory (1 994). 

Besl, P.J. "Active Optical Range Imaging Sensors," Machinevision and Applications, 

Sebastion, R.L. "Coherent Laser Vision System," Proceedings of the Environmental 
Technology Through Industry Partnership Conference, DOE/METC-96/102 1, Vol. 1, 
p. 70 (October 1995). 

VOI. 1, p.-127-152 (1988). 
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Characterization sampling and analysis is a time-consuming, expensive 
process that requires workers to wear protective garments and equipment to 
guard against potential exposure to radioactive and other hazardous materials. 
After use, protective garments and equipment represent a secondary waste 
that requires disposal. Their use also increases the time required to accomplish 
the characterization task because of the time needed to don and remove the 
clothing and equipment. Additional costs are incurred for handling and 
transporting potentially hazardous samples. Off-site laboratory analysis is 
also expensive and time-consuming, necessitating delay of further activities 

i 

i i 

: 
i J 

I 

i until results are received. 
1 I 

The objective of this project is to develop a remote system that can perform 
rapid in situ analysis of hazardous organic and radionuclide contaminants on 
structural materials. This remote system is the Three-Dimensional, Integrated 
Characterization and Archiving System (3D-ICAS), depicted in Figure 2.5-1. 
The 3D-ICAS configuration consists of a mobile sensor platform and a mobile 
mapper platform that operate in contaminated areas, and an integrated 

h 

Sensor Mapier 
Platform 

Integrated 
Workstation 

Figure 2.5-1. Three-Dimensional, Integrated Characterization and Archiving System. 
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Remediation activities conducted using remote robotic systems can be 
expensive and slow due to the time needed to analyze geometric information 
regarding the site scene and task, and to provide the robotic operator with that 
information in a form that can be efficiently used. 

... . . 

The objective is to develop and demonstrate an Integrated, Computer- 
Enhanced, Remote-Viewing System (ICERVS) to provide a reliable geometric 
description of a remote environment Figure 2.6-1 displays how ICERVS works. 
Development of ICERVS is planned in three phases. The majority of the work 
in Phase I involves development of the basic analysis software and 
demonstration of the data library and tool-kit subsystems. Phase I1 includes 
development of a subscale model of ICERVS. Phases I and I1 have been 
completed. The resultof Phase I1 wasasystemthatdemonstrated topographical 
mapping by a structured light subsystem, video display of a workspace by a 
remote-viewing subsystem, software simulation of other sensor subsystems, 
software that provided enhanced data analysis andvisualization tools, software 
that provided enhanced geometric-modeling capabilities, and an integrated 

Waste Material 

I _ _  , 

Figure 2.6-1. Interactive, Computer-Enhanced, Remote-Viewing 
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user interface. The project is currently in Phase I11 of development, which is 
designed to achieve a full-scale, integrated system and demonstrate this 
system at a DOE site. 
.. ...... 
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The ICERVS will serve as a critical subsystem thatwill allow robotic remediation 
tasks to be conducted more effectively and economically than with the present 
system. ICERVS will help an operator to analyze a scene and generate 
additional geometric data for automating significant portions of the 
remediation activity by using the following features: storage and display of 
empirical sensor data, ability to update segments of the geometric description 
of the task space, and side-by-side comparison of a live TV scene and a 
computer-generated view of the same scene. 

2 
I 
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COLWORATIONITECHNOLOW TRANSFER 
x- ,w - P 

This project is funded through METCvia an Industry PRDAaward. Mechanical 
Technology, Inc. designs and develops intelligent, custom systems with 
measurement and data acquisition capabilities for both DOE and commercial 
customers. 

Completed final system design and the initial volumetric-data software to 
display views of data sets that have been finished. 

Initiated development of the full-scale, Release B version, visualization and 
analysis software. The major effort is focusingon updatingthe ICERVS data 
set to incorporate capabilities for storing and displaying "nonscaler" data, 
specifically images, text, and numerical arrays. 
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Interactive, Computer-Enhanced, Remote-Viewing System technology 
development activities are funded under the following lTP: 

: 
I 

TTP No. ME06IPO 1, "METC. Industry Programs Technology Development 
Projects" 
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John Tourtellott Vijendra Kothari 
Manager of Business 

Development and 
Principal Investigator 

Mechanical Technology, Inc 
986 Albany Shaker Road 

(5 18) 785-2800 vkothaQmetc.doe.gov 
tourtellottQmechtech.com 

DOE Project Manager 
US. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

Latham, NY 121 10 (304) 285-4579 

Mechanical Technology, Inc. “Integrated, Computer-Enhanced, Remote- 
Viewing System (ICERVS),” Phase I1 Topical Report 95TRI (November 1994). 

Tourtellott, J.A., and  j.F. Wagner. “Integrated, Computer-Enhanced, 
Remote-Viewing System (ICERVS),” Proceedings of the Environmental Technology 
Through Industry Partnership Conference, DOE/METC-96/102 1, Vol. 1, p. 254 
(October 1995). 
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%7 PORTABLE SENSOR FOR HAZARDOUS WASTE 

TECHNOLOW NEED i 
- ''_+ '*Y. 

Many DOE sites have areas, buildings, and waste materials that are 
- . i  contaminated with hazardous chemicals, including organics, heavy metals, 

and radionuclides. Current hazardous waste site characterization and 
compliance monitoring methods generally involve sample retrieval, packaging, 
transportation, and off-site analysis. This process is both time consuming and 
expensive. Better methods are needed to accelerate site characterization, 
improve compliance assurance, and reduce site cleanup costs. New 
technologies are needed that are capable of rapid and sensitive detection of 
hazardous compounds for a variety of applications, while maintaining 
portability for field use. 
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The objective is to develop and demonstrate a compact, portable, real-time, 
analytical instrument based on the principle of active-nitrogen-energy-transfer 
technique to quantify concentrations of specific hazardous components, 
including polychlorinated and nonchlorinated hydrocarbons; transuranics; 
uranium; thorium; and heavy metals, includingmercury, chromium, cadmium, 
arsenic, and lead. Contaminated samples will be prepared and injected into 
a stream of active nitrogen, which causes fluorescence to occur. This 
fluorescence is detected conventionally, using simple optical detectors. 
Figure 2.7-1 illustrates the potential applications of the portable sensor for 
detecting hazardous waste. 
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Figure 2.7-1. Portable Sensor for Hazardous Waste. 
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This system's relative absence of interferences, combined with strong 
fluorescence signals, allows for simultaneous, real-time, multicomponent 
detection with high sensitivity. The system's field portability will reduce 
sampling and analysis costs. 

This project is funded through METC via an Industry PRDA award. Physical 
Sciences, Inc. is a small business dedicated to producing new commercial 
products and entities through research and development. 

Demonstrated the detection of the heavy metals mercury, chromium, and 
selenium. The detection limit for selenium and mercury was well below 
part-per-billion levels, while that for chromium appeared to be just below 
part-per-million levels. 

Demonstrated that organic species evinced strong emissions from cyanide 
radicals at 388 and 420 nm. Detection limits for the organic species were 
approximately 5 parts-per-billion at both 278 and 388 nm. 

Demonstrated that chlorinated organic species displayed chlorocarbon 
emissions at 278 nm. 

Completed efforts to detect oxygenated organics by observing emission 
from hydroxyl radicals at 283 or 308 nm. N o  detection was observed. 

Prepared, and circulated to various DOE sites, a questionnaire to develop 
a better understanding of the characterization problems posed by the 
contaminants found at each site. The questionnaire requests information 
on contaminants, analytical techniques currently employed, limitations 
and cost of current analytical technology, and attributes of importance in 
technology (i.e., sensitivity, reliability, accuracy, portability, etc.). 

Completed in-house experimental facility and began investigation of 
active-nitrogen-energy-transfer excitation of lead. 
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Portable Sensor for Hazardous Waste technology development activities are 
funded under the following ?TP: 

. ?  TTP No. ME06IPO 1, "METC Industry Programs Technology Development 
I I 

I Projects" 
! 

Dr. Lawrence Piper Scott Renninger 
Principal Investigator DOE Project Manager 

. i  Physical Sciences, Inc. US. Department of Energy 
20 New England Business Center Morgantown Energy I Andover, MA 01810 Technology Center 
(508) 689-0003 P.O. Box 880 

. .  
i 

. I  

i ,  

. .  www.tiac.neyusers/psi Morgantown, WV 26507 
(304) 285-4790 1 
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srenniQmetc.doe.gov 
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Piper, L.G., M.E. Fraser, and S.J. Davis. "Portable Sensor for Hazardous Waste,' 
Proceedings of the Environmental Technology Through Industry Partnership Conference, 
DOE/METC-96/1021, Vol. 1, p. 47 (October 1995). 
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SAMPLING AND ARCHIVE-RECORD 

Current wipe-test-type methods for characterizing the extent of organic 
contamination, such as oils, chlorinated hydrocarbons, polynuclear aromatic 
hydrocarbons (PAHs), and PCBs on building surfaces, are ineff icient, expensive, 
subject to operator variability, give nonreproducible results, and expose 
workers to added health and safety riskof solventvapors. Improved methods 
for sampling and sample handling are needed to cost-effectively deal with the 
extremely large areas requiring characterization at DOE sites. 

The objective is to develop and demonstrate an instrument to cost-effectively 
sample concrete and steel surfaces in order to provide a near real-time, 
"quick-look" measurement for the presence or absence of semi-volatile 
organic contaminants. When fully developed, the Rapid-Surface Sampling 
and Archive-Record system, as shown in Figure 2.8-1, will have the capability 
to trap up to 50 separate samples in a convenient manner and transfer them 
to a modified, commercially available, thermal-desorption autosampler for 
subsequent analysis. The fully integrated, laboratory-scale system will be 
constructed, with each component engineered for direct integration into a 
functional, portable 
prototype suitable for field 
operations. 

DOE'S potential benefits 
from using this technology 
include improved reliability 
and reproducibility, re- 
duction of worker health 
risk, cost reduction over 
current sampling methods, 
and more efficient quali- 
fication for material recycle 

I I1 

or disposition. 

IZ p.&,,,&,A 

Figure 2.8-1. Rapidsurface Sampling and Archive-Record 
System. 



This project is funded through METC via an Industry PRDA award. General 
Electric Corporate Research and Development conducts research in a wide 
variety of disciplines. Their Environmental Laboratory develops cost-effective 
technology to address remediation, pollution prevention, and product 
stewardship needs. EA1 Corporationwill design and assemble the multisample 
trapping module. A meeting was held in late 1995 between EA1 and General 
Electric Corporate Research and Development to discuss plans for the 
commercialization of Rapid-Surface Sampling and Archive-Record technology. 

i 
-.: I 
- -  I 

i 

0 

Completed the design, construction, and testingof Rapid-Surface Sampling 
and Archive-Record system components such as the concrete sampler 
head, the bulk sampler head, and near-vacuum ultraviolet detector 

Optimized sampling-flow-rate conditions using the bulk sampler head by 
measuring sampling efficiencies using model compounds representing 
three major classes of pollutants: oil, PCBs, and PAHs 

Demonstrated a commercially available photoionization detector as a 
"quick look" indicator of surface contamination 

Demonstrated the feasibility of using Surface-Enhanced Raman 
Spectroscopy as an analytical tool for detecting PCBs in the presence of 
large quantities of oil 

Initiated design and fabrication of the multitube, sample-trapping module 
thatwill house solid-phase sorbenttubes andwill allow for simple, automated, 
subsequent analysis of samples while providing direct transfer of sampling 
data for data-handling simplification 

Initiated design and assembly of a steel sampler head 
.......... 

Rapid-Surface Sampling and Archive-Record System technology development 
activities are funded under the following TTP: 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 
Projects" 
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Scott Renninger 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

srenni@metc.doe.gov 
(304) 285-4790 

Dr. Richard Sheldon 
Principal Investigator 
General Electric Research 

and Development 
Building K-1, Room 3B35 

Schenectady, NY 1230 1 

Barren, E., D.R. Berdahl, C.M. Penney, and R.B. Sheldon. "Rapid Surface 
Sampling and Archival Record System," Proceedings ofthe EnvironinentalTechnolog~ 
Through Industry Partnership Conference, DOE/METC96/102 1, Vol. 1, p. 44 (October 
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Improved radiation-detection techniques are needed to reduce the time and 
cost required for many site characterization and environmental monitoring 
tasks. 

The objective of this project is to demonstrate the applicability of a recently 
developed charged-particle, radiation-imaging technique for fast, cost-effective 
characterization of radionuclides at contaminated sites and in environmental 
samples. Initial studies have shown that this new technique, originally 
developed for biomedical applications, can be applied to detect all types of 
radioactivity, including alpha, beta (including tritium), gamma or x-rays, and 
neutrons. The technique uses storage photostimulable phosphor (SPP) 
sensors to detect radiation. This new type of sensor exhibits high sensitivity 
with excellent linearity over a wide, dynamic range for quantitative analysis. 
These reusable SPP sensors have an active area of up to 35 centimeters by 
43 centimeters in size and a spatial resolution as fine as 50 microns. Multiple 
sensor plates can be deployed simultaneously to cover larger areas of interest 
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Using this technique, the "exposure" time for mapping radioactivity in 
environmental samples may be in terms of minutes, and offers spatial resolution 
not obtainable with counting equipment used at this time. 

I 
I 

. :  . I ~  , _(__ ,..?::., ,... , .. .. .. ....................... ...... ...... 

COWOMTMW'"ECHM~~Y , .. - .  @.a#Smrr 
. .  

- ,. i 
I 

NeuTek is developing this system with funding made available through METC 
via an Industry ROA award. -.  f 

I 
1 

Applied the SPP technology to measure radioactivity strength and 
distribution of the following National Institute of Standards andTechnology 
standard reference sources: 

- Beta: P32, SrW, Pm147, TI2O4 - Camma:Com 

1 
- 

Alpha: Gd148 p0208 Th229 U232 U235/U238 pu239 A m 2 4 1  Cm243 , , , , , i 
......... 
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Obtained soil samples from Oak Ridge and Rocky Flats for comparison 
testing. These soil samples were spiked with Pu and U in the range from 6.9 
pCi/g to 340 pCi/g. 

Completed comparison testing between the SPP detection process and 
other detection processes, including an electret ionization chamber, a 
proportional counter, and a gamma spectroscopy system, with favorable 
SPP performance. 

Prepared several thin soil test samples for a Rocky Flats, National Institute 
of Standards and Technology, spiked sample. Measurements of the soil 
sample with SPP sensor plates indicate an alpha activity of 0.49 Bq/g. This 
compared very favorably to 0.47Bq/g obtained by radiochemistry method. 

High-Sensitivity Monitor for Radionuclides technology development activities 
are funded under the following 7TP: 

"I'P No. ME06IPO 1, "METC Industry Programs Technology Development 

Yu-tarng (Tony) Cheng 
Principal Investigator 

13537 Scottish Autumn Lane 
Darnestown, MD 20878 

neutekytc@aol.com 

Characterization," Base Phase Draft Final Report (revised February 7, 1996). 
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John Duda 
DOE Project Manager 
US. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

jduda@metc.doe.gov 
(304) 285-42 17 
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i CHARACTERIIATION ROBOT FOR SMALL PIPES 
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The decontamination and decommissioningof shutdown plants require upfront 
characterization for planning and prioritization of activities, as well as to 
determine optimal waste separation and disposal scenarios. Across DOE, 
there are miles of small diameter pipes (less than 2 inches) that require 
characterization; however, no system currently exists to complete the task in 
a cost-effective, nonintrusive manner. Systems do exist for inspection of large 
diameter pipes, but do not have a full suite of instruments available. 
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The objective of this project is to develop an operational, commercial system 
for real-time, multisensor, characterization and mapping of small diameter, 
contaminated process pipes. Figure 2.10-1 displays the Multisensor Inspection 
and Characterization Robot for Small Pipes (MICROSPI) in its current stage of 
development. The product of this effortwill be a semi-autonomous device with 
onboard miniature sensors and a remote operator interface with integrated 
data system. The display will be capable of inspecting pipes for radiation 
(alpha, beta, gamma), organics (solvents and PCBs), and metals (mercury, lead, 
arsenic, etc.), and capable of determining and mapping the locations of 
unknown pipes. This system will operate in both a moving, survey mode and 
a stationary, detailed-analysis mode. 

.................................................... ji ................ -. ....... . .  - .- . . . .  ,_ . . . . . . . . .  -.;-:- ,.- .., ....... ,.XI ..,.x.. ,_..I , . *_...*.- ........ "... ."_". 
Figure 2.1 0-1. Multisensor Inspection and Characterization Robot for Small 

Pipes Deployment System. 
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This system is in an early stage of development Therefore, actual cost and 
benefit data are unavailable. Early estimates suggest that this robotic system 
can reduce the cost per inspection hour by a ratio of 12: 1 over conventional 
characterization methods. In general, the benefits of this technology include: 

Reduced time to perform overall DID,  both during characterization and 
remediation 

Reduced waste generation since less disposable protective garments are 
required 

Improved waste segregation since accurate characterization allows 
appropriate level of planned workeffort for different types of contamination 

Minimized airborne and localized spread of contaminants released by 
opening pipes and sampling 

Reduced overall DGD costs by eliminating the need for DGD, if no 
contamination is detected 

Lockheed Martin Astronautics is developing this system with funding made 
available through METC via an Industry ROA award. The miniature sensors 
developed by this task complement and enhance existing and planned work 
within the DOE technology development community, such as efforts to 
develop a %inch pipe crawler, duct-crawling robots, and other mobility bases 
for 1-inch pipes. 
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Began investigating field demonstration opportunities at the Idaho 
National Engineering Laboratory, Los Alamos, and Rocky Flats. 

Initiated development of a conceptual design package. The basic concept 
for most of the elements has been selected; details of the exact configurations 
and interface issues are currently being addressed to complete the 
conceptual design. 

, :, . ~~ ,. 
I - ,. 

Selected initial approaches for three of the four basic sensing modules: 
visual, metal (element) detection, and radiation detectors. The organic 
characterization module has four concepts under review: a modified gas 
chromatograph, an ultraviolet spectrometer, a simplified photoionization 
detector for volatiles, and a gas fieldeffect transistor for volatile halogenated 
solvents and aromatics. 

:;, , ,-- .b.> . 
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Initiated an investigation of an interface issue involving the allocation of 
electronics. The most recent area of study is a Lockheed Martin proprietary 
fabrication technique called High Density Interconnect This is as inexpensive 
as hybrid circuit construction and is more easily hardened against 
environmental hazards. Use of High Density Interconnect fabrication 
techniques could lower production costs by at least an order of magnitude 
without increasing development costs. 

Multisensor Inspection and Characterization Robot for Small Pipes technology 
development activities are funded under the following ?TP 

?TP No. ME06IPO 1, “METC Industry Programs Technology Development 
Projects” 

Eric Byler 
Principal Investigator 
Lockheed Martin Astronautics 
P.O. Box 179 
Denver, CO 80201 

eric.a.byler@den.mmc.com 
(303) 971-5875 

Harold D. Shoemaker 
Program Manager 
US. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

hshoem@metc.doe.gov 
(304) 285-471 5 

None at this time. 
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This project directly addresses several needs for radiation detection including: 
portable sensors for use on robotic systems for waste and facility characterization; 
and field deployable equipment for rapid characterization of radionuclides in soil, 
groundwater, debris, equipment, and process effluents. The chemical vapor 
deposition (CVD) of a diamond coating on a Cadmium Zinc Telluride (CZT) solid 
state detector yields a sensor that is impervious to extremely hazardous 
environments such as corrosive chemicals and high radiation fields. The thin 
diamond coating detectors are excellent for measurement of alpha and low energy 
beta particles. Since diamond has very low dark currents, it can be expected to 
operate in ambientlight Standarduse of separate handheld gamma ray and alpha 
particle detectors are inadequate due to excessive worker exposure, high expense 
of operating these detectors due to long times to cover large areas, and the labor 
costs. Commercial solid state detectors are available for alpha particle 
measurements, but these devices are not solarblind or impervious to corrosive 
chemicals and high radiation fields. 

Figure 2.1 1-1 displays pulse height distributions measured by a Brookhaven 
National Laboratory/Northrop-Grumman (N-G)-made CVD Diamond Detector 
under 60-second exposure to 400 microcurie Am241 alpha radiation. 

I 

-15 v 
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PuIse Height Distribution 
measured by CVD diamond detector No. 1 

Alpha Radiation Source: Am241 - 400 microcurie 
60 scconcis exposure dmc 

Figure 2.1 1-1. Pulse Height Distributions. 
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spectal Resolution of Na" Gamma LimJ mea¶red 
by a lxlxl ad CZT gamma detector udag 8 
Ca-PlaDar Grid synem 

rigure 2.1 1-2. Spectral Resolution of Nae4 Gamma Line 

Figure 2.1 1-2 illustrates the 
spectral resolution of Na24 
gamma lines measured in a 
lxlxl cm3, eV-manufactured 
CZT detector with co-planar 
grid system. The gamma line 
at  1.3686 MeV is fully 
developed; the second gamma 
line at 2.7540 MeV is too 
energetic for a l-cm-thick CZT 
wafer (hence, the low effi- 
ciency/peak intensity); the 
pertaining pair-production G 
double-escape peak appears 
prominently at 1.734 MeV. 
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CZT has been identified recently as being ultimately superior to CdTe with 
regard to gamma detection properties. To improve spectral resolutions at 
higher gamma energies, a recently invented co-planar grid (CPG) technology 

1 

;- . .  ' - : 1 2 may be applied. 
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To take advantage of the superior properties of diamond in this project, the 
conventional front electrode of the Standard Solid State detector is replaced 
by a p-type, borondoped CVD diamond layer, so that only the diamond, and 
no metal layer or coating, is exposed to harsh environments. 

Robust, miniaturized radiation sensors can be engineered to robotic systems 
to eliminate worker exposure during surveying of walls, floors, ceilings, 
process equipment, or debris. 

Radiation sensors engineered to robotic systems are expected to lower 
surveying costs by more than a factor of ten by eliminatingthe need for survey 
and survey support team in the field and by cutting the time for characterizing 
large areas by over a factor of five by running robotic systems 24 hours a day. 

Chemically robust and radiation-hardened sensors can be deployed into 
highly restricted facility areas and directly into waste and debris, allowing 
unique determination of the radiation levels at these sites. 
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This collaborative project is making use of N-G's plasma-enhanced CVD 
diamond reactor, as well as their expertise in diamond-growing and vacuum- 
brazing of diamond films to other materials. The project will also benefit from 
a collaboration with the N-G radiation detector group and the company's 
potential for nuclear detector commercialization. 

The project (NJIT) is taking advantage of an existing BNLNew Jersey Institute of 
Technology collaboration between the BNL Principal Investigator and a NJIT 
Professor in photoluminescence and radiation damage in microelectronics, while 
making use of a BNhwned laser and ChargecKoupled Device (CCD) camera 
installed at NJIT for that purpose. 

As soon as the persistent problem with bulk polarization is resolved, a patent 
application will be filed for a CVD diamond alpha dosimeter. A second patent 
application on a complete alpha-beta-gamma detector system is planned, 
pending a successful development of a composite CVD-diamond/CZT device. 
These patents provides a basis for technology transfer to private industry, with 
N-G holding the primary license right. 
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Experimental results indicate that the distribution broadening occurs 
primarily due to a polarization effectwhich seems to stop, or at least to slow 
down substantially, after 1 1 minutes of continuous exposure under 150 V 
bias voltage while the pulse height distribution remains well-isolated from 
the noise background. If results prove reproducible, a diamond detector 
can be readily used as an alpha particle dosimeter. 

Analysis of gamma spectroscopic performance, with and without the CPG 
technique, has been conducted on CZT wafers manufactured by three 
different companies. 

Analysis of current transport and carrier trapping in CVD diamond from 
photo conductive current measurements has been carried out at BNL to 
improve the diamond detector performance and, in particular, to suppress ' 
the polarization effect 
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Robust Radiation Detector for Rapid Waste Characterization technology 
development activities are funded under the following technical task plan ~ .i 

.- If (TrP): 

TTP No. CH353001 "A Robust Radiation Detector for Rapid Waste 
Characterization" 

Eng-Kie Souw 
Principal Investigator 
Brookhaven National Laboratory 
P.O. Box 5000, Building 820 M 
Upton, NY 1 1973-5000 
(516) 344-5407 

Richard C. Baker 
Technical Program Officer 
U.S. Department of Energy 
Chicago Operations Office 
9800 South Cass Avenue 
Argonne, IL 60439 

richard.bakerQch.doe.gov 
(708) 252-2647 

Souw, E.K., C. Szeles, N.M. Ravindra, F.M. Tong. Proceedingsfrom TMS Conference 
On Transient Thermal Processing, Anaheim, CA (February 1996). 
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Laser-induced fluorescence (LIF) addresses the need for rapid survey tools for 
monitoring sites remotely, identifying contaminant "hot spots," assisting in 
cleanup activities, and monitoring remedial progress. Future efforts may 
includeverification of site cleanup if regulatory sensitivity can be achieved and 
verified through field tests. Development and field testing of an airborne 
survey tool for fluorescence and reflectance signature detection promises 
area coverage of sites that are either spread out geographically, such as 
uranium firing sites, or sites that have poor access, such as clay cap areas. The 
concept of detecting plant stress as an indication of subsurface contamination 
is an active area of research at a number of federal agencies, as well as many 
universities. The EPCOT Land Pavilion research and development (RCD) work 
brings researchers together from many institutions in an effort to better 
understand and scope the applicability of LIF as a remote sensing tool. Laser- 
induced fluorescence imaging (LIFI) applications include the detection of: 
uranium (as uranyl oxides) during DCD activities; surficial heavy metals and 
volatile organic compounds (VOCs) (solvents, polyaromatics, and fuels) 
associated with landfills; and vegetation stress as an indicator of subsurface 
contaminant plumes. 

LIF is an optical technique that exploits the detection of fluorescent compounds 
irradiated with laser light or filtered conventional light sources. Fluorescence 
is the prompt luminescence of a material caused by an external stimulus - in 
this case, a laser. When the stimulus ceases, so does the fluorescence. 
Common compounds which fluoresce include such organics as chlorophyll in 
plants and hydrocarbon fuels. When uranium is excited by an ultraviolet laser, 
its peak fluorescence is persistent (phosphorescent), lasting much longer than 
the laser pulse. Operationally, the prompt fluorescence of compounds which 
may mask the presence of uranium can be removed by delaying the activation 
of a photon detector 60 nsec after a laser pulse. This precise delay ensures the 
extinction of prompt fluorescence, effectively isolatingthe presence of uranium. 

Avariety of techniques to exploit LIF in several environmental applications are 
being explored. Techniques include aerial remote sensing (Figure 2.12-1)) and 
hand-held portable survey tools (Figure 2.12-2) for detecting uranium on 
surfaces and subsurface contaminants via vegetation stress. This task has 
required the development of hardware, software, and analysis methods for 
ground-based and airborne LIFI systems. The current LIFI configurations 
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Figure 2.1 2-1. Blackhawk Helicopter System. . .  
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Figure 2.1 2-2. Hand-Held Laser-Induced Fluorescence 
Imaging System. 
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include ultraviolet and visible laser source (355 nm and 532 nm wavelength), 
intensified CCD cameras, and video monitors for instantaneous viewing. 

Current activities include: ( 1) completion of customer requested upgrades and 

fielded in cooperation with EM-40 personnel for DGD applications at the Oak 
Ridge Gaseous Diffusion Plant (K-25) and the Fernald Facility. It will also be 
deployed at EPCOT Center's Land Pavilion to collect data on plant stress. The 
airborne LIFI system was configured last year for the DOE Convair 580T 
aircraft The system has been reconfigured for helicopter usage, so that 
deployment is now possible on a variety of platforms, including the U-60 class 
(Blackhawk, Seahawk, and Pavehawk), Chinooks, and SH-3s. 

Decontamination and  Decommissioning Focus Area -August 1996 

Fluorescence techniques havetheabilitytodetectsignaturesthatarenotobservable 
by traditional remote sensing methods. The high spatial resolution of intensified 
CCD cameras and the time-resolved phosphorescence emission characteristic of 
the uranyl ion allow one to obtain a digital picture of the extent of surface 
contamination.Thisallowsmitigationefforts to befocusedonspecificareas,which 
speeds the survey and lowers overall costs. The real-time image processing of the 
data into a false color composite on gray scale background allows the operator to 
quickly distinguish the uranium signature. Since thedatais recordedonvideotape, 
they can be reviewed for planning and evaluation of DGD activities. 

The advantages of airborne systems for remote sensing are well documented. 
Airborne operations allow one to survey large areas in a cost-effective manner. 
Many DOE sites are located in remote areas, with practical access obtained 
only from the air. An aerial view allows identification of subtle changes and 
patterns that are not apparent from ground-based operations. High resolution 
imaging techniques under development allow one to obtain a picture of the 
extent and location'of surface contamination. This allows mitigation efforts to 
be concentrated on specific local areas. 

Participation with EPCOT Center in plant studies affords the opportunity to 
collaborate with world class plant physiologists to study the effects of plant 
pathogens and contamination. Avariety of sensors will be used and compared 
to evaluate the concept of plant stress. EPCOT Center will act as a focal point 
for collaboration across agency boundaries and act as a site for continued 
collaboration. The development of robotic systems will provide platforms for 
testing the concept of LIF on sites of agricultural interests. 
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The LIF project has often used the leverage of collaboration to control costs, 
especially in joint agency field exercises. Efforts with EPCOT scientists have 
involved scientists from the DOE Remote Sensing Laboratory, DOE Special 
Technologies Laboratory, Army Topographic Engineering Lab (Army Corps of 
Engineers), and Rochester Institute of Technology. Field tests have been 
performed in collaboration with the above-mentioned federal agencies, 
members of EM-50 and EM-40 at the Oak Ridge reservation, and EM-50 
personnel at Savannah River. FY96 field tests at the Oak Ridge Gaseous 
Diffusion Plant will be completed in collaboration with EM-40 at K-25. 

An agreement with Aerodyne to conduct sensor research and development 
1 for plant stress detection at EPCOT has been developed. FY96 technology 

transfer activities include the commercialization of a disk interface card with 
SYSTEMWARE, a disk manufacturer in Westlake Village, California. 

I 
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Deployed the hand-held LIFI system at the K-25 Gaseous Diffusion Plant in 
Oak Ridge, Tennessee, to detect uranium during DGD operations; the K-25 
uranium cylinder storage yards (E and K) to detect uranium on surfaces; and 
EPCOT Land Pavilion to detect chromium induced stress in plants. The 
system will also be deployed at the Fernald Facility for a DGD demonstration 
this year. 

Incorporated significant improvements to the hand-held system, including 
the addition of removable hard drives for increased data storage, expansion 
of digital LIFI data to 16 bits for greater radiometric resolution, integration 
of a companion analysis system for rapid data evaluation, and addition of 
a variable gate and delay laser control for greater flexibility of adjustments 
by the user. 

Reconfigured the airborne LIFI system for flight testing on a U.S. Army 
Blackhawk helicopter at the Yuma Proving Grounds and the Los Alamos 
National Laboratory late in 1996. All equipment pallets have passed 
preliminary flight approval from the Army. A lidar system has been added 
for altitude correction measurements. The final camera configuration is in 
progress and will be completed prior to the flight tests. 

Completed laboratory facilities and initiated plant experiments at the 
EPCOT Land Pavilion. A DOE scientist is at EPCOT full-time conducting 
experiments. The hand-held LIFI system was deployed at EPCOT in March, 
with a second data collection scheduled for April. Plans were approved for 

Y 
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a robotic system to automatically detect plant stress in the Land Pavilion. 
The robot has been selected and ordered, and the initial sensor suite has 
been determined. 

Airborne and Ground-based Laser Induced Fluorescence for Environmental 
Monitoring technology development activities are funded under the following 
TTP: 

TTP No. NV05C253 "Airborne and Ground-based Laser Induced Fluorescence 
for Environmental Monitoring" 

Dr. John DiBenedetto and 
Dr. Gene Capellel 
Principal Investigators 
Special Technologies Laboratory 
5520 Ekwill Street, Suite B 
Santa Barbara, CA 93 1 1 1 
(805) 681-2240 (or -2252) 

Ralph Smiecinskl 
Technical Program Officer 
U.S. Department of Energy 
Nevada Operations Office 
2765 South Highland 
Las Vegas, NV 89 109 
(702) 295-0606 

Albers, B. J., J. DiBenedetto, S. Lutz, and C. Purdy. "More Efficient Environmental 
Monitoring with Laser-Induced Fluorescence Imaging," BioPhotonics Intl. 
(November/December 1995). 

DiBenedetto, J., R. Abbott, G. Capellel, G. Chavez, S. Lutz, and J. Tesar. 
"Airborne and Ground Based Laser Induced Fluorescence Imaging (LIFI)," 
Optical Remote Sensing for Environmental and Process Monitoring, AWMA Symposium 
(September 1995). 
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DOE has many contamination problems requiring the determination of 
contaminants that adhere tightly to waste, environmental, and industrial surfaces. 
There is a critical need in DOE and industry for characterization technologies that 
are fast, inexpensive, and can address surface contamination. An excellent 
example of this need is the detection of mercury on soil samples, and equally 
important, the identification of mercury species present The mercury speciation 
issue is important because differing environmental mobility among the species 
alters risk assessment associated with mercury contamination. For example, 
mercury present as Hg(NO,), is highly mobile and would require containment; on 
the other hand, mercury present as HgO strongly adsorbs to soil and poses a much 
lower risk. At the present time, there is no facile means to make a distinction 
between these species on soil samples. See Figure 2.13-1. 
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I Another example of this need is 
characterization of core and ! i particulate samples from ; radioactive waste in underground 
storage tanks, which currently 

I 

costs an average of $75O,OOO/core 
analysis. Technologies capable of 
determining chemical speciation 
are needed to reduce the number 1 

! '  

of analyses needed, and to 
improve the estimation of tank 
energy content (critical for risk 
assessment associated with tank 
characterization and remediation 
activities). 

- 
Figure 2.1 3-1. Depiction of Secondary ton Mass 

Spectroscopy Bombardment 
of Hg-Contaminated Soil. 

Fast, inexpensive, and nonpolluting instrumentation for the detection of 
surface contaminants is being developed atthe INEL using advanced Secondary 
Ion Mass Spectroscopy (SIMS) technology. The attributes of this technology 
make it extremely attractive for waste and environmental characterization: 

No sample preparation is required. 

N o  waste is generated. 

Analysis is rapid and simple. 
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It is capable of speciation, "fingerprinting." 

The technology is amenable to almost any sample type. 

It is amenable to involatile organics, salts. 

SIMS has a simple principle of operation: surfaces are bombarded with high- 
energy particles that "sputter" the contaminants into the gas-phase, where 
they can be detected as ions. 

The objective of the SIMS analysis program is to develop instrumentation and 
chemical application sfor: (1) detection of chemical species; and (2) identification 
of semivolatile, involatile, or adsorbed contaminants on the surfaces of soils, 
minerals, salts, rocks, and other difficult-to-handle sample types. During the 
course of the SIMS Analysis program, detection applications and instrument 
development were accomplished. In FY96, the objective of the program is to 
transfer technology to end users and to instrument manufacturers. 

New analytical capability, reduced analysis cost, and technology transfer are 
among the benefits of the SIMS Demonstration Program. Since the technology 
requires no sample preparation, is rapid, and generates no waste, lower 
analytical cost can be realized. The technology also provides a facile approach 
toward the analysis of involatile contaminants that are difficult to analyze 
using current methods and instrumentation. Organophosphate and hazardous 
metal species are examples of classes of chemicals that are amenable to the 
SIMS characterization approach. The program has also resulted in the transfer 
of software components to instrument manufacturers, and the transfer of 
hardware components is expected in the near future. The development of the 
transportable ion trap SIMS instrument has resulted in a device which can be 
used in the field for on-site characterizations. Instruments that are based on 
the prototype are being constructed for other government users. 

Technology transfer has been pursued with three vendors. Given the nature of the 
technology, the focus of technologytransfer activities has been on transfer of SIMS 
components, instead of a complete instrumental package that would require the 
manufacturer to engineer its instrument from scratch. A license was completed for 
data acquisition and instrument controlsoftwarewith Extrel (Pittsburgh, Pennsylvania). 
Transfer of the primary ion gun technology to Phi-Evans, Inc. (Redwood City, 
California) has been actively pursued. This activity requires a headtoheadcomparison 
of existing ion guns with the INEL ReO,-gun. It is expected that this activity will be 
completed by May 1996, and negotiations for transfer of ion gun technology will be 
renewed with Phi-Evans. 
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Figure 2.13-2 is a schematic diagram of a prototype ion trap SIMS instrument 
being developed at INEL. The instrument is capable of anion and cation 
acquisitions, and enhanced selectivity and sensitivity will result from MS/MS 
and selective ion storage capability. The capability of the instrument has 
resulted in a U.S. Department of Defense (DOD) end user (U.S. Army Chemical 
Material Destruction Agency, Non-Stockpile Program), who is funding 
fabrication of second generation prototype ion trap SIMS instruments., This 
development has motivated negotiations with Teledyne (Mountain View, 
California, ion trap vendor), for the purpose of transferring SIMS components, 
thereby providing the end user with a commercial technology vendor. 
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The rapid analysis of simulated salt cake samples was demonstrated using the 
laboratory-based SIMS instrument located at the INEL. The analysis required no 
sample preparation, and hence required less than 10 minutes; in addition, no waste 
was generated. Aunique attribute of the 100 Award-winning, pulsedetraction SIMS 
instrument is the ability to analyze anions and cations at the same time. This attribute 
is especially valuable for salt cake analyses because the salt samples contain both 
anion and cation species. Nitrite, nitrate, cyanide, and hydroxide anions; and iron, 
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I I <  sodium, potassium, and nickel complexes were detected. 
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Figure 2.1 3-2. Prototype lcm Trap Secondary ton Mass 
Spectroscopy Instrument. 

Since demonstrating SIMS for 
the characterization of salt 
cake, the SIMS analysis has 
been redirected toward the 
determination of metal 
speciation on soil samples. 
Research conducted in FY95 
using SIMS showed that 
different mercury species 
could be distinguished by 
forming surface derivatives, 
which is easily accomplished 
using simple organic acids 
and bases. The mercury sur- 
face derivatives were specific 
for the inorganic mercury 
species originally present, and 
were easily detected using 
an ion trap SIMS instrument 
(see Figure 2.13-2). 

- i  
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Instrument transportability, and improved sensitivity and selectivity are desired 
attributes of the instrumentation that will be constructed in this program. An 
ion trap mass spectrometer (ITMS) satisfies these requirements. Therefore, an 
ion trap SIMS instrument was constructed in FY95. Using this instrument, it is 
possible to observe fragile, but species-diagnostic organometallic ions, that 
cannot be observed using other types of instrumentation. The instrument is 
also smaller in size: the current version resides on a cart that has a footprint 
of approximately 2 by 3 feet. 

.- ; Secondary Ion Mass Spectroscopy Analysis technology development activities 
are funded under the following ?TP: 

TTP No. ID72C24 1 "Secondary Ion Mass Spectroscopy Analysis" 

James E. Delmore Tom Williams 
Principal Investigator Technical Program Officer 
Idaho National Engineering US. Department of Energy 

Idaho Operations Office 
P.O. Box 1625 Idaho Falls, ID 834 15 
Idaho Falls, ID 834 15-2208 (208) 526-2460 
(208) 526-2820 

Groenewold, G.S., J.C. Ingram, J.E. Delmore, and AD. Appelhans. "Static SIMS 
Analysis Of Tributyl Phosphate On Mineral Surfaces: Effect Of Fe(II)," Journal 
of Americun Soc. Mass Spectrometry, p. 6, 165-74 (1995). 

Groenewold, G.S., J.C. Ingram, 1.E. Delmore, A.D. Appelhans, and DA. Dahl. 
"Rapid Detection of Tri-n-butyl Phosphate on Environmental Surfaces Using 
Static SIMS," lournal of Hazardous Materials, p. 41, 359-70 (1995). 

Groenewold, G.S., A.D. Appelhans, J.C. Ingram, 1.E. Delmore, and DA. Dahl. 
"Surface Derivatization of Inorganic Mercury: Formation of bis(Anky1amine) 
Mercury Cations," lournal of Americun Chemical Society, submitted (1996). 
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SAMPLES AND SOLIDS 

vide analytical technology needed to support a wide 
n problems, such as: (1) real-time measurement of 

transuranic elements and other radionuclides, (2) rapid measurement of 
Resource Conservation and Recovery Act (RCRA) metals in a wide variety of 
aqueous or organic solutions, and (3) the general need for sample dissolution 
for accurate quantitative determination of metals. The overall cost of such 
analyses will also be reduced because the amount of radioactive waste 
samples will be reduced to microliter quantities or less, which greatly simplifies 
containment concerns. 
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1 stable elements and radionuclides. 
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1 

Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) is already a highly 
sensitive and selective method for elemental and isotopic analysis. This 
project includes investigation of the ability of a microscale nebulizer, called a 
monodisperse dried microparticulate injector (MDMI), to improve the 
sensitivity speed; accuracy; and precision of ICP-MS for determination of 

Essentially, a micropump creates uniform wet droplets that are dried carefully 
and then introduced into the plasma for conversion into atomic ions. There 
is little or no waste solution, and 100 percent of the sample reaches the plasma. 
Exposure to radioactivity and waste cleanup problems during analysis will also 
be greatly reduced because the nebulizer requires only nanoliter to microliter 
volumes of solution. 

Specifically, two related projects are under study (1) direct analysis of very 
small solution volumes, and (2) on-line calibration for laser ablation ICP-MS, so 
that solids can be analyzed directly with better accuracy than is now achievable. 

The analytical capabilities of MDMI-ICP-MS, such as detection limits and 
tolerance to concentrated sample matrices, will be evaluated thoroughly for 
real samples of interest in waste remediation. This sample introduction 
technology is potentially applicable to existing ICP-MS devices used for 
analyses that support waste cleanup. It should also be suitable for field use 
with a mobile ICP-MS device in a van. 
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The major benefits are more sensitive measurement of radionuclides and 
stable elements with little waste solution, and direct analysis of solids with 

res that do not require matrix-matched 

The MDMI is an advanced prototype donated by Perkin-Elmer SCIEX. They 
intend to offer the MDMI as a commercial product and are eager to collaborate 
on evaluation of its suitability for these special applications. The Principal 
Investigator has been associated with SCIEX since the early days of ICP-MS 
(since approximately1982). 

:;- .>> 
:- 

- .  ; . .  . , ~  . Achieved detection limits of approximately 0.1 fg of uranium in a solution 

Improved precision from approximately 2 percent to 0.1 percent relative 

. ~. - ..- . , .. . 
volume of 0.1 nL, representing 250,000 atoms of uranium 

. - .  
I .I I :< -: ~ 

. ., > 

standard deviation for measurement of ion ratios in solids by laser ablation ... ; : - -  . , - -  ;: ;; : - :: >:.. . . 
. . + d  , :T-.+..: I: 

ICP-MS . .  5 ,-- . 
i : . I -  .-. :,:-r -;. -- 
; ::.:;- 1 ,j<:::<'y 1.'; ;.,: <. +' 

, .  ..;A. ' , I  4 Implemented substantial operational improvements in the reliability and 
consistency of MDMI-ICP-MS and achieved fundamental characterization 
of matrix interferences 

.. . I -- .. 5 3- : :: 
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Initiated feasibility experiments on calibration of laser ablation ICP-MS with 
solution aerosols 

Inductively Coupled Plasma-Mass Spectrometry for Analysis of Microliter 
Samples and Solids technology development activities are funded under the 
following TTP 

?TP No. CH 1 5C24 1 "Inductively Coupled Plasma-Mass Spectrometry for 
Analysis of Microliter Samples and Solids" 
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1 R.S.Houk 
1 Principal Investigator 
i 1 3 Ames Laboratory 
i Iowa State University 
i 108 Spedding Hall 
! 
: I 

'' I Ames, IA 5001 1 
(5 15) 294-9462 ' I  b f 

Richard C. Baker 
Technical Program Officer 
U.S. Department of Energy 
Chicago Operations Office 
9800 South Cass Avenue 
Argonne, IL 60439 

richard.baker@ch.doe.gov 
(708) 252-2647 

Houk, R S. "Elemental and Isotopic Analysis by Inductively Coupled Plasma- 
Mass Spectrometry," Accounts Chemical Research, 27, 333-339 (1994). 

French, J. B., B. Etkin, and R Jong. "Monodisperse Dried Microparticulate 
Injector for Analytical Instrumentation," Anal. Chem., 66,685-691 (1994). 

Allen, L. A., H.-M. Pang, A. R. Warren, and R. S. Houk. "Simultaneous 
Measurement of Isotope Ratios in Solids by Laser Ablation with a Twin 
Quadrupole Inductively Coupled Plasma-Mass Spectrometer," J. Anal. Atomic 
Spectrom., 10, 267-271 (1995). 
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PORTMLE X=RAY, K-EDGE HEAVY METN DETECTOR 

OE facilities requires dismantling equipment that was 
used to process hazardous materials such as uranium, plutonium, and 
mercury. Using existing techniques, such as passive neutron and gamma 
measurements and neutron activation analysis, it is difficult and time 
consuming to detect and quantify these hazardous materials when they are 
contained within heavy equipment (i.e., steel pipes with 1/2-inch thick walls). 
The gaseous diffusion plant at the K-25 Site at Oak Ridge contains over 100 
acres of heavy equipment used for separating uranium isotopes. Similarly, 
the Fernald Site has buildings and equipment used in processing uranium 
ore. Rapid in situ analysis of these types of equipment for hazardous 
elements is needed to improve the efficiency and safety of DCD efforts. 

Decontamination and Decommissioning Focus Area -August 1996 

The K-edge technique provides an improved method for detection and 
quantification of heavy metals, such as Hg, U, Pu, located inside containers 
and equipment AnX-ray transmission measurement of the Kshell absorption 
edge of these materials is implemented in this task. This method provides 
accurate quantification of these elements regardless of container material 
and geometry. Typical accuracy of 10 percent for 10 mg/cm2 of heavy metals 
in one inch of steel ( 1  00 ppm) is achievable. Figure 2.1 5.1 shows an example 

Figure 2.1 5-1. Kedge Absorption Spectrum for Uranium in a Steel Pipe. , 
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of a Kedge absorption spectrum for 11 mg/cm2 U inside a steel pipe with 
1/2-inch thick walls. A fieldable prototype instrument is being developed, and 
will be tested at DOE sites in support of the D I D  Focus Area. 
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A fast in situ method for quantifying the presence of uranium, plutonium, and 
RCRA-listed heavy metals inside closed containers would greatly enhance the 
safety and efficiency of D I D  efforts. In particular, there are residual deposits 
of uranium found in gaseous diffusion plant equipment and in ore refining 
facilities. Not having to dispose of process equipment as high-level waste 
would yield significant savings. Accurate determination of the level of hazardous 

i 

1 metals present would enhance the safety of dismantling operations. 
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This project is currently being carried out at Iowa State University and Ames 
Laboratory, taking advantage of existing expertise at the Center for 
Nondestructive Evaluation. In development of the prototype instrument, we 
have worked with several companies to produce specialized components. 
Based on this work, we anticipate further collaboration with industry to 
optimize equipment to meet the needs of the technique. 
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Achieved measurement of 1.3 pm (2.5 mg/cm2) gold in 1/2-inch steel 

Produced measurement of 2 pm (4 mg/cm2) uranium in 1-inch steel 

Achieved measurement of plutonium in vitrified sample 

Designed prototype fieldable instrument 
5 
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Portablex-ray, Kedge Heavy Metal Detector technology development activities 
are funded under the following T P :  

TTP No. CH 15C25 1 "Portable X-ray, K-edge Heavy Metal Detector" 
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Richard C. Baker 
Technical Program Officer 
U.S. Department of Energy 
Chicago Operations Office 
9800 South Cass Avenue 
Argonne,IL 60439 . 

richard.baker@ch.doe.gov 
(708) 252-2647 

Principal Investigator 
Center for NDE and Ames 

Iowa State University 
19 1 5 scholl Road, ASC-I1 
Ames, IA 5001 1 

jgray@cnde.iastate.edu 

Principal Investigator 

Iowa State University 
191 5 scholl Road, ASC-I1 
Ames, IA 5001 1 

tjensen@cnde.iastate.edu 

binson. "Heavy Metal Detection Using 

Evaluation, Vol. 15, edited by D.O. Thompson and D.E. Chimenti (1996). 
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t 1 s+d6 ACCELERATED FACILITY CHARACTEREATION 
, * I PROCESS DESCRIPTUON 

.-- ' With the increased needs of federal agencies and regulators to accelerate the 
facility characterization activities and final D I D  across the DOE complex, 
there is a growing need to broaden the approach to facility characterization. 
The objective of the Accelerated Facility Characterization (AFC) process is to 
provide a more efficient, scientific, innovative, and integrated approach to 
characterize nuclear and nonnuclear facilities. 
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I I 
: -' An innovative approach to facility characterization that integrates all appropriate 

scientific disciplines and characterization approaches to provide more cost- 
and time-effecive characterization of facilities is being developed. Fundamental 
to the AFC process is a multidisciplinary team approach to problem solving. 
Facility characterization is accelerated by working smarter to address the 
characterization problem efficiently by using all available information and 
decision tools to avoid blindly collecting unneeded data. Efficient decision 
making implies an intimate working relationship between the planner, sampler, 
analyst, data interpreter, and decision maker. The AFC process encompasses 
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characterization element; (4) executing characterization; and (5) reporting. 
- , c _.,.,- ..,.. . , ~::,.: ,.,. "" ..-, .<:...( i . .  i 
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The application of the AFC process will significantly reduce costs and time; 
obtain more accurate, rapid information; and allow better planning of facility 
D I D  activities. 
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i Argonne's role is to provide technical expertise and guidance in the application 

and implementation of the AFC process to characterize facilities across the 
DOE complex. Collaboration with other sites and private sector D I D  
contractors is also ongoing. The Characterization, Monitoring, and Sensor 
Technology Crosscutting Program and the D I D  Focus Area jointly fund and 
closely coordinate this project 
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Completed and delivered the project work plan 

Dr. Mitchell D. Erickson Richard C. Baker 
Principal Investigator Technical Program Officer 

U.S. Department of Energy 
9700 South Cass Avenue Chicago Operations Office 
Argonne, IL 60439-4843 9800 South Cass Avenue 

Argonne, IL 60439 

richard.baker@ch.doe.gov 
(708) 252-2647 

None at this time. 
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%*7 DEFINING REQUIREMENTS FOR RADlOLOGICAL 
SENSORS AND ROBOTIC PLATFORM TECHNOLOGIES 

I SPECIAL TECHNOLOGIES LABORBTORY 
I 

! ! CHARACTERIZATION, MONITORING AND SENSOR 
! TECHNOLOGY SUPPORT 
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Task 1: The establishment of standards of quality for Office of Science and 
Technology(0ST) programswill provide principal investigators, DOE customers, 
and DOE program reviewers with guidelines that can be used to evaluate 
existing and future OST proposals for quality and relevance. 

Task 2: Identification of D I D  measurements to be made, the platform and 
sensor problems associated with those measurements, and monitoring the 
appropriate sensor and platform technologies to ensure mutual compatibility 
will maximize the specificity of each to D I D  measurements. 
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There is no single technology directly associated with this program. There are 
several varied technologies that are associated with programs currently being 
monitored and assisted. As a result, the technology description is better 
replaced with a task description. 

Task 1: A document for each new program is prepared in association with the 
principal investigator. It includes a detailed set of performance specifications 
for use in reviewing proposals for new and future projects, with each examined 
for both technical and management contents. New, experimental plans are 
evaluated for overall technical merit by matching proposed capabilities with 
requirements to estimate the probability of success. Similar proposals are 
screened for duplication. 

For existing programs, low profile, on-site visits are made to increase the 
accuracy of technical assessments. Evaluation criteria for each of the programs 
are established to provide standards for performance comparisons. Sensors 
and related instrumentation are evaluated for performance expectation, while 
data processing algorithms are examined for technical merit 

Proposed experimental plans, which include schedules, milestones, cost 
estimates, objectives, and performance specifications, are reviewed for reality 
and consistency. These criteria are then used to determine if the measured 

: ' : . .  
, I  
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Task 2: Reductions and cessations of activities at nuclear weapon production 
facilities have generated a need for DCD activities at those sites. Selections of 
appropriate sensors and sensor systems depend strongly on measurements 
to be made and robotic platforms under development This program will 
monitor the progress of radiological sensor technology development as it 
applies to DCD requirements. 

Results of measurements at selected sites are monitored to evaluate the 
effectiveness of the sensors in meeting requirements. Deficiencies are noted 
and analyzed to determine if new and different sensor systems may be 
required. The results are communicated to OST for review. 

Because the DCD requirements are constantly changing, measurement 
technologies will have to respond accordingly. This program assists OST in 
monitoring the progress of design, development, and availability of new and 
innovative sensors and sensor systems. It also assists in testingand evaluation 
for reliability and applicability. Visits are made to DCD sites to observe 
measurements to be made and sensor systems to be used. Robotics/sensor 
system communications are evaluated and monitored to ensure coordinated 
development. Sensor developments are also monitored to assess their utility 
in current and future measurements. 

Task 1: The enhanced quality of the OST programs will provide DOE with 
improved guidelines for evaluating existing and future research and 
development (RID)  proposals. Improvements in data quality will provide 
savings in cost and time, and reductions in human risk and waste generation. 

enhanced quality of the radiological sensors in DCD applications 
will provide DOE with improved cleanup capabilities. Depending on the 
specific programs under evaluation, these improvements will contribute to 
savings in cost and time, and reductions in human risk and waste generation. 

Not applicable for either task. 
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i Developed the radiological sensor for Site Characterization and Analysis 
Penetrometer System to the level where it is ready for a full-scale 
demonstration. 

. ,  
. . . . . . . . . . . .  

NFORMATION - i - ; Defining Requirements for Radiological Sensors and Robotic Platform 
Technologies Special Technologies Laboratory CMST Support technology 
development activities are funded under the following T P :  

TPP No. NV05C26 1 "Defining Requirements for Radiological Sensors and 
i I ; Robotic Platform Technologies Special Technologies Laboratory CMST 
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Dr. J. Paul Hurley ; ,. . ,_ , 

Principal Investigator 
- , .  j Special Technologies Laboratory i -,, ; 

5520 Ekwill Street, Ste. B 
i :  -- i Santa Barbara, CA 93 1 1 1 
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None at this time. 

Ralph Smiecinski 
Technical Program Officer 
U.S. Department of Energy 
Nevada Operations Off ice 
2765 South Highland 
Las Vegas, NV 89 109 
(702) 295-0606 

- . -  f 

<I i 
. -' ! 
.' i 

,. i 

I 
. ,- ' . -1 

-i 

I 

-i 

i 
I . .  . .  

. .I ,I 

- -<  
I ,  

; ., , I ! 
, I  

(-. -.'.,' - i 

. : ,  . ; : I  
,. a , - - . .  

Decontamination a n d  Decommissioning Focus Area -August 1996 



FAClLlTY DECONTAMINATlON 

Decontamination refers to the removal or reduction of radioactive or other 
hazardous contamination from facilities, including both structural (e.g., 
volumetric and surface-contaminated concrete and steel) and nonstructural 
(e.g.. asbestos insulation and transite) materials and equipment. 
Decontamination techniques include chemical or electrochemical techniques, 
thermal techniques, mechanical cleaning and washing, or other techniques to 
achieve a stated objective or end condition. 

The U.S. Department of Energy Decontamination and Decommissioning (DOE 
DGD) Focus Area has identified a number of deficiencies associated with 
baseline decontamination technologies including: 

Generation of airborne contaminants and/or secondary wastes 

Inefficiencies and expense of labor intensive, time consuming, and costly 

High risk of worker exposure 

Inability to efficiently decontaminate components having complex 
geometries or surface irregularities (e.g., welds in steel and concrete cracks 
and crevices) 

Solutions to these problems include the development of remote techniques 
that reduce the risk of worker exposure, in situ decontamination methods that 
reduce the generation of secondary wastes or reduce the requirement for 
waste handling and/or waste processing, and methods for decontaminating 
inaccessible areas and equipment with complex geometries and surface 
irregularities. This section highlights the current DGD portfolio for the 
development of innovative decontamination technologies. 

operations 

Steven J. Bossart 
Program Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

sbossa8metc.doe.gov 
(304) 285-4643 
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3+1 DEMONSTRATlON AND hlALUATlON OF THE 

The removal of plutonium from equipment and systems is often costly in terms 
of dollars, personnel resources, personnel exposure, protective clothing and 
equipment requirements, and waste disposal. Surplus plutonium-contaminated 
facilities are located at Savannah River, Hanford, Los Alamos, and Rocky Flats. 
Technology that will enable safer, more efficient removal of plutonium in a 
cost-effective manner is needed. 

I 

I 

The objective of this project is to demonstrate and evaluate the CORPWM 
Nuclear Decontamination Process for the decontamination of plutonium- 
contaminated facilities and equipment. The CORPEXrM chemical process is a 
nondestructive cleaning method that removes only the contaminant and the 
matrix that fixes the contaminant to the surface; it does not damage the 
substrate. The chemistry of the cleaning agent is destroyed by the addition of 
proprietary oxidizers, leaving only water, carbon dioxide, nitrogen gases, and 
the secondary waste sludge. The glovebox line in the old Metallography 
Laboratory in Building 235-F at Savannah River is the selected site for the 
CORPEFM demonstration. The surfaces of the glovebox line have both 
removable and fixed contamination. The glovebox provides a highly 
contaminated area that is difficult to decontaminate, and also provides a 
containment to reduce the possibility of airborne contamination during the 
demonstration. A typical glovebox facility in which the C 0 R P W M  technology 
would be applicable is illustrated in Figure 3.1-1. 
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3 A successful demonstration of the C O R P E P  process will likely result in 
widespread DOE use. Benefits include reduction of cost, schedule, and 
personnel exposure; waste minimization; and the possible free-release of 
decontaminated components. 
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Hanford, Los Alamos, and other appropriate DOE sites will be invited to view 
the demonstration when final arrangements are complete. The final report 
and recommendations will be evaluated for use on  other systems and 
contaminants. 

I 

4 
' -' - -1 .,:-. I .' - -I 

I 

Decontamination a n d  Decommissioning Focus Area -August 1996 



Figure 3.1-1. Glovebox Facility. 

Demonstration and Evaluation of the CORPEXTM Nuclear Decontamination 
Process technology development activities are funded under the following 
technical task plan (TI?): 

'ITP No. SR06DD2 1, "Demonstration of Improved Technologies At Ongoing 
Decommissioning Project" 

Awarded contract to Mele Associates (November 16, 1995) to implement 
the CORPWM decontamination process 

Received approval from DOE Savannah River (on December 15, 1995) on 
the Baseline Change Proposal to revise the 235-F facility Fiscal Year 1996 
(FY96) work scope to accommodate the CORPEXrM demonstration 

Initiated facility preparation tasks, including sealing the glovebox seams, 
characterizing contaminants, formulating safety documentation, obtaining 
waste approvals, and equipping the glovebox room 

Initiated equipment and process design effort 
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Cecil May 
Principal Investigator 
Westinghouse Savannah 

River Company 
P.O. Box 6 16 
Aiken, SC 29802 

cecil.may@srs.gov 
(803) 725-2363 

Will LaVeille 
DOE Project Manager 
U.S. Department of Energy 
Savannah River Site 
P.O. Box A, Road 1 
Aiken, SC 29802 

w.laveille@srs.gov 
(803) 725-7663 

Bouchard, V.F., and T. D'Muhala. "Decontamination of Large Metal Objects.' 
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A 1993 DOE study reported that there are approximately 600,000 tons of 
radioactive scrap metal that is anticipated from the dismantlement of the 
Department's three gaseous diffusion plants. Consequently, the traditional 
disassembly/wet decontamination technique for decontamination of diffusion 
cascade equipment will be time consuming, labor intensive, and costly. In 
addition, wet decontamination results in the production of uranium oxide, 
which must be stored for an indefinite period of time because no oxide 
conversion facility is currently available. Health physics, environmental, and 
safety concerns associated with disassembling and handling contaminated 
equipment are numerous. 

The objective of this project is to demonstrate the effectiveness of the 
long-term, low-temperature (LTLT) technique for in situ decontamination of 
diffusion-cascade equipment This demonstration will have two phases (1) a 
full-scale test on a shutdown diffusion cell, and (2) removal, disassembly, and 
characterization of a centrifugal compressor from the test cell after completion 
of the full-scale test The process is illustrated in Figure 3.2-1. If proven 
effective, this technique could be applied to the decontamination of diffusion 
equipment across the complex. 

Figure 3.2-1. Artist Rendition of a Gaseous Diffusion Plant. 
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The LTLT process is an in situ technique that uses a mixture of treatment gases 
to decontaminate diffusion-cascade equipment The treatment gases are 
injected into the diffusion cell at low pressure and allowed to react with the 
solid uranium deposits. Once the reactions have progressed to the desired 
level, the cell gases are removed and either returned to the operating cascades 
where recovered uranium hexafluoride is eventually withdrawn as low-enriched 
uranium product, or passed through cold traps to remove recovered uranium 
hexafluoride. 
,. ,.- 
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Since multiple cells can be decontaminated simultaneously using the LTLT 
process, this technique is less time consuming and labor intensive than the 
conventional disassembly/wet decontamination alternative. In addition, since 
the LTLT process is an in situ process, decontamination does not involve 
disassembly and handling of contaminated equipment. This greatly reduces 
the cost of decontamination. The uranium hexafluoride recovered from this 
process can be converted into low-enriched uranium product, as opposed to 
the uranium oxide produced in the wet-decontamination process, which must 
be stored indefinitely for lack of an operating oxide-conversion facility. 
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Personnel from all the three DOE gaseous diffusion plant sites (Oak Ridge 
K-25, Paducah, and Portsmouth) have consulted on this project and have 
provided technical review of the demonstration test plans. This test effort will 
be integrated with ongoing laboratory investigations of the LTLT process at 
K-25, as well as other planned decontamination technology investigations. 
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Completed laboratoryscale testing of the LTLT process at K-25. Solid 
uranium deposit material was successfully removed from copper, monel, 
nickel barrier, and cast-aluminum substrates to surface contamination 
levels less than the release limits specified in U.S. Nuclear Regulatory 
Commission Guide 1.86. 

Prepared and approved engineering drawings needed to install 
instruments at the test cell local-control console. 

Received and prepared all analytical equipment needed to conduct the 
full-scale test. It is anticipated that the full-scale test can begin March 1, 
1996, or sooner. 
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ocess Demonstrat ion technology 
development activities are funded under the following TTP: 

TTP No. OR1 5DD4 1, "Demonstrate Gas-Phase Decontamination Process" 

Principal Investigator 
Lockheed Martin Utility Services 
P.O. Box 628 

(614) 897-2331 ext 2189 

asibility of Gas-Phase Decontamination 
of Gaseous Diffusion Equipment," KflCD-I 048. 

Riddle, R.J. "Operational Strategy for Handling Safety Concerns During the 
LTLT Full-Scale Test," POEF-771-95-14. 

Simmons, D.W. "The Stability of ClO, as a Product 'of  Gas-Phase 
Decontamination Treatment," K/TCD-1116. 

Jerry Harness 
DOE Project Manager 
U.S. Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, TN 3783 1 
(423) 576-6008 
x968ornl.gov 
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3+3 1 CONCRETE DECONTAMUNATUON BY ELECTRO= 
HYDRAULUC SCABBLUNG 

Contamination of concrete structures by radionuclides, hazardous heavy 
metals, and organic substances occurs at many DOE sites. In many instances, 
the contaminants penetrate into the concrete to such depths that surface 
cleaning is not sufficient. However, complete demolition of the concrete 
structure results in the generation of a large volume of contaminated and/or 
mixed waste, which requires regulated disposal. The problems of cost and 
logistics of the regulated disposal of such large quantities of mixed waste are 
significant. 

.................................................... : ............................. ~ . . ~  
- !, ~ ~ ~ ~ ~ p r r ~ : :  . .  .: '.. . -..: 

The objective of this project is to develop and demonstrate a cost-efficient, 
rapid, controllable, concrete electro-hydraulic scabbling (EHS) process to 
remove surface layers of contaminated concrete while generating minimal 
secondary waste. This process is displayed in Figure 3.3-1. The EHS device 
delivers powerful shock waves to the concrete surface originated by a pulsed, 
high-voltage electric discharge between two electrodes. The hydraulic shock 
wave propagates through water between the discharge channel and the 
concrete, causing the concrete to crack and peel. The depth of scabbling is 
controlled by changing the pulse energy, shape, and electrode position. Water 
not only provides effictent transfer of energy, but also acts as a debris retainer 
and transport medium. The consumption of water in the EHS is much lower 
than in conventional high-pressure, water-jet decontamination techniques. 

......................... - __.__._I______ ... 
- 1  . .  . .  
. I  ::, -I . :. I 

..... ! 
r 
I ; ,. 3 The EHS process can be used to decontaminate deeply contaminated floors, 

walls, or ceilings. Benefits of the EHS process include reduction of waste 
volume subject to regulated disposal; reduction of health and environmental 
hazards associated with decontamination and demolition processes; and 
reduction of decontamination costs due to lower energy consumption, higher 
processing rates, lower labor requirements, and lower mixed-waste disposal 
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Textron Defense Systems has developed a variety of applications of 
high-voltage, pulsed discharge and pulse radiation technologies in lasers and 
treatment of gases and services. The EHS technology is being developed by 
Textron with funding through the Morgantown Energy Technology Center 
(METC) via an Industry Program Research and Development Announcement 

Demonstrated concept feasibility in the laboratory; concrete surface layers 
were removed in a single pass with the EHS head creating a 
1.5-to-2.5-inch-wide path. 

Developed a prototype unit and tested it on a nonradioactive concrete floor 
at the Textron facility during July 1995. A 2-feet-wide path was scabbled. 

Demonstrated EHS process at Fernald Plant 6 during September 1995, on 
a contaminated concrete floor. The' system performed well, with no 
breakdown of any key component. Preliminary data indicate that scabbling 
depths of up to 0.75 inches and an average level of uranium removal of 
83 percent were achieved. 
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Concrete Decon imination by Electro-Hydraulic Scabblin 
development activities are funded under the following WP: I ;  - 1  

techno1 

W P  No. ME06IPO 1, “METC Industry Programs Technology Development 
i 

_ ,  $ Projects” 
3 . ........... 

1 Victor Goldfarb Jim Longanbach 
2 Principal Investigator DOE Project Manager 

- i  Textron Defense Systems, Inc. U.S. Department of Energy 
I i 2385 Revere Beach Parkway Morgantown Energy 

. .  I Everett, MA 02 149 Technology Center 
; 

. .  
(617) 381-4325 
No Email capability. 

i 
- i  jlonga@metc.doe.gov 

P.O. Box 880 
Morgantown, WV 26507 
(304) 285-4659 

FERMCO Technology Programs. “Field Assessment and Data Package for the 
Electro-Hydraulic Scabbling Demonstration,” (January 1996). 

Goldfarb V., and R Cannon. “Concrete Decontamination by Electro-Hydraulic 
Scabbling,” Proceedings of the Environmental Technology Through Industry Partnership 
Conference, DOE/METC-96/ 102 1, Vol. 1, p. 225 (October 1995). 

Textron Systems Division. “Concrete Decontamination by Electro-Hydraulic 
Scabbling (EHS),” Topiml Report Phase I1 (December 1995). 
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ELECTROKlNETlC DECONTAMlNATlON OF CONCRETE 

Concrete surfaces contaminated by radioactive isotopes, heavy metals; and 
organics create severe problems for conventional decontamination methods. 
Surface cleaning by mechanical scabbling or physical abrasion can result in the 
generation of large quantities of secondary wastes and highly toxic fine 
particles. Use of these methods also makes it necessary to employ stringent 
precautions to protectworking personnel duringthe actual procedure. Disposal 
of large volumes of contaminated concrete and other wastes is expensive, 
requiring large portions of limited resources. 

ISOTRON@ Corporation has developed an electrokinetic process for in situ 
removal of contaminants from porous concrete. This method provides a 
viable alternative to scabbling or physical abrasion. The technology developed 
for electrokinetic decontamination of concrete surfaces applies an electric 
field to induce migration of ionic contaminants from within the porous 
concrete into the ISOTRON@ decontamination unit 

The system, exhibited in Figure 3.4-1, has the following components: a 
proprietary Surface Electrokinetic Extraction Concept (SEEC) pad, electrolyte 
solution, and electrode. The electrolyte solution containsvarious complexants, 
as well as other materials to promote formation of a soluble ionic complex of 
each specific contaminant present The electrolyte solution is in contact with 
the concrete surface through the SEEC pad, which consists of a fabric or 
carpet-like material that partially removes contaminants from the electrolyte 
solution and limits the solution's flow. All contaminants are collected in either 
the aqueous electrolyte solution and/or in the SEEC pad. Both of these can be 
treated and disposed of by conventional technologies. ISOTRON@ is evaluating 
alternative configurations of the system to enhance the removal of specific 
contaminants from concrete. 

The electrokinetic decontamination process provides an in situ alternative to 
concrete decontamination, thereby eliminating physical or mechanical 
damage of the concrete, allowing for reuse of the structure or facility. This 

common to conventional scabbling or physical abrasion techniques. 
Furthermore, compared to these conventional systems, the ISOTRON@ process 
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Figure 3.4-1. Electrokinetic Decontamination System. 
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1 This project is funded through METC via an Industry PRDA award. ISOTRON@ 
Corporation develops innovative, environmentally safe, and energy and 

I cost-efficient approaches for environmental restoration. 

Completed laboratory-scale testing and procedures to verify the design 

Completed functional testing on the 4-feet-by-6-feet SEEC pad and various 
components of the electrokinetic extraction module 

Initiated design changes to the service module that is used with the SEEC 
pad to extract the contaminants 

Scheduled continuing testingof the electrokinetic extraction module which 
will remove thorium from the working solution so that the electrolyte can 
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Electrokinetic Decontamination of Concrete technology development 
activities are funded under the following TTP: 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 

Henry L. Lomasney Jagdish Malhotra 
Principal Investigator DOE Project Ivianager 
ISOTRON@ Corporation 
13 152 Chef Menteur Highway 
New Orleans, LA 70 129 
(504) 254-4624 P.O. Box 880 
clomasneyQahmail.com Morgantown, WV 26507 

U.S. Department of Energy 
Morgantown Energy 
Technology Center 

(304) 285-4053 
jmalhoQmetc.doe.gov 
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3.5 i LASER ABLATlON OF CONTAmlNANTS FROM 
CONCRETE AND METAL SURFACES 

' . I  
Over the years as buildings and equipment surfaces became contaminated 
with dust or spills from uranium and other radioactive materials, or became 
contaminated with hazardous materials like polychlorinated biphenyls (PCBs), 
the surface contamination was stabilized in situ by applyingcoats of paint, and 
in some cases, strippable coatings. Most of the earlier paint used was lead- 
based. More recently, hydrocarbon-based and latex paints have been used. 
Many facilities have been repainted many times, resulting in several coats. 
These coats not only vary in thickness, but often vary in types from one 
location to the next. For facility DID,  it is desirable to remove these coatings 
rather than having to remove walls and floors. Chemical paint strippers are 
messy, become contaminated, and result in an increased bulk of mixed 
hazardous waste. Sand, walnut-shell, water, metal or plastic-pellet blasting 
also adds to the bulk of contaminated waste. Dry-ice pellet blasting or liquid 
nitrogen cryofracture does not add to the bulk, but workers must wear air- 
breathing apparatus. None of these processes does an effective job of 
cleaning out surface pores of the substrate beingdecoated. Other techniques, 
such as microwave, cannot be used on metal surfaces nor on other substrates 
where heating cannot be tolerated. For all cleaning techniques, it has been 
found that filter clogging is a big problem, requiring frequent filter changes and 
the need to develop on-line recleanable filters. 

The objective of this work is to modify and demonstrate high-power, 
high-repetition-rate industrial lasers to ablate coatings from metal and concrete 
surfaces in a controlled manner. Figure 3.5-1 displays the laser-ablation 
system. The laser uses the proper combination of wavelength, pulse duration, 
energy, power densities on target, pulse repetition rate, and scan rate. This not 
only yields efficient removal of coating material from the surface and surface 
pores, but also ablates material faster than a thermal wave can propagate into 
the substrate, preventing entrainment of surface contamination in molten 
substrate, and leaving behind a cool surface. This characteristic also avoids 
damage to the substrate and reduces potential volatilization of contaminants. 
A gas, vapor, and particulate suction device captures the ablated material. A 
vacuum system draws the mixture of entrained air and gases, vapors, and 
particulates from ablation through filtering stages. 
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wet chemistry for cleaning or for processing residuals, and possible on-line 

This project is fundedthrough METCviaan Industry PRDAaward. F2Associates, 
through its Research and Development Division, is engaged in product 
improvement and innovative product development for both DOE and the 
Department of Defense. The market for nuclear DGD is quite large, involving 
both DOE and commercial nuclear facilities. In addition, the market for 
environmentally safe, nonradioactive, lead-based paint removal is huge for 
ships, bridges, and other facilities and structures. There is also a potentially 
large market for other applications, such as aircraft cleaning. Therefore, the 
technology being developed by F2 Associates is not only "dual use," but 
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- I  ! Demonstr: 600-watt, 1 b rator! ,instrumented system, SI 
removing paint and epoxy from concrete and metal surfaces. i 

1 
x e  3fully 

l 
% Initiated procurement of the equipment and materials for fabrication of the 

full-scale (6,00O-watt), mobile-integrated, laser-ablation system. Several 
major assembly activities involving the mounting skid, modulator, 
pulse-power, controls, and output window have been completed. 

i 

lation of Contaminants from Concrete and Metal Surfaces technology 
development activities are funded under the following TTP: 

'M'P No. ME06IPO 1, "METC Industry Programs Technology Development 

I 
1 
s Projects" 
-. 

: ,  

; I Joyce Freiwald Steven J. Bossart 
Principal Investigator DOE Project Manager 
F2 Associates 
1708 Soplo Road, SE 
Albuquerque, NM 87 123 
(505) 271-0260 Morgantown, WV 26507 

U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 

- 1  
3 

I. 

, i  
I 

jkmartinek@aol.com (304) 285-4643 
, .  I sbossa@metc.doe.gov 

, I  ..,...... ........... 

Freiwald, J.G., and DA. Freiwald. "Laser-Based Coatings Removal," Proceedings 
of the Environmental Technology Through Industry Partnership Conference, 
DOE/METC-96/1021, Vol. 1, p. 214 (October 1995). 

Freiwald, J.G., and D.A. Freiwald. "Laser Ablation of Contaminants from 
Concrete and  Metal Surfaces," Topical Report, DOE/MC/30359-3990 
(December 1994). 
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i D 3+6 REMOTE-OPERATED VEHICLE, DRY-ICE PELLET 
' I DECONTAMlNATlON SYSTEM 

The objective of this project is to develop a concrete decontamination system 
that integrates two demonstrated technologies: a remote-operated vehicle 
(ROV) and a dry-ice (CO,) blastingsystem. This combined system, ROVCO,, as 
portrayed in Figure 3.6-1, is based on an ANDROS remotely operated, six- 
wheeled vehicle designed for 
nonnuclear applications. 
The vehicle provides 
transport and power for all 
vehicle-mounted sub- 
systems, which include the 
CO, XY orthogonal end effec- 
tor (COYOTEE), cryogenesis 
dry-ice blasting system, and 
the vacuum/filtration/con- 
tainment subsystems. The 
COYOTEE manipulates a 
specially designed vacuum 
containment workhead with the 
cryogenesis blasting nozzle to 
cover every point within a 
rectangular workspace. 

oncrete surface contamination inside buildings is one of the most serious 
problems at DOE facilities. Contamination typically consists of various 
radionuclides, heavy metals, and organic deposits resulting from leaks and 
spills. New technologies are required to remove concrete surface contamination 
so that buildings can be reused; or, if they are to be dismantled, to permit 
disposal of the majority of the concrete as nonhazardous, nonradioactive 

Figure 3.6-1. Remote Dry-Ice Blasting System. 

Since ROVCO, utilizes CO, gas, it has the potential to eliminate process waste 
resulting from the blasting material. Additionally, since the system is remotely 
operated, personal protection requirements, as well as worker exposure risks, 
are reduced. 
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The ROVCO, technology is being developed as a result of a PRDA award 
between METC and Oceaneering Technologies, Inc. Through its Research and 
Development Division, Oceaneering Technologies, Inc. is engaged in product 
improvement and innovative product development, and has teamed with two 
subcontractors for this project Waste Minimization and Containment Services, 
Inc., inventors of the patented cryogenesis dry-ice blasting system, will adapt 
and enhance the system for remote operation. NSS Numanco, Inc. will be used 
for its expertise in the area of nuclear industry DGD. 

i 
! 
i 

I -  

f ' j  
i 

i 

i I 

I Developed a prototype ROV using CO, pellet blast,ig to decontaminate 
P .  concrete surfaces. Critical subsystems, including the CO, blasting base i '  

r i tested, and integrated. Concept testing of the prototype system was 
performedon floors coated with a concrete sealant and with an epoxy paint 

I vehicle, work arm manipulator, and operator controls, were developed, 
I .  

! I . ,I 1 
I 

2 ,  , I  Completed reliability testing at the Oceaneering Technologies, Inc. 
laboratory. During these tests, the ROVCO, system was tested without 
operation of the cryogenesis subsystem, a minimum of 1.000 hours to 
determine its reliability and productivity. The full ROVCO, system, with 
operation of the cryogenic subsystem, was tested approximately 100 hours 
to gather data and establish the functional operating limits and sealing 
capacity for infiltration of contaminants from the blasting. Overall, the 
system performed very well, meeting most design criteria. Unfortunately, 
the commercial workhead was not as effective in containing the blasting 
debris as required. 

Selected an improved workhead with four critical orifice nozzles that 
surround and contain the blasting nozzle. 

Remote-Operated Vehicle, Dry-Ice Pellet Decontamination System 
terhnnlnm develnnment artivities are funded iinder the fnllnwinp ITPr 
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Andrew Resnick 
Principal Investigator 
Oceaneering Technologies, Inc. 
50 1 Prince Georges Boulevard 
Upper Marlboro, MD 20772 

resnickQatech 1 .oceaneering.com 
(301) 249-3300 

Steven J. Bossart 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

sbossaQmetc.doe.gov 
(304) 285-4643 

. Resnick, A.M. "Remote Operated Vehicle with Carbon Dioxide Blasting," 
Proceedings of the Environmental Technology Through Industry Partnership Conference, 
DOE/METC-96/1021, Vol. 1, p. 239 (October 1995). 
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FACULlW DlSMANTLEMENT AND mTERCAL 
DlSPOSlTlON 

This section highlights U.S. Department of Energy Decontamination and 
Decommissioning (DOE DCD) technology development in the technical areas 
of facility dismantlement and material disposition. Dismantlement activities 
include the disassembly or demolition and removal of any structure, system, 
or component during decommissioning. Material disposition refers to the 
satisfactory interim or long-term storage of the residual materials generated 
during decommissioning activities. 

Current baseline technologies for dismantlement include manual and 
hydraulic tools used to cut, shear, lift, and move structural materials and 
process equipment These tools include overhead cranes, high-pressure 
water jets, saws, laser cutters, and plasma and acetylene torches. Though 
these methods are versatile and easy to control, they tend to generate 
secondarywastes, require manual intervention/operation, and expose workers 
to industrial and radiological safety hazards. The most meaningful solution to 
the problems associated with using baseline technologies is the development 
of viable robotic or automated dismantlement systems that can perform 
repetitive tasks while generating minimal secondary waste. Specific 
dismantlement applications will require the development of systems that are 
capable of lifting, disassembling, and moving large, heavy objects or equipment 
In addition, remote systems that can operate in confined or limited-access 
areas are needed. 

Current material disposition alternatives include burial and storage. Both 
methods require continuous surveillance and maintenance, and their long- 
term viability under current and future regulations (e.g., increasingly restrictive 
environmental and landfill regulations) is questionable. Size reduction of 
materials prior to burial or storage is expensive, labor intensive, and produces 
secondary waste. Even after size reduction, contaminated materials require 
disposal. The most meaningful solutions to the problems associated with the 
current material disposition alternatives include the development of 
decontamination and dismantlement techniques that minimize the generation 
of materials and secondary wastes destined for disposal, improvement of 
waste management and pollution prevention practices, and the development 
of viable recycle and reuse programs and/or techniques. 
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U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

jdudaQmetc.doe.gov 
(304) 285-42 17 
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4+11 I STAiNLESS STEEL BENEFiCiAL REUSE 
I DEMONSTRAliON 
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DOE possesses about 1 million tons of radioactively contaminated stainless 
steel and other contaminated metals, including nickel, which is the high-cost 
feedstock for stainless steel. Most of this metal is only slightly contaminated 
or may only be "suspect." The current options for disposal of this material 
within the complex are storage in on-site scrap storage yards and burial at 
disposal sites. Concern over the potential runoff from contaminated metal 
storage yards flowing into surface waters or groundwater aquifers is significant 
at many sites. This concern is aggravated by the fact that some storage yards 
are located in flood plains. Burial is often the chosen option because of the low 
cost of burial, compared to decontamination and long-term storage. The 
reclamation of valuable materials, such as stainless steel, is clearly a preferable 

storage and disposal are taken into account 

i 

I 
$ 

. -. 
: I  

< option over storage or burial when the economics of recycling and the avoided 

i 
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This demonstration uses developed technology to melt stainless steel 
radioactive scrap metal (RSM) and refabricate the metal into storage containers. 
The RSM to be recycled is type 304 stainless steel coming from several sources, 
such as heat exchangers, as shown in Figure 4.1-1, primary piping, damaged heavy- 
water containers, 
and contam- 
inated transfer 
equipment. All 
RSMwillqualifyas 
"low specific 
activity" items, as 
definedbythe U.S. 
Department of 
Transportation 
regulations. The 
304 stainless steel 
finished products 
will be 1Okubic- 
feet boxes and 
55- or 85-gallon 
drums. 

Figure 4.1 -1. Heat Exchangers from Savannah River Used in the Recycle 
Process. 
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Up to 200 tons of RSM will first be processed and packaged at DOE sites. Next, 
the metal will be shipped to private industry for the melting and fabrication 
steps. The finished products will be shipped back to the DOE sites for use as 
containers for longterm, temporary, or above-ground storage of mixed waste, 
transuranics, or other appropriate materials. 

The use of RSM to fabricate containers to store waste, rather than introducing 
virgin metal containers to the process, is environmentally sound. This initiative 
establishes and promotes recyclingand reduces the amount ofwastedestined 
for burial. 

One analysis, recently conducted by Westinghouse Savannah River Company 
for DOE Headquarters (HQ), estimated the cost effectiveness of fabricating 
stainless steel, heavy-water storage drums from recycled stainless steel RSM. 
At the Savannah River Site, low-level radioactive waste is required to be 
disposed by placing the waste into a B-25 disposal box. The box is then placed 
in a disposal vault. The Savannah River Site has a number of damaged 
stainless steel drums that, if not recycled, would be declared lowilevel waste 
and disposed in virgin metal containers. If the disposal of a crushed drum can 
be avoided by beneficially reusing (recycling) its metal, then the potential cost 
savings, accounting for avoided burial costs and the cost of a virgin steel waste 
container, is about $1 00 per drum. Additional benefits are discussed in the 
Collaboration/Technology Transfer section. 

This project has involved close collaboration with two metal recycling and 
fabrication subcontractors: Carolina Metals, Inc. of Barnwell, South Carolina; 
and Manufacturing Sciences Corporation of Oak Ridge, Tennessee. Both 
companies operate licensed commercial facilities and are recycling RSM into 
beneficially reusable products. 

In Fiscal Year 1996 (FY96), this project leveraged its workwith the Mixed Waste 
Focus Area's Transportable Vitrification System (TVS) project at Oak Ridge. 
The TVS project needs stainless steel containers for its vitrified glass waste 
stream. This need has provided an opportunity for the Beneficial Reuse 
program to manufacture theTVS containers from recycled stainless steel. This 
project between two Focus Areas ( D I D  and Mixed Waste) furthers the 
Department's industrialization/commercialization efforts, will produce a 
product needed by the Department, and will provide additional financial data 
for comparison with commercial costs. The cost of the TVS containers is 

, , .  ,- ., .-- 
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expected to be closer to commercially produced products (than the original 
demonstration boxes and drums), since the start-up costs have already been 
borne by the initial production activities. 

Completed firm documentation showing overall cost reduction when using 
high-integrity containers made from recycled, contaminated stainless steel. 

Continued to progress in production of TVS boxes with delivery scheduled 
in April 1996. 

Continued to progress with production of 55-gallon drums and 85-gallon 
overpacks at Manufacturing Sciences Corporation in Oak Ridge. Distribution 
of these containers is scheduled for May and June. 

Continued efforts with reactor operations at the Savannah River Site to 
produce recycled, heavy water, stainless steel 5 5-gallon drums. An additional 
3,000 drums will be required in support of the future heavy-water storage 
needs. 

I 
Stainless Steel Beneficial Reuse Demonstration technology development 
activities are funded under the following technical task plan (TTP): 

lTP No. SR14DD5 1, "Stainless Steel Beneficial Reuse Demonstration' 

Bill Boettinger 
Principal Investigator 
Westinghouse Savannah River 
Building 742-3A 
Aiken, SC 29808 

william.boettingerQsrs.gov 
(803) 725-4833 

Will LaVeille 
DOE Project Manager 
U.S. Department of Energy 
Savannah River Site 
P.O. BoxA 
Road 1 
Aiken, SC 29809 

w.laveille@srs.gov 
(803) 725-7663 

: 
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Boettinger, W., et al. "Beneficial Recycling of Contaminated Stainless Steel," 
SRS draft document, unpublished (September 25, 1992). 

Logan, J.A., and M.M. Larsen. "Development of a Facility for Fabricating 
Nuclear Waste Canisters from Radioactively Contaminated Steel," Conference 
Proceedings, Waste Management 1994. 

"Radioactive Scrap Metal Recycling - A DOE Assessment," EM-40 draft, 
unpublished (1991). 
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4+2 ' ADVANCED TECHNOLOGNES FOR 
DECONTAMlNAl'NON AND 

2 CONVERSION O F  SCRAP METAL 

The decontamination and decommissioning of DOE facilities will generate 
large quantities of RSM from process equipment, utilities, and structures. 
Nickel makes up about 19 percent of the total expected scrap volume, but may 
carry more than 80 percent of the total value based upon current scrap prices. 
The nickel recovered from DOE applications is often contaminated with 
uranium or fission products, including technetium-99 and trace amounts of 
neptunium, plutonium, and americium. The contamination cannot be 
completely removed by surface decontamination methods. Cost-effective 
technologies are needed to remove or reduce the contamination in order to 
permit recycle or reuse of this valuable resource. 

The objective of this task is to develop and successfully demonstrate a 
technically effective and cost-efficient process to remove and/or reduce the 
radioactive contamination of nickel. The scope also includes the study of 
options to recycle the nickel by using the nickel as a constituent in alloys to 
produce new metal products. 

This process for decontamination of nickel RSM and conversion of the metal 
to useful new products, as portrayed in Figure 4.2-1, will be developed in four 
phases. Phase I has been completed. Itincludedlaboratory-scale investigation 
of process conditions, demonstration of stainless steel production from the 
decontaminated metal, determination of process economics, and a study of 
the market for products from the recycled nickel. Goals in Phase 11, currently 
ongoing, include developing a cost-effective method to analyze the isotopic 
content of incoming nickel, as well as products made from that material; 
removing technetium from nickel by bulk and/or surface decontamination 
techniques; and manufacturing metal products using alloy made with 
contaminated nickel. Phase 111 will encompass integrated testing of the 
process. Phase Ivwill include full-scale testing and evaluation of the technology 
for decontamination and conversion of RSM to high-value products. 
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Figure 4.2-1. Rolling Mill for Fabrication of Recycled Metal. 

Recycling RSM provides an environmentally sound alternative to storage and 
disposal. Moreover, much of the metal is strategic in nature and no longer 
economically recoverable m this country. Therefore, recycling of RSM provides 
both economical and national defense benefits. 

Manufacturing Sciences Corporation is involved in numerous projects with 
DOE that focus on the recycle and reuse of contaminated metal. This project 
is funded through the Morgantown Energy Technology Center (METC) via an 
Industry Program Research and Development Announcement (PRDA) award. 
It includes a partnership with Covofinish, Inc. to develop an electrodescaling 
process for stainless steel. Manufacturing Sciences Corporation currently has 
contracts for products in place with Westinghouse Savannah River Company, 
Lockheed Martin Energy Systems, and the Atomic Energy of Canada Limited 
Chalk River Laboratory.' Deliveries of stainless steel and carbon steel drums 
and boxes are already underway. Manufacturing Sciences Corporation is also 

tive agreement as the contractor for 
the National Conversion Pilot Project at Rocky Flats. This project will convert 
four former nuclear weapons buildings into a scrap metal recycling facility to 
manufacture .waste storage containers and other products. The project 

re feet of manufacturing space and 
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Demonstrated induct0 slag refining experiments for reducing technetium 
contamination in nickel. Experiments were performed both with technetium 
and with a surrogate rhenium as the contaminant in nickel. The predicted 
level of decontamination was not achieved in any of the experiments. 

Produced a total of 11 ingots of 304 stainless steel in the Manufacturing 
Sciences Corporation vacuum induction melting furnace. Machining, rolling, 
heat treating, welding, forming, corrosion testing, and mechanical property 
testing confirmed that the stainless steel produced from technetium- 
contaminated nickel was metallurgically identical to stainless steel produced 
in a similar manner with uncontaminated nickel. 

Performed a comprehensive review of available RSM at DOE sites. Markets 
for potential end-use products were also investigated. Potential restricted 
end-use products include: multipurpose canisters for the containment of 
spent reactor fuel, high-level waste vitrification flasks, and boxes and drums 
for waste disposal. 

Received nearly 3,000 pounds of contaminated nickel for full-scale testing 
from the Oak Ridge K-25 facility in January 1996. Because the nickel was in 
a classified configuration, itwas shipped in sacrificial drums and declassified 
by melting the nickel and the drum together in an induction furnace. One 
of the nickel ingots was sectioned into 50-pound chunks to be used as feed 
for casting stainless steel ingots. 

Conducted laboratory-scale testing of the electrorefining process to 
decontaminate bulk-contaminated nickel in January 1996. Results 
demonstrated the effectiveness of the displacement reaction process to 
decontaminate technetium-contaminated nickel anodes. 

Initiated full-scale testing of the electrodescaling process in January 1996. 
Testing is under way to optimize the procedures and equipment used to 
cast stainless steel in the vacuum induction melting furnace. 

.. ...... ... ... ...... -. . .. . 

Advanced Technologies for Decontamination and Conversion of Scrap Metal 
technology development activities are funded under the following lTP: 

?TP No. ME06IPO 1, "METC Industry Programs Technology Development 
Projects" 

-, ,. I 

. ,  
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Jagdish Malhotra 
DOE Project Manager 
US. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

jmalhoQmetc.doe.gov 
(304) 285-4053 

Valerie MacNair 
Principal Investigator 
Manufacturing Sciences Corporation 
804 Kerr Hollow Road 
Oak Ridge, TN 37830 

No Email capability. 

Muth, T.R, K.E. Shasteen, RL.  Liby, B. Mishra, D.L. Olson, and G. Hradil. 
"Advanced Technologies for Decontamination and Conversion of Scrap Metal," 
Proceedings of the Environmental Technology Through Industry Partnership Conference, 
DOE/METC-96/1021, Vol. 1, p. 233 (October 1995). 
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4+3 1 REUSE OF CONCRETE FROM 
I CONTAMINATED STRUCTURES 

....... ;HECHN&XY ~, NEED. 

Restoration of the Department's surplus nuclear facilities will result in the 
I dismantlement of a large number of these contaminated structures, and the 

... ! generation of enormous quantities of concrete rubble or refuse. Due to the 

. .  porous nature of concrete and its exposure to contamination sources, much 
1 of this concrete is extensively contaminated. Contaminants include 
I 

polychlorinated biphenyls (PCBs), hazardous chemicals, and radionuclides 
including uranium, plutonium, and fission products. Most of the concrete is 
bare, but some is covered with paint, epoxy, or tile. Although most 
contamination is near the surface, some contaminants (e.g., tritium, PCBs, and 

! 

i 

mercury) may have penetrated deeply into the concrete. The cost of disposal 
of this material in radioactive-waste facilities will be a significant drain on DOE 
Environmental Management (EM) resources. If this material could be cost- 
effectively reused after decontamination, in ways that low levels of 
contamination would not endanger humans, it would greatly lessen the cost 
burden of DOE'S cleanup efforts. 

............. ................................ .-.,... ........................ . . . . . .  - ,  

The objective of this research is to analyze the current and proposeddisposition 
of the large quantities of contaminated concrete, as shown in Figure 4.3-1, 
resulting from the environmental restoration of the Department's nuclear 
facilities. The research is subdivided into four major task areas: economic 
analysis, legal/regulatory consideration, environmental risk assessment, and 
social/political implications. An analysis of a specific facility that has undergone 
D I D  will be conducted. The analysis will compare the costs of entombment 
with that of concrete and rebar reuse. Itwill also evaluate legal and regulatory 
obstacles and restrictions, as well as the risks associated with the .reuse of 
concrete and rebar. In addition, the research will explore public acceptance 
and the policy implications of reusing concrete from the Department's facilities. I 

f 

This study will result in a more accurate estimate of the nature and extent of 
concrete contamination throughout the complex, and the array of commercial 
and emerging technologies available to address this problem. In addition, a 
clearer understanding of regulatory and social issues, as well as the 

i 
1 
I 
1 i 
I 
I 
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Figure 4.3-1. Contaminated Concrete Rubble Pile. 

environmental risk associated with the reuse of concrete, will facilitate the 
implementation of cost-effective treatment and recycling of contaminated 
concrete. 

This analysis is being conducted by masters and Ph.D. degree candidates at 
Vanderbilt University in collaboration with the Vanderbilt Center for 
Environmental Management Studies. This Center is a Vanderbilt University 
system-wide initiative to promote and develop partnerships between industry, 
government, and academia concerning the relationship of environmental 
policy to business management and operations. 

Established a database for all literature collected on technologies and costs 
associated wi;h the potential reuse of contaminated concrete. 

Identified and grouped feasible technologies for decontaminating and 
recycling concrete and rebar. Treatment trains based on the identified 
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technology groups have been developed for the various DGD scenarios. 
These treatment trains will serve as the basis for the economic analysis and 
risk determinations. 

i i 

Continued work to quantify the volumes of concrete available for recycling 
, i  1 and the associated levels of contamination. 

I 
i 
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i Reuse of Concrete from Contaminated Structures technology development 

activities are funded under the following "TP: 

"TP No. OR05DD5 1. "Reuse of Concrete from Contaminated Structures" 

i 

; 
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1 WNTACrS . .  
,, .r ..- ** .P 

5 

Frank Parker Jerry Harness 
Principal Investigator DOE Project Manager 
Vanderbilt University U.S. Department of Energy 
Box 1596, Station B Oak Ridge Operations Office 
Nashville, TN 37235 P.O. Box 2001 
(423) 343-2371 Oak Ridge, TN 3783 1 
parkerflQvuse.vanderbilt.edu (423) 5766008 

x960ornl.gov 

This is a newly funded project; however, papers on the general topic include: 

Dickerson, K.S., M. J. Wilson-Nichols, and M.I. Morris. "Contaminated Concrete: 
Occurrence and Emerging Technologies for DOE Decontamination," DOE/ 
OR0/2034, U.S. Department of Energy, Oak Ridge (August 1995). 

Parker, F.L. "Building Consensus Through Risk Assessment and Management 
of the Department of Energy's Environmental Remediation Program," National 
Research Council ( 1994). 

Parker, F.L. "Risk Analysis as Applied to Mill Tailings Piles and Hazardous 

U.S. Department of Energy (1987). 

i 
I 

i 

; 
; 

f 

. d  

I Wastes," Proceedings Remedial Actions Program Annual Meeting, CONF-8704 1 15, 
i 
i 
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The objective of this project is to develop and demonstrate a concrete 
treatment and reuse system that integrates decontamination and separation 
technologies proven in other applications. This system, called AWD-CONTM, 
has two major subsystems: one for decontamination, and the other for 
separation, including collection and treatment of all waste streams. System 
flow is delineated in Figure 4.4-1. The decontamination subsystem includes: 

DECQNTAmlNATlQN AND RECYCLE O F  CONCRETE 

The technical, regulatory, environmental, and economic considerations 
associated with the DID of DOE facilities provide strong drivers for waste 
minimization. Technologies are needed that provide effective separation of 
hazardous constituents from structural and process equipment in a manner 
that minimizes their volume and allows for safe and economical disposal. The 
need to dispose of an enormous quantity of structural concrete atvarious DOE 
facilities requires innovative technology solutions to reduce time, cost, and 
potential safety and environmental risks. 

Decontamination and Decommissioning Focus Area -August 1996 
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Figure 4.4-1. Integrated AWD-CONW System Process Flow Diagram. 
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dry vacuum cleaning with high-efficiency particle-air filtration, dust collection, 
foam-cleaning agent application, low- and high-pressure surface rinsing, and 
surface concrete removal using high-pressure water. The separation subsystem 
provides coarse solids screening, oil and grease collection, fine solids removal, 
and organic compounds removal using activated carbon. 

Development of this treatment and reuse system includes two phases. Phase 
I involves assembly of the integrated AWD-CONTM system, and the testing of 
individual component parts and subsystems. Phase I1 involves demonstration 
of the units at a DOE facility. 
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If successful, the AWD-CONTM system has the potential for efficient in situ 
removal of a variety of contaminants from concrete, including uranium, 
technetium, PCBs, and chromates. In addition, the system will reduce both 
primary and secondary wastes, cleanup time, and costs due to lower disposal 

i 
I 
I 

: I  

? . .  requirements. 
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This project is funded through METC via an Industry PRDA award. The 
integrated system is a proprietary process of Dow Environmental, Inc., a 
subsidiary of the Dow Chemical Company. Dow Environmental offers 
remediation services and develops commercial applications for Dow 
technologies. Current plans are to demonstrate this technology at full-scale at 
the Oak Ridge K-25 facility in late FY96. 
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Completed development of the system process flow diagram 
-.- ; Initiated equipment sizing, material balance, and preliminary system cost 

estimates 

Initiated bench-scale testing for several of the alternative subsystems for 
removing uranium and technetium from the concrete 

* Initiated preparation of the sampling plan, analytical procedures, and 
testing protocol for the full-scale demonstration at the Oak Ridge K-25 
facility 
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Decontamination and Recycle of Concrete technology development activities 
are funded under the following TTP: 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 

Douglas Detman 
Principal Investigator 
Radian International 
400 West Sam Houston 
Parkway South 
Houston, TX 77042 
(713) 978-3252 
N o  Email capability. 

Jagdish Malhotra 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

jmalho@metc.doe.gov 
(304) 285-4053 
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> I '  

Decontamination a n d  Decommissioning Focus Area -August 1996 

mailto:jmalho@metc.doe.gov


~,- --.- ~-~ ~_,_,,, 
I 

1 '  
/ ,  I I DEPLETED URANlUM RECYCLING/PRODUCTS 

1 

1 ,  . . . . . . . . . . .  

mimemw NEED - 
1-1 - - , d P  

i i 
i 

I DOE is responsible for managing 550,000 metric tons of depleted uranium 
hexafluoride generated during the uranium enrichment process. Currently, 
about 90 percent of the depleted uranium (DU) is stored in cylinders at the 
three gaseous diffusion plant sites. The unique properties of uranium 
hexafluoride, such as its high purity and density, as well as its large volume, 
make it appropriate to assess and determine its fate. DOE is currently 
assessing a number of options, including disposal, long-term storage as an 
energy resource for future breeder reactors, and reuse, primarily for shielding 
in spent nuclear fuel and high-level waste containers. 
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i 
The initial objective of this project was to perform an assessment of the 
feasibility and economic incentives of alternative management options for 
storing, recycling, and/or disposing of the large DU reserves within the DOE 
system. Three economic options were developed in FY94. Costs of disposal 
were found to range from $4 to $1 2 billion. 
Idaho National Engineering Laboratory 
(INEL) developeda concept for converting 
DU into an oxide aggregate (DUAGG) 
material for use in cement. The FY95 work 
scope continued to perform experimental 
tasks to improve on the concept and to 
develop manufacturing processes for 
fabrication of the DUAGG concrete material 
known as DUCRETE for use as a shielding 
material, as shown in Figure 4.5-1. In FY96, 
the major work effort is directed toward a 
pilot-scale demonstration of the low-cost 
briquetting process selected for 
development of DUAGG, and optimization 
of the DUCRETE formulation. Specific 
process variables to be optimized include 
DUCRETE mechanical properties, thermal 
conductivity, and gamma and neutron 
attenuation. 

As an alternative to disposal, the 

Ip ............ 

Figure 4.5-1. Concrete Shielding from 
Recycled Depleted 
Uranium. 
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Studies conducted in FY94 have shown that a highdensity waste form can 
produce a minimum savings of $100 million to more than $500 million in 
disposal costs at Nevada Test Site and Hanford, respectively. These saving are 
derived directly from disposal of the DUAGG material, which has a greater 
uranium density compared to that of the bulk oxide used in the baseline 
disposal options study. The higher-density material will essentially reduce the 
transportation, container, and disposal cost inversely to the density. Thus, 
approximately two-thirds of the cost can be saved if the aggregate is disposed, 
rather than the bulk powder in containers. 

If the depleted uranium aggregate can be successfully incorporated into the 
concrete product DUCRETE and used for high-level waste or spent fuel 
storage containers, disposal as a waste is eliminated entirely, and the savings 
to DOE will be measured in billions of dollars. 

Information gained from this project will provide guidance to the DOE 
Manager of Uranium Programs in DOE'S Office of Nuclear Energy and EM 
managers concerning the feasibility and economic incentives to pursue any of 
the DU management options: continued storage as is, disposal, or recycling. 
The findings will also provide input to the Programmatic Environmental 
Impact Statement, initiated by the Office of Nuclear Energy, to evaluate DU 
management options, as well as complement the Office of Civilian Radioactive 
Waste Management spent nuclear fuel storage, transport, and disposal cask 
development activities. A patent application has been filed for the process to 
develop the aggregate and its use as a shielding material. 

Completed testing to examine the leaching characteristics of 80,90, and 
93 volume percent uranium oxide aggregates using the standard ANSI/ 
ANS-16-1-1986 test procedures. After normalizing the results on an area 
basis, the samples have rates similar to iron-enriched basalt, and two orders 
of magnitude better than borosilicate glass. 

Received fabrication equipment including a 1.5-gallon attrition mill and an 
18-inch disk pelletizer. 

Completed 120-hour interval leach testing of DUAGG. The leaching values 
?.,- . > :  

-.> .' &;-<-:. ; were very low, comparable to good glass and glass ceramics. f * -  
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Continued leach testing on  the iron-enriched basalt DUAGG and ~~ :.\ i r  1 
-:. I ::< 

metallography activities to characterize the DUAGG microstructure. j ~ I ,  :, I << 
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Depleted Uranium Recycling/Products technology development activities are 
funded under the following TTP: 

'lTP No. ID75DD5 1, "Depleted Uranium Recycling and Products" 

? Lloyd Brown 
. . .  Principal Investigator 

I 

Lockheed Idaho Technologies . .  

5 
1 Company 

i I 
: Idaho National Engineering 

Laboratory 
P.O. Box 1625 
Idaho Falls, ID 834 15 
(208) 526-55 10 

5 
I 
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Tom Williams 
DOE Project Manager 
U S .  Department of Energy 
Idaho Operations Off ice 
785 DOE Place 
Idaho Falls, ID 83401 
(208) 526-2460 
williate8inel.gov 

.................. . . . .  .......... I_f_ ..................... 5 
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Hopf, J.E. "Conceptual Design Report for a Transportable DUCRETE Spent 
Fuel Storage Cask System," INEL95/0167 (August 1995). 

Lessing, P.A. "Development of DUCRETE," INEL94/0029 (March 1995). 

Powell, F.P. "Comparative Economics for DUCRETE Spent Fuel Storage Cask 
Handling, Transportation, and  Capital Requirements," INEL-95/0 166 
(April 1995). 
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i 1 DEMONSTRATE IMMOBILIZNION OF ASBESTOS 
USING MINERALOGICAL CONVERSION I 
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1 . .; Asbestos waste generated at Hanford and other federal sites across the 
United States is becoming more expensive to package, handle, and dispose. 
A major disadvantage associated with committingasbestos waste to landfill 
dumping is that the owner of the asbestos waste indefinitely retains all legal 
liability associated with the waste. The landfill at Hanford designated for 
asbestos waste can only hold 10 percent of the remaining asbestos planned 
for removal under the Hanford Site Asbestos Abatement Plan. The remaining 
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90 percent of the estimated 22,000 cubic yards is destined for a public 
landfill. By converting asbestos waste into an inert, recyclable end-product, 
future liability concerns and the need for additional landfill space are 
virtually eliminated. 

" . . .  . ,_ 

The Asbestos Conversion System thermally converts the asbestos in asbestos- 
containing material (ACM) into a totally nonhazardous substance. The ACM, 
as shown in Figure 4.6-1, is introduced to the process via a mechanical 
conveyor system. The asbestos drops from the conveyor into a shredder for 
size reduction to 1-inch diameter or less. From the shredder, the asbestos 
is introduced into a soak tank of heated, 7 percent borax solution 

Figure 4.6-1. Contaminated, Asbestos-Piping Insulation. r.2 
,: ''* ; 
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(nonhazardous) and is fed via a dewatering screw press into the rotary hearth 
furnace. In the furnace, the asbestos is subjected to temperatures of 2,200 
degrees Fahrenheit for a period of one hour. The converted asbestos-free 
material is then removed from the furnace by means of a discharge system 
where the material drops by gravity into a solids quench tank filled with clean 
water. 

i 

Currently, radioactively contaminated asbestos is segregated from other 
radioactive waste and is packaged separately for disposal. Successful 
implementation of the Asbestos Conversion System for contaminated asbestos 
would result in a substantial volume reduction (up to 80 percent) and would 
eliminate the asbestos portion of the waste stream. At Hanford, approximately 
10,000 cubic yards of contaminated asbestos remain to be packaged and I 
disposed. At a cost of $10 million (1994 dollars), a conservative estimate of 50 
percent volume reduction would result in a $5 million savings. 

i 

' f  
: 

i 

This project is jointly funded by EM-50 and EM40. Bechtel Hanford, Inc. has 
negotiated a "pay-for-performance' subcontract with Asbestos Recycling, Inc. 
to develop and operate a full-scale Asbestos Conversion System at the 
Hanford site. 

- - '  i 
I 

t 

Selected400Area at Hanford forthe full-scale, nonradioactivedemonstration 
site. 

Commenced mobilization of the Asbestos Conversion Unit after its arrival 
at the Hanford 400 Area on December 5, 1995. 

Verified the Asbestos Conversion Unit as ready for service on December 2 1, 
1995. Rotary Hearth Furnace heat rampup commenced on December 22. 
Furnace temperatures above 2,000 degrees Fahrenheit needed for 
asbestos conversion were reached on December 26, 1995. 

Began actual asbestos conversion on December 27 when 930 pounds of 
thermal systems insulation (pipe lagging) were introduced into the Asbestos 
Conversion Unit Results of the conversion revealed that no asbestos fibers 
were present in the end-product captured in the Asbestos Conversion Unit 
discharge bin. The volume of material was 3 cubic yards weighing 930 
pounds at input The convertedvolume equaled 3.5 cubic feet (95.5 percent 
reduction) and 216 pounds (78 percent reduction). 
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Jeffrey A. Frey 
DOE Project Manager 
U S .  Department of Energy 
Richland Operations Off ice 
P.O. Box 550 
MS K8-50 
Richland, WA 99352 
(509) 372-4546 
jeffreya-frey@rl.gov 

Demonstrate Immobilization of Asbestos Using Mineralogical Conversion 
technology development activities are funded under the following TTP: 

ralogical Conversion of Asbestos Waste 

Stephen K. Pulsford 

Bechtel Hanford, Inc. 
3350 George Washington Way 
Richland, WA 99352 
(509) 3768440 
stephen-k-pulsfordQrl.gov 

Asbestos Recycling, Inc. "Bechtel Hanford Proposal, System Installation and 
Operation, Asbestos Conversion Unit," Kent, Washington (September 6,1994). 

Foltz, A.D. "Asbestos Conversion Systems," Asbestos Recycling, Inc., Kent, 
Washington (April 20, 1994). 

Mewes, B.S. "Hanford Site Asbestos Abatement Plan," BHI-000 10, Rev. 0, 
Bechtel Hanford, Inc., Richland, Washington (October 1994). 
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i SYSTEM FOR ASBESTOS DECONTAMINATION 
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DOE sites contain a broad spectrum of asbestos materials (cloth, pipe, lagging, 
sprayed insulation, and other substances) that are contaminated with a 
combination of hazardous wastes. These wastes consist of cutting oil, 
lubricants, solvents, PCBs, heavy metals, and radioactive contaminants. The 
radioactive contaminants are the activation, decay, and fission products of 
DOE operations. The asbestos must be converted by removing and separating 
radioactive and other hazardous materials to prevent the formation of mixed 
wastes and to allow for both sanitary disposal and effective decontamination. 
Currently, no technology exists that can meet these sanitary and other 
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The objective of this work is to develop and demonstrate a multistage process 
to remove and separate radioactive and other hazardous materials 
from asbestos and destroy the asbestos fibers. In the process, shown in 
Figure 4.7-1, radiofrequency heating is used to volatilize, or destroy, organic 
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Figure 4.7-1. Electromagnetic Conversion Process Flow Diagram. 
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contaminants. Radionuclides in the resulting solution are separated by 
physical methods and ion exchange. The radionuclide and organic-free 
asbestos is treated by the acid-based ABCOV technology to destroy the 
asbestos fibers. The amorphous silica containing heavy metals resulting from 
this treatment is solidified with lime, sodium silicate, and possibly other 
reagents for disposal as sanitary waste. 

the electromagnetic mixed-waste processing system include: 

Conversion of over 99 percent of asbestos for sanitary disposal 

on of mixed wastes through separation of radioactive and hazardous 
components 

Stabilization of hazardous waste according to the Resource Conservation 
and Recovery Act and radionuclide material requirements of the U.S. 
Environmental Protection Agency and the U.S. Nuclear Regulatory 
Commission 

Minimization of public, worker, and environmental risks through the closed 
system process 

Reduction of operating costs compared to state-of the-art alternatives such 
as plasma-fired, thermal destruction combined with molten salt separation 

This project is funded through METC via an Industry PRDA award. With their 
electromagnetic mixed-waste processing system, KAI Technologies, Inc. 
employs three patented technologies from three separate companies to 
convert asbestos to a nonhazardous, radionuclide-free, sanitary waste. These 
technologies are: (1) acid decomposition of asbestos (ABCOV method from 
DSI Industries), (2) physical separation/ion exchange to remove radionuclides 
(Westinghouse Science andTechnology Center), and (3) radiofrequency heating 
to remove organics (KAI Electromagnetic Process). 

Westinghouse Science and Technology Center is reviewing the materials at the 
Fernald Environmental Restoration Management Corporation that could be 
used in the benchscale testing. The selection criteria is based on the amount 
and kind of radioactive contaminated asbestos material available now for 
laboratory testing. Necessary documents are being developed for transfer of 
this material to Westinghouse Science and Technology Center. 

r,'';...., . ,-;,2- ..̂ .. f' 
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i . r . .  Demonstrated the individual process steps and optimized the process flow 
diagram. 

Conducted laboratory tests to demonstrate process viability for asbestos 
conversion, organics removal, and radionuclide removal. All criteria for the 
laboratory tests were met. 

Demonstrated (by DSI Industries) greater than 99 percent asbestos 
conversion to amorphous solids using commercial ABCOV process. 

Demonstrated (by KSI) 90 percent removal of organics from the asbestos 

Achieved (by Westinghouse Science and Technology Center) 92 percent 
removal of uranium from solution, resin loadings of 0.6 equivalents per liter, 
and greater than 50 percent regeneration of resin in laboratory scale tests. 

Completed design of the test facility and received approval to begin 
construction. Phase I1 tests will investigate the removal of uranium from 
asbestos, in the presence of lead and mercury. 
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Electromagnetic Mixed-Waste Processing System for Asbestos 
Decontamination technology development activities are funded under the 
following 'ITP: 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 
Projects" 

... .*._(.... . _I., . 
5. . .  

Raymond Kasevich 
Principal Investigator 
KAI Technologies, Inc. 
170 West Road, Suite #7 
Portsmouth, NH 03801 

73443.630@compuserve.com 
(603) 43 1-2266 

Jim Longanbach 
DOE Program Manager 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 
P.O. Box 880 
Morgantown. WV 26507 

jlonga@metc.doe.gov 
(304) 285-4659 
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KAI Technologies, Inc. "Electromagnetic Mixed-Waste Processing System," 
Phase I Topical Report, DOE/MC/29249-4074, DE95009720 (December 12,1994). 

Kasevich, R.S., W.G. Vaux, and T. Nocito. "Electromagnetic Mixed-Waste 
mination," Proceedingsofthe Environmental 

onference, DOE/METC-96/102 1, Vol. 1, p. 
11 (October 1995). 
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ACM, used as fireproofing insulation and.for other purposes in building 
construction, represents a significant fraction of the hazardous materials 
inventory requiring DGD at all DOE sites. As a national and worldwide 
concern, asbestos-abatement techniques, as they are currently practiced, are 

Analyzing these costs in greater detail reveals that the largest single expense 
is the erection of a negative pressure confinement around the site to be 
remediated. Other significant costs are associated with the removal and 
transport of the ACM from the site. Nonasbestos fireproofing or thermal 
insulation must be applied in place of the original ACM to complete the project. 
Avoiding these steps would result in significant savings within the DOE 
complex as well as in the public sector. 

I 1 
! 

. I  
1 likely to account for expenditures of $80 to $100 billion over the next 25 years. 
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i Brookhaven National 
2 Laboratory and its industrial 
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partner have shown that in a 
laboratory environment, as 
pictured in Figure 4.8-1, 
chrysotile asbestos in ACM 
can be fullyconvertedinsitu. 
Based upon these findings, 
research to fully define and 
field demonstrate the in situ ;;: 
processwasinitiatedin FY94, io !  

as a Cooperative Research :cI 
and Development Agreement ... _____- . .  ............ _I ,~ ....... ___:a z .......... -. ..ix..l.-.-, -,.- 

i ( D  i N  

i l A  

i 

................ ........... 
(CRADA) between DOE EM- Figure 4.8-1. In Situ Asbestos Conversion System. 
50, Energy Research, and an 
industrial partner. In FY95, the technology will be demonstrated under cold 
conditions and under full-scale radioactive conditions at a decommissioning site. 
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The greatest cost savings is derived from the avoidance of tenting procedures. 
Other cost savings are associated with the avoidance of material transport and 
disposal. Finally, the costs associated with the reapplication of fireproofing or 
insulating materials are avoided. The aggregate of these avoided expenses 
could amount to a 50 percent cost reduction in the estimated $80 billion 
mitigation needs. 

Brookhaven National Laboratory and its industrial partner are transferring the 
technology developed via the existing DOE CRADA (BNLC-94-24). The 
partnership intends to test this new technology in the field at a DOE site such 
as Brookhaven National Laboratory. Projected cost savings using this 
technology will allow DOE-allocated remediation dollars to cover more 
identified Droiects. 

Completed commissioning of the Inhalation Toxicology Facility at 
Brookhaven National Laboratory and conducted initial experiments to 
verify equipment performance capabilities 

Received all NewYorkState permits required to use the InhalationToxicology 
Facility with ACM and notified the Environmental Protection Agency of the 
planned start date for the initiation of engineering-scale experiments 

Completed an Operational Readiness Review and commenced full operation 
of the Inhalation Toxicology Facility in FY95 

Confirmed in late November and early December 1995 that each of the 
steps in the in situ conversion process can be performed safely within the 
Inhalation Toxicology Facility, and at a scale sufficient to verify engineering 
practicability 

Conducting further design, procurement, construction and testing efforts 
to fabricate a conversion system sized for use in larger-scale field 
demonstrations scheduled for late FY96 
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Demonstration of Conversion of Asbestos-Containing Material Into A 
Nonregulated Material technology development activities are funded under 
the following TTP: 

'M'P No. CH34DD52, "Conversion of Asbestos-Containing Material Into 
Nonregulated Material" 

...... ............ 

Dr. Leon Petrakis 
Principal Investigator 
Brookhaven National Laboratory 
P.O. Box 5000 

i Upton, NY 11973 
(516) 344-3037 
petrakis@bnl.gov 

Richard C. Baker 
DOE Project Manager 
U.S. Department of Energy 
Chicago Operations Office 
9800 South Cass Avenue 
Argonne, IL 60439 

richard.baker@ch.doe.gov 
(708) 252-2647 

Hriljac, J.A., C. Eylem, Q. Zhu, R Sabatini, L. Petrakis, R Hu, and 1. Block. "On 
the Use of X-Ray Powder Diffraction for Determining Low Levels of Chrysotile 
Asbestos in Gypsum-based Bulk Materials: (11) Use of a Synchrotron Source," 
submitted to Analytical Chemistry. 

Hriljac, J.A., C. Eylem, R Sabatini, R Hu, Q. Zhu, and L. Petrakis. "Quantifying 
the Level of Chrysotile in Pure and Gypsum-based Materials: A Comparison 
of Synchrotron and Laboratory X-Ray DiffractionTechniques," R. L. Perkins EIA 

Hu, R, 1. Block, ].A. Hriljac, C. Eylem, and L. Petrakis. "On the Use of X-Ray 
Powder Diffraction for Determining Low Levels of Chrysotile Asbestos in 
Gypsum-based' Bulk Materials: (I) Sample Preparation and Use of X-Ray 
Diffraction," submitted to Analytical Chemistry. 

Journal, 5-10 (1994). 
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Most of the steam and process piping in DOE facilities is clad and insulated 
with ACM, which must be removed before any decontamination and dismantling 
activities occur. Manual removal is expensive and time consuming because of 
the carcinogenic nature of asbestos fibers, radiological contamination, and 
the associated abatement regulation requirements from the Environmental 
Protection Agency and Occupational Safety and Health Administration. 
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The objective of this task is to develop and demonstrate a mechanical, 
asbestos-removal system that can be remotely operatedwithouta containment 
area. This system is illustrated in Figure 4.9-1. The technology, known as BOA, 
consists of a pipe-crawler removal head and a boom vehicle system with dual 
robots. BOA'S removal head can be remotely placed on the outside of the pipe 
and can crawl along the pipe, removinglaggingand insulation. The lagging and 
insulation is cut using a hybrid endmill water-jet cutter and then diced into 2- 
inch cube sections of ACM. These ACM sections are then removed from the 
pipe using a set of blasting fanspray nozzles, vacuumed off through a vacuum 

Fisure 4.9-1. Artist Rendition of the Mechanical Asbestos Removal System. 

.: , 
I : ,  .I . . ..Ii . . . . .  
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. j  hose, and bagged. Careful attention to vacuum and entrapment air flow 
ensures that the system can operate without acontainment area while meeting 
local and federal standards for fiber count 

. . . . . . .  .,':.s . .  

BlENEFlTS 
..,,.r__X__ 

The system is capable of operating on 4to-8-inch diameter pipes from 8 to 60 
feet off the ground. The removal head cuts through various types of cladding 
such as plaster tape, aluminum lagging, wire mesh, plastic boots, and pipe 
clamps, and can adapt to differences in cladding thicknesses. 

,. i 
- 4  

i 

A recent analysis conducted on this technology found that the robot system 
has a substantial cost-benefit for DOE and private industry, with relative cost 
savings rangingfrom 25 to 30 percent for indoor piping (comparison based on 
manual glovebagging technique), and as high as 40 to 50 percent for outdoor 
piping (comparison based on full-containment technique). 

. .  ~ m ~ ~ ~ R A t l m m c - H - ~ o ~ 0 6 y  ......................... TwSIIER .:! 
.- -- ,-&-e, 

.- ,j 
- .  This technology is being developed through a Research Opportunity 

Announcement (ROA) award between METC and the Field Robotics Center at 
Carnegie Mellon University's (CMU's) Robotics Institute. The Field Robotics 
Center has been developing field robot prototypes for remote and hazardous 
environments for over 10 years and currently performs contractwork for DOE, 
the National Aeronautics and Space Administration, Advance Research Projects 
Agency, and the Department of Defense. 
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AGCOMPLISHMEM~S. I 
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i 
i I  ' !  CMU 

Developed and demonstrated the prototype BOA pipe-crawler robot at 

Completed a market study, cost-benefit analyses, and regulatory analyses 
(see Benefits section) 

Developed nozzle types and manufacturing methods for optimal cutting, 
based on the preliminary demonstration of the hybrid endmill/water-jet 
cutter 

Completed the design of the prototype endmill cutter/jevgearbox/motor 
assembly and initiated fabrication 

Reconfigured the remover section of the robot to simplify and reduce the 
cost of the overall design while maintaining the productivity of the robot 

, $  
. I  
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>.....% ?i . i Finalized machine drawings and placed a purchase order to fabricate a 
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4-inch system for testing at the K-25 site in October 1996 . ,:.. . . .  . _ ,  .:. 
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Asbestos Pipe-Insulation Removal System technology development activities 
are funded under the following TTP: 

TTP No. MEO6IPO 1, "METC Industry Programs Technology Development 

. . .. 

Hagen Schempf, Ph.D. 
Principal Investigator 
Carnegie Mellon University 
Field Robotics Center 107 
5000 Forbes Avenue 
Pittsburgh, PA 152 13 
(4 12) 268-6884 
hagen+@cmu.edu 

Vijendra Kothari 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

vkotha@metc.doe.gov 
(304) 285-4403 

Carnegie Mellon University. "BOA: Asbestos-Pipe Insulation Removal Robot 
System: Market Study, Cost-Benefit Analysis and Regulatory Review," Topical 
Report Phase I1 (June 30, 1995). 

Carnegie Mellon University. "BOA: Asbestos Pipe-Insulation Removal Robot 
System," Topical Report Phase I (February 28, 1995). 

Schempf, H., J. Bares, et al. "BOA Pipe-Asbestos Insulation Removal Robot 
System," Proceedings of the Environmental Technology Through Industry Partnership 
Conference, DOE/METC-96/102 1, Vol. 1, p. 294 (October 1995). 
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I 4.40 i MOBBLE WORK SYSTEM FOR DECONTAMBNATBON 
I AND DBSMANTLEMENT 
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Work tasks for transitioning of DOE facilities include equipment disassembly 
and dismantling; size reduction, packaging, and removal of materials; 
decontamination of structures and building surfaces; and sensor surveys and 
mapping to assure reduction of contamination and regulatory compliance. To 

exposure to radiation and other hazards, these tasks have to be performed 
with robots and other remote equipment, to the maximum extent possible. 

I keep within as-low-as-reasonably-achievable standards and minimize worker 
! 

The objective of this task is to develop and demonstrate a mobile work system 
capable of performing a wide range of decommissioning tasks in nuclear 
facility environments. The Remote Work Vehicle, an existing tele-operated 
work system built originally for nuclear accident recovery at Three Mile Island, 
will be upgraded through introduction of a more sophisticated control system, 
fabrication of new tooling, and simultaneous enhancement and simplification 
of the operator control. 
These upgrades will result 
in the next generation of a 
mobile work system for 
decontamination and 
decommissioning, called 
"Rosie 11." This develop- 
ment phase also includes 
a semi-automatic, task- 
space, scene-analysis 
system, "Artisan." Both 
systems were designed to 
work with, and comple- 
ment, other robotic DGD 
technologies to execute 
selective equipment 
re-moval scenarios in 
which some part of an 
apparatus is extricated 

i . .  ......... ̂Il...X._*. A ........................... ,. .................................. 
Figure 4.104. Rosie Mobile Work System. 
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while minimally disturbing the surroundings. The Rosie Mobile Work System 
is shown in Figure 4.10-1. 

This work system is being designed to reliably and safely withstand the rigors 
of heavy work over periods of years. Because this system will go from worksite 
to worksite, it must be decontaminated upon exit. Seals, finishes, and 
materials are designed to resist contamination and to be amenable to 
decontamination procedures such as washdown, wipe-down, and chemical 
treatment 

..... j Benefits of this robotics system include: - *  ; x .I- 
. ~- .... , .. 

Features remote capabilities to operate tools, manipulate and package 

Provides dexterity combined with high strength to accomplish complex 

contaminated objects, and position sensors 

tasks throughout a large work volume 

Offers mobility to make the worksystem selfdeploying and increase the 
work envelope beyond that of a fixed base 

Supplies a power and signal tether that provides reliable communications 
and allows unlimited work duration 

Contributes computer control for precise positioning, motion coordination, 

Furnishes workspace geometry modeling to enhance remote viewing, and 

and status monitoring 

improve robot control and speed of task execution 

This project is a collaboration of CMU's Robotics Institute and RedZone 
Robotics, Inc. Both organizations are distinguished for their abilities and 
records of integrating complex robot technologies into systems that prove 
themselves in both research and real-world contexts. Funding for this project 
is through METC via an Industry PRDA award. 

Rehabilitated and upgraded Remote Work Vehicle that was previously 
developed by CMU for use in DGD operations at Three Mile Island 

Developed a mobile work system, "Rosie," and a semi-automatic, 
task-space, scene-analysis system, "Artisan" 
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I ,  

Demonstrated Rosie and Artisan at Redzone's facility in Pittsburgh and at 
the Oak Ridge National Laboratory (ORNL) in September 1995 

I 
i 

Conducted capability/endurance testing of the Rosie system at ORNL in 
preparation for the system's demonstration at the Chicago Pile 5 (CP-5) 
research reactor scheduled for the fall of 1996, and perfomed two consecutive 
weeks of daily operations deploying available tooling in concrete demolition 
exercises 

Initiated development of dismantling scenarios and candidate tools for 
using Rosie and the Dual Arm Work Module (DAWM) in the CP-5 reactor 
decommissioning project 

Mobile Work System for Decontamination and Dismantlement technology 
development activities are funded under the following TTP: 

TT'P No. ME06IPO 1, "METC Industry Programs Technology Development 

I 
i I 

i 
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James Osborn 
Principal Investigator 
Carnegie Mellon University 
Field Robotics Center 107 
5000 Forbes Avenue 
Pittsburgh, PA 152 13 
(412) 268-6553 
oz@cmu.eda 

Leona Bares 
Principal Investigator 
RedZone Robotics, Inc. 
2425 Liberty Avenue 
Pittsburgh, PA 15222 

lbares@redzone.com 
(4 12) 765-3064 

Vijendra Kothari 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy 
Technology Center 

P.O. Box 880 
Morgantown, WV 26507 

vkotha@metc.doe.gov 
(304) 285-4579 
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Carnegie Mellon University. "Mobile Work System for Decontamination and 
Dismantlement," Topical Report (July 1995). 

Osborn, J., L.C. Bares, and B.R. Thompson. "Mobile Work System for 
Decontamination and Dismantlement," Proceedingsofthe EnvironmentalTec~nology 
Through Industry Partnership Conference, DOE/METC96/ 102 1, Vol. 1, p. ,243 
(October 1995). 
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I k g d  ! DEMONSTRATION OF STMDARD DISMANTLEMENT 
: SYSTEM FOR DECOMMISSIONING 
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,I I The CP-5 Reactor at Argonne National Laboratory-East is currentlyundergoing 
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DGD using DOE EM-40 funds. The initial work on removal of nonnuclear 
system components has been completed, and work is proceeding on the 
dismantlement of the reactor block. Current plans are to demonstrate and 
evaluate, at CP-5, three major systems developed through the EM-50 Robotics 
Program. The first system is the Selective Equipment Removal System. This 
System is designed to perform a variety of D I D  tasks using a new DAWM. The 
second system to be demonstrated is the Mobile Automated Characterization 
System (MACS). MACS is a full-scale remote mapping and data acquisition 
system. In addition, a smaller version, the Reduced Access Characterization 
System (RACS), may also be demonstrated. Thelastsystem to bedemonstrated 
is a new version of the mobile work system for decontamination and 
decommissioning (i.e., Rosie 11), which is specially designed to perform D I D  
tasks (see Section 4. IO). 
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The objective of this project is to demonstrate and field test, at CP-5, the three 
systems listed earlier. Coordination activities include developing preliminary 
data packages describing CP-5, 
which include significant 
photographs (see Figure 4.1 I-1), 
figures, and drawings for 
distribution to all of the 
organizations involved in these 
demonstrations; defining and 
designing DGD sequencing tasks; 
task sequencing; developing 
waste handling, characterization, 
segregation, and packaging 
procedures; specifying tooling 
requirements for each task; 
ensuring proper space and 
utilities are provided for 
equipment operation and 
maintenance; training operators; 

Figure 4.1 1-1. Cut-Away View of the Chicago 
Pile 5 Research Reactor. 
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~ . . .  and assuring all regulatory and permitting documents relative to the robotic 
demonstrations are accurate and up-to-date. 
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In addition to the actual lessons learned from field testing, a great deal of 
information about the cost effectiveness of performing operations remotely 
will be made available. This information will be fed back into risk, cost, and 
dose-reduction analysis methodologies. Also, the information from these 
demonstrations will be used to determine what further testing should be 
performed at CP-5 or other facilities. The successful completion of these 
demonstrations will provide both DOE and the DGD community with a suite 
of robotic tools that can be selected with confidence for future applications. 

,- . , .. . . 

The current project involves five different organizations, separately funded, to 
participate with ANLE in the demonstrations at CP-5. The first four of these 
five organizations are funded through the EM-50 Robotics Program. The 
Robotics and Process Systems at ORNL will be responsible for the planning 
and mockup testing of the equipment thatwill be demonstrated. The Intelligent 
Systems and Robotics Group at Sandia National Laboratories (SNL) has been 
selected to do three-dimensional modeling of the required demonstration 
tasks. In order to deploy some of the robotic equipment, the CP-5 building 
crane will be converted to swing-free operation. This task will be handled by 
the Robotics Group of the Westinghouse Savannah River Company. A new 
DAWM, and the fixtures required for deployment, will be designed and 
procured by Lockheed Martin Idaho Technology Company. The fifth 
organization, RedZone Robotics, Inc., is the developer of the new Rosie I1 
vehicle. Procurement for the design and fabrication of this system is funded 
through METC via an Industry PRDA award. 

Initiated development of the roboticdismantlement scenario and identified 

Initiated development of waste-handling procedures that will outline the 
characterization, segregation, and packaging requirements. 

Completed a survey (final draft) of commercially available robotic arms, 
end-effectors (i.e., tools), and delivery systems that are applicable to DGD 
activities. More than 70 vendors have been referenced, and their equipment 
is described with figures and in tables for easy comparison. 

and addressed interface issues. 
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Developed robotics tasks required for horizontal and vertical thimbles and 
identified preliminary locations for equipment and controls after reviewing 
the conceptual plan for the deployment of a dual-arm work platform on the 
CP-5 reactor block. 

Completed National Environmental Policy Act review. DOE determined 
that the proposed robotics work falls within the original Finding of No 
Significant Impact for the CP-5 DGD. 

Completed identification and definition of the CP-5 reactor block 
dismantlement tasks to be performed remotely by robotic equipment. This 
activity allows robotic equipment design and procurement activities to 
proceed and mockup activities to begin. 

t 
j 

Demonstration of Standard Dismantlement System for Decommissioning 
technology development activities are funded under the following TTPs: 

TTP No. CH24DD5 1, "Standard Dismantlement System for Reactor 
Decommissioning/Rosie 11" 

TTP No. ME06DD5 1. "Standard Dismantlement System for Reactor 
Decommissioning/Rosie 11" 

. . , . . . .. ,.. . . 

i 

. .  4 Donald R. Henley 
t Principal Investigator 3 

Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 
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i drhenleyQanl.gov 
' 1 (708) 252-4652 

Richard C. Baker 
DOE Project Manager 
U.S. Department of Energy 
Chicago Operations Office 
9800 South Cass Avenue 
Argonne, IL 60439 

richard.bakerQch.doe.gov 
(708) 252-2647 

Henley, D.R., and T.J. Litka. "A Survey of the Commercial Availability of 
Manipulator Arms, End-Effectors, and Delivery Systems for Reactor 
Decommissioning Activities," Argonne National Laboratory, ANL/DGD/TM- 
95/1 (draft, 1996). 
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E IN-TANK MOBILE ROBOT 

The retrieval of radioactive, chemical, and other wastes stored in DOE above 
and underground waste storage tanks is a hazardous and geometrically 
challenging task that defies strictly manual methods or existing remote 
technology. The use of remote equipment has been identified as the necessary 
mode of tank waste removal. Mobile worksystems are attractive for in-tank 
operations because they provide flexible tool deployment platforms. However, 
existing mobile worksystems with sufficient work capability are too large to be 
deployed through existing tank openings. 

elop a mobile worksystem for the specific application of 
retrieving Fernald K-65 silo waste. The system will also be useful at other DOE 
sites. The proposed system, named Houdini, will perform waste retrieval, 
waste mobilization, waste reduction, and other decommissioning tasks. 
Houdini, displayed in Figure 4.12-1, is a tethered, hydraulically powered, track- 
driven worksystem with an expandable frame chassis. When fully deployed, 
Houdini measures 4 feet by 5 feet; but the system can be collapsed to fit 
through confined entries as small as 24 inches in diameter. Houdini's reliable 
actuation systems, low voltage servo-valving, inherent spark-proof hydraulic 

'igure 4.12-1. Artist Rendition of the Houdini System. 
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' i  operation, environmentally-safe hydraulic fluid, self-collapsing capability, 

hand-operable winch, and hard-wired suitcase control console make for a 
system that is safe and efficient to operate. The development program will 
include the core applied research activities and result in demonstration of the 
Houdini system in an uncontaminated tank mockup at RedZone Robotics, 
installation at the Fernald site, and full-scale functional testing in a 
nonradioactive tank-remediation demonstration at Fernald. 
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Houdini can be used to retrieve waste from tanks for treatment and long-term 
storage, as well as perform heel and debris removal from waste storage tanks 
during and after bulk materials removal by other means. The benefits of 
Houdini include tracked locomotion, which enables travel on, over, and 
through various materials; smooth surfaces and no entrapment corners, which 
allow for easy system decontamination by spray washdown; and a sealed 
system for spray washdown and operating fully submerged. 

This project is funded through METC via a ROA award and is a collaboration 
of RedZone Robotics, Inc. and CMU's Robotics Institute. Both organizations 
are distinguished for their abilities and records of integrating complex robotic 
technologies into systems that prove themselves in both research and 
real-world contexts. 
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Conducted a site visit at Fernald and examined the K-65 silos, cold-test tank, 
and superstructure. 

Initiated (by CMU) complete analysis and design of a pre-prototype crawler 
frame and locomotive systems, as well as the experimental test-pit. 

Completed construction of the uncontaminated tank mockup. The 
mock-up consists of a 20-feet-by-25-feet area with full walls (cinder block) on 
two sides and a 3-feet high wall on two sides. The mockup will be filled with 
surrogate waste material for testing the Houdini prototype and final 
system. 

Completed initial testing of the CMU prototype in the surrogate. Test 
results revealed the tread design was inadequate, especially in runny, soft 
material. The material jammed into the tread elements and stopped the 
machine. Removal of every other tread element improved performance 
significantly. 
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funded under the following TTP: 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 
Projects" 
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Chester G. Fisher 
President and Principal 

RedZone Robotics, Inc. 
2425 Liberty Avenue 
Pittsburgh, PA 15222 

fisherQredzone.com 

Investigator 

(4 12) 765-3064 

Vijendra Kothari 
DOE Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 
Morgantown, WV 26507 

vkothaQmetc.doe.gov 
(304) 285-4403 

Hagen Schempf. Ph.D. 
Carnegie Mellon University 
Field Robotics Center 107 
5000 Forbes Avenue 
Pittsburgh, PA 152 13 
(4 12) 268-6884 
hagen+Qcmu.edu 

White, D.W., et al. "Houdini: Reconfigurable In-Tank Robot," Proceedings of the 
Environmental Technology Through Industry Partnership Conference, DOE/METC96/ 
1021, Vol. 1, p. 305 (October 1995). 
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&'#3 1 DIAGNOSTICS AND DATA FUSION 
: OF ROBOTIC SENSORS 

%ECHeS6LUGY NEED - -- I,,,? 

I 

I Within DOE'S environmental restoration and waste management programs, 
f extensive use of robotic equipment is planned for safely and efficiently 

remediation tasks will necessitate complex robotic assemblies, such as long- 
reach articulated manipulator arms. These assemblies will be exposed to a 
variety of life-limiting environmental and operational conditions. Equipment 
failures during operation can expose humans to hazardous wastes and 
significantly increase the cost and time to remediate the site. The technology 
to detect impending failures in robotic manipulators and accurately predict 
remaining life is near, but not yet available. 

I cleaning up hazardous and radioactive waste. Some of the more formidable 
i 
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There are two primary objectives for this project One objective is to develop 
a data fusion software module that combines data from multiple surface- 
mapping sensors and sensor poses to reduce effects of errors in individual 
data points for robotic remediation systems, and also to provide a metric to 
estimate the confidence attributed to a set of sensor data. The data fusion will 
result in three-D maps that can be interpreted to create or verify a computer- 
aided drafting model of a taskspace. The second objective is to search, review, 
and integrate monitoring technologies into a package to detect and predict 
failures in robotic manipulators used in facility DGD efforts. 
......... . . -T . __I._ 

It is too early to quantify the benefits of this technology. However, potential 
benefits include: 

Reduces risk of catastrophic in-tank robot failures 

Produces warning of degradation before failure occurs 

Provides data trending and has built-in diagnostics and prognostics 

Enables faster, safer, and less-costly cleanup of hazardous waste 

- I  - . I  
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Facilitates better planning of equipment resources, maintenance, and 

Offers flexibility of application to other robotic systems 
. << . .  
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This project is funded through METC via an Industry ROA award. Mechanical 
Technology, Inc. develops advanced technology for new commercial products, 
performs contract research and development, and provides technical services 
to government and commercial clients. Business Focus Areas include custom 
monitoring and diagnostic systems, advanced measurement systems, unique 
power and energy systems, and specialty machinery components. 

Initiated an investigation of available registration algorithms/software and 
monitoring and diagnostic techniques for robotic sensors. 

Conducted project kick-off meeting in Morgantown, WestVirginia, in January 
1996. A key objective of the meeting was to ensure the developers' plans 
matched users' needs, and that the plans were integrated with the DOE 
Robotics Program. 

Diagnostics and Data Fusion of Robotic Sensors technology development 
activities are funded under the following TTP: 

TTP No. ME06IPO 1, "METC Industry Programs Technology Development 

Ron Staubly 

U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880 

Principal Investigator DOE Project Manager 
Mechanical Technology, Inc. 
968 Albany-Shaker Road 
Lathem, NY 121 10 
(518) 785-2106 Morgantown, WV 26507 
mdhar@mechtech.com (304) 285-4991 

rstaub@metc.doe.gov 

None at this time. 
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i 4+'114 f SURVElLLANCE AND W N T E N A N C E  RlSK AND 
COST REDUCTION EVALUATlON METHODOLOGlES 
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A methodology is needed to assist in evaluating the level of activities being 
performed during facility deactivation and ongoing surveillance and 
maintenance to properly address the combination of riskand cost associated 
with various activity scenarios. As part of those activities, use of robotic or 
remote systems needs to be properly represented to understand the true 
potential impact and payoff. The development cost, operational cost during 
deactivation and surveillance and maintenance, and the potential for ultimate 
use during final DGD are parameters that are included in evaluations relative 
to the use of robotic and remote systems for these tasks. 

I 

3 

1 .  
I .  , i i 

i 
' ,. . .  i; 

The surveillance and maintenance Risk and Cost Reduction Evaluation 
Methodologies activity provides the development of analysis tools for the 
evaluation of risk and cosybenefit tradeoffs associated with the use of 
robotic systems for surveillance and maintenance and deactivation work. 
This tasksupports workingwith avendor to develop a commercially available 
application illustrated by Figure 4.14-1, useful for the evaluation of robotic 
systems during the facility deactivation and continuing surveillance and 
maintenance. To accomplish this task, assessment of methodologies will be 
performed and a final strategy will be selected for use in candidate facilities 
to test and refine the methodology. 
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This methodology will provide a fairer representation of the impact of 
robotic technology for facility surveillance and maintenance and DGD. It will 
account more appropriately for costs and risks that have not been factored 
into the analyses in the past In addition, the methodology will assist in the 
direction of research and development for surveillance and maintenance 
and DGD. 
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This technology is being jointly developed by ORNL, the Savannah River 
Technology Center (SRTC), SNL, INEL, and JBF Associates, Inc. 
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Figure 4.1 4-1. Comparison of Weighted Scores for Alternatives. 

1 Through collaboration with JBF Associates, Inc., existing risk analysis 
methods were surveyed, the best-suited approaches were determined, and 
a prototype computer code was written that served as an analysis tool for 
implementing the methodology. 

The methodology was demonstrated at INEL on September 7-8, 1994. The 
demonstration goal was to remove dirt and loose material from the offgas 
cell floor at a waste calcining facility. The preferred cleanup option was 
found to be remote liquid decontamination. 

The JBFAssociates, Inc., DECIDE software is now commercially available as 
part of a training course on risk and cost-benefit analysis. 

. .  
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Surveillance and Maintenance Risk and Cost Reduction Evaluation 
Methodologies work is funded under the following TTPs: 

TTP No. OR1 5C141, "Robotics ORNL Rollup" 
TTP No. SR16C15 1, "Robotics SRTC Rollup" 
TTP No. ID75C 12 1, "Robotics INEL Rollup" 

. >< i. I .-,-:.< - ...- ,- ;. .:; 
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Dennis C. Haley Randy Singer 
D I D  Coordinator Surveillance and Maintenance 
Oak Ridge National Laboratory 
P.O. Box 2008, Building 7601 
Oak Ridge, TN 3783 1-6304 
(423) 574-5691 Aiken, SC 29808 

Project Coordinator 
Savannah River Technology Center, 
Building 773-A 

haleydc@ornl.gov (803) 725-2407 
randy:singer@srs.gov 
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Guthrie, Vernon H., and David A. Walker. Ris&-Bused RoGotic Planning: Phase I - 
Methodology Development, JBF Associates, Inc., Document No. JBFA-235-94. 
Knoxville, Tennessee (1994). 

Haire, M. J., Vernon Cuthrie, and David A. Walker. "Practical Risk-Based 
Decision Making: Good Decisions Made Efficiently," presented at the 1995 
ASME International Mechanical Engineering Congress and Exhibition, San Francisco, 
California (November 1995). 
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RNAL DUCT CHARACrERlZATlON SYSTEM 

Across the DOE complex there are numerous facilities identified for DGD that 
have been placed on the contaminated list because of the risk of internal 
contamination in duct work. Most of this duct work is inaccessible because it 
is buried underground, encased in concrete, or runs through hot cells. Duct 
work characterization is extremely difficult because of airflow control devices, 
varying sizes and geometry of the work, and numerous changes in duct 
direction. Characterization of this work is essential before, during, and after 
DGD activities. The identification and mapping of contaminants is a major 
concern during facility deactivation. An understanding of the types and extent 
of contamination will be primary drivers for decisions regarding 
decontamination and/or dismantlement These decisions will affect initial 
deactivation cost, ongoing surveillance and maintenance risk and cost, and 
eventual D&D strategy and costs. Identifying sections of the ducts that are not 
contaminated can greatly reduce the amount of material sent to waste 
handling facilities for decontamination/disposal. Conventional methods have 
been applied to the characterization of duct work with some success, but this 
has been at the risk of human exposure to high levels of contamination. 
Commercially available remote ductwork characterization systems are limited 
in their capabilities. A robotic/remote duct characterization system with 
extended travel capability that can perform chemical and radiological 
contaminant characterization and selected hot spot decontamination or 
partial duct work dismantlement is needed. 

The Internal Duct Characterization System (IDCS) activity provides for the 
design, fabrication, procurement, and demonstration of a remotely operated 
system for visually inspectingventilation duct work and characterizing selected 
chemical and radiological contaminants that are internally located inventilation 
duct work. The IDCS, as shown in Figure 4.15-1, consists of a control station, 
a reel-mounted tether for data communication, and a pipe crawling vehicle. 
The IDCS vehicle can travel over 200 feet in round ducts 6 inches in diameter 
and larger, and in rectangular ducts 6 inches square and larger. The vehicle 
visually inspects the interior condition of ducts using a high-resolution color 
video camera, and has an integrated radiation sensor to detect significant 
levels of radioactivity. The entire vehicle is made from stainless steel andais 
designed to be decontaminated. The IDCS system also provides limited 
contaminant sampling and decontamination capabilities. 
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Figure 4.15-1. Internal Duct Characterization System in Sinch Round Duct. 

This technology allows characterization of duct work that otherwise could 
not have been characterized. Determining the absence or presence of 
contamination and the extent of contamination in duct work will reduce the 
costs of DGD activities by allowingthe ductwork to be handled appropriately 
as opposed to treating all work as contaminated. It will also reduce the 
amount of secondary waste generated since uncontaminated duct work will 
not need to be decontaminated. It will reduce human health risk because 
sections of duct work that pose health risks will have been identified prior to 
exposure. Using this technology to perform in situ decontamination would 
provide additional benefits in the areas listed above. 

. . . .  :.:I ............................................................................... .....- ~ 
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This technology has been developed by INEL in collaboration with private 
industry. Performance requirements for this task were developed at INEL, 
but much of the design and fabrication was performed by a team of two 
Canadian companies: Inuktun Services, Ltd., and Automation Systems 
Associates, Ltd., both located in British Columbia.Al1 the technology developed 
under this activity is now commercially available, with the patent rights for 
everything except the drive reconfiguration mechanism held by the industrial 
partners. 
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: _ .  .. The IDCS was used to inspect over 200 feet of contaminated offgas ducting 
' -  - 5  at an operating DOE facility. 
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The IDCS control system was upgraded to provide for the addition of 
sensors and motors. 

A drive reconfiguration mechanism was designed, built, and installed to 

A vertical travel carriage was designed and built through an industrial 

The improved IDCS was demonstrated at a major programmatic technology 

allow "on the fly" adaptation to varying duct sizes and geometries. 

procurement. 

demonstration. 

The Internal Duct Characterization System is funded under the following lTPs: 

lTP No. ID75C12 1, "Robotics INEL Rollup" 

Dennis C. Haley 
DGD Coordinator Principal Investigator 
Oak Ridge National Laboratory 
P.O. Box 2008, Building 760 1 
Oak Ridge, TN 3783 1-6304 

Walter D. Willis 

Idaho National Engineering Laboratory 
P.O. Box 1625 
Idaho Falls, ID 8341 5-2220 
(208) 526-8613 
davew@pmafire.inel.gov 

McKay, Mark D., and Walter D. Willis. Internal Duct Characterization System, 
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Across the DOE complex, there are numerous facilities identified for DGD with 
piping that have been placed on the contaminated list because of internal . I  

I 

- I  

. I  I 
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contamination risk. Much of this piping is inaccessible because it is buried, 
embedded in concrete, or runs through hot cells. Identification and mapping 
of contaminants in piping is a major concern during facility deactivation. An 
understanding of the types of contaminants present and the extent of 
contamination are primary drivers for decisions regarding decontamination 
and/or dismantlement, all of which affect initial deactivation cost, ongoing 
surveillance and maintenance risk and cost, and eventual DGD strategy and 
cost Currently, there are no robotic/remote systems capable of characterizing 
pipe in the 2-to-3-inch size range. Characterization of this piping is essential 
before, during, and after DGD activities. Identifying those sections of the 
piping that are actually contaminated can greatly reduce the amount of 
material sent to waste handling facilities and/or the amount of secondary 
waste generated performing unneeded decontamination. 

I . .  

- - i  
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The Small Pipe Characterization System (SPCS) activity provides for the 
design, procurement, fabrication, integration, demonstration, and technology 
transfer of a system for characterizing contaminants in pipes with internal 
diameters between 2 and 3 inches. The SPCS, as shown in Figures 4.16-1 and 
4.16-2, consists of a control computer, a tether for data communication, and 
a pipe crawling vehicle. The pipe crawler is driven by DC-motor-powered 
wheels arranged in a triangular configuration and sprung against the sides of 
the pipe for traction. The configuration of the wheels allows the pipe crawler 
to maneuver through radiused elbows and to adapt to changing pipe diameters 
"on the fly." Live color video is transmitted from the camera on the front of the 
pipe crawler to the control computer. The SPCS is also capable of deploying 
small sensors such as radiation detectors; however, appropriately sized 
sensors have not yet been developed. 

.................... ,. ...... ~ .......... ..,.. .... 
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1 This technology makes it possible to characterize previously inaccessible 
3 ,  . ?  
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piping. Determining the absence or presence of contamination and the extent 
of contamination in piping will reduce the costs of DGD activities by treating 
only the affected areas. It also reduces the amount of generated secondary 
waste from uncontaminated piping. Personnel exposure can then be limited 
only to areas with uncontaminated piping. 
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A Cost Share Agreement was negotiated with Foster-Miller, Inc. in FY95, to 
provide design enhancements and facilitate transfer of the SPCS technology 
to Foster-Miller for potential commercial development Under the Cost Share 

ranted nonexclusive rights to the SPCS 

, , I  

Figure 4.16-1. Close-up of Front Section of Small Pipe characterization System Vehicle. 

..... ~ ...... .. 

Figure 4.1 6-2. Small Pipe Characterization System Inserted Into !&Inch Pipe. 
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Significant modifications were made to the prototype system to improve 
maneuverability, increase travel range, and minimize tether diameter. 

A Cost-Share Agreement was placed with a commercial partner for much 
of the modification work. 

The modified SPCS was demonstrated at a major programmatic technology 
demonstration. Demonstrated features included video inspection, 
horizontal and vertical travel, selective steering, cornering, and the ability 
to transition between 2- and 3-inch pipe "on the fly.' 

The Small Pipe Characterization System activities are funded under the 
following TTPs: 

5 

TTP No. ID75C121, "Robotics INEL Rollup" 
TTP No. OR15C141, "Robotics ORNL Rollup" . .  

.- I Dennis C. Haley Walter D. Willis 
I . .  - I  ! DGD Coordinator Principal Investigator 

3 Oak Ridge National Laboratory Idaho National Engineering Laboratory 
P.O. Box 2008, Building 7601 
Oak Ridge, TN 3783 1-6304 

P.O. Box 1625 
Idaho Falls, ID 834 15-2220 

1 I (423) 574-569 1 (208) 526-86 13 
I haleydc@ornl.gov davew@pmafire.inel.gov 
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None at this time. 
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i 4A7 :: 1 REDUCED ACCESS CHARACTERlZATlON SUBSYSTEM 

Many facilities exist in the DOE complex that have become radiologically 
contaminated through years of research and service. These facilities include 
hot cells, gloveboxes, fuel-storage buildings, and process buildings. As many 
of these facilities are prepared for DG-D, the need arises for surveillance and 
characterization before, during, and after cleanup activities. Characterization 
is currently being performed in these areas by having a radiation control 
technician manually monitor radiation levels with hand-held instruments. 
Although this method is effective for small or hard-to-reach areas, automated 
floor characterization systems can be much more effective in larger buildings 
such as the 300+ acre K-25 facility located at ORNL. Duringthe past two years, 
MACS has been developed jointly by the SRTC and ORNL. The MACS platform 
is designed to carry multiple radiation sensors and perform automatic floor 
characterization of large areas. During the development of MACS, itwas found 
that a significant floor area exists in most facilities that is not readily accessible 
by a large-floor characterization system. RACS is being developed to operate 
as a subsystem of MACS and provide characterization of areas inaccessible to 

The RACS activity provides for the development and demonstration of a stand- 
alone robotic floor characterization system that can work cooperatively with 
MACS to perform tedious floor characterization and provide superior 
radiological data 
collection and storage. 
The RACS system, as 
shown in Figure 4.17-1, 
consists of the RACS 
robot, which is based on 
a commercially available 
robot, and a homing/ 
repeater beacon called 
TRACS. In a typical 
inspection, RACS and 
TRACS will be carried on 
a platform onboard 
MACS. When MACS 
arrives ata limitedaccess 
region, the MACS 
operator will send a 

I 

........ 

Figure 4.1 7-1. Reduced Access Characterization Subsystem 
Robot and TRACS Homing/Repeater Beacon. 
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deploy command to RACS, which incorporates current global position of the 
MACS robot and coordinates of the area RACS is to survey. RACS then leaves 
MACS, drops the TRACS beacon, and surveys the area specified while MACS 
continues its survey. RACS will transmit radiation and position data back to 
MACS via TRACS where it is incorporated into the facility map. When RACS 
has completed its survey, it will retrieve the TRACS beacon and wait until 
MACS returns. When MACS is in position, RACS will receive a stow command 
and board its carrying platform on MACS. RACS can also be used as an 
independent system, if necessary. 

This technology will allow automated characterization of floor areas that 
could not have been characterized by larger automatic floor characterization 
systems. Automated floor characterization, particularly of large areas, can be 
done much more quickly than manual methods. In addition, the data 
obtained from automated floor characterization will be more detailed and 
accurate than manual methods, and can easily be integrated into an overall 
facility map. The use of automated systems will remove radiation control 
technicians from potentially hazardous areas and reduce overall personnel 
exposure by identifying areas that pose health risks prior to possible personnel 
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.- This technology has been developed at INEL in collaboration with private 
industry. All the robotic equipment used in the development of RACS has 
been procured to INEL specifications from IS Robotics, Inc. 
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The RACS robot and TRACS beacon were procured from industry. 
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RACS behaviors for deployment and surveying a rectangular area have 
been written and incorporated into the system. 

The interface to the radiation sensor was completed and radio transmission 
of RACS data back to MACS was accomplished. 

RACS was demonstrated at a major programmatic technology 
demonstration. 
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Walter D. Willis 
Principal Investigator 
Idaho National Engineering 

Laboratory 
P.O. Box 1625 
Idaho Falls, ID 834 15-2220 
(208) 526-861 3 
davewQpmafire.inel.gov 

Reduced Access Characterization Subsystem activities are funded under the 

TTP No. ID75C12 1, "Robotics INEL Rollup" 
TTP No. OR15C141, "Robotics ORNL Rollup" 

Dennis C. Haley 
DGD Coordinator 
Oak Ridge National Laboratory 
P.O. Box 2008, Building 760 1 
Oak Ridge, TN 3783 1-6304 
(423) 574-569 1 
haleydcQornl.gov 

Anderson, M.O., M. D. McKay, and B. S. Richardson. "Multirobot Automated 
Indoor Floor Characterization Team," presented at the IEEE International 
Conference on Robotics and Automation, Minneapolis, Minnesota (April 
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Hazards associated with contaminated hot cells, canyons, gloveboxes, and 
reactor facilities at DOE sites are radiation, radiological contamination of the 
equipment being removed, and hazardous chemicals associated with the 
processes performed at the facilities. Because of these hazards, deactivation, 
surveillance and maintenance, and ultimate D I D  will have to be performed 
remotely. D I D  operations include disassembly of process equipment, cutting 
pipes, size reduction of equipment to be removed, transport of pipe and 
equipmentout of the facilities, decontamination of equipmentbefore removal 
from a facility, and decontamination of floors, walls, and remaining equipment 
in facilities to be refurbished. Robotics may also be needed to dismantle the 
facility structure. Hardened robotic systems for facility D I D  can provide 
capabilities to accomplish these operations safely with workers away from 
the work site. Facility deactivation activities place emphasis on selective 
D I D  in order to minimize the risk and costs associated with potentially long- 
term surveillance and maintenance activities and final DID. For pre- 
surveillance and maintenance facility preparations, or ongoing surveillance 
and maintenance activities, a remote system capable of being deployed for 
selective D I D  can eliminate high risk or high surveillance and maintenance 
cost contaminants or equipment 

i ... ........ .........-..... .. -. _ ......... ...............I .......,.., . 
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The Selective Equipment Removal System (SERS) has been developed to 
demonstrate and evaluate a mobile telerobotic system suitable for performing 
selective D I D  functions applicable to presurveillance and maintenance facility 
preparations. The SERS uses a reconfigurable DAWM to demonstrate 
inspection, decontamination, and equipment removal operations. DAWM has 
been deployed from an overhead transporter, as shown in Figure 4.18-1, 
for initial SERS demonstrations. Evaluations will be performed in FY96 for the 
development of a mobile work system through interaction with the Office of 
Science and Technology-funded PRDA contract with Carnegie Mellon 
University/RedZone Robotics, Inc. SERS tasks have included development of 
operator control console capabilities, development of scene generation and 
analysis capabilities, and a study of a remote tool set 

....... x . I 
i 
i 
I 

i ,  
i 
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Development of SERS will afford the opportunity to demonstrate and 
evaluate a mobile telerobotic system suitable for performing selective D I D  
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Initial SERS subsystem fabrication, modification, and integration has been 
completed. Specific subsystems include a DAWM, deployment from an 
overhead transporter, operator control console, task space scene analysis 
system, and high and low-level control system capabilities required to provide 
teleoperation, telerobotic operation, and robotic operation. The overhead 
transporter deployed SERS 
begantaskdemonstration in the 
fourth quarter of FY94 at OWL. 
Human-machine interfaces and 
automation enhancemenG will 
be developed to support various 
modes of mobile deployment 

For FY95, Carnegie Mellon 
University/RedZone Robotics, 
Inc., delivered their SERS/ 
DAWM mobile platform 
deployment option "Rosie" 
vehicle, developed under a 
DOE METC PRDA. Testing 
began in the Robotics 
Technology Assessment 
Facility at ORNL. 

Future direction indicates 
deployment of both Rosie and 
the DAWMin the dismantlement 
of the CP-5 research reactor 
at Argonne Nationalhbratory. 

functions applicable to pre-surveillance and maintenance facility preparations. 

DAWM system provide the mobility options for SERS operation in pre- 
surveillance and maintenance and eventual D I D  telerobotic tasks. Remotely 
deployable telerobotic systems remove workers from direct exposure to 
contaminants and industrial hazards. 

interaction with the University of Tennessee and Carnegie Mellon University. 

Figure 4.1 8-1. Dual-Arm Work Module (in lower third 
of picture) on Ovehead Transporter. 



The Selective Equipment Removal System is funded under the following 

TTP No. OR1 5C 14 1, "Robotics ORNL Rollup" 
TTP No. AL25C16 1, "Robotics Technology Development Rollup" at SNL 
TTP No. ID75C121, "Robotics INEL Rollup" 

I TTPS: 
i 
5 

i 

i . . .. .... 
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COMTfiCT. 

Dennis C. Haley 
D I D  Coordinator 
Oak Ridge National Laboratory 
P.O. Box 2008 
Building 760 1 
Oak Ridge, TN 37831-6304 

haleydc@ornl.gov 
(423) 574-569 1 

Noales, M.W., W.R. Hamel, and W.E. Dixon. "Application of a Selective 
Equipment Removal System to D I D  Tasks," presented at the ANS 6th 
Topical Meeting on Robotics and Remote Systems, Monterey, California 
(1995). 
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TECHNETIUM AND ACTINIDE SOWENT EXTRACTION 

Efficient processes for the removal of technetium, strontium, and cesium from highly 
radioactive waste are priority needs of the Efficient Separations Program, the Tank 
Focus Area Program, and the Tank Waste Remediation System Program. How to 
safely dispose of the largevolumes of radioactive wastes stored in underground tanks 
is one of the largest problems facing DOE. The general goal being pursued is overall 
cost savings through both reducing the volume of waste that must be committed to 
a geologic repository, and minimizing secondaj waste streams. 

Several promising technologies as separate unit operations have been under 
development in DOE programs to remove technetium, strontium, and cesium from 
alkaline tanksupemate.These technologies would presumably be employed in series 
and would each entail separate process requirements, consumption of materials; 
effluent streams, stripping (if applicable), and impacts on vitrification. 

Although the emerging technologies individually remove their target contaminants 
effectively, there may be compelling advantages to a single extractant that could remove 
technetium, strontium, and cesium together and transfer them to water, which can then- 
be simply evaporated to produce a minuscule effluent volume. The overall process 
would be simpler in that a single technology is involved, and the space requirements 
could significantly shrink. Chemical consumption and new waste production would be 
minimal,limitedessentiallyto replacement of extractant Strippingwouldbe accomplished 
with water, allowing the high-level effluent to be reduced to a minimal volume in a simple 
manner and leading to little chemical impact on vitrification processing. 

. .  . :... , : 

Tankwastes atthe HanfordSite and elsewhere [e.g., MeltonValley StorageTanks (MVST) 
at Oak Ridge] are typically strongly alkaline and contain technetium, strontium, cesium, 
and other radioactive contaminants. In proposed treatment processes, these 
contaminants may be found in the aqueous supemates, or may be solubilized from the 
sludge during sludge washing or leaching. Because these aqueous streams will contain 
compli-cated and variable mixtures of salts, highly efficient separation methods are 
needed. 

The purpose of this task is to develop an efficient solvent-extraction and stripping 
process to remove the fission products technetium-99, strontium-90, and cesium4 37 
from alkaline tank wastes, such as those stored at Hanford and Oak Ridge. As such, 
this task expands on r(95’s successful development of a solvent-extraction and 
stripping process for technetium separation from alkaline tank-waste solutions. 
This process now includes the capability of removing both technetium and 
strontium simultaneously. In this form, the process has been named SRTALK and 
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will be developed further in this program as a prelude to developing a system 
capable of removing technetium, strontium, and cesium. 

Such a system could potentially simplify and improve fission-product removal from 
tankwaste. In addition, itwould possess advantages already inherent inour technetium 
solventextraction process: no required feed adjustment, economicalwater stripping, 
low consumption of materials, and low waste volume. 

Whereas it has been commonly thought that applicable separation methods must 
also be selective for individual species, this work addresses the question of making 
a practical group selection for technetium, strontium, and cesium. Such a disparate 
trio of elementswouldordinarily seem to havelittlechanceofsimultaneous extraction, 
but our tests together with available literature reveal that crown ethers may well offer 
this ability. 

Because of its high selectivity and good mass-transfer properties, solvent extraction 
is a potentially attractive vehicle for combined technetium, strontium, and cesium 
removal from tank waste. The high ionic strength of the feed promotes good phase 
separationand minimizes (by"sa1tingout") thesolubility of organicsolvent components 
in the aqueous phase. Centrifugal contactors should provide efficient recycling of the 
solvent, minimizing inventory requirements, solvent entrainment losses, and solvent 
radiation degradation. Solvent extraction has proven to be effective in many nuclear 
separations, establishing a good foundation for application to tank waste. 

In FY96 we plan to develop the process flowsheet for the solvent extraction of 
technetium from alkaline supernatant and water stripping as needed by potential 
users. For example, Pacific Northwest National Laboratory (PNNL) has proposed 
to testthe process on simulatedandactual Hanford supernatant in 2-cm centrifugal 
contactors. We plan to continue investigating appropriate extractants, diluents, 
and modifiers for the combined extraction of technetium, strontium, and cesium. 
Key issues are achieving high extraction and stripping ratios for all of these, as some 
factors that enhance cesium extraction might suppress technetium stripping. This 
may additionally involve some combined effort with optimizing cesium and 
strontium extractants. 

First, we will define a workable solvent, then we will begin process cycle development 
and seekways to optimize the process. Intermediatestages will include demonstration 
of processes capable of combined technetium and strontium (SRTALK) extraction 
and combined cesium and technetium extraction from alkaline tank supernate. 

____.,____... ,..._ .. , . , , . .. 

I The Tank Focus Area and Tank Waste Remediation System will receive the primary 
I * 
I 

benefit from this program. By removing and concentrating fission products directly 
from tank waste, increased safety and effectiveness in processing tank wastes, and 

I 
I 
1 
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large cost savings will be obtained because of reducing the high-level waste volume 
that must be committed to a geologic repository. 

Compared with a sequence of three fixed-bed technologies, a combined technetium, 
strontium, and cesium extraction process could simplify processing and reduce 
space requirementsh effluent of these contaminants inwater alone allows manyfold 
concentration by simple evaporation or sorption onto known solid materials. 
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The proposed technology offers the following major advantages: ( 1) direct treatability 
of the waste; (2) safe, economical, and efficient stripping using only water; (3) no 
additions of chemicals to the extraction or stripping cycle; and (4) use of diluents with 
high flash point, low toxicity, and low water solubility. 
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Industrial partners will be needed to supply crown ethers and other extractants 
in large quantities at reasonable cost. Eichrom Industries has a proven record 
in the production and sale of a key crown ether for solvent extraction of 
strontium and technetium. Further development of large-scale manufacturing 
procedures is still needed to reduce the cost of these expensive materials. In 
addition, the assistance of industry will prove valuable in designing and 
fabricating the appropriate contacting equipment for pilot and plantscale use. 

Both PNNL and ANL have expressed interest in testing the technetium 
solvent-extraction process for the Tank Focus Area. Interaction with Ben Hay 
at PNNL has provided insight into conformational effects and design of crown 
ethers. 

A solvent-extraction and stripping process was defined for removing 
technetium from alkaline tank waste. 

A highly effective solvent for the process contains 4,4',( 5')-di-t- 
butyldicyclohexane- 1 8-crown-6 dissolved in TBP-modified isoparaffinic 
kerosene. The solvent has been tested on actual tank waste from ORNL's 
MVST; performance was equivalent to that obtained with waste simulants. 
Extraction and stripping efficiencies of 98 percent or better are attainable 
with two-stage extraction and two-stage stripping at unit phase ratio using 
waste simulants. 

The SRTALK process is under development to simultaneously extract technetium 
and strontium from alkaline tank-waste supernate. Results using a MVST simulant 
have shown that combined extraction and stripping efficiencies of 96 percent and 
99 percent for technetium, respectively, and 62 percent and > 99 percent for 
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strontium, are attainable with twostage extraction and two-stage stripping at unit 
phase ratio. Work toward increasing the extraction efficiency for strontium has 
produced excellent results from simple alkaline sodium nitrate solutions. 

Results to date reveal cesium extraction and stripping efficiencies from actual 
MVS" W.29 waste of 89 percent and > 99 percent, respectively, following four 
equal-volume cross-current extraction contacts, and four equal-volume 
crosxurrent stripping contacts using only water. Combined technetium and 
cesium extraction and stripping results from MVS" W-29 simulant have shown that 
combined extraction and stripping efficiencies of respectively 96 percent and 83 
percent for technetium, and 37 percent and 93 percent for cesium, are attainable 
with two-stage extraction and twostage stripping at unit phase ratio. 

I ,  
i i activities are funded under the following ?TP: 

The Technetium and Actinide Solvent Extraction technology development 

'ITP No. OR1 6C34 1 "Technetium and Actinide Solvent Extraction" 

Bruce A. Moyer Johnny 0. Moore 
Principal Investigator Technical Program Officer 
Oak Ridge National Laboratory U.S. Department of Energy 
P.O. Box 2008, MS-6119 Oak Ridge Operations Off ice 
Oak Ridge, TN 7831-61 19 P.O. Box 2001 
(423) 574-67 18 Oak Ridge, TN 37381 
moyerba@ornl.gov (423) 576-3536 
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Bonnesen, P.V., S.D. Alexandratos, G.M. Brown, L.M. Bates, L A  Hussain, B.A. 
Moyer, and V. Patel. "Selective Resins for Sorption of Technetium from 
Groundwater," Proceedings oftheAmerican InstituteofCfiemical Engineers 1995 Annual 
Meeting, November 12-1 7, 1995, Miami, Florida (1995). 

Bonnesen, P.V., V.S. Armstrong, T.J. Haverlock, D.J. Presley, RA. Sachleben, 
and BA. Moyer. "Diluent and Modifier Effectson Pertechnetate Extraction and 
Stripping Efficiency in Solvent Extraction of Technetium from Alkaline Waste 
Media Using Crown Ethers," Program and Abstruds of the Ninth Symposium on 
Separation Science and Technology for Energy Applications, p. 37-38, October 22-26, 
1995, Gatlinburg, Tennessee (1 995). 
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RE VACUUM DlSTlLLATlON 
PLUTONlUM WASTE SAWS 

There are 16 metric tons of salts at Rocky Flats Plant containingapproximately 
1 metric ton of plutonium. Most of these salts (1 1 tons) are composed of a 
sodium chloride-potassium chloride matrix. The remainder consists of a 
calcium chloride matrix. These salt residues are the product of past plutonium 
processing operations. The Defense Nuclear Facilities Safety Board has 
expressedconcern (in Recommendation 94-1) about possibly unstable residues 
resulting from suspension of weapons-related activities in the DOE complex. 
These concerns include residue salts stored at Rocky Flats. 

DOE responded with commitments to mitigate the hazards associated with 
these residues, including mitigating the problems associated with 6,000 kg of 
high-hazard pyrochemical salts at Rocky Flats by May 1997, and an additional 
4,000 kg by December '1997. The high-hazard salts are stored in drums in 
buildings where workers need routine access and are in proximity to the 
drums. These residues may pose a safety risk if the reactive metals in the 
residues come into contact with water, creating hydrogen gas that could cause 
container pressurization. 

The full 16-ton inventory is to be made safe by May 2002. In addition to 
mitigation of hazards, these residues must also be made acceptable for 
eventual disposal. An additional 2 tons of these salt residues exist at Los 
Alamos National Laboratory (LANL) and require stabilization by May 2002. 

In this task, high-temperaturevacuum distillation separation is being developed 
for residue sodium chloride-potassium chloride salts resulting from past 
pyrochemical processing of plutonium. This process has the potential of 
providing clean separation of salt from the actinide content with minimal 
amounts of secondary waste generation. The process could produce chloride 
salt that could be discarded as LLW or low actinide content TRU waste, and a 
concentrated actinide oxide powder that would meet long-term storage 
standards (DOE-30 13-94) until a final disposition option for all surplus plutonium 
is chosen. 

Distillation separation is based on the large difference in vapor pressures at 
high temperature between most chloride salts that constitute pyrochemical 
residues and the actinide oxides. However, the plutonium content in these 
salts is usually a form of plutonium trichloride. Vapor pressure differences 
between alkali and alkaline earth chlorides and plutonium trichloride are too 
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small to effect a good separation, therefore PuCl, must be converted to an oxide 
through an oxidation process. Staff at LANL have developed a process that uses 
carbonate salts to act as an oxidant This process has proven very effective in 
converting all plutonium species into plutonium dioxide. This oxidation process 
can be ultimately combined with a distillation separation process. 

Uncontaminated salts have been used to verify the feasibility of the salt 
distillation process. These tests employed existing equipment and have been 
used to determine distillation rates as a function of temperature. A target rate 
of 3 kg per unit per day had been established. Results for sodium 
chloride-potassium chloride indicated that such a rate was easily achievable. 
Distillation rates for calcium chloride were found to be too slow below 11,000 
degrees Celcius. Tests with uncontaminated salts have also been used to 
provide input for equipment designed expressly for the salt distillation process. 
This equipment is being fabricated and will be tested to verify expected 
performance, then transferred to a DOE EM-60-funded project that will 
process LANL residues to serve as a pilot demonstration for processing at 
Rocky Flats. 

The high temperatures needed for calcium chloride distillation require extensive 
modification and redesign of equipment that could be used for sodium 
chloride-potassium chloride processing. The high temperatures and resulting 
complications make vacuum distillation of calcium chloride salts aless attractive 
process than that for the alkali metal chloride salts. Other physical processes, 
such as filtering solid plutonium dioxide from either the molten salt or aqueous 
salt solution will also be explored. Chemical conversion of plutonium species 
into a liquid metal alloy will also allow physical separation of the immiscible 
phases. 

Existing pyrochemical processing equipment at LANL is being used with 
plutonium contaminated salts to test the separation achievable by the salt 
distillation process. A variety of feed sources and pretreatments are being 
used. These tests also establish the ability to carry out the process in a 
plutonium glovebox environment 

Other methods are being examined for separating calcium chloride residue salts. 
These alternatives include vacuum distillation at higher temperatures than sodium 
chloride-potassium chloride salts, molten salt filtration, recovery of actinides as 
metal alloys, and a combined aqueous-pyrochemical separation process. 

’ I Separating the plutonium from the waste salts will lead to a large reduction in 
the cost of disposal, even if the salts do not meet LLW disposal criteria. Present 
Waste Isolation Pilot Plant (WIPP) Waste Acceptance Criteria (WAC) would 
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result in a maximum plutonium loading per 55-gallon drum of 23 g. In the best 
possible circumstance this would lead to more than 50,000 drums. Efforts are 
underway to modify the WIPP WAC to allow 200 g of plutonium per drum. This 
would still result in 8,000 drums. 

If the plutonium in the salts can be reduced to less than 100 parts per million, 
a drum could be filled with salt without impacting even the present 25g of 
plutonium limit In this case, approximately 200 drums would be generated for 
WIPP disposal. At a cost of $10 thousand per drum, the cost savings realized 
could total several tens of millions of dollars. The separated plutonium, 
consisting of 1 metric ton of plutonium dioxide, could be packaged for 
long-term storage per DOE-STD-30 1 3-94. Plutonium oxide storage costs would 
be greatly offset by savings realized from WIPP disposal. Recent estimates of 

b the total costs of processing by distillating the salt inventory at Rocky Flats are 
$71 million, compared to $103 million for disposal at WIPP with modified WIPP 
WAC, and $534 million with the current WIPP WAC. 

After receipt and testing of new full-scale equipment, the technology and 
equipment will be transferred to personnel supported by DOE EM-60 to 
conduct a processing campaign with residue salts at LANL. 

Experiments with both uncontaminated and plutonium contaminated salts 
have unequivocally established that kilogram quantities of alkali metal 
chloride salts can be distilled per unit operation per day. Excellent mass 
balance has been achieved with both distilled salt (> 99.5 percent) and 
distillation heel (> 99.9 percent). 

Tests with salts (approximately 50 kg) containing plutonium have successfully 
separated alkali metal chloride salts from the actinide content of the 
residue.. The plutonium concentration of the salts was reduced from the 
tens of percent level to the parts-per-million level. 

Salts pretreated by a molten carbonate oxidation process were found to be 
excellent feed for the distillation separation process. These results led to 
fundingby DOE EM-60 for design and procurement of full-scale, production 
capable equipment. This equipment is scheduled to begin processing salt 
residues at LANL in March 1996. The processing campaign will serve as a 
pilotscale demonstration for Rocky Flats. 
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The High-Temperature Vacuum Distillation Separation of Plutonium Waste 
Salts technology development activities are funded under the following TTP: I 
TTP No. AL16C32 1 "High-Temperature Vacuum Distillation Separation of 
Plutonium Waste Salts" 

j I Eduardo Garcia Dennis Olona 
- .< 

Principal Investigator Technical Program Officer 
Los Alamos National Laboratory U.S. Department of Energy 

$ Mail Stop E5 10 Albuquerque Operations Office 
j Los Alamos, NM 87545 P.O. Box 5400 

; (505) 667-0794 Albuquerque, NM 87185-5400 

t i 

> 

egarciablanal.gov (505) 845-6101 . -  

None at this time. 
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HTO USlNG MEMBRANES TRlTlUM 
MEMBRANE TEST 

Although processes to remove tritiatedwater (HTO) are available (e.g., combined 
electrolysis-catalytic exchange), most require intensive capital or energy 

e proposed remediation of HTO from DOE sites frequently 
involves migration with time through geologic formations. Although this is 

um's short half-life (1 2.3 years), regulatory agencies have 
hasis on separation technology because of concerns 

about groundwater movement; that is, the rapid groundwater flow that allows 
a plume of HTO quicker access to a river and ultimately to human and animal 
ingestion. Sites currently having either a point source or groundwater containing 
HTO are Hanford, Savannah River, INEL, Lawrence Livermore National 
Laboratory (LLNL), Brookhaven National Laboratory (BNL), and Mound 

Polymeric composite membranes are being developed to remove tritium from 
contaminated water at DOE sites. Industrial membrane systems are being 
developed that have proven to be energy eff icient, and membrane technologies 
such as reverse-osmosis have been well developed for desalination and other 
industrial/municipal applications. Aromatic polyphosphazene membranes 
are being investigated because they have excellent radiological, thermal, and 
chemical stability. The FY96 effort is directed toward delineating a potential 
mechanism, providing a statistical approach to data acquisition, refining a 
mass balance, and designing a staged array module. The major milestones of 
this project are directed at several issues, including a statistical approach to 
experimental design and mass balances, calculations from a designed module 
staged array, and a determination of the mechanism of the HTO separation. 

In FY95, we showed that the poly[bis(phenoxy)phosphazene]-based membrane 
can consistently achieve 30 percent reduction in a single pass, from 3 pCi/L 
(K-East Basin water).The FY96workisdirectedprimarilyata basicunderstanding 
of the HTO separation. Thus, a series of mass balance experiments will be 
conducted to confirm the preliminary FY95 results. Experiments will follow 
statistically designed parameters. The designed experiments will examine 
factors that might impact the HTO separation, such as pH, ion type/ 
concentration, and temperature. 

Staff at the University of Idaho and the University of Washington will provide 
spectroscopic data on the possible mechanism of the HTO separation. SpinTek 
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Membrane Systems (Huntington Beach, California) will assist in the study of 
water permeation through the membranes. Several critical factors must be 
determined if the system is to be implemented. We expect to examine N-Basin 
water (39 pCi/L) during FY96 as well as water with a much higher tritium 
content. Experiments with water in the millicurie per liter or higher range will 
require coordination with regulatory and technical personnel and possibly 
other DOE sites. The data from this experiment is crucial because it will allow 
us to determine further design parameters for the staged array system. Once 
most of the mechanism information and membrane property data are obtained, 
we will calculate the hypothetical separation of the HTO from water in the 
cascade. 

..,..- I* - ... ~ "~.. .. . . ... .., . .  

Waters containing unacceptable tritium concentrations (above environmental 
release limits or drinkingwater standards) are released at DOE sites, including 
Hanford, Savannah River, INEL, LLNL, BNL, and Mound. One example involves 
the C-018H Treatment Facility at Hanford (to treat 242A evaporator waste 
water), which will discharge (1.4 million gallons) of treatedcondensate containing 
tritium averaging 6.3 pCi/mL through the year 201 5. Currently, water from 
some test wells at Hanford contain tritium concentrations approaching 6 x 1 O7 
pCi/L. The Tri-Party Agreement requires that the HTO in the K-East Basin 
(spent nuclear fuel storage) be treated or relocated. Currently, there are no 
acceptable removal options for tritium remediation other than migration with 
time through geologic formations. This work will reduce the risk to the 
environment and public, reduce the costs for ultimate disposal for the 
tritium-containing water, and provide a way to recover the tritium in a 
concentrated form for disposal or use. 

Tritium is also found in nuclear power plants in Canada and the United States, 
as well as at the Savannah River Site, as a result of neutron capture within the 
heavy water moderator/coolant Light water coolant also contains increasing 
concentrations of tritiated water (HTO and related species) in a similar 
part-per-million range due to neutron emission/capture (uranium fission). This 
technology would go far to mitigate HTO as a point source pollutant for light 
water reactors. Also, there is a possibility that this membrane separation 
process would be of use in the future fusion effort. 

I This work is a collaborative effort between PNNL, Westinghouse Hanford 
I I ,< i Company, and SpinTek Membrane Systems. Atomic Energy Canada, Limited, 
! i ,J, ';, j has also expressed interest in the membrane process and has entered into a 
! proprietary agreementwith PNNL.Two meetings with Ontario Hydro personnel 
i ,  ' ' ":'<" 1 have been conducted. I . 1  

t . ,  I ,  
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PNNL has expanded the involvement of interested industries, including 
collaboration with Desalination Systems, Inc., during FY95. LiumarTechnologies 
Corporation has examined the polyphosphazene membranes for their 
proprietary applications and continue to provide information about aqueous 
permeation. Separation Systems Technology, Inc. (San Diego, California) has 
also provided considerable information concerning membrane properties 
needed for module design. Scientific Ecology Group in Oak Ridge has discussed 
their need for this technology for application to commercial nuclear power 
facilities. 

Information concerning deuterium and tritium physical properties has been 
obtained from both the All Russian Institute of Chemistry/Murmansk and the 
Association of Advanced Technologies/MINATOM (Russia). DOE is also 
collaborating with the University of Idaho and the University of Washington 
(Center for Process Analytical Chemistry) to help further define the HTO 
separation mechanism spectroscopically. 

To promote interest in this technology, the work was presented to the 
Canadian Nuclear Society and the American Nuclear Society. A major 
publication is in press, and a patent was also issued. 

... . ....... .~ - 
Astatistical design of experiments was completed, and work toward providing 
the necessary information is under way. 
Ten gallons of K-East Basin water (3 pCi/L) have been deionized, distilled, and 
used as a source of HTO for initial experiments. Twenty gallons of N Basin 
water (39 pCi/L) will also be prepared for similar use. 
Experiments were conducted with 10 percent carboxylated poly(diphenoxy) 
phosphazene, unannealed, using distilled K-East Basin water (3 pCi/L). The 
experiments indicated that HTO separation is quite variable and reached 18 
percent depletion with only one carboxylated membrane under deionized water 
conditions. This confirms the variability from many previous experiments with 
unannealed membranes. 
The annealed membranes were also examined under similar conditions (4°C 
and distilled K-East Basin water), but the scintillation results indicate little, if 
any, HTO depletion. However, the pressure stability required to maintain 
permeation with the annealed membranes was more consistent in contrast to 
the continual pressure fluctuations needed for the unannealed membranes. 
The same set of experiments (2 membranes and 4°C) was performed with 
distilled K-East Basin HTO containing 0.00 1 M Na,SO,. Both membrane types 
provided HTO separation, with the carboxylated membrane showing up to 17 
percent HTO depletion, after four hours of operation. Membrane experiments 
with 0.01 M and 0.1 M Na,SO, solutions, as well as with similar calcium salt 
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concentrations, are currently being conducted. Although the initial experiments 
have notbeen completed, the current data suggest that hydration shell involvement 
may be a significant part of the HTO separation mechanism. 

Liumar Technologies Corporation of Ottawa, Ontario, is determining the coating 
conditions of the poly(diphenoxy)phosphazene with material from Ethyl Cop. 
They are also attempting to establish the nanofiltration characteristics of the 
membrane using various molecular weight polyethylene oxides. 

i 

1 '  i 
1 

I 
,! 

The Separation of HTO Using Membranes and Tritium Membrane Test 
technology development activities are funded under the following TTPs: 

i 

f 
TTP No. RL36C3 1 1 "Separation of HTO Using Membranes' 

TTP No. RL46C3 1 1 "Tritium Membrane Test" 

James B. Duncan 
Principal Investigator 

< . _____.,_.__ . .. .. . .... . ______.,.,.." .. I 
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David A. Nelson 
Principal Investigator 

Westinghouse Hanford Company Pacific Northwest National Laboratory 
P.O. BOX 1970, MS L5-55 P.O. Box 999, MS P8-38 
(509) 372-0896 (509) 376-0875 
james-b-duncan@rl.gov david-a-nelson@ rl.gov 

Roger Christiansen 
Technical Program Manager 
U.S. Department of Energy 
Richland Operations Off ice 
P.O. Box 550 
Richland, WA 99352 
(509) 372-4606 

".".~,.~...:..,.._I.._- -. ",,,. __.,. ~,:- x .. I. - x " . ~ x ~ ~ ~ I . ~ ~  . .. 

Nelson, DA., J.B. Duncan, G.A. Jensen, and S.D. Burton. ''Separation of HTO 
from Water Using Membrane Technology," Proceedings ofthe 34th Conference of the 
Canadian Nuclear Society, Vol. 2, p. 73-83 (1994). 

Nelson, D.A., J.B. Duncan, GA. Jensen, and S.D. Burton. "Membrane Mediated 
Separation of Tritiated Water from Water Without Phase Change,' Transactions 
of the American Nuclear Society, Vol. 7 1, p. 82-83 (1 994). 

Nelson, D. A, J. B. Duncan, G.A. Jensen, andS. D. Burton. 'IsotopomericWater Separations 
with Supported Polyphosphazene Membranes,' Journal ofMeun6rane Sciew (196). 
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CHELATING POLYMERS 
F PLUTONIUM AND 

AMERICIUM FROM WASTE WATER 

ies are needed to treat radioactive waste water to meet 
regulatory limits, decrease disposal costs, and minimize waste. Currently, 
most DOE sites handle substantial volumes of dilute aqueous streams that 
must be treated before they are discharged into the environment. 

In particular, this project addresses the need to replace precipitation methods 
that generate large volumes of radioactive sludge at LANL and other DOE 
sites and to reduce TRU wastes that will be generated from processing the 
large volume of plutonium-containing residues at DOE facilities. 

Sludge handling and disposal is becoming more expensive as burial 
requirements increase and approved burial sites become less available. More 
stringent discharge regulations have been enacted by DOE, EPA, and the 
states in recent years that require considerably lower metal ion concentrations 
in the effluentwater from facilities such as the LANL Waste Treatment Facility. 
Precipitation technology cannot consistently meet current discharge limits 
for some metals. Even lower discharge limits are anticipated in the future. The 
longer-term goal of moving to closed-loop, zero-discharge systems for water 
handling will require new approaches and new combinations of technology. 

An important subset of the waste waters of concern are mixed wastes that 
contain radioisotopes and toxic metals on the Resource Conservation and 
Recovery Act (RCRA) list. Treating the mixed waste to reduce the amount of 
toxic metals to levels below regulatory concern could generate a much 
smaller mixed-waste stream. These can be treated by other technologies that 
are better established from a regulatoryviewpoint. Developing technology to 
treat mixed wastes is being driven at most DOE sites by schedules established 
in the various Federal Facility Compliance Agreements between EPA and 
DOE. 

DESCRliii .. ” ..: , 

Polymer filtration is a technology being developed to recover valuable or 
regulated metal ions selectively from process or waste waters. Watersoluble 
chelating polymers are specially designed to bind selectively with metal ions 
in aqueous solutions. The polymers’ molecular weight is large enough so they 
can be separated and concentrated usingavailable ultrafiltration technology. 
Water and smaller unbound components of the solution pass freely through 

Decontamination and  Decommissioning Focus Area -August 1996 



i 
> ’  i ,  

,. 
. -  

the ultrafiltration membrane. The polymers can then be reused by changing 
the solution conditions to release the metal ions, which are recovered in 
concentrated form, for recycle or disposal. 

The basis for metal ion separation involves the retention of metal ions bound 
to the chelating groups of the water-soluble polymer while smaller unbound 
species and water pass freely through the ultrafiltration membrane. Figure 
4.22- 1 illustrates that metal ions bound to the chelating water-soluble polymer 
are retained by the ultrafiltration membrane; water and other small solute 
species pass through freely. The polymer filtration process allows for the 
Selective concen-tration of dilute solutions of metal ion contaminants. The 
reduced volume containing the polymer/metal ion complex can go directly to 
disposal or the metal ions can be recovered by a stripping reaction and the 

Figure 4.22-1. Metal Ion Separation. 

polymer can be 
recycled for further 
metal ion recovery. 
The advantage of this 
separation tech- 
nology for dilute 
metal ion solutions is 
its rapid kinetics, 
which result from the 
homogeneity of the 
process. In addition, 
by careful selection of 
the chelatingfunction- 
ality, selective metal 
ion complexation can 
be obtained. 

Advantages of polymer filtration relative to technology now in use are rapid 
binding kinetics, high selectivity, low energy and capital costs, and a small 
equipment footprint. Some potential commercial applications include 
electroplating rinse waters; photographic processing; cooling water in nuclear 
power plants; remediating contaminated soils and groundwater, removing 
mercury contamination; and producing textiles, paint, and dyes. 

The purpose of this project is to evaluate this technology to remove plutonium, 
americium, and other regulated metal ions fromvarious process and waste streams 
found in nuclear facilities. The work involves preparing the chelating water-soluble 
polymers; small-scale testing of the chelating polymer systems for the required 
solubility, ultrafiltration properties, selectivity and binding constants; and an 
engineering assessment at a larger scale for comparison to competing separation 
technologies. This project focuses on metal-ion contaminants in waste streams at 
the Plutonium Facility and the Waste Treatment Facility at both LANL and Roch 
Flats. Potential applications at other DOE facilities are also apparent 

t 
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This project involves preparation of the chelating water-soluble polymers and 
small-scale testingof the chelating polymer systems for the required solubility, 
ultrafiltration properties, selectivity and binding constants followed by a 
largescale engineering assessment for comparison to competing separation 
technologies. Reducing the concentration of a target metal ion to extremely 
low levels will require the water-soluble chelating polymer to have a high 
binding strength that can accomplish the desired separation. However, in the 
presence of other cations, the ligand will require a large selectivity for the 
target metal ion to overcome competition from other cations for the ligand 
binding sites. In many of the waste streams to be addressed, the target actinide 
ion is present in very low concentration relative to metals such as sodium, 
potassium, calcium, and magnesium. Phosphonic acid, hydroxamic acid, and 
acylpyrazolone groups have a demonstrated affinity for high-valent metal ions, 
such as the actinides, relative to low-valent metal ions such as magnesium, 
calcium, or sodium. Therefore, the water-soluble polymers prepared in this 
project have employed these functional groups. 

A systematic series of water-soluble chelating polymers has been prepared in 
this project. Some of these polymers are based on commercially available 
polymer backbone structures, and some are prepared from monomer units by 
polymerization reactions. The polymer backbone has been functionalized with 
phosphonic acid, acylpyrazolone, and hydroxamicacid groups for the reasons 
described above. The polymers have been characterized for solubility, stability, 
and retention duiing ultrafiltration in the pH range 1 to 9. The polymers with 
the best characteristics are tested for metal binding properties. 

This technology can provide a cost-effective replacement for sludge-intensive 
precipitation treatments and yield effluents that meet increasingly stringent 
discharge requirements. At LANL, we are working to save millions of dollars in 
capital and operating costs for renovating the Waste Treatment Facility by 
using improved extraction technology to greatly reduce the transuranic content 
of waste streams from the Plutonium Facility. 

The polymer filtration technology is one of the advanced extraction technologies 
under evaluation in this effort. Polymer filtration systems can also be used at 
Rocky Flats to address Interagency Agreement requirements to develop and 
evaluate radionuclide treatment technologies, including treatment of 
environmental surface waters. Applications for these systems at INEL, Hanford, 
and other DOE facilities are also apparent 

We also see potential application for the water-soluble polymers to 
decontamination and decommissioning work. The polymer solution can be 
used to wash surfaces and remove contaminating metal ions. The metal ions 

~~~ ~ ~ ~~~ 
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: . .:i would then be concentrated and recovered through the ultrafiltration 

operation and the polymer reused for further cleaning. Watersoluble polymers 
related to those prepared for this project have already shown promise for 
removing lead from soils at Superfund sites, and this work is proceeding to 
the demonstration phase. Other polymers have been developed for removing 
mercury contamination, controlling acid-mine-drainage, and removing 
technetium from groundwater. Demonstration sites for these applications 
are currently being sought. 
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Specific immediate customers for this technology are EM-30's Waste 
Treatment Facility at LANL and Defense Program's projects at LANL that 
cannot operate fully without the operations at the Waste Treatment Facility. 

While application of the polymer filtration technology to electroplating 
operations is nearest to commercial deployment, we expect the prototype 
equipment that has been developed for these markets to be readily 
transferable to operations within the glovebox environment at the LANL 
Plutonium Facility. The effort within EM40 to stabilize residues and wastes 
at DOE facilities as a result of the Defense Nuclear Facility Safety Boards 
Recommendation 94-1 may also require this technology in the near term. 

Potential commercial applications beyond electroplating and plutonium 
processing operations include water cleanup, silver recovery from 
photographic and jewelry processes, leaching of toxic metals from soils, and 
decontamination and decommissioning operations. A number of these 
opportunities are being persued with industrial partners. 

* A series of water-soluble polymers functionalized with phosphonic acid, 
acylpyrazolone, and hydroxamic acid chelating groups were prepared for 
evaluation and tested for metal ion retention at pH values from 1 to 6 and 
ionic strengths from 0.1 to 4.0 (sodium nitrate/nitric acid or sodium 
chloride/hydrochloric acid) with tracer amounts of americium and 
plutonium. Polymer concentration is generally about 1 wt percent, and the 
solution is filtered through an ultrafiltration membrane with the appropriate 
molecular weight cutoff. 

To date, the phosphonic acid derivatives have shown the best properties 
for removing plutonium and americium in the target solutions. Therefore, 
FY96 demonstration tests will concentrate on using the phosphonic 
acid-containing polymers. 

, -  , - . : ;  f i' " - 
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A polymer filtration apparatus was deployed for tests on actual waste 
solutions in the LANL Plutonium Facility. We tested the polymer filtration 
process on 7 L of wash solutions with initial pH of 1.5. The watersoluble 
chelating polymer was added, and the pH was adjusted with potassium 
hydroxide to the range of 5 to 6. The final permeatevolume was approximately 
6.75 Land the retentate volume was approximately 0.25 L. The alpha activity 
due to plutonium and americium was reduced from 75,400 cpm/mL in the 
original solution to 333 cpm/mL in the permeate (well below the discard 
limits for the industrial waste line). 

Ten L of nitricacid distillate (approximately 1 N) was run from an evaporator 
being tested to recycle nitric acid. About I L of 10 N potassium hydroxide 
solution was added to neutralize the acid and give a final pH of 8 to 8.5. The 
final permeate volume was approximately 10.5 L and the retentate volume 
was approximately 0.5 L. Permeate rates were in the range of 1 L every 12 
to 16 minutes. The alpha activity was reduced from 4,288 cpm/mL to 97 
cpm/mL. Ademonstration unitwill be designed, built, and tested in FY96 on 
waste water produced in LANL's Plutonium Facility. 

Four patent applications were filed in May 1995 that cover a variety of 
polymer filtration applications including the removal of radioactive metal 
ions from waste water streams. 

The Water-Soluble Chelating Polymers for Removal of F ,&onium andhericium 
from Waste water technology development activities are funded under the 
following ?TP: 

TTP No. AL 16C322 "Water-Soluble Chelating Polymers for Removal of Plutonium ' 
and Americium from Waste Water" 

Gordon D. Jarvinen 
Principal Investigator 

Los Alamos National Laboratory 
Los Alamos, NM 87545 

gjarvinen@lanl.gov 

NMT-6, MS E5 10 

(505) 665-0822 

Dennis Olona 
Technical Program Officer 
U.S. Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, NM 87185-5400 
(505) 845-6101 

mailto:gjarvinen@lanl.gov


Gopalan, RS.,V.J. Huber, N.M. Koshti, H.K. Jacobs, 0. Zincirioglu, P.H. Smith, 
and G.D. Jarvinen. "Synthesis and Evaluation of Polyhydroxamate Chelators 
for Selective Actinide Ion Sequestration,* Separations of f-elements, eds. K. L. 
Nash and G. R. Choppin, p. 77-98. Plenum Press, New York (1995). 

Jarvinen, G.D., R.E. Barrans, Jr., N.C. Schroeder, K.L. Wade, M.M. Jones, B.F. 
Smith, J.L. Mills, G. Howard, H. Freiser, and S. Muralidharan. "Selective 
Extraction of Trivalent Actinides from Lanthanides with Dithiophosphinic 
Acids andTributy1phosphate.I Separations of Elements, eds. K. L. Nash and G. R 
Choppin, p. 43-62. Plenum Press, New York (1995). 

Robison, T.W., B.F. Smith, M.E. Cournoyer, N.N. Sauer, and M.T. Lu. "Metal 
Ion Recovery from Plating Bath Rinse Waters by Water-Soluble Chelating 
Polymers/Ultrafiltration," LA-UR-94- 1432, Los Alamos National Laboratory, 
Los Alamos, New Mexico (1995). 
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collaboratively. In FY95,39 percent of Off ice of Science and Technology (OST) 
funding went to the private sector, universities and other federal agencies. 
EM'S partnership with the private sector is working to expedite transfer of 
newly developed technology to EM restoration and waste management 

Several specificvehicles address institutional barriers to effective cooperation 
and collaboration between the private sector and DOE. These mechanisms 

The EM Center for Environmental Management Information provides the 
most current facts and documents related to the EM program. Through 
extensive referrals, the Center connects stakeholders to a complex-wide 
network of DOE Headquarters and Operations Office contacts. 

To obtain information from the EM Center for Environmental Management 
Information, write or phone: 

EM Center for Environmental Management Information 
U.S. Department of Energy 
P.O. Box 23769 
Washington, DC 200263769 

cemi@dgs.dgsys.com 
1-800-736-3282 

nonfederal parties through which the government provides personnel, facilities, 
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! '  . . . ,j equipment, and other resources, with or without reimbursement, to support 

a shared research agenda. The nonfederal parties may also provide funds, 

; '  

personnel, services, facilities, equipment, intellectual property, or other 
resources to support the research. DOE developed a modular CRADA to be 
responsive to the needs of participants while protecting the interests of the 
government and its taxpayers. DOE also has issued the small business CRADA 
to expedite agreements with small businesses and other partners that meet 
DOE'S requirements. During N95, EM entered into more than 60 CRADAs. 

1 
[ 

,i 

~. , .. 

The Research Opportunity Announcement (ROA) is a solicitation for industry 
and academia to submit proposals for potential contracts in basic and applied 
research, ranging from concept feasibility through proof-of-concept testing in 
the field. This mechanism is used when EM is looking for multiple solutions for 
a given problem. ROAs are issued annually by EM. The EM ROA provides 
multiple awards and is open all year. ROAs are announced in the Commerce 
Business Daily, and typically published in the Federal Register. 

For questions on ROAs, contact: 

Robert Bedick 
U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880, DO1 
Morgantown, WV 26507 
(304) 285-4505 

To learn about EM Technology business opportunities, connect to the METC 
Homepage: 
http://www.metc.doe.gov/business/solicita. html 

i ,, . j EM uses the Program Research and Development Announcement (PRDA) to 
I '  I solicit proposals from nonfederal parties for research and development in 

areas of interest to EM. The PRDA is used for projects that are in broadly 
defined areas of interest where a detailed workdescription might be premature. 
It is a tool to solicit a broad mix of applied research, development, 
demonstration, testing, and evaluation proposals. 

i 
I 
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For questions on PRDAs, contact 

Robert Bedick 
US. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880, DO1 
Morgantown, WV 26507 
(304) 285-4505 

To learn about EM Technology business opportunities, connect to the METC 
Homepage: 
http://www.metc.doe.gov/business/solicita. html 

The Small Business Innovation Research (SBIR) Program promotes small 
business participation in government research and development programs. 
This legislatively mandated program is designed for implementation in three 
phases from feasibility studies through support for commercial application. 
DOE publishes solicitation announcements through the Small Business 
Innovation Research Office each year to define research and development 
areas of interest. 

For further information about SBIR programs, contact: 

SBIR Program Manager 
US. Department of Energy 
Small Business Innovation Research Program 

19901 Germantown Road 
Germantown, MD 20874-1 290 

sbir-sttrQmailgw.er.doe.gov 

ER-3 3 

(301) 903-5707 

Cost-Shared Contracts 
Nonfederal parties working under DOE contract can agree to share some of 
the cost of developing a technology for a nonfederal market. This 
arrangement may involve cash, in-kind contributions, or both. 

Grants and Cooperative Agreements 
These contractual arrangements provide the recipient with money and/or 
property to support or  stimulate research in areas of interest to DOE. DOE 
regularly publishes notices concerning grant opportunities in the Commerce 
Business Daily. 
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, ,. Research and Development Contracts 
This acquisition instrument between the government and a contractor provides 
supplies and services to the government. DOE may enter directly into 
research and development contracts, and DOE laboratories and facilities can 
subcontract research and development work to the private sector. 
Announcements on requests for proposals are published in the Commerce 
Busifless Daily and are available through the EM Homepage on the Internet: 
www.em.doe.gov 

Licensing Technologies 
DOE contractor-operated laboratories can license DOE/EM-developed 
technology and software. In situations where DOE retains ownership of a new 
technology, the Office of General Counsel serves as licensing agent Licensing 
activities are conducted according to existing DOE intellectual property 
provisions and can be exclusive or nonexclusive, for a specific field of use, for 
a geographic area, United States or foreign usage. Information on licensing 
technologies may be obtained by contacting the Office of Research and 
Technology Applications (ORTA) representatives listed later in this section. 

Technical Personnel Exchange Arrangements 
Personnel exchanges provide opportunities for federal or DOE laboratory 
scientists to work together with scientists from private industry on a mutual 
technical issue. Usually lasting one year or less, these arrangements foster the 
transfer of technical skills and knowledge. These arrangements require 
substantial costsharing by industry, but DOE has an advanced class patent 
agreement in place for this provision and the rights of any resulting patents 
become the property of the private industry participant. Contact an ORTA 
representative for more information. 

Consulting Arrangements 
Consulting arrangements are formal, written agreements in which a DOE 
laboratory or facility employee may provide advice or information to a 
nonfederal party for the purpose of technology transfer, or a nonfederal party 
may consult with the laboratory or facility. Laboratory/facility employees 
participating in this exchange of technical expertise must sign a nondisclosure 
agreement. Contact an ORTA representative for more information. 

Reimbursable Work for Industry 
This concept enables DOE personnel and laboratories to perform work for 
nonfederal partners when laboratories or facilities have expertise or equipment 
not available in the private sector. Reimbursable Work for Industry is usually 
termed “work for others.” An advanced class patent waiver gives ownership 
of any inventions resulting from the research to the participating private sector 
company. Contact an ORTA representative for more information. 

, 1,. 
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They coordinate technology transfer activities among laboratories, industry, 
and universities. ORTA offices license patents and foster communication 
between researchers and technology customers. 
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ORTA Representatives: 

Ames Laboratory 
Todd Zdorkowski 
(5 15) 294-5640 

Argonne National Laboratory 
Paul Eichemer 
(708) 2 52-977 1/(800) 627-2 596 

Brookhaven National 
Laboratory 

Margaret Bogosian 
(516) 344-7338 

Fermilab 
John Vernard 
(708) 840-2529 

Idaho National Engineering 
Laboratory 

Jack Simon 
(208) 526-4430 

Lawrence Berkeley National 
Laboratory 

Cheryl Fragiadakis 
(5 10) 486-7020 

Lawrence Livermore National 

Rodney Keifer (5 10) 423-01 55 
Allen Bennett (510) 423-3330 

Laboratory 

Los Alamos National 

Pete Lyons 
Laboratory 

(505) 665-9090 

Morgantown Energy 
Technology Center 

Rodney Anderson 
(304) 285-4709 

National Renewable Energy 
Laboratory 

Mary Pomeroy 
(303) 275-3007 

Oak Ridge Institute of Science 

Mary Loges 
(423) 576-3756 

and Education 

Oak Ridge National Laboratory 
Bill Marlin 
(423) 576-8368 

Pacific Northwest National 
Laboratory 

Maw Clement 
(509) 375-2789 

Pittsburgh Energy Technology 
Center 
Kay Downey 
(4 12) 892-6029 

Princeton Plasma Physics Laboratory 
Lew Meixler 
(609) 243-3009 

Sandia National Laboratories 
Warren Siemens 
(505) 271-7813 

Savannah River Technology Center 
Art Stethen 
(803) 652-1846 

Stanford Linear Accelerator Center 
Jim Simpson 
(4 1 5) 926-22 13 

Westinghouse Hanford Company 
Dave Creenslade 
(509) 376-5601 
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ACRONYMS 

ACM 

AFC 

AWPS 

BNL 

CCD 

CLVS 

CMU 

CO, 
COYOTEE 

CP-5 

CPG 

CRADA 

CVD 

CZT 

DGD 

DAWM 

DOE 

DU 

DUAGG 

EHS 

EM 

EPA 

FY 

HQ 

HTO 

ICERVS 

ICP-MS 

Asbestos-Containing Material 

Accelerated Facility Characterization 

Advanced Worker Protection System 

Brookhaven National Laboratory 

Charged-Coupled Device 

Coherent Laser Vision System 

Carnegie Mellon University 

Carbon Dioxide (Dry Ice) 

CO, XY Orthogonal End Effector 

Chicago Pile 5 

Coplanar Grid 

Cooperative Research and Development Agreement 

Chemical Vapor Deposition 

Cadmium Zinc Telluride 

Decontamination and Decommissioning 

Dual Arm Work Module 

U.S. Department of Energy 

Depleted Uranium 

Depleted Uranium Aggregate 

Electro-Hydraulic Scabbling 

Environmental Management 

U.S. Environmental Protection Agency 

Fiscal Year 

Headquarters 

Tritiated Water 

Integrated, Computer-Enhanced, Remote-Viewing System 
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IDCS 

INEL 

ITMS 

LANL 

LI F 

LIFI 

LLNL 

LLW 

LTLT 

MACS 

METC 

MDMI 

MICROSPI 

MTR 

MVST 
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NJIT 

ORNL 
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OST 
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PAHs 

PCBs 
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PRDA 
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Los Alamos National Laboratory 

Laser-Induced Fluorescence 

Laser-Induced Fluorescence Imaging 

Lawrence Livermore National Laboratory 

Low-Level Waste 

Long-Term, Low-Temperature 

Mobile Automated Characterization System 

Morgantown Energy Technology Center 
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New Jersey Institute of Technology 

Oak Ridge National Laboratory 

Office of Research and Technology Applications 

Office of Science and Technology 

Office of Technology Development 
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Pacific Northwest National Laboratory 
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Research and Development 
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Resource Conservation and Recovery Act 
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ROA 

ROV 

ROVCO, 

RSM 

SEEC 

SERS 

SIMS 

SNL 

SPCS 

SPP 

3 D-ICAS 

TRU 

TTP 

TVS 

vocs 

WAC 

WIPP 

Research Opportunity Announcement 

Remote Operated Vehicle 

Combined System of Remote Operated Vehicle and Carbon 
Dioxide (Dry Ice) 

Radioactive Scrap Metal 

Surface Electrokinetic Extraction Concept 

Selective Equipment Removal System 

Secondary Ion Mass Spectroscopy 

Sandia National Laboratories 

Small Pipe Characterization System 

Storage Photostimulable Phosphor 

Three-Dimensional, Integrated Characterization and Archiving 
System 

Transuranic 

Technical Task Plan 

Transportable Vitrification System 

Volatile Organic Compounds 

Waste Acceptance Criteria 
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