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INTRODUCTION 

The Off ice 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 notbe achieved efficiently, aff ordably, 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 Office 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). 

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 Off ices. Organizational 
relationships are shown in Figure A. 

Mixed Waste Characterization, Treatment and Disposal Focus Area -August 1996 



ASSLSTUITSECRElAJIY En1 

PRWCIPALDEFUIYASSISTIM 
SECRETARY 

EXECMYEOFFICER UU 

.,&,- 

Figure A. Office of Envirorimental 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 off ice 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 Office 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. 
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OST manages and directs focused, solution-oriented national technology 
development programs to support EM by using a systems approach to reduce 
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 
problem areas on which to focus its technology development activities (later 
two were combined), and implemented Focus Areas to address these prob 

I -  -1 { 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 
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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 DOEcustomers 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 . . 4 radioactive elements with biosystems in various natural media and waste 
forms, extraction and separation of radioactive and hazardous chemical i 
contaminants, prediction and measurement of contaminant movement in : ,  

. .  DOE facilities' environments, and formulation of scientific bases for the risks 
associated with DOE-based contaminants. 
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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 off ices within EM. There 
are four major problem areas upon which technology development activities 
are focused. 

Mixed Waste Characterization, Treatment, and Disposal 
i I 

i Radioactive Tank Waste Remediation 1 :: + 
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1 '  - ' 1 Subsurface Contaminants 

,.- . i Decontamination and Decommissioning ' 1 .  
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Mixed Waste Cliaracterization, Treatment, and Disposal Focus 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 fulfills regulatory requirements. 

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 
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outcome will be waste forms that are reduced in volume, as compared to 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 
o n  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 offsite 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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is also responsible for decontaminating the metal and concrete within those 
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I 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. 
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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 

Robotics Technology Development Program 

Characterization, Monitoring, and Sensor Techno2og.a 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. 

I 
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Figure C. Relationships between Focus Areas and Crosscutting Programs 
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Effident Separations and Processing Crosscutting 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. 

Robotics Technology Development Crosscutting 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 
system$ for decontamination and dismantlement of facilities will reduce or 
eliminate extensive worker radiation protection requirements and increase 
productivity. Robotic 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 WOO. 

vide 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- 

ort more than 100 agreements with the 
clude 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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I these programs, see the "DOE Business Opportunities" section at the end 
ofthisbook. 
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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 byprovidinguniform 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. 

i - *  
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E CHARACTERIZATION, TREATMENT, 
AND DISPOSAL FOCUS AREA OVERWEW 

The mission of, the Mixed Waste Characterization, Treatment, and Disposal 
Focus Area (referred to as the Mixed Waste Focus Area or MWFA) is to provide 
treatment systems capable of treating DOE's mixed waste in partnership with 
users, and with continual participation of stakeholders, tribal governments, 
and regulators. The MWFA deals with the problem of eliminating mixed waste 
from current and future storagejn the DOE complex. Mixed waste is waste that 
contains both hazardous chemical components, subject to the requirements 
of the Resource Conservation and Recovery Act (RCRA), and radioactive 
components, subject to the requirements of the Atomic Energy Act. The 
radioactive components include transuranic (TRU) and low-level waste (LLW). 
TRU waste primarily comes from the reprocessing of spent fuel and the use of 
plutonium in the fabrication of nuclear weapons. LLW includes radioactive 
waste other than uranium mill tailings, TRU, and high-level waste, including 
spent fuel. 

In 1992, Congress passed the Federal Facilities Compliance Act (FFCAct) 
mandating the treatment and permanent disposal of DOE's mixed waste 
inventory. As mandated by the FFCAct, DOE sites that have a mixed waste 
inventory have developed Site Treatment Plans (STPs) that dictate mixed 
waste treatment schedules. As stated in some STPs, treatment of mixed waste 
for a few waste streams has already begun. As estimated by the STPs, the DOE 
complex has approximately 167,000 m3 of mixed waste in storage including 
5 1,600 m3 of mixed transuranic (MTRU) and 1 15,400 m3 of mixed low-level 
waste (MLLW) awaiting treatment and disposal. This inventory, however, will 
be increased with newly generated mixed waste resulting from DOE's ongoing 
processes, environmental restoration, facility decontamination, and facility 
transition activities. 

Existing treatment and disposal capacities are presently too limited to allow 
the treatment and disposal of DOE's inventory of mixed waste. To complicate 
matters, according to the STPs, there exist over 1,400 different mixed waste 
streams in the inventory, and these streams are located at 38 separate sites in 
19 states. The mixed waste inventory has been categorized into several 
treatability groups. The MWFA has designed its technical program around 
treatingthese similar mixed waste streams into final waste forms which will be 
reduced in volume as compared to the volume of stored mixed waste, and 
which will meet regulatory requirements for safe, permanent disposal. 
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The MWFA was formed to develop and facilitate implementation of 
technologies required to meet DOE's commitments for characterization, 
treatment, and disposal of mixed low-level and transuranic wastes. In 1995, 
the MWFA Lead Organization was relocated from DOE Headquarters in 
Germantown, Maryland, to the DOE Idaho Operations Office (DOE-ID) in 
Idaho Falls, Idaho. The MWFA field activities are now managed by the DOE- 
ID Lead Program Manager, who is responsible for planning, execution, and 
evaluation of project activities conducted in support of the MWFAmission. To 
successfully implement DOE's planned approach, the MWFA uses a systems 
engineering approach utilizing unique capabilities and expertise from across 
the DOE complex. The systems engineering approach involves continual 
development of a technical baseline to identify mixed waste treatment 
deficiencies and potential solutions to resolve these deficiencies. It also 
involves working closely with stakeholders, regulators, tribal governments, 
customers, and industrial leaders to develop solutions to treating DOE's 
mixed waste. An objective of this approach is to develop mixed waste 
treatment technologies needed by the customers, deploy the technology to 
private industry, and eventually have the technology manufactured by industry 
and bid backto the DOE Office of Environmental Management (EM) customers 
for their use. 

To meet the objectives of 'the Program requires aggressive teaming with the 
end users within EM. The primary end users within EM include: the Office of 
Waste Management, EM-30; the Office of Environmental Restoration, EM-40; 
and the Office of Nuclear Material and Facility Stabilization, EM-60. The 
teaming approach is used to identify, develop, and implement needed 
technologies so that risk reduction and the major environmental management 
problems can be addressed, while cost-effectively expending funding 
resources. In addition, the MWFA uses the Site Technical Coordinating 
Groups throughout the DOE complex to obtain customer needs and to 
ensure customer concerns are addressed. 

1 To accomplish the mission of the MWFA, a technical baseline was established 
to form the basis for determining the specific technology development 
activities supported by the MWFA. The technical baseline is the prioritized list 
of deficiencies, as identified by customer needs and STPs, and the resulting 
technology development activities to resolve these deficiencies. A deficiency 
represents some roadblock related to a technical aspect of characterization, 
treatment, or handling of mixed waste. The purpose of the technical baseline 
is to provide strong technical justification for funding technology development, 
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tie technology development activities to customer needs and schedules, 
systematically integrate technology development activities, and develop 
technologies only when they are not commercially available. The technical 
baseline is a living process that is updated periodically to contain the most 
complete and accurate technical basis for the MWFA. 

The technicalbaseline development process has two phases. Phase I included 
the technical development and prioritization of treatment technology process 
flow diagrams, the identification and prioritization of the associated technology 
deficiencies, and the integration of these two prioritized lists to support 
funding calls through an aggressive procurement strategy. Phase I1 of the 
technical baseline development process will include an examination of current 
and proposed activities in light of the identified deficiencies. Phase I1 will result 
in the technical strategy, including the identification of specific technology 
development activities that will be supported by the MWFA As such, the 
technical baseline will form the basis for the FY97 MWFA funding strategy. In 
addition to funding projects that support eliminating deficiencies, the MWFA 
provides an expedited mechanism to address site specific problems associated 
with small quantity waste streams. That mechanism augments the long term 
MWFA research and development projects, and is referred to as the "Quickwin 
Program." 

The MWFA has taken a systems approach to solving the DOE'S mixed waste 
management problems; the MWFA has also created a product line to develop 
necessary ancillary subsystems that are required to complete the assembly of 
integrated mixed waste treatment systems. The technical product lines, or 
waste types, are as follows: 1) Wastewaters and Slurries, 2) Combustible 
Organics, 3) Sludges and Soils, 4) Solids/Debris/Soils, 5) Unique Wastes, and 
6) Treatment System Technologies. 

Waste Type Managers (WTMs) were selected from across the DOE complex to 
direct the development and demonstration of technologies that are responsive 
to customer needs, and to achieve compliance with regulatory requirements 
for treating and disposing of the mixed waste within their respective waste 
types. The WTM positions have been filled with individuals who are members 
of the MWFA's customer organizations (EM-30, EM-40, and EM-60). The WTMs 
are listed below. 

Waste Type Waste Type Manager 

Wastewaters and Slurries Cliff Brown Jr., Oak Ridge National 
Laboratory (OWL) 

Mixed Waste Characterization, Treatment and Disposal Focus Area -August 1996 



i 

I 

Combustible Organics Leon Borduin, Los Alamos National 
Laboratory (LANL) 
Dave Hutchins, DOE Oak Ridge 

Scott Anderson, Rocky Flats Environmental 
Technology Site (RFETS) 

Jim Blankenhorn, Savannah River Site (SRS) 

Sludges and Soils 

Solids/Debris/Soils Mike Connolly, INEL 

Unique Wastes Ron Nakaoka, LANL 

Treatment System Mary Magleby, INEL 
Technologies 

To accomplish waste type activities, the WTM is supported by a Waste Type 
Team (WIT). The team provides technical support, regulatory support, and 
tribal and stakeholder interface to the principal investigators (PIS) from major 
technology development activities within the waste type. A graphical 
representation of how the WIT fits into the MWFA is shown in Figure D, the 
“MWFA Decision and Support Model.” The figure depicts the flow of information 
from public and tribal stakeholders, regulatory agency representatives, systems 
analysis/engineering experts, program managemenyfinancial support, and 

1 .. 
____I__- 

Figure D. The MWFA Decision and Support Model depicts the flow of information. 
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technical experts into the waste type teams and waste type managers where 
program technical and funding recommendations are assembled and presented 
to the Office of Science and Technology. Because of the national nature of the 
program there is also a communication/decision path from public and tribal 
governments, international programs, and site-related privatization activities 
directly to DOEID. 

In addition to the technical product lines discussed below, the Regulatory and 
External Liaison Program ensures the participation of interested outside 
parties in the technology selection, development, evaluation, and 
implementation process. This program is discussed immediately following the 
product line discussions. 

Wastewaters and Slurries 
Wastewaters and Slurries are streams with less than 1 percent total organic 
carbon and total suspended solids of less than 30 percent. Wastewaters and 
Slurries represent 3.2 percent of the total mixed waste inventory. The MWFA 
has selected a Waste Type Manager who, in conjunction with others in the 
MWFA, is working towards identifying appropriate technologies for treating 
these waste streams, and together will select projects for funding in the near 
future. 

Combustible Organics 
Combustible Organics waste streams, which comprise approximately 
1.8 percent of the total DOE complex mixed waste inventory, include liquids 
and slurries containing greater than .I percent total organic carbon (TOC), and 
solids with a base structure that is primarily organic such that a maximum of 
approximately 20 percent by weight would remain as residue following 
incineration. Solids are defined, including sludges, as having greater than 
30 percent total. suspended solids (TSS). 

Sludges and Soils 
Sludges and Soils waste streams, which comprise approximately 46.8 percent 
of the total DOE complex mixed waste inventory, include waste that is at least 
50 percent by volume inorganic sludges, including water. Sludges are defined 
as having a TSS greater than 30 percent. A sludge may be a mixture with a 
stabilization agent that has not properly solidified, or a mixture with absorbent 
materials. This category also includes inorganic particulate, paint wastes, and 
salt wastes. 

Solids/Debris/Soils 
Solids/Debris/Soils waste streams, which comprise approximately 44.5 percent 
of the total DOE complex mixed waste inventory, include waste that is at least 
50 percent by volume materials that meet the EPA land disposal restrictions 
(LDR) criteria for classification as debris ("...material exceeding a 60 mm 
particle size that is intended for disposal..."). This category also includes waste 
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i that is estimated to be 50 percent by volume soil, including sand, silt, rock, or 
gravel, which does not meet the LDR criteria for debris. 

Unique Wastes 
Unique Wastes include lead shielding, other elemental heavy metals, batteries, 
fluorescent light bulbs, explosives and propellants, compressed gases, lab 
packs, etc., which are not included in the other waste types. Generally, acceptable 
treatment technologies for these mixed waste streams do not exist. Unique 
Wastes represent approximately 3.7 percent of the DOE mixed waste inventory. 

Treatment System Technologies are not waste types, but rather are 
technologies which support the primary treatment systems under development 
within the Focus Area. Emphasis is placed on characterization of waste feed 
materials and effluents, process control, and effluent characterization using 
in-line, real-time continuous monitors, advanced offgas treatment techniques, 
and a system for offgas capture, measurement, and release. 

- i  
f Treatment System Technologies 
i 
I 
i 

.! 
i 
I 
i 
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The regulatory liaison organization's objective is to facilitate communication 
between regulatory agencies on.the Federal, state, local, and tribal levels, as 
required, and the technical community within the MWFA. The WITS, PIS, 
subcontractors, and DOE officials all must be aware of the regulatory situation 
within which they must operate. In addition, the MWFA is working with 
regulators to clearly communicate the potential advantages of the innovative 
technologies being developed within the MWFA as compared to accepted 
treatment options. 

The tribal and public involvement organization of the MWFA Regulatory and 
External Liaison Program is responsible for facilitating meaningful tribal and 
public involvement within the MWFA. The goal is to enhance implementation 
of mixed waste treatment systems by actively involvingtribal governments and 
stakeholders in the MWFA technology development and decision-making 
process. 

The MWFA has involved stakeholders, tribes, and regulatory agencies through 
two organizations: the National Technical Workgroup (NTW) and the Interstate 
Technology and Regulatory Cooperation (ITRC) Work Group. The NTW was 
established to support the development of coordinated, consistent, and 
environmentally protective permit procedures for mixed waste thermal 
treatment. The NTW is composed of stakeholder representatives that are 
involved in permitting mixed waste thermal treatment technologies including 
DOE, EPA, the Nuclear Regulatory Commission; regulating states, and citizen 
groups. The objective of the ITRC is to facilitate cooperation among states in 
the common effortto test, demonstrate, evaluate,verify, anddeploy innovative 
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environmental technology, particularly technology related to waste 
management and treatment, site characterization, and site cleanup. 
Representatives from EPA, DOE, the Department of Defense, and regulatory 
agencies from 24 states comprise the ITRC. 

Unlike the product lines, 'the MWFA Regulatory and External Liaison Program 
is not further discussed in other sections of this publication. Therefore, its 
accomplishments during the first quarter of FY96 are summarized below: 

A model was developed that identifies windows of opportunity for tribal 
and stakeholder involvement in the MWFA systems approach. Each 
"window of opportunity" is extrapolated to identify key participants, 
methodology, and end products. 

A white paper was issued summarizing lessons learned for obtaining a 
research and development permit 

The DOE EM-50 and the International Union of Operating Engineers 
cosponsored a science and technology exhibit for the U.S. Senate, October 
3 1-November 1,1995, in Washington, D.C. The MWFA display was featured 
with other EM-50 programs. 

Adraft report of the MWFAMarketingand Communications Implementation 
Sche.dule was issued in November 1995. This report outlines the MWFA 
approach to communicate with internal and external customers, tribes, 
regulators, and stakeholders from a marketing perspective. 

The firstworking draft of the U.S. DOE MWFATribal and Public Involvement 
Plan was completed in November. This report describes how the MWFA will 
communicate with and involve tribal governments and stakeholders in its 
technology development decision-making processes and how the MWFA 
Tribal and Public Involvement Team will provide resources and support to 
the DOE Waste Type Managers and the WIT. 

A data base analysis was prepared for DOE to assist in identifying actual 
and potential waste streams for treatment at three DOE incinerators. 
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U.S. Department of Energy 

19901 Germantown Road 
Germantown, MD 20874-1290 

joseph.olenu@em.doe.gov 
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Combustible Organics is a waste type that includes liquids and slurries 
containing greater than 1 percent total organic carbon and solids which 
generate no more than 20 percent maximum residue as ash upon incineration. 
Solids are definedas materials havinggreater than 30 percent total suspended 
solids and include sludges. Combustible Organics represent approximately 
1.8 percent of the mixed waste inventory and are generally amenable to 
incineration. There are both regulator and stakeholder concerns over 
incineration, however, so the Mixed Waste Focus Area (MWFA) is focusing on 
technologies which serve as viable alternatives to incineration. General needs 
for this waste type include continuous emissions monitors for organics, 
mercury, metals, and radionuclides; and offgas design development for a 
system that will capture radionuclides and metals while minimizing emission 
volume, secondary wastes, and potential for formation of products of 
incomplete combustion. 

Leon C. Borduin Dave Hutchins 
Los Alamos National Laboratory ~ US. Department of Energy 
Engineering G Safety Analysis, 
P.O. BOX 1663, K-557 
Los Alamos, NM 87545 
(505) 667-3 150 

Oak Ridge Operations 
Waste Management and Technology 
P.O. Box 2001 
Oak Ridge, TN 3783 1 

d8h@ornl.gov 
lborduin@lanl.gov (423) 24 1-6420 
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CATALYTIC CHEMICAL OXIDATION 
I (DELPHI DETOXsM) 

i 

I .i 

The Catalytic Chemical Oxidation (CCO) system operates at temperatures 
much below those used in incineration and uses moderate pressures 
(expected operating conditions are approximately 400°F and 1 10 psig). Both 
solid and liquid wastes can be treated, and most metals are dissolved and 
concentrated in the reaction solution. 

In a Department of Energy (DOE) project sponsored by the Morgantown 
Energy Technology Center (METC), the application of a CCO technology for 
soil remediation has been evaluated. Additional studies with other surrogates 

I (nonradioactive) for Rocky Flats Environmental Technology Site (RFETS) 
wastes, including solid combustibles, are also being conducted. METC is 
currently sponsoring the development of a fieldscale system to be tested at 
the Savannah River Site (SRS). This testwill be shakedown testing on hazardous 
waste and will not be conducted on actual mixed waste. 

I 
i 
; 
i 
1 
i 

CCO systems use the reaction of oxygen, or an alternate oxidizing agent, to 
destroy the organic constituents of a waste in an aqueous solution. In CCO, 
one or more chemical species are added to increase the rate at which the 
oxidation reactions proceed. The CCO system uses both an iron catalyst and 
co-catalysts to degrade the organics in a strong acid solution. 

Delphi Research, Inc. has developed and patented a CCO system, called 
DETOXSM (see Figure 1.1-l), which destroys hazardous organics at practical 
rates. This DETOXSM technology has been demonstrated at the bench-scale, 
with destruction eff iciencies of 99.999 percent achieved for liquid hydrocarbons 
(including some chlorinated organics). Due to the strongly acidic nature of the 
reaction mixture, engineering development focused on materials of 
construction, along with scale-up issues. Spent reaction solution treatment 
and system integration are also being addressed. 

- -  i 
i 

’ i 

CCO potentially offers an alternative to incineration for the treatment of 
combustible mixed low-level waste (MLLW). DETOXSM can treat combustible 
waste at a rate comparable to incineration and reduce the bulk volume of 
waste without the temperatures and offgas associated with incineration. This 

‘ .I 

1 

’ -  I 
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Figure i .i 4. This simplified DETOXM wet chemical oxidation system destroys hazardous organics. 

technology has been selected far demonstrationscale development to provide 
information necessary to finalize details of a production system. 

. . . 2. .~ .. . .  SRS is supporting the initial shakedown testing of the DETOXSM process by 
Delphi Research, Inc., and will provide technical support as necessary to 
ensure its success. Development of this technology is expected to provide 
opportunities for commercial application outside DOE. 
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Completed laboratory and bench-scale tests and determined destruction 
efficiencies for surrogate (nonradioactive) fluidized bed incinerator oil 
(liquid chlorinated o'rganics) 

Completed laboratory and bench-scale tests and determined destruction 
efficiencies for surrogate solid combustibles (e.g., paper, plastic) 

Completed initial materials evaluation to identify materials of construction 
for a demonstration system 

Completed initial solidification studies of the spent reaction solution 

Commenced fabrication of the field-scale system 
. ... 

- -  <, ,>:- 4 
_, 1 . .. waste 
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Commenced SRS activities to prepare for testingof DETOXSM on hazardous 
~ ..;:.~-' - - :1 I~ ::.> :- --, - -  . .  
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Catalytic Chemical Oxidation technology development activities are funded 
1 ,,& under the following technical task plans (TTPs): 

, I  
i TTP No. SR1-6-MW-3 1, "Delphi DETOXSM" 

"l'P No. MEO-6-IP-O 1, "METC Industry Programs Technology Development- 
TTP No. RFO-6-MW-37, "Delphi DETOXSM Process Support" 

Mark Fachada 
Principal Investigator 
Westinghouse Savannah 
River Company 
P.O. Box 616 
Building 705-3C 
Aiken, SC 29808 

mafachadasaems@srs.gov 
(803) 557-6323 

Will LaVeille 
Technical Program Officer 
U.S. Department of Energy 
Savannah River Operations Office 

Aiken, SC 29802 
P.O. BOX A Bld. 703A. Rm. E-208N 

Howard Pope 
Program Management 
U.S. Department Of Energy 
P.O. Box 616 
Building 703A 
Aiken, SC 29808 

h.pope@srs.gov 
(803) 725-5544 

Pat Dhooge 
Delphi Research, Inc. 
701 Haines Ave., N.W. 
Albuquerque, NM 87102 

N o  E-mail capability. 
(505) 243-3 1 1 

(803) 725-7663 

1 Brown, C.M. "DOEActivities that Support Alternatives to Incineration- Synopsis 
of Development and Integration," EGIG Rocky Flats, RFETS, Golden, 

Delphi Research, Inc. "Demonstration Test Plan for the DETOXSM 

. ,  
-~ . 

/ . '  i 
. i  

' I  Colorado (September 29, 1994). 
i 

Demonstration Project Phases I11 I IV," Revision 3 (November 1, 1995). 
Dhooge, P.M., et al. "Advanced Development of the DETOXSM Process in 
Application to Low-level Combustible Mixed Waste at the Rocky Flats 
Environmental Technology Site," Delphi Research, Inc., Albuquerque, 
New Mexico (September 16, 1994). 
Readey, D.W., J.1. Moore. "The Initial Determination of Materials Comparability 
in the DETOXSM Process," Colorado School of Mines, Golden, Colorado 
(September 15, 1994). 
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-':! LOW TEMPERATURE THERMAL DESORPTION 

Development of the low temperature thermal desorption (L'ITD) system was 
initially funded through a Programmatic Research and Development 

nsored by the DOE METC.Theobjective of the development 
is to fill a needthatexists, both commercially and at DOE facilities, for a thermal 

ating smallvolume, solvent contaminated, waste streams. 
Further pilot to full-scale development and demonstration efforts are planned 
for FY96 and FY97 in support of the Rocky Flats Site Treatment Plan. Rocky 

- -  

Flats became part of this development process when RFETS conducted 
treatability studies on Rocky Flats Resource Conservation and Recovery Act 

Thermal desorption is a cost-effective technology to treat organically 
contaminated soils, sludges, and other solid matrices. The objectives of the 
RFETSsL'ITD effort is to desorb and separate the hazardous contaminants, 
which are separated from the mixed wastes by heating the materials to 
temperatures from 1 OOOC to 287OC. depending on the waste matrix. The waste 
can be cooled prior to shredding to control the volatilization of the organic 
contaminants and to more accurately determine the separation efficiency of 
the process. The waste material is then 1oaded.into an indirectly heated 
vacuum dryer that has been equipped with agitator vanes. A heated nitrogen- 
carrier-gas is injected into the dryer and blankets the waste as it is agitated and 
brought to operating temperature. When the desired temperature is reached, 
the waste is subjected to a vacuum for a predetermined period of time 
(residence time). Organic contaminants are driven off the surface of the waste 
as vapors. The nitrogen-carrier-gas transfers the organic contaminated vapors 
to the gas treatment unitwhere concentrated organics and water are destroyed 
by flowing the gas stream through a non-thermal plasma (NTP) gas treatment 
system. The NTP reaction cells use electrical micro-discharges to break up 
organic molecules. The resultant gas then passes through high efficiency 
particulate air (HEPA) filters and granular activated carbon prior to venting 
(see Figure 1.2-1). 

The LTTD technology demonstrated at Rocky Flats is the VAC*TRAXrM unit, 
developed by Rust Federal Services (RFS). The process was demonstrated on 
wastes which included surrogate low-level mixed combustibles and soils from 
bore hole samples. Actual Rocky Flats mixed low-level waste (MLLW) was 
addressed in FY96 treatability studies conducted at the Clemson Technical 
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Figure 1 .I-1. The LlTD system with a HEPA filter and activated carbon adsorption system treats 

organically contaminated soils, sludges, and other solid matrices. 

Center (CTC). These studies included the testing of wet combustibles and 
used absorbents. The radiologic contamination levels were at approximately 
1 0 nCi/g for the wet combustible waste and between 80 to 90 nCi/g for the used 
absorbents. The process demonstrated the removal the RCRA contaminants 
to well below land disposal restrictions and partitioning of the radiologic 
contaminants within the solids. 

The LTTD program at RFETS is planned in three phases: 1) coordinated 
demonstration; 2) coordinated treatability studies; and, 3) implementation 
and waste treatment The FY96 treatability studies have concluded the proof 
of principle phase of the program. The implementation phase, utilizing a pilot- 
scale unit, will begin when the conclusions drawn from the treatability studies, 
supported by the data, have been assessed by the regu1ators.h implementation 
demonstration of the technology, using a unit capable of processing up to 4 
cubic yards of wastebatch on significant volumes of actual MLLW, is planned 
prior to full-scale. The unit is capable of meeting the full-scale implementation 
needs of RFETS and may move into full-scale operations after a proper 
optimization and performance testing period. 

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

BEWEFITS i r _  

i 

Removal of hazardous solvents from transuranic mixed waste and MLLW 
streams simplifies disposal of treated waste forms, and the corresponding 
volume reduction achieved in separating out the hazardous compounds 
results in lower overall disposal costs. As a pretreatment system, LTTD 
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renders solid waste more amenable to a final stabilization process, such as 
vitrification or polymer encapsulation. L'ITD operates at a low temperature, 
typically around 100°C to 287°C. Since the nitrogen atmosphere is inert, no 
combustion of organic material takes place. 

...... ....... ____.__ I 
I -  
$-. : 

The Western Governors' Association, Develop On-Site Innovative Technology 
Committee, held several strategic planning meetings leading to Rocky Flats 
Site demonstrations in FY95 and to facilitate the resolution of interstate 
permitting issues. Demonstrations were held on March 8, 1995, March 23, 
1995, and April 6, 1995. The demonstrations were performed on surrogates, 
hazardous soils, and MLLW. 

Rocky Flats Technology Development, RFS, and Los Alamos National 
Laboratory (LANL) collaborated in the demonstration of LTTD and NTP in the 
treatment of MLLW at Rocky Flats. Rocky Flats has overall project management 
responsibilities and supplied the MLLW and the facility; Rust supplied the 
LTTD unit and operating engineers. LANL sought to demonstrate NTP for 
treating effluent gas from the LTTD and developed and built the nonthermal 
plasma unit. 

~ 3 1  

-- I 
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...... . i : .  . . . . . .  
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Decontamination and return of the V A C * T W M  to Clemson Technical 

Shipment of actual RFETS MLLW to CTC for Treatability Studies 

Successful completion of treatability studies on low-level mixed combustible 

Center following the FY95 demonstration 

and used absorbent waste. ' 

Low Temperature Thermal Desorption technology development activities are 
funded under the following technical task plan (TTP): 

TTP No. RFl-3-MW-34, "Low Temperature Thermal Desorption" 
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Peter Montez 
Principal Investigator, LTTD 
Kaiser-Hill 
P.O. Box 464' 
Building 88 1 
Golden, CO 80402-0464 
(303) 966-7681 
N o  E-mail capability. 

Gary N. Huffman 
Technical Program Officer 
U.S. Department of Energy 
Rocky Flats Field Off ice 
P.O. Box 928 
Golden, CO 80402-0928 
(303) 966-7490 
gary.huffman@rfets.gov 
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John J. Coogan 
Principal Investigator, NTP 
Los Alamos National Laboratory 
Los Alamos, NM 87544 

jcoogan@lanl.gov 
(505) 665-0186 

Montez, P.L., D.A. Freier, P.J. Wagner, K.E. Kirchner. "Surface Organic 
Contaminant Removal Volatilization," Technofogy S tutus Report on LRD Treatment 
Studies (November 1993). 

"Office of Technology Development," FY 1994 Program Summary, DOE/ 
EM-0213P (February 1994). 

Palmer, C., R.L. Hemmings. "The VAC*TWM Thermal Desorption Process,' 
1993 Incineration Conference, Knoxville, Tennessee (May 1993). 

"Rocky Flats Compliance Program Technology Summary, Off ice of Technology 
Development," DOE/EM-0123P (February 1994). 

VAC*TRAX-Mobile Vacuum/Thermal Treatment System, Technology 
Development Data Sheet, Morgantown Energy Technology Center (August 
1993). 
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The current focus of this project is the offgas improvement of NOx destruction 
technologies through the application of state-of-the-art catalysis. The offgases 
of particular interest are those generated in the thermal treatment of organic- 
based mixed wastes which are likely to contain relatively high-levels of NOx 
and lower but significant levels of volatile organic compounds (VOCs). Use of 
catalysts generally leads to improved process economics through lower 
processing temperatures, better selectivity, minimization (or elimination) of 
secondarywastes, and maximized treatment efficiency. This last item produces 
the desired result of achieving regulatory discharge limits for specific 
contaminants, or, if a specific discharge (e.g. NOx) has already been attained, 
increasing the offgas treatment capacity. 

This project supports implementation of a technology evaluation and 

, . ,  

demonstration process to identify and access technology development 
efforts at key Former Soviet Union (FSU) institutes applicable to EM program 
needs. This process allowsthe United States to evaluate the qualifications and 
credentials of key FSU scientists, the potential U.S. interest, and the likelihood 
of success of cooperative technology development programs at relatively low 
risk. All technology development projects conducted in the FSU must assist in 
the DOE domestic cleanup mission. This TTP continues the assessment of 
FSU waste treatment technologies initiated in FY94, together with monitoring 
development of advanced/environmentally-benign catalysts for selective 
reduction of NOxthat will meet California Land Disposal Restrictions. Catalyst 
development and fabrication is being performed at the Boreskov Institute of 
Catalysis (BIC) in Novosibirsk. The project will also assist BIC in showcasing 
and commercializing these catalysts in the United States. 

The general benefits of technology investment in FSU institutes, including the 
opportunity to highly leverage U S .  research and development dollars, are a 
better understanding of how the United States can utilize Russian technologies 
and scientists for the treatment of mixed waste, an improvement of offgas 
treatment technologies, and determination of the success ratio of cooperative 
technology development programs at a relatively low risk. 
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This project is an example of international technology transfer. The expected 
outcome is transfer or licensing by U.S. customers of specific Russian 
environmental technologies that meet DOE-EM waste management or 
environmental restoration needs. This project will attempt to match selected 
technologies with specific DOE customers and will also attempt to identify 
potential U. S. commercial partners willing to enter into a cooperative production 
and distribution agreement 

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

An annotated listing of Russian technologies recently and currently 
considered as candidates for demonstration in the United States has been 
prepared. This list was distributed to cognizant personnel in the MWFA at 
Idaho National Engineering Laboratory (INEL) and DOE. The Principal 
Investigator visited BIC in February to confirm progress on the environmentally 
benign NOx selective reduction catalysts. Honeycomb monoliths of three 
"environmentally-benign" formulations and one "baseline" formulation (IK-44/ 
1-700) have been prepared and shipped to Lawrence Livermore National 
Laboratory (LLNL). Figure 1.3-1 is a picture of one of these batches. 

. . . . . . . . . . . . . . . . . . .  "~ ... __- .-.. . . .  , . _, ... . . . . . .  I . .~ ............................... ..-.-. . . . . . . . . . . . . . .  I 

Figure I .3-1. Environmentally-benign monolithic honeycomb catalysts (75 x 75 x 150 mm, 
channel - 4.2 x 4.2 mm, wall thickness - 0.8 mm) have been prepared. 
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Russian Pilot Project technology development activities are funded under the 

TTP No. SF2-3-MW-35a, "Russian Pilot Projects at SF" 

. -  ': ~ -, ::; . . -  

: ~ . .  - following technical task plan (TTP): 
L -  
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Martyn G. Adamson 
Principal Investigator 
Lawrence Livermore National 

Livermore, CA 94550 

adamson 1 @Ilnl.gov 
(510) 423-2024 

Technical Program Officer 
U.S. Department of Energy 
1301 Clay Street 
Oakland, CA 946 12-5208 

kim.abbott@oak.doe.gov 
(510) 637-1501 

- .. . -- --. . i None available at this time. 

Dr. Yury Zundelevich 
Chemical Engineer 
Lawrence Livermore National 

Laboratory 
P.O. Box 808 
Livermore. CA 94550 

zundelevich 1 @Ilnl.gov 
(510) 423-7740 
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' $4 1 DEMONSTRATION OF OXIDES OF NITROGEN 
% . I  i DESTRUCTION CATALYST 
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I 

The current focus of this project is the improvement of offgas treatment 
technologies through the application of state-of-the-art catalysts. The offgases 
of particular interest are those generated in the thermal treatment of organic- 
based mixed wastes, which are likely to contain relatively high-levels of NOx. 
The Plasma Arc Process is one of the key technologies in DOE'S plans for 
treating mixed low-level waste (MLLW). Due to the very high process 
temperature, it produces offgas with high NOx content and can greatly benefit 
from any improvement in catalytic NOx destruction treatment. Ammonia is 
important in this process because if there is insufficient ammonia, NOx is not 
converted to nitrogen effectively. Insufficient ammonia in the process is 
referred to as "ammonia slip." An improved catalyst system would potentially 
alleviate this issue. 

1. ..: _...... . .. ..., , , , . ... ___.._... . .......... . . . .i 

$ 

t ? This project supports demonstration and direct comparisons of performance 
between the Russian NOx removal honeycomb catalysts and Western 
commercially supported honeycomb catalysts. The NOx removal catalyst 
acquired from the BIC in Novosibirsk in 1992 consisted of an iron/chromium/ 
zinc mixed oxide honeycomb monolith which converts excess ammonia to 
nitrogen. This catalyst, predominately iron oxide, has recently been modified 
to contain copper oxide to alleviate land disposal issues associated with 
chromium. This catalyst is less expensive than vanadia-titania or copper 
zeolite catalysts. 

i 

. .  

The original BIC NOx removal catalyst honeycombs and the advanced 
"environmentally benign" honeycombs are to be demonstrated in a slip 
stream of the DOE Western Environmental Technology Office (WETO) plasma 
arc offgas system at Butte, Montana. The demonstrations will allow direct 
comparisons of performance between the developmental BIC honeycomb 
catalysts and Western commercially supported honeycomb catalyst elements 
based on vanadia-titania. 

Any mixed waste treatment facility employing thermal technologies to destroy 
organicwastes may benefit from an effective, inexpensive, and compliant NOx 
removal system. The Russian catalysts appear to offer distinct advantages 
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over Western commercial catalyst systems. The inexpensive BIC iron/ 
chromium/zinc/copper oxides monolith honeycomb catalyst, tested previously, 
demonstrated high activity and the ability to alleviate the potentially costly 
ammonia slip issue. Since the catalyst is predominately iron oxide and since 
it is not a supported monolith, the material and fabrication costs should be far 
lower than vanadia-titania or copper zeolite catalysts. However, the high 
ch;omium arid copper content still makes the use of the BIC monolith 
problematic due to Land Disposal Restrictions. Therefore, successful 
demonstration of the environmentally benign catalyst would allow this catalyst 
to be disposed of in an RCRA landfill. 

This project is an example of international technology transfer. The expected 
outcome is transfer or licensing by U. S. customers of specific Russian catalyst 
formulations -that meet DOE-EM waste management or environmental 
restoration NOx abatement needs. The contractor will attempt to match 
selected catalysts with specific DOE customers and will also attempt to 
identify potential U. S. commercial partners willing to enter into a cooperative 
production and distribution agreement 

, ,  

As this is a new initiative, accomplishments will be discussed in future issues 
of this publication. 

Demonstration of NOx Destruction Catalyst technology development activities 
are funded under the following technical task plan (TTP): 

f ; " 2 ;.. .-. j, J 
I' -1 . 

-: . - ., .(; ; j -  
:_ -- .;, , , -  ;.: - ' 1 8  . I 

TTP No. SF2;3-MW-35b, "Russian Pilot Projects at SF" 
I.. . 

. li~, ,, 
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Principal Investigator 
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P.O. Box 808 
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(510) 423-7740 

Kim Abbott 
Technical Program Officer 
U.S. Department of Energy 
130 1 Clay Street 
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kim.abbott@oak.doe.gov 
(510) 637-1501 

None available at this time. 
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L286, P.O. Box 808 
Livermore, CA 94550 

adamson 1 @llnl.gov 
(510) 423-2024 

i 
Mixed Waste Characterization, Treatment and Disposal Focus Area -August 1996 

mailto:Ilnl.gov
mailto:kim.abbott@oak.doe.gov
mailto:llnl.gov


N OF OMNIVOROUS NONTHERMAL 
IRE- CHEMICAL OXIDATION 

- 

Direct Chemical Oxidation (DCO) technology can provide oxidative destruction 
of organic solids or liquids by nonthermal, ambient pressure, low temperature 
means. These include solvents, detergents, water-insoluble oils and greases, 
charcoal filter media, incinerator chars and graphite, paper, plastics (with the 
exception of perfluorinated polymers), chlorinated and nitrated wastes, and 
organics immobilized in organic or inorganic matrices such as sludges. 
Additionally, solutions of the oxidant can be used to treat inaccessible wastes, 
used as a surface etching agent for contaminated metal equipment, and used 
in decontamination and destruction of chemical warfare agents in bulk or 
weaponized form. 

The purpose of this task is to demonstrate the benchscale use of recycled, 
uncataiyzed ammonium peroxydisulfate solutions to destroy surrogates for 
important DOE wastes and to combine these results with earlier kinetic 
studies to develop scale-up equations describing destruction rates as 
functions of system geometry, volume, and flow. 

Direct chemical oxidation is proposed as a unique omnivorous technology for 
the destruction of organic solids and liquids in pure or undifferentiated form. 
The process operates within the aqueous phase at low temperature and 
ambient pressure. The process uses acidified ammonium peroxydisulfate 
solutions, and does not require any toxic, expensive, or consumable catalysts 
for bulk destruction. The final objective of the process is to destroy water- 
entrained wastes in a plug flow reactor by injectinga solution of peroxydisulfate. 
Broad categories of organic wastes (mixed, hazardous, or radioactively 
contaminated) can be converted to carbon dioxide, water, and inorganic 
residues derived from the wastes. Work is planned to integrate the waste 
oxidation process with the electrolytic recycle of the ammonium sulfate 
byproduct. Specific case studies will include contaminated soils, Trimsol, 
amino pyridine chloride, pentachlorophenol, hard PVC, and hard rubber. 

The principal benefit of this process is that it is omnivorous yet operates at 
ambient pressures and low temperatures. Additionally, because of the 

Mixed Waste Characterization, Treatment and Disposal Focus Area -August 1996 



_, ... ,-,,,- -...,.- 
. e  

extreme oxidation potential anG the formation of active sulfate free radicals, 
DCO can attack and destroy recalcitrant materials such as graphite, coal dust, 
metal carbide, charcoal and carbon residuals found in incinerator ash. 

The use of peroxydisulfate does not introduce secondary wastes; the product 
ammonium sulfate is recycled - either concurrently in an integrated system or 
nonconcurrentlyby accumulating peroxydisulfate over time for use in infrequent 
campaigns. Concurrent recycle makes use of a small electrolysis cell, as 
peroxydisulfate is generated atvery high rates relative to other electrochemical 
processes. At ambient temperature, ammonium peroxydisulfate solutions 
decompose very slowly; precipitated peroxydisulfate salts may be stored 
indefinitely. 

............... ............ . . . . .  .I_( : . .  -.-.,:__ . . . . . .  ,__:_ ~ ..... " 

i 
The transfer of this technology to EM-30, EM-40, or DOD users would involve 
industrial participation through the supply of electrolysis equipment. 
Discussions with two companies that might supply equipment for a large-scale 
treatment facility or for a small scale transportable unit have been initiated. A 
Cooperative Research and Development Agreement (CRADA) and possibly a 
licensing agreement may be negotiated at a later date. 

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

- , i  
. ..I 

3 

f 

During the startup task (October - December 1995) a versatile bench-scale 
facility for testing uncatalyzed peroxydisulfate oxidation of any organic 
solid or liquid waste surrogate was constructed and operated. The facility 
consists of a plug flow reactor and several small batch or pre-reactors, 
operating under reflux at T=80-1OO0C. The facility's mass spectrometer 
allows continuous offgas analysis with a time resolution of approximately 
1 minute, and serves to determine reaction rate (from appearance of CO,) 
and to detect trace impurities. 

Shakedown tests of the plug flow reactor on model chemical ethylene 
glycol confirmed earlier measurements of rate. 

Pre-reactor tests on kerosene, triethylamine, cellulose rags, and tributyl 
phosphate showed rapid destruction. Kerosene (predominately dodecane) 
destruction extents were 0.9997.7 and 0.99991 after 70 and 140 minutes in 
4 N (NH,),S,O, at 1 OOOC. Triethylamine was oxidized to >0.9997 after 2 1 
minutes by 3.6 N Na,S,O,, with greater than 5 percent of the amino nitrogen 
converted to nitrite and nitrate, with the balance presumably to ammonium 
ion. Results are reported in Cooper et al., February 1996. 

i 
::,: 1 

i 
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Demonstration of Omnivorous Nonthermal Mixed Waste (Direct Chemical 
Oxidation Using Peroxydisulfate) technology development activities are funded 
under the following technical task plan (TTP): 

>. . .. I -, . . 
TTP No. SF2-3-MW-35c. "Russian Pilot Projects at SF" 

. .  
. *. . .~ . ) .  

Martyn Adamson 
Project Manager 
Lawrence Livermore National 
Laboratory 
L286, P.O. Box 808 
Livermore, CA 94550 

adamson 1 @llnl.gov 
(5 10) 423-2024 . 

Francis T. Wang 
Research Chemist 
Lawrence Livermore National 
Laboratory 
L286, P.O. Box 808 
Livermore, CA 94550 

wang3@llnl.gov 
(5 10) 422-7305 

Dr. John F. Cooper Kim Abbott 
Principal Investigator Technical Program Officer 
Lawrence Livermore National U.S. Department of Energy 

130 1 Clay Street 
L369, P.O. Box 808 Oakland, CA 946 12-5208 

(510) 423-6649 kim.abbott@oak.doe.gov 
Livermore, CA 94550 (510) 637-1501 
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W33F K€Y PuBijlamo;rrr 
Cooper, J.F., F. Wang, R Krueger, K. King, J. Farmer, R Foreman, T. Shell. "Direct 

d Mixed Wastes," Proceedings of the Third 
Biennial Mixed Waste Symposium, American Society of Mechanical Engineers, 
August 1995, Lawrence Livermore National Laboratory Report UCRLJC- 

amson, K. King, R. Krueger. "Direct 
Chemical Oxidation: Peroxydisulfate Destruction of Organic Wastes," Proceedings 
ofthe World Environmental Congress, International Conference and Trade Fair, Page 2 19; 
London Ontario (September 17-22, 1995). 

Cooper, J.F., F. Wang, R Krueger, K. King, J. C. Farmer, M. Adamson. "Destruction 
of Organic Wastes by Ammonium Peroxydisulfatewith Electrolytic Regeneration 
of the Oxidant," Paper submitted to the Journalofthe ElectrochevnicalSociety. UCRL 
JC-121979 (October 10, 1995). 
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Cooper, J.F., F. Wang, R Krueger, K. King, T. Shell, J.C. Farmer, M. Adamson. 
“Demonstration of Omnivorous Nonthermal Mixed Waste Treatment: Direct 
Chemical Oxidation Using Peroxydisulfate,” First Quarterly Report to Mixed 
Waste Focus Group, SF2-4-MW-35 (October - December 1995); UCRLID- 
123 193 (February 1996). 
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r represents a near-term solution to the 
identified problems related to filter failure and waste disposal experienced 
with the present glass HEPA filters. Itcan withstand all of the high temperature, 
pressure, and moisture conditions that would cause structural damage to the 
glass HEPA filter. The high strength of the filter also allows the filter to be 
cleaned by rigorous methods such as reverse air pulses and acid and water 
washings. In contrast, the glass HEPA would be destroyed under these 
conditions and therefore cannot be cleaned. The high reliability and cleanability 

Cleanable High Efficiency Particulate Air (HEPA) filters have been identified by 
DOE as an important need in DOE'S strategy for treating mixed waste. The 
extensive amount of handling required for the current glass paper HEPA filters 
exposes workers to radioactivity. Also, the current HEPA filters are fragile and 
can be destroyed or their performance degraded when they become wet, hot, 
or overpressured. Filter failure can lead to significant environmental 
contamination and high cleanup costs. The glass filters cannot be cleaned and 
are disposed of after use, contributing to high disposal costs and more 
radioactive waste volume in the environment 

The use of current glass HEPA filters also increases the difficulty in having the 
new waste treatment processes currently under development licensed by 
various regulatory agencies. In the review of mixed waste incinerators, the 
Environmental Protection Agency (EPA) has cited HEPA filter failures due to 
high temperature, moisture, and overpressure conditions in potential accident 
scenarios. DOE is concerned that many of the problems that EPA identified 
with the incinerators may transfer: to the new technologies being developed for 
treating mixed waste. 

Steel filters can result in significant cost savings and increased reliability in 
most of the existing thermal and proposed treatment systems but will have to 
meet existing HEPA requirements and will therefore require additional 
development. The proposed new waste calciners at Hanford can use 
commercially available steel filters that do not meet HEPA requirements, but 
would benefit from further development of the filters to reduce cost. Some 
offgas systems contain significant halides that can corrode the stainless steel 
filters. In these systems, other metal compositions can be used to resist the 
corrosion. 
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Figure 1.6-1. Stainless steel fibers are fused into a sheet and 
then formed into pleated cartridges. 

1 
, ._ _ _  . . _ _ _ _ _ _ _ _  _ _  _ _  , . ___._, . _.. .̂ .._.._ I .. r .*,. ... ............. I . ..... . . . . ................ ... . ... 

Figure 1.6-2. Sixty-four cartridge elements are packaged into a 
' 

standard 2' x 9' x 1 ' frame. 
i 
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are due to the material of construction. The filter uses filter media made from 
stainless steel fibers that are fused into a sheet and then formed into pleated 
cartridges, such as that shown in Figure 1.6- 1. The cartridges are then packaged 
into the standard 2' x 2' x 1' frame, depicted in Figure 1.6-2. 

The purpose of this task is to conduct a systems analysis to determine 
customer requirements for a cleanable steel HEPA filter, such as pressure 
drop, filter size, filter weight, and others. If the analysis shows that commercially 
available steel filters already meet customer requirements, then further 
development is not required. This workwill identify what additional development 
or testing is required to meet the needs of the mixed waste users. 

Based on the current HEPA filter usage, replacing the current glass HEPA filter 
with cleanable steel HEPA filters potentially could save DOE $22 million each 
year. These savings will increase as the waste disposal costs increase. An 
additional benefit is the increased safety due to a much higher strength steel 
filter compared to the fragile glass paper filter. The current glass paper filter 
may fail when it gets wet, hot, or overpressured. In-place cleaning will also 
greatly reduce worker exposure to radiation. The cleanable steel HEPA filter 
will be applicable to all of DOE'S mixed waste treatment processes that have 
an offgas emission. A major benefit of the cleanable steel HEPA filter to the 
mixed waste program is the significantly improved prospect for permitting the 
emergingtreatment technologies by ensuring better worker and environmental 
protection. 

. .  

This task will not involve technology transfer because it includes only a survey 
of mixed waste facilities, commercially available steel filters, and a systems 
analysis of the mixed waste operations to establish requirements for the steel 
filters. If the results from this task indicate that further development of the 
cleanable steel filter is required, then PALL Corporation has indicated that it 
will participate in a CRADA with LLNL. PALL has already signed a letter of 
intent 

LLNL has reviewed potential applications of the cleanable steel HEPA filter 
in existing and future mixed waste treatment systems at INEL, Hanford, 
Savannah River, and LLNL. 
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Cleanable Steel HEPA Filter technology development activities are funded 
under the following technical task plan (?TP): 

?TP No. SF2-6-MW-36, "Cleanable Steel HEPA" r 
, ,  : 

Werner Bergman 4 
i Principal Investigator 
1 Special Projects Division 

Kim Abbott 
Technical Program Officer 
U S .  Department of Energy 

I Lawrence Livermore National 1301 Clay Street 
Laboratory Oakland, CA 946 12-5208 I 

I 

I P.O. Box 5505 (510) 637+1501 
I Livermore, CA 94550 

bergman2@llnl.gov 
i (510) 422-5227 I 

* I  
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kim.abbott@oak.doe.gov 

Bergman, W. et al. "Developmentand Evaluation of a Cleanable High Efficiency 
Steel Filter," in Proceedings ofthe 22nd DOE/NRC NuclearAirCleaning Conference, pp 
586-6 16, NTIS, Springfield, Virginia, 22 16 1, CONF-9020823, or NUREG/CP- 
0130 (July 1993). 

Bergman, W., G. Larsen, R Lopez, K. Wilson, K. Simon, L. Frye. "Aerosol 
Filtration with Steel Fiber Filters," in Advances in FiltrationandSeparationTechnology, 
Vol 7, Wallace W.F. Leung, Editor, American Filtration Society, Kingwood, 
Texas (April 1993). 

Bergman, W., G. Larsen, R. Lopez, K. Wilson, K. Simon, L. Frye. "Preliminary 
Field Evaluation of High Efficiency Steel Filters," in Proceedings ofthe 23rd DOE/ 
NRC Nuclear Air Cleaning and Treatment Conference, NTIS, Springfield, Virginia, 
22161, CONF-940738, pp 195-213 (February, 1995). 
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SLUDGES AND SOLS 

The waste streams addressed by this product line comprise approximately 
46.8 percent of the mixed waste inventory. Wastes that fall into this category 
are at least 50 percent by volume inorganic sludges, including water content. 
Sludges are generally considered to be unstable solids, and have total 
suspended solids (TSS) greater than 30 percent Inorganic particulates, paints, 
and salt wastes are included in this waste type. 

The technologies developed in this product line focus primarily on producing 
an acceptable final waste form from mainly inorganic mixed waste streams. 
Several approaches to producing final waste forms for disposal are being 
-developed simultaneously to allow the maximum number of waste streams to 
be treated: In addition, the technologies developed in this product line will be 
capable of stabilizing residues produced by other mixed waste treatment 
technologies. Examples include the vitrificatiori of ash produced by the Toxic 
Substance Control Act (TSCA) incinerator at Oak Ridge and offgas treatment 

Scott A. Anderson . .  

Kaiser-Hill 
Rockv Flats Environmental Technology Site 
P.O. Box 464 
Golden, CO 80402-0464 
(303) 966-9645 
scott.anderson@rfets.gov 

~~ 
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The goal of the Transportable Vitrification System (TVS) technology is to 
demonstrate effective treatment of approximately 75 percent of the mixed 
waste in inventory for safe land disposal. The TVS, believed to be the first of its 
kind in the world, is a fully integrated system for the preparation and 
vitrification of mixed waste. It is capable of performing vitrification 
demonstrations or treatingsmall to medium waste streams, with considerable 
attention to operations with radioactive materials. 

The stabilization and disposal of mixed wastes, which contain both hazardous 
and radioactive materials, is a significant waste management challenge to the 
DOE. Thevitrification process, when properly designed and executed, produces 
a waste form that is highly stable and leach resistant Recently, DOE laboratories 
have studied the application of the vitrification technology to the stabilization 
of low-level and mixed wastes resulting from nuclear materials processing 
activities in the DOE complex over the last 50 years. A large portion of these 
wastes have been shown to be suitable for treatment by vitrification through 
laboratory and small-scale melter demonstration on both surrogate and 
actual wastes. The DOE Office of Science and Technology tasked the 
Westinghouse Savannah River Company (WSRC) at Savannah River Site (SRS) 
to develop a larger scale vitrification technology for a fieldscale demonstration 
on actual mixed waste at a DOE facility. 

The TVS, as depicted in Figure 2.1-1, was designed to treat low-level and mixed 
wastes in the form of soils, waste water treatment sludges, incinerator ash, and 
similar material. The unit is a large-scale, fully integrated, vitrification system 
and is designed to be transportable and easily deEontaminated. While primarily 
intended for waste demonstration activities, the TVS is large enough to 
completely treat small to medium-sized (up to approximately 500,000 kg) 
waste streams. The equipment is housed in modules that can be disassembled 
into containers and sealed for shipment on standard trailers (approximately 
1 5 trailers required). Major modules include feed preparation, melter, offgas, 
control and services, and process laboratory. Slurried or dry feed is introduced 
to the feed preparation module where it is blended with glass formers. A slurry 
system then pumps the waste/additives mixture to the melter. The melter 
module contains a joule-heated, cold-top melter manufactured by EnVitCo, 
Inc. of Toledo, Ohio. The melter is refractory lined with a separate chamber for i 

i t 1 
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ful production of a nonleachable glass waste form from MLLW will 
and disposal of the waste at a lower cost than if the baseline 
(cementation) was used to stabilize the waste. The cost saving is 

OD 
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Figure 2.1-1. The transportable meltervitrification dernonstmtion will be conducted on actual 
mixed waste. 

the glass drain. Offgas is processed in a separate emissions control module. 
The offgas treatment subsystem was procured fromhderson 2000. The glass 
producr is continuously poured into steel containers which, after cooling, are 
stored for eventual disposal. Site preparation requirements for the TVS are 
kept to a minimum. Once the system is reassembled, it contains all the 
equipment required to perform vitrification, including a process control 
laboratory assembled by Calumet Coach. 

TVS shakedown testing on a nonradioactive surrogate of the actual waste to 
be treated was successfully performed at Clemson University's Environmental 
Systems Engineering Department, producing approximately 2 5,000 pounds of 
simulated waste glass. - 

The field-scale demonstration for the TVS will be performed at the K-25 site in 
Oak Ridge, Tennessee (operated by Lockheed Martin Energy Systems) in FY96. 
The primary waste streams are BCC Pond sludge and Central Neutralization 
Facility (CNF) sludge. CNFtreats liquid effluent from the mixedwaste incinerator, 
the K-25 Site steam plant, a metal cleaning facility, and various small quantity 
or infrequent streams. The process uses a hydrated lime slurry to neutralize 
the effluent and precipitate metals. The sludge is classified as mixed low-level 
waste (MLLW). 
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I due primarily to the large volume reductions realized during vitrification. In 
addition, glass final waste forms have been shown to have decreased leachability 
and increased structural stability over the baseline waste form. r 

j 
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The TVS Project is a collaboration among SRS, Clemson University (which 
operates the DOEVitrification Research Center), ORNL, and private companies 
that are providing equipment and technical support The project is being 
supported by the DOE Off ice of Science and Technology (EM-50) and the DOE 
Office of Waste Management (EM-30). 

The Savannah River Site teamed with EM-50 and Clemson University to 
create the DOEVitrification Research Center, which has logged many hours 
of pilot-scale operation with the EnVitCo cold-top melter system. 

Clemson University was selected for the site of the shakedown testing 
because of their extensive experience with a similar EnVitCo melter at the 
DOE Vitrification Research Center. 

Scoping tests were performed at Clemson using the EnVitCo melter on 
surrogate B I C  Pond sludge. The data from these tests will be used to 
determine important operational parameters during the actual waste 
demonstration. 

Preparation of the Technology Demonstration Area was completed at the 
K-25 Site, the planned location for the TVS. 

Permit applications for conducting the demonstration have been 
submitted to state and federal regulators. 

t 
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Transportable Vitrification System for Mixed Waste Processing Technology 
Development activities are funded under the following technical task plans 

'ITP No. SR1-6-MW-41, "Transportable Vitrification System at ORR' 

'ITP No. OR1-6-MW-43, "Mixed Waste Destruction of Sludges and Soil" 

' 1 
i ('ITPS): 

i 
i 
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John Whitehouse, Ph.D. 
Westinghouse Savannah 
River Company 

Aiken, SC 29808 

john.whitehouse@srs.gov 

Bldg. 773-23A 

(803) 725-6035 

Will LaVeille 
Technical Program Officer 
U.S. Department of Energy 
Savannah River Operations Office 

Aiken, SC 29802 

w.laveille@srs.gov + 

P.O. BOX A Bld. 703A, Rm. E-208N 

(803) 725-7663 

Frank R. Van Ryn 
Lockheed Martin Energy Systems, Inc. 
P.O. Box 2003 
Oak Ridge, TN 37831-7328 

XS2@ornl.gov 
(423) 574-1907 

Johnny Moore 
Technical Program Officer 
U.S. Department of Energy 
Oak Ridge Operations Office 

200 Administration Road 
Oak Ridge, TN 37830 
(61 5) 576-3536 
orno@ornl.gov 
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Bickford, D.F. “Selection of Melter Systems for the DOE/Industrial Center for 
Waste Vitrification Research,” WSRC-TR-93-00762 (December 3 1, 1993). 

Cicero, C.A., D.F. Bickfordl M.K. Andrews, D.M. Bennert “Interim Report on 
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The goal of the vitrify-to-dispose approach to waste stabilization is to provide 
treatment capability for approximately 75 percent of the mixed waste inventory. 
A radioactive demonstration of the vitrification of the Oak Ridge B&C Pond 
sludge in a fully transportable, complete melter system is scheduled for FY96 
and will help accomplish this goal. However, treatment of troublesome 
components such as mercury and organics has to be demonstrated before the 
technology can be applied to the target of 75 percent of the waste. 

t 

The purpose of this project is to enhance and further develop the "Treat to 
Dispose" vitrification technology. Vitrification involves converting wastes that 
are primarily inorganic in nature into glass, typically inside a Joule-heated 
melter. This is accomplished by carefully choosing additives to react chemically 
with potential glass-formers within the waste. The result is a high waste loading 
glass with increased final waste-form homogeneity and decreased leachability. 

Emphasis has been placed on broadening the number of waste streams 
applicable to vitrification by establishingthe processing envelopes for specific 
representative waste streams and specific hazardous components. Five specific 
wastewater treatment sludges (Oak Ridge Y-12 WETF sludge, LANL TA-50 
sludge, Rocky Flats precipitate sludge, SRS M-Area sludge, and Oak Ridge 
K-25 B&C Pond sludge), ash streams, SRS soil, resin, and wastes with high 
mercury and organic components have been identified for treatment. 
Processing envelopes have also been identified which incorporate the major 
components of typical MLLW. When using these envelopes, the glass 
composition is based on the waste composition and the additives needed to 
stay within the processing envelope. 

The study is also investigating advanced glass-making processes utilizing the 
expertise and pilot-scale resources at Clemson University. Two state-of-the- 
art, joule-heated, slurry or dry fed glass melters are available at the Clemson 
University Environmental Systems Engineering Department - DOE/Industrial 
Laboratory for Vitrification Research. One is a cold-top design with high 
temperature capability (1 500OC) manufactured by EnVitCo, and the other is a 
stirred melter which is limited to about 1 O5O0C, manufactured by Stir-Melter. 
See Figures 2.2-1 and 2.2-2. The environmental impact of the glass making 
process (e.g., air emissions), as well as the environmental impact of the finished 
product, are evaluated at this laboratory. Data derived from this work can be 
used to formulate a delisting plan that will be used to establish vitrification as 
an acceptable technology for the delisting of MLLW. 
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The culmination of the 
melter development 
work is a field-scale 
r a d i o a c t i v e  
demonstration of 
vivification technology 
thatwas initiatedin FY95. 

8- The demonstration will 
utilize a fully integrated 
system including 
material handling, glass 
me1 tingj offgas 
treatment, and process 
control subsystems, all 
of which will be 
transportable in nature. 
The demonstration 
using the TVS to treat 
actual waste has been 
scheduled to begin in 

t 

FY96 with Oak Ridge K-25 being the host site. The actual mixed waste stream 
selected for treatment is the Oak Ridge K-25 BCC Pond Sludge. 

L 
temperature capability (150K). 

The successful production of a non-leachable glass waste form from MLLW will 
allow the land disposal of the waste at a lower cost than if the baseline 
technology (cemen- 
tation) were used to 
stabilize the waste. This 
cost savings is due 
primarily to the large 
volume reductions 
realized during 
vitrification as opposed 
to the small volume 
reductions (or even 
volume increases) 
resulting from grouting 
or cementation. In 
addition, glass final 
waste forms have been 
shown to have 

Tv Port, 

Exhaust Port 

Liquid 

Drain Valve Y 

Feed 

+ -  
Normal Flow 

Figure 2.2-2. The Stir-Melter furnace is limited to about 105K.  
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{ ' I  I the baseline waste form. 
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This project is a collaboration among SRS, Clemson University (which operates 
the DOE/Industrial Laboratory for Vitrification Research), Oak Ridge National 
Laboratory (ORNL), Oak Ridge Reservation, and private companies that are 
providing equipment and technical support. EnVitCo, Inc. has a high waste 
loading, transportable melter. The Clemson Technical Center is providing 
chemical analysis service, waste form characterization, and engineering 
support for the pilotscale demonstrations with actual waste. SRS is contributing 
its expertise on how the glass should be made.This project has been supported 
by EM-50, SRS's High-level Waste Program, the Savannah River Economic 
Development Program, and the DOE Office of Waste Management Current 
support is from the EM-50 Mixed Waste Focus Area and EM-30 of the Oak 
Ridge Reservation. 

...................... _.,.... ............ j 
i Ac;camprrs~mm~ j i --_: 
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'I The SRS has teamedwith EM-50 and Clemson University to create the DOE/ 
Industrial Laboratory for Vitrification Research. The laboratory has 
completed its third year of operation and has logged over 3,000 hours of 
pilotscale operation with the Stir-Melter system and over 6,000 hours 
operating the EnVitCo cold-top melter system. 

The Transportable Vitrification System has been constructed and is 
undergoing field testing with surrogate Oak Ridge BCC Pond sludge. 
EnVitCo supplied the melter and also integrated the system. The offgas 
treatment sub-system was procured from Anderson 2000, and the 
transportable process control/analytical trailer is being assembled by 
Calumet Coach. 

Crucible-scale studies with K-25 BCC Pond sludge have been performed at 
Oak Ridge. The soda-lime-silica (Na,O-CaO-SiOJ glass system was chosen 
for this waste. Waste loadings of up to 50 percent have been achieved with 
actual wastes. Scoping tests were performed at Clemson using the EnVitCo 
melter, which is similar to that which will be used in TVS. The scoping tests 
using surrogate BCC Pond sludge will determine important operational 
parameters to be used during the actual TVS demonstration. A pilot-scale 
demonstration with actual BCC Pond waste will be performed in the 
EnVitCo melter currently located at the Clemson Technical Center. 
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Vitrify-To-Dispose Technology Development activities are funded 
under the following technical task plans ('ITPs): 

TTP No. SR1-6-MW-42, "Vitrification Process Limits Testing and High 
Temperature Demonstration on Actual Waste" 

TTP No. SRl-6-MW-41, "Transportable Vitrification System at ORR" 
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P.O. BOX A Bld. 703A, Rm. E-208N 
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Aiken, SC 29808 w.laveille@srs.gov 

connie.cicero@srs.gov 

Cicero, C.A., D.F. Bickford, T.N. Sargent, M.K. Andrews, J.P. Bibler, N.E. 
Bibler, and C.M. Jantzen. "Summary of Pilot-Scale Activities with 
Resorcinol Ion Exchange Resin," WSRC-TR-95-403. Westinghouse 
Savannah River Company (September 30, 1995). 

Cicero. CA., N.D. Hutson, J.R. Zamecnik, M.E. Smith, D.H. Miller, J.A. 
Ritter, B.J. Hardy, and C.M. Jantzen. "Summary of Pilot-Scale Activities 
with Mercury Contaminated Sludges," WSRC-TR95-403, Westinghouse 
Savannah River Company (September 30, 1995). 

Cicero, C.A., D.F. Bickford, and J.C. Marra. "Fiscal Year 1995 Final 
Report for TTP SR-1320.44," WSRC-TR95-395. Westinghouse Savannah 
River Company (September 30,1995). 

Resce, J.L., T.J- Overcamp, CA. Cicero, and D.F. Bickford. "The Effect of 
Compositional Parameters on the TCLP and PCT Durability of 
Environmental Glasses," Presented at ACS Emerging Technologies in 
Hazardous Waste Management VI1 Conference, Atlanta, Georgia 
(September 17-20, 1995). 

Mixed Waste Characterization, Treatment and Disposal Focus Area -August 1996 

Fl 

mailto:w.laveille@srs.gov
mailto:connie.cicero@srs.gov


-- "- __ _-- 
1 
S I  

ss ' I PHOSPHATE BONDED CERAMIC FINAL WMTE 
FORMS 

i 

For many waste streams, vitrification is not technically feasible because of 
interference from problematic species or high cost. An example would be a 
waste stream for which some constituent has a low solubility in the glass melt, 
resulting in a lower-than-acceptable waste loading. Also, the presence of highly 
volatile contaminants and pyrophorics in a waste stream makes itvery difficult 
to stabilize these wastes with currently available technologies. 

Alternative waste stabilization processes are needed to allow the Mixed Waste 
1 

i 

: j  

Focus Area to meet its goal of demonstrating at least three technologies in the 
next three years that cumulativelywill have the capability of treating at least 90 
percent of the mixed waste in DOE'S current inventory. 

' .  i ............................................................ : 

The purpose of this project is to exploit the attractive features of chemically 
bonded phosphate ceramics (CBPCs) and develop superior waste forms for 
MLLW streams that cannot be handled by other established methods. 
Guidelines and assessments will be set up on the basis of the waste stream with 
the best treatability performance, and that stream will be scaled up for pilot 
study (see Figure 2.3-1). Typical MLLWs contain liquid mercury, mercury- 

Powder 
Mixture 

+ I +  

Disposal drum 2h 30mln - 
Figure 2.3-1. Phosphate bonded ceramic material and waste form development will be scaled 

up for pilot study. 
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contaminated aqueous liquids, toxic and heavy-metal-con'taining materials, 
salt cakes and processing salts, ashes, or pyrophorics. 

CBPC technology has several advantages over other systems for stabilization 
and encapsulation: 

CBPCs have the potential for stabilizing several problematic mixed-waste 
streams that have been identified by DOE.These include mercury-contaminated 
wastes, salt wastes, and ashes. The CBPC process is very attractive for 
stabilization and solidification of these waste streams at room temperature. 
The waste forms are pore-free, insoluble in ground water, and nonleachable 
even in a geological time scale. They form solid solutions with actinides and 
rare earths. This method of stabilization can be exploited to incorporate 
various components of the mixed waste into solid monolithic ceramic form. 

Mixed Waste Characterization, Treatment and Disposal Focus Area -August 1996 

Phosphates are natural analogs of radioactive and rare earth elements. 

They are extremely insoluble. 

Phosphates can be processed in ceramic form at room temperature. 

CBPCs are nonflammable and thus present no danger of fire during 
transportation and storage. 

There is minimum generation of secondary waste streams. 

Due to low-temperature synthesis of the final waste form, there is no risk 
of volatilization, fabrication steps are minimal, and contamination of 
equipment during fabrication is low. 

Overall processing costs are low. 

Calcined MgO and zirconium hydroxide can be reactedwith a phosphoricacid 
solution or acid phosphates to form astable ceramic form. The reactions occur 
at room temperature to form a dense ceramic that sets into a hard product in 
approximately 2 hrs. Surrogate ash waste streams, salt compositions, and 
cemented sludge were incorporated into phosphate ceramics with loadings of 
more than 50 percent These waste streams were spiked with RCRA metal 
nitrates (Cd, Cr, Ni, Pb, Hg, Cs). Toxic characteristic leaching procedure (TCLP) 
tests were then used to evaluate the performance of the final waste form. Using 
radioactive surrogates, we have shown that these ceramic waste forms 
immobilize radioactive contaminants extremely well. 

Long term leaching studies employing ANSI 16.1 have shown the superior 
long-term durability of the final waste form. Benchscale studies have been 
scaled up to treat waste streams in volumes of several gallons. 



1 . X I  

This work was performed in collaboration with the Center for Advanced 
Cement-Based Materials at the University of Illinois at Urbana-Champaign. 
Argonne National Laboratory has applied for patents on the process. 
Currently, the. technology is being transferred to Delphi Research, Inc. of 
Albuquerque, New Mexico, to apply this technology for stabilization of several 
DOE waste streams. 

.. . . ....... ~ ...., ~ . ~ . ~  ..... *._ - ?  

Magnesium phosphate ceramics have been produced with the following 
properties: 

The ceramics set at room temperature into a dense, hard matrix at 
controllable set rates. 

Ash loadings (e.g., from incinerators) up to 70 wt. percent can be 
incorporated. 

Up to 0.5 wt. percent of Hg, Cd, Cr, Ni, or Pb can be incorporated into the 
ceramic and it will still pass the Environmental Protection Agency (EPA) 

f 
1 

- -  I 

' I  
! 

., 
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i 

- 1  TCLP test. 
-. - i  

i 
I 

:.-: - 1  
The ceramic products have compressive strengths of up to 9,000 psi. 

Studies with surrogates of plutonium and uranium have demonstrated 
that these radioactive contaminants can be stabilized with negligible 
leaching levels (barely detectable by the most sensitive instruments) in 

Tests have demonstrated that zirconium phosphate ceramic can capture 

A batch process has been developed to treat several gallons of solids, 

' I  I 
3 water. 

, ,  'r 
I 

cesium chloride up to 1 wt percent without leaching in water. .j 
i .  I 
. I  

-:; j liquids, or sludges at one time. 
.., I 

t Phosphate Bonded Ceramic Final Waste Forms technology development 
activities are funded under the following technical task plan ("TP): 

'ITP No. CH2-4-MW-44, "Phosphate Bonded Ceramic Final Waste Forms" 
I 
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Rocky Flats has several low-level mixed waste streams containing high 
concentrations of salts (primarily chlorides, nitrates, sulfates, and fluorides). 
These wastes need to be stabilized to meet Environmental Protection Agency, 
Department of Transportation, and disposal site requirements prior to shallow 
land burial. The need to stabilize low-level mixed salts to meet regulatory 
requirements is a problem that is common to many DOE sites throughout the 
complex. Over the last several years, Rocky Flats has demonstrated that 
encapsulation of high salt and ash wastes in a polymer matrix produces 
durable, leach resistant waste forms with relatively high waste loadings (30 to 
80 percent). 

Scale-up tests using actual low-level mixed wastes are being conducted at 
Rocky Flats under Research, Development, and Demonstration permits. 
Completing this pilotscale demonstration on actual low-level mixed soluble 
salt waste addresses the largest volume currently generated waste at the site 
as well as the complex-wide problem of soluble salt mixed waste. 

The U.S. Department of Energy has supported over the past 12 years the 
development of polymer encapsulation technologies for treatment of low- 
level radioactive, hazardous, and mixed wastes. Tests completed to date using 
both surrogate and actual waste indicate that polymer microencapsulation is 
a viable treatment option for a variety of mixed waste streams, including 
evaporator concentrate salts, sludges, incinerator ash, ion exchange resins, 
blowdown solutions, and molten salt oxidation residuals. Furthermore, 
polymers have been successfully used to macroencapuslate radioactive lead 
and debris wastes. This discussion emphasizes polymer microencapsulation 
applications. 

Mixed waste stabilization using polymers is adopted from existing processes 
widely used in the polymer industry. Although the application of polymers to 
mixed wastes differs from private sector applications in the areas of product 
acceptance criteria and operating conditions, the two applications are very 
similar. Two classes of polymers, thermosetting and thermoplastic, have been 
applied to waste encapsulation. 

Thermoplastic polymers such as polyethylene (a commonly-used plastic that 
is resistant to chemicals and moisture) are combined with dried waste in a 
commercially available twin screw extruder, which melts the polyethylene and 

I 
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mixes it with the waste. The waste encapsulated in polyethylene is extruded 
into a drum, where it solidifies upon cooling. The process operates at a low 
temperature, requires no offgas treatment, and generates no secondary 
waste. Since high loadings of waste may be incorporated into the polymer, a 
. substantial reduction in volume may' be possible relative to cementation, 
which is the .baseline technology. 

Thermoset polymers, such as epoxies, are formed by the chemical reaction of 
a liquid monomer and a curing agent. Powdered waste is mixed with two 
components. As the liquid monomer and curing agent react, solidification 
occurs. Thermosetting polymers are aviable option for liquidwaste solidification 
since they can be formulated in an almost endless variety of compositions to 
meet different requirements. A major disadvantage to using this process for 
stabilizing wastes is that waste constituents can react with the monomer and 
curing agent, thus interferingwith solidification. Although thermoset polymers 
are a good option for macroencapsulation of debris and radioactive lead 
wastes, the potential for interference of the solidification reaction makes 
thermoset polymers a less desirable solution than thermoplastic extrusion for 
particulate wastes such as salts and sludges. For this reason, most of the 
emphasis for polymer encapsulation of mixed wastes within the DOE complex 
has been on thermoplastic extrusion using low density polyethylene. 

The successful development and implementation of polymer 
microencapsulation will benefit DOE'S waste management eff orts by enabling 
Rocky Flats and other sites to achieve compliance with the Resource 
Conservation and Recovery Act and thus meet the requirements of the Federal 
Facilities Compliance Act The availability of this technologywill enable the site 
to safely treat and ship large quantities of mixed waste. 

Polymer encapsulation of mixed waste produces a superior waste form with 
less volume increase than conventional stabilization technologies. By reducing 
the number of processed drums required for storage, transport, and disposal, 
this technology has the potential for significant cost benefits compared to 
cementation. Other benefits of polymer encapsulation include the following: 
1) it is an off-the-shelf technology, meaning that all components are readily 
available from various vendors; 2) the technology is relatively simple and 
straightforward, owing in part to its relative insensitivity to chemical changes 
in waste streams; 3) it is a nonthermal treatment process, so no secondary 
waste stream is generated; 4) decades of polymer processing experience by 
private industry are available to researchers within the DOE complex on boq 
a consulting and a development basis; 5) it provides a market for recycled 
polymers; and 6) it has high public acceptance. 
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Polymer encapsulation development at Rocky Flats is being conducted with 
the collaboration of researchers at the Colorado School of Mines (CSM) and 
Rust Federal Services. CSM provides cost-effective support in the areas of 
characterization and process design. ACooperative Research and Development 
Agreement has been established with Rust for demonstration and 
commercialization of the technology. 

Ames Laboratory is developing an on-line process control system for the 
Rocky Flats salt waste. The technology is referred to as Transient Infrared 
Spectroscopy, and can measure the infrared emission spectrum of opaque 
material in a noncontact fashion. Ames Laboratory conducted a successful 
radioactive demonstration of the technology at Rocky Flats in 1995. 

. , . ....._________I____ ~ ____ "...,,, 
1 
I .  I 

! i Completed treatability studies on nine low-level mixed waste streams 

" I Conducted fullscale tests on four low-level mixed waste streams 

Confirmed radioactive and thermal stability of polyethylene encapsulated 

Demonstrated use of re-cycled plastic for macroencapsulation 

i ,  

I I 

low-level mixedsalts 
i 
i 

i i 1 

? 
, I  Polymer Microencapsulation technology development activities are funded 

under the following technical task plan ('ITP): 

'ITP No. RF1-5-MW-49, "Polymer Encapsulation' -'- 1 i 

j 

5 , I  * .. 

I Andrea M. Faucette 
Principal Investigator 1 Kaiser-Hill Company 
Rocky Flats Environmental Technology Site 
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Gary N. Huffman 
Technical Program Officer 
US. Department of Energy 
Rocky Flats Office 
P.O. Box 928 
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gary.huffman@rfets.gov 
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i SOLIDS/DEBRIS/SOILS 
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Solids/Debris/Soils is a waste type which includes those waste streams 
containing at least 50 percent (volume) debris which is defined under the 
Environmental Protection Agency's (EPA's) Resource Conservation and 
Recovery Act,(RCRA) regulations as particle size greater than 60 mm and 
intended for disposal, or 50 percent soil, in which silt, rock, and gravel less than 
60 mm are classified as debris. Debris accounts for approximately44.5 percent 
of the total mixed waste inventory. 

The technologies being developed in this product line have two main focuses: 
high-temperature processing via plasma technologies, and advanced organic 
removal and destruction technologies. One technology, the plasma arc fied- 
hearth process (PHP), is capable of accepting a wide range of mixed waste 
streams, and can treat whole, unopened drums of waste. The robust nature of 
this technology results in a less comprehensive need for the characterization 
of the mixed waste streams prior to processing. The high cost of waste 
characterization could be dramatically reduced by the incorporation of this 
technology. Aradioactivedemonstration ofthe PHPatbenchscaleisscheduled 
for FY96. 

Michael J. Connolly 
INEL 
Lockheed Idaho Technologies 
Company 
P.O. Box 1625, MS 2424 
2525 N. Fremont Ave. 
Idaho Falls, ID 8341 5-2424 
(208) 526-0238 
mjc@inel.gov 

James A. Blankenhorn 
Savannah River Site 
Westinghouse Savannah River 
Company 
P.O. Box 31 
Barnwell, SC 29802 

james.blankenhorn@srs.gov 
(803) 952-3722 
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Many waste streams under the responsibility of DOE are heterogeneous and, as 
a result of the conditions under which the waste streams were historically 
generated, are poorly characterized. Detailed characterization of these wastes 
would incur significant costs. DOE needs technologies that can treatwastes, meet 
permit requirements, and satisfy process monitoring needs with minimal waste 
stream characterization and segregation or pretreatment requirements. Further, 
treatment technologies are needed that dramatically reduce waste volumes and 
produce final waste forms that will be accepted by a final waste disposal site. The 
Plasma Hearth Process (PHP) provides a relatively near-term solution to these 
technology needs. Plasma arc technology hasbeen in industrial use for many years 
for metal ore smelting, metal and refractory production and recycling, and metal 
cutting and welding. Plasma arc thermal treatment units are commercially available 
for treating nonradioactive industrial and municipal wastes. The PHP MLLW 
treatment development project represents a low-riskmodification and application 
of a proven technology to DOE'S unique low-level radiological and hazardous 
waste stream processing requirements. 

The fixed hearth plasma arc thermal treatment unit uses a direct current (DC) 
arc plasma transferred torch generated in a gas flowingbetween two electrodes. 
The term "plasma" refers to a highly ionized electrically conductive gas. 
Plasmas can be generated by a variety of techniques, over a wide range of 
pressures and energy levels. The type of plasma produced in the PHP 
application is a DC arc-generated thermal plasma and is created by a device 
known as a "plasma torch." The plasma torch used in the PHP operates in the 
transferred arc mode. See Figure 3.1-1. 

The transferred arc torch uses a flow of gas to stabilize an electrical discharge 
(arc) between a high voltage electrode (inside the torch) and a molten pool of 
waste (maintained at ground potential). Because of the very high resistance to 
electrical current flow through a gas, electrical energy is converted to heat 
Additionally, energy is converted as the electric current passes through the 
melt, creating a Joule-heating effect in the molten pool. 

Processing begins as complete drums of waste are fed to the plasma chamber, 
where heat from the plasma torch initiates a variety of chemical and physical 
changes. Complex organic compounds break down into noncomplex gases 
that are drawn from the chamber, while the remaining inorganic material melts 
and separates into two phases: slag and metal. Actinides and oxidized heavy 
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gure 3.1-1. ‘The plasma pkduced in thePHPapplic&m=d-p 

metals migrate to the slag phase which, after being removed, cools and solidifies 
into a glass-like, or vitrified, material. This high-integrity final waste form, similar to 
that selected for high-level radioactive wastes, has repeatedly shown the ability to 
meet or exceed disposal requirements instituted by the RCRA. 

PHP thermal treatment technology is characterized by high-efficiency 
destruction of organics, encapsulation of heavy metals and radionuclides in the 
vitrified final waste matrix, maximum reduction of wastevolume, low offgas rates, 
and the capability of processing many waste types in a singlestep process. 

by a device known as a “plasma torch.” 

The PHP program has been established to develop, test, and evaluate a new 
concept for treating mixed waste. The program is split into nonradioactive and 
radio,active activities. The nonradioactive testing involves two separate PHP 
research systems. The first system, a proof-of-principle system, is a simplified 
version of the PHP concept that was designed and built in 1992. The system 
operates in a batch mode and has the capacity to process two 30-gallon drums 
per batch. Testing on the proof-of-principle system was completed in FY94. The 
second system is a pilot-scale PHP system which is a follow-on to the proof-of- 
principle system. The pilot-scale system is being designed to be a more 
complete version of the PHP concept While it is being called a “pilot-scale” 
project, the hardware being designed and tested is essentially full-scale in size. 
This will lower the technology performance risk when implementing a large- 
scale hardware of the field-scale system. 

The second activity is comprised of a radioactive benchscale unit, which will 
be built and tested in parallel with the nonradioactive pilot-scale unit. The 
benchscale will be a batch process, capable of feeding up to eight 1-gallon 
cans of material per test. The plasma chamber is designed to closely model the 
pilotscale plasma chamber so that comparisons of radionuclide/surrogate 
behavior can be obtained. Installed at the Argonne National Laboratory-West 
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s potential in a wide range of applications to vitrify a variety of 
mixed wastes currently stored at sites throughout the DOE complex. Features 
that make the PHP particularly attractive include: the ability of the process to 

ole drums of waste; little or no special front-end handling 
requirements, feed preparation, or pretreatment; reduced waste 
characterization requirements; the ability to destroy organic compounds, 

(ANLW) Transient Reactor Test (TREAT) facility, the unit has a 200 kw torch and 
a throughput of two 1-gallon cans per hour. 

Under PHP technology development, representative surrogate waste streams+ 
will be treated to determine the applicability of the technology and any unique 
processing requirements. Surrogates will not initially contain radionuclide 
components. Partitioning of radionuclide surrogates will be determined, and 
a design for a second generation plasma hearth furnace that will safely treat 
mixed low-level (radioactive) wastes will be developed and tested. Waste 
stream characteristics required for processing will be determined. The project 
staff will workwith regulatory entities to determine the minimal characterization 
parameters required to meet regulatory requirements while ensuring process 
safety and effectiveness. Representative final (vitrified and metal) waste forms 
produced by the process will be evaluated for their performance with respect 
to leachability, mechanical strength, integrity, and other 
parameters as determined under the project 

The radioactive bench-scale PHP system design, construction, and installation 
in the ANLW TREAT facility will be completed in FY96, with radioactive testing 
to begin in the fourth quarter of FY96. The pilot-scale nonradioactive PHP 
system will be constructed at Retech, Inc. in Ukiah, CA, with testing to begin in 
late FY96. 

. .- 1 _, -,.- .. . ~ -- .i 
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including hazardous organics; partitioning of the transuranic (TRU) components 
to the slag phase; and a stable, nonleaching end-product that complies fully 
with all RCRA regulations. 
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This program is a collaboration between Lockheed Idaho Technologies 
Company (LITCO), ANLW, SAIC, and Retech, Inc. Patent rights are being 
investigated and both SAIC and Retech are interested in commercialization of 
the technology as appropriate. Retech is supplyingthe plasma torch equipment 
and the melter chamber. In addition, Science Applications International 
Corporation (SAIC) operates a 200 KW nonradioactive system at its Science 
and.Technology Applications Research (STAR) Center in Idaho. 
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Completed title design of the melter, offgas system, and TREAT 
modifications 

Developed surrogate material recipes for simulating Idaho National 
Engineering Laboratory (INEL) mixed wastes in initial surrogate and 
spiked-radionuclide tests 

Specified radioactive spike sources to include plutonium, uranium, and 
cesium 

Completed fabrication and installed complete melter system 

Completed design, procurement, and installation of the bench-scale 

Generated Final Safety Analysis Report to confirm the adequate safety of 

Received approval of an application for a National Emission Standards for 

Received approval for RCRA Treatability Study for planned actual waste 

Issued bench-scale system design description 

Prepared system operating and maintenance and checkout procedures 

Prepared training plans and procedures 

Initiated packaging (or repackaging) of test materials and wastes into 
benchscale 1-gallon cans 

Participated in such forums as Western Governors’ Association 
Demonstration On-Site Implementation Team, Tribal and Public Forum on 
Technology Acceptance, and met with officials from the Idaho state 
government 

secondary chamber and air pollution control system 

the system’s design and operation 

Hazardous Air Pollutants permit 

tests 

. ,: 
% 

. -  -- 2 Plasma Hearth Process Development technology development activities are 
‘ .  I .  1 

, I  

-i 
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funded under the following technical task plans (TTPs): 

TTP No. CH2-3-MW-56, “PHP-Radioactive Demonstration Project” 
TTP No. IDO-3-MW-50, “PHP Radioactive Demonstration Project” 
TTP No. ID7-4-MW-5 1, “PHP-Pilotscale Testing’ 

, , I  
- ,  

- - - I  
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3+2 I PROCESS MONlTORlNG AND CONTROL 
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The elemental composition of the slag end-product is essential in determining 
i - '  i the optimum operating parameters of the plasma hearth treatment process. 

The elemental composition of the slag will in part determine: 1) the operating 
temperature of the system to maintain the slag in a nonviscous state for 1 I 
processing, 2) the durability of the slag, 3) the, leaching properties of the slag, 1 1 and 4) the degree of actinide loading. Chemical analysis will play a major role I. 

I in determining the degree of partitioning of Pu, U and their surrogates in the 
I slag, particulate, and metal phases produced from the process. If the PHP is 
1 to be a continuous process with limited characterization of the input feed, then 

the elemental composition of the slag, the degree of metal loading, and the 
effect on the leaching characteristicsof the slagwaste form mustbe determined 
continuously. Use of the diagnostic and control technology described below 
can ensure that the end-product of the process, namely slag, falls within well 
defined compositional boundaries where the behavior of the product is well 
understood. This ensures that the process can operate in a consistent manner, 
as designed, and reduces the costs of analytical characterization to dispose of 
the end-products. 

I 

j 
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The continuation of this project during FY96 will emphasize the testing and 
development of diagnostic and control technologies on plasma hearth 
treatment systems for low-level and TRU mixed wastes. Though the projects 
are directed to the PHP, the diagnostic and control technologies are applicable 
to thermal waste processing technologies being developed across the DOE 
complex. The primary tasks/objectives of the FY96 project include the following 
activities: 

A. Elemental analysis using x-ray fluorescence (XRF) on vitreous slag and 
particulate obtained from the radioactive plasma hearth bench-scale 
demonstration will be performed. PHP slag and particulate samples will be 
analyzed using the XRF techniques to determine the content of structural 
elements, RCRA metals and actinides. The goal is to reduce analysis costs, 

envelope for the slag. Ultimately, the technique may be used to assess the 
elemental composition of the slag end-products produced from production- 

i 
3 
i 
3 
I sample analysis turn-around time and, if warranted, maintain a compositional 

! scale facilities. 

i 
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B. With the aid of DIAL at Mississippi State University, remote Fourier 
Transform Infrared (FTIR) measurements will be performed to determine the 
molecular compositions of offgases produced by the radioactive bench-scale 
unit Emissions from the combustion of trichloroethylene, dichlorobenzene 
and byproducts such as CO, HCI and NO will be measured. The analytical 
capabilities of the above system will be characterized and evaluated with 
respect to detecting offgas emissions below those required for offgas system 
optimization. Cross correlation techniques will be evaluated for providing 
"operator friendly" process information. 

C. The performance of an extractive FTIR cell for monitoring volatile organic 
compounds (VOCs) produced by the plasma processingwill be demonstrated. 
The real-time calibration and detection of gaseous VOCs will also be 
demonstrated, and the information will be used to support the development 
of the offgas system for larger scale plasma systems. 

The development of the XRF technique for the analysis of slag samples has 
provided and will provide data that are comparable to those provided by 
extensive wet chemical Inductively. Coupled Plasma - Atomic Emission 
Spectrometry (ICP-AES) analysis. However, the XRF technique will reduce 
sample preparation and analysis time from days to a matter of hours. 
Furthermore, the technique does not generate the copious quantities of liquid 
waste produced by ICP analysis techniques. This technology will provide 
significant cost savings to the development of plasma hearth treatment 
systems by reducing analysis costs and delays while awaiting analysis results. 
The development of the in situ and extractive infrared techniques with real 
time signal processing can be used for optimization of offgas processing 
parameters as well as to alert operators of off-normal processing conditions. 
Again, the number of costly analyses will be reduced or eliminated using in situ 
real-time process offgas monitors. 

_--. . 

The XRF technique is applicable for the on-line quantification of hazardous 
metals and can be applied to many commercial plasma technologies. 

> ... I 1  - .  I t A wavelength dispersive x-ray fluorescence unit was installed in a Pu 
glovebox in the A-wing of the analytical laboratories. The preliminary 
evaluation of the XRF technique for the analysis of Ce in the PHP slag was 
performed. The initial results were in good agreement with wet chemical 
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analysis. A series of 48 powdered standards were prepared to perform 
analyses of AI, Mg, Si, Fe, Pb, Ni, Cr, Cd, Ce, and U in PHP slag. 

Two FTIR based offgas monitors have been evaluated for the detection of 
vapor phase molecular compounds. The first is an in situ FTIR monitor 
which is used to monitor simple combustion end-products. The second is 
an extractive FTIR system which is used to measure VOCs. A collaborative 
effort between the DIAL and ANLW was initiated to determine whether an 
in situ FTIR and a slip stream extraction, multiple reflection long-path cell 
are suitable for remote offgas monitoring of radioactive gas streams. 

A collaborative effort between ANL and DIAL continued in evaluation laser 
induced breakdown spectroscopy (LIBS) for the detection of actinides 
entrained in the PHP offgas system. LIBS measurements were made in an 
alpha glovebox at ANLW. Qualitative spectra from PU, U, and Np were 
obtained. An optical interface for remote operation of the LIBS system was 
designed and constructed. Remote data collection routines are being 
developed. 

An integrated data collection and data processing system was designed 
and constructed at ANLW. A SUN workstation was interfaced to numerous 
PCs for remote automated data collection from two FTIR spectrometers, a 
nondispersive HCl detector and the LIBS systems. 

Process Monitoring andcontrol technology development activities are funded 
under the following technical task plan (TTP): 

TTP No. CH2-4-MW-54, "Process Monitoring and Control" 

,,. 
. .  

. . -  . 
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i i Large quantities of low-level solid mixed wastes such as rags, coveralls, paper, 

plastics, and surgeon's gloves contaminated with radionuclides, oils, greases, 
and hazardous solvents have been generatedatnuclear weapons manufacturing 
sites across the DOE complex. As long as the hazardous solvents are present, 
these wastes are considered land disposal restricted and cannot be disposed 

i i of at any site in the country. Supercritical carbon dioxide extraction (SCDE) 
offers a proven solution to this problem, because it can extract the hazardous 

I I solvents from the waste substrates leaving a land-disposable 
low-level waste. 

SCDE is ready for pilot-scale demonstration in the treatment of low-level solid 
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mixed wastes and will meet the implementation schedule of the Rocky Flats 
Site Treatment Plan. A 16-gallon commercial unit has been procured for an 
FY96 and FY97 mixed waste demonstration (See Figure 3.3-1). This system is 
production scale for Rocky Flats requirements and could be used to treat the 
entire range of SCDE-applicable waste streams. 

SCDE will be further developed.for the removal of hazardous metals and 
radionuclides using chelating agents. The Universities of Idaho and Syracuse 
have patents on the use of chelating agents for the removal of heavy metals 
and believe the removal of radionuclides using similar agents can be achieved. 
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SCDE is a process that employs a flowing, noncombustible, nontoxic, 
environmentally safe fluid as a solvent. This process takes advantage of the 
enhanced ability of carbon dioxide to dissolve organic contaminants once it 
has been heated and compressed above 90°F and 1,080 psi. In waste cleanup 
applications, SCDE is used to dissolve the hazardous components and extract 
them from the substrate material. By lowering the temperature and pressure 
at the expansion vessel, the contaminants fall out of solution allowing separation 
and recycling of the carbon dioxide (See Figure 3.3-1). This process is capable 
of producing a dry residual waste form that can be treated as radioactive, 

run in a batch mode and is completely sealed. 
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rather than mixed waste. Because the system operates at high pressure, it is $ 
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Figure 3.3-1. The SCDE process takes advantage of the enhanced ability of carbon dioxide to 
dissolve organic contaminants once it has been heated and compressed. 

Successful development and implementation of organic removal 
technologies could remove selected waste streams from land disposal 
restrictions shtus. Removal of hazardous solvents from TRU mixed and mixed 
low-level wastes (MLLW) would simplify disposal of treated waste forms and 
result in cost savings. SCDE employs a noncombustible, nontoxic, 
environmentally safe fluid as the solvent. Information and results obtained in 
this project support the SCDE project described in Section 3.4. 

Studies of SCDE at Rocky Flats are being conducted in collaboration with the 
University of Colorado Cooperative Institute for Research in Environmental 
Sciences. Since SCDE equipment is commercially available, commercial 
partnering has focused on companies interested in utilizing this technology as 
part of their commercial waste treatment business. CF Systems, Inc. has been 
selected as the industrial partner for a Cooperative Research and Development 
Agreement (CRADA) involving the demonstration and implementation of 
supercritical carbon dioxide extraction at Rocky Flats. For the development of 
the removal of hazardous metals and radionuclides using chelating agents, 
Rocky Flats will work with the University of Colorado and the University of 
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Laboratory-scale testing of SCDE for the removal of hazardous volatile and 
semi-volatile compounds from a variety of solid waste substrate materials 
has been completed at the University of Colorado. 

i 
" i 

Experimentation has shown that the process will extract volatile and 
semi-volatile organic compounds, including PCB's, to extraction eff iciencies 
over 99 percent in a 20-minute cycle time. These extraction efficiencies and 
cycle times can also be scaled to larger scale production systems. 
. ....-. ... . I: 

" . ,  . 1 
i 

Supercritical Carbon Dioxide Extraction technology development activities 
are funded under the following technical task plan (TIT): 

TTP No. RFI-5-MW-58, "Supercritical Carbon Dioxide Extraction' 
........... .. 

- ,  . . .  

Charles M. Brown 
Principal Investigator 
Kaiser-Hill Company 
Rocky Flats Environmental 
Technology Site 
P.O. Box 464 
Golden, CO 80402-0464 , 

(303) 966-5277 
N o  Email capability. 

Gary N. Huffman 
Technical Program Officer 
U.S. Department of Energy 
Rocky Flats Field Office 
P.O. Box 928 
Golden, CO 80402-0928 
(303) 966-7490 
gary.huffman@rfets.gov 
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Figure 3.4-1. In supercritical carbon dioxide extraction, liquid CO, is pressurized and heated to 
supercritical conditions. 

described in Section 3.3, to acquire and establish the appropriate equipment 
and facilities for the demonstration of extraction, to report on the level of 
success of demonstration compared to expectations, and to provide 
recommendations for implementation of this process at DOE-Hanford. 

work are primarily upon solid streams 
although they are also applicable to liquid streams. Supercritical fluid extraction 
is broadly seen to provide significant cost reduction because of minimal 
treatment of the solvent to provide recycling (e.g. gaseous separation and 
cooling) and the small cost of most solvents (e.g. CO,). 

DOE has been involved with the sponsorship of precision cleaning research 
and development, and commercialization, since 199 1. Currently, environmental 

e involved with studies and deployment 
tion to address site cleanup wastes. An 

industrial partner will be considered following large-scale mixed waste 
treatment 
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This 'ITP was initiated in FY96. Funding to date has been $50K. Pending 
receipt of additional funding, this ?TP may continue. 

Westinghouse Hanford Company (WHC) researched collaborative 
mechanisms between Hanford and Rocky Flats which may streamline the 
development and application of supercritical carbon dioxide extraction for 
complex-wide needs and may encourage resource and information sharing 
between Hanford, Rocky Flats, and other DOE sites and private industry. 

WHC issued a report (see Hendrickson et al., 1995 in bibliography) tq 
describe the Hanford and Rocky Flats collaborative mechanisms. 

-i 
I ., 

Extractive Organic Pretreatment of solid Radioactively Contaminated Waste 
technology development activities are funded under the following technical 

: task plan (TTP): 

TTP No. RL4-6-MW-59, "Extractive Organic Pretreatment of Solid Radioactively 
Contaminated Waste" 

i 
I 
i 

, I  

i 

-i Doug W. Hendrickson 
- ; Principal Investigator 

Westinghouse Hanford Company 
P.O. Box 1970 
Richland, WA 99352 I 

1 
i (509) 376-7540 

. . . I NoEmailcapability. 
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Roger Chris tensen 
Technical Program Officer 
U.S. Department of Energy 
3230 Q Avenue 
Richland, WA 99352 

roger-f-christensen@rl.gov 
(509) 372-4606 

Hendrickson, D.W., RK. Biyani, C.M. Brown and W.L. Teter. Hanford/Rocky 
Flats Collaboration on "Development of Supercritical Carbon Dioxide Ektraction 
to Treat Mixed Waste," WHC-EP-0892, Westinghouse Hanford Company, 
Richland, Washington (November 1995). 
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Madras, Ciridar, Can Erkey, and Aydin Akgerman. "Supercritical Extraction of 
Organic Contaminants from Soil Combined with Adsorption onto Activated 
Carbon," Environmental Progress, Vol. 13. No. 1 (February 1994). 
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Phelps, M. R. et al. “Waste Reduction Using Carbon Dioxide: A Solvent 
Substitute for Precision Cleaning Applications,” PNLSA-25944, Pacific 
Northwest Laboratory, Richland, Washington (May 1995). 
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1 UNIQUEWASTES 
1 

Unique Wastes include lead shielding, other elemental heavy metals, batteries, 
fluorescent light bulbs, explosives and propellants, compressed gases, lab 
packs, and other miscellaneous wastes that present unique treatment problems 
and are not included in the previously defined categories. They also include 
the Final Waste Form and Unknown/Other Categorywastes, andZ and U series 
waste streams identified in the Department Of Energy Waste Treatdility Group 
Guidance document (DOE/LLW-2 17 January 1995). Unique Wastes represent 
approximately 3.7 percent of the DOE mixed waste inventory. 

* 4. 

Ron K. Nakaoka 
Los Alamos National Laboratory 
Waste Treatment and Minimization 
Science and Technology Group 
P.O. Box 1663, MS E5  17 
Los Alamos, NM 87544 

rkn@lanl.gov 
(505) 665-5971 
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Polyethylene is an inert, low permeability, thermoplastic material that is highly 
resistant to chemical attack, microbial degradation and radiation damage. 
These properties combine to provide an extremely durable and stable final 
waste form for the disposal of DOE and commercial waste streams. Original 
development efforts focused on microencapsulation of wastes in which the 
waste is combined with molten plastic in an extruder to form a homogeneous 
mixture and is then cooled to form a monolithic solid waste form. More 
recently, however, the process has been applied to macroencapsulation, in 
which larger pieces of waste not suitable for extrusion processing (e.g. lead, 
debris) are surrounded by a layer of clean polyethylene to isolate the 
contaminants from the environment The Environmental Protection Agency 
(EPA) has identified polymer macroencapsulation as the Best Demonstrated 
Available Technology for radioactive lead soils and mixed waste debris, 
defined as materials exceeding 60 mm in particle size. 

According to the materials in inventory report published September 29,1995, 
the current lead waste inventory throughout the DOE complex is estimated to 
be between 17 million kg and 24 million kg. Decontamination of at least a 
portion of lead is viable but at a substantial cost Because of various problems 
with decontamination and its limited applicability, and no available treatment 
and disposal method, the current practice is indefinite storage, which is costly 
and in many cases not acceptable to the regulators 

This task supports a cooperative agreement between DOE'S Idaho Operations 
Office and Envirocare of Utah, Inc. In that agreement, a macroencapsulative 
technology developed by DOE at the Brookhaven National Laboratory (BNL) 
will be transferred to a commercial enterprise and demonstrated for the 
treatment and disposal of selected mixed radioactive-hazardous wastes from 
other DOE facilities. 

The polyethylene macroencapsulation process utilizes a singlescrew plastics 
extruder to melt, convey, and pump molten polyethylene through a die and 
into a waste form container. A schematic diagram of an extruder is shown in 
Figure 4.1-1. The extruder consists of an auger-type screw enclosed in a barrel 
to which polyethylene, typically in the form of beads, is gravimetrically fed from 
a storage hopper resting above the feed throat The polyethylene is gradually 
heated and melted as it is conveyed by the screw through independently 
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I Virgin or Recycled Resin,-+ 

Molten Polymer - 

Wste Container 
with Radioactive 
Solids or Debris 

Independent Temperature 
Control for All Zones 

Figure 4.1 -1. A single screw extruder pumps molten polyethylene through a die 
and into a waste form container. 

controlled temperature zones. The heat for melting the polyethylene is provided 
through the heaters and by frictional heat which is generated by a gradual 
decrease in the screw channel depth between flights along the screw. 
Temperatures are set to achieve a uniform molten output flow. The required 
processing temperatures are dependent on the type and grade of resin used. 
Recycled resins may be used in this process, providing a valuable new end-use 
for industrial and post-consumer solid waste plastics. 

As shown in Figure 4.1-2, the molten polyethylene from the extruder die is 
poured into a waste container in which waste materials have either been 
suspended or supported. Techniques for generating uniform 
macroencapsulated waste form products depend on desired waste form 
geometry, extruder/die configuration, processing conditions, and type of resin 
used. Figure 4.1-2 shows a waste form container that utilizes an interior cage- 
like basket to hold the waste requiring solidification. 

__,.....,,,______ " _.,_ ,..,,.,_~____ "~ - .  
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Benefits of the cooperative agreement between DOE and Envirocare of Utah, 
Inc. are as follows: 1) technology developed by DOE will be transferred to 
private industry for commercial use; 2) treatment and disposal of mixed 
radioactive-hazardous wastes using macroencapsulation technology will be 
demonstrated; 3) inventories of mixed radioactivehazardous wastes stored at 
several federal installations will be reduced; and 4) large quantities of mixed 
radioactive-hazardous wastes stored at other federal installations can be 
treated and disposed of in upcoming years. 

In addition, technologies will provide improved waste form performance and 
result in reduced risk to human health and the environment Polyethylene 

I 
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Figure 4.1-2. Molten polyethylene is poured into a container in which waste materials have 
been suspended or supported. 

macroencapsulation of nitrate salt waste compared favorably with Portland 
cement grout solidification, both technically and economically. For example, 
use of polyethylene at Rocky Flats was estimated to result in up to 70 percent 
fewer waste drums for storage, transport, and disposal, resulting in annual net 
costs savings between $1.5 and $2.7 million. 

The Tank Focus Area has estimated cost savings of $200 million over the life 
of the single shell tanks remediation project at Hanford based on using this 
process. Similarly, modified sulfur cement and polymer-impregnated concrete 
can accommodate high-waste loadings, and thus reduce overall costs. 

Polymer solidification development at the Rocky Flats Environmental 
Technology Site (RFETS) is being conducted with the collaboration of 
researchers at the Colorado School of Mines and WHC. Drying and extrudability 
studies are also being performed by several equipment vendors. Investigators 
at Brookhaven National Laboratory are also participating in the development 
of this technology in conjunction with Envirocare of Utah, Inc. and Scientific 
Ecology Group. 

Transfer of polymeric encapsulative technology to Envirocare of Utah, Inc. 
expands capabilities and broadens disposal options provided by commercial 
enterprise. It also enlarges the mix of strategies available to DOE for the 
management of other types of mixed radioactive-hazardous wastes. The 
cooperative agreement realized equal fiscal contributions from both parties. 

The following sites are shipping radioactive contaminated Pb and potentially 
other mixed waste to Envirocare for treatment using the macroencapsulation 
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technology developed by EM-50 under the cooperative agreement: Argonne 
National Laboratory-East, Battelle-Columbus at Ohio, BNL, Fernald, Formerly 
Utilized Sites Remedial Action Program, INEL, Los Alamos National Laboratory, 
Lawrence Livermore National Laboratory, Lawrence Berkeley Laboratory, 
Nevada Test Site, Oak Ridge National Laboratory, Paducah, Pantex, Pinellas, 
Portsmouth, Richland, Savannah River Site, Oakland sites (Energy Technology 
Engineering Center, Laboratory for Energy-Related Health Research, Stanford 
Linear Accelerator Center, and General Atomics). Two Navy sites (Bettis 
Atomic Power Laboratory and Mare Island) are also participating in this 
cooperative agreement. 

3.:: .... .. . . ....... . ... . ..*. . ! 
! ; 

DOE has signed an agreementwith Envirocare of Utah, Inc. to demonstrate 
the macroencapsulation process on a commercial scale by disposing of 
500,000 pounds of contaminated lead from the Idaho National Engineering 
Laboratory (INEL). The process will be treating waste at approximately 

~I 
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i 

j 
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i 

1 1/2 tons of lead per day. 

The macroencapsulation process has been successfully transferred to the 
private sector and is now available as an independent commercial capability. 
Macroencapsulation has become an attractive option to industry and 
government by stabilizing contaminated waste and providing a way to 
recycle plastic. 

j 

Polyethylene Macroencapsulation technology development activities are 
funded under the following technical task plan (TTP): 

TTP No. RF1-5-MW-49, "Polymer Encapsulation" 

I 
Aran Armstrong 
Principal Investigator 
U.S. Department.of Energy 
Idaho Operations Office 
850 Energy Drive 
Idaho Falls, ID 83401 
(208) 526-5 199 
armstrat@inel.gov 

Thomas E. Williams 
Technical Program Officer 
U.S. Department of Energy 
Idaho Operations Office 
850 Energy Drive (MS 1219) 
Idaho Falls, ID 83401-1563 
(208) 526-2460 
williate@inel.gov 
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Faucette, A.M., B.W. Logsdon, and J.J. Lucerna. "Polymer Solidification of 
Secondary Wastes from the Fluid Bed Incineration Unit," Proceedings of the 
Mixed WasteT~ennalTreatment Symposium, Denver, Colorado (April 12-14,1994). 

Kalb, P.D., and P.R. Lageraaen. "Polyethylene Encapsulation Full-Scale 
Technology Demonstration, Final Report," BNL52478, Brookhaven National 
Laboratory, Upton, New York (October 1994). 

Lageraaen, P. R, B. R Patel. P. D. Kalb, and J. W. Adams. "Treatability Studies 
for Polyethylene Encapsulation of INEL Low-Level Mixed Wastes," B N L  
62620, Brookhaven National Laboratory, Upton, New York (October 1995). 
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4.2 i RADlOACTlVE POLYCHLORlNATED BIPHENYL WASTE 
TREATMENT DEMONSTRATION 

I 

i 

1 
i 

i 
I 
i 
I 1 final treatment 

Polychlorinated biphenyl (PCB) contaminated radioactive waste is currently 
being stored at several DOE facilities. Waste of this type has been in storage 
at the Savannah River Site for over 15 years. Due to the capacity limitation of 
the Oak Ridge Toxic Substances Control Act Incinerator (TSCAI), solids 
contaminated with PCBs and radioactivity will remain in storage for another 10 
years, minimally. Demonstration of the V A C * T W M  process will provide an 
option to continue storage by minimizing risks associated with postponing 

I 

.......... . .  .,....? 

DEBCRWT~O~Y. I 
This task demonstrates and evaluates an innovative technology for treatment 
of solid radioactively contaminated PCB waste. The approach involves sampling 
and analysis of typical PCB contaminated solid waste. Evaluation of various 
solvents and waste preparation’methods was carried out in the laboratory 
using simulated nonradioactive materials. Laboratory testing has also been 
carried out with representative radioactive waste samples. The VAC*TRAXrM 
process was found to be most suitable for treatingthe radioactive-PCB porous 
solid waste. The treatability permit from EPA Region IVwas modified to reflect 
that information. Pilotscale testing of the V A C * T W M  process will be carried 
out to evaluate the efficiency of PCB separation/extraction and the suitability 
of the process for treating radioactive-PCB contaminated solid, soil-like waste. 
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If the process is demonstrated to provide acceptable treatment for PCB 
contaminated solid material, then actual radioactive PCB contaminated 
absorbent material will be tested on the pilotscale. 

. . . . . . . . . . .  

2 
By demonstrating and evaluating the V A C T W M  process, low-level waste 
contaminated with PCBs will be reduced, and a waste treatment option that 
shortens the storage time will be enhanced. A process that potentially treats 
a low-level PCB contaminated waste will also provide a timely, cost-effective 
treatment option to DOE generators across the complex. 
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The Savannah River Site and Clemson Technical Center, Inc. will conduct this 
treatability demonstration together. The Clemson Technical Center recently 
received a Toxic Substance Control Act permit from EPA Region IV to perform 
PCB treatability studies usingtheVAC*TW process. The ClemsonTechnical 
Center also has a permit for handling radioactivity. Complementing the 
Clemson attributes, the Savannah River Site has the capability of disposing of 
all low-level radioactive waste which may be generated as residue during this 
testing and demonstration. Additionally, the Clemson Technical Center has 
taken the lead in investigating marketing opportunities for treating soils 
contaminated with PCBs. 

Initial V A C * T W M  runs were made, and several metal objects were 
:I . i -,- ~ ,._( : : 1 I decontaminated and assessed for free release. 

.~ - r -  ". I - , *  

. .  
Radioactive Polychlorinated Biphenyl Waste Treatment Demonstration 
technoiogy development activities are funded under the following technical 
task plan ('ITP): 

- I  I 

.>. . , .- 
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'ITP No. SR1-6-MW-65, "Radioactive PCB Waste Treatment Demonstration" 

Christine A. Langton 
Principal Investigator 
Westinghouse Savannah River 
Company 
Building 773-43A 
Aiken, SC 29808 

christine.langton@srs.gov 
(803) 725-5806 

Pam E. Delcastillo 
Senior Engineer 
Solid Waste Engineering 
Westinghouse Savannah River 
Company 
Building 645-5N 
Aiken, SC 29808 
(803) 5574088 
N o  E-mail capability. 
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will LaVeille 
U.S. Department of Energy 
Savannah River Operations Office 
P.O. Box A Bld. 703A, Rm. E-208N 
Aiken, SC 29802 

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

I"'+--"'-"","I" - 1 I ,  ' 7  
Steve Hoeffner 
Project Manager 
RUST Federal Sefvices, Inc. 
Clemson Research Park 
100 Technology Drive 
Anderson, SC 29625 

N o  Email capability. 

Hoeffner, S.L. and C.A. Langton. "Characterization of Nine Drums Containing 
PCB-Rad Materials," WSRC-RP-96-2 14, Prepared for WSRC, Subcontract No. 
AB62435T (February 1996). 
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N ROBOTICS 

, 

APPLlCATlON 

Drum inventories are growing at many DOE sites, thus increasing costs, the 
labor required, and worker radiation dose associatedwith inspections intended 
to prevent leaks. Currently each of three drum inspection robot systems 
supported by DOE are at the bench-scale level of performance. With 
improvements that all three programs have planned for FY96 and early M97, 
each should be at the pilotscale level by the time for a three-way comparison, 

' or "bake-off." These systems generally consist of a mobile robotics base that 
is capable of self-navigation, coupled to sensor suites collecting visual and 
range images of each drum. The images are then analyzed so that rust, dents, 
streaks, blisters, and tilting conditions can be detected. Through early detection 
of these corrosion cues, the threat of material release is mitigated. Worker 
exposure and labor is also reduced, and warehouse management improvements 
are made possible. The Resource Conservation and Recovery Act (RCRA), 
which mandates weekly inspection of stored mixed waste, is the driver for 
these systems. RCRA storage facilities and the need for robotics technology 
are found across the DOE complex. 

Drum inspection robots address the need for drum and facility inspections by 
visually inspecting drums and other aspects of the facility and inventory. This 
project includes the testing, evaluation, downselection, and final integration of 
the following drum inspection robots: 

a 

a 

a 

The Intelligent Mobile Sensing System (IMSS) built at Denver, Colorado, by 
Lockheed-Martin Aerospace. IMSS recently finished a demonstration in a 
mock-up cold test pit 

The Autonomous Robotics Inspection Experimental System (ARIES) built 
by the South Carolina Universities Research and Education Foundation 
completed a demonstration in November 1995. 

The Stored Waste Autonomous Mobile Inspector (SWAMI) created by 
Savannah River Technology Center and Lawrence Livermore National 
Laboratories (LLNL) has been tested in an informal "technology evaluation" 
at Fernald. 

Additionally, a separate image analysis system entitled "Automated Baseline 
Change Detection" (ABCD) will be evaluated in conjunction with one or more 
of the mobile robots. It is being built at Palo Alto, California, by Lockheed- 
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Martin Missiles and Space. The challenge is to identify the.best elements of 
each system, and select the subcomponents and vendors to be involved in 
integration of a final system, should none be found to be commercially-ready 
duringthe bake-off. Selection will dependon relativedemand for the technology, 
waste inventory size, and the site's ability and willingness to host a 
demonstration. Developmental testingsessions, in which the IMSS and ARIES 
robots will gain five weeks experience in an actual drum warehouse at Fernald, 
have now been set for late Aprilthrough July 1996.The actual bake-off has been 
delayed until early 1997 so that all development teams can complete currently 
defined technical scope before the final comparison. 

$ Drum inspections will significantly reduce demands on human inspectors, 
especially as inventory increases. They will also support the DOE objective of 
as-low-as-reasonably-achievable through the reduction of radiation exposure 
for drums containing gamma-emitting substances. Drum inspection robots 
will be consistently diligent in inspections of the containers, and will provide 
timestamped, unalterable documentation of inspection activities and drum 
condition archiving images. The robots' images will subsequently be linked to 
an on-line record for each container for ease of future retrieval. It will also be 
possible to identify containers that deteriorate more quickly and, by merging 
previously captured images to form a history of one container's degradation, 
trends will be established that can help predict the likelihood of future 
deterioration. 

i 

i 
: ? 

I ,: 

.. - i i 
1 

1 i 

i 
!, 

1 
t -- i 

i i 

i 
I 

I -  

i 

$,..: _( .......... "". ................ ". . ,......I_ .....- I ____(_:___ . .-..-... :. ....-., .. ,, .. 

~ S ~ C H N O L U W T W S F E R  .j 
I 

1 The projects participating in the bake-off have industrial partners already 
involved. In the case of IMSS and ABCD, the developers are commercial 
entities which are willing and able to develop additional units. The ARIES robot 
is being built with a team that includes a private industry partner, who will have 
access to the technology after the demonstration. This provides a clear and 
logical path to providing additional units or spare parts as the market for them 
develops. In the case of SWAMI, Transitions Research Corporation is supplying 
the HelpMate base vehicle and has the capability to provide an industrial- 
grade version of SWAMI in the future. 
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Work to date has focused on: 

Producing a draft of the bake-off brochure 

Identifying possible sites to participate in the program 
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Providing access to Fernalds facilities for developmental testing 

Completing a paper for Waste Management '96 describing the drum 
inspection application and this project 

Holding knowledge engineering sessions in which technical teams 
interviewed Fernalds inspectors to improve their system's classification of 
corrosion features 

Forming a user's group which will serve as an advisory board throughout 
the project; it will provide guidance on desired functionality and test plan 
elements to select the bake-off site and provide feedback to developers 

Drum Inspection Robotics Application technology development activities are 
funded under the following technical task plan ("TP): 

'ITP No. OH 1-6-MW-64, "Drum Inspection Robotics Application" 

F. Brack Hazen 
Principal Investigator 
Senior Robotics Engineer 
FERMCO 
P.O. BOX 538704 (MS 81-2) 
Cincinnati, OH 45253-8704 
(513) 648-6554 
brack. hazen@fernald.gov 

Bruce Wilding 
Mixed Waste Robotics Coordinator 
Lockheed-Martin Idaho Technology 
P.O. Box 1625 (MS 2220) 
2095 North Boulevard 
Idaho Falls, ID 834 15-2220 
(208) 526-8160 
wilding@pmafire.ineI.gov 

Kenneth Belgrave Rodney Warner 
Project Engineer Technical Program Officer 
FERMCO U.S. Department of Energy 
P.O. Box 538704 (MS 66) P.0: Box 538705 
Cincinnati, OH 45253-8704 Cincinnati, OH 45253-8705 
(5 13) 648-4596 (513) 648-3156 
No E-mail capability. No E-mail capability. 
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Hazen, F. B. "Robotics for Waste Storage Inspection: A User's Perspective," 
Proceedings of the AmeriGan Nuclear Society Annual Meeting (June 23, 1994). 

Hazen, F.B. and RD. Warner. Proceedings of Waste Management '96 (February 
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TREATMENT SYSTEM TECHNOLOGIES 

Treatment System Technologies are not waste types; rather, they are 
technologies which support the primary treatment systems under development 
within the Mixed Waste Focus Area (MWFA). Emphasis is placed on 
characterization of waste feed materials and effluents, process control, and 
effluent characterization using flow-through, real-time continuous monitors, 
advanced offgas treatment techniques, and a system for offgas capture, 
measurement, and release. 

Mary T. Magleby 
Idaho National Engineering Laboratory 
P.O. Box 1625 MS 3875 
Idaho Falls, ID 834 15 
(208) 526-505 1 
mym@inel.gov 
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Public concerns about uncontrolled releases from thermal treatment systems 
have had a significant impact on the permitting and operation of these 
systems. The MWFA is addressing these concerns through the Controlled 
Emissions Demonstration, which is based on the premise that all effluent from 
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I .  
the plasma processing system can be captured, separated, analyzed for 
contaminants of concern, and then either released or recycled to the process. ,. . ..; > 

I .  - .  - .  -. . 

This project will install and demonstrate several technologies to capture and 
separate various components of the offgas emitted from a plasma incineration 
system. The main purpose of the demonstration is to determine if the 
technologies can be used in a system that will minimize process input streams 
and allow recycling of the majority of the incineration gases, thus minimizing 
offgas emission to the atmosphere. An-ancillary purpose of the demonstration 
is to determine if the existing gas phase analytical instrumentation can detect 
very low concentrations of hazardous components in the offgas, with the 
ultimate purpose of using them as sensors in a process control system. Chief 
among these constituents are vapor phase metals, such as mercury and 
polychlorinated aromatic hydrocarbons. 

Work to be performed in this task will include performance testing of the slip 
stream high temperature PALL filter and the THERMATRIX Flameless 
Oxidizer, and upsizing of the high temperature filter and flameless oxidizer, 
plasma torch, or 0, enriched natural gas burner. If performance testing on the 
filter and oxidizer slip loop components is deemed successful, the following 
will be installed and tested: 

A scrubber blowdown water treatment system 

The Pulsatron, Inc. electrical corona discharge scrubber 

A volatile organic constituent monitor 

A metals continuous emissions monitor system 

A Russian NOx destruction catalytic NOx removal system 

A scrubber water roughing unit 

Additionally, renewable HEPA filters will be installed in the slip loop in order 
to complete a demonstration on radioactive contaminated waste. 
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The Plasma Incineration Controlled Emissions System demonstrates 
state-of-the-art process units at near full-scale process flow and composition, 
thus providing design basis and availability data to support a full-scale Mixed 
Waste Treatment Facility. Additionally, a test bed will become available that 
can provide steady state operation that will allow testing and demonstration 
of advanced analytical instrumentation capable of detecting part-per-trillion 
concentrations of contaminants of concern, which is needed for any closed 
loop system. Also, successful demonstration of the PALL filter and 
THERMATRIX flameless oxidizer at full scale will eliminate much of the 
particulate presently entering the wet scrubber, and thereby lower the overall 
volume of offgas by as much as 50 percent. 
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Several technology providers and analytical laboratories are involved in the 
Controlled Emissions Demonstration. These companies are THERMATRIX, 
PALL, Diagnostic Instrumentation and Analysis Laboratory (DIAL), Pulsatron, 
Inc., ADA Technologies, Inc., and Phoenix, Inc. 

This project was started in the fall of 1994 by assembling a select group of 
people who are familiar with the DOE mixed waste needs and people who have 
expertise in incineration systems, offgas systems, plasma treatment systems, 

A pragmatic approach to the development of a plasma offgas system was 
developed incorporating technologies that are mature and need little or no 
further engineering development The initial planningeffortwas documented 
in a report titled, “Closed Loop Offgas Test Bed Order of Magnitude 
Estimate Design and Recommendations Report,” dated November 8,1994. 
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3 and instrumentation. Accomplishments include: 
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During FY95, design, procurement and installation activities were started. 
Completed in FY96, they resulted in a quarterscale testbed thatwill be used 
initially to demonstrate the PALL Ceramic filter and the THERMATRIX 
Flameless Oxidizer. 

f Capture and Release Offgas System technology development activities are 
funded under the following technical task plan (TTP): - <  i 

. .  .I 
__1 . TTP No. PE I-2-MW-7 1, “Controlled Emissions Demonstration“ 

a i 
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Dan Battleson Neal Egan 
Principal Investigator Technical Program Lead 

P.O. Box 4078 
Butte, MT 59702 

danmb@buttenet.com nealegan@buttenetcom 

MSE, Inc. 
P.O. Box 4078 
Butte, MT 59702 
(406) 494-7265 

Technical Program Officer 
U.S. Department of Energy 

P.O. Box 4078 
Butte, MT 59702 
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DEMONSTRATlON OF EMERGlNG CONTlNUOUS 
EMlSSlON MONlTORlNG TECHNOLOGBES 

. .  

Several programs are being funded by DOE, the Environmental Protection 
Agency (EPA), and private industry to develop Continuous Emissions Monitor 
(CEM) technologies and systems. Continued advancement and future 
implementation of these technologies require pilot-scale demonstration in 
actual process environments. Information gained in the demonstrations at the 
EPA Incineration Research Facility (IRF) will assist in identifying the current 
state of the art by demonstrating selected emerging technologies for continuous 
emissions monitoring of hazardous and mixed waste thermal treatment 
processes. This is desired for verification of emission compliance, process 
control, and public safety. 

... - __.,____(____._~_ .. , I ,..... ~ ..:....,... . ........... 

A CEM must perform continuous process sampling, while the analysis can be 
conducted in a batch operation. The batch analysis must be completed on site 
and be integral to the CEM. The CEM should provide a concentration value for 
the species of interest at least once every three hours. The response time (the 
time interval between the start of a step change in the system input and the 
time when the monitor output reaches 95 percent of the final value) of the CEM 
should be less than three hours. For CEMs utilizing batch analysis, the delay 
between the end of the sampling time and reporting of the sample analysis 
should be no greater than one hour. Also, there should be no greater than a 
5-minute gap in sampling when the sample collection media is changed. Thus, 
a CEM should be able to continuously sample facility emissions, and have as 
close to real-time reporting of effluent concentrations as possible. In addition, 
the CEM must have detection limits low enough to ensure an ability to comply 
with the eventual regulatory limits for specific species of interest 

This program will identify promising emerging technologies for continuous 
monitoring of hazardous compounds in emissions from thermal treatment 
facilities. Species of particular interest include heavy metals, particulates, 
radionuclides, and organics. A series of technology demonstration tests are 
being performed at the EPA IRF, a pilot-scale rotary kiln incinerator. The 
program is intended to reveal potential advantages and disadvantages with 
each technology, and identify issues that could be encountered in a process 
environment. 
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I_ -.. ;. ,< , , , a  . . .  ............. . . :: -. ~. . I The information obtained in the demonstrations at IRF will be used to assist 

CEM technology developers in bringing their technology to the marketplace, 
to assist in finding end users for their products, and assist regulatory agencies 
in determining applicability of these technologies to future regulatory 
requirements. 
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This program is designed to assist the developers in advancingthe state of the 
art of their technology and bringing each demonstrated CEM technology to 
themarket place by assisting in the identification of end users for their product 

, 
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A team (10 members) of CEM experts representing DOE, EPA, and 
professional organizations 1e.g. the American Society of Mechanical 
Engineers (ASME)] was assembled. This team developed a CEM 
demonstration test protocol. The test protocol consists of obtaining 
quantitative data on the four measures of CEM performance checked in a 
relative accuracy test audit as described in 40 CFR 60 Appendix F. These 
include relative accuracy, calibration drift, zero drift, and response time. 

A Memorandum of Understanding was prepared to combine this DOE 
program with an EPA CEM demonstration program. This joint effort 
effectively doubled the level of funding available for the program, allowing 
several additional CEMs to participate in the demonstration tests. 

Demonstration tests were conducted on 1 I prototype CEMs for measuring 
trace metal or trace organic species concentration. Of the 1 1 CEMs tested, 
four measured concentrations of several specific volatile organic compounds 
(VOCs), one measured total particulate-bound polynuclear aromatic 
hydrocarbon concentrations, two measured concentrations of several (up 
to 14) hazardous air pollutant trace metals, and three measured mercury 
concentrations. A series of three test conditions were established for each 
monitor, each with varying quantities of trace metals and VOCs, to result in 
a low, medium, and high concentration of the target analyte. Each test 
series consisted of performing triplicate RM measurements at each of the 
three target flue gas analyte concentrations while the CEMs were in 
operation. 

A draft of the final test report was reviewed by all the CEM participants, the 
technical oversight committee, EPA, and WSRC. ........ . .  .. 
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. & ; Demonstration of Emerging Continuous Emission Monitoring Technologies 
development activities are funded under the following technical task plan 
(TTP): 

1 TTP No. SR1-6;MW-72, "Emissions Monitor System Bakeoff" 

Dan Burns Will LaVeille 
i. .'*, , -, , f Senior Engineer Technical Program Officer 

J Westinghouse Savannah U.S. Department of Energy i '  , 
: *  : * .  

River Company 

Aiken, SC 29802 

dan.burns@srs.gov w.laveille@srs.gov 

Savannah River Operations Office 

AIken, SC 29802 
P.O. BOX A Bld. 703A, Rm. E-208N 

(803) 725-7663 

None available at this time. 
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528 -3 PIASMATORCH COMPONENT LBFE EXTENSION 
2 DEVELOPMENT i " ,.> ' 

The plasma torch is used as the source of heat to melt inorganic material and 
combust organic material. Previous testing performed at the DOE Western 
Environmental Technology Off ice (WETO) has demonstrated the capability of 
plasma torches to provide the heat source to melt any inorganic material and 
completely combust organic wastes. However, the same testing has revealed 
that current plasma torch designs have shortcomings due to their limited time 
to failure of components. 

An improvement to the torch components is a logical extension of plasma 
technology development A hybrid plasma torch design will permit the switching 
of the torch between the transferred mode and the nontransferred mode. The 
ability to operate in either arc generation mode will enable investigation into 
component life areas and into operational advantages of combined arc 
generation. 

To enable the application of plasma technology to thermal treatment, the 
reliability of the torch component needs to be proven to DOE. WETO is in a 
position to evaluate different torch concepts and models from four different 
manufacturers (i.e. Perma, Busek, Phoenix, and Aerotherm) to help DOE focus 
on the most reliable type of torch and also to work with the manufacturers to 
increase electrode life and torch reliability. 

Plasma torch component life extension will initially focus on the electrodes. 
The electrode is the anchor point for the electric arc, and is therefore subjected 
to high temperature induced stresses. The second phase of the investigation 
will be operation of the electric arc generation in the transferred and 
nontransferred modes. Component life will be evaluated for the two arc 
generation methods, as well as the ability to produce the necessary heat for 
melting and oxidation of waste materials. The final area of investigation will be 
with consumable electrode materials. 
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This project will prepare design objectives, provide for alternative selection, 
conduct testing, and prepare a final report containing recommendations on 
extending the life of the plasma torch components. In conjunction with the 
testing of the plasma torch components, the electrode materials and cooling 
schemes of the torch will be evaluated. 



For a production size plasma processing system, extension of plasma torch 
component life beyond the point of normal maintenance will be developed. An 
additional benefitwill be evaluation of whether a nontransferred arcgeneration 
system and consumable electrode material provide significant increases in 
plasma torch component life. 

The development of an alternative torch technology which will allow both 
transferred and nontransferred arc modes, as well as increased electrode life 
and system reliability, offers significant improvements in system flexibility and 
operability. It will also provide a torch capable of extended operation before 
initial components wear out or fail. 

K:. . . . . . . . . .  ,_,_ ~ ................. .c , .. ___(____  . . .  .".. ...... ,~ I 
t ORAIION~~CHNQLOQY TRANSFER 1 

The purpose of this task is to provide a test bed for the evaluation of four 
different torch concepts developed by four private manufacturers: Perma, 
Busek, Phoenix, and Aerotherm. Results of the tests will assist manufacturers 
in increasing electrode life and plasma torch reliability. Testing of the Phoenix 
and Aerotherm torches are joint efforts between DOE and the Department of 
Defense (DOD). MSE, Inc. will assist in technology transfer activities as 
requested by the WET0 DOE Program Manager. 

. . . .  

.................... ) 

This projectwas originally scheduled to begin in October 1995 and run through 
FY96. However, due to funding delays, official approval was not received until 
January 1996. The project schedule and spend plan were revised to 
accommodate the later start date. Accomplishments to date consist of the 
following: 

A subcontract has been issued to PERMA for technical assistance in 
improving their electrode life on the WETO/MSE Small-scale Plasma 
Furnace (SSPF). The SSPF utilizes a P E Y  150 kw transferred arc torch. 

Existing operating data has been gathered on the PERMA torch at WETO 
and will be used as baseline data for future improvements. 

The MSE project manager is working directly with PERMA staff on torch 
component life improvements to be tested later. 

MSE has sent a procurement to the Pittsburgh Energy Technology Center 
for approval to purchase a BUSEK 150 kw torch. This torch is a transferred/ 
nontransferred arc, 150 kw torch which will be installed on the WETO/MSE 
SSPF in FY96 and tested in FY97. i 
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MSE is working directly with Busek staff on torch life improvements. 

An AEROTHERM hybrid torch has been purchased with funds from DOD 
and will be installed on the SSPF at WETO. Testing will be conducted using 
DOE funds from this project 

A 500 kw PHOENIX nontransferred arc torch has been purchased with 
funding from DOD and will be installed on the WETO/MSE PACT4 unit in 
the spring of 1996. Testing of the PHOENIX torch will be conducted in the 
summer of 1996 using funds from this project 

xtension Development technology 
development activities are funded under the following technical task plan 

TTP No. PE 1-6-MW-73, "Controlled Emissions for Component Demonstration' 

P.O. Box 4078 
Butte, MT 59702 
(406) 494-7361 
cwg@buttenet.com 

Technical Program Officer 
US. .Department of Energy 

Butte, MT 59702 
(406) 494-7205 

Jeffrey Ruffner 
Manager, Thermal Programs 
MSE, INC. 
P.O. Box 4078 
Butte, MT 59702 
(406) '494-74 12 
jruffnehbuttenetcom 
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Innovators of new environmental technologies lackthe infrastructure required 
to move their technology from innovation to the global marketplace. There is 
a need to strengthen the capacity of technology develgpers and users to 
succeed in environmental innovation. One area in which there is a need for 
technology development is in the area of instrumentation and methodologies 
for the monitoring of emissions from waste treatment processes. Of particular 
interest are thermal waste treatment processes. The Toxic Substances Control 
Act Incinerator (TSCAI) in Oak Ridge is the only operational mixed waste 
incinerator in the country that can process radioactively contaminated and 
polychlorinated biphenyl (PCB) waste. Thus, it provides the opportunity to 
monitor for a wide range of hazardous constituents under continuous 
operating conditions. 

'i 

' I  

' I  

i 
- i  
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This task focuses on the definition and installation of a test bed for the 
evaluation of continuous emission monitors (CEMs) at the TSCAI. Since the 
TSCAI is a continuously operated, full-scale facility, the test bed will provide a 
unique means to conduct field tests of laboratory-proven CEMs in a real-world 
operating environment After the test bed is established, it is anticipated that 
a minimum of four emerging CEM technologies will be demonstrated at the 
TSCAI test bed. The technologies will be subjected to various waste streams 
and offgas compositions within regulatorily compliant operation of the 
incinerator. Concurrent with the CEM demonstrations and testing, manual 
EPA reference method sampling and analysiswill be performed for verification 
of the offgas composition. Particulate characterization by such techniques as 
energy dispersive x-rays spectroscopy may also be utilized to help verify the 
results from the CEM analysis. Procurement, construction, and installation of 
the test bed facility are anticipated to be completed in August 1996. Networking 
opportunities to promote participation and use of the facility are being 
pursued . 
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The test bed will infuse quality into the most critical stage of technology - 
demonstration and evaluation. Through the consistent evaluation of the 
applicability of CEMs to DOE's and EPA's needs, technology developers will 
be able to provide the level and quality of monitoring support expected and 

' demanded by the public sector. 

This project is based upon collaborative efforts. The EPA Risk Reduction 
Engineering Laboratory and DOE Off ice of Science and Technology are 
currently collaborating on development of CEMs. DOE support is administered 
by the Education Resources DevelopmentAgency through the Georgia Institute 
of Technology under contract to DOE's Savannah .River Technical Center. 
CEMs have been tested at EPA's Jefferson, Arkansas, Incineration Research 
Facility, a small-scale rotary kiln incinerator system test bed that cannot handle 
mixed waste. Also, ASME Research Committee on Industrial and Municipal 
Wastes has formed a subcommittee to specifically track progress in CEM 
development. These existing government and commercial partnerships will be 
utilized for the development and deployment of the next logical step, a 
national CEM test bed at the TSCAI. 

The lessons learned and the performance characteristics of the CEMs tested 
will be shared with the technical and industrial community. It is hoped that this 
information will generate not only interest in the CEM technologies, but the 
continued'support of CEM evaluation at the TSCAI test bed. 
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Technical requirements have been established for the design and installation 
of a mobile technology laboratory to accommodate health, safety, 
ergonomic, and quality requirements of CEM researchers and operations. 
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'Awareness has been gained for a number of ongoing CEM development 
activities involving technologies for monitoring metals, organics, and acid 
gases, in addition to known Mixed Waste Focus Area projects. 
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Installation of Test Bed for Demonstrating Continuous Emission Monitors 
technology development activities are funded under the following technical 
task plan (TTP): 

TTP No. OR1-6-MW-74, “TSCA Test Bed for CEMs” 

1 
I 

A.P. (Tony) Malinauskas 
Principal Investigator Lockheed Martin Energy 
Lockheed Martin Energy Research, Inc. 

P.O. Box 2003 (MS 73 13) 
P.O. Box 2003 (MS 7 172) Oak Ridge, TN 3783 1 
Oak Ridge, TN 3783 1 (423) 576-8078 
(423) 576-8078 gibsonlvjr@ornl.gov 
tny@ornl.gov 

Luther V. Gibson, Jr. 

Research, Inc. 

Johnny Moore 
Technical Program Officer 
U.S. Department of Energy 
P.O. BOX 200 1, FOB, EW-92 
Oak Ridge, TN 37830 
(615) 576-3536 
orno@ornl.gov 

Hoffmann, D.P., L.B. Gibson, Jr., W.H. Hermes, R.E. Bastian, and G.E. Frazier. 
“Guidelines for Benchmarking Thermal Treatment Systems for Low-Level 
Mixed Waste,” DOE/MWIP-l9, Martin Marietta Energy Systems, Inc, Oak 
Ridge, Tennessee (January 1994). 

Hoffmann, D.P., W.H. Hermes, L.V. Gibson, Jr., R.E. Bastian, and A.R Eicher. 
“Data Quality Objectives: Evaluation of Thermal Treatment Processes,’ DOE/ 
MWIP-22, Martin Marietta Energy Systems, Oak Ridge, Tennessee (March 
1994). 

Richards, M.K. et al. “Test Plan for Testing the Performance of Real-Time 
Incinerator Emission Monitors,” U.S. Environmental Protection Agency, Risk 
Reduction Engineering Laboratory, Cincinnati, Ohio (April 1995). 
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Due to the toxicity of mercury and its bioaccumulation potential, severe 
regulatory limits are imposed on mercury emission under the Clean Air Act 

Mercury can be removed from wastes by pretreatment using chemical and/or 
thermal desorption techniques, but this is only cost-effective when relatively 
large amounts of mercury are involved. At lower levels, it is more practical to 
remove the mercury by offgas treatment Chemical/physical methods are 
available to do this, including injection of activated carbon into the flue gas or 
removal by chemical scrubbing. Both of these techniques have a disadvantage 
in that secondary wastes are generated. Neither system responds well to high 
emission spikes due to variable waste composition. 
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The task is to develop and commercialize a system that removes vapor phase 
mercury emissions from the flue.gas streams of DOE mixed waste thermal 
treatmentprocesses and industrial fossil fuel combustion. The mercury control 
technology relies on reversible sorption of mercury onto and into gold or other 
noble metals. Several tasks have been undertaken to develop this treatment 
process. 

The first task was to develop a noble metal containing sorbents capable of 
regeneration. Once developed, the sorbents were incorporated into a full- 
scale prot0type.A 50 cubic feet per minute (CFM) filter was built and integrated 
into the effluent stream at a DOE waste treatment facility to demonstrate 
mercury capture and release during repeated thermal regenerations. 

The current task is to gather engineering design data by building and installing 
a prototype system that handles 50 to 100 CFM of offgas. This system will be 
operated for three or four "campaigns" of one calendar month duration each, 
at different DOE sites. During these runs, the flow rate and mercury 
concentration will bevaried and the sorbent bed will be repeatedly regenerated. 
The information collected will be used to develop superior sorbents and to 
devise system scale-up rules in preparation for the proposed FY97 task. That 
task includes the installation and demonstration of a full-scale, 1,000 to 4,000 
CFM, mercury control system at a DOE mixed waste treatment site. 



. ,  The major benefits of the gold-containing mercury sorbent process are the 
high loading capacities, high throughput rate, and the ability to regenerate and 
reuse the capture device. It captures all chemical forms of mercury, and 

treatment systems. There are no secondary solid wastes. i *  
i :: 

operates in hot (up to 3,0OO0F), wet, and corrosive offgases typical of waste 

1 : ,.L 

i '  

I ADA Technologies, Inc., Englewood, Colorado, in collaboration with Sandia 
National Laboratories, Livermore, California, is developing a technique for 
removing mercury from flue gas streams typical of thermal waste treatment 
processes. 

! 

1 
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The Full-scale Prototype System was installed at the Science Applications 
International Corporation (SAIC) STAR Center in Idaho Falls, ID. A 50 CFM 
slip stream of 3,000°F flue gas with known concentrations of mercury flowed 
through the mercury sorption system. Gas samples were monitored at the 
outlet of the sorbent bed for a period of time and switched to the inlet. Inlet 
concentrations of mercury were in the tens of thousands of 
micrograms per cubic meter. Typical outlet concentrations were 30 to 40 
micrograms per cubic meter. The removal efficiency was over 99 percent, 
and the sorbent beds were regenerated without a detectable loss in capture 
efficiency. 

The Continuous Mercury Monitor developed by Sandia National 
Laboratories and ADA Technologies, Inc. was demonstrated. It measures 
elemental mercury separately from total mercury (there may be several 
chemical forms of mercury in the offgas stream). The sorbentbed appeared 
to remove both elemental and speciated forms of mercury. 

____..,._ ~ ...,_,.,,., ..... ~.:.* 

1 
: ~* Mercury Vapor Removal and Control - Gold Amalgamation Filter technology 

development activities are funded under the following technical task plan 
(TTP): 

TTP No. AL3-4-MW-75, "Mercury Vapor Removal and Control-Gold 
Amalgamation Filter' 

, .  ' .. - . 1 ; 
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Dennis Sparger 
Principal Investigator . 

Sandia National Laboratory 

-Livermore, CA 9455 14969 

dbsparg@sandia.gov 

- P.O.Box969 

None available at this time. 

Dennis Olona 
Technical Program Officer 
U.S. Department of Energy 
RDDTIE 
P.O. Box 5400 
Albuquerque, NM 87 1 16 

dolona@doeal.gov 
(505) 845-4296 
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%6 REAL-TIME MONITORING OF ALPHA EMISSIONS 
i 

Monitoring for low-levels of airborne alpha-emitting radionuclides has long 
been a difficult and complex task. The short range and high rate of energy loss 
of alpha particles confound their easy detection and pose a significant health 
risk. Knowing, or at least fearing, the health risks associated with exposure to 
airborne radioactivity, and alphaemitting particles in particular, the public has 
chosen to vigorously oppose the operation of existing, and the permitting of 
future, mixed and low-level waste treatment systems. The existing commercial 
monitors are based on the principle that a sample of stack gas is extracted, 
isokinetically transported, and passed through a filter that is surveyed by a 
detector. The Flow-Through Alpha Monitor (FTAM) is designed for real-time. 
application, does not use filters or other high maintenance items, and the 
detector allows for a large active volume flow of stack gas. The sampling and 
long integration times of conventional detectors are necessary for the ultimate 
sensitivities required for regulatory compliance. The fast response, large 
active volume, and complete stack gas measurement of the technology 
is necessary to adequately provide real-time alarming. 

1 
I 
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The public is demanding real-time, high sensitivity, continuous monitoring of 
any facility or operation that can potentially release radionuclides to the 
environment. While the technology exists for long-term monitoring to ensure 
total emission compliance, most systems are poorly suited to monitoring at 
low-levels on a real-time, fast response basis. 

A new real-time, continuous monitor for alpha emissions is being developed 
with Mixed Waste Focus Area funding. The RAM uses a stack of scintillating 
plates sensitive to alpha decays, through which the entire gas stream to be 
measured flows. This detector is unique in that it can measure on-line, in real- 
time, a complete effluent stream without having to use sampling techniques or 
long measuring times. This technology provides a robust and fault+tolerant real- 
time safety monitor (i.e. a "smoke alarm") that can signal the need to shutdown 
a malfunctioning operation before the public is exposed to significant amounts 
of radioactive material. While the RAM is designed for treatment system 
monitoring, it will be useful in any application where airborne alpha activity is 
possible. With the promise of providing the treatment site a comprehensive, 
fast responding, on-line alarm, the FTAM technology will soon establish the 
state of the art of incinerator monitoring for radioactive materials. The purpose 
of this project is to develop, test, and commercialize this new technology. 

i 

' 

I 
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The most direct and immediate benefit offered by the RAM technology is to 
enable the operation of mixed, low-level, and TRU waste incinerators in a 
manner that is protective of workers and public health and safety. Additionally, 
this technology is important in monitoring alpha emissions for comparison to 
incinerator alternatives such as vitrification, plasma hearth, or supercritical 
extraction. The FTAM is ideally suited to take a large volume of moving air to 
credibly monitor a large scale remediation demonstration or activity. The 
FTAM, with a fewTmodifications, can provide real-time, on-line monitoring for 
building ventilation, mine ventilation, nonnuclear combustion (commercial 
coal or gas-fired power plants), remediation processes air monitoring, and 
materials handling area ventilation. 

h industrial partnership workshop was held November 9,1993, in Albuquerque, 
New Mexico to provide all potential industrial partners with information 
concerning the RAM. Following the workshop, two proposals were received 
from potential industrial partners interested in working with DOE on the 
FTAM. After careful consideration, EGGG Nuclear Instruments, Oak Ridge 
Tennessee, was selected. EGG% proposed a Cooperative Research and 
Development Agreement (CRADA) relationship for the commercial 
development of the FTAM detector technology. Development of the FTAM 
detector has since progressed so that another option other than a CRADA is 
being discussed. The possibility of a Developmental License is being discussed 
between LANL and EGGG as a means of solidifying the relationship and 
making the technology commercially available. A U.S. Patent (#5,471,062) was 
granted on November 28,1995. 

Under a nondisclosure agreement, EGGG has been provided full technical 
information on the detector and is in the process of preparing a proposal 
package to present to potential customers. Once the package is developed, 
EGGG will assume lead responsibility for the introduction of the detector to 
the commercial market The partnership with EGGG will provide assistance in 
the following areas: 

Knowledge of manufacturing to simplify the design and reduce time to 

Definition of testing parameters and analysis of test data 

Access to a radiation calibration facility in Saclay, France for radioactive 

market 

aerosol testing 

Provision of state-of-the-art systems for baseline comparisons 

~~ 
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A field test detector was built in FY95. 

Successful field demonstrations of a Plasma Hearth Process (PHP) system 
occurred in FY95. 

Real-Time Monitoring of Alpha Emissions technology development activities 
are funded under the following technical task plan ('ITP): 

'ITP No. AL1-4-MW-76, "Real-Time Alpha Monitor" 
I . .  . . . . . . . . . . . . . .  i 

i WACTS - -  
-*,+e- 

i 

Russell E. Gritzo 
Principal Investigator 
Los Alamos National Laboratory 
MS J514 
Los Alamos, NM 87545 
(505) 667-0481 
gritzo@'lanl.gov 

Malcom M. Fowler 
Radionuclide Assay Facility 
Team Leader 
Los Alamos National Laboratory 
MS J514 
Los Alamos, NM 87545 
(505) 667-5439 
mmf@lanl.gov 

Cheryl L. Royer 
Project Administrator 
Los Alamos National Laboratory 
MS J514 
Los Alamos, NM 87545 
(505) 665-2154 
croyer@lanl.gov 

Dennis Olona 
Technical Program Officer 
U.S. Department of Energy 
RDDTCE 
P.O. Box 5400 
Albuquerque, NM 871 16 

dolona@doeal.gov 
(505) 845-4296 

Gritzo, R.E., M. Fowler, and J. Wouters. "The Development of an Innovative 
Real-Time Monitor for Airborne Alpha Emissions," 1994 International 
Incineration Conference, Houston, Texas (May 1994). 

Gritzo, RE., M. Fowler, and J. Wouters. "Real-Time Monitoring of Alpha 
Emissions," Fiscal Year 1994 Final Report (December 1994). 

Gritzo, R.E., 1: Farnham, E.P. Chamberlin, and C. Royer. "Real-Time Monitoring 
of Alpha Emissions," Fiscal Year 1995 Final Report (December 1995). 

i 
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ERVATlON AND RECOVERY ACT 
ON DEFlNlTlON 

In order for the PHP to treat low-level waste, compliance with regulatory limits 
on the emission and disposal of Resource Conservation and Recovery Act 
(RCRA) constituents is required. To eliminate all hazardous organics by 
oxidation and reduce the volume of other solid constituents, it is anticipated 
that the PHP or equivalent process will be used prior to waste disposal. One 
of the measures to ensure compliance with applicable regulations is to 
determine the composition of the waste matrix and the concentrations of its 
RCRA constituents prior to treatment If this waste is to be treated and 
disposed of in a most efficient and cost-effective manner, an assay method 
which can be performed on sealed containers noninvasively and on-line is 
needed. 

This task assists in identifying available technologies that are able to perform, 
with some modifications or enhancements, nonintrusive, on-line elemental 
analyses for RCRA constituents on containerized, mixed low-level, and 
hazardous waste prior to treatment. This project is focused on the PHP for 
development of performance criteria. 

This project is designed to identify the best commercially available noninvasive 
on-line assay systems for measuring RCRA constituents. It is the objective of 
this project to: 

Identify commercial vendors with on-line assay systems with the potential 
for measuring RCRA constituents at the levels required by regulation 

Fund a limited amount of development work by the vendors with the most 
promising assay systems so that they can partake in an assay of surrogate 
waste containing known amounts of RCRAconstituents that are blind to the 
participants 

Develop a set of surrogate containerized samples 

Request the participants to perform an elemental assay on the blind 

Develop a set of criteria prior to the blind assay to evaluate them 

nonradioactive surrogate wastes 
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Assay for RCRA constituents by conventional laboratory methods involves 
sampling of containerized waste, a costly and time consuming process. 
Sampling also increases the possibility of causing exposure to personnel, an 
unsafe working condition, or a release of hazardous material to the environment 
This project supports the identification of nonintrusive on-line elemental 
analysis, thus reducing worker exposure and avoiding a possible release of 
hazardous material. It is intended that this project will result in one or more 
useable assay systems and will ultimately advance the current state of the art 
of noninvasive elemental assay systems. 

The purpose of this project is to find existing technologies within the private 
sector, at universities, or at federally operated laboratories that meet the 
criteria of noninvasive on-line elemental assay of waste prior to treatment If 
the technology comes from a federal laboratory, then the laboratory will be 
encouraged to work with private industry to transfer the technology for 
widespread utilization. 

Solicitation was made in the Commerce Business Daily for participation in a 
blind performance test to establish commercial capability in prompt gamma 
activation analysis. 

Three companies have been identified which are interested in participation 
in the blind test (i.e., to analyze RCRA metals present in a surrogate waste 

A complete draft of the Test Plan has been written and distributed to the 

Rust Geotech, at Grand Junction, Colorado, has been identified as the 

participants for their comments and suggestions. 

potential developer of the surrogates recipes. 

RCRACharacterization Definition technology development activities are funded 
under the following technical task plan (TTP): 

TTP NO. ID7-4-MWc77, "RCRA NDE/NDA= 
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Robert J. Gehrke 
Principal Investigator 
Idaho National Engineering 
Laboratory 
P.O. Box 1625 MS 21 14 
Idaho Falls, ID 83415 . 
(208) 526-41 55 
rjg@inel.gov 

Thomas E. Williams 
Technical Program Officer 
US. Department of Energy 
Idaho Operations Office 
850 Energy Drive (MS 1219) 
Idaho Falls, ID 83401 
(208) 526-2460 
williate@inel.gov 

Gerry Streier 
Project Manager 
Idaho National Engineering 
Laboratory 
P.O. Box 1625 MS 3710 
Idaho Falls, ID 834 15 
(208) 526-7750 
ggs@inel.gov 

Gehrke, RJ., RJ. Pawelko, and RC. Greenwood. "Application of PGNAA to 
Preincineration Assay of Combustible Waste for Chlorine," Transactions of the 
Americun Nuclear Society 72 (1995)- 

Gehrke, RJ., and G.G. Streier. "Plan to Evaluate the Technical Status of 
Noninvasive Elemental Assay Techniques for Hazardous Waste," draft of 
February 29, 1996, to be published as a DOE/INEL report 
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EM-50 has three crosscutting programs: Efficient Separations and Processing; 
Characterization, Monitoring, and Sensor Technology; and Robotics Technology 
Development Two of these programs, Efficient Separations and Processing 
and Characterization, Monitoring, and Sensor Technology, are developing 
technologies for the Mixed Waste Focus Area. Examples of these include: 

Efficient Separations and Processing 
Development of water-soluble polymers for the removal of Pu a n d h  from 

Development of a process for the immobilization of fission products within 

Development and testing of inorganic sorbents for separations 

Development of a process for the removal and recovery of toxic metals 
from wastewaters 

Production and testing of chemical derivatives of naturally occurring 
complexing agents for the removal of Pu from wastewaters varying in pH 
and ionic strength 

Development and testing of novel electrochemical processes for the 
destruction of nitrates and organics from mixed low-level wastes 

Characterization, Monitoring, and Sensor Technology 
The Diagnostic Instrumentation and Analysis Laboratory (DIAL) at 
Mississippi State University is developing and applying various advanced 
diagnostic methods for the characterization of plasma properties, melt 
properties, and downstream emissions from a plasma torch facilky. 

Laser-spark spectrometry is being applied to the continuous, real-time, 
on-line monitoring of metals in an offgas stream in the Metal Emissions 
Monitor for the DOE Thermal Treatment project 

The Infrared Analysis of Waste project is developing a Fourier transform 
infrared (FTIR) spectrophotometer using a heated, long-path measurement 
cell to be used as a continuous emission monitor for organics in the 
gaseous emissions of mixed waste thermal treatment systems. 

For more information on the Crosscutting Programs, please see the 1996 
Technology Summary Books for the Efficient Separations and Processing 
Crosscutting Program; the Characterization, Monitoring, and Sensor 
Technology Crosscutting Program; and the RoboticsTechnology Development 
Crosscutting Program. 

wastewaters 

a phosphate-bonded ceramic waste form 
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Environmental Management Information provides the 
most current facts and documents related to the EM program. Through . .  
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extensive referrals, the Center connects stakeholders to a complex-wide 
network of DOE Headquarters and Operations Office contacts. d f:..,:. ~~. .. 

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 20026-3769 

cemi@dgs.dgsys.com 
1-800-73 6-3282 

The Cooperative Research and Development Agreement (CRADA) is a written 
agreement between one or more federal laboratories and one or more 
nonfederal parties throughwhich the government provides personnel, facilities, 
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The Office of Environmental Management (EM) provides a range of programs 
and services to assist private sector organizations and individuals interested 
in working with DOE in developing and applying environmental technologies. 
Vehicles such as research and development contracts, subcontracts, grants, 
and cooperative agreements enable EM and the private sector to work 
collaboratively. In FY95.39 percent of Office of Science andTechnology (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 
organizations, industry, and other federal agencies. 

Several specificvehicles address institutional barriers to effective cooperation 
and collaboration between the-private sector and DOE. These mechanisms 
include contracting and collaborative agreements, procurement provisions, 
licensing of technologies, consulting arrangements, reimbursable work for 
industry, and special consideration for small businesses. 

~~ ~~ 
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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 FY95, EM entered into more than 60 CRADAs. 

RRCH OPPORTUNITY AMNOUNCEMENT 

The Research Opportunity Announcement (ROA) is a solicitation for industry 
and academia to submit proposals for potential contracts in basic and applied 
research, ranging frqm.conqpt feasibility through proof-of-concept testing in 
the field. This mechanism i,s used when EM is looking for multiple solutions for 
a given problem. RO& are issued:annually by EM. The EM ROA provides 
multiple awards and i s  .open all year. ROAs are announced in the Commerce 
Business Daily, and typically published .in the Federal Register. 

For questions on ROAs, confakt: 

Robert Bedick 
U.S. Department of Energy 
Morgantown Energy Technology Center 
P.O. Box 880, D0'1 
Morgantqwn, WV 26507 
(304) 285-4505 

To learn about EM Technology business opportunities, connect to the METC 
Homepage: 
http://www.metc.doe.gov[!iusiness/solicita.html 

I EM uses the Program Research and Development Announcement (PRDA) to ::,:;:, 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 interestwhere a detailed work description mightbe premature. 
I t  is a tool to solicit a broad mix of applied research, development, 
demonstration, testing, and evaluation proposals. 
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Robert Bedick 
U.S. Department of Energy 
Morgantown Energy Technology Center 

Morgantown. WV 26507 ~ 

, P.O. Box 880, DO1 
, ,  (304) 285-4505 

To learn about EM Technology business opportunities, connect to the METC 

http://www.metc.doe.gov/business/solicita. html 

areas of interest. 

SBIR Program Manager ', 

U.S. Department of Energy I 
Small Business Innovation Research Program 

1990 1 Germantown Road 
Germantown, MD 20874-1290 

sbir-sttr @mailgw.er;doe.gov 

ER-33 

(30 1) 903-5707 

Cost-Shared Contracts 
orking under DOE contract can agree to share some of 
ing a technology for a nonfederal market. This 
lve cash, in-kind contributions, or both. 

ngements provide the recipient with money and/or 
stimulate research in areas of interest to DOE. DOE 
ces concerning grant opportunities in the Commerce 

Grants and Cooperative Agreements 
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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 
Busifiess 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 accgrding 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 cost-sharing 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 fromthe research to the participatingprivate sector 
company. Contact an ORTA representative for more information. 
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Offlce of Research and Technology Applications 
Each federal laboratory has an Office of Research andTechnology Application. 
These offices serve as technology transfer agents for the federal laboratories. 
They coordinate technology transfer activities among laboratories, industry, 
and universities. ORTA offices 1icense.patents and foster communication 
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ORTA Representatives: . 

Ames Laboratory 
Todd Zdorkowski 
(5 15) 294-5640 

Argonne National Laboratory 
Paul Eichemer 
(708) 252-9771/(800) 627-2596 - 

Brookhaven National 
Laboratory 

Margaret Bogosian 
(5 16) 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 (510) 4234155 
Allen Bennett (5 10) 423-3330 

Laboratory 

Los Alamos National 
Laboratory 

Pete Lyons 
(505) 6659090 

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 Martin 
(423) 576-8368 

Pacific Northwest National 
Laboratory 

Maw Clement 
(509) 375-2789 
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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 15) 926-22 13 

Westinghouse Hanford Company 
Dave Greenslade 
(509) 376-5601 
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ACRONYMS 

ABCD 

ACS 

ANLW 

ANS 

ANSI 

ARIES 

ASME 

BIC 

BNL 

CBPCs 

cco 
CDIF 

CEM 

CFM 

CFR 

CNF 

CRADA 

CTC 

DC 

DCO 

DIAL 

DOD 

DOE 

EM 

EPA 

FFCAct 

Automated Baseline Change Detection 

American Chemical Society 

Argonne National Laboratory-West 

American Nuclear Society 

American National Standards Institute 

Autonomous Robotics Inspection Experimental System 

American Society of Mechanical Engineers 

Boreskov Institute of Catalysis 

Brookhaven National Laboratory 

Chemically Bonded Phosphate Ceramics 

Catalytic Chemical Oxidation 

Component Development and Integration Facility 

Continuous Emissions Monitor 

cubic feet per minute 

Code of Federal Regulations 

Central Neutralization Facility 

Cooperative Research and Development Agreement 

Clemson Technical Center 

Direct Current 

Direct Chemical Oxidation 

Diagnostic Instrumentation and Analysis Laboratory 

Department of Defense 

Department of Energy 

Office of Environmental Management 

Environmental Protection Agency 

Federal Facilities Compliance Act 
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FSU 

FTAM 

FTIR 

HEPA 

HQ 

ICP-AES 

IMSS 

INEL 

IRF 

ITRC 

LANL 

LDR 

LIBS 

LITCO 

LLNL 

LTTD 

METC 

MLLW 

MOU 

MTRU 

MWFA 

NOx 

NRC 

NTP 

NTW 

ORNL 

ORR 

ORTA 

Former Soviet Union 

Flow-Through Alpha Monitor 

Fourier Transform Infrared 

High Efficiency Particulate Air 

Headquarters 

Inductively Coupled Plasma -Atomic Emission Spectrometry 

Intelligent Mobile Sensing System 

Idaho National Engineering Laboratory 

Incineration Research Facility 

Interstate Technology and Regulatory Cooperation (Work 
Group) 

Los Alamos NationalLaboratory 

Land Disposal Restrictions 

Laser Induced Breakdown Spectroscopy 

Locweed Idaho Technologies Company 

Lawrence Livermore National Laboratories 

Low Temperature Thermal Desorption 

Morgantown Energy Technology Center 

Mixed Low-level Waste 

Memorandum of Understanding 

Mixed Transuranic 

Mixed Waste Focus Area 

Oxides of*Nitrogen 

Nuclear Regulatory Commission 

Nonthermal Plasma 

National Technology Workgroup 

Oak Ridge National Laboratory 

Oak Ridge Reservation 

Office of Research and Technology Application 

/. 



OST 

OTD 

PCB 

PCT 

PHP 

PIS 

PRDA 

PSIG 

PVC 

RCRA 

RFETS 

RFP 

RFS 

RM 

ROA 

SAIC 

SBIR 

SCDE 

SRS 

SSPF 

STAR 

STP 

SWAMI 

TCLP 

TOC 

TREAT 

TRU 

TSCA 

TSCAI 

Office of Science and Technology 

Office of Technology Development 

Polychlorinated Biphenyl 

Product Consistency Test 

Plasma Arc Fixed-hearth Process; Plasma Hearth Process 

Principal Investigators 

Program Research and Development Announcement 

Pounds per Square Inch, Gauge 

Polyvinyl Chloride 

Resource Conservation and Recovery Act 

Rocky Flats Environmental Technology Site 

Rocky Flats Plant 

Rust Federal Services 

Reagent Mix 

Research Opportunity Announcement 

Science Applications International Corporation 

Small Business Innovation Research 

Supercritical Carbon Dioxide Extraction 

Savannah River Site 

Small-scale Plasma Furnace 

Science and Technology Applications Research 

Site Technology Plan 

Stored Waste Autonomous Mobile Inspector 

Toxic Characteristic Leaching Procedure 

Total Organic Carbon 

Transient Reactor Test Facility 

Transuranic 

Toxic Substance Control Act 

Toxic Substances Control Act Incinerator 
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Tss - 

TTP 

TVS 

vocs 
WETF 

WET0 

WHC 

WSRC 

WTM 

WTT 

XRF 

Total Suspended Solids 

Technical Task Plan 

Transportable Vitrification System 

Volatile Organic Compounds 

West End Treatment Facility 

Western Environmental Technology Office 

Westinghouse Hanford Company 

Westinghouse Savannah River Company 

Waste Type Manager 

Waste Type Team 

X-ray Fluorescence 
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