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ABSTRACT 

The Technology Logic Diagram (TLD) was developed for the Idaho National Engineering 
Laboratory decontamination and decommissioning task as a means of providing technical 
alternatives for specific decommissioning activities. The TLD document suggests solutions to 
characterization, decontamination, dismantlement, robotics/automation, and material disposition 
phases of decommissioning work. The TLD includes radioactively contaminated surplus facilities 
at EG&G Idaho, Inc., and Westinghouse Idaho Nuclear Company. The TLD does not include 
facilities at the Naval Reactor Facility and Argonne National Laboratory-West. 
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SUMMARY 

The Decontamination and Decommissioning (D&D) Technology Logic Diagram (TLD) was 
developed to help personnel at the Idaho National Engineering Laboratory (INEL) select suitable 
technologies for decommissioning radioactively contaminated surplus facilities. The TLD can also 
help personnel at other locations to select appropriate technologies for decontamination and 
decommissioning activities. 

Data were gathered on the type, form, and amount of contamination at each radioactively 
contaminated surplus (D&D) facility by (a) reviewing the INEL decommissioning road map 
documentation, (b) studying the INEL waste stream data base, (c) reading descriptive 
documentation relative to D&D facilities, (d) interviewing D&D project managers, and 
(e) inspecting D&D facilities. Technical teams then identified potential technologies for 
characterization, decontamination, dismantlement, material disposition, robotics/automation, and 
documentation required for the D&D of these sites. Technologies were evaluated based on 
current science and technology needs and on implementation requirements. Information on some 
technologies was obtained directly from the Oak Ridge National Laboratory K-25 Site TLD, 
where K-25 Site problems are similar to INEL problems. 

A compilation of problems and technical solutions for INEL D&D activities was then 
documented in a three-volume TLD. Volume I contains a description of the INEL's radioactively 
contaminated surplus facilities, type of wastes, and reference requirements for waste cleanup and 
handling, a general description of the TLD, and how to use it. In addition, Volume I lists 
preferred technologies. Volume 11 contains the actual logic diagram, identifying applicable 
technologies for each type of D&D activity. Volume III contains detailed descriptions of the 
technologies, including their current status. 

Table 1 in Volume I (page 17) lists technologies identified to decommission the INEL's 
radioactively contaminated surplus facilities and includes the Technology Evaluation Data Sheet 
(TEDS) code, technology status, the technologies identified as the preferred option, and 
estimated volume of waste the technology would potentially remediate. 

Technology status is defined as (a) accepted, (b) demonstration, testing, and evaluation 
(DT&E) needed, or (c) research and development (R&D) needed. Accepted technologies are 
those supported by industry or regulators, those previously successfully used, and those available 
for use at the INEL. Accepted technologies may have science and technology development needs 
to adapt them to a specific INEL problem or to improve their performance. Technologies that 
require DT&E are those available but not demonstrated or accepted for the specific INEL 
problem. Additional DT&E at the INEL is required prior to implementing this technology. 
Technologies that require R&D are those under laboratory-, bench-, or pilot-scale testing or at a 
conceptual stage of development. Further expansion of these technologies is required for 
utilization at the INEL. 

Approximately 87% of the INEL's radioactively contaminated surplus facilities have been 
characterized. Therefore, volumes listed in Table 1 are estimated. 
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Idaho National Engineering Laboratory 
Decontamination and Decommissioning 

Technology Logic Diagram 
(Volume I) 

1. INTRODUCTION 

1 .I Purpose and Scope 

The purpose of the Technology Logic Diagram (TLD) is to provide a planning document for 
the U.S. Department of Energy (DOE), DOE operating contractors, and private industry that 
relates decontamination and decommissioning at the Idaho National Engineering Laboratory 
(INEL) to the technologies available for remediation. In preparing the TLD, the status of each 
potential decommissioning technology was evaluated with respect to waste forms and volumes at 
INEL decontamination and decommissioning (D&D) facilities. Criteria included (a) technology 
effectiveness when applied to Site problems, (b) level of technology maturity, and (c) wastes 
generated when utilizing the technology. 

The INEL environmental restoration and Oak Ridge National Laboratory IC-25 TLDs were 
used as guides in preparing the TLD. 

1.2 Overview 

This TLD shows the linkage between DOE environmental cleanup goals, specific INEL 
environmental decommissioning problems, and technologies that can be successfully applied. 
Through use of flow-chart arrows, the TLD relates D&D problems at the INEL to technologies 
suitable for remediating them. The TLD also identifies appropriate decommissioning technologies 
and indicates the current status of these technologies in maturity, implementation requirements, 
and demonstrated performance. Finally, the TLD aids D&D project managers by pointing out 
preferred technologies appropriate to specific problems. 

1.2.1 Volume I 

Volume I of the TLD includes the following: 

Introduction 

Brief history of the INEL's D&D program 

Summary of INEL science and technology (S&T) needs, and implementation needs for 
characterization, decontamination, dismantlement, robotics/automation, and material 
disposition 
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Reference requirements presenting issues relative to the decommissioning of 
contaminated INEL facilities 

Appendix A (descriptions and photographs of INEL radioactively contaminated surplus 
facilities and the problems they present). 

1.2.2 Volume II 

Volume 11 of the TLD describes the diagram’s overall layout and development. The logic 
diagram flows from left to right and consists of 11 columns of input data or information called 
logic elements. The progression flows through the logic elements, beginning with the 
Environmental Restoration and Waste Management (EM) goals and ending with implementation 
needs. Logic elements (column headings) include: 

EM Goals. EM goals have three components: (a) cleanup legacy, (b) prevent future 
insult, and (c) develop environmental stewardship. These problems are shared to 
varying degrees by all operations of the DOE complex. Technologies that do not 
contribute to these goals are not evaluated in the TLD. 

EMProblem. This column contains areas agreed upon by EhUDOE for D&D, 
remedial action (RA), and waste management. These EM problems are used to 
organize the diagrams. (Only D&D is addressed in this TLD). 

INEL Problem. Describes facilities identified for D&D. 

Problem ArealContaminants. Identifies waste types, specific contaminants, and waste 
forms and volumes. 

Reference Requirements. Identifies windows of opportunity for technology development, 
release criteria, or minimum contamination levels that apply to completing INEL D&D 
projects. 

Subelements. Classifications of decommissioning activities under which technologies are 
grouped. All D&D activities have been categorized into the following subelements: 
characterization, decontamination, dismantlement, robotics/automation, and material 
disposition. 

Alternatives. Defines the general technology approaches that may be applied to the 
problem. Various alternatives for completing the previous logic element are listed. 

Technologies. Identifies specific technologies that may be applied to solve the problem. 

Status. Provides information on technologies identified in the previous column, 
including availability and historical performance. 

The following categories have been used to describe the availability of technologies. 
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- Accepted (A). Technology is accepted by industry or regulators, and the 
technology has been used. Accepted technologies may still have some science and 
technology needs to adapt them to specific INEL problems or to improve their 
performance. 

- Demonstration, Testing, and Evaluation (DT&E) Needed. Technology is available 
but not demonstrated or accepted for the specific problem at the INEL. 
Additional DT&E is required prior to implementing the technology. 

- Research and Development (R&D) Needed. Technology is under laboratory-, 
bench-, or pilot-scale testing or at a conceptual stage. Significant development is 
required for technology utilization. 

Science Technology Needs. This column includes perceived needs in science and 
technology (S&T) where support should be applied to develop an "immature" 
technology, improve performance, or adapt to specific INEL needs. Science needs are 
related to the fundamental understanding of the scientific phenomena that form the 
basis for the technology. These needs are typically for laboratory- or bench-scale 
experiments; and when possible, experiments addressing specific areas of uncertainty 
are suggested. Technology needs relate to improvements that make a current 
technology more economical to apply, safer, or more efficient. The demonstration of a 
technology on a site-specific problem is classified as a technology improvement need. 

If scientific needs are specified, it should be understood that the needs of technology 
development or improvement are necessary to implement newly developed scientific 
understanding. Likewise, testing a technology development opportunity implies that 
technology improvements are needed. 

Implementation Needs. Specialized needs were evaluated for both development of a 
technology and deployment of a mature technology. These needs were evaluated in 
areas of (a) resources such as financial or personnel, (b) hardware such as process 
equipment, development equipment, and computers, (c) software such as models, 
procedures, and computer programs, (d) facilities such as laboratories, shops, and 
buildings, and (e) specialized training. An estimate of the process cost is given. Only 
extraordinary needs are highlighted, i.e., needs that require a long lead time or unusual 
procurements such as line items for facility construction. 

1.2.3 Volume 111 

Volume 111 of the TLD provides Technology Evaluation Data Sheets (TEDSs) for 
decommissioning activities (i-e., characterization, decontamination, dismantlement, etc.) referenced 
by a TEDS code in Volume II. These sheets describe technologies in more detail than in 
Volume II. TEDSs are arranged by activity and alphanumerically by the TEDS code in the upper 
right corner of the sheet. 
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1.3 History of the INEL and the D&D Program 

The INEL, which consists of more than 890 square miles of sagebrush desert, was 
established by the Federal Government in 1949. Since then, 52 first-of-a-kind reactors have been 
constructed at nine operational areas. 

The first reactor, Experimental Breeder Reactor-I (EBR-I), was the first in the world to 
generate electricity. It began operating December 20, 1951. In 1953, EBR-I provided the first 
proof that nuclear fuel breeding was feasible. EBR-I is now a National Historic Landmark. 

That same decade, the first boiling water reactor prototypes were built and operated at the 
INEL. One of them, Borax 111, was the first reactor to light an American town (Arm, Idaho in 
1955). 

In March 1952, the Materials Test Reactor (MTR) achieved startup. It was the first reactor 
built solely to test structural and fuel materials. Every reactor designed in the U.S. was influenced 
by the MTR. MTR is located at the Test Reactor Area (TRA). 

The Aircraft Nuclear Propulsion (ANP) program developed a nuclear reactor aircraft engine 
capable of powering an airplane. The project was discontinued in 1961 by Presidential order 
before development engines were sufficiently refined to install one aboard an aircraft. The ANP 
program was located at Test Area North (TAN) at the INEL. 

In 1953, the INEL'S most important reactor support facility, the Idaho Chemical Processing 
Plant (ICPP), began recovering and reprocessing unburned "spent" uranium from reactor fuel 
elements. However, the mission for fuel reprocessing to recover uranium ended in May 1992. In 
all, the ICPP recovered nearly $700 million in uranium for reuse in Federal reactor programs. 

The Waste Calcining Facility, the first plant-scale facility to convert radioactive liquid waste 
to solid form, was built to be a pilot demonstration facility. Following its first operation in 1963, 
the plant performed so well it became a production facility and operated until 1982, when it was 
replaced by the improved New Waste Calcining Facility, which has 33% more processing capacity. 
Both waste calcining facilities are located at the ICPP. 

The Atomic Energy Commission's water-cooled reactor safety program began in 1955 at the 
Special Power Excursion Reactor Test (SPERT) area. Through 1970, four different SPERT 
reactors were operated. Research concentrated on the major safety concern at the time, which 
was "runaway power." Hundreds of tests provided data on inherent mechanisms that tend to limit 
sudden reactor power increases. 

Work began at the Army Reactor Area in 1957 to develop compact portable or mobile 
reactors to generate electricity in remote areas. Three reactor prototypes, one water-cooled and 
two gas-cooled, were built. But the entire program was canceled because of questionable 
cost-effectiveness projections. These reactors were located at the Auxiliary Reactor Area (ARA). 

During the '5Os, a number of other attractive reactor concepts were tested at the INEL. 
One was the Organic-Moderated Reactor Experiment (OMRE), built and operated to study the 
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potential for using a liquid hydrocarbon (much like floor wax) as both a coolant and moderator. 
Because of problems discovered in keeping the coolant clean, the program was canceled in 1963. 

Fifty-two reactors have been built at the INEL Site. This is more than at any other location 
in the world. Of these 52 reactors, 8 are still operational. The others have been phased out. 

The phased-out reactor facilities, excluding those at the Naval Reactor Facility (NRF) and 
Argonne National Laboratory-West (ANI,-W), form the basis of the INEL decontamination and 
decommissioning program. Under the direction of the DOE Idaho Operations Office (DOE-ID), 
EG&G Idaho, Inc., and Westinghouse Idaho Nuclear Company personnel manage 
decommissioning of these facilities. The overall program is administered through the DOE 
Headquarters (DOE-HQ) EM-40 organization in Germantown, Maryland. 

Decommissioning of these radioactively contaminated surplus facilities started in 1977. At 
that time, approximately 35 radioactively contaminated surplus facilities were identified. To date, 
24 of these facilities have been decommissioned. The wide range of facilities at the INEL has 
resulted in a variety of interesting D&D projects: 
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Liquid metal systems 

Organic moderated reactor 

Pool-type water reactor 

Boiling water reactor 

Pressurized water reactor 

Heavy water reactor 

Fuel reprocessing facility 

Liquid waste evaporation system 

Liquid waste ponds 

Storage facilities 

Laboratory facilities. 

A large variety of reactor types still remains at the INEL, and the reactors will eventually 
face decommissioning. In addition to the radiological problems associated with these facilities, 
many also contain mixed waste, sodium, NaK, PCBs, lead, mercury, asbestos, and a variety of 
chemicals. 

Waste Management for INEL D&D projects is handled in the following manner. Low-level 
radioactive waste generated during decommissioning operations is placed in standard containers 
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and sent to the Radioactive Waste Management Complex (RWMC). Radioactive combustible, 
compactable, and other materials that can be reduced in size are sent to the Waste Experimental 
Reduction Facility (WERF), where the appropriate volume reduction operations are performed 
before the waste is sent to the RWMC. Hazardous waste is accumulated at a central collection 
point known as the Hazardous Waste Storage Facility, until there is enough to justify shipment to 
an off-Site contractor for disposal. Radioactive mixed waste (radioactive and hazardous) is 
containerized as it is generated and then shipped to the Mixed Waste Stmage Facility at the 
INEL for storage until it can be processed. However, before it is shipped to the Mixed Waste 
Storage Facility, the waste is thoroughly characterized, and a treatment plan is developed. 
Non-contaminated wastes are either recycled or disposed of at the INEL sanitary landfill. 

1.4 INEL Site-Specific Conditions 

The INEL is located on the Snake River Plain at an elevation of approximately 1,500 m. 
Elevations across the Site range from 1450 to 1580 m. Subsurface geology of the INEL consists 
of basalts deposited as lava flows with interbedded sediments. Thicknesses and depths of 
sediment layers, and properties of basalts and other geologic formations have been found to vary 
across the INEL. 

The Big Lost River, an intermittent stream at the INEL, comes within 3 km of the RWMC 
on the northwest side. A flood control system constructed in 1958 diverts part of the flow to four 
spreading areas near the southwest corner of the INEL. During the winter, nearly all flow is 
diverted from the river to avoid ice accumulation downstream. 

Approximately 177 m beneath the Snake River Plain is the Snake River Aquifer (SRA), 
which is designated as a sole source aquifer. The SRA is approximately 320 km long and 48 to 
97 km wide and contains a total estimated volume of 2500 billion m3 of water. Flow is roughly 
northeast to southwest at measured rates from 1.5 to 6.1 d d ,  with an average of 3 d d .  Evidence 
of perched groundwater has been found at depths from 9.1 to 70 m. 

Recorded temperature extremes at the INEL range from a low of -42°C in January to 39°C 
in July. The average winter temperature is from -16 to -3°C. Average summer temperature is 
from 10 to 31°C. 

Prevailing winds are from the southwest. The average hourly wind speed varies from 9 km/h 
in December to 14 km/h in April and May. The highest hourly average wind speed was 82 km/h 
from the west-southwest. The highest recorded instantaneous wind speed was 126 km/h, from the 
west-southwest. Calm conditions prevail 11% of the time. 

The INEL climate is semiarid, with average annual precipitation of 22 cm. Maximum 
monthly precipitation occurs during May and June, and the minimum occurs during July. The 
largest recorded rainfall within a 24-hour period was 4.4 cm in June 1954. The maximum hourly 
recorded rainfall was 3 cm on June 10, 1969. Average recorded annual snowfall is 72 cm. Snow 
falls primarily from November through April. 
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The average soil moisture zero flux plane depth at the INEL generally varies seasonally from 
1.2 to 2.3 m. However, positive and negative gradients indicating upward and downward water 
movement, respectively, may be found for depths to 3.3 m at various times of the year. Below 
3.3 m, gradients are primarily negative (downward). 

Figure 1 shows INEL facilities remaining to be decommissioned. 

1.5 INEL Road Map and Waste Stream Tracking System Interface 

The INEL Road Map Program, which provides regulatory drivers for environmental 
restoration, and decontamination and decommissioning projects, was the basis for initial input to 
the TLD. Additional information was obtained from the environmental restoration waste stream 
tracking system, which provided the 10-year waste form and volume generation forecasts for all 
INEL waste streams. 

1.6 Description of Appropriate Technology Identification 

The process used to evaluate decontamination and decommissioning technologies involved 
identifylng the characteristics of the radioactively contaminated surplus facility and appropriate 
technologies or processes for each D&D project. An engineering evaluation of each identified 
technology was then performed. 

Team leaders were identified and asked to assemble a team of technical experts for their 
particular subelement (e.g., characterization, decontamination, etc.). A series of facilitated 
meetings were held with the team leaders and appropriate technical experts. The purpose of the 
meetings was to discuss history, contaminants, current status, and plans for each facility. 
Brainstorming sessions were held to identify appropriate technologies or techniques for each 
subelement or phase of the D&D process. At the conclusion of the discussion about a particular 
facility, lists were prepared of appropriate technologies for characterization, removal of 
contaminants, etc. Any regulatory issues that would affect the project were also discussed. 
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Figure 1. INEL facilities remaining to be decommissioned. 
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The characterization portion of the TLD provides a review of the characterization 
requirements for INEL decommissioning activities, identifies applicable characterization 
technologies, and gives the status of those technologies. In addition, for areas where 
characterization needs are not fully met or where improvements will result in technical or 
economic gains, new technology requirements are identified. 

Characterization is broken into several components, each of which contains several 
technology options. These individual options are evaluated as part of the TLD process. A 
summary of identified characterization technologies is presented in Table 1 (page 17). This table 
also contains the TEDS code for each D&D technology, a designation of the technology status, 
and the estimated volume of material from applicable INEL D&D projects. The technology 
status indicates whether the technology needs basic research and development or further 
demonstration, testing, and evaluation before being implemented at the INEL. 

Following research and development and demonstration, testing, and evaluation, certain 
implementation needs must be met to successfully utilize a given technology. Fortunately, 
implementation needs for most characterization technologies are relatively minor. Other than 
procurement of the necessary equipment, most implementation needs consist of installing 
equipment, preparing procedures, and training operators. Although adequate funding and 
scheduling must be provided, implementation of characterization technologies is not viewed as a 
difficult item. 

Characterization is used to identify and quantify contamination. Characterization 
technologies are used to determine the location, amount, and type of contamination in and 
around the radioactively contaminated surplus facilities. Characterization is required to meet 
regulatory requirements, enable risk assessment, and guide remedial treatments. For the most 
part, the analysis of soils, sediments, sludge, water, metals, concrete, debris, and air are performed 
in a laboratory. The main contaminant groups of concern are radioactive elements, heavy metals 
(e.g., lead, mercury, and chromium), and organic compounds or mixtures of organic compounds 
(e.g., PCBs or fuels). 

Although characterization technologies are identified as preferred or applicable at a 
particular site, it is important to consider Environmental Protection Agency (EPA) sampling and 
analysis requirements in selecting and applying technology to be used. 
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3. DECONTAMINATION 

Decontamination technologies appropriate for materials (mostly concrete and metal) at the 
INEL's radioactively contaminated surplus facilities were identified and evaluated and are also 
summarized in Table 1 (page 17). A wide range of mechanical and chemical decontamination 
technologies were identified. Because considerable nuclear decontamination work has been done 
previously, many "accepted" technologies were identified. 

Often, a variety of decontamination technologies will prove adequate for a given application. 
Where possible, decontamination costs and application needs are given to help users select the 
most appropriate technology for their needs. The generation of secondary waste is an important 
aspect of decontamination, and this is also noted in the TLD where appropriate. Likewise, a 
combination of decontamination technologies often gives the best results. Thus, the TLD can be 
used to identify those technologies that compliment each other in decontaminating a given waste 
material. 

As with other D&D activities, decontamination technologies identified as preferred are 
indicated. 
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4. DISMANTLEMENT 

INEL radioactively contaminated surplus facilities contain concrete, metal, soil, sludge, and 
debris. Options for dismantlement have been divided into two basic types, manual and remote, 
each of which contains several technology options. These individual options were evaluated as 
part of the TLD process. In addition to listing dismantlement technologies, the TLD also 
presents assessments of technology needs. It indicates if the technology-needs further 
demonstration, testing, and evaluation before being used. 

Manual dismantlement equipment listed are commercially available and are fully proven 
technologies that can be applied to excavation and demolition operations. No pressing technology 
needs exist for this equipment. However, there may be some project-specific implementation 
needs that will require additional minor modifications to the equipment (e.g., a dust suppression 
system that would consist of a water-spray system mounted on the equipment). In general, 
implementation needs fall into categories such as (a) space requirements, (b) personnel training, 
and (c) resources to fully implement the technology. 

The remote dismantlement equipment listed requires demonstration, testing, and evaluation 
as it requires modification to meet site-specific conditions. Dismantlement technologies applicable 
to INEL D&D tasks are summarized in Table 1 (page 17). 
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5. MATERIAL DISPOSITION 

Decontamination and decommissioning projects are always faced with the disposition of 
materials generated during the decommissioning process. In effect, for D&D projects, materials 
disposition replaces waste management functions. The disposition of materials includes both 
contaminated and uncontaminated items. Therefore, any technologies appropriate to the 
disposition of materials from D&D projects were included in the TLD. - 
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6. ROBOTlCS/AUTOMATlON 

Because of the high radiation fields associated with some surplus facilities and of the 
constant desire to minimize exposures to D&D workers, robotics and automation play an 
important part of such operations. The use of robotics or automation technologies allows D&D 
decontamination or dismantling tasks to be completed with greatly-reduced exposure to workers. 

Robotics or automation technologies appropriate to D&D-type operations were identified 
and evaluated. 
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7. DOCUMENTATION 

Documentation is an important part of any D&D program, as these requirements are 
encountered before actual D&D work begins. Facility acceptance into a D&D program and the 
routine surveillance and maintenance required to keep the facility in a safe and stable condition 
prior to starting D&D operations require specific documentation. 

Following acceptance into a D&D program, the facility must be characterized before a 
decision can be made about the appropriate decommissioning option. The characterization and 
decision analysis processes require specific documents. Once a D&D option has been selected, a 
large set of decommissioning planning documents is needed. 

After decommissioning is complete, post-D&D documentation is required to complete the 
project and provide records of the facility's (or site's) final status. 

Table 2 (page 24) contains a summary of the documents required for each stage of the 
decommissioning process. For each document, the requirements for that document are 
referenced to DOE orders or other Federal directives. The D&D phase or actions referenced in 
the document are also presented. 

Major elements that should be addressed are listed for each document. The general level 
for each document is presented along with an estimate of the time required for obtaining 
document approval. 

Information presented in Table 2 was used to generate Table 3 (page 37), which is a 
summary of the time required for obtaining approval of the various documents required for 
decommissioning. 
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8. REFERENCE REQUIREMENTS 

The reference requirements portion of the TLD provides general requirements for 
evaluating technologies for INEL D&D projects. These requirements include specific Resource 
Conservation and Recovery Act (RCRA) waste stream classifications, identification of hazardous 
constituents in wastes regulated under RCRA, and concentrations at which waste must be 
managed as hazardous. 

Reference requirements include Federal regulations, State statutes, DOE orders, and INEL 
documents. Generally, reference requirements are derived from the following standards: 

10 CFR 1021, "National Environmental Policy Act Implementation Procedures" for 
implementing the procedural provisions of NEPA pursuant to the Council on 
Environmental Quality (CEQ) regulations (40 CFR 1500-1508). 

29 CFR 1910.120, "Hazardous Waste Operations and Emergency Response." 

40 CFR 261, "Identification and Listing of Hazardous Waste," identifies those solid 
wastes subject to regulation as hazardous wastes under the Resource, Conservation, and 
Recovery Act (RCRA). 

40 CFR 261, App. 1, "Representative Sampling Methods," lists the sampling protocols 
under which samples with similar properties to the indicated materials will be 
considered by the EPA to be representative of the waste. 

40 CFR 265.13, "Generator Waste Analysis." This subpart outlines the requirement 
that before an owner or operator treats, stores, or disposes of any hazardous or 
nonhazardous waste, a detailed chemical and physical analysis of a representative 
sample must be obtained. 

40 CFR 268.7(a)(4), "Waste Analysis and Record Keeping" outlines the requirement 
for a waste analysis plan for managing a prohibited waste in tanks and containers. 

40 CFR 792, Toxic Substances Control Act, "Good Laboratory Practice Standards" for 
toxic substance control. 

DOE Order 1324.2A, "Records Disposition," assigns responsibilities and authorities and 
prescribes policies, procedures, standards, and guidelines for the orderly disposition of 
DOE records and its management and operating contractors. 

DOE Orders 1540.2, Change 2, "Hazardous Material Packaging for Transport - 
Administrative Procedures," establishes administrative procedures for the certification 
and use of radioactive and other hazardous materials packaging by DOE. 

DOE Order 5400.5, Change 2, "Radiation Protection of the Public and the 
Environment," establishes standards and requirements for operations of DOE and DOE 
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contractors with respect to protection of members of the public and the environment 
against undue risk from radiation. 

NEPA 5440.1E, establishes DOE responsibilities and procedures to implement the 
National Environmental Policy Act of 1969. 

DOE Orders 5480.3, "Hazardous Materials Packaging and Transportation Safety 
Requirements," establishes requirements for the proper packaging and transport of all 
hazardous materials on-Site and off-Site. 

DOE Order 5480.5, "Safety of Nuclear Facilities," establishes nuclear facility safety 
program requirements. 

DOE Order 5480.6, "Safety of DOE-Owned Nuclear Reactors," establishes reactor 
safety program requirements. 

DOE Order 5480.21, "Unreviewed Safety Questions," sets forth the definition and basis 
for determining the existence of an Unreviewed Safety Question (USQ). 

DOE Order 5480.22, "Technical Safety Requirements," states the requirement to have 
Technical Safety Requirements (TSR) prepared for DOE nuclear facilities and to 
delineate the criteria, content, scope, format, approval process, and reporting 
requirements of these documents. 

DOE Order 5480.23, "Nuclear Safety Analysis," establishes requirements for contractors 
responsible for the design, construction, operation, decontamination, or 
decommissioning of nuclear facilities to develop safety analyses that establish and 
evaluate the adequacy of the safety bases of the facilities. The nuclear Safety Analysis 
Report (SAR) required by this order documents the results of the safety analysis. 

DOE Order 5481.1B, "Safety Analysis and Review System," establishes uniform 
requirements for the preparation and review of safety analysis of DOE operations 
including identification of hazards, their elimination or control, assessment of the risk, 
and documentation management authorization of the operation. 

DOE Order 5820.24 Chapter V, "Decommissioning of Radioactively Contaminated 
Facilities," establishes policies and guidelines for management, decontamination, and 
decommissioning of radioactively contaminated facilities under DOE ownership or 
control. 

EPA/540/G-89/004, "Guidance for Conducting Remedial Investigations and Feasibility 
Studies under CERCLA." 

EPA-QAMS-005/80-C3, "Interim Guidelines and Specifications for Preparing Quality 
Assurance Project Plans." 
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Table 1. D&D technology summary (bullets indicate preferred technologies). 

Volume 
Technology category TEDS code Status (fi3) 

Characterization 
Electron Spectroscopy for Chemical CHAR-01-IN 
Auger Electron Spectroscopy CHAR-02-IN 

Laser Ionization Mass Spectrometry CHAR-04-IN 
Secondary Ion Mass Spectrometry CHAR-03-IN 

Portable Organic Vapor Monitoring (VOC) CHAR-05-IN 
- ,  

Field Portable X-ray -Fluorescence 
Secondary Neutral Mass Spectrometry 
Fourier Transform Infra-red Spec. 
Ultraviolet-Visible Spectroscopy 
Electro Chemical Methods 
Surface Acoustic Wave 
Laser Photo Acoustic Spectroscopy 
Annular Denuder Technology 
Particle-Induced X-ray Emissions 
Long Path-Fourier Transform 
Microwave Digestion 
Ultrasonic Extraction 
Chemome t ria 
Artificial Intelligence/Neural 
Immunoassay (PCB) Detection 
Cold Vapor Mercury 
Fiber Optic Chemical Sensors 
Laser Scattering Particle Size 
Differential O p t i c a W  Absorption 
Hadamard Masking for Spatial Res. 
Auto Correlated Optimized Analysis 
Extended X-ray Absorption 
Powder X-ray Diffraction 
Optical Microscopy 
Scanning Electron Microscopy 
Transmission Electron Microscopy 
Energy Dispersive X-ray Spec. 
Electron Diffraction 
Computer Tomography 
Holographic Imaging 
Mossbauer Spectroscopy 
Isotopic Dilution Mass Spectrometry 
Ion Chromatography 
In Situ Measure of Natural Gamma 
Membrane Technology for Sample 
Glow Discharge Ionization Mass Spec. 

CHAR-06-IN 
CHAR-07-IN 
CHAR-08-IN 
CHAR-09-IN 
CHAR-10-IN 
CHAR-14-IN 
CHAR-15-IN 
CHAR-16-IN 
CHAR-17-IN 
CHAR-1&IN 
CHAR-19-IN 
CHAR-20-IN 
CHAR-21-IN 
CHAR-22-IN 
CHAR-23-IN 
CHAR-24-IN 
CKAR-25-IN 
CHAR-26-IN 
CHAR-27-IN 
CHAR-=-IN 
CHAR-29-IN 
CHAR-30-IN 
CHAR3 1-IN 
CHAR-32-IN 
CHAR-33-IN 
CHAR-34-IN 
CHAR-35-IN 
CHAR-37-IN 
CHAR-41-IN 
CHAR-46-IN 
cHAR-47-IN 
CHAR-48-IN 
CHAR-50-IN 
cHAR-51-IN 
CHAR-SIN 
CHAR-56-IN 

Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 

665,400 
665,400 
665,400 
665,400 

665,400 
665,400 
665,400 
665,400 
665,400 
571,400 
665,400 
665,400 
665,400 
571,500 
665,400 
665,400 
665,400 
665,400 
571,500 
19,400 
665,400 
665,400 

665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 

571,500 

571,500 
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Table 1. (continued). 

Volume 
Technology category TEDS code Status (ft') 

Nuclear Magnetic Resonance Imaging 

Vacuum-Assisted Reverse Flow Ext. 
Multiangle Drilling 
Small Long-Range Alpha Detection 
Wave Length Dispersive X-ray Spec. 
Gas Chromatography-Fourier Trans. 
Metallographic Sample Prep. 
Optimize Sample Design 
Data Base Management 
Visual Display for Stat. Info. 
Statistical Methods for Multivar. 
Statistical Methods for Spatially 
Atomic Absorption Spectroscopy 
Inductively Coupled Plasma Spec. 
Inductively Coupled Plasma Mass Spec. 
Laser Raman Scattering 
Laser Ablation 
Laser/flash Lamp Heating 
Gas Chromatography Mass Spec. 
Liquid Chromatography Mass Spec. 
Direct Sampling, Ion Mass Spec. 
Solid Sorbent Sampling 
Fluorescence (Detection) 
Laser Ablation Organic Mass 
Spectroscopy 
Gas Chromatography Using a Multitude 
of Detectors 
"Electrel" Passive Surface Alpha Det. 
Alpha Track Etch Detection 
Select Alpha Radionuclide Analysis 
X-ray Fluorescence 

Gas Chromatography 
Synchronous Fluorescence Screening 
In Situ Passive Monitors 
TLD Array for Spatial Charact. 
Passive Neutron Measurement 
NaI Ge Gamma Spectroscopy 
Neutron Activation 
Proportional Counting 
Waste Curie Monitor 

Continuous Air Monitoring 

Immunoassay (PCB) 

CHAR-58-IN 
CHAR-59-IN 
cHAR-62-IN 
CHAR-&l-IN 
CHAR-65-IN 
CHAR-&-IN 
CHAR-66a-IN 
CHAR-67-IN 
CHAR-7 1 -IN 
CHAR-72-IN 
CHAR-73-IN 
CHAR-74-IN 
CHAR-75-IN 
CHAR-76-IN 
CHAR-77-IN 
CHAR-78-IN 
CHAR-84-IN 
CHAR-86-IN 
CHAR-87-IN 
CHAR-88-IN 
CHAR-89-IN 
CHAR-90-IN 
CHAR-91-IN 
CHAR-=-IN 

CHAR-93-IN 

CHAR-94-IN 
CHAR-95-IN 
CHAR-96-IN 
CHAR-97-IN 
CHAR-98-IN 
CHAR-99-IN 
CHAR-100-IN 
CHAR-101-IN 
CHAR-102-IN 
CHAR-103-IN 
CHAR-104-IN 
.CHAR-lWIN 
CHAR-107-IN 
CHAR-108-IN 
CHAR-109-IN 

Accepted 
Accepted 
R ~ L D  needed 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
R&D needed 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 

R&D needed 

DT&E needed 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 

665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
316,800 
665,400 
571,500 
571,500 
571,500 
571,500 
571,500 

571,500 

665,400 
665,400 
665,400 
665,400 
571,500 
571,500 
571,500 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 
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Table 1. (continued). 

Volume 
Technology category TEDS code Status (fi3> 

Fluor eS ce n ce 
Laser Ablation-Inductive Coupled PAEC 
Portable Gamma Spectroscopy 
Chemical Leaching Tests 
On-Line Supercritical Fluid Extraction 
Liquid Scintillation Counting 
Secondary Ion Mass Spectrometry Analysis 
(SIMS Analysis) 
Infrared Analysis of Wastes (FI'IR-PAS) 

Decontamination 
Solvent Extraction 
Incineration 
Biological 
Dry Heat 
Chemical Leaching 
Catalytic Extraction Process (CEP) 
Vacuum 
Chemical Foams 
Chemical Gels 
Organic Acid Treatment 
Fluoroboric Acid Treatment 
Inorganic Acid Treatments 
Caustic Treatment 
Redox Treatments 
Elec tropolis hing 
Biological Surface Cleaning 
Laser-Activated Chemistry 
Ultraviolet/Ozone 
Electromigration 
Organic Solvent Treatment 
Phosphoric Acid Treatment 
Oxalic Acid (OX) Treatment 
Hydrochloric Acid Treatment 
Sulfamic Acid Treatment 

Bleaching 
Acid Etching 
Lead-Based Paint Removal 
Photochemical Degradation 
Smelt Purification 
Ultra High-pressure Water (UHPW) 

Detergents and Surfactants 

CHAR-110-IN 
CHAR- 1 11-IN 
CHAR-1 12-IN 
CHAR-113-IN 
CHAR-115-IN 
CHAR- 129-IN 

CHAR-135-IN 
CHAR-136-IN 

DCON-01-IN 
DCON-02-IN 
DCON-03-IN 
DCON-04-IN 
DCON-05-IN 
DCON-06-IN 
DCON-07-IN 
DCON-08-IN 
DCON-09-IN 
DCON- 10-IN 
DCON-11-IN 
DCON- 12-IN 
DCON- 13-IN 
DCON- 14-IN 
DCON-15-IN 
DCON- 17-IN 
DCON-18-IN 
DCON-19-IN 
DCON-20-IN 
DCON-21-IN 
DCON-22-IN 
DCON-23-IN 
DCON-24-IN 
DCON-25-IN 
DCON-26-IN 
DCON-27-IN 
DCON-28-IN 
DCON-29-IN 
DCON-30-IN 
DCON-31-IN 
DCON-35-IN 

R&D needed 
DT&E needed 
Accepted 
DT&E needed 
R&D needed 
Accepted 

Accepted 
Accepted 

DT&E needed 
Accepted 
R&D needed 
R&D needed 
DT&E needed 
R&D needed 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
Accepted 
R&D needed 
R&D needed 
DT&E needed 
R&D needed 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
DT&E needed 
Accepted 

665,400 
665,400 
665,400 
665,400 
571,500 
665,400 

665,400 
665,400 

571,500 
Unknown 

318,700 
321,100 
477,900 
158,700 
4,300 
473,200 
473,200 
156,400 
473,200 
156,400 
156,400 
156,400 
156,400 
474,300 
156,400 
156,800 
316,800 
1,100 
156,400 
156,400 
156,400 
156,400 
473,200 
1,100 
474,300 
1,100 
1,100 
156,400 
474,300 
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Table 1. (continued). 

, 

Technology category 
Volume 

TEDS code Status (ft3) ' 

Shot Blasting 
Scabbler/Scarifiers 
Grit Blasting 
Centrifuge Cryogenic CO, Blasting 
Ice Blasting 
Suiercritical CO, 
Plastic Pellet Blasting 
Hand Grinding, Honing, Scraping 
Automated Grinding 
Metal Milling 
Concrete Milling 
Explosive 
Drill and Spa11 
High-pressure Jet Spalling 
Compressed-Air Cryogenic CO, Blasting 
High-pressure Water 
Superheated Water 
Hot Water 
Steam Cleaning 
Hand Brushing 
Automated Brushing 
Sponge Blasting 
Hot Air Stripping 
Dry Heat Roasting 
Solvent Washing 
Solvent Washing to Remove Organics 
Strippable Coatings 
Vacuuming (low pressure) 
Ultrasonic Cleaning 
Microbial Degradation 
Fixative/stabilizer Coatings 
K-20 Sealant 
Microwave Scabbling 
Plasma Torch 
Laser Heating 
Laser Etching and Ablation 
Plasma Surface Cleaning 
Plasma EtchinglFluorination 
Flashlamp Cleaning 
Alkaline Salts 
Complexing Agents 
Flaming 

DCON-36-IN 
DCON-37-IN 
DCON-38-IN 
DCON-39-IN 
DCON-40-IN 
DCON-41-IN 
DCON-42-IN 
DCON-43-IN 
DCON-44-IN 
DCON-45-IN 
DCON-47-IN 
DCON-48-IN 
DCON-49-IN 
DCON-50-IN 
DCON-5 1-IN 
DCON-52-IN 
DCON-53-IN 
DCON-54-IN 
DCON-%-IN 
DCON-56-IN 
DCON-57-IN 
D C 0 N - 5 8 -IN 
DCON-59-IN 
DCON-60-IN 
DCON-61-IN 
DCON-62-IN 
DCON-63-IN 
DCON-64-IN 
DCON-65-IN 
DCON-67-IN 
DCON-68-IN 
DCON-69-IN 
DCON-71 -IN 
DCON-72-IN 
DCON-73-IN 
DCON-74-IN 
DCON-75-IN 
DCON-76-IN 
DCON-77-IN 
DCON-78-IN 
DCON-79-IN 
DCON-80-IN 

20 

Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
Accepted 
R&D needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
DT&E needed 
R&D needed 
R&D needed 
Accepted 
Accepted 
Accepted 
R&D needed 
DT&E needed 
DT&E needed 
DT&E needed 
R&D needed 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 

474,300 
316,800 
473,200 
473,200 
473,200 
473,200 
473,200 
473,200 
473,200 
156,400 
3 16,800 
316,800 
316,800 
3 16,800 
473,200 
473,200 
473,200 
473,200 
473,200 
474,500 
474,500 
473,200 
1,100 
1,100 
473,200 
1,100 
473,200 
473,200 
156,400 
474,500 
474,500 
474,500 
316,800 
473,200 
156,400 
156,400 
156,400 
156,400 
156,400 
474,500 
473,200 
1,100 
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Table 1. (continued). 

Volume 
TEDS code Status (fi3) Technology category 

Turbulator 
Vibrating Finishing 
Wet Abrasive Cleaning 

Dismantlement 
High-pressure Abrasive Water Jet 
Diamond Wire Cutting 
Conventional (Jackhammer, etc.) 
Blasting 
Demolition Compounds 
Microwave Scabbling 
Qualitative Ir Thermography 
Conventional Disassembly 
Nd: YAG and CO, Laser Cutting 
Abrasive Water Jet 
Plasma Arc Cutting 
Arc Saw Cutting 
Oxygen Cutting 
Plasma Arc Saw 
Advanced Lasers for Cutting 
Grabbler (saw) Massive Shearing 
Explosive Cutting 
Thermite Cutting 
Vacuum (ConventionaVAutomated) 
CO, Blasting 
Glassification 
Laser Cutting 
Abrasive Jet (High Pressure) 
High-pressure Abrasive Water-Jet 
Zoning for Containment (Three Zones) 
GrabbledGross Shearing and Lifting 
Thermal Arc Water-Jet Cutting 
Liquified Gas Cutting 
Shredding, Automatic Sorting, etc. 
Use of Existing Fixtures and Tooling 
Rock Splitter 
Core Stitch Drilling 
Shape Memory Alloys 
Mechamical Disintegration Machining 
Electro-Discharge Machining 
Containment Structures 
Manually Operated Excavator 

DCON-81-IN 
DCON-82-IN 
DCON-83-IN 

DISM-11-IN 
DISM-12-IN 
DISM-21-IN 
DISM-22-IN 
DISM-23-IN 
DISM-3 1-IN 
DISM-32-IN 
DISM-33-IN 
DISM-34-IN 
DISM-35-IN 
DISM-36-IN 
DISM-37-IN 
DISM-38-IN 
DISM-40-IN 
DISM-42-IN 
DISM-43-IN 
DISM-44-IN 
DISM-45-IN 
DISM-46-IN 
DISM-47-IN 
DISM-48-IN 
DISM-49-IN 
D I S M -50-IN 
DISM-52-IN 
DISM-55-IN 
DISM-%-IN 
DISM-6 1 -IN 
DISM-64-IN 
DISM-65-IN 
DISM-66-IN 
DISM-82-IN 
DISM-83-IN 
DISM-84-IN 
DISM-SIN 
DISM-&IN 

Accepted 
Accepted 
Accepted 

DT&E needed 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 
DT&E needed 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
R&D needed 
Accepted 
Accepted 
R&D needed 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
R&D needed 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 

DISM-CTMNT-100 Accepted 
DISM-ME- 101 Accepted 

156,400 
156,400 
156,400 

316,800 
3 16,800 
316,800 
3 16,800 
316,800 
316,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
156,800 
4,300 
4,300 
5,400 
4,300 
4,300 
156,800 
473,500 
473,500 
156,800 
156,800 
156,800 
156,800 
316,800 
3 16,800 
3 16,800 ' 
156,800 
156,800 
unknown 

665,400 

0 c c 0 132 21 



Table 1. (continued). 

Technology category 
Volume 

TEDS code Status et') 

Manually Operated Backhoe 
Manually Operated Motor Grader 
Manually Operated Dozer 
Manually Operated Trencher 
Teleoperated Excavation Equipment 
Hydraulic-Powered Shear Attachment 
Manually Operated Hydraulic Ram 

Material Disposition 
Borehole Disposal 
INEL Central Facilities Area Landfill 
Nevada Test Site 
Commercial RCRA Landfill Sites 
Envirocare, Utah Landfill 
Waste Isolation Pilot Plant 
INEL RWMC 
Waste Minimization Evaluation 
Excepted Packages-Strong, Tight 
Multiuse, Standardized Type-Accepted 
Type-B Packaging 
Type-A And Type-B Packaging 
Performance-Oriented Packaging (PCB) 
Performance-Oriented Packaging (A) 
Performance-Oriented Packaging (RCRA) 
On-Site Packaging 
Cementitious Solidification 
Polymer Impregnated Concrete 
Thermoplastic Encapsulation 
Thermoplastic Encapsulation (SPC) 
Thermosetting Plastics Encapsulation 

RoboticdAutomation 
Robotic Wheelednracked Vehicles 
PipeDuct Crawler, Internal 
PipeDuct Crawler, External 
Bridge-Mounted Robotic Platform 
Power Sources for Mobile Platforms 
Failure Recovery 
Long Reach Arms, Light Duty 
Long Reach Arms, Medium Duty 
Long Reach Arms, Heavy Duty 
Arms With > 6  Degrees of Freedom 

DISM-ME-103 
DISM-ME-104 
DISM-ME-105 
DISM-ME-106 
DISM-RE-107 
DISM-SR-108 
DISM-SR- 109 

MDIS- 100-IN 
MDIS-101-IN 
MDIS- 102-IN 
MDIS- 103 -IN 
MDIS-1 W I N  
MDIS-105-IN 
MDIS-106-IN 
WMIN-100-IN 
WPHT-100-IN 
WPHT-101-IN 
WPHT-102-IN 
WPHT-103-IN 
WPHT-104-IN 
WPHT- 105-IN 
WPHT-106-IN 
WPHT-107-IN 
WSTA- 100-IN 
WSTA- 10 1 -IN 
WSTA-102-IN 
WSTA- 103-IN 
WSTA-1 W I N  

ROBA-01-IN 
ROBA-02-IN 
ROBA-03 -IN 
ROBA-04-IN 
ROBA-05-IN 
ROBA-06-IN 
ROBA-07-IN 
ROB A-08-IN 
ROBA-09-IN 
ROBA- 10-IN 

Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
Accepted 

DT&E needed 
Accepted 
Accepted 
Accepted 
Accepted 
DT&E needed 
Accepted 
DT&E needed 
Accepted 
R&D needed 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
Accepted 
R&D needed 
DT&E needed 
DT&E needed 
DT&E needed 

Accepted 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
DT&E needed 

665,400 
665,400 
665,400 
166,400 
65 1,500 
156,800 
316,800 

652,600 
12,800 
651,500 
1,100 
65 1,500 

Unknown 
665,400 
65 1,500 
651,500 
651,500 

Unknown 
Unknown 
Unknown 

4,300 
1,100 
665,400 
665,400 
665,400 
665,400 
665,400 
665,400 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
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Table 1. (continued). 

Technology category 
Volume 

TEDS code Status (ft’) 

Compact, High-Capacity Arms 
Multifingered End Effector 
Remote/Automated Interchangeability 
Tool-Arm Interface 
Force Limiter 
Automated Separation Technology 
Multiple Platform Control 
Combined End Effector Control 
Preprogrammed Obstacle Avoidance 
Programmed Motions 
Sample Management 
Single HurnadMultiple Vehicle 
Data GenerationFusion 
TeachPlayback 
Voice Control 
Man-Robot Symbiosis 
Fuzzy Control 
Transportable Control Systems 
Hardwire (Umbilical) 
Microwave 
Radio Frequency 
Laser 
3-D Vision 
High-Definition Television (HDTV) 
Directional Audio 
Force Feedback 
Imaging and Image Processing 
Wall-Thickness Measurements 
Proximity Probes 
Positioning 
Laser Range Finders 
Force Controls 
Flow, Mass, Volume 
Position Sensors 

ROBA- 1 1 -IN 
ROBA-12-IN 
ROBA-23-IN 
ROBA-24-IN 
ROB A-25-IN 
ROBA-26-IN 
ROBA-27-IN 
ROBA-=-IN 
ROBA-29-IN 
ROBA-30-IN 
ROBA-31-IN 
ROBA-32-IN 
ROBA-33-IN 
ROBA-34-IN 
ROBA-35-IN 
ROBA-46-IN 
ROBA-47-IN 
ROBA-&-IN 
ROBA-49-IN 
ROBA-50-IN 
ROBA-5 1-IN 
ROBA-52-IN 
ROBA-53-IN 
ROBA-54-IN 
ROBA-65-IN 
ROBA-&-IN 
ROB A-67-IN 
ROBA-68-IN 
ROB A-69-IN 
ROBA-70-IN 
ROBA-71-IN 
ROBA-72-IN 
ROBA-74-IN 
ROBA-75-IN 

R&D needed 
R&D needed 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 
DT&E needed 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
R&D needed 
DT&E needed 
Accepted 
Accepted 
R&D needed 
DT&E needed 
Accepted 
Accepted 
DT&E needed 
DT&E needed 
Accepted 
DT&E needed 
DT&E needed 
DT&E needed 
Accepted 
R&D needed 
DT&E needed 
R&D needed 
R&D needed 
DT&E needed 
DT&E needed 
Accepted 
Accepted 

unknown 
unknown 
Unknown 
unknown 
Unknown 
unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
unknown 
unknown 
unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
unknown 
Unknown 
unknown 
unknown 
unknown 
unknown 
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Appendix A 

Description of INEL 
Radioactively Contaminated 

Surplus Faci I i t ies 

FACILITY DESCRIPTION FOR AUXILIARY REACTOR AREA (ARA-I) 

The Auxiliary Reactor Area I (ARA-I), located 7.5 miles east of the Central Facilities Area 
(CFA) of the INEL, is one of four facilities built in support of military nuclear reactor programs 
in the late 1950s. ARA-I was constructed as a support facility for the other three nearby ARA 
facilities. Since the phaseout of the Army Reactor Program in 1965, all reactors built in support 
of this program have been removed or dismantled. Despite this phaseout, ARA-I was used 
intermittently until the mid-1980s. The activities listed below no longer take place at this facility. 
The ARA-I facility is listed as an INEL surplus facility with decommissioning scheduled to start 
in FY-95. 

Program work performed at ARA-I included designing, testing, and treating materials used 
at the INEL, taking fatigue measurements on irradiated materials, studying thermonuclear reactor 
design and feasibility, applying crystal growth processes related to geothermal research, and 
studying neutron irradiation effects. Preliminary studies were completed for aluminum 
reclamation and burst testing of structural materials at high temperatures. Other studies, such as 
extending fuel life, have been conducted for the Advanced Test Reactor ( A m )  Surveillance 
Program. 

Projected decommissioning start date: FY-95 

WASTE TYPE: 
Low-level radioactive waste-metals to be sized, low-level radioactive-noncompactable, 

low-level radioactive-asbestoshoncompactable, municipal sanitary-wood/scrap lumber, municipal 
sanitary-scrap metal, municipal sanitary-rubble/debris. 

WASTE FORM: 
Steel, concrete, metal, D&D debrislconcrete, D&D debridasbestos, wood. 

CONTAMINANTS: 

tetrachloroethane, toluene, xylene, and asbestos. 
Primary radioactive contaminants are T o  and I3’Cs, however minor amounts of other INEL 
isotopes are present. 

l,ldichloroethene, Trans-l,2dichloroethene, 1,1,l-trichloroethane, trichloroethane, 

SOURCE VOLUME: 40,000 ft3. 
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BASELINE TREATMENT STRATEGY FOR ARA-I 

Remove contaminants, then remove all buildings and structures and return area to a natural 
condition. 
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FACILITY DESCRIPTION FOR AUXILIARY R E A m O R  AREA (ARA-II) 

The Auxiliary Reactor Area I1 (ARA-11) originally housed the Argonne Low Power 
Reactor (ALPR) Plant, which was later changed to the Stationary Low Power Reactor No. 1 
(SL-I). The S L I  was designed by Argonne National Laboratory as the prototype of a power and 
heat source for use at remote military bases. The S L I  was a direct cycle, boiling water, natural 
circulation reactor designed to operate at a thermal power of 3000 kW.. It had the ability to 
produce 200 kW of electricity and 1.37 x 106 Btu per hour for space heating. 

Work on the plant started in 1955 in response to a request by the U.S. Atomic Energy 
Commission (AEC). The design was reviewed by the AEC Advisory Committee on Reactor 
Safeguards in March 1958, and on August 11, 1958, initial criticality was achieved. On 
February 5, 1959, Argonne turned responsibility for the plant over to Combustion Engineering, 
Inc. (CEI). 

CEI conducted their initial test on March 6, 1959. The reactor was shut down for routine 
maintenance in August 1959, January 1960, November 1960, and on December 23, 1960. The last 
shutdown involved minor modifications, instrument calibration, and installation of flux wires in the 
core. At 4 p.m. on January 3, 1961, all maintenance was complete and the three-man, 4- to 
12 p.m. shift was to reassemble the control rod drive mechanism, connect motors, and prepare for 
resuming operations in the morning. At 9:Ol p.m., January 3, 1961, a nuclear accident occurred in 
which all three men were fatally injured. 

The post-accident investigation and dismantling consisted of three phases which were to be 
completed by November 1962. Phase I (January 3-9, 1961) was mainly concerned with recovering 
the three victims. Phase 11 (January 9 to April 21, 1961) was an effort to determine the extent of 
the accident and reactor status. Phase 111 (April 21, 1961 to November 1962) consisted of 
cleanup, dismantling, and analysis and determination of the accident cause. 

It was determined that a neutron excursion had taken place. Air and water samples were 
taken, and a ffision product inventory showed that, although the building was not constructed to 
provide containment, only 3 to 5% of the fssion products escaped. 

The nuclear status of the reactor was determined in Phase 11 and on April 21, 1961, 
Phase 111 began. Radiation surveys were taken and cleanup operations started by the nuclear 
materials and propulsion section of the General Electric Company. A fenced 4.6-acre burial 
ground was set up 1600 feet northwest of ARA-II. About 3,035 yd3 of waste is buried in this 
burial ground, including the reactor itself. Blacktop was then placed over the entire ARA-11 site 
to stabilize the area. Following cleanup, the three main buildings were converted to welding 
shops and offices use until the mid-1980s. 

Projected decommissioning start date: October 1993. 

WASTE TYPE: 
Low-level radioactive-noncompactable, low-level radioactive-combustible, asbestos. 
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WASTE FORM: 

asbestos. 
Metal, stainless steel, soil, concrete, D&D debridconcrete/ solid, D&D debrislragshood, 

CONTAMINANTS: 
13'Cs, @'Co, lSEu, psU, ?3r, U, Pu. Asbestos is also present in the facility. 

SOURCE VOLUME: 22,778 ft3. 

BASELINE TREATMENT FOR ARA-Ik 

Remove contaminants, then remove all buildings and structures. Contaminated soil will 
then be removed and the area returned to a natural condition. 

I 
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FACILITY DESCRIPTION FOR ARMY REENTRY VEHICLE 
FAClLITy SITE (ARVFS) NaK 

Four containers of contaminated eutectic sodiudpotassium liquid metal(NaK) are stored in 
an underground bunker at the Army Reentry Vehicle Facility Site (ARVFS). 

The contaminated NaK, containing fuel and fission products, resulted from the meltdown of 
the Ehperimental Breeder Reactor-I (EBR-I) Mark 11 core in November 1955. The NaK may 
contain 10.5 grams of plutonium, an amount not recovered during the EBR-I Mark 11 core 
cleanup activities. This NaK coolant, estimated at approximately 200 gal, was removed from the 
reactor and placed in two 55-gal Mine Safety Appliance Research (MSAR) drums and two 
containers fabricated from pipe. Each container was provided with an argon cover gas. The 
containers were placed in a storage pit at the EBR-I site until 1974. At that time they were 
removed from the storage pit and placed in a steel dumpster, which was then filled with sand and 
the package transferred to the ARVFS bunker. If plutonium is present in the NaK, it is assumed 
that over a period of 29 years, the plutonium, as well as debris particles, have settled to the 
bottom of the containers to form a thin layer (< 1/4 in.) of bottom residue or sludge. 

A bunker inspection was performed in August 1979 to characterize the external condition 
of the NaK containers. Most of the sand was removed from around the containers and radiation 
and physical measurements were taken. No contamination external to the containers or in the 
sand removed from the dumpster was found. The containers/drums were not moved or lifted 
during this inspection activity. Vermiculite was added to the dumpster to a depth of 
approximately 12 in. above the drums. The sheet metal dumpster lid was replaced and the 
package located inside the bunker for continued storage. 

Inspection of the NaK storage containers in 1979 verified that the integrity of the 
containers had not been breached. However, the smaller fabricated nonstandard containers had 
some surface rust on the lower portion of the container. Based on the inspection results, it can 
be assumed that no significant external deterioration of the containers had occurred in the 
ARVFS bunkers during the five year storage period, from 1974 to 1979. 

Projected decommissioning start date: October 1992. 

WASTE TYPE: 

radioactive-combustible, municipal sanitary-other. 
I;ow-level radioactive-metals to be sized, low-level radioactive-noncompactable, low-level 

WASTE FORM 

protective equipment. 
NaK, metal, TRU waste, other solids, absorbent material, metaUfilters, solid/personal 

CONTAMINANTS: 

=Tu, ? P u ,  %lPu. 
KO, ?3r, T, =Zr, T c ,  '06Ru, '06Rh, 12'Sn, lZSb, '?e, 13'Cs, 137Cs, 137mBa, 147,, "'Sm, 

SOURCE VOLUME: 1,560 ft3. 
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BASELINE TREATMENT STRATEGY FOR ARMY REENTRY VEHICLE 
FACILITY SITE (ARVFS) (NaK): 

and the system used to react it. 
React the NaK to create a chemically stable product and then dispose of the reacted NaK 
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FACILITY DESCRIPTION FOR BOILING WATER REACTOR V 
(BORAX-V) 

Boiling Water Reactor Experiment-V (BORAX-V) was used for determining the safety 
aspects and feasibility of an integral nuclear superheat system from 1962-1964. The 
BORAx-II,-III,-IV, and-V experiments were housed in two main buildings, the reactor building 
(AEF-601) and the turbine building (AEF-602), later redesignated as Building No. 717 and 718, 
respectively. 

Radiological characterization of the reactor and turbine building systems was originally 
performed in May of 1979. Dismantlement was selected as the preferred decommissioning 
alternative in 1979 and a D&D Plan for the BORAX-V facility was prepared proposing that the 
turbine building be removed from the facility site. However, because a rigorous approach was not 
taken in selecting dismantlement as the preferred D&D alternative, other alternatives were 
considered in a subsequent decision analysis prepared in 1984. Five alternatives for D&D of the 
BORAX-V facility were considered and compared based on estimated cost, material reuse, facility 
reuse, surveillance and maintenance costs, volume of waste generated, hazards to D&D workers, 
short-term impact on INEL personnel and operations, and long-term impact to the public. The 
recommended alternative was to stabilize the reactor building systems in place and perform total 
dismantlement of the remainder of the facility which was consistent with the original D&D Plan. 
The BORAX-V facility was designated for decommissioning in 1985 and the D&D Plan was 
revised in April of 1985 to reflect the results of the decision analysis. The planned scope of the 
D&D work for the turbine building was to remove all systems and equipment from the building, 
remove or dismantle the metal building, decontaminate the concrete foundation to acceptable 
release limits, and demolish the concrete foundation to 6 ft below grade. The turbine building 
area would be backfilled, covered with top soil, and reseeded with native grasses. An additional 
decision analysis was prepared in December 1988 considering the current condition of the facility 
and to address the environmental issues as of October 1988. The recommended alternative of 
this decision analysis was consistent with the alternative selected in 1985. Total dismantlement of 
the BORAX-V facility was reconsidered by Department of Energy Idaho Field Office (DOE-ID) 
and EG&G Idaho in the spring of 1989. DOE-ID decided on total dismantlement as the 
preferred D&D alternative and documented this decision by letter to EG&G Idaho, in June 1989. 

Projected decommissioning start date: October 1992. 

WASTETYPE 

radioactive-compactable, low-level radioactive-noncompactable, low-level radioactive- metals to be 
sized, municipal sanitary-wood/scrap lumber, municipal sanitary-rubble/debris, municipal 
sanitary-liquid, municipal sanitary-trash/paper/sweeping, municipal sanitary-scrap metal, mixed 
low-level-metaUnoncompactable, asbestos, hazardous-cleanup waste. 

Low-level radioactive-liquid, low-level radioactive-combustible, low-level 

WASTE FORM: 

debrishbble, personal protective equipment, paper/plastic/personal protective equipment, water, 
debris/paper/plastic, D&D debris, glass, halo plastic, metal chips, wire, asbestos, filters (other than 

Concrete, metal-carbon steel, soiUequipment, soWg-raveUrubble, equipment, wood, 
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HEPA), mercury, high-efficiency particulate air (HEPA filter), any combination of filters, lead 
shielding, metal-stainless. 

CONTAMINANTS: T o ,  l3’Cs. 

SOURCE VOLUME: 20,000 ft3. 

BASELINE TREATMENT STRATEGY FOR BOILING WATER REACTOR V (BORAX-V): 
Total removal of the facility and return the area to a natural condition. 
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FACILITY DESCRIPTION FOR ICPP-603/740 (SETTLING BASIN) 

The Idaho Chemical Processing Plant (Horizontal Settling Basin ICPP-740) was constructed 
in 1962, and last used in 1977. Thsi area consists of four components and their associated piping. 
These are two filter aid slurry settling facilities, a dry well, and a valve box manhole. The 
enclosed area is bounded by six large cylindrical posts, for which a single-link chain barrier is 
erected waist high. The enclosure formed by the chain boundary measures roughly 20 by 46 feet. 
The enclosure has been surveyed by health physics and is classified as a Zone III radiation area; 
thus, the area is not accessible to personnel without required contamination protection. 

The primary purpose of the support system is to receive the backwash slurry of filter aid 
material (diatomaceous earth) from the BIF filter system (The BIF Corporation manufactures the 
filter used in this facility.) when filter aid material accumulations initiate a pressure drop across 
the B E  filter elements greater than 18 in. Hg. To accomplish this task, the ICPP-740 has two 
facilities for slurry settling. The first is a settling vault, ICPP-301, which measures 5 feet by 5 feet 
square by 19 feet deep. This structure is constructed of 5-inch thick, square concrete barrels, 
each approximately 4 feet high, and a platform-type of floor structure. The facility has personnel 
access capability from metal rings which lead to the bottom of the vault, The vault also contains a 
liquid jet which is used to jet out the supernatant from the vault into a liquid hot waste tank , 
Stored Fuel Exterior Waste Tank (SFE-20). 

The other filter aid material setting facility is a horizontal settling basin. This facility is a 
horizontal vault measuring internally 4 feet wide by 5 1/3 feet high by 30 feet long. Most of the 
facility is buried under seven feet of backfill dirt; hence, access of the facility is accomplished only 
through a rectangular manway which leads to the final (#1) weir compartment. The facility 
consists of this manway and eight weir compartments. These compartments are formed by 
redwood weirs which measure 4 1/2 feet by 4 feet and are constructed of 2 by 6 redwood planks. 
Structurally, the facility is constructed from wire reinforced concrete slabs, ranging from 4 inches 
to 8 inches in thickness. Further, there are four triangular counter fort walls which support the 
side walls of this facility. 

The horizontal settling basin has an associated dry well. This dry well was constructed in 
conjunction with the horizontal basin. The dry well is essentially a bottomless type with the intent 
that all liquid effluents discharged into it would be absorbed into the surrounding ground. 
Dimensionally, the dry well is 4 feet in diameter and 23 feet deep. Structurally, the dry well is 
constructed from 4 feet high, 5 inch thick concrete barrels, with a 2 foot manhole for maintenance 
and access purposes. 

The slurry of backwashed filter aid material flows into a valve box manhole, 
MAH-SFE-SW-047, where the flow is diverted into the ICPP-301 vault. By procedure, the slurry 
is allowed to settle for three days; then the supernatant is jetted out by a liquid jet installed inside 
the vault to a liquid hot waste hold tank, SFE-20, located in ICPP-642. After a period of time in 
SFE-20, the liquid waste is then transferred to the process equipment waste (PEW) evaporator, 
where the liquid emuent is evaporated. 

Projected decommissioning start date: October 1993 
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WASTE TYPE 

low-level-chemical. 
Low-level radioactive-noncompactable, municipal sanitary-rubble/debris, mixed 

WASTE FORM 
Concrete, sludge, wood, piping, soil, debris, concrete/rubble/soil, D&D debris. 

CONTAMINANTS: 
'"Eu, '%Eu, lS2Eu, '37Cs, '"'Cs, 'To, "Co, 'Te, '%Ru, ' 9 b ,  Yjr, =*Pu, q u ,  T u ,  2yJv 

mu, =u mu, TJ, ='Am, 

SOURCE VOLUME: 4,400 ft3. 

ICPP-740 system components, may not include contaminated soil. The ratio or mix of LLW, 
MW, LF, and contaminated soil is unconfirmed since an in-depth characterization of the 
ICPP-740 installation is incomplete. 

The 4,400 ft3 source volume, while representing the approximate gross volume of the 

BASELINE TREATMENT STRATEGY FOR ICPP-603/740 SE'ITLING BASIN 
The baseline treatment strategy for the ICPP-740 installation includes a sludge removal 

action under CERCLA (ongoing) followed by D & D applications to complete removal of the 
ICPP-740 system components and potentially contaminated soil immediately contacting the system 
components. 
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FACILITY DESCRIPTION FOR ICPP-603 
FUEL ELEMENT CUTTING FACILITY (FECF) 

The Fuel Element Cutting Facility (FECF) is located on the south side and adjacent to the 
south fuel storage basin in Idaho Chemical Processing Plant (ICPP-603). The FECF, consisting 
of the hot cell, the tunnel beneath the hot cell, and the receiving pit, was constructed in 1957 and 
last used in 1962. 

The fuel rods entered the FECF hot cell via the conveyor. Inside the hot cell, the fuel rods 
were sheared into slugs, which were discharged into a two-section bucket mounted on a turntable. 
Each section of the bucket was filled separately. After both sections were filled, the bucket was 
removed by the bucket-handling device and lowered through a hole in the cell floor. The bucket 
with fuel slugs was then loaded into a charger mounted on a dolly located in the tunnel. The 
dolly then traveled west in the tunnel and stopped beneath the charger cap-handling device. This 
device lowered the charger cap onto the charger. The dolly then moved into the receiving pit 
where the charger was hoisted onto the main floor and transported to the fuel-reprocessing 
building. 

The FECF hot cell is a concrete structure approximately 20 ft x 41 ft at the ceiling, and 
approximately 17 ft high. The cell contains a conveyor, which operates in a slot in the north wall 
to transfer fuel rods from the south fuel storage basin into the cell. Because this slot slopes away 
from the cell interior, the cell is L-shaped near the floor. The open storage area beneath the hot 
cell is not included in this characterization report. During characterization of the tunnel, access 
to this area was not attempted because of the high radiation field at the east end of the tunnel 
(8R/h) and the hazard of falling associated with entering the area. The floor of the tunnel is 
approximately 8 ft from the floor of the open storage area, and no steps are provided. Personnel 
who operated the FECF report that nothing is stored in this open area. The radiation field and 
radioactive contamination inside this open area are expected to be much less than that in the 
FECF tunnel. The exact contamination condition will be determined after the tunnel is 
decontaminated. Then appropriate decontamination of the open storage area will be undertaken. 

Projected decommissioning start date: October 1997. 

WASTE TYPE 
Low-level radioactive-compactable/noncompactable, municipal sanitary-rubble/debris. 

WASTE FORM 
Concrete, metal, water, glass, oil, organics, debris, asbestos/metal/debris. 

CONTAMINANTS: 
l a c e ,  @Co, 13’Cs, lS2Eu, ‘%Eu, “K, %n, =I%, ‘06Ru, ‘%b, =Zr, 90Sr, U, ’%, ‘*EL 

SOURCE VOLUME: 2,700 ft3. 

equipment. If the source volume were to include the structures, the estimated volume would 
increase by 11,730 ft3. 

The 2700 ft3 source volume represents the approximate gross volume of the fuel handling 
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BASELINE TREATMENT STRATEGY FOR ICPP 603 FECF: 

equipment and decontamination of the remaining hotcell structure. Removal of the hotcell 
structure is not firm as some reuse potential for the hotcell exists. The FECF hotcell reuse 
potential is expected to disappear with the inactivation of the adjoining ICPP-603 Fuel Receipt 
and Storage Facility (FRSF'), expected in the late 1990s. 

The baseline treatment strategy for the FECF is complete removal of the fuel handling 
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FACILITY DESCRIPTION FOR ENGINEERING TEST REACTOR (ETR) 

The Engineering Test Reactor (ETR) facility was a complete nuclear engineering test 
facility that included its own compressor building, heat exchanger building, electrical building, and 
office building. The above buildings, built with common dividing walls, functioned independently. 

The reactor was light-water cooled and moderated and had a thermal rating of 175 MW. It 
is housed in a gas-tight building 112 by 136 feet, extending 58 feet above and 38 feet below grade. 
The reactor pressure vessel consists of the multidiameter vessel proper, removable elliptical dome 
with flat top flange, flat bottom head, a discharge chute, inlet water flow distributor, experimental 
hanger supports, experimental access nozzles, and the process water inlet and outlet line 
connections. The vessel contained the reactor core and provided radiation space and facilities to 
accommodate in-pile tubes used for nuclear radiation experiments. Facilities also were provided 
for control rods, instrumentation, shielding of the vessel walls, directing coolant flow through the 
core, and support of all internal structure. The stainless clad carbon steel and stainless steel 
reactor vessel design pressures and temperatures were 250 psig and 2000F. 

The vessel internals consist of the inner tank, the internal thermal shields, reactor core, 
core support structure, and the experiment upper support ring. The core support structure 
consists of six structural supports extending from the reactor bottom head up to and including the 
support plate and reactor grid plate. This structure supported the reactor core, beryllium 
reflector, and aluminum reflector, served as a guide for the experimental in-pile tubes and control 
rods, and transmitted the pressure drop load across the core to the reactor bottom head. 

The most recent reactor core loading consisted of 16 control rods with poison sections 
followed by fuel sections and 38 standard fuel elements. In addition, the core contained 21 
aluminum core filler pieces, 18 C-4X pieces with a loading of 39 standard aluminum flow 
restrictors, 17 stainless steel flow restrictors, 17 hafnium slugs, three standard in-pile tubes with 
U-tubes, two SLSF self-powered detectors located in core positions F-7-NE and M-lZSW, four 
SLSF self-powered detectors in the C8 core filler piece, and the SLSF T-7 in-pile loop 
experiment. 

The beryllium reflector consists of a 4-1D-inch thick layer of beryllium extending completely 
around the core. Space was provided in the beryllium for additional capsule-type experiments. 
The aluminum reflector pieces extend from the beryllium reflector out to the inner tank walls. 

The reactor vessel is enclosed and supported by a high density concrete biological shield 
extending from the first floor to the basement ceiling. This shield is 8 feet thick at the core 
centerline. The 25-foot outside diameter of the shield is covered with a 3/4-inch steel plate. 

The subpile room is located directly below the reactor bottom head. Walls of the subpile 
room also are high density concrete, and transmit the biological shield load to the reactor 
foundations extending down to bedrock. The subpile room is one of the areas in which 
experimental in-pile tubes connected with the experimental piping, and this piping was routed to 
the experimental cubicles via access holes in the subpile room walls. Control rod, regulating rod, 
and chamber drives extended through the sub-pile room downward into the rod access room 
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located directly below. The rod access room is located below basement floor level, and is the area 
in which the control rod, regulating rod, and chamber drives were physically located and serviced. 

Adjacent to and directly west of the reactor is the "'I" shaped canal. The portion 
immediately west of the reactor was termed the working canal, and the north and south 
extensions were known as the storage canal. Fuel elements, control rod sections, and certain 
experiment equipment were discharged directly to the working canal via-the reactor discharge 
chute. The working canal also provided storage for reactor handling tools and contained the 
canal saw which was used to remove end boxes from fuel elements or to saw other materials, 
including experiment equipment, to lengths suitable for further handling and shipping. The 
storage canal was used for storage of hot fuel, miscellaneous experiment equipment, reactor 
equipment, baskets, slugs, canal bulkheads, and other items. Large cash for shipment of reactor 
fuel or experimental equipment also were placed in this canal for loading and/or unloading. Canal 
walls and bottom are constructed of concrete, and are several feet thick to provide the necessary 
shielding for personnel working in the console and basement areas. 

Material handling facilities include a 50, 5, 2, and l-ln -ton bridge cranes, a freight 
elevator, a passenger elevator, two hatchways, and associated equipment. Individual experiments 
used various types of specialized handling facilities. 

The ETR was constructed in 1957 and completed it's last test in December 1981. ETR was 
placed in an inactive status in January 1982. 

Projected decommissioning start date: October 1995. 

WASTE TYPE 

radioactive-compactable, low-level radioactive- combustible, mixed low-level-cleanup 
noncompact able. 

Low-level radioactive-noncompactable, low-level radioactive-metals to be sized, low-level 

WASTE FORM: 

solid/personal protective equipment, D&D debris, polyethylene shielding. 
Metal, lead, concrete, stainless steel, sodium, misc., D&D debris/concrete/solid, metal, 

SOURCE VOLUME 218,850 ft3. 

NaK = 22 grams 
Sodium = 16 gallons 

BASELINE TREATMENT STRATEGY FOR ETR: 
All contaminated materials will be removed and the facility retained for future use. 
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FACILITY DESCRIPTION FOR MATERIALS TEST REACTOR (MTR) 

Between 1945 and 1950, it became apparent that in order to facilitate the development of 
adequate reactor designs, testing of reactor components would be necessary. The technology did 
not exist for the complete design of high power reactors without the pretesting of fuel plate 
designs and other components. The Materials Test Reactor (MTR) design resulted from the 
evolution of several high-flux reactor concepts at Oak Ridge National Laboratory (ORNL) and 
Argonne National Laboratory (ANL). The concepts envisaged a reactor that would be capable of 
furnishing a large quantity of physical, chemical, biological, and engineering data resulting from 
irradiation with very high thermal, fast neutron, and gamma ray fluxes. These data would 
influence the design of control systems, shielding, structural arrangements, and other important 
elements of future reactors. A preliminary concept was considered that incorporated U-235 
coiled plate spirals in 2-in. diameter aluminum tubes. Ordinary water was to flow down through 
these tubes to remove the heat generated, while outside of these tubes (which were to be 
arranged in a triangle), heavy water was to fill a tank to serve as moderator-reflector. Down 
through this heavy water, separate tubes were to contain thorium for the production of U-233. 
Still other tubes would contain experimental materials. Heat power generated was to be 30 MW 
and burnup was to be about 10 percent. 

The MTR complex comprises more than 15 buildings, structures, and areas at the INEL 
Test Reactor Area. These are listed below: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

13. 
14. 
15. 
16. 
17. 

Reactor building (TR4-603) 
Reactor building wing (TR4-604) 
Reactor services building (TR4-635) 
Plug storage enclosure (TRA-657) 
Plug storage facility (TRA-611) 
Catch tank pump house (TRA-630) 
Compressor building (TRA-626) 
Process water building (TRA-605) 
Hot waste storage pump house (TRA-613) 
MTR fan house (TRA-610) 
MTR exhaust gas stack and monitor building (TRA-710) 
Retention basin (MTR-712), sump pump house (TRA-612), 
and monitoring station (TRA-636) 
Leaching pond (TRA-758) 
MTR auxiliary facilities (TRA-607, 0651, and -665) 
Working reservoir pipe pit (TRA-706) 
Buried lines 
Gamma facilities building (TRA-641) 

Central in importance to the MTR complex was the reactor, which was located in the 
center of the MTR reactor building (TRA-603) a large, 80-ft-high, concrete slab structure. 
High-density-concrete biological shielding enclosing the reactor is positioned in the center of the 
building. This structure measures 32 ft 6 in. north to south by 34 ft east to west and extends 24 ft 
vertically above the building's first floor level. Supporting the shield structure in the reactor 
building basement is a concrete base enclosing the reactor sub-pile room. In the basement also is 
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a water-filled canal that extends from beneath the reactor structure eastward about 141 ft. The 
concrete base is 35 fi north to south by 36 ft 6 in. east to west. Numerous concrete piers below 
the basement floor support the reactor and canal structures and building columns; the piers 
extend down to bedrock. The top tank of the reactor vessel ("A" tank) was installed flush with 
the top of the concrete biological shield. An 18411. high "A" tank extension was later added (and 
remains) on top of the "A" tank. "B", "C", "D, and "E" tanks are mounted consecutively beneath 
"A" tank, and the bottom of "E" tank is located in the sub-pile room ceiling. The vessel is closed 
at each end by lead-filled stainless steel flat heads, the top and bottom plugs. 

Since the primary purpose of the MTR was to produce neutrons for use in various 
experimental programs, the most efficient generation, energy modification, and utilization of these 
particles established the configuration of the reactor core, the surrounding thermalizing graphite, 
and the biological shield. Numerous penetrations in this shield allowed the placement of 
experiments in zones of varied fluxes, neutrons, gamma, or both. 

The MTR was constructed in 1952. The MTR was shut down in 1970 and the buildings 
have been used for offices, storage, and test areas for both the Power Burst Facility (PBF) and 
the Idaho Chemical Processing Plant (ICPP). 

Projected decommissioning start date: October 1995. 

WASTE TYPE 

radioactive-metals to be sized, low-level radioactive-combustible, low-level 
radioactive-remote-handle/noncompactable, metal, mixed low-level-cleanup noncompactable, 
mixed low-level-cleanup remote-handled/noncompactable. 

Low-level radioactive-compactable, low-level radioactive-noncompactable, low-level 

WASTE FORM: 

debris/concrete/solid, D&D debris, graphite, Ion exchange resin, metal. 
Steel, copper, concrete, lead, asbestos, solid/personal protective equipment, D&D 

CONTAMINANTS: 
6Oc0, 13'Cs, %r, '%, plus the full spectrum of INEL radioactive contaminants in lesser 

amounts 

SOURCE VOLUME: 273,700 ft3. 

BASELINE TREATMENT STRATEGY FOR MTR: 
All contaminated materials will be removed and the facility retained for future use. 
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FACILITY DESCRIPTION FOR TEST AREA NORTH-616 (TAN-616) 

Test Area North (TAN-616) is a one-story concrete building constructed in 1955,36 x 46 x 
15 ft  high, located 60 ft north of TAN-607. The facility is internally sectioned into an evaporator 
pit, valve-operating room, caustic pump room, control room, and vestibule on the ground level; a 
pump in the basement; and a cooling tower and heating and ventilating room on the roof. 

The evaporator pit is an 11 x 27 x 15 ft-high concrete, aboveground pit with 2.5- to 
4.7-ft-thick walls and three hatch accesses (two for equipment and one for man) on the roof. The 
pit houses a 1000-gal evaporator, 1OOO-gal receiver tank, 10o0-gal head tank, cyclone separator, 
and condenser and associated piping. 

. 

The valve-operating room is a 13 x 25 x 12-ft high concrete room with 0.7-ft-thick walls and 
a southwest door access. It contains an 825-gal water tank, water pump, metal sink, 17 valve 
handles extending through the floor, and associated piping. 

The north wall of the valve room is penetrated about 6 ft from the floor and directly behind 
the water tank by five lines: 2 in., high-pressure insulated supply line; 1-1/2-in., high-pressure 
insulated return line; 3/4-in., 20-lb air line; 3/4-in., 100-lb air line; and 1-in. water line. The lines 
exit TAN416 and enter the south wall of TAN-615. A plywood and lumber rectangular box 
(connecting the two buildings) protects the lines from the elements. These lines are not 
considered to be contaminated, but have not been sampled to confirm this. 

In 1974, a vacuum system, consisting of a 15-gal hold tank, small vacuum pump, and 
3/4-in.-diameter piping, was installed in the valve-operating room and was connected through the 
floor to the storage tanks piping. The purpose of this system is not known; no documentation 
could be found other than drawings. 

The caustic pump room is an 8 x 13 x 12-ft-high concrete area with 0.7-ft thick walls and a 
northwest door access. An acid pump and caustic piping that leads down beneath the floor to a 
buried 4000-gal caustic tank are the major components in the room. 

The 12 x 22 x 12-ft-high control room is occupied by the remnants of an instrument panel 
and electrical panel, a desk, some system piping, and the stair access to the basement. Equipment 
has been removed from the panels over the past years for unknown and undocumented reasons. 
A south door access connects the control room with the vestibule and an east door access to the 
valve-operating room. A circular view port for observing the evaporator pit is located on the 
north wall of the control room. 

The south wall of the 8 x 9 x 12 ft-high vestibule (entryway) includes the facilities entrance. 
The vestibule is empty except for some small electrical panels on the west wall. 

The 13 x 25 x 11-ft high pump room constitutes the basement of the facility. Two 7-hp 
pumps and motors are the only major equipment in the room, other than the valves and piping. 
The room has a 2 ft’, 1.5 ft-deep sump in .the southeast corner. A southwest door access across 
from stairs leads to the control room. 
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The roof provides access to the evaporator pit and supports the 8 x 13 x 9-ft-high heating 
and ventilating room and the 7 x 15 x 9-ft-high metal and wood cooling tower. The roof is 
accessed via metal stairs on the southwest exterior wall of the building. 

The heating and ventilating room houses steam lines, a 1655-cfm, belt-drive fan, associated 
filters and ductwork to heat the interior of TAN-616, and a 1305-cfm fan and associated ducting 
to exhaust the air from the valve room, control room, caustic pump room, and evaporator pit. 

A 325-cfm, direct-drive fan that is located on the roof between the heating and ventilating 
room and the cooling tower. This fan exhausted air from the pump room. 

Located outside the south wall of the evaporator pit is a 1400-cfm fan with a 
16-in.-diameter exhaust stack that took air from the bottom of the evaporator pit and discharged 
.it to the atmosphere. 

Projected decommissioning start date: October 1995. 

WASTE TYPE Low-level radioactive. 

WASTE FORM Soil, stainless steel, metal, and asbestos. 

CONTAMINANTS: 

mu, PW, "W, 40K. 
137Cs, 5, =Ra, ?3r, 2j9Pu, "'Np, 244Cm, %lAm, l'Cs, %Mn, lS2Eu, l'Eu, %U, "'U, 

SOURCE VOLUME. Soil - 6,000 
Stainless Steel - 12,100 

Metals - 1,500 
TOTAL- 19,500 ft3 

BASELINE TREATMENT STRATEGY FOR TAN-616: 
Removal of all contaminated materials followed by demolition of the building and release of 

the area for unrestricted (DOE) use. 
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FACILITY DESCRIPTION FOR WASTE CALCIIWNG FACILITY (WCF) ICPP-633 

The Waste Calcining Facility (WCF) was the world’s first plant-scale facility built to achieve 
safe, efficient disposal of high-activity radioactive wastes resulting from reprocessing of nuclear 
fuels. The WCF converted high-level radioactive liquid wastes into granular solids which were 
less corrosive, more immobile, and occupied less storage volume. First-cycle solvent-extraction 
waste from reprocessing spent nuclear fuels was sprayed into a hot, air-fluidized bed of granular 
solids where water flashed off and the metallic salts were converted to their corresponding oxides 
and fluorides. 

The WCF was designed for direct maintenance of equipment during periodic shutdowns. 

Operation of the WCF with the radioactive wastes began in 1963 and terminated in 1981. 
During that time over 4,000,000 gallons of aqueous waste was calcined producing approximately 
77,000 cubic feet of solids. Due to its deteriorated condition the WCF was replaced by a new 
Waste Calcining Facility (NWCF), which was completed shortly after WCF was shut down. 

The facility is a multi-level structure of masonry, reinforced concrete, and structural steel 
with approximately 20,000 sq. ft of floor space. The processing cells lie underground in two banks 
with the service comdors lying between them. Non-radioactive service areas for the facility are 
located in the concrete block structure above grade. 

d 

Projected decommissioning starting date: FY-95 

WASTE TYPE Mixed low-level radioactive. 

WASTE FORM: Steel, concrete. 

CONTAMINANTS: Cesium, ruthenium. 

SOURCE VOLUME: 47,700 ft? 

structure’s gross volume. The approximate mix of waste type is projected at <2% Mw and 
>98% LLW. 

The source volume should be approximately 47,700 ft3 or approximately 15% of the 

BASELINE TREATMENT STRATEGY FOR WASTE CALCINING FACILITY WCF 
ICPP-633: 

The baseline treatment strategy for the WCF is decontamination to ALARA followed by 
removal of the process equipment and the above grade structure. The remaining below grade 
structure would be backfilled and capped to complete the RCRA closure. 
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FUEL RECEIPT AND STORAGE FACILITY (FRSF) 
ICPP-603/642/SFE-20 

The ICPP-603 Fuel Receipt Storage Facility (FRSF) occupies approximately 40,OOO ft2 and 
includes three underwater storage basins for spent nuclear fuel, a Fuel Element Cutting Facility 
(FECF), and a dry fuel storage area; the Graphite Fuel Storage Facility (GFSF'). Adjoining the 
ICPP-603 complex is: the ICPP-642, - 648, SFE-20 (Stored Fuel Exterior Waste Tank -20) 
system, and the ICPP-740 Settling Basin system. 

The storage facility was constructed in 1951 and remains in operation along with the GFSF. 
Deactivation of the underwater storage is planned for the late 1990s. 

This facility description is limited to the ICPP-603 facility and the ICPP-642, - 648, SFE-20 
system, as the FECF and ICPP-740 installations are included elsewhere in this set of facility 
descriptions, and the GFSF operations is planned to continue beyond deactivation of CPP-603 
underwater fuel storage basins. 

The Stored Fuel Exterior Waste Tank (SFE-20) system includes the SFE-20 tank, tank 
vault, access tunnel, pump pit, and ICPP-642 compressor building, the ICPP-648 control building, 
and related piping and instruments. 

The SFE-20 system was constructed in 1957 to collect low level liquid wastes from the south 
basin area of the ICPP-603 south basin and Fuel Element Cutting Facility (FECF) area. The low 
transfer rate of the SFE-20 pump, lack of easy access, system size, and frequent flooding of the 
pump pit contributed to a decision to replace the entire SFE-20 waste handling system. This 
replacement decision was implemented in 1975 and the SFE-20 system was characterized in 1984, 
however, the decommissioning phase has not been initiated yet. 

Projected decommissioning starting date: FY-96 

WASTE TYPE. Mixed low-level radioactive. 

WASTE FORM: Steel, concrete, and asbestos bearing transite siding. 

CONTAMINANTS: 
The contaminants expected in the D & D of the ICPP-603 underwater storage basins and 

the ICPP-642, - 648, SFE-20 systems are mixed fission products. The identity and quantity of the 
specific radionuclide constituents involved is unconfirmed as an in-depth characterization of the 
affected facilities is incomplete. 

SOURCE VOLUME: 40,OOO fi2. 
A source Volume determination for the ICPP-603 underwater storage basin system is 

dependent on the results of the inactivation which will drive the D & D planning. 
A 3000 ft3 source volume for the ICPP-642, -648, SFE-20 system would include the system 
components as LLW. The source volume would not include potentially contaminated soil whose 
volume is dependent on an in-depth site characterization of the affected facilities. 

A-22 



BASELINE TREATMENT STRATEGY FOR FRSF ICPP-603/642/SFE-20 
The treatment strategy for the ICPP-603 underwater storage basin system is dependent on 

the results of the deactivation which will drive the D & D planning. 
The treatment strategy for the ICPP-642, - 648, SFE-20 system will involve decontamination, 
equipment, and facility removal, followed by some remediation of the potential soil contamination. 
The scope of this strategy is unconfirmed and dependent on an in-depth site characterization of 
affected facilities. 
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HEADEND PROCESSING PLANT (HPP) ICPP-640 

The Headend Processing Plant (HPP), constructed in 1973, is a facility with approximately 
15,000 sq. fi of floor space which housed two unique fuel reprocessing headend systems and a 
liquid waste handling system. One of the HPP headends, the ROVER rocket fuel headend, has 
been shut down since 1984. The other, the Electrolytic dissolution headend for stainless-clad fuel, 
has been shut down since 1981. Although much of the original chemical and radionuclide 
inventory has been removed from the headend systems neither system has been fully 
decontaminated. In fact, part of the ROVER system still contains significant quantities of fssile 
material. All of the HPP D&D Project is considered contaminated. 

HPP Liquid Waste System. ICPP-640 was equipped with its own waste collection system 
consisting of three 500 gallon tanks located in two cells at the lowest level of the building beneath 
the basement floor. The tank vaults are constructed of reinforced concrete and are accessible 
only through hatches in the floor of the waste tank control room above the vaults. The tanks 
were included in the RCRA Part A permit but the transfer lines from the tanks do not meet 
secondary containment requirements. The tanks and vault are to be closed under interim status 
and decommissioned. 

ROVER Headend, The ROVER headend process was divided into two parts: 
(1) combustion of the graphite rocket fuel in the "Dry side," and (2) dissolution of the ash in the 
"Wet side." The Dry side was housed in the Mechanical Handling Cave (MHC), Cell 3, and 
Cell 4. The Wet side was housed in Cell 2. 

The ROVER process used two stages of fluidized-bed combustion to bum the graphite 
from the fuel. ROVER fuel elements were periodically charged to the burner system and the 
resulting Uranium-containing ash was collected, weighed, and transferred to the dissolver in the 
Wet side (Cell 2) for dissolution. The solution was then transferred to an adjacent facility 
(ICPP-601) where the uranium was further purified and converted back to an oxide. 

EZectrorytic Headend. The Electrolytic dissolution system was located in Cell 5 of the HPP. 
Stainless steel-clad fuel assemblies or cans were transported in a bottom-opening cask from the 
fuel storage basin and dropped through a charging port to a table in the Electrolytic Cell. An 
operator used remotely-operated manipulators to load the fuel into the open top of a 
trough-shaped titanium dissolver. The dissolver product solution, essentially a metal nitrate-nitric 
acid solution containing nuclear poison, circulated continuously to a surge tank from which it was 
pumped through a flowmeter, heat exchanger, conductivity meter, and control valve before being 
returned to the dissolver. Fresh dissolvent was added as product was transferred to the ICPP-601 
facility for further processing. 

The Electrolytic system was shut down in 1981 following the failure of several pieces of key 
equipment. The system is highly contaminated. 

Projected decommissioning start date: October 1994. 

WASTE TYPE Mixed low-level radioactive. 
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WASTE FORM: Concrete, steel. 

CONTAMINANTS: Uranium, Elemental Lead (Pb) 

SOURCE VOLUME: 2,850 ft3. 

decontamination products as LLW. 
The source volume of 2,850 ft’, includes the process system components and 

BASELINE TREATMENT STRATEGY FOR HEADEND PROCESSING PLANT (HPP) 
ICPP-640: 

Pending those results, the strategy would involve decontamination followed by equipment 
removal. The remaining decontaminated hotcell system would be in a safe, stable condition 
pending some future reuse or complete removal. 

The treatment strategy is dependent on the results of an ongoing uranium removal activity. 
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HIGH-LEVEL WASTE TANK FARM (HL- 

High level liquid radioactive waste is generated at Idaho Chemical Processing Plant (ICPP), 
constructed in 1951-1961, as a result of fuel reprocessing activities. This waste is collected in a 
network of eleven (11) interconnected 300,000 gallon stainless steel tanks. The solutions are 
stored in these tanks for subsequent treatment in the new waste calcining facility (NWCF). The 
tanks with their associated vaults are approaching the end of their design life and are scheduled 
to be declared surplus upon completion of a replacement project which is currently in progress. 

Projected decommissioning start date: October 1995. 

WASTE TYPE Mixed high-level radioactive. 

WASTE FORM: Concrete, steel. 

CONTfUf l INrn :  
(Tank W-180). Chemical composition: H', N', Ag, Al, As, Ba, B, Ca, Cd, Cr, Fe, F, Hg, 

K, Mn, Na, NH,, Ni, NO,, Pb, PO,, Se, SO,, Zr, C1, Pu, U; RAD composition: %'Am, 'Yk, 
'Yk, 137Cs, '%Eu, lSsEu, H,, 129 I, '47Pm, Pu, '06Ru, 5 r .  
(Tank W-181). Chemical composition: H', N', Ag, Al, As, Ba, B, Ca, Cd, Cr, Fe, F, 

Hg, K, Mn, Mo, Na, Ni, NO,, Pb, PO,, Se, SO,, Zr, Am, C1, Np, Pu, U; RAD composition: 
=lAm, luck, %I, l'Cs, 13'Cs, lSEu, '%Eu, H,, 129 I, "Nb, lO6Ru, '%b, 5 r ,  "Zr. 

(Tank W - 1 8 2 ) .  Chemical composition: H', N', Ag, Al, As, Ba, B, Ca, Cd, Cr, Fe, F, 
Hg, K, Mn, Na, NO,, Pb, Se, SO,, Zr, C1, Np, Pu, U, RAD composition: '"Q, 'Ws, 
13'Cs, '%Eu, lSsEu, H3, 

(Tank W - 1 8 3 ) .  Chemical composition: H', N', Ag, Al, B, Ca, Cd, Cr, Fe, F, Hg, K, 
Mn, Mo, Na, NO,, Ni, NO3, Pb, Pb, PO4, Si, SO,, Zr, C1, Pu, Tc, U; RAD composition: 
l u c k ,  @'Co, '"'Cs, 137Cs, '%Eu, '=Eu, H,, lB1, l4'Prn, lO6Ru, 5 r .  

(Tank W - 1 8 4 ) .  Chemical composition: H', N', Ag, Al, As, Ba, B, Ca, Cd, Cr, Fe, F, 
Hg, K, Mn, Mo, Na, Ni, NO,, Pb, PO4, SO,, Zr, Am, C1, Np, Pu, Tc, U; RAD composition: 
"'Am, '"''Ce, 

(Tank W-185). Chemical composition: H', N', Ag, Al, As, Ba, B, Ca, Cd, Cr, Fe, F, 
Hg, K, Mn, Mo, Na, NH, Ni, NO,, Pb, SO,, Zr, Pu, U; RAD composition: '44Ce,60Co, 'Ts, 
137Cs, '%Eu, '=EU, H,, '?I, "Nb, Pu, Ru, '06Ru, '%b, 3 r ,  "Zr. 

(Tank W-186). Chemical composition: H', N', Al, B, Cd, Fe, F, Hg, K, Mn, Na, NO,, 
PO,, SO,, Zr, C1, Pu, Tc, U; RAD composition: % l A m ,  ' T e ,  @'Co, l'Cs, 137Cs, lSEu, lSsEu, H,, 
"Nb, '06Ru, lZSSb, 5 r ,  gsZr. 

Na, Ni, NO,, Se, SO,, C1, Pu, U; RAD composition: W e ,  6Oc0, l3Cs, 137Cs, lWEu 9 lSsE u, H,, 4oK, 
"Nb, 14'Pm, Pu, '06Ru, '=Sb, 90Sr, "Zr. 

Na, Ni, NO,, Se, SO,, Zr, C1, Pu, U; RAD composition: 'Yk, 6Oc0, l'Cs, 137Cs, *%Eu, lssE~,  H,, 
gSNb, '06Ru, '=Sb, 5 r ,  "Zr. 

SO,, Zr, C1, Pu, U; RAD composition: '44Ce,60Co, '"'Cs, 137Cs, '%Eu, '"Eu, H,, W n ,  '06Ru, 
'%b, 5 r .  

K, "Nb, 'Tm,  Pu, '06Ru, lZSb, %r, "Zr. 

'Ts, 13'Cs, '%Eu , lSsEu, H,, '29, "Nb, '06Ru, lBSb, 5 r ,  "Zr. 

(Tank W-187). Chemical composition: H', N', Ag, Al, As, B, Cd, Cr, Fe, F, Hg, K, 

(Tank W-188). Chemical composition: H', N', Ag, Al, As, B, Cd, Cr, Fe, F, Hg, K, 

(Tank W-189). Chemical composition: H', N', Al, B, Ca, Cd, Fe, F, Hg, K, Na, NO,, 
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(Tank FW-190). Chemical composition: H', F, NO,, C1; RAD composition: 1uCe,134Cs, 
13'Cs, lSEu, lSsEu. 

SOURCE VOLUME: To be determined pending development of tank-specific closure plans. 

BASELINE TREATMENT STRATEGY FOR HIGH LEVEL WASTE TANK FARM 
(HLWTF): 

RCR4 closure and CERCLA remediation will complete the environmental restoration of 
the tank farm. Currently additional D&D activities are not planned. 
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FUEL PROCESSING COMPLEX (FPC) ICPP-601 

ICPP-601 Fuel Reprocessing Complex. The FPC facility contains several process systems and 
shielded process cells for recovering uranium from various types of spent nuclear fuel. While the 
majority of the FPC supported the uranium recovery and purification process, some of the 
support systems had been and remained shut down for several years as they became surplus to 
programmatic needs. The entire FPC complex involving approximately 300,000 ft2 over 5 levels 
was scheduled for decommissioning beginning in 1997 with the completion of the new Fuel 
Processing Recovery facility (FPR). However, with the loss of the fuel reprocessing for uranium 
recovery mission of  the ICPP (May lW), construction of (FPR) was stopped. 

Projected decommissioning start date: October 19%. 

WASTE TYPE: Low-level radioactive, mixed waste 

WASTE FORM Steel, concrete, decontamination products. 

CONTAMINANTS: Mixed fission products and listed or characteristic constituents. 

SOURCE VOLUME: The source volume of the FPC is dependent on an in-depth 
characterization and is yet to be determined. 

BASELINE TREATMENT STRATEGY FOR FUEL PROCESSING COMPLEX (FPC) 
ICPP -60 1: 

The treatment strategy for the ICPP-601 FPC will involve extensive flushing to remove the 
uranium residuals. Following flushing would be decontamination and equipment removal. The 
disposition of the remaining decontaminated (to ALARA) FPC building is yet to be determined. 
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FACILITY DESCRIPTION FOR TAN DECONTAMINATION SHOP 

Decontamination Room 

approximately 34 feet long and more than 16 feet in height. It is a designated Zone II 
Contamination Area. The Decon Room houses the six separate dip tanks and the 200 gallon 
capacity sump below the floor level in the west corner of the room. A removable steel plate 
covers the sump. 

The main room known as the Decon Room, is the largest, measuring 41 feet wide by 

Also contained in the Decon Room are the heating and ventilation (H&V) system, 
electrical conduits, fire protection system with overhead sprinklers, high and medium pressure 
steam, high and medium pressure condensate, 100 psi air lines, demineralized, industrial, and hot 
water lines. Piping from the demineralized and industrial water, and high pressure steam lines 
extend to the top of the six dip tanks. Other minor and miscellaneous equipment is located in the 
Decon Room. 

Change Room 
An enclosed step-off pad area in the south corner of the Decon Room provides personnel 

access to the Change Room. The Change Room measures 15 feet long by 18 feet wide. It 
contains benches, sis personnel lockers, two wash fountains, shower stall, water heater, Eberline 
Beta Constant Air Monitor, Anti-C clothing bin with Anti-C clothing, Hp smear counter, 
commercial telephone, restroom, various piping (instrument air, firewater with overhead 
sprinklers, potable water, hot water, and electrical conduit). Above the 10-foot high ceiling are 
exhaust air/gas ducts. The exhaust air ducts contain radioactive contamination. Radioactive 
contamination can also be found under one of the wash fountains next to the step-off pad that 
enters into the Decon Room. No hazardous materials or further radioactive contamination has 
been found in the Change Room. 

HEPA Filter Room 

particulate air filters (HEPA filters). The HEPA Filter room is 34 feet wide by approximately 13 
feet long and is entered through the southeast comer of the change room. Decon Room exhaust 
is filtered through the system of 12 HEPA filters. Piping consists of instrument air, electrical 
conduit, firewater with overhead sprinklers, high, medium, and low-pressure steam, high and 
medium pressure condensate, 100 psi air lines, demineralized and potable water. 

Adjacent to the change room is the HEPA filter Room that houses the 12 high efficiency 

The HEPA Filter Room also contains a container of sodium hydroxide, several boxes of 
unused HEPA filters, electrical distribution panels LP-1 and PP-1, and three drums of chemical 
spill control material. A ladder provides access to the second floor of the room. The HEPA 
Filter Room is free of radioactive contamination and hazardous materials with the exception of 
the used HEPA filters, the inside of the exhaust gas duct work, and the sodium hydroxide. A 
Constant Air Monitor is operational in the room. 

Projected decommissioning start date: October 1993 
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WASTE TYPE 

low-level radioactive-asbestos/noncompactable, municipal sanitary, wood, scrap metal, and 
rubbeddebris. 

Low-level radioactive waste-metals to be sized, low-level radioactive-noncompactable, 

WASTE FORM 
Steel, concrete, metal, D&D debris/concrete, D&D debris/asbestoshvood. 

CONTAMINANTS: 

contaminants. 
%U, psU, =U, pW, 238pu, V u ,  %'Am, V m ,  3 r ,  and the full range of INEL radioactive 

SOURCE VOLUME: 9,300 ft3. 

BASELINE TREATMENT STRATEGY FOR THE TAN-607 DECON SHOP: 
All contaminated materials will be removed and the facility retained for future use. 
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SERVICE WASTE DIVERSION FACILITY (SWDF) ICPP-631l709l734 

The original Service Waste Diversion Facility (SWDF) was designed to prevent the 
accidental release of high level radioactive solutions to the environment. 

The East Side Service Waste (ESSW) monitor in ICPP-709 and the West Side Service 
Waste (WSSW) monitor in ICPP-734 were equipped with NaI crystal gamma monitoring 
instruments. These instruments provided actuation signals to automatic valves which diverted 
senice waste flow to a 300,000 gallon hold tank (WM-191) if the stream(s) were excessively 
contaminated. 

. 

Recent upgrades to the plant service waste system have rendered this system obsolete. The 
contamination level in these systems is considered to be relatively low, but definitive 
characterizations have not been conducted. 

ICPP-631 RuLu Ofl-Gas FuciZizy. The off-gas from the Radioactive Lanthanum (RaLa) 
recovery system in ICPP-601 was transferred to ICPP-631 where it was processed through 
specialized equipment before being released to the ICPP main exhaust stack. The ICPP-601 
portion of the RaLa system was decommissioned in Fy-83 with operating funds and the ICPP-631 
equipment was removed using DFD program funding in FY-86. The ICPP-631 was constructed in 
1956-57 and last operated in 1963. 

The remaining facility (above grade entry to a subsurface cell, lo’ x 14’ x 9’ high) includes 
approximately 125 feet of contaminated pipechase (2 feet square) with abandoned capped piping. 

ICPP-709. The East Side Service Waste monitoring system is housed in subsurface rooms 
(16’ x 10’ x 18’ high) with above grade entries. The east side service waste monitoring system and 
facility are slightly radiologically contaminated. The ICPP-709 was constructed in 1951-52 and last 
operated in 1990. 

ICPP-734. The West Side Service Waste monitoring system is housed in subsurface rooms 
(14’ x 10’ x 14’ high) with above grade entries. The west side service waste monitoring system and 
facility are slightly radiologically contaminated. ICPP-734 was constructed in 1959-60 and last 
operated in 1990. 

WASTE TYPE Low-level radioactive, and landfill 

WASTE FORM: Steel, Concrete 

C O N T M A N T S :  

and small amounts of mixed fission products as spots of fured contamination. 
The ICPP-631, ICPP-709, and ICPP-734 facilities include various steels, reinforced concrete, 

SOURCE VOLUME: 

volume at 1125 ft’ LLW (boxed) for ICPP-631,950 ft’ LLW (unboxed) for ICPP-709, and 30 ft3 
LLW (unboxed) for ICPP-734. 

Characterization of the ICPP-631, ICPP-709, and ICPP-734 facilities report estimated waste 
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BASELINE TREATMENT STRATEGY FOR SERVICE WASTE DnrERSION FACILITY: 

removal of the reinforced concrete structure. 
The treatment strategy planned for ICPP-631 is decontamination followed by complete 

The treatment strategy planned for the ICPP-709 and ICPP-734 is decontamination 
followed by equipment removal and demolition of the subsurface structures in place followed by 
backfilling. 
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STRUCTURE (CHAR3GIN), I: 17; Ikl0; 
m 53 

Exterior surfaces, IE 238,242,25 1 

F 
FAILURE RECOVERY (ROBA-OGIN), I:% 

Ik57; m456 

(cHAR-25-IN), I: 17; m5; m 4 3  
FIBER-OPTIC CHEMICAL SENSORS 

FIELD PORTABLE X-RAY 
FLUORESCENCE (CHAR-6-IN), k17; 
n9;m 11 

FIXATIVE/STABILIZER COATINGS 
(DCON-68-IN), I: 20; II: 17; III: 287 

FLAMING (DCON-8@IN), I: 20; II:29; Ilk 309 
FLASHLAMP CLEANING @CON-77-IN), 

I2Q n.29; m301 



Floors, I:5; IA: 1 1,13,15- 19,21,24,29; II.35- 
38,4243; m34,  161,186, 191,238-239, 
260,264,268,285,310,317-323,325-330, 
356,360,362 

266,284,292,301,418,426,509 

IZ; E61; Ilk511 

CONTAMINATED SURFACES AND 

Flourene, LA: 26-27; III: 4,22,26,30, 180,249, 

FLOW, MASS, VOLUME (ROBA-74-IN), 

FLUORESCENCE DIAGNOSIS OF 

AIRBORNE CONSTITUENTS (CHAR- 
110-IN), I: 19; E5; IIk 159 

FLUOROBORIC ACID TREATMENT 
@CON-1 1-IN), I: 19; Ikl9; Ilk 191 

FORCE CONTROLS (ROBA-72-IN), I: 23; 
E61; Ilk510 

FORCE FEEDBACK (ROBA-66-IN), I: 23; 
E&, mw 

FORCE LIMITER (ROBA-25-It9, II:58; 
m471 

FOURIER TRANSFORM INFlRARED 
SPECTROSCOPY (CHAR-&IN), I: 17; 
Ik6;IIk 15 

III: 488 
FUZZY CONTROL (ROBA-47-IN), k23; n.5% 

G 
GAS CHROMATOGRAPHY - FOURIER 

TRANSFORM INFRARED 
SPECTROSCOPY (CHAR-66A-It9, k18; 
II.11; mw 

GAS CHROMATOGRAPHY - MASS 
SPECTROMETRY (CHAR-8&IN), I: 18; 
Ell ;  m.120 

GAS CHROMATOGRAPHY USING A 
MULTITUDE OF DETECTORS (CHAR- 
WIN), I: 18; El2 IIk 129 

Gas-phase,Ik28;IIk3,5,7,9,11, 13, 15,17,21, 
23,25,27,29,39,41,43,45,47,49,53,55, 
57,59,61,63,65,67,69,71,73,75,78,80, 
82,84,92,94,96, 108, 110, 112, 118, 120, 
122,124,126, 135,159 

Gases, I:4, 18,21; k 7 ,  15, 17,29; II5-6, 10-12, 
1%20,26,28,37,45; IKI:3,5,7,9-11,13, 
15-17, 19,21-23,25,27,29,31,33,39,41, 

43,45,47,49,53,55,57,59,61,63,65,67, 
69,71,73,75,78, 80, 82,84,86, 88,90,92, 
94,96,98,100,102, 104,106,108,110, 
112,114, 116,118, 120, 122, 124, 126-127, 
129-131, 133, 135, 137, 139, 141, 143, 145, 
147,149, 151,153, 155,159-160, 163-164, 
166-168,178,180, 188-189, 193-194, 196, 
202,228,234,238,242,244,249,25 1,253 - 
254,260,285,294,300,302,309,33 1-332, 
337,339,343,372,376,378,426,428 

Gasbs,III:3,5,7, 11, 13, 15, 17, 19,23,27,31, 
33,39,41,43,49,53,55,57,59,61,63,65, 
67,69,71,73,75,80,82,86,88,90,92,94, 
96,98,100,102,104,106,108,110,112, 
114, 116, 118, 120, 122, 124, 127, 129,131, 
133, 135, 137, 139, 141, 143, 145, 147, 149, 

GLASSIFICATION @ISM4&IN), 1:21; E 4 2  

GLOW DISCHARGE IONIZATION MASS 

151,153, 155,159,163-164,166-168 

m 357 

SPECTROSCOPY (CHAR-SIN), I: 17; 
Ik7;IIk80 

GRABBLER (SAW) MASSIVE SHEARING 

GRABBLEIUGROSS SHEARING AND 
@ISM-43-IN), k21; Ikm, IE 350 

LIFTING @ISM-%IN), I:21;Ik&, 
III: 367 

Grease, II23;IR210,214,224,273,305,312 

GRIT BLASTING @CON-38-IN), I: 20; IkW, 
I1I: 242 

H 
HADAMARD MASKING FOR SPATIAL 

RESOLUTION (CHAR-28-IN), I: 17; Ikq 
m 4 9  

SURFACE CONTAMINATION (DCON- 
HAND BRUSHING USED TO REMOVE 

56-IN),1:20; Ik16;IIk271 
HAND GRINDING, HONING, SCRAPING 

@CON43-IN), I: 20; II:25,57-61;IIk253 
H a ~ d h g ,  IA: 13-14, 16,22,24; II:7,40,42,45, 

49-52,61; IE 168,181,234-235,263-264, 
302,325,359,373,389,394,419-424,427- 
434,440,449,466,480,S 10 

I23; Ik6Q IE491 
HARDWIRE (UMBILICAL) (ROBA4PIN), 



H ~ ~ ~ o u s ,  k6, 15-16,24; W29; II:17,23,31, 
36,49-50,53,57-61;IIk43, 179-180,182, 
185,187,195,204,228,240,279-280,283, 
285,287,289-290,310,313,357,359,407, 
417418,426,429,433437,439-444,456 

HIGH-DEFINITION TELEVISION (HDTV) 
VISION (ROBA-%IN), k23; Em, IE 500 

HIGH-PRESSURE ABRASIVE WATER-JET 
CUTTING @ISM- 1 1-IN, -5O-IN, -52-IN), 
P21; II:35,40,43-44, IIk 3 17,361,363 

HIGH-PRESSURE JET SPALLING @CON- 
5&IN),I:20; rnB,rn260 

HIGH-PRESSURE WATER @CON-52-IN), 
Em, Ik15; Ilk264 

k l?  E 5 ; m 6 9  

E16; m275 

IIk 268 

HOLOGRAPHIC IMAGING (CHAR4IN), 

HOT AIR STRIPPING @CON-59-IN), m, 

HOT WATER @CON-SIN), 1~20; E15; 

HYDRAULIC-POWERED SHEAR 
ATTACHMENT (DISM-SR-108), k22; 
Ik36; IIk409 

HYDROCHLORIC ACID TREATMENT 
@CON-24-IN), I: 19; Ik21; IIk 220 

I 
ICE BLASTING (DCON4IN), I:20; IkB, 

IMAGING AND IMAGE PROCESSING 
III: 247 

@OBA-67-IN), I: 23; E60; IIk 505 

IMMUNOASSAY DETECTION (CHAR-23- 
IN),I: 17;II:ll; Dk39 

IN SITU MEASUREMENT OF NATURAL 
GAMMA EMI'ITERS (CHAR-51-IN), 
kl? E7;m:77 

IN SITU MONITORS FOR SURFACE 
CONTAMINATION BY WEAK BETA 

Ik8;IIk 145 

III: 175 

RADIONUCLIDES (CHAR- 102-IN), I: 18; 

INCINERATION @CON-OZIN), I: 19; Ik31; 

INDUCTIVELY COUPLED PLASMA - 
MASS SPECTROSCOPY (CHAR-7&IN), 

I:l& Ik9;IIk 112 
INDUCTIVELY COUPLED PLASMA 

SPECTROSCOPY (CHAR-77-IN), I: 18; 
Ik9;m 110 

INEL CENTRAL FACILITIES AREA (CFA) 
LANDFILL (MDIS-101 -IN), k22; Ik51; 
IIk419 

INEL RADIOACTIVE WASTE 
MANAGEMENT COMPLEX (MDIS- 
106-IN),I:22;IMl; m424 

MFRARED ANALYSIS OF WASTES 
(FTIR-PAS) (CHAR 136-m), k19; E T  
III: 168 

INORGANIC ACID TREATMENTS (DCON- 
12-IN), kl9; Ik19;lIk 193 

InomiC~,I: 19;Ik9-10,15-31,49,53;lIk3,5, 
7, 11, 13, 15, 17, 19,23,25,27,31,33,35, 
37,41,43,45,49,51,53,55,57,59,61,63, 
65,67,71,73,75,78, 80,82, 84, 86,88,92, 
96,98,100,102,104,106,108, 110,112, 
118,137,153,159,161,163,193-194,198, 
200,210 

5,7, 11, 13, 15, 17, 19,23,27,31,33,39, 
Instruments, IA:22,3l;IklO, 15-31,57-61; IE3, 

41,43,49,53,55,57,59,61,63,65,67,69, 
71,73,75,80,82,88,90,92,94,96,98, 
100,102,104,106,108,110,112,114,116, 
118, 120, 122, 124, 127, 131, 133, 135, 137, 
141, 143, 145, 147, 149, 151, 153, 155, 159, 

. 

163-164,166-168,280,447 
Insulated copper wiring, lIk207-208,273,280 
Insulated copper, IIk207-208,273,280 
Internal surfaces, IIk 184,207,301 
Iodine, IA: 26; Ik7-9; JIk305 
Iodine-129, W 2 6  
ION CHROMATOGRAPHY (CHAR-50-IN), 

k17; ElQIIk75 

262,343,352 

SPECTROSCOPY (CHAR-48-IN), I: 17; 
Ik6;m73 

Iron, IA: 26; Ik49; III: 193,202,218,238,255, 

ISOTOPIC DILUTION MASS 



K 
K-20 SEALANT @CON-6PIN), k20; El& 

E 289 

L 
Large components, III: 184,186 
LASER (ROBA- 52-IN), k23; Em, Ilk 496 
LASER ABLATION FOR DIAGNOSING 

METALS AND RADIONUCLIDES 

LASER ABLATION ORGANIC MASS 
(CHAR-&IN), I: 18; E+ Ilk 116 

SPECTROMETRY (CHAR-93-IN), I: 18; 
El2 m m  

LASER ABLATION; INDUCTIVELY 
COUPLED PLASMA; ATOMIC 
EMISSION SPECTROSCOPY (CHAR- 
111-IN),I: 19;Ik9;IIk 161 

E 359 

@CON-74-IN), I: 20; IkB; E 298 

E 2 9 6  

SPECTROSCOPY (CHAR4IN), k17; 

LASER CUTTING @ISM-49-IN),I:21;Ik42; 

LASER ETCHING AND ABLATION 

LASER HEATING @CON-73-IN), I:20; Ik28; 

LASER IONIZATION MASS 

I I*m7 
LASER PHOTO ACOUSTIC 

SPECTROSCOPY (CHAR-15-IN), I: 17; 
IIS; Ilk 23 

IZ; E61; IIk509 
LASER RANGE FINDERS (ROBA-71-lN), 

LASER-ACTIVATED CHEMISTRY 
@CON-l&IN), I: 19; II:20; E 2 0 8  

LASER-BASED RAMAN SCATTERING 
(CHAR-WIN), I: 18; Ih5; Ilk 1 14 

LASERELASHLAMP HEATING TO 
RELEASE OR DESORB SURFACE 
AND SUBSURFACE CONTAMINANTS 
(CHAR-87-IN),I: 18;II:4;Ilkll8 

Lead, 1:3,5,9,24; LklGl l ,  16, 18,2526; II9 
10, 18,49,57-61; llk3,5,7, 11, 13, 15, 17, 
19,23,25,27,31,33,35,37,43,45,49,51, 
53,55,57,59,61,63,65,67,71,73,75,78, 
80, 82,84,86,88, 92,96,98, 100, 102, 104, 

106, 108, 110, 112, 118, 137, 159, 161, 163, 
230,273,289,309,417,435-436,439,454, 
478,484 

2PIN), I: 19; E* Ilk 230 
LEAD-BASED PAINT REMOVAL @CON- 

LIQUID CHROMATOGRAPHY - MASS 
SPECTROMETRY (CHAR-8pIN), k18; 
n11; m122 

(CHAR- 129-m), I: 19; II.& m 166 
LIQUID SCINTILLATION COUNTING 

Liquids,I:QS, 1&19,24;W7, ll,21-22,24, 
26; E3-12, 15-31,3545,49-52,57-61; 
E3,5,7,9,  11, 13, 15-17, 19,21,23,25, 
27,29,31,39,41,43,45,47,49,53,55,57, 
59,61,63,65,67,69,71,73,75,78,80, 82, 
84,92,94,96, 108, 110, 112, 118, 120, 122, 
124, 126, 129, 135, 137, 159, 163, 166, 168, 
180,193,201,224,226,232-233,275-276, 
283,289,3 13,3 18,33 1-332,334,337,428, 
439,441,443444 

I31; n45; m372 
LIQUlFIED GAS CUTTING @ISM&IN), 

LONG REACH ARMS, HEAVY DUTY 

LONG REACH A R M S ,  LIGHT DUTY 

LONG REACH A R M S ,  MEDIUM DUTY 

(ROBA-WIN), I:2& II57; E 4 6 1  

(ROBA-O7-IN), I:% Ik57; E 4 5 7  

(ROBA-O&IN), I:22 IL57;IIk459 
LONG-PATH FOURIER TRANSFORM 

INFRARED SPECTROSCOPY (CHAR- 
l%IN),I:l? II:ll;Ilk29 

Loose materials, III: 282 

M 
MAGNETIC RESONANCE IMAGING 

Major components, IA: 19; E44-45; IU:325,335, 

Major dismantlement, II:35-45; IIk 343,348, 

(CHAR-S%IN), I: 18; lk6; IIE 82 

345,363,369,372-373,375 

363,365,367,375 

IZ; m59; m486 

413 

MAN-ROBOT SYMBIOSIS (ROBA-46-IN), 

Manganese, IA: 13,20,26; II:7-9; m:389,411, 



Manganese-54, IA:13,20 
MANUALLY OPERATED BACKHOE 

(DISM-ME- 103), I:= Ik35;IIk 393 
MANUALLY OPERATED DOZER @ISM- 

ME- 105), I:= Ik36; Ilk402 
MANUALLY OPERATED EXCAVATOR 

MANUALLY OPERATED HYDRAULIC 

MANUALLY OPERATED MOTOR 

(DISM-ME-101), k21; Ik35iIIk386 

RAM @ISM-SR-109), I:22;II:36; Ilk412 

GRADER (DISM-ME-lM), €22;Ik35; 
mi 399 

(DISM-ME- 106), I:= IL36; IIk 405 
MANUALLY OPERATED TRENCHER 

Massive concrete, Ik35-45; Ilk 3 17,320,322, 

Material disposition, E1-2,12,22; II:49-53,57- 
325,327,329,367,376,378-379 

61; IIk415,417,419-425,427-435,437, 
439,441,443,473,505 

MECHANICAL DISINTEGRATION 
MACHINING (DISM-85-IN), I:21;Ik41; 
Ilk381 

SAMPLE COLLECTION AND 

lI3; IIk 78 

5,7, 11, 13, 15,17, 19,23,25,27,31,33, 
35,37,41,43,45,49,51,53,55,57,59,61, 
63,65,67,71,73,75,78,80,82, 84,86,88, 
92,96,98, 100, 102, 104, 106, 108, 110, 

276,439 

Ilk 255 
Metalequipment, II:17,45;IE3,5,7, 11, 13, 15, 

17, 19,23,27,31,33,39,41,43,49,53,55, 
57,59,61,63,65,67,69,71,73,75,80,82, 
88,90,92,94,96,98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 139, 141, 143, 145, 

MEMBRANE TECHNOLOGY FOR 

CONCENTRATION (CHAR-55-IN), I: 17; 

Mercury, I: 5,9, 17; IA: 10- 1 1,26; IkP 10; IIk 3, 

112, 118, 137, 159, 161, 163,210,232-233, 

METAL MILLING (DCON-45-IN), I:2Q E%, 

147,149,151,153,155,159,163-164,166- 
168,188, 191, 193, 196,207-208,210,216, 

249,251,253-255,262,264,266,268-269, 
218,220,222,234,236,238,242,244,247, 

273,280,283,296,298,300,304,373 
Mdd,I:5,10-11,20;IA:3,6-7,9, 11, 13, 16, 18- 

20,24,30;Ik15-31,40,45,53;IIk3,5,7, 
11, 13, 15, 17, 19,23,27,31,33,39,41,43, 
49,53,55,57,59,61,63,65,67,69,71,73, 
75,80,82, 88,90,92,94,96,98, 100, 102, 
104,106,108,110,112,114,116,118,120, 
122, 124, 127, 131, 133, 135, 137, 139, 141, 
143,145,147,149,151,153,155,159,163- 
164, 166-168, 173, 179-182, 188, 191-194, 
196, 198-200,202-203,205,207-208,210, 
212,216-224,226,228-229,234-236,238, 
242,244,247,249,25 1,253-255,262,264, 
266,268-269,272-273,279-280,282-283, 
296,298,300,302,304-305,307,3 11-313, 
339,341,343,351-352,361,363,369,373, 
382,435,453 

METALLOGRAPHIC SECTIONING AND 
PREPARATION (CHAR-67-IN), I: 18; Ik4; 
Ilk 96 

MICROBIAL DEGRADATION (DCON-67- 
IN), I: 20; n: 17; mm 

MICROWAVE (ROBA-5&IN), 1~23; E@, 
Ilk 492 

k17; Ik4;IIk31 
MICROWAVE DIGESTION (CHAR-WIN), 

MICROWAVE SCABBLING (DCON-71-IN, 
DISM-3l-IN), 1:2&21; II:29,38,57-61; 
Ilk291,329 

Molybdenum, I: 25; Lk 26 
Monel, Ilk3,5,7, 11, 13, 15, 17, 19,23,27,31, 

33,39,41,43,49,53,55,57,59,61,63,65, 
67,69,71,73,75,80,82,88,90,92,94,96, 
98,100, 102, 104,106, 108,110, 112, 114, 
116, 118, 120, 122, 124, 127, 131, 133, 135, 
137, 141, 143, 145, 147, 149, 151, 153, 155, 

208,210,221,234,236,238,242,244,247, 

273,280,302,304 

159,163-164, 166-168, 180,188,198,207- 

249,25 1,253-255,262,264,266,268-269, 

MOSSBAUER SPECTROSCOPY (CHAR-47- 
IN), I: 17; n: io; mn 

MULTIANGLE DRILLING FOR DEPTH 
PROFILING OF CONTAMINANTS 
(CHAR-64-IN), I: 18; Ik3; IE 88 

MULTIFINGERED END EFFECTOR 
(ROBA- 1249, I: 23; II:58; Ilk466 

MULTIPLE, CONCURRENT MOBILE 
PLATFORM CONTROL (ROBA-27-IN), 
1:23; 11585% m475 



7 8 3  5 

MULTIUSE, STANDARDIZED TYPE-A 
PACKAGING (WPHT-101 -IN), W, Ik 50, 
Ilk 428 

N 
NaI-Ge GAMMA SPECTROSCOPY (CHAR- 

ND: YAG AND C02 LASER CUTI'ING 
106-IN), I: 18; Ik7,R lIk 151 

(STRUCTURAL STEEL) @ISM-34-IN), 
E21; Ik39,45; m 335 

Neptunium, Lk20,26; IIk 13 1,133, 135, 147, 
155,199-201 

Neptunium-237, IA: 20 
NEUTRON ACTIVATION (252 Cf 

SHUFFLER OR DIFFERENTIAL DIE- 
AWAY SYSTEM) (CHAR-107-IN), k18; 
E8;lIk 153 

m51; I I k a  

Nickel ingots, IIk 234 
Nickel, bk26;Ik37; Ilk3,5,7, 11,13, 15, 17, 

NEVADA TEST SITE (MDIS- 102-IN), I:2, 

19,23,27,31,33,39,41,43,49,53,55,57, 
59,61,63,65,67,69,71,73,75,80,82, 86, 
88,90,92,94,%, 98, 100,102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 141, 143, 145, 147, 
149,151,153,155,159, 163-164, 166-168, 
180-181, 186,188, 191, 199,203,221,234- 
235,244,262,339,379 

23,27,31,33,39,41,43,49,53,55,57,59, 
61,63,65,67,69,71,73,75,80,82,88,90, 
92,94,96,98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 131, 
133, 135, 137, 141,143, 145, 147,149, 151, 

198,234,244,262,302 
Niobium, IA: 13,26; IIk218 
Niobium-95, IA:13,26 
Nitrates, Lk24,26-27; IklR IIk186,193-194, 

Nonfissile materials, lIk428-429 

Nickel-lined steel, Ilk 3,5,7,11, 13, 15, 17, 19, 

153,155, 159, 163-164, 166-168,193,196, 

199,439 

0 
Oil, IA: 13;E 17-18,20,23,30; Ilk 7, 13, 15, 19, 

21,23,25,29,33,35,37,39,43,47,49,51, 
55,73,78,80,82,84,86,88,94,98, 100, 
102,104,106,118,120,122,124,126-127, 
129,139,141,143-144,159,163-164,176, 

289,294,300-301,305,312,335,339,348, 
35 1-352 

181,210,214,224,232,235,273,283,285, 

ON-LINE SUPERCRlTICAL FLUID 
EXTRACTION - MULTIDETECTOR 
GAS CHROMATOGRAPHY (CHAR- 
115-IN),I:19;Ikll;Ilk164 

ON-SITE PACKAGING (WPHT- 107-IN), 
m50; lIk434 

OPTICAL MICROSCOPY (CHAR-32-IN), 
I:@ lk9;m57 

(CHAR-71-IN), I: 18; Ik3; lIk 98 
OPTIMIZATION OF SAMPLING DESIGNS 

ORGANIC ACID TREATIUENT/BRITISH 
NUCLEAR FUELS LIMITED @NFL) 
CITRIC ACID DECONTAMINATION 
@CON-l&IN), I: 19; IklR Ilk 188 

ORGANIC SOLVENT TREATMENT 
@CON-21-IN), I: 19; Ik21; IIk214 

Organics, I:4-5,9,17-20; IA: 13; Ik7,lO- 12,15- 
31,49,53; IIk7,9,13, 15, 19,21,23,25,29, 
33,35,37,39,43,47,49,51,55,73,78,80, 
82,84,86,88,94,98, 100,102, 104, 106, 
118,120,122,124,126-127,129-130,135, 
139,141,143,159,163-164,166,173,176, 
178-180, 183, 188,200,202,207,210-211, 
214,224,232,238,242,251,253-254,257, 
275-276,279-280,283,285,287,294,296, 
298,300,304-305,307,309,3 17,320,322, 

345,348,350,357,359,369,375,379,381 - 
325,327,329,331,334-335,337,341,343, 

382,384,386,393,399,402,405406,409, 
4 12,443 

IN), I: 19; Ik21; m218 

m39; In343 

OXALIC ACID TREATMENT (DCON-23- 

OXYGEN CU'ITING @ISM-38-lN), E21; 

P 
PZ- I: 15- 16,22,24; II:24,50-52,58; 

IIk419-423,427434,451,466 



Paint, E l9 ;E  18,22-23;lIk214,228,230,244- 
245,262,274,280,287,290,296,305,309- 
310,312-313,317 

PARTICLE SIZE ANALYSIS (CHAR-26-IN), 
I:lT E5,8-9;IIk45 

PARTICLE-INDUCED X-RAY EMISSION 
(CHAR-17-IN),I: l T E % I E 2 7  

Particulates, LA: 10,29; Ik5, 8- 10; m:25,45,57, 
65,84,108,110,120,196,233,339 

PASSIVE NEUTRON DETECTION (CHAR- 
104-IN), I: 18; Ik7; Ilk149 

I:l& Ell; m139 
PCB IMMUNOASSAY KIT (CHAR-99-IN), 

PERFORMANCE- ORIENTED 
PACKAGING, GROUPS I-III, FOR 

HAZARDOUS WASTE (WPHT-lM-IN), 
RCRA NONRADIOACTIVE 

Ia E50; m433 
PERFORMANCE- ORIENTED 

PACKAGING, GROUPS II AND III, FOR 

m432 

PACKAGING, GROUPS II AND III, FOR 
POLYCHLORINATED BIPHENXS 

ASBESTOS (WPHT- 105 -IN), I: 22, II:50; 

PERFORMANCE-ORIENTED 

(WPHT-104-IN), k22; IMO;IIk431 
Permanent disposal, E52; IIk417,419-424 
Phosphates, IA: 26; II.6,21; III: 167,186, 196, 

216,224,305 
PHOSPHORIC ACID TREATMENT @CON- 

22-IN), k19; II21;lE216 
PHOTOCHEMICAL, DEGRADATION 

PIPEDUCT CRAWLER, EXTERNAL 

PIPEDUCT CRAWLER, INTERNAL 

@CON-3O-IN), I: 19; II:22, IIL.232 

(ROBA-03-IN), I: 22; II:57; IIL.451 

(ROBA-(n-IN), k22, IM7; IIL.449 
Pip% I: 22; IA: 7,17,3 1; II: 15-3 1,42-44,49,57; 

lE3,5, 7, 11, 13, 15, 17, 19,23,27,31,33, 
39,41,43,49,53,55,57,59,61,63,65,67, 
69,71,73,75,80,82,88,90,92,94,96,98, 
100,102,104,106,108,110,112,114,116, 
118, 120, 122, 124, 127, 129, 131, 133, 135, 
137,139, 141,143,145, 147,149, 151, 153, 
155,159,163-164,166-168,178,184,191, 
196,198,207-208,216,228,234,236,242, 

244,247,249,262,264,266,268-269,272, 
277,280,289,346,352,355,361-362,367, 
369,371,405,44842 

I21; E39,57-61; III: 339 
PLASMA ARC CUTTING @ISM-36-IN), 

PLASMA ARC SAW (STRUCTURAL 
STEEL) @ISM:4O-IN), k21; II:40,45; 
m345 

@CON-76-IN), I: 20; E28; III: 302 
PLASMA ETCHING/FLUORINATION 

PLASMA SURFACE CLEANING @CON- 
75-IN), I:20; II28; lIk 300 

PLASMA TORCH (DCON-72-IN), k20; n.28, 
57-61;lE294 

PLASTIC PELLET BLASTING (DCON-42- 
IN), I: 20; E25; m z 1  

Plut~nium, LA: 6-7,12,20,26,30; Ik7-9; IE73, 
27 1 -272 

Plutonium-239, Lk7, 12,20,30 
Plutonium-240, M:7, 12 
Plutonium-241, m 7  
Polychlorinated biphenyls (PCBs), I:5,9, 17- 18, 

15, 19,21,23,25,29,33,35,37,39,43,47, 
49,51,55,73,78,80,82,84, 86,88,94,98, 

22; E1~12,17-18,30,49-50,53; Ilk 7, 13, 

100,102,104,106,118,120,122,124,126- 
127,129,139,141,143,159,163-165,179- 
180,232,283,287,289,294,300-301,335, 
339 348,35 1-352,357,359,43 1 

Polycyclic aromatic hydrocarbons (PAHs), II: 11; 

POLYMER IMPREGNATED CONCRETE 

Porousaluminum,LTI:3,5,7, 11, 13, 15, 17, 19, 
23,27,31,33,39,41,43,49,53,55,57,59, 
61,63,65,67,69,71,73,75,80,82, 86,88, 
90,92,94,96,98,100,102, 104,106,108, 
110, 112, 114, 116, 118, 120, 122, 124, 127, 
131, 133, 135, 137, 141, 143, 145, 147, 149, 

244,262 

27,31,33,39,41,43,49,53,55,57,59,61, 
63,65,67,69,71,73,75,80, 82,86, 88,90, 
92,94,96,98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 131, 

III: 143 

(PIC) (WSTA- 10 1 -IN), I: 22; II.49; III: 437 

151,153,155,159,163-164, 166-168,234, 

Pomusnickel,III:3,5,7, 11, 13, 15, 17, 19,23, 



133, 135, 137, 141, 143, 145, 147, 149, 151, 

262 
153,155, 159,163-164,166-168,234,244, 

PORTABLE GAMMA-RAY 
SPECTROMETRY (CHAR-112-IN), I: 1% 
E8;IIk 162 

PORTABLE GAS 
C€ROMATOGRAPW(ECD) FOR 
ANALYZING PCBs IN SOIL/DUST 
(CHAR-lWIN),I:18; IklQIIk 141 

PORTABLE VOLATILE ORGANIC 
COMPOUNDS (VOCs) DETECTORS 
(CHAR-s-m),1:17; Jk lQrn9  

POSITION SENSORS (ROBA-75-IN), k23; 
Ik61; IIk5l.2 

III: 508 
POSITIONING (ROBA-7GIN),I:23;Ik60, 

Potassium oxide, IA: 7 
Potassium, I: 3; IA: 7, 13,20,26; II:7,9,30,39; 

lIk40,151,160,187,189,194,196,252, 
258,301,305,339,346,370,436 

Potassium40,IA: 13,20,26; II:7,9,39; Ilk 151, 
339,346,370 

POWDER X-RAY DIFF'RACTION (CHAR- 
3 l-IN), I: 17; Ik6; IIk 55 

POWER SOURCES FOR MOBILE 
PLATFORMS (ROBA-05-IN), I:22; Ik57; 
m454 

AVOIDANCE (ROBA-2PIN), 123; E58; 
PREPROGRAMMED OBSTACLE 

III: 478 
Process building equipment, lE375 
Process equipment, I: 3; IA:11,21; IIk 213,282, 

PROGRAMMED MOTIONS (PER EPA 
285,300,302 

PROTOCOLS) (ROBA-30.IN), I: 23; II:59; 
m 479 

Promethium, IA:7,26 
Promethium- 147, LA:7,26 
PROPORTIONAL COUNTER FOR ALPHA, 

BETA ACTIVITY (CHAR-lO&IN),I:18; 
Ik7,9; IE 155 

Ikm, m507 
PROXIMITY PROBES (ROBA-69-IN), I:Z; 

83 5 

Q 
QUALITATIVE IR THERMOGRAPHY 

(STRUCTURAL INTEGRITY) (DISM- 
32-JN),I:21; I k 3 ~ I E 3 3 1  

R 
RADIO FREQUENCY (ROBA-51-IN), 
E@, m 4 w  

7,9, 12-13, 16, 18,20-22,24,26,28-31; 
Ik7,17,19-20,35-36,38,49-53,57-61; 
IE25,31,33,35,37,4546,49,51,73,77- 
78,82,84,86, 88,90,96,98, 100, 102, 104, 
106, 118, 131, 133, 135, 145, 147, 149, 151, 

200,204,211,230,234,240,246,263,280, 
287,294,307,310,313,318,339,351,355, 
361,400,403,405,410,413,417-418,420, 
424,427430,434435,43743 

nuclides), k18; bk22,24; II:6,8,15-31,35- 

188,234,273,296,304 

Radioactives, I:&4-7,9-11,15-16,24;IA:l, 3,5, 

155, 157,162-163,168,175,180,191-192, 

Radionuclides (see also listings for individual 

45; IE74,116,135- 136,145-146,180-181, 

Radium, I: 2; m 2 0  
Radi~m-226, W 2 0  
REDOX TREATMENTS @CON- 14-IN), 

I:lR nm, m198 
REMOTE/AUTOMATED 

INTERCHANGEABILITY (ROBA-23- 
IN), I: 23; E58; IIk468 

Rhodium, Lk.7 
Rhodium- 106, IA: 7 
ROBOTIC WHEELED/TRACKED 

VEHICLES (ROBA-01-IN), I:22,E57; 
m447 

III: 376 

17, 19,23,27, 31,33,39,41,43,49,53, 55, 
57,59,61,63,65,67,69,71,73,75,80,82, 
86,88,90,92,94,96,98,100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 129, 131, 133, 135, 137, 141, 143, 

ROCK SPLITTER (DISM-82-IN), Ul; E 3 7  

Roofingmaterials, II:31;IIk3,5,7, 11, 13, 15, 

145,147,149,151,153,155,157,159,163- 
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164,166-168,175 
Ruthenium, IA:7,13,21,26 
Ruthenium-106, IA: 7, 13,26 

S 
samarium, IA:7 
SamariUm-l51,IA:7 
SAMPLE MANAGEMENT (ROBA-3 1 -IN), 

P23; m59; m480 

Pm, EN, 38; Ilk240 
SCABBLEWSCARIFERS @CON-37-IN), 

SCANNING ELECTRON MICROSCOPY 

SECONDARY ION MASS 
(SEM) (CHAR-33-IN), I: 17; Ik5; IIk 59 

SPECTROMETRY ANALYSIS (CHAR- 
135 -IN), I: 19; Ik6; IIk 167 

SECONDARY NEUTRAL MASS 
SPECTROMETRY (CHAR-7-IN), I: 17; 
II:6;IE 13 

SELECT ALPHA RADIONUCLIDE 
ANALYSIS BY P E W S  (CHAR-97-IN), 
I:l& Ik8;IIk 135 

Selenium, IA: 26; Ilk 252,4 1 1,4 14 
SHAPE MEMORY ALLOYS PISM-WIN), 

I21; m37; m379 
Sheetmetal, IA:7;II:17,45;IIk3,5,7, 11,13, 

15, 17, 19,23,27,31,33,39,41,43,49,53, 
55,57,59,61,63,65,67,69,71,73,75,80, 
82,88,90,92,94,96,98, 100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 131, 133, 135, 137, 141, 143, 145, 
147,149,151,153,155,159,163-164,166- 
168,191,207-208,234,236,244,247,249, 
253-255,262,264,266,268-269,273,280, 
282-283,296,298,300,304,373 

SHOT BLASTING @CON-36-IN), I:20; E 2 4  
III: 238 

SHREDDING, AUTOMATIC SORTING, 
AND/OR COMPACTION @ISM-65-IN), 
I21; m45; m373 

Silicon, IA:26,lE313 
Silver, IA: 16,26; II:7-10 
Silva- 108~1, IA: 16 

SINGLE-HUMAN/MULTIPLE-VEHICLE 
CONTROL STATION (ROBA- 32-I~), 
IZ; E59; m a 1  

Size reduction, Ik 17,23,3 1,35 -36; III: 283,384, 

Sludges, I: 9,11,24; IA: 7,12; lI:7,20-21,30,49; 
409,4 12 

lIk31,57,168,173,196,214,285 
SMALL LONG-RANGE ALPHA 

DETECTOR (CHAR-65-IN), I: 18; E7; 
m 90 

k19; E31; lIW34 

221,224,226,305,307 

SMELT PURIFICATION @CON-31-IN), 

Sodium, I: 5; IA: 7,16,26,29; lI:22; IIk189,196, 

Soil, 1:6,9,11,24; Ik6,9,12,20,22-23; Ik4, 
11, 17,35-37; IIk 3 1-32,39,77,86,88, 108, 
110,131,135,141,164,233,285,323,326- 
328,387,394,400,403,405 

JN),I: 18;ElQ m126 
SOLID SORBENT SAMPLING (CHAR-91- 

Solid RCRA wastes, m421 
SOLVENT EXTRACTION @CON-01-IN), 

I:lR E30; III:173 

m23; mm 
SOLVENT WASHING @CON-61-IN), I:20; 

SOLVENT WASHING TO REMOVE 
ORGANICS (DCON-62-IN), I:2Q IIZ; 
III: 279 

SPONGE BLASTING @CON-58-lN), k20; 
m 1 e  m273 

Stabilization, II:49;IIk435,437,439-441,443- 

STATISTICAL METHODS FOR 
444 

MULTIVARIATE DATA (CHAR-74-IN), 
El& Ik4;m 104 

STATISTICAL METHODS FOR 
SPATIALLY CORRELATED DATA 
(CHAR-75-IN), I: 18; Ik3; IIk 106 

STEAM CLEANING @CON-55-IN), I:20; 
Ik15; Ilk93 

Steel cylinders, E45; Ilk 234,244,262,373 
Steel pipe, 1II: 198,207-208,236,244,247,249, 

262,264,266,268-269,280,346,371 
Steel, IA:3,6-7,9, 15-16,18,20-22,25-26,28- 



31; II:21-24,27,35-45,49;IIk3,5,7, 11, 
13, 15, 17, 19,23,27,31,33,39,41,43,49, 
53,55,57,59,61,63,65,67,69,71,73,75, 
80, 82,88,90,92,94,96,98, 100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 131, 133, 135, 137, 141, 143, 145, 
147,149,151,153,155,159,163-164,166- 
168,180,184,188,191-193,196,198,200- 
201,203,207-208,210,214,216-218,220- 

249,25 1,253-255,262,264,266,268-269, 
273,280,282,294,296,298,302,304-305, 
313,318,322,330-331,334-335,337,339, 
341,343,345-346,348,350-352,361,363, 
367,369-371,373,379,381,383,386-388, 

223,228,234,236,238,240,242,244,247, 

394,400,403 

k20; El7; mm 
STRIPPABLE COATINGS @CON-63-IN), 

Strontium Sr-90, W 6 7 ,  12- 13, 18,20,26,30 
Strontium, W6-7,12- 13, 18,20,26,30; E7-9; 
m 54 

Structural steel, Lk21; I1:24,27,35-45; IIk 3,5, 
7, 11, 13, 15, 17, 19,23,27,31,33,39,41, 
43,49,53,55,57,59,61,63,65,67,69,71, 
73,75,80,82,88,90,92,94,96,98, 100, 
102,104, 106, 108,110, 112, 114, 116,118, 
120, 122, 124, 127, 131, 133, 135, 137, 141, 
143,145, 147,149,151,153,155, 159,163- 
164, 166-168, 191, 193, 196,207-208,210, 
234,236,238,242,244,247,249,25 1,253 - 
255,262,264,266,268-269,273,280,282, 
296,298,304,3 13,33 1,334-335,337,339, 
341,343,345,348,350-352,367,369,381 

SULFAMIC ACID TREATMENT @CON- 
25-lN), I: 19; n21; Ilk 222 

Sulfiites, IA: 26 
SUPERCRITICAL C02 @CON-41-IN), k2O; 
E25; m249 

SUPERHEATED WATER @CON- 53-IN), 
k20; E15; IE266 

SURFACE ACOUSTIC WAVE SENSORS 
(cHAR-14-IN), I: 17; II:ll; m 2 1  

S h e s ,  I: 17-20,24; IA: 7; lk4,6-9, 11, 15-31, 
38,42,57-61;IIk3,5,7,21,90, 113, 116, 
118-119, 122,124, 127, 131-132, 134, 137, 
145-147,151,155,159-160,167,176,184, 
186, 188, 191-194,196,198,200,203,205, 
207-208,210-214,216-222,224,226-228, 
230,232-233,236,238-240,242-247,249, 

251,253-260,262,264,266,268-269,271- 
277,279-280,282-283,285,287,289-294, 
296,298,300-305,307,309-313,317-318, 
323,329,348-349,355,359,361-362,372, 
381-382,417,437,447,449,451,506 

SYNCHRONOUS FLUORESCENCE 
SCREENING FOR POLYCYCLIC 
AROMATIC HYDROCARBONS (PAHs) 
(CHAR-101-IN), k18; lk11;III: 143 

T 
Tar paper, III: 175 
Tar, I l l  175 
TEACWPLAYBACK (ROBA-34-IN), k23; 

E59; m484 
Technetium, IA: 7; IA:7,26; lk8; IIk 3-4,7,11, 

13, 15, 17, 19,27,31,55,65,82,88, 155, 
188,193 

TELEOPERATED EXCAVATION 
EQUIPMENT @ISM-RE- 107), I:=, lk%, 
III: 406 

Tellurium, Lk7 
Tellurium- 125, bk7 
THERMAL ARC WATER-JET CUTTING 

@ISM-61-lN), k21; Ik44, IE 369 

n.40, m352 

(WSTA-102-IN), 122; E49iIE439 

THERMITE CUTTING @ISM-45-IN), k21; 

THERMOPLASTIC ENCAPSULATION 

THERMOPLASTIC ENCAPSULATION 
[SULFUR POLYMER CEMENT (SPC)] 
(WSTA-103-IN), I:22 

THERMOPLASTIC ENCAPSULATION 
[SULFUR POLYMER CEMENT (SPC)] 
(WSTA-103-IN),Ik49;IE441 

THERMOSETTING PLASTICS 
ENCAPSULATION (WSTA- IWIN), 
I= n.49; m443 

THIN TWO-DIMENSIONAL TLD ARRAY 
FOR SPATIAL CHARACTERIZATION 
OF SURFACE ALPHA 

El& EXIE 147 
CONTAMINATION (CHAR- 103-IN), 

Thorium, IA: 17,20;II:7-9;Ilk 131,133,135, 



147,155 
Thorium-Z8, IA: 20 
Tile, E15-31,49;IIk3,5,7,11, 13, 15, 17, 19, 

23,27,31,33,39,41,43,49,53,55,57,59, 
61,63,65,67,69,71,73,75,77,80, 82,86, 
88,90,92,94,96,98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 
127, 129, 131,133, 135, 137,139, 141, 143, 
145,147,149,151, 153,155, 157,159,163- 
164,166-168,207,236,247,249,264,266, 
268-269,273,280,289 

Tin,IA:7 
Tin-121, Lk.7 
Toluene, IA: 3 
TOOL-ARM INTERFACE (ROBA-24-IN), 
I23; E58; m469 

Trans-1,2-dichloroethene, Lk3 
Transite,IA:22; Ik1531,49;IIk3,5,7, 11,13, 

15, 17, 19,23,27,31,33,39,41,43,49,53, 
55,57,59,61,63,65,67,69,71,73,75,80, 
82, 86,88,90,92,94,96,98, 100, 102, 104, 
106, 108, 110, 112, 114, 116,118, 120, 122, 
124, 127, 129, 131, 133, 135, 137, 139, 141, 
143,145,147,149,151,153,155,159,163- 
164,166-168,173,178,183,309,359 

TRANSMISSION ELECTRON 
MICROSCOPY (CHAR-34-IN), k17;Ik 5; 
Ilk61 

TRANSPORTABLE CONTROL SYSTEMS 
(ROBA-48-IN), I:23; E59; Ilk490 

Tran~p~rtati~n, I:16,24-25; E37-38,40,42-44, 
50-52;IIk 181,235,317-318,321,323,325, 
327,330,346,356-357,359,362-363,370, 
375,419423,427434 

423 
Transuranic (TRU) wastes, IA: 7; E52; IXk 263, 

Trichlomethane, IA: 3; E21; III:210,214 
Trichloroethylene (TCE), Ilk7, 13, 15, 19,21, 

23,25,29,33,35,37,39,43,47,49,51,55, 
73,78,80,82,84, 86,88,94,98, 100, 102, 
104,106, 118,120,122,124,126-127,129, 
139,141,143,159, 163-164,214 

Tritium, IA: 26; Ilk 145 - 146,244,300 
TURBULATOR @CON-81-IN),I:21;II:26; 

IIk311 

TYPE-A AND TYPE-B FISSILE 
CERTIFIED PACKAGING (WP€€I'- 103- 
IN), I: 22; II:50; m430 

n50; ma 
TYPE-B PACKAGING (WPHT-102-IN), k22, 

U 
ULTRA -HIGH-PRESSURE WATER @CON- 

35-IN), I: 19; II2q IIk 236 

E20; E17; mm 

IN), I: 17; m.4; m 33 

I:l!& n ~ m 2 1 0  

SPECTROSCOPY (CHAR-9-IN), k17; 

ULTRASONIC CLEANING @CON-65-IN), 

ULTRASONIC EXTRACTION (CHAR-20- 

ULTRAVIOLET/OZONE @CON-19-IN), 

ULTRAVIOLETNISIBLE 

II.9;IIk 17 
Uranium flouride, IIk 159 
Uranium, 1:2,1,4; Lk5-6,12-13,20,24-26,28, 

30; E 6 9 ,  17, 19-20,28,39,45,52; m2, 
32771,3-5,7, 11, 13-15, 17, 19,23,25,27, 
31,33,35,37,43,45,49,51,53,55,57,59, 
61,63, 65,67,71,73,75,78,80,82, 84,86, 
88,92,96,98, 100, 102, 104, 106, 108, 110, 
112, 118, 131, 133, 135, 137, 147, 149, 151, 
153,155, 157,159, 161-163,175,180, 184, 
188,190, 193-194,198,204,234,244-245, 
273,283,300,302,335,337,339,341,348, 
352,417,421,426,438439 

Uranium-232, LA: 20 
Uranium-234, IA: 12,20,30 
UraniUm-235,LA:6,12,20,30;~151,153,157 
Uranium-236, LA: 12,20,30 
Uranium-238, LA: 12,20,30; IIk 151,157 
Uranyl flouride, IIk149,159 
USE OF EXISTING FMTURES AND 

TOOLING @ISM-.66IN), k21; E&, 
III: 375 

v 
VACUUM (LOW PRESSURE) @CON47- 

IN), I: 19; II:30; m183 
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VACUUM-ASSISTED, REVERSE FLOW, 
SOLVENT EXTRACTION METHODS 
(CHAR-62-IN), I: 18; Ikq IIk 86 

VACUUMING (LOW PRESSURE) @CON- 
WIN), I:2Q; El7; Ilk 282 

Veaical surfaces, III: 184,2 13,266,269 
VIBRATORY FINISHING (DCON-82-IN), 

Ul; m312 

INFORMATION (CHAR-73-II9, I: 18; Ik3; 
m 102 

485 

VISUAL DISPLAY OF STATISTICAL 

VOICE CONTROL (ROBA-35-IN), I:23; E59; 

Volatile organic compounds (VOCs), I: 17; IklG 
12,16;m7,9, 13, 15, 19,21,23,25,29,33, 
35,37,39,43,47,49,51,55,73,78,80,82, 
84, 86,88,94,98, 100, 102, 104, 106, 118, 
120, 122, 124, 126-127, 129, 139, 141, 143, 
159,163-164,275 

W 
WALL THICKNESS MEASUREMENTS 

(ROBA-68-IN), k23; Ik60, XES06 
Walls, LA: 11, 15-16, 19; Ik21,23,36-38,40,42- 

45; III:184,186,216,260,264,285,305, 
310-311,317-318,323,325-327,329-331, 
334-335,337,339,341,343,345,348,350- 
352,355-356,360-362,369,381 

WASTE CURIE MONITOR (BAG OR 
BARREL COUNTER FOR LOW-LEVEL 
RADIOACTIVITY) (CHAR- lOPIN), I: 18; 
Ik8;Ilk 157 

WASTE ISOLATION PILOT PLANT, N. 

WASTE MINIMIZATION EVALUATION 
MEX (MDIS-105 -IN), IZ; Ik52; Ilk423 

SYSTEM (WMES) (MDIS-IWIN), 1~22; 
Ik5253; Ilk 425 

Wat~~,k4-6,9, 19-21; Lk5,9-10, 13, 15, 17, 19, 
21,29; Ik5, 15- 16,19-22,24-26,35-37,39- 

166,175, 181, 184, 186,189, 191,196,198- 
201,207,214,216-219,221,224,226,230, 
233,235-237,245,247-248,260-261,264- 
270,273-274,285,287,291,313,317-320, 
323,325-327,329-330,337,339-341,343, 
345-346,351-352,355,360-363,369-370, 

40,43-45,57-61; m67,108, 110,135,143, 

378,400-401,403,405,410,413,431,435, 
437,439,441,443,447 

SPECTROSCOPY (CHAR.-66-IN), I: 18; 
IklQ m92 

Wax, IS; IIk 2 14,260 

WAVELENGTH DISPERSIVE X-RAY 

WET ABRASIVE CLEANING (DCON-83- 
IN), I: 21; II:n, Ilk313 

m3,5 ,7 ,  11, 13, 15, 17, 19,23,27,31,33, 
39,41,43,49,53,55,57,59,61,63,65,67, 
69,71,73,75,77,80,82,86,88,90,92,94, 
96,98,100,102,104,106,108,110,112, 
114, 116, 118, 120, 122, 124, 127, 129, 131, 
133, 135, 137, 139, 141, 143, 145, 147, 149, 
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ELECTRON SPECTROSCOPY FOR CHEMICAL ANALYSIS CHAW1 -IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transi te Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

Roofing materials 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Electron Spectroscopy for Chemical Analysis 

A surface technique that operates on photo-electric effect. Electrons are ejected from the core 
of the atom with kinetic energies specific to the element. Chemical shifts in energy add 
information about the chemical state of the element. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ..-) 

Amount of waste produced-None, approximately 5-mg sample is required 
Overall cost-High capital costs, approximately $200-$600 per sample 
Efficacy/strengths-Elemental and chemical state information from the outermost surface material 
(e10 nm) provide contaminant attachment and bonding mechanism information. This is a mature 
technology. 
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ELECTRON SPECTROSCOPY FOR CHEMICAL ANALYSIS CHAR-1 -IN 

SCIENCEAECHNOLOGY NEEDS 
Model studies are needed to identify binding energies for standard compounds of Tc and U for 
suspected matrices. 

IMPLEMENTATION NEEDS: 
Instrumentation and personnel 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. E J. Gruthaner, MRS Bulletin, 12(6), 60-63 (1987). 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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AUGER ELECTRON SPECTROSCOPY CH AR-2-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Auger Electron Spectroscopy 

Roofing materials- 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

A technique of speciation of analyte atoms by detection of characteristic gamma radiation caused 
by intershell electron transitions induced by x-ray excitation. 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 
- 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of waste produced-Approximately 5 mg sample is required. Sample preparation varies 
from none to extensive. 
Overall cost-High capital costs. High costs per sample, approximately 3-8 h/sample. 
Efficacy/strengths-Elemental, spatial, and depth profiling information is obtained from the surface 
region (e10 nm) of the sample. It is applicable to monitoring contaminant interaction with the 



AUGER ELECTRON SPECTROSCOPY CHAR-24 N 

host matrix and identifying complexation, location, and binding sites of the contamination. This is 
a mature technology. 

SCIENCEEECHNOLOGY NEEDS: 
Mature, model studies are needed to probe the host/contaminant effects for accurate depth 
profiling. 

IMPLEMENTATION NEEDS: 
Instrumentation and personnel 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. C. C. Chang, MRT Bulletin, 12(6), 70-74 (1987). 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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LASER IONIZATION MASS SPECTROSCOPY CHAR-4-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete , Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Laser Ionization Mass Spectrometry 

A technique for mass spectrometric analysis of solids that uses a pulsed, laser-energy source to 
vaporize and ionize the analyte. 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-Approximately 1-5 mg sample is required. Minimum sample 
preparation is needed. 
Overall Cost-High capital costs. Low to moderate costs per sample (approximately 1 Wsample). 
Efficacy/Strengths-Mass spectroscopy identification of elements and compounds on a surface with 
high spatial resolution. 
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LASER IONIZATION MASS SPECTROSCOPY CHAR-4-IN 

SCIENCEKECHNOLOGY NEEDS: 
This is a mature technology. Model studies are needed to optimize interpretation of results. 

IMPLEMENTATION NEEDS: 
Instrumentation and personnel 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Hercules et al., Journal ofAnaZyticaZ Chemistry, 54, 280A (1982). 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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PORTABLE VOLATILE ORGANIC COMPOUNDS (VOC) DETECTORS CHAR-5-IN 

EM PROBLEM: Decommissioning 

PROBLEM AREACONTAMINANTS: Gas-phase analysis for volitile organic compounds 

SUBELEMENT. Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Portable Volatile Organic Compounds (VOC) Detectors 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Organic (VOC) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Low capital costs. Very low cost per analysis (approximately $l/sample). 
Eff icacy/Strengthese portable units allow real-time field monitoring for organic vapors. Some 
units are specifically calibrated for certain gases. Others allow a wide range of gas detection. 
There are various sizes ranging from pocket size to briefcase size, with a variety of data logging 
and sample collection options. Detection limits can be as low as the ppb range. 

SCIENCE/IECHNOLOGY NEEDS: 
This is a mature technology. Ensure that radiation and the complex mixtures that may be present 
do not hamper the detection efficiency. 
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PORTABLE VOLATILE ORGANIC COMPOUNDS (VOC) DETECTORS CHAR-5-IN 

IMPLEMENTATION NEEDS: 
Adapt this maturing technology to allow detection of specific gases of interest that may not be 
currently available, and adapt collection capabilities to allow for large area and limited access 
sampling. 

CONTAC'E C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Vendor literature (MSA, Sensidyne, MDA, Andersen, Sentex, and Foxboro). 

2. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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FIELD PORTABLE X-RAY FLUORESCENCE C H AR-64 N 

EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 
Liquids 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Field Portable X-Ray Fluorescence 

Fluorescence from the decay of elements excited by x-rays is used to obtain quantitative and 
qualitative elemental analyses of samples. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment - Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Approximately $50K per unit and pennies per sample 
Efficacy/Strengths-It is portable, logs data, and has an elemental range of Al to U. Levels (ppm) 
are accepted by the EPA for Level I site assessment. It is a quick procedure (approximately 1 to 
2 minutes/sample). 
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FIELD PORTABLE X-RAY FLUORESCENCE CHAR-6-IN 

SCIENCED'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
None needed. It is an excellent candidate technology for automated or robotic deployment 
systems. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Vendor literature (Outokompu, HP). 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SECONDARY NEUTRAL MASS SPECTROMETRY CHAR-7-IN 

EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

Roofing materials - Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper AI u m i n u m 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY. Secondary Neutral Mass Spectrometry 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

- .  

Applicable Contaminant Evaluation: Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-$l00-$5OO/sample 
Efficacy/Strengths-A wide variety of post-ionization schemes are currently in use to increase the 
ion yield. This method of solid-state mass spectroscopy has improved quantitative capabilities and 
would allow accurate uranium-enrichment studies to be performed. 

13 



SECONDARY NEUTRAL MASS SPECTROMETRY CHAR-7-IN 

SCIENCE/I'ECHNOLOGY NEEDS: 
System development and model studies for calibration of enrichment measurements for small 
particles of uranium. 

IMPLEMENTATION NEEDS: 
Capital equipment costs are approximately $500K and development costs are approximately 
$200K. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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783 5 

FOURIER TRANSFORM INFRARED SPECTROSCOPY CHAR-8-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 
Liquids 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Fourier Transform Infrared Spectroscopy 

A spectroscopic technique used for identifying and quantitating inorganic and organic materials by 
measuring the absorbance spectrum of the material in the infrared spectral region. Fourier 
transform methodology speeds the measurement by allowing simultaneous, rather than the slower 
sequential scanning of the entire absorbance spectrum. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE) 

COMMENTS: 
Amount of Waste Produced-None, to a few dsample  
Overall Cost-$50-$500/sample 
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FOURIER TRANSFORM INFRARED SPECTROSCOPY CHAR-&I N 

Efficacy/Strengths-A multitude of detector and sampling devices exist to allow gas, liquid, solid, 
and microanalysis to be performed. This is a mature technology with a host of applications to any 
environmental restoration/waste management program. 

SCIENCEDECHNOLOGY NEEDS: 
A data base for rapid materials identification and model studies materials interaction is needed. 

IMPLEMENTATION NEEDS: 
Hardware costs range from approximately $25K to $500K Development costs are <$200K. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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ULTRAVIOLET/VISIBLE SPECTROSCOPY 

7 8 3  5 

CHAR-9-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) Copper Aluminum 
Liquid 

. SUBELEMENT. Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY UltravioletNisible Spectroscopy 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance - 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None, to a few dsample  
Overall Cost450-$200/sample 
EfficacylStrengths-This mature technology can be used in a variety of field and laboratory 
procedures for the identification of materials. It can provide rapid screening capabilities for 
sample selection. 

SCIENCEAECHNOLOGY NEEDS: Model studies and application design 
a @QQL!.&& 
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U LTRAVIOLET/VISI BLE SPECTROSCOPY CHAR-9-1 N 

IMPLEMENTATION NEEDS: 
Hardware costs are <$200K and development costs are <$loOK 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," IC-2073, February 1993. 
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ELECTROCHEMICAL METHODS CHAR-1 0-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural Steel 
Wood Porous Nickel 

. Transite Asbestos Insulation 
Cylinders Metal Equipment 
Porous Aluminum Monel (67Ni/3OCu/1.4Fe) 
Liquids Gases 

Roofing Materials. 
Sheet Metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper Wiring 
Nickel-Lined Steel 
Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY: Electrochemical Methods 

Oxidizable or reducible species, excited by a voltage or current function in an electrical circuit, 
yield qualitative information about species of interest. 

STATUS: Accepted 

Support/Application Evaluation: Liquid host disturbance 
Obstructedflimited access to host 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 
Automated applications 

Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Tc, Cr, CrO4, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of waste produced-5-100 mlhample 
Overall cost-Widely variable (>$50) 
Efficacy/strengths-There are a wide variety of electrochemical techniques (e.g., electrogravimetry, 
polarography, coulometry, voltametry) that can provide chemical and materials interaction 
information. These techniques could be useful in waste treatment and interaction studies as well 
as identifying species present in waste streams. 
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ELECTROCHEMICAL METHODS CHAR-1 0-IN 

SCIENCEmCHNOLOGY NEEDS: 
Adaptation and protocols for model studies to be performed on complex systems are needed. 

IMPLEMENTATION NEEDS: 
Hardware costs range from approximately $50K-$250K and development costs are approximately 
$250K. 

CONTAC'E C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SURFACE ACOUSTIC WAVE SENSORS CHAR-1 4-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Gases 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Surface Acoustic Wave (SAW) Sensors 

A SAW sensor detects specific gases or compounds in solution. The Adsorption of the analyte on 
the surface alters speed, frequency, or the phase of a traveling surface acoustic wave. 

STATUS: Research and development needed 

Support/Application Evaluation: Mechanical host disturbance , 

Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 
Automated applications 
Robotic applications 

Regula tory 
Risk ,assessment 
Technical assessment 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of waste produced-None 
Overall cost-Low cost/unit ($2-10K), and low cost/sample ($1-10) 
Efficacy/strengtWAW sensors have a fast response time and provide a direct measure of 
organic vapors. Various sampling scenarios are possible. Detection levels in the ppm range are 
possible. The sensors can be tailored to a specific gas or to a family of gases. 
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SURFACE ACOUSTIC WAVE SENSORS CHAR-14-IN 

SCIENCEA'ECHNOLOGY NEEDS: 
Coatings need to be developed to allow detection of specific gases. Optimization of higher 
temperature and smaller probe unit devices is needed. Laser/thermal desorption sampling 
capabilities and on-line process monitoring will allow more direct monitoring of D&D processes 
and minimize restrictions. 

IMPLEMENTATION NEEDS: Application specific 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. 

2. 

C. G. Fox, J. F. Alder, AnaZyst, 1989, 114, page 997. 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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LASER PHOTO ACOUSTIC SPECTROSCOPY 

7 8 3  5 

CHAR-1 54N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 
Liquids Gases 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVEs: In situ chemical 

TECHNOLOGY Laser Photo Acoustic Spectroscopy 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 
ObstructedAimited access to host 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Regulatory 
Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCS, TCE, ...) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of waste produced-Little to none 
Overall cost-Moderate capital costs, low costhample 
Efficacy/strengths-The technology has high sensitivity, large dynamic range, simple experimental 
procedures, and can be used on gases or solids. It can be portable, and allows in situ 
measurements. Levels of detection in the ppb range are possible. 
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LASER PHOTO ACOUSTIC SPECTROSCOPY CHAR-1 5-IN 

SCIENCEKECHNOLOGY NEEDS: 
Laser detection combinations that are applicable for specific D&D waste or monitoring scenarios 
are needed. 

IMPLEMENTATION NEEDS: 
Development or enhancement of portable and in situ capabilities are needed. 

CONTACX C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. P. L. Meyer and M. W. Sigrist, Rev. Sci. Instrum., 1990, 61(7), p. 1779. 

2. Oak Ridge National Laboratory, "Technology Logic Diugrurn (TLD)," K-2073, February 1993. 
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ANNULAR DENUDERS CHAR-1 6-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Airborne particulates/dust 

SUBELEMENT: Characterization 

, 

ALTERNATIVES: In situ physical 

TECHNOLOGY Annulai Denuders 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Regulatory 
Risk assessment . 
Technical assessment 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Radioactive (a, B, y) 

COMMENTS: 
Amount of waste produced-Little to none (mghample) 
Overall cost-Low cost using either disposable or reusable tubes. 
Efficacyhtrengths-Annular Denuders can be tailored for a wide variety of gases and particulates. 

SCIENCEDXCHNOLOGY NEEDS: 
Detection tubes for enhanced radiological analysis are needed. 

IMPLEMENTATION NEEDS: Automated and field applications are needed. 

CONTACE C. S. Watkins (INEL), (208) 526-4898 
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ANNULARDENUDERS CHAR-1 6-IN 

REFERENCES: 

1. F. W. Liberti, A. Febo, and M. Possanzini, NATO AS1 Ser., 1988, 252, p. 465. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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PARTICLE-l N D UCED X-RAY EM l SSl ON CHAR-1 7-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NiBOCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Particle-Induced X-Ray Emission 

The generic technique of particle-induced x-ray emission spectroscopy. The particles may be 
protons, photons, or other particles usually obtained with energies available in particle 
accelerators (protons in the range of 2-4 MEV). When used with an energy-dispersive detector, it 
is a multi-element detection method with sensitivities in the ppm range. Microprobes have been 
developed for obtaining spatial distribution of elements in a sample. A photon microprobe is 
under development. 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of waste produced-None 
Overall cost-High capital costs, and approximately 0.5 hour/sample 
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PARTICLE4 N DUCED X-RAY EM l SSl ON CHAR-17-IN 

Efficacyhtrengths-This technology enables trace element analysis over a wide elemental range. It 
has micro and mapping capabilities, and high performance. 

SCIENCEmCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
The instrumentation is not available on site. Analysis is available at commercial laboratories. 
Sampling scenarios could be designed to identify and use the strengths of the technology. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. W. Maenhout, NucL Instrum. Meth. Phys. Res., 1990, B49, p. 518. 

2. Oak Ridge National Laboratory, llTechnology Logic Diagram (TLD)," K-2073, February 1993. 
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LONG-PATH FOURIER TRANSFORM INFRARED SPECTROSCOPY CHAR-18-IN 

EM PROBLEM Decommissioning 

PROBLEM AREACONTAMINANTS: Gases 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Long-Path Fourier Transform Infrared Spectroscopy 

A spectroscopic technique used for identwng and quantitating airborne substances over long 
paths (up to kilometers) by measuring the absorbance spectrum of the atmosphere in the infrared 
region. Fourier transform methodology speeds the measurement by allowing simultaneous 
measurement, rather than the slower sequential method of the entire absorbance spectrum. 

STATUS: Demonstration, testing, and evaluation needed 

SupportlApplication Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Organic (oil, PCBs, VOCs, TCE) 

COMMENTS: 
Amount of waste produced-None 
Overall cost-Moderate capital costs 
EfficacyMrengths-The technology has a long-path range that allows averaging of emissions over a 
large area. Remote sensing, real-time results, are simultaneous multiple species identification is 
easliy performed. 

SCIENCEEECHNOLOGY NEEDS: 
There are no units currently available on site. Several vendors are marketing this equipment. 
Software development would enhance site-specific applications. . 
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LONG-PATH FOURIER TRANSFORM INFRARED SPECTROSCOPY CHAR-1 8-IN 

IMPLEMENTATION NEEDS: 
Centralized mounting areas with a robotically controlled unit allows multiple site areas to be 
monitored with one unit. 

CONTAC'E C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. R. H. Kagann, 0. A. DeSimone, and W. F. Herget, Proc. EPA/A&WMA Int. Symposium on 
Toxic and Related Air Pollutants, 1989. 

2. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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MICROWAVE DIGESTION CHAR-1 9-1 N 

EM PROBLEM: Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 
Liquids Sludges 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Microwave Digestion 

Radiation in the microwave region is used to excite polar molecules to speed sample dissolution in 
closed systems. 

STATUS: Accepted 

Support/Application Evaluation: NIA 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 
Radioactive (ar,l3,y) 

COMMENTS: 
Amount of waste produced-Very low to none 
Overall cost-Low capital costs 
Efficacy/strengths-The technology has the ability to digest and extract trace elements from soils 
and complex matrices before analysis. 

SCIENCEDECHNOLOGY NEEDS: 
This is an emerging technology that is capable of reducing the amount of waste produced in 
analyzing samples as well as increasing the quality of the data obtained. 
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MICROWAVE DIGESTION CHAR-19-IN 

IMPLEMENTATION NEEDS: 
Instrumentation is needed as well as optimizing the digestion of concrete and soil matrices. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. W. R. Kammin and M. J. Brandt, Spectroscopy, 1989, 4(3), p. 49. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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ULTRASONIC EXTRACTION CHAR-20-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINAN'I3: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67NiBOCu/1.4Fe) 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Ultrasonic Extraction 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

STATUS: Demonstration, testing, and evaluation needed 

SupporVApplication Evaluation: N/A 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Radioactive ( a ,  a, y) Applicable Contaminant Evaluation: 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of waste-The amount produced is dependent on the sampling scenario 
(>5 ml). 
Overall cost-Low, approximately $1K-$4K/unit 
Efficacy/strengths-The technology utilizes low temperature, high energy, solvent extraction for 
removal of materials from porous media. 

SCIENCEAECHNOLOGY NEEDS: 
Ultrasonic units exist for a variety of purposes. Testing needs to be performed to establish the 
enhancement of material retrieval from porous media. Various solvents, acids, and bases need to 
be tested for extraction efficiency. 
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ULTRASONIC EXTRACTION CHAR-20-IN 

IMPLEMENTATION NEEDS: 
Inverse heads need to be designed for sampling from the floors and other horizontal (top side) 
applications. 

CONTACT: C. S. Watkins (MEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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CH EM 0 M ETR IC-ASSISTE D DATA ANALYSIS CHAR-21 -IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Data evaluation from any characterization method 

SUBELEMENT: Characterization 

ALTERNATJSES: Data assessment 

TECHNOLOGY Chemometnc-Assisted Data Analysis 

Application of mathematical models to assist in the design of sampling and analysis procedures 
and in the implementation of the resulting analytical data. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Regulatory 
Risk assessment 
Technical assessment 

Radioactive (a ,  S, y) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of waste produced-N/A 
Overall cost-Low, approximately $lK and up 
Efficacyhtrengths-This expanding field of data analysis has many tools to allow trends and 
components from multivariate data to be realized. This is a mature and growing field of data 
analysis. 

SCIENCE/TECHNOLOGY NEEDS: 
Chemometric models need to be set up to handle the vast amount of data to be generated. 
Historic data needs to be analyzed to determine if any trends can be detected with the limited 
data sets that exist. 

35 



C H EM0 M ETR IC-ASSISTED DATA ANALYSIS CHAR-21-IN 

IMPLEMENTATION NEEDS: 
Availability of data input and interaction from robotic units are needed. Chemometric systems 
need to be implemented to allow data-assisted sampling and experimentation to be performed in 
real-time. 

REFERENCES: 

1. S. D. Brown, R. S. Bear, Jr., and T. B. Blank, Journal of Analylical Chemzhy, 64( 12), 1992, 
p. 23R. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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ARTIFICIAL INTELLIGENCE/NEURAL NETWORKS CHAR-22-1N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Data and instrument manipulation 

SUBELEMENT: Characterization 

ALTERNATIVES: Statistics; data collection 

TECHNOLOGY. Artificial IntelligenceDUeural Networks 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

N/A 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Automated applications 
Robotic applications 

Risk assessment 
Technical assessment 

Radioactive (a,  13, y) 
Inorganic (U, Cry CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of waste produced-N/A 
Overall cost-Approximately $lK and up 
Ef f i cacy / s t r eng the  technology allows control of instrumentation, data analysis, and 
interpretative analysis based upon human logic with the processing power and repetitive 
capabilities of computerized systems. 

SCIENCEKECHNOLOGY NEEDS: 
The are many areas in which artificial intelligence could enhance, not only the quality of the work 
performed, but also allows the work being performed to be optimized on a more real-time basis. 

IMPLEMENTATION NEEDS: 
Software and model development will allow this powerful tool to be applied to the desired system. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 
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ART1 F I CI AL I NTELLl G EN C E/N EU RAL N ETWO R KS CHAR-224N 

REFERENCES: 

1. S. D. Brown, R. S. Bear, Jr., and T. B. Blank, Journal of Analytical Chemistry, 64(12), 1992, 
p. 41R. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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IMMUNOASSAY DETECTION CHAR-23-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAJCONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 
Soils Liquids 

SUBELEMENT: Characterization 

A L T E R N A W :  In situ chemical 

TECHNOLOGY Immunoassay Detection 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Roofing materials 
Sheet metal 
Gaskets 
Instruments 
Copper 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Organic (Oil, PCBs, VOCs, TCE, ...) 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

COMMENTS: 
Amount of Waste Produced-Low, approximately 5 mlhample 
Overall Cost-A few dolladsample 
Efficacy/Strengths-This technology is field portable. Test kits are specifically designed for target 
contaminant and are easy to use. Detection limits are in the ppb range. 

SCIENCEKECHNOLOGY NEEDS: 
This is a mature and emerging technology. Kits are designed to perform in specialized waste 
streams. 
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IMMUNOASSAY DETECTION CHAR-23-1 N 

IMPLEMENTATION NEEDS: 
Automated sampling and reading systems for quick on-line processing of waste streams are 
needed. Training and utilization of commercially-available test kits will reduce analysis costs. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Vendor information (J. T. Baker, 1-800-JTBAKER). 

2. IC R. Carter, Environmental Protection, 1992, 3(5), page 43. 

3. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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COLD VAPOR (MERCURY) ANALYSIS C H AR-24-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 
Liquids 

Roofing materials - Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments ’ Nickel-lined steel 
Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Cold Vapor (Mercury) Analysis 

The absorption by ground-state mercury atoms when excited by a mercury-line source results in a 
decrease in the detected excitation energy and is related logarithmically to the number of mercury 
atoms in the light path. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

-. 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Post treat men t 

Manual applications 

Regulatory 
Risk assessment 
Technical assessment 

Inorganic (Hg) 

Amount of Waste Produced-Approximately 5 mlhample 
Overall Cost-Approximately $lSWunit 
EfficaqdStrengths-It is automated, a mature technology, EPA approved, and ppt levels. 
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COLD VAPOR (MERCURY) ANALYSIS CHAR-244N 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: None needed 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. 

2. 

Vendor information (LDC Analytical, 1-800-532-4752). 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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FIBER-OPTIC CHEMICAL SENSORS CHAR-25-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Tr ansi te Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67NinOCu/1.4Fe) 
Liquids Solids 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 
Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Fiber-optic Chemical Sensors 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 
Obstructedflimited access to host 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Automated applications 
Robotic applications 

Risk assessment 
Technical assessment 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oils, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-The cost is variable, approximately $3K and up. 
Efficacy/Strengths-The waveguides allow a variety of spectroscopic probes to be delivered to 
remote regions and to limited access areas. This technology allows remote sensing in hazardous 

. 
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FIBER-OPTIC CHEMICAL SENSORS CHAR-25-1N 

environments and can be robotically placed within remote locations. Although this can be a 
"sampling" attachment for many spectroscopies, it can also be used in conjunction with a variety of 
physical measurements. 

SCIENCED'ECHNOLOGY NEEDS: 
We need a combination of waveguides and spectroscopic techniques that have been matched not 
only for each other but also for specific monitoring scenarios. 

IMPLEMENTATION NEEDS: 
We need waveguides that can withstand the harsh chemical environment that may be present. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. R. E. Dessey, Journal ofAnalyrica1 Chemistry, 1989, 61(19), page 1079R. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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PARTICLE SIZE ANALYSIS 

7 8 3  5 

CHAR-264N 
~~ 

EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMINANTS: Dust and particulates 

SUBELEMENt: Characterization 

ALTERNATIVES: In situ physical, Is situ radiological, and In situ chemical 

TECHNOLOGY Particle Size Analysis 

Photographic, photometric, and electrometric techniques produce size measurement and 
distribution data for particulates in samples of powders and slurries. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Radioactive (a ,  B, y) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None to very little 
Overall Cost-Approximately $1OK and up 
Eff icacy/St rengthere  are a variety of particle-size determinations on the market. This is a 
mature technology that can collect samples for particle-size distribution, and then allow further 
analysis to be performed on the collected material. There are several in situ, real-time monitoring 
devices, and the lower limit of detection is constantly being pushed back. 

SCIENCEEECHNOLOGY NEEDS: None needed 
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'. . . . .  .. , 

PARTICLE SIZE ANALYSIS CHAR-26-IN 

IMPLEMENTATION NEEDS: 
In situ devices need to be implemented for more aggressive IH/HP protection of personnel and to 
ensure the control (spread) of radioactive contamination. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," IC-2073, February 1993. 
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7 8 3  5 

DIFFERENTIAL OPTICAL ABSORPTION SPECTROSCOPY CHAR-274N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Gases 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ and ex situ chemical 

TECHNOLOGY Differential Optical Absorption Spectroscopy 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost- 
Efficacy/Strengths-It has fast response time, stable spectral emission, ppm to ppb level of 
detection, and it is best suited for strong ultraviolent absorbers. 

SCIENCEKECHNOLOGY NEEDS: Need to extend capability range to other contaminants and 
streamline the prototype 

IMPLEMENTATION NEEDS: It can be implemented for direct site/scenario needs. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 
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DIFFERENTIAL OPTICAL ABSORPTION SPECTROSCOPY CHAR-27-1 N 

REFERENCES: 

1. Edner et al., Appl. Opt., 1986,25, page 403. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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HADAMARD MASKING FOR SPATIAL RESOLUTION CHAR-28-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONSTITUENTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NflOCu/l.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Statistics; data collection 

TECHNOLOGY Hadamard Masking for Spatial Resolution 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 

Regula tory 
Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oils, PCBs, VOCs, TCE, ...) 
Radioactive (a ,  B, y) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Approximately $lK and up 
EfficacylStrengths-It allows spatial resolution or multiplexing measurements to be made with a 
single-channel detector. This masking technology can allow a wide variety of techniques to obtain 
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HADAMARD MASKING FOR SPATIAL RESOLUTION CHAR-284N 

spatially resolved information with a higher signal-to-noise ratio than a standard single-point, 
limiting mask. 

SCIENCElIECHNOLOGY NEEDS: 
Mask designs and collimator for specific applications are needed. We need to understand the 
scattering effects of using masks for radiation measurements. 

IMPLEMENTATION NEEDS: 
We need masks for adaptation of radiological counters for large area analysis. 

CONTACT: J. E. Ferguson (INEL), (208) 526-4856 

REFERENCES: 

1. D. P. Hoffmann, A. Proctor, and D. M. Hercules, 1989, Appl. Spec., 43(6), pp. 899-907. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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AUTOCORRELATION AND AUTOCONVOLUTION 
0 PTI M I2 ED M U LTlVAR I ATE ANALYSIS CHAR-29-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Data assessment 

SUBELEMENT: Characterization 

ALTERNATIVES: Data assessment 

TECHNOLOGY. Autocorrelation and Autoconvolution Optimized Multivariate Analysis 

Mathematical models that enhance the information content of data by optimizing data collection 
and processing. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

N/A 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oils, PCBs, VOCs, TCE, ...) 
Radioactive (a, 13, y) 

COMMENTS: 
Amount of Waste Produced-N/A 
Overall Cos t41K and up 
EfficacylStrengths-It allows spectroscopic data to be analyzed and interpreted with minimum 
impact from noise. It allows the multivariate information to be fully analyzed. It increases 
computer searching abilities when comparing spectra with a large variation in spectral quality 

SCIENCEITECHNOLOGY NEEDS: 
We need to establish a data base of spectroscopic responses in support of D&D efforts. 

IMPLEMENTATION NEEDS: 
The software needs to be tailored for direct programmatic applications. 
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AUTOCORRELATION AND AUTOCONVOLUTION 
OPT1 M IZED MU LTlVARlATE ANALYSIS CHAR-29-1 N 

CONTACT J. E. Ferguson (INEL), (208) 526-4856 

REFERENCES: 

1. 

2. 

D. P. Hoffmann, A. Proctor, and D. M. Hercules; 1989,AnaL Chem., 61(8), pp. 898-904. 

Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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7 8 3  5 

EXTENDED X-RAY ABSORPTION FINE STRUCTURE CHAR-SO-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67NinOCu/1.4Fe) 

Roofing materials - Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

SUBELEMENt: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Extended X-Ray Absorption Fine Structure 

A diffraction technique for crystalline materials using synchrotron radiation as a source and an 
C-ray spectrometer as a detector. A Fourier transform of internal oscillation frequency gives 
spatial information. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Varies ($500/sample and up) 
Efficacy/Strengths-It gives bonding structure and nearest neighbor interactions for noncrystalline 
materials. It has a wide range of elemental applications. Absorption edge and radial profiles can 
give insight into the amount of material present and identity of nearest neighbors. 

53 



EXTENDED X-RAY ABSORPTION FINE STRUCTURE CHAR-304N 

Note: This technique would be available only at Synchrotron Centers. 

SCIENCEEECHNOLOGY NEEDS: 
Model studies are needed for the specific elements/matrix combinations of interest. 

IMPLEMENTATION NEEDS: 
Access to SR at BNL-NSLS. Software and personnel. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. M. J. Fay, A Proctor, D. P. Hoffmann, and D. M. Hercules, 1988,AnalyticaZ Chemistry, 
60(21), pp. 1225A-1243A. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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POWDER X-RAY DI FFRACTI ON CHAR-314N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT. Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY. Powder X-Ray Diffraction 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 
Automated applications 

Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: 

COMMENTS: 
Amount of Waste Produced-None to 5 mlhample 
Overall Cost-High capital costs for equipment, $100 and up per sample 
Efficacy/Strengths-Phase identification of crystalline phases in solid samples. Approximately 1 
wt% lower limit of detection. It can supply quantitative, stress/strain, and particle size 
information. 

Inorganic (U, Tc, Cry CrO,, Hg, Pb, ...) 
Organic (Oils, PCBs, VOCs, TCE, ...) 
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POWDER X-RAY DIFFRACTION CHAR-31 -IN 

SCIENCE/TECHNOLOGY NEEDS: 
This is a mature technology. Model studies of the complex mixtures of interest are needed if 
quantitative analysis is desired. 

IMPLEMENTATION NEEDS: None needed 

CONTA@r: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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OPTICAL MICROSOCOPY 

7 8 3  3 

CHAR-32-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Poro,us aluminum Monel (67NaOCu/1.4Fe) 
Particulates 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 

Liquids 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 
Sludges 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY: Optical microscopy 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 
Regulatory 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None to 1 mlhample 
Overall Cost-Approximately $5K and up 
Eff icacy/St rength is  is a mature technology. A variety of optical parameters and techniques 
can be used to identify, document, measure, and quantify samples. 

SCIENCEKECHNOLOGY NEEDS: A particle atlas of site-specific materials is needed to allow 
rapid identification. 

I? r-?) 
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OPTICAL MICROSOCOPY CHAR-32-IN 

IMPLEMENTATION NEEDS: A centralized image collection system is needed to establish a 
site-specific data base. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SCANNING ELECTRON MICROSCOPY (SEM) CHAR-334N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel(67Ni/30Cu/1.4Fe) Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ physical 

TECHNOLOGY Scanning Electron Microscopy (SEM) 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

A focussed, high-energy beam of electrons produces secondary and back-scattered electrons when 
it impinges on a sample in high vacuum. Because of its high-resolution spacial characteristics, the 
technique is suitable for texture analysis, mapping, and corrosion studies. It is frequently coupled 
with x-ray excitation to extract elemental information. 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None to 5 ml/sample 
Overall Cost-High capital equipment costs 
Efficacy/Strengths-It allows the documentation and analysis of very small particles. It allows 
sample preparation and collection to minimize the waste generated. It can magnify a sample in 
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SCANNING ELECTRON MICROSCOPY (SEM) CHAR-334N 

the range of 1Ox to 800,oooX. It is most powerful when used in conjunction with analytical 
attachments (EDS, WDS, image analysis) and differing electron imaging modes. 

SCIENCEDECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: None needed 

CONTACX C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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TRANSMISSION ELECTRON MICROSCOPY CHAR-34-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ physical 

TECHNOLOGY Transmission Electron Microscopy 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

A beam of high-energy electrons is focussed onto a sample in vacuum. Resolution of less than 1 
micrometer permits determination of microstructure approaching atomic dimensions, particle 
sizing, and microanalysis. Often coupled with x-ray techniques, this technique can be used to 
obtain elemental analyses. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

. -  

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Amount of Waste Produced-None to 5 mVsample 
Overall Cost-High capital equipment costs 
EfficaqVStrengths-It has ultrahigh resolution (down to -75 Angstrom). It is an accepted method 
for certain applications (e.g., asbestos, ceramics), and it has a wide range of technical applications. 
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TRANSMISSION ELECTRON MICROSCOPY ' CHAR-34-IN 

It is most powerful when used in conjunction with its analytical capabilities (EDS, image analysis, 
electron diffraction) 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: None needed 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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783 5 
ENERGY DISPERSIVE X-RAY SPECTROSCOPY CHAR-35-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Tr ami te Asbestos insulation Gaskets Copper wiring 
Qlinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Energy Dispersive X-Ray Spectroscopy 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Amount of Waste Produced-None to 5 ml/sample 
Overall Cost-High capital equipment costs 
Efficacy/Strengths-It allows rapid elemental analysis (Be and up) and quantitative analysis of solid 
samples. It is typically used in conjunction with electron microscopy. Although the detection 
limit is roughly 1 wt%, that is the detection limit of the area of the sample that is being probed. 
Thus, it is possible to analyze the individual materials that are present in the ppm range and 
lower. 

SCIENCEECHNOLOGY NEEDS: None needed 

63 



ENERGY DISPERSIVE X-RAY SPECTROSCOPY CHAR-354N 

IMPLEMENTATION NEEDS: None needed 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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ELECTRON DIFFRACTION CHAR-37-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) 

Subelement: Characterization 

Alternatives: Ex situ chemical 

Technology: Electron Diffraction 

Status: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Roofing materials - Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 
Obstructedflimited access to host 

Pretreatment 
During treatment 
Post treatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 

Amount of Waste Produced-None to 1 ml/sample 
Overall Cost-High capital equipment costs 
Efficacy/Strengths-When used in conjunction with transmission electron microscopy, it can 
provide phase identification of submicron particulates and impurities in a host matrix. It allows 
asbestos identification. 

SCIENCEKECHNOLOGY NEEDS: None needed 
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ELECTRON DIFFRACTION CHAR-37-IN 

IMPLEMENTATION NEEDS: None needed 

CONTACP C. S. Watkins (DIEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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COMPUTER TOMOGRAPHY 

7 8 3  5 

CHAR-41 -IN 

EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67NiBOCu/1.4Fe) 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ physical 

TECHNOLOGY: Computer Tomography 

STATUS: Research and development needed 

Support/Applica tion Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 
Copper 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-p hase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-High capital equipment costs 
Eff icacy/St rength is  is a nondestructive imaging technique that can characterize low-level 
nuclear waste for water content. 

SCIENCEEECHNOLOGY NEEDS: 
Technology is being developed and may be applicable to many scenarios. 

IMPLEMENTATION NEEDS: Implementation needs are uncertain at this time. 
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COMPUTER TOMOGRAPHY CHAR-41 -IN 

CONTACE R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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HOLOGRAPHIC IMAGING CHAR-46-IN 

EM PROBLEM: Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NiBOCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ physical 

TECHNOLOGY Holographic Imaging 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost- 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

N/A 

Efficacy/Strengths-It allows in situ measurements to be made of the stresdstrain distribution over 
large areas. This will be extremely useful in understanding the risks in removing large pieces of 
equipment and in the application of high-pressure or high-energy decontamination techniques to 
equipment. 

SCIENCEKECHNOLOGY NEEDS: None needed 
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HOLOGRAPHIC IMAGING CHAW464 N 

IMPLEMENTATION NEEDS: 
We need a holographic imaging laboratory with field-portable units to allow holographic imaging 
of permanently-mounted components. 

CONTACT C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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MOSSBAUER SPECTROSCOPY CHAR-474N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCuY1.4Fe) 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Mossbauer Spectroscopy 

STATUS: Accepted 

Roofing materials - Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 
ObstructedAimited access to host 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Medium capital equipment costs 
Efficacy/Strengths-It is ultrahigh resolution spectroscopy, although it is limited to isotope pairs 
that have overlapping excitation lines. The use of synchrotron radiation is growing as a means to 
broaden the use of this technique. 

SCIENCEEECHNOLOGY NEEDS: None needed 
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MOSSBAUER SPECTROSCOPY CHAR-47-IN 

IMPLEMENTATION NEEDS: None needed 

CONTAm C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrurn (TLD)," K-2073, February 1993. 
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ISOTOPIC DILUTION MASS SPECTROSCOPY CHAR-484N 

EM PROBLEM: Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

Roofing materials- 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT. Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Isotope Dilution Mass Spectrometry 

A method for quantitative determination of concentrations of elemental species by incorporation 
in the sample of a standard that contains one or more isotopes of the element of interest. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 
Radioactive (a,B,y) 

COMMENTS: 
Amount of Waste Produced-None .to approximately 5 mlhample 
Overall Cost-High capital equipment costs 
Efficacy/Strengths-It is able to measure the natural levels of long-lived fission products and 
neutron-capture product (Pu) as low as lo7 atoms. 



ISOTOPIC DILUTION MASS SPECTROSCOPY CHAR-48-IN 

SCIENCEDEEHNOLOGY NEEDS: 
Model studies are needed to enable quick analysis of radionuclides. 

IMPLEMENTATION NEEDS: 
Equipment is needed, as well as the model studies mentioned above. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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ION CHROMATOGRAPHY CHAR-SO-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY: Ion Chromatography 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Roofing materials - Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Amount of Waste Produced-None to 100 dsample 
Overall Cost-Low capital equipment costs 
Efficacy/Strengths-It has the ability to separate and quantlfy ions in solution (ppm to ppb 
detection limits depending upon the matrix effects). It can be automated and can perform in 
some on-line process applications. 
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ION CHROMATOGRAPHY CHAR-504N 

SCIENCELIECHNOLOGY NEEDS: 
A detector system that is optimized for the expected waste stream that will be generated needs 
to be determined. This type of system can be used for process control of waste generation. 

IMPLEMENTATION NEEDS: Application specific. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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IN SITU MEASUREMENT OF NATURAL GAMMA EMITTERS CHAR-514N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Concrete, wood, tile, soils 

SUBELEMEm Characterization 

ALTERNATIVES: In situ radiological 

TECHNOLOGY In Situ Measurement of Natural Gamma Emitters 

STATUS: Demonstration, testing, and evaluation 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

N/A 

Pretreatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Radioactive (a, S, y) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Medium to high capital equipment costs 
Efficacy/Strengths-It gives the ability to obtain an accurate measure of gamma emitters to 
determine background levels and can also be used to monitor for small changes in the gamma 
emitters concentration around a D&D site, which is very important. 

SCIENCEEECHNOLOGY NEEDS: This is a mature technology. Adapt existing equiopment, 
calibrate, optimize procedures and write protocols to obtain in situ measurements. 

IMPLEMENTATION NEEDS: 
Modification to existing equipment is needed, and calibration facilities to allow in situ 
measurements of low-level components must be provided. 

CONTACT: R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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MEMBRANE TECHNOLOGY FOR SAMPLE 
COLLECTION AND CONCENTRATION CHAR-55-1 N 

EM PROBLEM: Decommissioning 

PROBLEM AREAEONTAMINANTS: Liquids and gases 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY. Membrane Technology for Sample Collection and Concentration 

Membranes predominantly permeable to selected components in mixtures to separate for 
accumulation or to facilitate analyddetection. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 
Radioactive (a ,  13, y) 

COMMENTS: 
Amount of Waste Produd-None 
Overall Cost-Low 
E f f i c a c y / S t r e n g t h e  use of membrane technology can assist in a large number of 
characterization and decontamination scenarios. The ability to utilize membranes for the selective 
separation and concentration of contaminant allows the contaminant to be identified by cheaper, 
less-sensitive (typically), field-portable instrumentation. 
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MEMBRANE TECHNOLOGY FOR SAMPLE 
COLLECTION AND CONCENTRATION CHAR-554N 

SCIENCED3XHNOLOGY NEEDS: 
System development or adaptation for specific applications; validation. 

IMPLEMENTATION NEEDS: Sample collection systems for Site-specific applications. 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "TechnoZogy Logic Diagram (TLD)," K-2073, February 1993. 
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GLOW DISCHARGE IONIZATION MASS SPECTROSCOPY CHAR-564N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel(67NiBOCu/1.4Fe) 

Roofing materials - 
Sheet metal 
Gaskets 
Instruments 
Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Glow Discharge Ionization Mass Spectroscopy 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None to approximately 5 mVsample 
Overall Cost-High capital costs 
Efficacy/Strengths-It allows on-site monitoring of organic compounds in a vaI,tty of host mat1 
Quantitation down to the ppb level is possible. It is rugged and portable. 

ces. 

SCIENCEKIECHNOLOGY NEEDS: 
Model studies are needed of host interactions and interference for quantitative analysis. 
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GLOW DISCHARGE IONIZATION MASS SPECTROSCOPY CHAR-56-1N 

IMPLEMENTATION NEEDS: Some instrumental and development needs still exist. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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MAGNETIC RESONANCE IMAGING CHAR-58-IN 

EM PROBLEM: DECOMMISSIONING 

PROBLEM ARE,A/CONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NiBOCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Magnetic Resonance Imaging 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

'Applicable Contaminant Evaluation: 

COMMENTS: 
Amount of Waste Produced-None 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 
Radioactive (a, 13, y) 

Overall Cost-High capital equipment costs 
Eff icacy/St rength is  mature, yet growing, technology has the potential of allowing 
nondestructive inspection of internal structure of materials and evaluating for system integrity. 
This type of technology may provide very useful information not only for identifying how to 
dismantle an unknown but also for verifying the status of waste form integrity. 
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MAGNETIC RESONANCE IMAGING CHAR-58-IN 

SCIENCEKJXHNOLOGY NEEDS: 
Model studies are needed for waste forms and various equipment parts. 

IMPLEMENTATION NEEDS: Instrumentation is needed. 

CONTACX C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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CONTINUOUS AIR MONITORING CHAR-594N 

EM PROBLEM Decommissioning 

PROBLEM AREAlCONTAMINANTS: Dust, particulates 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Continuous Air Monitoring 

Apparatus designed to provide continuous sampling of air uses a variety of detection methods to 
identify and quantify components in the air stream. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Radioactive (a, 13, y) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None to very little 
Overall Cost-Low 
Efficacy/Strengths-Optimizing the methods used for large-area or large-scale air monitoring will 
better allow characterization and monitoring studies to be performed. These studies will provide 
insight into the spread of contamination and how to best monitor for it. 

SCIENCEKECHNOLOGY NEEDS: None needed 
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CONTINUOUS AIR MONITORING CHAR-59-1 N 

IMPLEMENTATION NEEDS: None needed 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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VACUUM-ASSISTED, REVERSE FLOW, 
SOLVENT EXTRACTION METHODS CHAR-62-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Roofing materials Tile 
Wood Porous nickel Transite 
Asbestos insulation Gaskets Porous aluminum 
Soil 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Vacuum-Assisted, Reverse Flow, Solvent Extraction Methods 

STATUS: Research and development needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Con taminan t Evaluation: 

N/A 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Radioactive (a ,  S, y) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-5-100 mVsample 
Overall Cost-Low 
Efficacy/Strengths-In this method, sampling is obtained by low-angle drilling through the host 
matrix to a point that is within the diffusion boundary of the porous media; feeding a solvent into 
the drill hole; and using a vacuum device to pull the solvent through the contaminated matrix and 
collect the contaminant and solvent. 

SCIENCEKIECHNOLOGY NEEDS: Model studies are needed. 

IMPLEMENTATION NEEDS: Model studies are needed. 



VACUUM-ASSISTED, REVERSE FLOW, 
SOLVENT EXTRACTION METHODS CHAR-62-IN 

CONTACF C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagrum (TLD)," K-2073, February 1993. 
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MULTIANGLE DRILLING FOR DEPTH 
PROFILING OF CONTAMINANTS CHAR-64-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 
Soil 

Roofing materials 
Sheet metal 
Gaskets 
Instruments 
Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Multiangle Drilling for Depth Profiling of Contaminants 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

N/A 

Pretreatment 
Posttreatment 

Manual Applications 
Robotic Applications 

Risk Assessment 
Technical Assessment 
Regulatory 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

Inorganic (U, Tc, Cr, CrO,, Hg, Pb, ...) 
Radioactive (a ,  B, y )  
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-Variable 
Overall Cost-Low 
Efficacy/Strengththough core drilling is a preferred technique to removal of a sample that 
remains spatially resolved, it is not always possible to do so. Multiangle drilling should allow a 
summation of depth artifacts to be determined through analysis of each sample collected. This 
system can utilize standard drilling equipment. 

SCIENCEmCHNOLOGY NEEDS: Model studies need to be performed 
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MULTIANGLE DRILLING FOR DEPTH 
PROFILING OF CONTAMINANTS CHAR-64-IN 

IMPLEMENTATION NEEDS: 
Standard drilling equipment can be tailored for specific applications 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

89 



SMALL LONG-RANGE ALPHA DETECTOR CHAR-65-IN 
~ 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel Roofing materials- Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel(67NX3OCd1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ radiological 

TECHNOLOGY Small Long-Range Alpha Detector 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Obstructedflimited access to host 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Radioactive (a, 13, y) 

COMMENTS: 
Amount of Waste Produced-None 
Overall C o s t 4  lowdevice 
EfficaqdStrengths-It actively detects surfaces/objects contaminated at or below release limits. It 
measures ionized air drawn from a container holding a contaminated object, irrespective of shape. 

SCIENCEKECHNOLOGY NEEDS: 
All types of D&D characterizations and cleanup certifications are needed. 

IMPLEMENTATION NEEDS: 
Suitable niche applications (viz, other passive alpha monitoring devices such as alpha track 
detectors and electrets) need to be identified. 
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SMALL LONG-RANGE ALPHA DETECTOR CHAR-65-IN 

CONTACE R. H. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. 

2. Los Alamos publication, LA-12199-MS. 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

, 
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WAVELENGTH DISPERSIVE X-RAY SPECTROSCOPY CHAR-664N 

EM PROBLEM Decommissioning 

PROBLEM ARWCONSTITUENTS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67NiBOCu/l.4Fe) 

Roofing materials- 
Sheet metal 
Gaskets 
Instruments 
Copper 

Subelement: Characterization 

Alternatives: Ex situ chemical 

Technology: Wavelength Dispersive X-Ray Spectroscopy 

Status: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

Amount of Waste Produced-None to 5 mlhample 
Overall Cost-High capital equipment costs 
Efficacy/Strengths-It allows rapid elemental analysis (Be and up) and quantitative analysis of solid 
samples. It is typically used in conjunction with electron microscopy. Although the detection 
limit is roughly 1 wt%, that is the detection limit of the area of the sample that is being probed. 
Thus, it is possible to analyze the individual materials that are present in the ppm range and 
lower. 

SCIENCEEECHNOLOGY NEEDS: None needed 
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WAVELENGTH DISPERSIVE X-RAY SPECTROSCOPY CHAR-66-IN 

IMPLEMENTATION NEEDS: None needed 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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GAS CH ROM ATOG RAPHY-FOU RI ER 
TRANSFORM INFRARED SPECTROSCOPY CHAR-66A-IN 

EM PROBLEM: Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 
Collected Air Samples 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Gas Chromatography-Fourier Transform Infrared Spectroscopy 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-< 1 muday (not including standard preparation) 
Overall Cost:-Approximately $200K for instrumentation 
Ef f i cacy /S t r eng th -FTIR combines the separation capabilities of gas chromatography with the 
structural identification capabilities of Fourier transform infrared spectroscopy. The technique is 
complementary to gas chromatography-mass spectroscopy. 
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GAS CHROMATOGRAPHY-FOURIER 
TRANSFORM INFRARED SPECTROSCOPY CHAR-66A-IN 

SCIENCEEECHNOLOGY NEEDS: 
Specific methods for targeted analytes and general methods for unknown identification need to be 
developed. Software for data interpretation needs to be developed, and different commercial 
interface configurations for desired characteristics (sensitivity, reproducibility, etc.) need to be 
evaluated. 

IMPLEMENTATION NEEDS: Normal 

CONTACX C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. C. L. Putzig et al., Analytical Chemkw, 1992, 64, 270R-302R (especially pp. 288-9). 

2. G. k Eiceman et al., Analytrcal Chemistry, 1992,64, 170R-180R (especially p. 175R). 

3. GC-FTIR manufacturers: 
BioradDigilab, Cambridge, MA, (617) 499-4519 
Mattson, Madison, WI, (608) 831-5515 
Nicolet, Madison, WI, (800) 346-7288. 

4. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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METALLOGRAPHIC SECTIONING AND PREPARATION CHAR-67-IN 

EM PROBLEM: Decommissioning 

PROBLEM ARENCONTAMINANTS 
Concrete Structural steel Roofing materials - 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel (67Ni/30&/1.4Fe) Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Metallographic Sectioning and Preparation 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 

Radioactive 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

COMMENTS: 
Amount of Waste Produced--1 liter liquid and spent abrasive/l-6 samples 
Overall Cost-c$500 
EfficaqdStrengths-Provides representative sample showing contaminant depth distribution. 

SCIENCEDCHNOLOGY NEEDS: 
Procedure development for specific applications are needed; then protocols for standardized 
preparation should be developed. 
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METALLOGRAPHIC SECTIONING AND PREPARATION CHAR-67-IN 

IMPLEMENTATION NEEDS: Application specific. 

CONTACT: R. J. GEHRKE (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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OPTIMIZATION OF SAMPLING DESIGNS CHAR-71 -IN 
~ ~ ~ _ _____________  ~~ ~~ ~ 

EM PROBLEM DECOMMISSIONING 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous niskel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel(67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT. Characterization 

A L T E R N A m S :  Statistics; data collection 

TECHNOLOGY Optimization of Sampling Designs 

STATUS: Demonstration, testing, and evaluation needed 

SupportlApplication Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

N/A 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Automated applications 
Robotic applications 

Regulatory 
Risk assessment 
TechnicalaAssessment 

Radioactive (a, B, y) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

Efficacy/Strengths-Appropriate sampling designs can prevent obtaining too little information 
when sampling is complete or spending too much money on a more than adequate number of 
samples. 

SCIENCEEECHNOLOGY NEEDS: 
Literary searches for finding useful sampling designs from investigations in other fields. New 
statistical methods for sampling design. Research and development into the statistical aspects of 
sampling such diverse and extensive media. 
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OPTIMIZATION OF SAMPLING DESIGNS CHAR-714N 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DATA BASE MANAGEMENT FOR LARGE QUANTITIES OF DATA CHAR-72-IN 

EM PROBLEM. Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel(67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT. Characterization 

ALTERNATIVES: Statistics; data collection 

TECHNOLOGY Data Base Management for Large Quantities of Data 

Brings together data base management procedures and software that will effectively manage the 
data produced from .a full-scale D&D effort. 

STATUS: Accepted 

Support/Application Evaluation: N/A 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 
Automated applications 
Robotic applications 

Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Radioactive (a, B, y) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Efficacy/Strengths-Generating large amounts of data is useless unless the data are reliable and 
there are ways to readily make use of it. 

SCIENCEDECHNOLOGY NEEDS: 
Data management procedures and techniques need to be found or developed that will readily 
allow for statistical manipulation and visual display of large quantities of data. Procedures will 
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783 5 

DATA BASE MANAGEMENT FOR LARGE QUANTITIES OF DATA CHAR-72-1 N 

need to be developed to ensure the integrity of the data. This is extremely important when 
modifications and additions to the data base could come from many different sources. 

IMPLEMENTATION NEEDS: Normal 

CONTACP R. H. Meservey (INEL), (208) 526-1843 

REFERENCES: 

1. W. Katz, J. G. Newman, MRS Bullietin, 12(6), 40-47 (1987). 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (T'D)," K-2073, February 1993. 
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VISUAL DISPLAY OF STATISTICAL INFORMATION C H AR-73-1 N 

EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMMANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NV3OCu11.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Statistics; data collection 

TECHNOLOGY Visual Display of Statistical Information 

Incorporation of currently available and soon-to-be available visualization software with the D&D 
data base. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

NIA 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Automated applications 
Robotic applications 

Risk assessment 
Technical assessment 

Radioactive (a ,  S, y) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

SCIENCE/I’ECHNOLOGY NEEDS: 
We need integration of statistics software and a data base system with graphic display capabilities. 
Currently, a Geographic Information System (GIs) comes the closest to meeting this need. New 
techniques for graphic data display may need to be developed to aid scientists and regulators in 
their understanding of complex contamination scenarios. 

IMPLEMENTATION NEEDS: Normal 
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VISUAL DISPLAY OF STATISTICAL IN FORMATION CHAR-73-IN 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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STATISTICAL METHODS FOR MULTIVARIATE DATA CHAR-74-1N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni130Cu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Data assesment 

TECHNOLOGY Statistical Methods for Multivariate Data 

Research and development in the field of multivariate statistics 

STATUS: Demonstration, testing, and evaluation needed 

SupportIApplication Evaluation: NIA 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 
Automated applications 
Robotic applications 

Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Radioactive (a, 8, y ) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

SCIENCEEECHNOLOGY NEEDS: 
Due to the complex nature of contamination from many different sources, new methods will need 
to be found or developed that will further our understanding of multiconstituent contamination. 

IMPLEMENTATION NEEDS: Normal 

CONTACT: R H. Meservey (INEL), (208) 5261834 
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STATISTICAL METHODS FOR MULTIVARIATE DATA CHAR-74-IN 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrurn (TLD)," K-2073, February 1993. 
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STATISTICAL METHODS FOR SPATIALLY CORRELATED DATA C HA R-75- I N 

EM PROBLEM Decommissioning 

PROBLEM AFUWCONTAMINANTS: 
Concrete Structural steel Roofing materials- 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel(67Ni/3OCu/1.4Fe) Copper 

SUBELEMENT: Characterization 

ALTERNATIVES: Statistics; data collection 

TECHNOLOGY Statistical Methods for Spatially Correlated Data 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

Research and development of geostatistical techniques and methods in the D&D arena. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Con taminan t Evaluation: 

NIA 

Pretreatment 
Posttreatment 

Manual applications 
Automatic applications 
Robotic applications 

Risk assessment 
Technical assessment 

Radioactive (a, S, y) 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
EEEicacy/Strengths-The use of spatial statistics and kriging (geostatistics) has been demonstrated 
successfully for a number of years in the mining and petroleum industries. 

SCIENCELI’ECHNOLOGY NEEDS: 
Easy-to-use kriging software will need to be found or developed. 

IMPLEMENTATION NEEDS: Normal 
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STATISTICAL METHODS FOR SPATIALLY CORRELATED DATA CHAR-754N 

CONTAW R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

107 



ATOM IC SPECTROSCOPY CHAR-76-IN 

EM PROBLEM Decommissioning 

PROBLEM AREACONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 
soil Airborne Particulates Water 

Note: It can be used for trace analysis for metals in all the above materials. 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Atomic Spectroscopy 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-Very small quantities (<lo ml) of aqueous waste 
Overall Cost-!§25-$50/metal determined 
Efficacy/Strengths-It is a standard, well-accepted methodology for highly-sensitive and selective 
determination of single metals. 
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ATOMIC SPECTROSCOPY CHAR-76-IN 

SCIENCEDXCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Technology is available at the INEL. 

CONTACF C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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INDUCTIVELY COUPLED PLASMA SPECTROSCOPY CHAR-77-IN 

EM PROBLEM: Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials- Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 
Soil Airborne Particulates Water 

Note: It can be used for trace analysis for metals in all the above materials. 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Inductively Coupled Plasma Spectroscopy 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Amount of Waste ProducedCmall quantities (e10 ml) of aqueous waste 
Overall Cost-$100-$150/multielement analysis of metals 
Efficacy/Strengths-It is a standard, well-accepted methodology. It allows multielement analyses 
(up to 50 elements). 
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INDUCTIVELY COUPLED PLASMA SPECTROSCOPY CHAR-77-1N 

SCIENCElI'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: None needed 

CONTACX C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. W. Katz, J. G. Newman, MRS Bullietin, 12(6), 40-47 (1987). 

2. Oak Ridge National Laboratory, "Technology Logic Diugurn (TLD)," K-2073, February 1993. 
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INDUCTIVELY COUPLED PIASMA-MASS SPECTROSCOPY CHAR-784N 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NinOCu/1.4Fe) Copper Aluminum 

Note: It can be used for trace analysis for metals in all the above materials. 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Inductively Coupled Plasma-Mass Spectroscopy 

STATUS: Demonstration, testing, and evaluation 

SuppodApplication Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-Small quantities (e 10 ml) of aqueous waste 
Overall Cost-$100-$200/multielement analysis for metals 
Efficacy/Strengths-It has multielement capability. It is more selective than ICP/AES. It can 
perform isotopic analysis. 
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INDUCTIVELY COUPLED PLASMA-MASS SPECTROSCOPY CHAR-78-IN 

SCIENCEDECHNOLOGY NEEDS: 
It is applicable as is for multielement analysis of aqueous solutions. Development is in progress to 
use the technology for surface analysis using laser ablation techniques. 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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LASER-BASED RAMAN SCAlTERlNG CHAR-844N 

EM PROBLEM: Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67NiBOCu/1.4Fe) Copper Aluminum 

- 

SUBELEMENT. Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY: Laser-Based Raman Scattering 

The identification and quantitation of molecular species is based on the principle that the energy 
of excitation is altered by specific interactions. 

STATUS: Accepted 

SupportlApplication Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Expensive 

NIA 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

NIA 

NIA 

Efficacy/Strengths-Can be diagnostic of compound identification but typically very insensitive; for 
gross contamination. Other methods probably better with respect to sensitivity. 

SCIENCEA’ECHNOLOGY NEEDS: 
Need portable equipment, laser, etc., for in situ use. 

IMPLEMENTATION NEEDS: 
Down-sizing needed. Enhancements in sensitivity needed. 



LASER-BASED RAMAN SCAlTERlNG . CHAR-84-IN 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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LASER ABLATION FOR DIAGNOSING 
METALS AND RADIONUCLIDES CHAR-864 N 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel(67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Laser Ablation for Diagnosing Metals and Radionuclides 

STATUS: Demonstration, testing, and evaluation needed 

SupportIApplica tion Evaluation: NIA 

Temporal Areas of Evaluation: NIA 

Deployment Evaluation: NIA 

Driver Evaluation: NIA 

Applicable Contaminant Evaluation: NIA 

COMMENTS: 
Amount of Waste P r o d u d -  
Overall Cost4200K 
Eff icacy/St rengthhnique  could be used to sample and analyze solid materials by ablating 
away the surface, followed by analysis of the removed material. 

SCIENCE/TECHNOLOGY NEEDS: 
Technology for laser ablation is just now becoming available, and a program would be needed to 
develop the technique for practice of application of the analysis. 

IMPLEMENTATION NEEDS: Application specific 

CONTACX R. H. Meservey (INEL), (208) 526-1834 
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LASER ABLATION FOR DIAGNOSING 
METALS AND RADIONUCLIDES 

9 8 3  5 

CHAR-864N 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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LASER/FLASHLAMP HEATING TO RELEASE OR DESORB 
SURFACE AND SUBSURFACE CONTAMINANTS CHAR-87-IN 

EM PROBLEM Decommissioning 

PROBLEM ARWCONTAMINANTS: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling; sample preparation 

TECHNOLOGY LaserFIashlamp Heating 

To release or desorb surface and subsurface contaminants. 

STATUS: Research and development needed 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 
ObstructedAimited access to host 

Temporal Areas of Evaluation: Pretreatment 
Posttreatment 

Deployment Evaluation: Manual applications 
Robotic applications 

Driver Evaluation: Technical assessment 

Applicable Contaminant Evaluation: Radioactive 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Efficacy/Strengths-Surface and subsurface characterization. Potential speed. 
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LASER/FLASHLAMP HEATING TO RELEASE OR DESORB 
SURFACE AND SUBSURFACE CONTAMINANTS CHAR-87-IN 

SCIENCEAECHNOLOGY NEEDS: 
Depth profiling and surface area sampled must be determined for each material. Means of 
sampling the plume must be developed for each analyte. 

IMPLEMENTATION NEEDS: To be determined for specific applications. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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GAS CHROMATOGRAPHY-MASS SPECTROMETRY CHAR-88-IN 

EM PROBLEM Decommissioning 

PROBLEM A R E N C O N T A h 4 I N ~ :  
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) Copper Aluminum 

Note: Extracts of the above-airborne particulate matter, organics 

SUBELEMENT: Characterization 

ALTERNATM3: Ex situ chemical 

TECHNOLOGY Gas Chromatography-Mass Spectrometry 

Utilizing the separation characteristics of various chromatographic columns, qualitative and 
quantitative data are obtained by correlating masses detected with the elution times. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Organic (Oil, PCBs, VOCs, TCE, ...) 

Amount of Waste Produced-Near zero for volatiles; approximately 10 musample organic extract 
Overall Cost-$200-$4QO/sample for volatiles; $400-$800/sample for semivolatiles; $200-$600 for 
PCBs 
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GAS CHROMATOGRAPHY-MASS SPECTROMETRY CHAR-884N 

Efficacy/Strengths-Standard EPA-accepted methods exist. It is useful for chemical identification 
and confident quantitation. 

SCIENCElI'ECHNOLOGY NEEDS: 
Technology is applicable as is. Benefit would be derived from faster chromatography to shorten 
analysis time. 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. EPA regulations; the Office of Solid Waste (SW-846) Methods Compendium. 
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LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY CHAR-89-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Structural steel 
Wood Porous nickel 
Transi te Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) 

Roofing materials Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

Note: Extracts of Le above-Essential small "was.,es" of surfaces 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Liquid Chromatography-Mass Spectrometry 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 
- 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-20 ml of organic solvent (total) from liquid chromatography and 
from extract per sample 
Overall Cost-$500/sample 
Efficaqdstrengths-It is primarily for organic pollutants that cannot be gas chromatographed 
(polar, thermally labeled). 
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LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY CHAR-89-1N 

SCIENCED'ECHNOLOGY NEEDS: 
Case-by-case development and demonstration for specific applications is needed. Technology is 
not currently in routine use. 

IMPLEMENTATION NEEDS: Normal 

CONTACT. C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DIRECT SAMPLING ION TRAP MASS SPECTROMETRY CHAR-SO-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel(67NinOCu/1.4Fe) Copper Aluminum 

Note: Extracts of above - Continuous air monitoring 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY. Direct Sampling Ion Trap Mass Spectrometry 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-It is application-specific. 
Efficacy/Strengths-It allows rapid (4 min) determination of organics, continuous air monitoring, 
and possible real-time surface analysis. 
This technology is under development at ORNL. It was exported to the Savannah River 
Laboratory, and it is being considered for Hanford and MMES deployment. 

d 
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DIRECT SAMPLING ION TRAP MASS SPECTROMETRY CHAR-90-IN 

SCIENCEKECHNOLOGY NEEDS: 
Methods need to be developed for specific applications. 

IMPLEMENTATION NEEDS: 
Hardware ($ loOK) and personnel are needed for development, training, and implementation. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SOLID SORBENT SAMPLING CHAR-91 -IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Air 

SUBELEMENT: Characterization 

ALTERNATIVES: Sampling 

TECHNOLOGY Solid Sorbent Sampling 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-$5O/sampling tube 
Efficacy/Strengths-It allows collection and concentration of vapor-phase, organic chemicals for 
subsequent analysis. 

SCIENCE/TECHNOLOGY NEEDS: 
Methods need to be developed for specific applications. 

IMPLEMENTATION NEEDS: Normal 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 



LASER ABLATION ORGANIC MASS SPECTROMETRY CHAR-93-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANT!3: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Laser Ablation Organic Mass Spectrometry 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: N/A 

Temporal Areas of Evaluation: Pretreatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: NIA 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-Moderate (<$500/sample) 
Efficacy/Strengths-It can characterize nonvolatile, polar compounds that cannot be detected by 
other mass spectrometry techniques. 

SCIENCEEECHNOLOGY NEEDS: 
We need to develop a sampling methodology (perhaps using a wipe of the surface) and test it on 
target compounds. 

IMPLEMENTATION NEEDS: 
We need to procure equipment and other normal implementation needs. 

CONTACP C. S. Watkins (INEL),.(208) 526-4898 
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LASER ABLATION ORGANIC MASS SPECTROMETRY CHAR-93-IN 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrurn (TLD)," K-2073, February 1993. 
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GAS CHROMATOGRAPHY USING A MULTITUDE OF DETECTORS CHAR-94-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete Roofing Materials 
Wood Pipes 
Gaskets Gases 

Tile 
Tr ansi te 
Liquids, especially organic liquids 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Gas Chromatography 

Using a multitude of detectors, including flame ionization, electron capture, thermal conductivity, 
photoionization, flame photometric, and thermionic. 

STATUS: Accepted 

SupportIApplication Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 
Amount of Waste Produced-Minimal. 
nondestructive detectors 

NIA 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Automated applications 

Risk assessment 
Technical assessment 
Regulatory 

Organic (Oil, PCBs, VOCs, TCE, ...) 

It is only necessary to vent gas chromatographs using 

Overall Cost-$SK-$25K/instrurnent, depending on needs, plus miscellaneous supplies (carrier 
goods, etc.) 
Efficacy/Strengths-It has high efficacy for a very wide variety of organic species, both volatile and 
semivolatile organics. It is good for a variety of species, and the analysis time is 10-60 min. 

SCIENCEEECHNOLOGY NEEDS: 
Technology needs are minimal. While improvements can be made, in general, the technology is 
ready to use. 



GAS CHROMATOGRAPHY USING A MULTITUDE OF DETECTORS CHAR-944N 

IMPLEMENTATION NEEDS: 
A variety of gas chromatography equipment exists already at the INEL and may be useful for 
many needs. The greatest need is for experienced operators, especially with field systems. 

CONTAC'F C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

(There is a tremendous amount of open literature on the use of gas chromatography for 
determination of organic contaminants associated with D&D activities.) 
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'$83 5 

ELECTRET PASSIVE SURFACE ALPHA MONITOR CHAR-95-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: U, Np, Th on the following: 
Concrete Structural steel Roofing materials 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT: Characterization 

A L T E R N A W :  In situ radiological 

TECHNOLOGY Electret Passive Surface Alpha Monitor 

The device performs as a passive ion chamber when placed on a contaminated surface; positive 
ions produced by alpha particles are drawn to a negatively charged Teflon electret screwed into 
the roof of the chamber. The electret voltage is gradually drained. The voltage is read on a 
simple hand-held voltmeter before and after exposure. The voltage drop is converted to an 
equivalent surface contamination (dpm/100 cm2) or soil contamination (pCi/g). Sensitivity is 
sufficient to quantify alpha contamination after a few hours of exposure even at the most 
stringent DOE release limit of 100 dpm/100 cm2. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
.Thermal host disturbance 
High-energy host disturbance 
Obstructedflimited access to host 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk Assessment 
Technical Assessment 
Regula tory 

Radioactive ( a )  

COMMENTS: 
Amount of Waste Produced-None 
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ELECTRET PASSIVE SURFACE ALPHA MONITOR CHAR-95-IN 

Overall Cost-$15/electret unit, and is reusable. The voltage reader is $300. 
Ef f icacy/St rengthni tor  is sensitive (100 min. exposure for quantification) and has 
on-the-spot readout capability. It is a simple technology to use, can be used in large numbers, 
and allows verification of cleanup to strictest limits. The plastic is completely insensitive to p, y 
radiation and, hence, ideal for use in discriminating a in mixed a, 6, y fields. 

SCIENCED'ECHNOLOGY NEEDS: 
The technology is commercialized for radon monitoring and is easily adapted for monitoring 

. surface a contamination. It needs evaluation and validation for niche applications. 

IMPLEMENTATION NEEDS: 
The limits of a monitoring in mixed radiation fields needs to be defined. Niche applications in 
Decommissioning and Decontamination using health physics technicians. Algorithms for 
multidevice deployment should be developed and tested to give a high confidence level of not 
missing contamination on large area surfaces. 

CONTACT: R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

(Pilot tests were completed and the data presented at 1992 Health Physics Society Annual 
Meeting.) 
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ALPHA TRACK ETCH 

7 8 3  5 
DETECTORS 

FOR SURFACE ALPHA CONTAMINATION CHAR-964N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: U, Np, Th on the following: - 

Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ radiological. 

TECHNOLOGY The Alpha Track Detectors 

Alpha-sensitive plastics cut to a size appropriate for specific applications, e.g., to fit inside pipes 
or in narrow crevices. After exposure, the plastic is developed chemically to visualize damage 
tracks produced by alpha emitting contamination. The track density is measured optically and 
converted to an equivalent dpm/unit area. The technology has been proven commercially in the 
application of indoor radon monitoring with a million detectors having been sold. Deployment is 
simple and detectors can be used by unskilled workers. Chemical etching and track reading are 
highly automated with proven, developed quality assurance/quality control. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: N/A 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: 

Driver Evaluation: 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Applicable Contaminant Evaluation: Radioactive ( a )  

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-A few dollars each 
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ALPHA TRACK ETCH DETECTORS 
FOR SURFACE ALPHA CONTAMINATION CHAR-96-IN 

EfficacyBtrengths-The detector has high sensitivity (100 min. exposure for quantification at 220 
dpm/100 cm2) and provides a permanent record of the radiation field. It is deployable on 
irregular and difficult to access surfaces, and it is small in size. It can be used in large numbers to 
sample large surface areas with a high level of confidence of not missing significant contamination. 
Contamination is mapped with submillimeter resolution and small "hot" particles are identifiable. 

SCIENCED'ECHNOLOGY NEEDS: 
It is fully commercialized for radon monitoring and directly applicable for surface monitoring. It 
allows for initial surface characterization and verification in release for unrestricted use and 
permanent recording of cleanup. 

IMPLEMENTATION NEEDS: 
Plastic monitors of differing sizes and flexibilities need to be tailored and fabricated for specific 
tasks to be identified in pilot testing on-site. Deployment of detectors in large numbers will 
require establishment of on-site che'mical etching and track reading capabilities. Methods need 
developing to count tracks appearing in tight spray-like clusters produced by "hot" particles with 
conversion to a corresponding dpdunit area. 

CONTACE R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SELECT ALPHA RADIONUCLIDE ANALYSIS BY PERALS CHAR-97-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: U, Np, Th on the following: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ and Ex situ radiological 

TECHNOLOGY Select Alpha Radionuclide Analysis by Photon Electron Rejecting Alpha 
Liquid Scintillation ( P E W ) ,  which is a very sensitive (pCi/g) technique for measuring 
alpha-emitting isotopes in soil, water, and airborne dust. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 

Pretreatment 
DuringtTreatment 
Posttreatment 

Manual applications 
Automated applications 

Risk assessment 
Technical assessment 
Regulatory 

Radioactive ( a )  

Amount of Waste Produced--Spent acid and organic scintillants (1.5 mUsample). 
Overall Cost-Approximately $20K for setup of analytical equipment and about $50/sample. 
EfficaqdStrengths-It is a very sensitive, isotopically-selective method that is capable of detecting 1 
pCi/g of individual isotopes in soil or water. It is ideal for uranium analysis and 'is adaptable for 
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SELECT ALPHA RADIONUCLIDE ANALYSIS BY PERALS CHAR-974N 

Tc-99, a beta emitter. It is a commercially available reader and scintillant cocktails specific to 
each alpha emitter. It has the lowest detection limits of rapid analytical techniques. 

SCIENCEKECHNOLOGY NEEDS: 
Cost effective, timely analysis of select alpha emitting radionuclides in large numbers of samples is 
needed to verify nonviolation of cleanup standards. 

IMPLEMENTATTON NEEDS: 
A PERALS laboratory is already set up at the ORNL DOSAR facility. It can be adapted for 
rapid “on-line” monitoring of both airborne and loose contamination. 

CONTACT: R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),“ K-2073, February 1993. 

136 



‘$83 5 

X-RAY FLUORESCENCE CHAR-98-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY X-Ray Fluorescence for In Situ Monitoring of Toxic Heavy Metals 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

N/A 

Pretreatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-$lSWXRF 
Efficacy/Strengths-This technology is already in use in HUD and EPA programs to detect Pb 
paints. Measuring devices are commercially available for analyzing homogenized samples for 
heavy elements or detecting heavy metals in situ on surfaces. It was evaluated in the EPA Site 
Program. 

SCIENCE/”ECHNOLOGY NEEDS: None needed 

IMPLEMENTATXON NEEDS: 
We need to evaluate substrate effects from different surfaces for magnitude and prevalence of 
false positives and negatives. Both room temperature or liquid nitrogen cooled XRF monitors are 
available commercially for testing and matching INEL needs. 
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X-RAY FLUORESCENCE CHAR-98-IN 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 
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PCB IMMUNOASSAY KIT 

7 8 3  5 
CHAR-99-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
There are numerous PCB spills, leaks, and soakings involving: 
Concrete Tile Wood 
Pipes ' Transite Asbestos insulation 
Gaskets Metal equipment 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY PCB Immunoassay Kit 

STATUS: Accepted 

Support/Application Evaluation: Mechanical host disturbance 

Temporal Areas of Evaluation: Pretreatment 
During Treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Risk assessment 
Technical assessment 
Regulatory 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced4mall amount of reagents 
Overall Cost--$80/test ($35/kit; 20-30 tests/person/day) 
Efficacy/Strengths-It was thoroughly evaluated in DOE site restoration to minimize false 
negatives with the commercially-available test kit. It is very sensitive (5 ppm). 

SCIENCEDCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
The technology is ready to apply and should be used for routine analyses at the INEL. 

C O N T A a  C. S. Watkins (INEL), (208) 526-4898 
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PCB IMMUNOASSAY KIT CHAR-99-1 N 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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PORTABLE GAS CHROMATOGRAPH/(ECD) 
FOR ANALYZING PCBS IN SOIUDUST CHAR-1 00-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINAN'IS: 
Polychlorinated biphenyls (PCBs) on: 
Concrete Structural steel 
Wood Porous nickel 
Transite ' Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

Roofing materials Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATNES: In situ chemical 

TECHNOLOGY Portable Gas ChromatographElectron Capture Detector 

For Analyzing PCBs in SoUDust-PCBs are extracted with solvent from soil using a simple, 
two-step procedure. The extract is then injected into a field gas chromatograph that separates the 
sample components and selectively detects halogenated species, including PCBs. Arachlors (PCB 
mixtures) are identified by their separation pattern and can be quantified using specific 
chromatographic peaks. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Organic (Oil, PCBs, VOCs, TCE, ...) 

Amount of Waste ProduceddSrnall amounts of methanonexane extractant 
Overall Cost-A few dollars per analysis; the gas chromatograph costs $15K 
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PORTABLE GAS CHROMATOGRAPH/(ECD) 
FOR ANALYZING PCBS IN SOIUDUST CHAR-1 OO-IN 

Efficacy/Strengths-It was developed and verified by the E P A  One technician can conduct tens of 
analyses per day. One manager at a Superfund site estimated on-site data during removal saved 
$500K (360 analyses in 8 days). The method is accurate to below 10 ppb. 

SCIENCEEECHNOLOGY NEEDS: 
Need to develop specialzed procedure for rapid identification of suspect materials. 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACE C. S. Watkins (INEL), (208) 526-4989 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

142 



SYNCHRONOUS FLUORESCENCE SCREENING FOR 
POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) CHAR-1 01-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Polycyclic Aromatic Hydrocarbons (PAHs) on: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Synchronous Fluorescence Screening for PAHs 

When light of a specific wavelength is directed onto a sample, certain organic compounds (such as 
PAHs), absorb and reemit that light at a higher wavelength. Analytes can be differentiated 
because they absorb and fluoresce at different wavelengths. Fluorescence intensity is 
quantitatively proportional to analyte concentration. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Applica tion Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

NIA 

Pretreatment 
During Treatment 
Posttreatment 

Manual Applications 

Risk Assessment 
Technical Assessment 
Regulatory 

Organic (Oil, PCBs, VOCs, TCE, ...) 

Amount of Waste ProducedSolvent in ml quantities 
Overall Cost-A few dollars per analysis; $25K for the reader. A spectrofluorimeter costs $25K 
Efficacy/Strengths-An easy concentration step allows detection at drinking water standards. It 
takes a few minutes per analysis. 
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SYNCHRONOUS FLUORESCENCE SCREENING FOR 
POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) CHAR-101 -IN 

SCIENCE/TECHNOLOGY NEEDS: 
Technology needs to be validated in the EPA program. Numerous situations involved used oils 
and lubricants. 

IMPLEMENTATION NEEDS: Normal 

CONTACT C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diupurn (TLD)," K-2073, February 1993. 
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7 83 
IN SITU PASSIVE MONITORS FOR SURFACE 
CONTAMINATION BY WEAK BETA RADIONUCLIDES CHAR-1 024N 

EM PROBLEM Decommissioning 

PROBLEM AREACONTAMINANTS: 
Radionuclides on: 
Concrete Structural steel Roofing materials 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ radiological 

TECHNOLOGY In Situ Passive Monitors for Surface Contamination by Weak Beta 
Radionuclides 

The exoelectron technique is the weakly penetrating radiation analog to thermoluminescence, 
which is the standard for passive, solid-state dosimetry for strongly penetrating radiations. The 
exposed exoelectron dosimeter is heated to liberate low-energy electrons from a thin surface 
layer. The thin exoactive layer is especially sensitive to low-energy, beta radiations such as those 
from 3H, & 14C. The exoelectrons expelled during heating are counted in a Geiger or 
proportional counter, and the reading converted to an equivalent dpm/unit area. 

STATUS: Demonstration, testing and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
High-energy host disturbance 
Obstructedfimited access to host 

Pretreatment 
Posttreatment 

Manual applications 
Robotic applications 

Risk Assessment 
Technical Assessment 
Regulatory 

Radioactive (0) 

5 
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IN SITU PASSIVE MONITORS FOR SURFACE 
CONTAMINATION BY WEAK BETA RADIONUCLIDES CHAR-1 02-IN 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-A few dollars per detector; it can be deployed in large numbers 
Efficacy/Strengths-It has a reusable, TLD-like chip with a signal-to-noise ratio of 10 after 100 min 
exposure for a mCi/cm2 of tritium. Small size detectors are available for monitoring 
difficult-to-access locations. It is highly sensitive to weak beta emitters such as tritium, C-14, and 
Tc-99. Other survey meters have low sensitivity and cannot access tight spaces. 

SCIENCEmCHNOLOGY NEEDS: 
A thorough evaluation of this technology is needed for differentiating Tc-99 from other 
radionuclides in mixed surface contaminations. Pairs of detectors, one with a beta absorber on its 
surface, will be needed to discriminate weak beta from more penetrating radiations. 

IMPLEMENTATION NEEDS: 
Different types of ceramic exoelectron materials should be tested to select the most suitable type. 

CONTACT. R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 

2. “Measuring Tritium With Exoelectron Dosimeters,” R. B. Gammage, Nucl. Inst. Methods 127, 
pp. 279-284 (1975). 
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THIN TWO-DIMENSIONAL TLD ARRAY FOR SPATIAL 
CHARACTERIZATION OF SURFACE ALPHA CONTAMINATION CHAR-1 03-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS 
U, Np, Th on: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

Roofing materials 
Sheet metal 
Gaskets 
Instruments 
Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ radiological 

TECHNOLOGY Thin Two-Dimensional TLD Array for Spatial Characteriztion of Surface 
Alpha Contamination 

A flexible sheet contains a fine grid of miniature thermoluminescence dosimeter elements that 
have a preferential sensitivity to alpha rays. Exposed sheets are scanned with a laser beam to 
heat the individual chips and produce a readable thermoluminescence that is converted into a 
three-dimensional map. The laser scanning bleaches the dosimeter and readies the sheet for 
reuse. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

N/A 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 

Risk assessment 
Technical assessment 
Regulatory 

Radioactive (a) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-A laser reader costs $6OK; a reusable detector sheet (30 x 30 cm) is $225. 



THIN TWO-DIMENSIONAL TLD ARRAY FOR SPATIAL 
CHARACTERIZATION OF SURFACE ALPHA CONTAMINATION CHAR-1 03-IN 

E f f i c a c y / S t r e n g t h e  detector sheet contains 10,OOO pixels. The limit of detection is 20 alpha 
rays on a pixel. It maps primary contamination fields, while discriminating alpha “hot spots.” 

SCIENCE/”ECHNOLOGY NEEDS: 
It is commercially available from International Sensor Technologies, Model PSR 100. It will need 
to be adapted to specific D&D needs. Size and shape of detector sheets needs tailoring to 
specific geometrics. Discriminating ability in mixed radiation fields needs further definition. 

IMPLEMENTATION NEEDS: Normal 

CONTACT: R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD,),” K-2073, February 1993. 

2. International Sensor Technologies, specification brochure for Model PSR 100 and final 
progress report (Phase II) of SBIR National Cancer Institute Grant No. 5 R44 CA 44242-0. 
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1 8 3  5 

PASSIVE NEUTRON DETECTION CHAR-1 04-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Uranium on: 
Concrete Structural steel Roofing materials - Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ radiological 

TECHNOLOGY Passive Neutron Detection 

Requires (a ,q)  on FluorineInstrument detects neutrons emitted from U02F2 deposits. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

All 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Robotic applications 

Regulatory 
Risk assessment 

Radioactive (a, B, y) for uranium determination 

COMMENTS: 
Amount of Waste Produced- 
Overall Cost-$20K/unit 
Efficacy/Strengths-It should match the standard matrix for the sample to be useful for all 
matrixes. This method can measure in place, or a large sample can be brought to the neutron 
detector. It is used for uranium determination if fluorine is present in the compound. It is 
presently used to measure uranium holdup. Practical detection limit is 5Og of uranium in the 
form of U02F2 for a l-hour count. 

SCIENCEKECHNOLOGY NEEDS: None needed 
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PASSIVE NEUTRON DETECTION CHAR-1 04-IN 

IMPLEMENTATION NEEDS: None needed 

CONTACE R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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NAI-GE GAMMA SPECTROSCOPY 

9 8 3  5 

CHAR-1 06-IN 

EM Problem: Decommissioning 

PROBLEM AREA/CONTAMINANTS Uranium on: 
Concrete Structural steel Roofing materials 
Wood Porous nickel Sheet metal 
Transite Asbestos insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

SUBELEMEN'F Characterization 

ALTERNATIVES: In situ and ex situ radiological 

TECHNOLOGY: NaI-Ge Gamma-Spectroscopy 

The NaI detector is used to quanti& ='U and 
The Ge detector is used to complete the attenuation correction factors for the NaI data. 

in items that allow the gamma to penetrate. 

STATUS: Accepted 

Support/Application Evaluation: All 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 
Robotic applications 

Driver Evaluation: Technical assessment 
Risk assessment 
Regula tory 

Applicable Contaminant Evaluation: Radioactive (a, B, y) 

COMMENTS: 
Amount of Waste Produced- 
Overall Cost-$40Wcombination NaI and Ge detectors 
E f f i cacy /S t r eng the  technology is useful for 235U and detection. The system can measure 
radioactivity below the surface. It is relatively inexpensive. A high-resolution Ge detector may be 
needed to determine correction factors for attenuation. Sensitivity = log 500g 238v. 

SCIENCEAECHNOLOGY NEEDS: 
Correction factor methodology needs to be published. 
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NAI-GE GAMMA SPECTROSCOPY CHAR-1 06-IN 

IMPLEMENTATION NEEDS: None needed 

CONTACT: R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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4383 5 
NEUTRON ACTIVATION (252CF SHUFFLER 
OR DIFFERENTIAL DIE-AWAY SYSTEM) CHAR-1 07-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: on: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ radiological 

TECHNOLOGY Neutron Activation (252Cf Shuffler or Differential Die-Away System) 

Neutrons generated by the instrument interact with 235U to cause fssion. The fssion neutrons 
are then detected to quantify the 235U. 

STATUS: Accepted 

Support/Application Evaluation: All 

Temporal Areas of Evaluation: Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Regulatory 

Applicable Contaminant Evaluation: Inorganic (U) 

COMMENTS: 
Efficacy/Strengths-It is generally used for low-level determinations of uranium in almost anything. 
It is specific for 235U and useful in most any matrix. The equipment is expensive ($0.5-1.5 
million). This is the most sensitive unit on the market for the nondestructive assay of uranium. 
Sensitivity is -10 mg 235U/55-gallon drum. 

SCIENCEDECHNOLOGY NEEDS: 
Development is needed for containers that are larger than 55-gal drums. Separate calibration 
standards are needed for each matrix. 

IMPLEMENTATION NEEDS: Normal 

C O N T A m  R. J. Gehrke (INEL), (208) 526-4155 
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NEUTRON ACTIVATION (252CF SHUFFLER 
OR DIFFERENTIAL DIE-AWAY SYSTEM) CHAR01 07-IN 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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PROPORTIONAL COUNTER FOR ALPHA, BETA ACTIVITY CHAR-1 084N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
U, Np, Th, on: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ and ex situ radiological 

TECHNOLOGY Proportional Counter for Alpha, Beta Activity 

Alpha and beta radiation emitted from the surface contamination is detected and counted. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

All 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Robotic applications 

Regulatory 

Radioactive (a,  S, y) 

Efficacy/Strengths-It has sensitivity to 100 dpm/cm2. Relatively inexpensive probes are available 
for wide areas or measurements, or it can be made small to measure inside pipes. 

SCIENCEmCHNOLOGY NEEDS: This is a well-established technology. Some minor 
development may be needed to distinguish Tc activity from uranium. Probes for measuring 
vertical or overhead items are needed. 

IMPLEMENTATION NEEDS: Normal 

CONTACX R. J. Gehrke (INEL), (208) 526-4155 
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PROPORTIONAL COUNTER FOR ALPHA, BETA ACTlVlN CHAR-1084N 

REFERENCES: 

1. Oak Ridge National Laboratory, "TechnoZogy Logic Diagram (TLD)," K-2073, February 1993. 
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WASTE CURIE MONITOR (BAG OR BARREL 
COUNTER FOR LOW-LEVEL RADIOACTIVITY) 

7 8 3  5 

CHAR-1 09-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Uranium on roofing materials, tile, wood 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ radiological 

TECHNOLOGY Waste Curie Monitor (Bag or Barrel Counter for Low-Level Radioactivity) 

Gamma rays are emitted by the contaminated samples that are detected by the large plastic 
scintillators surrounding the 55-gallon drums. 

STATUS: Accepted 

SuppordApplication Evaluation: All 

Temporal Areas of Evaluation: Pretreatment 
During Treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Regulatory 
Risk assessment 

Applicable Contaminant Evaluation: Radioactive (y ) 

COMMENTS: 
Amount of Waste Produced-None 
Efficacy/Strengths-It is good for measuring scrap lumber for low levels of activity (below 32 
PCUg). It must be used in conjunction with a high-resolution gamma spectroscopy systems to 
determine atomic abundance. It is presently used for low-level measurements of combustible 
waste. Sensitivity for 2 3 s ~  = 10 mg for = 200 mg. 

SCIENCEmCHNOLOGY NEEDS: 
Development may be necessary for containers larger than 55-gallon drums. 

IMPLEMENTATION NEEDS: Normal 

CONTAW R. J. Gehrke (INEL), (208) 526-4155 
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WASTE CURIE MONITOR (BAG OR BARREL 
COUNTER FOR LOW-LEVEL RADIOACTIVITY) CHAR-1 09-IN 

REFERENCES: 

1. Oak Ridge National Laboratory, "TechnoZogy Logic Diagram (TLDJ," K-2073, February 1993. 
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FLUORESCENCE DIAGNOSIS OF CONTAMINATED 
SURFACES AND AIRBORNE CONSTITUENTS CHAR-1 1 0-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Contaminants such as UO2F,, UF,, PCBs, carcinogenic agents, and any others characterized by a 
detectable fluorescence signature on: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENT Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Fluorescence Diagnosis of Contaminated Surfaces and Airborne 
Constituents 

STATUS: Research and development needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

Mechanical host disturbance 
Thermal host disturbance 
Liquid host disturbance 
High-energy host disturbance 
Gas-phase host disturbance 
Obstructedfimited access to host 

Pretreatment 
During treatment 
Posttreatment 

Manual applications 
Automated applications 
Robotic applications 

Risk assessment 
Technical assessment 
Regulatory 

Fluorescence of UF6, U, U02F2, etc. 
Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 
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FLUORESCENCE DIAGNOSIS OF CONTAMINATED 
SURFACES AND AIRBORNE CONSTITUENTS CHAR-1 1 &IN 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-It is dependent on the specific application. Equipment, assembly, and testing will 
comprise the costs. 
Efficacy/Strengths-It may be used in situ, with or without automation, and with or without fiber 
optics for limited access areas. It can certify when the surfadarea is cleaned/decontaminated, 
which eliminates extra processing. It may eliminate expensive laboratory characterization, some 
degree of heavy equipment transport, and dismantling. It can monitor the status of processing in 
real time. Fluorescence is, in general, sensitive to ppm for airborne situations. 

SCIENCE/I’ECHNOLOGY NEEDS: 
There will be a modicum of fluorescence spectroscopy work required for some contaminants to fill 
in the gaps of published fluorescence data. Technology requirements may be fulfilled by 
off-the-shelf lasers, detectors, and associated support equipment. 

IMPLEMENTATION NEEDS: 
The required equipment such as laser (light source), optics, detectors, personal computers (for 
data acquisition), and interfaces must be purchased. Staff with extensive experience on-site in 
laser applications and optical design, field testing, and other appropriate technologies are 
available. On-site laboratory storage, assembly, and staging are available on-site. The procedures 
must be written. 

C O N T A a  R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 
There is much literature that supports the efficacy of fluorescence-based analytical 
instrumentation for in situ sampling, measurement, and characterization. Of particular note are 
the following: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 

2. S. W. Allison et al., “Use of Fiber Optics and Laser-Induced Fluorescence for Remote 
Measurements in Strong Rotation,” WrS-11, 018, MMES, Oak Ridge Gaseous Diffusion 
Plant (June 1983), [Also published in Roc. Fifh Workshop on Gases in Strong Rotation, 
(Univ. of Virginia, June 5-9, 1983)l. 

3. S. W. Allison, G. T. Gillies, M. R. Cates, B. W. Noel, “Fiber Optic Pulsed Laser Delivery for 
Remote Measurements,” Optical Engineering, June 1987, Vol. 26, No. 6, pp. 538-546. 
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LASER ABLATION, INDUCTIVELY COUPLED 
PLASMA, ATOMIC EMISSION. SPECTROSCOPY CHAR-1 1 1 -IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTs: Concrete 

SUBELEMENT: Characterization 

ALTERNATIVES: In situ chemical 

TECHNOLOGY Laser Ablation; Inductively Coupled Plasma; Atomic Emission Spectroscopy 

STATUS: Demonstration, testing, and evaluation needed 

SupportlApplication Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

High-energy host disturbance 

Pretreatment 
Posttreatment 

Robotic applications 

Risk assessment 
Technical assessment 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 

Efficacy/Strengths-It will be accepted by end of this year after the Fernald demonstration. It 
allows multiple elemental analyses. 

SCIENCE/’IECHNOLOGY NEEDS: 
We need to improve the robotic process for site-specific conditions (e.g., floor, wall, ceiling). 

IMPLEMENTATION NEEDS: Normal 

CONTACT. C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),“ K-2073, February 1993. 
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PORTABLE GAMMA-RAY SPECTROMETRY CHAR-1 12-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: Concrete . 

SUBELEMENT: Characterization 

ALTERNATLVES: In situ radiological 

TECHNOLOGY Portable Gamma-Ray Spectrometry 

Characterization and monitoring technologies are available but need to be put together for in situ 
implementation. Application of sensor technology for in situ characterization and monitoring 
requires robotic technology and remote control technology. 

STATUS: Accepted 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

' Driver Evaluation: 

Applicable Contaminant Evaluation: 

COMMENTS: 

Mechanical host disturbance 

Pretreatment 
Posttreatment 

Robotic applications 

Risk assessment 
Technical assessment 

Radioactive (y) 

Efficacy/Strengths-It is only for uranium and other actinide isotopes. 

SCIENCEDCHNOLOGY NEEDS: 
We need robotic technology for remote control applications. 

IMPLEMENTATION NEEDS: 
Technologies are available but need to be put together for implementation. 

C O N T A a  C. S. Watkins (INEL), (208) 526-4898 

. REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diugrum (TLD)," K-2073, February 1993. 



CHEMICAL LEACHING TESTS FOR PROTOCOL DEVELOPMENT 
FOR EVALUATION OF CLEANING OPTIONS & EFFECTIVENESS CHAR-1 13-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINAN'IS: 
Concrete Structural steel 
Wood Porous nickel 
Transite Asbestos insulation 
Cylinders Metal equipment 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) 

Roofing materials Tile 
Sheet metal Pipes 
Gaskets Copper wiring 
Instruments Nickel-lined steel 
Copper Aluminum 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Chemical Leaching Tests for Protocol Development for Evaluation of 
Cleaning Options and Effectiveness. Laboratory characterization includes physical (hardness, 
density, etc.) and chemical (acid, base, chelate leaching, etc.) tests for helping decontamination 
technology development. 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: 

Temporal Areas of Evaluation: 

Deployment Evaluation: 

Driver Evaluation: 

Applicable Contaminant Evaluation: 

SCIENCEEECHNOLOGY NEEDS: 

Liquid host disturbance 

Pretreatment 

Manual applications 

Technical assessment 

Radioactive (a ,  B, y) I 

Inorganic (U, Cr, CrO,, Hg, Pb, ...) 
Organic (Oil, PCBs, VOCs, TCE, ...) 

This test will help waste minimization technology development (decontamination planning and 
technology evaluation). 

IMPLEMENTATION NEEDS: We need decontamination technology development. 

CONTACE C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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. . .  

ON-LI N E S U P E RCR IT1 CAL FLU I D EXTRACTION- 
MU LTI DETECTOR GAS CHROMATOGRAPHY CHAR-1 15-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/30Cu/1.4Fe) Copper Aluminum 

Other: It is especially useful for analysis of soil contaminants. 

SUBELEMENT: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY. On-Line Supercritical Fluid Extraction-Multidetector Gas Chromatography 

STATUS: Demonstration, testing, and evaluation needed 

Support/Application Evaluation: N/A 

Temporal Areas of Evaluation: Pretreatment 
During treatment 
Posttreatment 

Deployment Evaluation: Manual applications 

Driver Evaluation: Regulatoly 

Applicable Contaminant Evaluation: Organic (Oil, PCBs, VOCs, TCE, ...) 

COMMENTS: 
Amount of Waste Produced-None 
Overall Cost-It could be 25% or even less than that of separate conventional analyses. 
EfficaqVStrengths-Organic, solvent-contaminated wastes are not generated, as opposed to 
conventional organic analytical methods. There is also much faster sample turnaround than with 
conventional methods. One commercial instrument already is available for the rapid 
determination of total petroleum hydrocarbons in soil by on-line SFE-GC. The SFE of PCBs also 
has been demonstrated. It appears highly likely that the two methods can be combined to allow 
the rapid and simultaneous analysis of both contaminants in soil and other solids. 
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ON-LINE SUPERCRITICAL FLUID EXTRACTION- 
MU LTI DETECTOR GAS CHROMATOGRAPHY CHAR-115-IN 

SCIENCEDECHNOLOGY NEEDS: 
The technology requires optimization for the most efficient analysis of both total petroleum 
hydrocarbons and PCBs in a single operation. 

IMPLEMENTATION NEEDS: Normal 

CONTACT C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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LIQUID SCINTILLATION COUNTING CHAR 1294N 

EM PROBLEM Decommissioning 

PROBLEM ARWCONTAMINANTS: 
Concrete Structural steel Roofing materials . Tile 
Wood Porous nickel ' Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENTS: Characterization 

ALTERNATIVES: Ex situ radiological 

TECHNOLOGY: Liquid Scintillation Counting 

STATUS: Accepted 

Mature technology in current use. 

SCIENCE AND TECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
In current use. 

COMMENTS: 
Generates organic waste contaminated with radioactivity. May be ideal for screening samples for 
gross alphabeta content. 

CONTACE R. J. Gehrke (INEL), (208) 526-4155 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. D. Horrocks, "Applications of Liquid Scintillation Counting," Academic Press, N.Y., 1974. 

3. "Radiochemical Determination of Gross Alpha and Gross Beta Particle Activity in Water," 
Radiochemistry Procedures Manual, EPA 520/5-84-006, August 1984. 
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SECONDARY ION MASS SPECTROMETRY ANALYSIS CHAR 1354N 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Concrete Structural steel Roofing materials 
Wood Porous nickel Sheet metal 
Transite Asbestos. insulation Gaskets 
Cylinders Metal equipment Instruments 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper 

SUBELEMENTS: Characterization 

ALTERNATIVES: Ex situ chemical 

TECHNOLOGY Secondary Ion Mass Spectrometry Analysis 

STATUS: Accepted 

Tile 
Pipes 
Copper wiring 
Nickel-lined steel 
Aluminum 

This technology has been demonstrated to have nanogram detection sensitivities for tri-butyl 
phosphate adsorbed into basalt from both Hanford and INEL. Sub-monogram sensitivities are 
observed if it is adsorbed from the gas phase, giving excellent promise as a gas phase detector. 
Samples require no preparation other than to be less than 0.5 inches in thickness and have the 
contaminant on the surface, since this is a surface analysis. No waste is generated since the 
samples are analyzed without preparation. 

SCIENCE AND TECHNOLOGY NEEDS: 
This technology has advanced to the stage where field sampling and analyses are practical. Vapor 
phase monitors which can be lowered into a well may be needed to be developed. A field 
portable ion trap based SIMS is to be developed next year. 

IMPLEMENTATION NEEDS: 
This technology is available for laboratory use at the INEL, but, it will need approximately 2 to 3 
years of continued development for field use. 

COMMENTS: 
Contact the evaluator for additional information on the development of the field portable ion trap 
based SIMS. 

CONTACT: C. S. Watkins (INEL), (208) 526-4898 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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INFRARED ANALYSIS OF WASTES (FTIR-PAS) CHAR 136-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS 
Concrete Structural steel Roofing materials Tile 
Wood Porous nickel Sheet metal Pipes 
Transite Asbestos insulation Gaskets Copper wiring 
Cylinders Metal equipment Instruments Nickel-lined steel 
Porous aluminum Monel (67Ni/3OCu/1.4Fe) Copper Aluminum 

SUBELEMENTS: Characterization 

ALTERNATIVES: Ex situ Chemical 

TECHNOLOGY Infrared Analysis of Wastes (FTIR-PAS) 

STATUS: Demonstration, testing, and evaluation needed 

FI'IR-PAS is still developmental but has an excellent chance of becoming proven and 
demonstrated technology in the hear future (within 1 year). FX'IR-PAS extends the detection 
capability of FI'IR to also analyze solids and sludges, and is uniquely capable of analyzing 
explosive molecules and ionic series in an inherently safe way with no special sample preparation. 
FI'IR-PAS requires discreet sampling and analysis methods at present and instrumentation 
development is needed to provide automatic sampling and to improve the analysis capability. 

FI'IR is field proven and well accepted for monitoring Superfund Site work either singly or in 
combination with Gas Chromatography for gas phase and some liquid phase sampling. 

SCIENCE AND TECHNOLOGY NEEDS: 
FTIR-PAS: The methodology for rapidly and routinely producing quantitative analysis results 
from small surrogate waste samples with a minimum of sample handling is required. The results 
of this work then needs to be demonstrated on radioactive wastes and explosive-type wastes under 
actual field conditions. 

IMPLEMENTATION NEEDS: 
Implementation needs not currently defined. 

COMMENTS: 
None. 

CONTACT. C. S. Watkins (INEL), (208) 526-4898 
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INFRARED ANALYSIS OF WASTES (FTIR-PAS) CHAR 136-IN 

REFERENCES: 

1. Oak Ridge National Laboratory, "TechnoZogy Logic Diagram (TLD)," K-2073, February 1993. 

2. Equipment vendors: MDA Scientific; MIDAC; NICOLET and BOMEN. 
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2. DECONTAMINATION 
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SOLVENT EXTRACTION DCON-01-IN 

EM PROBLEM Decommissioning 

PROBLEM AlWNCONTAMINANTs: Organic contamination on concrete, in asbestos, on. 
metal 

/ 

SUBELEMENT: Decontamination 

ALTERNATIVE: Bulk Decontamination 

TECHNOLOGY Solvent Extraction 

Selective removal of organic contaminants by dissolution in a solvent. 

Could be applied as a “factory style” process in either batch or continuous fashion. Contaminated 
materials fed into processing equipment and decontaminated material exits. This would be 
applicable to concrete scabble, transite (asbestos-reinforced concrete) or metal shards for 
example. 

Could also be applied as a portable technology, the solvent being applied to a localized spot with 
a device patterned after a carpet cleaning machine. 

STATUS: Demonstration, testing, and evaluation needed 

Solvent extraction is a mature technical field. An attractive solvent, triethylamine, has been 
evaluated for organic extraction from sludge and found to be a very effective solvent and one for 
which industrial processing equipment is available commercially. 

Solvent recycle equipment and off-gas treatment equipment could be easily adapted for use here. 
Disadvantages; Several stages may be required to reach the desired decontamination level. If 
solvent extraction is used on a permeable material (concrete or asbestos) the substrate may 
become contaminated with the solvent, thus requiring further treatment. 

S C I E N C E m C H D T  
Technology development--(l) Survey and tests of specific extractants applicable to organically 
contaminated concrete, transite and metal are needed. (2) A portable “spot” remover can be 
developed or adapted from commercial devices. Technology demonstration-(3) Applicability of 
rotary contactor, solvent recycle and, if appropriate because of solvent selection, an off-gas 
treatment system. 

IMPLEMENTATION NEEDS: 
Development cost-Less than -$25OK, $SoOK, and $l,OOOK for 1, 2, and 3, respectively assuming 
availability of lab scale and pilot-scale extraction units from INEL and industrial participation in 
demo. 
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SOLVENT EXTRACTION DCON-01 -IN 

Deployment-No unusual costs. Development (pilot-scale) equipment may be used in production. 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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Foreword 

The Idaho National Engineering Laboratory (INEL) Decontamination and Decommissioning Technology Logic Diagram (TLD) was developed to 
provide a decision support tool that relates decommissioning problems at the INEL to potential technologies that can solve these problems. The TLD 
uses information from the INEL Decommissioning Roadmap Document, the Oak Ridge K-25 Site Technology Logic Diagram, the draft 
Decommissioning Handbook, proceedings from all previous decommissioning symposia held in the USA, and the INEL D&D Long Rang Plan. 

The TLD identifies the research, development, demonstration, testing, and evaluation needed to bring these technologies to a state that allows 
technology transfer and application to a decommissioning need. In situations where proven technologies exist for D&D problems, these are also indi- 
cated. The current information relative to proven and accepted technology as well as those which need further development or testing is presented in 
the TLD. 

The TLD consists of three separate volumes: 

e Volume I includes the purpose and scope of the TLD, a brief history of the INEL Decontamination and Decommissioning Program, and 
the technical problems it represents. A description of the TLD, definitions of terms, a description of the technology evaluation process, and a summary 
of each subelement, is presented. In addition to these sections, Appendix A contains descriptions and photographs of INEL surplus contaminated 
facilities. 

e Volume II (this volume) contains the actual TLD in logic diagram format. This volume addresses the D&D of surplus contaminated 
INEL facilities. Specific INEL D & D projects and contaminant's are identified along with technology solutions, the status of the technologies, science 
and technology needs, and implementation requirements. 

0 Volume Ill provides the Technology Evaluation Data Sheets (TEDSs) for Decontamination and Decommissioning activities that are ref- 
erenced by a TEDS code number in Volume II. These sheets contain more detail than provided for technologies in Volume II. Data sheets are 
arranged alphanumerically by the TEDS code number in the upper right corner of each sheet. 

Volume II provides the TLDs for the D&D activities at the INEL. Logic paths across the TLD indicate the options available for consideration in 
planning D&D activities. Each section (Characterization, Decontamination, Dismantlement, Material Disposition, and Robotics/Automation) represents 
a subset of problems or a group of related problems and links these problems to developed and proposed technologies that may prove useful in prob- 
lem resolution. The diagrams contain summary details about the technology options for the problem/challenges and include estimates of the develop- 
ment, implementation, and capital costs. 

The technology evaluations contained in these volumes are based on the best available information during the compilation of the TLD. New or 
more accurate information is solicited to improve the TLD data base. Please send comments to J. S. Ferguson or R. H. Meservey, INEL Technology 
Logic Diagram, EG&G Idaho, Inc., P. 0. Box 1625, Idaho Falls, ID 8341 5-3930. TEL (208) 526-081 9/1834, FAX (208) 526-1 393. 
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Describes the radioactively Addresses a Subelement- Any regulations or DOE Subelements spec@ the 
contaminated surplus facili- specific list of waste types, Orders that are listed ion different functional com- 
ties at the INEL. specific contaminants, and Volume !, as they relate to ponents that may need to 

be addressed to solve the forms, which are traceable a specific subelement. 
directly to the radioactively problem. Decontamination 
contaminated surplus facil- and Decommissioning 
ity.. (D&D) activities have been 

categorized into the follow- 
ing subelement groups: 
Characterization, 
Decontamination, 
Dismantlement, Material 
Disposition, and 
RoboticdAutomation. 

Alternatives define the 
general technology 
approaches that may be 
applied to the problem. 
The various alternatives for 
completing the various 
logic element are listed. 

Technologies define spe- 
cific technologies that may 
be applied to the problem. 

1. The bold arrow indi, 
cates the preferred tech, 
nology. 

Status provides information 
on the status of the tech- 
nologies identified in the 
previous column. The sta- 
tus includes the availability 
and historical performance 
information of these tech- 
nologies. 

The following categories 
have been used to describe 
the availability of technolo- 
gies. 

1 .  Accepted: Accepted by 
industry and/or the regula- 
tors and the demonstrated 
technology exists for use at 
INEL. 

2. Demonstration, testing, 
and evaluation needed: 
Technology is available, 
but is not demonstrated 
and/or accepted for the 
specific problem at the 
INEL. Additional demun- 
stration, testing, and evalu- 
ation would be required 
prior to implementation of 
the technology. 

3. Research and develop- 
ment needed: 
Technology is under labo- 
ratory, bench-, or pilot- 
scale testing, or is at a con- 
ceptual or preconceptunl 
stage. Significant develop- 
ment would be required for 
technology utilization. 

These clarifications should 
provide relevant informa-. 
tion on the present view of 
the near-term availability of 
technology. 

Science and technology 
needs indicate needs in 
science and technology 
where support should be 
applied to develop an 
"immature" technology to a 
field-deployable state. 

Implementation needs or 
specialized needs were 
evaluated for both devel- 
opment of a technology 
and deployment of a 
mature technology . These 
needs were evaluated in 
the areas of: (1) resources 
(financial or personnel); 
(2) hardware (process 
equipment, development 
equipment, and comput- 
ers); (3) software (models, 
procedures, computer pro- 
grams); (4) facilities (labs, 
shops, and buildings) and 
(5) education (specialized 
training classes). 
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The characterization section of this TLD reviews the characterization requirements for INEL Decontamination and Decommissiorting activities, identifies 
- I  applicable characterization technologies, and then identifies the preferred technologies where applicable. 

Characterization is broken into the following components: 

1. 

2. 

3. 

4. 

5. 

6.  

Statistics; data collection 
a. Optimization of sampling designs 
b. 
C. 
d. 
e. 
f. Artificial intelligenceheural network 

Hadamard masking for spatial resolution 
Database management for large data collections 
Visual display of statistical information 
Statistical methods for spatially correlated data 

Sampling, sample prep. 
a. 

b. Continuous air monitoring 
C. 
d. Metallographic sample preparation 
e. Ultrasonic extraction 
f. Laser ablation 
9. Laser/flashlamp heating 
h. 
i. Microwave digestion 

Membrane technology for sample collection and 
concentration 

Multi-angle drilling for depth profiling 

Vacuum assisted, reverse flow solvent extraction methods 

Data assessment 
a. . Chemometrics 
b. Auto-correlation and autoconvolution optimized multi- 

variant analysis 
C. Statistical methods for multi-variant data 

In situ physical (general) 
a. Computer tomography 
b. Holographic imaging 
C. 
d. Annular denuder technology 

Laser scattering particle size analysis 

Ex situ physical (general) 
a. Transmission electron microscopy 
b. Scanning electron microscopy 

In situ chemical (general) 
a. Laser photo acoustic spectroscopy 
b. Laser raman scattering 
C. Fiber optic chemical sensors 
d. Fluorescence diagnosis 

7. 

a. 

9. 

10. 

Ex situ chemical (general) 
a. Electron spectroscopy for chemical analysis 1 

b. Auger electron spectroscopy 
C. Secondary ion mass spectrometry 
d. Laser ionization mass spectrometry 
e. Secondary neutral mass spectrometry 
f. Chemical leaching tests I 

9- Magnetic resonance imaging 
h. Powder x-ray diffraction 
I. 

\ 

Long Path Fourier transform infrared spectroskopy 
j. Isotopic dilution mass spectroscopy ! 
k. Electrochemical methods i 
I. 
m. 

Infrared analysis of wastes (FTIR-PAS) 
Glow discharge ionization mass spectroscopy, 

I 

I 

In situ radiological 
a. In situ measurement of natural gamma emitters 
b. Passive neutron detection 
C. TLD array for spatial characterization 
d. NaI Ge gamma spectroscopy 
e. Proportional counting for alpha & beta activity 
f. Small long-range alpha detection I 

9. "Electret" passive surface alpha detection 
h. In situ passive monitors for surface contaminaion by weak beta radionuclides 
1. Alpha track etch detection I 

j. Select alpha radionuclide analysis by PERALS 
k. Laser scattering particle size analysis 
1. Portable gamma ray spectroscopy 

I 
I 

I 

, 
Ex situ radiological 
a. 
b. Neutron activation 
C. 
d. Liquid scintillation counting 
e. NaI Ge gamma spectroscopy 
f. 

Waste curie monitoring 1 

Select alpha radionuclide analysis by PERALS 

Proportional counting for alpha & beta activity 

In situ chemical (Inorganic) 
a. Field portable x-ray fluorescence 
b. Ultra-violetlvisible spectroscopy 
C. Laser-Ablation; inductively coupled plasma; atomic emission spectroscopy 
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Characterization 

10. In situ chemical (Inorganic) cont. 
d. I Optical microscopy 
e. Laser scattering particle size analysis 

11. Ex situ chemical (Inorganic) 
a. Atomic absorption spectroscopy 
b. Inductively-coupled plasma spectroscopy 
c. . Inductively-coupled plasma-mass spectroscopy 
d. Particle-induced x-ray emission 
e. X-ray fluorescence 
f. Ion chromatography 
9- Energy dispersive X-ray spectroscopy 
h. 
I. Cold vapor (mercury) 
i. Electron diffraction 
k. Mossbauer spectroscopy 
I. Wavelength dispersive x-ray spectroscopy 

Extended x-ray absorption for fine structure 

13. Sampling, sample prep. (organic) 
a. Solid sorbent sampling 

14. In situ chemical (organic) . 
a. Portable VOC detectors 
b. Portable gas chromatography 
C. Differential optical absorption 
d. Fourier transform infra-red spectroscopy 
e .. SAW sensors 
f. Immunoassay detection 

15. Ex situ chemical (organic) 
a. Synchronous fluorescence 
b. Gas chromatography-mass spectroscopy 
C. 
d. Liquid chromatography-mass spectrometry 

. e.. Differential optical absorption spectroscopy 
f. Direct sampling ion trap mass spectrometry 
g. On-line supercritical fluid extraction-rnultidetector gas chromatography 
h. Laser ablation organic mass spectroscopy 
I. Gas chromatography using a multitude of detectors 

Gas chromatography-Fourier transform infra-red spectroscopy 
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b- ARVFSNAK - 
Fuel Receiving 8 Storage 
Facilii. 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facilii. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN407 Dacon Shop. 

TAN-616 Liquid Waste 
System. - EoraxV - Fuel Element Cutting Facility 

Fuel Processing Complex - Settling Basin 

SeMce Waste Diversion - 
Facility 

+ General use: -b Any regulations or DOE Orders - Characterization. - 
These technologies apply to a 
wide variety 01 characterizations 
and are not directed to specific 
problem areas of contaminates. 

that are listed in Vol. 1. as they 
relate to a specific Subelement. 

+statistics; 
Data collection 

+ Sampling. 
Sample prep. 

-.<. 

Optimization of sampling designs + Demonstration, testing, and + Literature searches for finding 
useful sampling designs from CHAR-71 -IN 
other fields. Development of new 
statistical methods for sampling 
design. 

Development ccsts 8150K 
evaluation needed 
Appropriate sampling designs can 
prevent obtaining too liije informa- 
tion or spending too much nwney 
on a more than adequate number 
of samples. 

+ Hadamard Masking for spatial +Demonstration, testing, and Mask designsand collimatorsfor Masks for adaptation of radiologi- 
cal counters for large area analy- resolution evaluation needed specific applications. 

CHAR-2EIN Allows spatial resolution or multi- Determination of scattering sis. Development costs $2WK. 
plexing measurements to  be 
made with a single channel detec- 
tor. Higher signal-to-noise ratio 
than with a single point mask; 
allowing better sensitivity. 

Storage and retrieval of large 
amounts of data in a cost-effective 
manner will allow the collec?ion 
and ready retrieval of all chafac- 
terization data. This would p w m t  
full characterization data to al display. 
cleanup organizations, allowing 
more detailed screening charac- 
terization. or would ensure that 
expensive characterization data is 
not duplicated unnecessarily, as 
well as allowing for tracking and 
trending. 

effects for RAD measurements. 

+ Database management for large +Accepted Procedures will need to be Developmentcosts$2OOK. 
data collections 
CHAR-72-IN 

developed that will ensure maxi- 
mum access to the data while 
ensuring its integrity. Adaptation 
of existing software to allow for 
statistical manipulation and visu- 

Visual display of statistical Demonstration, testing, and Geographic Information System Optimization of computing capaci- 
information evaluation needed software is available which 

comes close to meeting this CHAR-73-IN Integration of statistics sohare  
and database system with grFh- need. This system would need 
ics display capability. to be adapted for characteriza- 

tion use. 3-D GIs. 

ty. Development costs SWK. 

Statisticalmethodsfor - Accepted. - Adaptation from the mining and Optimization of computing capaci- 
spatially correlated data The use of spatial statistics and petroleum industries for use in 
CHAR-751N kriging (geostatistics) has baen site characterization. Easy to 

demonstrated successfully for use kriging software will need to 
years in the mining and petroleum be found or developed. 
industries. 

ty. Development costs %300K. 

Software and model develop. Optimization of computer 
network Allows control of instrumentation, ment for data interpretation; systems depending on sophistica- 

including trending on a real-time tion needed for specific applica- 
tions. Development costs $WOK. basis. 

+ M c i a l  intelligence I neural Accepted 

data and interpretive analysis 
based upon human logic with the 
processing power and repetitive 
capabilities of computerued sys- 
tems. It could enable characteri- 
zation work to be performed to be 
optimized on a real-time basis. 
Also useful for training. 

CHAR-=-IN 

+ Membrane technology for - Demonstration. testing, and + system developmern or adapta- 
sample collection 8 evaluation needed tion for specific applications; rali- 

dation. Development ccsts $ZWK. concentration Potentially effeejve in many char- 
CHAR-SIN acterization and decontamination 

scenarios, particularly including 
waste stream monitoring. 
Technology has been demonstrat- 
ed for environmental monitoring, 
but is not yet accepted by EPA 

Sample collection sy;tem for site- 
specific applications. 

Continuous air monitoring - Accepted P Protocols to provide direct Development costs 0tWK. . 
CHAR-SIN support to specific DAD needs Widely used: accepted by EPA. 

Multi-angle drilling For - Demonstration. testing, and + Development Need to conduct --.) Standard drilling equipment can be 
tailored for specific applications. depth profiling 

CHAR-WIN 
evaluation needed 
Allows collection of samples for 
composition depth profiling in  
cases where core drilling is not 
possible. 

model studies based upon site 
specific needs. Development cast f100K. 
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CHARACTERIZATION 

- Fuel Receiving 8 Storage 1 
- Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. - Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 

** ARVFSNAK 

Facility. 

System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

SeMceWasteDiversion - 
Facility 

b General Use, - Any regulations or DOE Orders + Characterization 
(corn.) that are listed in Vol. 1, as they 

relate to a speufic Subelement. 

._ . 

-t Sampling. 
Sample prep. 
(cont.) 

-+ Dataassessment - 

+ Metallographicsample ,-* Accepted -* Needs procedure and protocol + Development Costs: 1K-30K, 
development for specific matri- 
ces and applications. 

depending on application. Preparation 
CHAR-67-IN 

Widely used method to prepare 
representative cross-sections of 
materials. Valuable for contami- 
nant spatial (particularly depth) 
distribution determinations. 

Ultrasonicextraction 
CHAR-ZO-IN evaluation needed 

___) Demonstratlon, testing, and .--) Development ~ Need to adapt + Adaptation for specific geometries 
flow through extraction cell for 
surface sampling, test solvents, 
acids and bases for extraction 
efficiency, and validate the 
method. 

Equipment: $14K per unit. 
Development Costs: 050K Ultrasonic extraction is a widely 

used and EPA approved laborat* 
ry extraction technique. The tech 
nique could be adapted to more 
efficient sampling of porous media 
surfaces. 

+ Laser ablation - Demonstration, testing, and + Need to develop sampling equip --b Development Costs: $loOK 
CHARgGIN evaluation needed ment. procedures and protocols Equipment: $2WK 

for specific field and laboratory 
applications. 

Technique for sampling solid 
materials by ablating the surface 
followed by analysis of the 
removed material. This technology 
is becoming available for field and 
more general laboratory use. 

+ Lasermashlamp heating - Research and development + Determination of sampled region + To be determined for s W c  appli- 

specific contaminanttmatrix sys- 
tems. 

CHAR-87-IN needed and sampling effectiveness for cations. 
Potentially rapid method for sur- 
face and subsulfa- sampling for 
contaminants, particularly useful 
for robotic and sensor applica- 
tions. 

Development Costs: > W K  

+ Vacuum assisted, revers Flow + Research and development + Laboratory studies for assess- + Development Costs: $4WK 
solvent extraction methods needed ment of collection efficiency; and 

development of portable sam- CHAR-62-IN 
pling systems. 

Solvent is introduced through a 
drill hole into a porous host matrix 
and a vacuum device is is used to 
recover solvent plus contaminant 
through the host matrix. 

+ Microwave digestion --b Accepted -* Adaptation and optimization + Capital Equipment Costs: $22 to 
CHAR-19-IN Effective in digesting and extract- for specific applications. 50K per instrument 

ing trace elements form soils and 
complex matrices prior to analysis. 
This is an emerging technology 
that shows much promise in 
reducing the amount of waste pro- 
duced in sample analysis as well 
as increasing the quality of the 
data obtained. 

Operating Costs: 4 2 5  per test 

- Chemometria - Accepted - Development - Need to set up 
models to handle the vast data 

real-time analysis of data, as well 

Software systems/ c$lK. and up. 
Development needs will very. CHAR-21-IN Mature but expanding technology 

for extraction of trends and 
components from multi-variant 
data. as robotic input. 

sets anticipated and to permit ($25K-2M)K). 

+ Autoconelation and -+ Demonstration, testing, and + Development - Need to establish d Software needs to be tailored for 
Autoconvolution optimized multi- evaluation needed a data base of spectroscopic direct programatic applications. 
variant analysis 
CHAR-SIN 

responses for sitespecific appli- 
cations and rapid analysis capa- 
biliities. 

Allows spectroscopic data to be 
analyzed and interpreted with min- 
imum impact from noise, and 
analyred. multi-variant information to be fully 

+ StatiQbl rneth0d.s for - Demonstration, testing, and 
evaluation needed 
Technology approach for under- 
standing multi-variant systems. contamination. 

Development - New methods 
needed to aid understanding of 
multi-variant, multitonstituent 

Normal implementation needs c@i- 
mized computing capacity: W K .  
Development Costs: Mainly train- 
ing of on-site statisticians. Maybe a 
pan imdementation. of chemometric (CHAR-21) 

mubvariam data 
CHAR-74-IN 
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)* ARVFSNAK - 
Fuel Receiving & Storage 
Facility. 

Headend Processing Plant. 

TankFarm. - Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

9 Materials Test Reactor. 

Engineering Test Reactor. 

TAN407 Decon Shop. 

TAN-616 Liquid Waste 
System. 

BOraXV - Fuel Element Cutling Facility 

Fuel Processing Complex - Settling Basin 

- SeMceWasteDiversmn - 
Facility 

aeneral use, -* Any regulations or DOE Orders 
that are listed in Vd. 1, as they 
relate to a specific Subelement. 

+ Characterization 
(ant.) 

- Computer tomography ___) Research and development * Currently under development. 
May need adaptation to Site-spe- 

Computer needs to be and determined. instrumentalion 
CHAR-41-IN needed. 

Non-destnrctive imaging technique cific needs. 
for the determination of nuclear 
waste water content. May be use- 
ful in other decommissioning and 
environmental remediation deter: 
minations. 

Holographic imaging ___) Accepted 
CHAR-46-IN 

b Mature Technology. Develop + Need field-portable units for holo- 
graphic imaging of permanently 

Development Costs: WOK 

large Scale steam-strain models 
for full interpretation of mounted components. 
Holograms. 

Technology allows in-situ mea- 
surements of stresslslrain over 
large areas, useful for risk ass=- 
ment in decontamination and 
removal of large pieces of esuip- 
ment. 

.. T 

II 

-W . In situ physical 

Laser mttering partide size Accepted 
analysis Commercial equipment available. time monitoring of particulates. Needed 
CHAR-26-IN Development Costs: $1 OOK 

Capital Costs: $10K and up. 

Adaptation to allow on-line or real + More Aggressive Implementation 

Annular denuder Accepted - Development - Need to develop + Development uncertain at the and present. equipment Costs 
technology No waste/low cost technology technology for enhanced radio- 

logical sampling and analysis in accepted for air sampling of mnta- 
minants. Could be coupled with the field. 
automated measurement technol- 
ogy. 

Operating cost c$lOO/sample. CHAR-16-IN 

L 

Transmission electron -Accepted - Sampling and protocol develop- Available now. Analysis <%500 
microscopy Mature technology in widespread ment. 
CHAR-34-IN 

Development Costs: OOOK 
use in physical structure-and 
chemical analysis (the latter, in 
conjunction with other technolo- 
gies.) 

Scanning electron -Accepted - Sampling and protocol develop- 
micmsmpy Mature technology in widespread ment. 
CHAR-SIN use in physical structure and package. 

Available Development now. Analysis Costs: $200K &Do per 

chemical analysis (the latter, in 
conjunction with other technolo- 
gies.) 

Exsituphysical 

+ Insitrrchemical + Laser photo acoustic -*Accepted - Specific laser- detection combi- + Operating Costs: <$99/Sample. 
spectroscopy ppb detection levels for gases or 

solids. 
nations for site-specific needs. 
Enhancement of portable and in- 
situ capabilities. 

CHAR-15-IN 

+ Laser raman scattering -Accepted - Development of standardized + Instrument Development Costs: Costs: $4WK 
applications and database. Fiber CHAR-84-IN Various collection geometrics optic delivery systems for field 

allow for rapid qualitative and 
quantitative analysis. w o k  

+ Rberopticchemical -Demonstration, testing, and + Development of matched wave- 
guides and anamcal techniques 
which can withstand harsh chem 
ical environments. Development 
of field pottable units. 

costlmeasurement. Development costs 8500K. LOW 
evaluation needed 
Fiber optic probes can be deliv- 
ered to remote and limited acres 
locations. Low cost per measure- 
ment. no waste. 

sensors 
CHAR-SIN 

+ Fluorescence diagnosis -Research and development WoR with speCmc wntaminants ImtnrmentCosts: %?€OK 
to supplemenl published fluores- 
cence data. Many off-the-shelf 
system component items avail- 
able. Procedures and protocol 
development. Downsizing for 
field use. Laser development 
needed. 

Development ms: WOK CHAR-1 t &IN needed 
Sensitive technique for many spe- 
ciiic applications. Laser techn2lo- 
gy would enhance sensitvity. 
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Cleanup legacy 
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1 

b* ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

- Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. - Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 
System. - BoraxV - Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDiversion - 
Facility 

General us, -b Any regUlahOnS Or DOE oftlers --W Charactenzation .) Exsituchemlcal - 
(cont.) (con1 ) that are Iisled in Vol. 1, as they 

relate to a specific Subelement 

I, Electron spectroscopy for -Accepted - Development of specific proce- + InstNment and staff. 
Operating costs: $200-$600/ dures and protocols. chemical analysis Provides elemental and chemical 

state information on surface sample CHAR-1-IN species. Mature technology 

accepted by industry. 

+ Auger electron spectroscopy -Accepted - Development of specific proce- + Instrumen1 and staff. 
CHAR-2-IN Provides elemental and spatial dures and protocols. Method Development Costs: 

approximately. WOK 
Operating Costs: c $500 I sample 

profiling information in the surface 
region. Mature technology accept- 
ed by induslry. 

+ Sewndaryionmass -Accepted - 
S p e c t m ~ t r y  
CHAR-1354N 

This technology has been demon- 
straled lo have nanogram detec- 
tion sensitivities for lri-buiyl phos- 
phate absorbed into basalt, from 
both Hanford and INEL. Sub- 
nanogram sensitivities are 
observed if it is adsolbed from the 
gas phase, giving excellent 
promise as a gas phase detector. 

This technology has advanced lo + This technology is available for 
the stage where field sampling laboratory use at the INEL. but il 
and analysis are practical. Vapor will need approximately 2-3 years 

of continued development for field phase monitors which can be 
lowered into a well may need to use. 
be developed. A field portable 
ion trap based SlMS is lo be 
developed nest year. 

-b Laser ionization mass -Accepted - Development:: Need studies of + lnstnnnentation and staff. 
spectrometry Identification of surface elements model matrices to calibrate and Development Costs: $200K 
CHAR-4-IN and compounds with high spatial understand site-specific applica- Operating Costs: 4500 per sam 

resolution. Also enrichment infor- tions. Standardized procedures. ple. 
mation. Accepted by industry. 

-b Sewndaty neutral mass spec- +Accepted - System development and model + Capital Equipment Costs: $SWK 
trometry A wide variety of post ionization studies for calibration of enrich Developmenl Costs: W K  
CHAR-7-IN schemes are currently in use to 

increase the ion yield. This partides of U. 
method of solid state mass spee 
lroscopy has improved quantila- 
tive capabilities and would allow 
accurate U enrichment studies lo 

ment measurements for small 

be performed. 

+ Chemical leaching tests -Demonstration, teetlng, and e Science - Need development and + Development Costs: $200K 
CHAR-113-IN evaluation needed validation of site-specific leaching 

Tests of potential leachability con- tests. 
ducted at Femald. 

+ Magnetic resonance imaging -Accepted - Model studies and protocols -b Hardware: $200K-$ZM 
CHAR-%-IN This mature technology can be for adaptation and application 01 Development Costs: 5200K-SOOK 

applied to both liquid and solid 
samples and can provide imaging 
information. This technology is 
very useful for identifying materials 
as well as studying materials inter- 
actions. 

technology. 

+ Powder X-Raydfhaction -Accepted - Development - Need studies + Technologyava’lable. 
CHAR-31-IN Provides identification of c y -  of model sitespecific samples if Development cosb: 8100K 

talline phases in solid samples. 
Can supply quantitative, 
slresslstrain. and particle size 
information. Mature technology 
widely used in industry 

quantitative analysis required. Operating Costs: >SlWsample. 

Fwriertransforminfra-red - Accepted V Database for rapid materials + Hardware-: $25Kto$500K 
S p e c l r o s m ~  A multitude of detector and sam- identification and model studies Development Costs: d6200K 
CHARSIN pling devices exist to allow gas, 

liquid, solid. and micro anaiysls to 
be performed. This is a very 
mature technique with a host of 
applications lo any ERWM pro- 
g-. 

of materials interaction. 

+ Isotopic dilution mass -Accepted - Development - Model studies to + Development Costs: %1WK 
spechometry -re techndogy. H i  sensitivi- enable quick an- of radionu- 
CHAR-48-IN ly, partiwlarty suited for measure- dides 

men& of levels of &ion products 
and neutron-capture product at 
levels as low as 107 atoms. 
Accepted by industry. Technique 
will give necessary precision for 
accountability analysis. 
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b- ARVFSNAK - - Fuel Receiving 8 Storage 
Facility. 

9 Headend Pmcessing Plant. - TankFann. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

* Engineering Test Reactor. 

TAN-607 Dewn Shop. 

- TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facilily 

Fuel Processing Complex - Settling Basin 

ServiceWasteDiversion - 
Facility 

Electrochemical methods -Accepted - Adaptation and protocols for Hardware: WK-$250K 
CHAR-10-IN Develooment Costs: $25OK There are a wide variety of . modelstudiestobeperfonnedon 

General use, - Any regulations or DOE Orders 
(cont.) that are listed in Vol. 1, as they (cont.) (CM.) 

4 Characterization _____) Ex situ chemical 

relate to a speafic Subelement. 

b Radioloaical Elements: - Anv reaulations or DOE - 
Isotopesof: 

Hydmgen 
Cesium 
Strontium 
Coban 
Silver 
Europium 
Iodine 
Plutonium 
Thorium 
Uranium 
Americium 
Manganese 

ders d Characterization - - In situ radiological - 
mai a i  listed in VOI. t , as they 
relate to a specific Subelement. 

electrochemical techniques (e.9. 
electrogravimetry, polarography, 
coulometry. vottammetry) that can 
provide chemical and 
materials interaction information. 
These techniques could be 
useful in waste treatment and 
interacIion studies as well as iden- 
tifying species present in waste 
streams. 

Operating costs: >SO par Sample complex syslems. 

+ Infrared Analysis of Waste __t Demonstration, testing, and 
evaluation needed (FTIR-PAS) 

CHAR-136-IN FTIR-PAS still is developmental 
but has excellent chance of 
becoming proven within one year. 
FTIR-PAS extends the detaction 
capability of FTlR to analyze 
solids and sludges, plus exp!osive 
molecules. 

The methodology for rapid and 
routinely produced quantitative defined. 
analysis results from small sum 
gate samples with minimum of 
handling is required. The results 
then need to be demonstrated on 
radioactive and explosive waste 
under actual field conditions. 

implementation needs not currentiy 

-* Instrument development. Model Capital Equipment: S00K I, Glow discharge ionization - Accepted 
Development Costs: $2WK mass spectroscopy 

CHAR-56-IN 
On site monitoring of organic com- 
pounds in a variety of host matri- 
ces with detection levels d w n  to 
the ppb level. Rugged and 
poltable. 

studies of host interactions and 
interferences for quantitative 
analysis. 

-+ In situ measurement of natural + Demonstration, testing, and + Mature technology. Adapt + Development costs $300K 
existing equipment, calibrate, 
optimize procedures and write 
protocols to obtain in-situ mea- 

evaluation needed 
The ability to obtain an accurate 
measure of gamma emitten for 
determination of background Iev- surements. 
els and to monitor small changes 
in concentration. 

gamma emitters 
CHAR-51 -IN 

+ Passive neutron detection - Accepted 
CHAR-1 04-IN 

V Calibration D8D scenarios. models for expected + Capitol cost: $20K per unit 
Useful for all matrices for U deter- 
mination. Should be calibrated 
with similar matrix material. 
Currently used to measure uranC 
um holdup. 

TLD array for spatial - Demonstration, testing, and d Commercially available instru- + Ready for pilot testing. Laser rea& 
characterization evaluation needed mentation needs adaptation for er $60K, reusable detector sheet 
CHAR-1OIIN Reusable detector sheet contains field use. $225; Development costs $100K. 

10,OOO pixels; detection limit is x) 
alpha raydpixel; maps contamina- 
tion fields. 

NalGegammaspecboscopy + Accepted - ___) Correction factors methodology High resolution Ge detector may 
CHAR-106-IN be needed to deterniine wrrection 

factors for absorption. Combination 
Nal and Ge detectors $40K devel- 
opment cost $250K. Measurement 
cost 4 2 5 .  

Useful for U235 and U238 detec- 
tion. Can measure subsurface 
activity. Technology and instru- 
mentation available 

needs to be published. 

Proporlional counter for alpha - + Accepted - Development work to distinguish Development cost $50K. 
b e t a a m  
CHAR-1 W I N  

between radioisotopes. 
Modification for vertical, over- 
head or specific Site geometries. 

Sensitive to radioisotopes 
8100dpm/cm2. Probes can be 
made large for wide areas, or 
small to M into process piping. 

-b Small long-range alpha - Demonstration, testing, and Adaptation for Siespecitic appli- Normal implementation costs. 
detechon evaluation needed cations, optimization of memods, 8$2-3K for equipment, Operating 
CHAR-651N Actively detects surfacedokjects and development of procedures costs 8 $201Sample 

contaminated at or below relmse and protocols. Development costs: 8$1 WK 
limits; measures ionized air d.am 
from containment regardless of 
shape of article. Potential orrline 
measurement. Demonstrated at 
Femald. 
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CHARACTERIZATION 

b - ARVFS NAK - 
Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

b Radiological Elements: -___) Any regulatiom or WE Orders 

lecontamination 
ind 
lecommissioning- 

Characterization 

Fuel Receiving 8 Storage 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 

Facility. 

System. 

BOraxV 

Fuel Element Cutting Facility 

Fuel Processing Complex - Settling Basin 

ServiceWasteDiveffiion - 
Facility 

Isotopes of; 
Hydrogen 
Cesium 
Strontium 
cobalt 
Silver 
Europium 
Iodine .y 
Plutonium 
Thorium . 
Uranium 
Americium 
Manganese 

that are listed in Vol. 1, as they 
relate to a specific Subelement. 

-* In situ radiological 
(cont.) 

--.) Ex situ radiologicaJ - 

'Elecrret' passive surface - Demonstration, testing, and 
alpha detection evaluation needed 

Sensitive (100minute exposure for 
quantification), inexpensive 
devices can be used in large num 
bers; particularly useful for 
cleanup verification. 
Commercialized for Radon moni- 
toring; easily adapted for surface 
alpha contamination. Potential for 
niche applications. 

Needs equipment adaptation, + Development cost 8 m K .  
evaluation and validation for 
niche applications. Definition of 
limitations in mixed radiation 
fields. 

CHAR-95-IN 

+ In-situ passive monitors for - Demonstration, testing, and 
evaluatlon needed mixed surface contamination work $3WK. 
Re-useable TLD-like chip small 

radioisotopes in difficult-toaccess 
locations. Detectors can be specific applications. 
deployed in large numbers. 

Thorough evaluation for use in + Materials testing development 

areas. Testing and evaluation of Operating costs: e825 per detec- 

select most suitable type for Site- 

sutface contamination by 
weak bela radionuclides 
CHAR-102-IN size detectors for monitoring ceramic exoelectron materials to tor. 

+ Alphatracketch detection -Dernonstratlon, tasting, and + Needs verification for surface + Small coupons cost ~ $ 5 .  
characterization; adaptation to Deployment in large numbers will evaluation needed 

High sensitivity (100min. for Site-specific applications. require establishment of on-Site 
quantification at 220 dpmll&. chemical etching and track reading 
Small size; useable on irregular capabilities. 
and difficult to access areas; can 
be used in large numbers. 
Provides permanent record for 
cleanup. Fully commercialized for 
radon detection and monitoring. 

CHAR-SIN 

+ Select alpha radionuclide - Accepted - Adaptation for radioisotopes. + A portable laboratory similar to the 
analysis by PERALS Most sensitive alpha-selettive laboratory sat up at ORNL DOSAR 
(porta-lab) analylical method available (1 facility. Could be adapted for rapid 
CHAR-97-IN pCi/gm). Ideal for U analysis. monitoring of both airborne and 

Commercially available reader and loose contamination (S20K). 
scintillation oxMails. Development cost for Tc 8SOK. 

+ Laser scattering particle size ---b Accepted - Adaptation to allow on-line or real More Aggressive Implementation 

Development Costs: $1 WK 
Capital Costs: $1 OK and up 

analysis Commercial equipment available. time monitoring of parliculates. Needed 
CHAR-26IN 

Portable gamma-ray spec- Accepted - Adaptation to aUow on-line or real Technologies are available but 
-PY need to be put together for imple- 
CHAR-1 12-IN actinide isotopes detection. Can Robotic technology needed for mentation. 

Useful for Uranium and other 

measure subsurface activity. 
Technology and instrumentation 
available 

time monitoring of paniculates. 

r e m e  control applications, 

+ Waste curie monitoring - Accepted ______) None. 'Off-the-shelf' designs In current use 
(P0-W Good for measuring scrap lumber handle 55-gallon drums. Larger 
CHAR-lCSIN systems if needed could be 

developed. 
for low levels of radioactivity. Must 
be used in conjunction with a high 
resolution gamma spectroscopy 
system to determine radionuclide 
abundance. 

+ Neutron activation - Accepted -* Development needed for contain- Equipment is expensive 6 .5 -  
effi larger than 5 5  gallon drums. 
Separate calibration standards 
are needed for each matrix. 

f1.5M) (DOT) Currently used for the 
determination of U; specific for 
UZ35: useful in almost any matrix. 
Equipment is expensive. 

(POrta-Iab) 
CHAR-107-IN 

+ Select alpha radionuclide Accepted P Adaptation for radioisotopes. A A portable laboratory similar to the 
laboratory set up at ORNL DOSAR Most sensitive alpha-selective 
facility. Could be adapted for rapid analytical method available (1 
monitoring of both airborne and pCi/gm). Ideal for U analysis. 

Commercially available reader and loose contamination (020K). 
scintillation cocktails. Development cost for Tc =OK. 

analysis by PERALS 
@oM-lab) 
CHAR-97-IN 

Liquidscintillationcounting - ACCeptEd -I Noneneeded -* Incunentuse. 
CHAR-lB-IN Mature technology in current use. 

t I94 
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CHAR ACTMIlZATlON 

Prevent future ' I insult 

1 8 3  5 

b *  ARVFSNAK - I I 1 Cleanup legacy 

Develop 
environmental 
stewardship 

Decontamination 
and 
Decommissioning- 

Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Faality. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

. TAN-607 D m n  Shop. 

TAN416 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

Sewice Waste Diversion - 
Facilty 

Nal Ge gamma spectroscopy Accepted Correction factors methodology High resolution Ge detector may 
be needed to determine correction P CHAR-1 W I N  needs to be publiihed. Useful for U235 and U238 detee 

- Radiological Elements: - b Y  W U l d O m  Or DOE orders Characterization Ex situ radiological 
(rnt.) ImtnneSnf: that are listed in Vol. 1, as they ----r-- - . 

Hydrogen 
Cesium 
Strontium 

Silver 
Europium 
Iodine 
Plutonium 
Thorium 
Uranium 
Americium 
Manganese ' 

Coban 

relate to a specific Subelement. 

Inorganics: .-* Any regulations or DOE Orders + Characterization - 
that are listed in Vol. 1. as they 
relate to a specific Subelement. 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Silver 
Asbestos 

tion. Can measure subsurface 
activity. Technology and iiistru- 
mentation available 

factors for absorption. Combination 
Nal and Ge detectors W K ;  devel- 
opment cost W K .  Measurement 
cost 425. 

Proportional counter for alpha- 4 Accepted V Development work to distinguish Development mst$5OK. 
beta activity Sensitive to radioisotopes 
CHAR-10EIN @ 100dpm/cm2. Probes can be Modification for vertical, over- 

made large for wide areos. or 
small to fit into process piping. 

between radioisotopes. 

head or specific Site geometries. 

-b In situ chemical 

Exsituchemical - 

--t Field Portable X-Ray fluorescence e Accepted - None needed , ______) Capital equipment costs 5K-10K. 
CHAR-€-IN Accepted by the EPA for Level 1 

site assessment. 

Ultra-Violethisible spectroscopy + Accepted ______) Model- studies and application Hardware Cords: <$2WK 
CHAR-9-IN This mature technology can be design Development Costs: c$100K 

used in a variety of field and l a b  
ratory procedure for the idenjfica- 
tion of materials. It can provide 
rapid screening capabilities for 
sample selection. 

Operating costs: approx. $50- 
$ZM)/sample 

+ Laser-ablation inductively - Demonstration, testing, and + Need to tailor to sitespecific con- + Development: $500K 
daions and validate. 
Need to increase ablation and 

Equipment: $500K coupled plasma atomic evaluation needed 
emission spectroscopy 
CHAR-1 11-IN tion potential. Demonstrated at portability. (Ames Laboratory) 

No waste. Robotics and automa- 

Femald. 

--t Opticalmicroscopy -Accepted - Development - need to develop + Normal implementation needs. 

Development Costs: 8$100K 
CHAR-32-IN Mature technology in wide use. site-specific atlas to facilitate Instrument Costs: 8$5K 

rapid identification, and set up 
field instrumentation. 

Laser scattering paltide size -Accepted Adaptation to allow on-line or real More Aggressive Implementation 
analysis Commercial equipment available. time monitoring of particulates. Needed 
CHAR-264N Development Costs. $lM)K 

Capital Costs: $1 OK and up 

Atomic absorption Accepted - None needed - Technology available. 
SpectroscOpY In widespread routine use. Operating Cost: $25-50 per analy- 
CHAR-76-IN Accepted by EPA. sis 

--t Inductivelycoupled plasma - Accepted - None needed - Technology available, 
Operating Cost: $100-$150 per 
sample. 

SpecboscoPY Multielement technology in wide- 
CHAR-77-IN spread routine use. 

+ Inductively coupled plasma - 4 Accepted Development in progress to com- + Technology 
bine with laser ablation for sur- 
face analysis. 

Operating Cost: $100-$200 per 
multi-element analysis. 

mass spectrometry -- 
CHAR=I&IN (Inductively Coupled Plasma -) is 

mxe selecbve U m  Inductively cou- 
pled plasma-atomic emission 
spectroscopy (ICP-AES) Isdopic 
W - W p A  

--+, Particleinduced X-Ray emission Accepted -* None needed - Technology available at outside 
lab's. Cost ea. $50 or more per CHAR-17-IN Mature technology prowdes trace 

elemental analysis with micro and --"...Î =.al'lp". 
mapping capabilities. Accepted by 
industry 

+ X-Ray fluo-nce ,-b Accepted - Downsizing for robotics applica- Development cost 1OOK. Capital 

.We need lo evaluate substrate 
effects from different surfaces for 
magnitude and prevalence of false 
positives and negafjves. 

Accepted by the EPA. Measuring tiom. equipment costs 615K. 
devices are commercially avail- 
able for analyzing homogenized 
samples for heavy elements or 
detecting heavy metals in situ on 
surfaces. 

CHAR-98-IN 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decontamination 
md 
Decommissioning 

CHARACTERIZATION 

b* ARVFSNAK - 
Fuel Receiving 8 Storage 

Headend Pmss ing  Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-11. 

Auxiliary Reactor Area-I. - Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN416 Liquid Waste 

Facil i. 

System. 

B o m V  

Fuel Element Cuning Facility 

Fuel Processing Complex 

Settling Basin 

SeMceWasteDiversion - 
Facil i i  

w Inorganics r- Any regulations or DOE Orders 
that are listed in Vol. 1, as they 
relate to a speufic Subelement 

Arsenic 
Banum 
Cadmium 
Chromium 
Lead 
Mercury I 

Silver 
Asbestos 

, .  

- organ& -* Any regulations or DOE Orders 
that am listed in Vol. 1, as they 
relate to a wecific Subelement. 

(including VOCs, PCBs.) 

Characterization + Ex situ chemicat 
(cont.) 

+ Ion chromatography - Accepted - Development - Selection and set + Instruments available. 
CHAR-50-IN . Able to quickly and accurately up of most appropriate system for Development Costs: B$ZOOK 

determine anions or cations in 
solution to ppm or ppb concentra- 
tion. Accepted by EPA and indus- 
try. 

site-speafic needs. 

+ EnergydispersiveX-ray - Accepted - Development of procedures, Operatingcosts: c$lWsample 
spsc t rowv Mature technology. Rapid elemen- quantitative models and database Development: $2WK 

tal or analysis (quantitative for 
solids) in conjunction with electron 
microscopy. Can qualify small 
localized areas or inclusions on 
bulk materials. Accepted by indus- 
try. Widely used. 

for sitespecific s ~ e ~ r i o ~ . .  CHAR-WIN 

Extended X-Ray absorption + Accepted _____) Development - Need study of Have access to instrument at BNL- 
fine shucture Determine bonding structure and site-specific model samples to NSLS. Software and personnel for 
CHAR-30-IN nearest-neighbor interactions for undusted interactions for specific interpretation of resub. 

non-crystalline materials. elemenwmatrix combinations of Development costs: B$ZOOK 
Accepted by industry, interest. 

Cold vapor (mercury) -Accepted - None needed - None needed. Technology avail- 
CHAR-24-IN In widespread routine use for Hg. able. 

Accepted by EPA. 

* Electrondiffraction - Accepted - Development of procedures, + Operatingcosts: +?oo/sample 
Mature technology. When used in 
conjunction with transmission 
electron microscopy, can provide 
phase identification of sub-micron 
particulates and impurities in host 
matrix. Asbestos identification. 
Widely used and accepted by 
industry. 

quantitative models and data- 
base for site-specific Scenarios.. 

Development: S O K  CHAR-37-IN 

Mossbauer SPectmScopy - Accepted - None needed ______) Overall cost - medium capital 8 
CHAR-47-IN Ultra high resolution spectroscopy equipment wsts 

limited to isotope pairs that have 
ovetiapping exdtation lines. 

* WavelengthdispersiveX-Ray Accepted - Development of procedures, --W Operabngwsts: CGlWsample 
SpecboscoPY Mature technology. rapid elemen- quantitative models and database Development: $200K 
(Electron microprobe) tal analysis of solid samples, in for site-specific Scenarios.. 
CHAR-66-IN conjunction with electron 

microscopy. Can quantify small 
localized areas or inclusions in 
bulk materials. Widely used, 
acceptedby industry. 

Sampling. sample Prep. - Solid sortentsampling - Demonstration, testing, and + Methods development for Development costs: $50K 
Operating Costs: $50 per sam- 
pling tube 

evaluation needed specific applications. 
Allows collection 8 concentration 

CHAR-91-IN 
+ Characterization 

of vapors. 

-b Portable VOC detectors - Accepted -* Development-Need to calibrate + Normal implementation needs. 
CHAR-SIN Used mutinely in IH monrtonng of 

workplace atmospheres. wed 
by OSHA. industry. 

responses to any unique air cont- 
aminants expected at the site. Operating l m m e n t  costs: Costs: Few $3 to $ $6K per each test 

-W Portablegaschromatography Accepted -* N& to develop specialized pro- + InStrument costs: S15Keach 
cedures for rapid identification of Development costs: $2541 OOK used routinely for more detailed 

analysis of workplace atmos- 
pheres by OSHA, in near-real-time. EPA. industry. Accepted 

CHAR-IWIN 
suspect materials. 

Dfferenti;il o@hl w o n  
spectmsmw evaluation neected to other contaminants and Development Costs: W K  

Demonstration, testing, and 

Prototype instrument produced 
aromatics. reliable data at ORNL. with small 

Need to extend capabilii range + capital Costs: SmK 

streamline prototype CHAR-27-IN 
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Cleanup legacy 

Prevent future 
insult 
Develop 
environmental 
stewardship 

Decontamination 
and 
Decommissioning 

783 5 CHARACTERIZATION 
I ?  

F* ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant 

* TankFarm. 

Waste Calcining Facility. 

* Auxiliary Reactor Area-ll. - Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. - TAN-607 Decon Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex - Settling Basin 

Servicewaste Diversion - 
Facility 

+ Organics: - AnyregulatioaorDOEOrders + Characterization - 
(including VOCs. PCBs.) that are listed in Vol. 1, as they 

relate to a spedfic Subelement. 

-W Insituchemicat 
(colt.). - 

Exsituchemical 

Fouriertransform - Demonstration, testing, and + Development - Need to develop Moderate capital and software 
infra-red spectroscopy evaluation needed software to enhance sitcspecific development costs. 
CHAR-1BIN applicabon. Capable of monitoring large ereas, 

real-time measurements, remote t sensing. Vendor units available. t+ SAW sensors (Surface acoustic 
wave) 
CHAR-14-IN 

+ Research and development Coatings to allow detection of + Development $WOK. 
specific gases. Desorption Device cost $2 - $1 OK. needed 

Fast response time direct mea- devices need to be optimized for Operating costs: $1- $10 per sam- 
ple. surement of organic vapors: when surface characterization. 

coupled with desorption (see sam- Extension to on-line process 
monitoring pling) applicable for surface conta- 

mination. Detection limits ot ppm 
possible: can be tailored to a spe- 
cific gas or family of gases. 
Particularly suitable for robotic 
applications. Development of PCB 
sensors under way at ORNL. 

. 

I, Z L E y d e t e c t i o n  - Accepted - - Development - Need for slight 
adaotation of method for samvles 

Capital Costs: $100-$200 
DeveloDment Costs: S2WK DOERMD Field Methods Project ~. 

CHAR-99-IN has demonstrated lppm sens&vi- 
ty in soils. Commetcially available 
test kits. 

other than soils. 

+ Synchronous fluorescence - Demonstration, testing, and 
CHAR-1 01 -IN evaluation needed validation for various matrices in Capital Costs: %OK 

Method currently being imj le-  
mented at the ORNL plan? for 
PAH in groundwater. 

Development - Methods needs + Normal implementation costs. 

order to be accepted by EPA. Development Costs: $1 OOK 

Gaschromatography- - Accepted -+ improved sampling protocols + CapitalCosts: $3mK 
mass spectroscopy 
CHAR-EEIN organic compound identification Protocols for automated instru- Operating costs: $200 - $800 per 

Development Costs: $lOOK EPA approved technique for 

can provide rapid IdenWition. 

for rapid turn around analysis. 

mentation. sample 

+ Gaschromatography- ,-W Demonstration, testing, and + Development - Need to develop - Capital Equipment: $200K 
Fourier transform infrared spec- evaluation needed protocols for targeted analysis Development Costs: $3WK 
troscopy Technology demonstrated to sup- and evaluate optimum commer- 

plement Gas Chromatography - cia1 software for site-specific 
Mass Spectrometry for com- applications. 
pound identification. Not yet €PA 
approved. 

CHAR-66A-IN 

+ Liquid chromatography - ___) Demonstration, testing, and --.) Development - Need to develop + Capital Equipment: $200K 
m a s  spectrometry evaluation needed and validate protocols for target- Development costs: $WOK 

ed anolytes. CHAR-89-IN Operating costs: $500 per sample Technology demonstrated to pro- 
vide unambiguous identification 
and quantitative measurement of 
compounds not amenable to 
Gas Chromatography- Mass 
Spectrometry Not yet EPA- 
approved. 

+ Differential optical ____) Demonstration , testing, and + Model studios and quantitative - Capital Equipment: $2WK 
calibration curves for specific absorption spectroscopy evaluation needed. 

CHAR-27-IN Best suited for long UV abso~bers; monitoring scenarios. 
f&t response time, stable spectral 
emission, levels. ppm to ppb detection 

Directsampling iontrap - Demonstration, testing, and 4 Methods development and + HardwareCosts: $1WK 
Development costs: $1 WK mass spectrometry evaluation needed 

CHAR-SIN 
field testing. 

Allows rapid determination of 
organics in air and possibly on 
surfaces. 

+ On-line supereritical fluid - Demonstration, testing, and + Optimization for and hydm + Instrumentation Cost: . $60K 
extraction- multidetector gas evaluation needed carbons in a single operation, MI- Operating Costs: c $500 per 
chromatography 
CHAR-1 l S l N  

idation and protocol develop- sample One commercial unit available for 
total petroleum hydrocarbons in ment. Development cost: S250K 
soil. Could cut analysis cost by 
factor of 4, reduce sotvent - wnta- 
minated waste, and improve sam- 
ple turnaround time. Could be 
expanded to PCBs and other 
solids. 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

I 
1 

lecontamination 
md 
Decommissioning- 

CHARACTERIZATION 

b e  ARVFSNAK - 
Fuel Receiving & Storage 
Fadli i. 

Headend Pmcassing Plant. 

TankFarm. 

Waste Calcining Faality. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area4 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

SeMceW&eDversion - 
Facility 

organics: - Any regulations or DOE Orders 
(including VOCs, PCBS.) that are listed in Vol. 1, as they 
(cont.) . relate to a specific Subelement. 

+ Characlerization -b Ex situ chemical 
(cont.) (ma.) 

* Laser ablation organic mass spec- + Demonstratlon, testing, and .+ Development of a sampling + Equipment and normal implemen- 
tation needs. trometry evaluation naaded 
Operating costs: c %500 per sam 
@e 

methodology and field testing on 
target mmpounds. Used to characterize nonvolatile 

detected by other m a s  spectrom- 
etry techniques 

CHAR-93-IN 
polar compounds that cannot be 

Gas chromatography using a mul- + Aceepted 
titude of detectors 

.-* None needed - A equipment variety of exits gas at chromatography the INEL. 
Gas chromatography using a mul- 
W e  of detectors including flame 

mal conductivity, photoionization. 
flame photometric, and thermionic. 
this has a very high e f f i c y  for a 
wide variety of organic sub- 
stances, both volatile and non- 
volatile. 

CHAR-%-IN ionization, electron capture, ther- 
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Decontamination 

The Decontamination section of this of this TLD reviews the decontamination requirements for for the INEL Decontamination and Decommissioning activities, identi- 
fies applicable decontamination technologies, and then identifies the preferred technologies when applicable 

Decontamination is broken into the following components: 

1. Surface cleaning 
a. High Pressure Water 
b. Hot Water 
C. Superheated Water 
d. Steam Cleaning 
e. 
f. Sponge Blasting 
9. Hand Brushing 
h. Automated Brushing 
1. Hot Air Stripping 
j. Dry Heat Roasting 
k. Vacuum Cleaning(1ow pressure) 
I. Strippable Coatings 
m. Ultrasonic Cleaning 
n. Microbial Degradation 
0. Fixative/Stabilizer Coatings 
P. K-20 Sealants 

Compressed Air Cryogenic C02 Pellet Blasting 

2. Chemical surface cleaning 
a. Chemical Foams 
b. Chemical Gels 
C. Organic Acid Treatment 
d. Inorganic Acid Treatment 
e. Fluoroboric Acid Treatment 
f. Caustic Treatment 
9. Electropolishing 
h. REDOX Treatment 
i. Biological Surface Cleaning 
j. Electromigration 
k. LASER Activated Chemical 
1. Organic Solvent Treatment 
m. Phosphoric Acid Treatment 
n. Oxalic Acid (OX) Treatment 
0. Hydrochloric Acid Treatment 
P- Sulfamic Acid Treatment 
9- Detergents and Surfactants 
r. Bleaching 
S. Acid Etching 
t. Lead-based Paint Removal 
U. Photochemical Degradation 
V. UltravioletlOzone Treatment 
w. Solvent Washing 

X. 
Y. Alkaline Salts 
Z. Complexing Agents 

Solvent Washing to Remove Organics 

I 

3. Mechanical Substrate surface removal 

Shot Blasting 
a. Ultra High Pressure Water 
b. 
C. Scabbler/Scarifiers (Mechanical) 
d. Grit Blasting 
e. 
f. Ice Blasting 
g. Supercritical C02 Blasting 
h. 
1. 

j- Concrete Milling 
k. Explosive 
I. Metal Milling 
rn. Drill and Spall 
n. 
0. Turbulator 
P. Vibratory Finishing 
9. Wet Abrasive Cleaning(Concrete Milling) 

Centrifuge Cryogenic C02 Pellet Blasting 

Plastic Pellet Blasting 
Hand & Automated Grinding, Honing, Scr@ing 

High- Pressu re Jet Spa1 li ng 

4. Thermal substrate surface removal 
a. Plasma Torch 
b. Laser Heating 
C. Laser Etching/Ablation 
d. Plasma Surface Cleaning 
e. Plasma Etching/Fluorination 
f. Flashlamp Cleaning 

Microwave Scabbling 9. 
h. Flaming 

5. Bulk decontamination methods 
Solvent Extraction a. 

b. Dry Heat Roasting 
C. Chemical Leaching 
d. Catalytic Extraction Process 
e. Vacuum Extraction 
f. Incineration 

Biological 9. 

6. Metal refining 
a. Smelt Purification 

1/94 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

I 
J. 

Iecontamination 
ind 
lecommissioning 

DECONTAMINATION 7 8 3  5 

b- ARVFSNAK - 
Fuel Reoeiving 8 Storage 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility, 

Auxiliary Reactor Area-ll. 

* Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. 

TAN616 Liquid Waste 

Facility. 

System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

SeMceWasteDiversion - 
Facility 

: Surface cleaning. - Any regulations or W E  Orders L) Decontamination 
that are listed in Vol. 1, as they 

* Mechanical substrate relate to a specific Subelement 

* Thermal substrate surface 
removal. 

* BulkDecon. methods. 
* Metal refining. 

* 

Steel-metals w/ 

____P Surface cleaning 
Chemical Surface Cleaning. 

surface removal. 

The above Decon. methods for 

(Radionudides) 

Concrete 
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Roofing 
(Radionuclides 8 Organics) 

Plastic; 
(Radionuclides 8 Organics) 

+ High pressure water -* Accepted -* Development - To minimize 
(5,000 to 20,000 psi) waste generation, a water treat- 

ment system is needed for DCON-52-IN 
decontamination of the waste- 
water so that the water can be 

High pressure water blasting has 
been used very successtully to 
decontaminate variou6 l a w  and 
complex surfaces at nuclear 
power plants. Effectiveness of reused. 
this technology for the listed cont- 
aminants and substrates is uncer- 
tain. DFs will be higher if chemi- 
cal cleaning agents are also 
used. Waste would be 4 to ~ 1 0 0  
gpm of contaminated waste 
water. 

Prior removal and disassembly of 
contaminated equipment and a 
glove box or r w m  that is easily 
decontaminated in which the 
decontamination will be accom 
plished plus a water treatment 
system that will allow the water 
to be recycled are needed to use 
this technology. 

Development costs: 
Appmx. $1.2M 

High Pressure System: 

' 

capital cost: 

$SI Glove - $75K box: &OK 

Work room: Approx. $250K 
Operating cost: $o.o&$M 

+ Hot water ,-* Accepted -) Improvement ~ To minimize + A water treatment system is 
EON-54-IN Flushing with hot water is  often waste generation, a water treat- needed to minimize liquid 

used following scrubbing. The men1 system is  needed for wastes from this technology. 
technique is not effective on fixed decontamination of the waste- Development cost: Approx. 
insoluble contamination. The water so that the water can be 
waste generated is the contami- recycled and reused in the hot 
nated water from the flushing water cleaning operation. 
operation. 

Capital $1.2M cost: 4 5 K  
Operating cost: 41M 

Superheated water ____) Accepted -* Development - To minimize Prior removal and disassembly of 
DCON-SIN Technology is available and has 

been used by industry. The 
removal of tightly bound or 
imbedded contaminants. smh as 
the listed contaminants cn the 
listed substrates is likely to be 
slight. Waste will be 0.4 !o 2.0 
gpm wastewater contsining 
removed contaminants. 

waste generation, a water treat- 
ment system is needed for 
decontamination of the waste- 
water so that the water can be 
reused. 

contaminated equipment and a 
glove box or room that is easily 
decontaminated in which the 
decontamination will be accom 
plished plus a design and con- 
struction of a water recycle sys- 
tem are needed to use this tech- 
nology. 
Development costs: Approx. 
$1.2M 
capltal cost 
Superheated water system: 
Approx $175K 
Glove box: &OK 
Work room: Appmx. 8250K 
Operating cost %0.05& 

+ Steam deaning 
EON-554N 
- Accepted 

This technique has proven rseful. 
especially on complex shapes 
and large surfaces. Technobgy is 
not expected to be effective for 
listed contaminants and sub- 
strates. Wastes would be 0.4 to 
2.0 gpm waste water containing 
removed contaminants. 

-b Development - To minimize + Prior removal and disassembly of 
waste generation, a water treat- contaminated equipment and a 
ment system is needed for glove box or mom that is easily 
decontamination of the waste- decontaminated in which the 
water so that the water can be decontamination will be accom- 
reused. plished plus a design and con- 

struction of a water recycle syu 
tam are needed to use this tech- 
nology. 

About$l.ZM Development costs: 

capita1 cost: 
Steam system: $50K-$75K 
Glove box: &OK 
Work mom: About WOK 
Operating cost: %O.OS$M 

+ Compressed air cryogenic Co;, + Ampted  None needed 
blasting This technology IS commercially 
EON-51-IN available. It has been usad at 

nuclear reactor sacs to deqonta- 
minate hand tools and some 
equipment. Wastes would be 
filters and HEPA filters filled wim 
the removed deposits and 
radionuclides. 

- Prior removal and disassembly 
of contaminated equipment and 
a glove box that is easily 
decontaminated in which the 
decontamination will be acarm- 
plished plus design and con- 
struction of a vacuum waste- 
handling system with Wers and 
HEPA filters to handle the 
vaporized COP containing the 
removed deposits are needed 
to use this technology. 
Capital C% system: COSE Appmx. QOOK 

Glovebox: <550K 
Operatingcost ~62-W 
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)* ARVFSNAK - 
Fuel Receiving 8 Storage 

Headend Pmcessing Plant. 

TankFann. 

Waste Calcining Facility. - Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. - Engineering Test Reactor. 

. TANb07Decon. Shop. 

TAN-616 Liquid Waste 

Faci l i .  

System. - Boraxv - Fuel Element Cutting Facility 

Fuel Processing Complex - SertlingBasin - SetviceWasteDiersion - 
Fac i l i  

. .  
* Mechanical substrate relate to a specific Subelemen't. 

- mermal substrate surface 
removal. 

* Bulk Dewn. methods. 
* Metal refining. 

surface removal. 

* The aboie Decon. methods for 

steel-metals wl 
(Radionuclides) 

+ : Surtace'cleanlng. - Any regulations or DOE Orders 
that are listed in Vol. 1. as thev 

Demntamination - + Surface cleaning 
Chemid surfaca cleaning. Icont.) 

Concrete 
(Radionuclides) 

Transite 
(ASbeStOS) 

Asbestos pipe insulation 
( A s b a a  8 Radionuclides) 

Instruments 
(Radionudides 8 Inorganics) 

Tile; Wood; Roofing 
(Radionudides 8 Organics) 

Plastic; 
(Radionuclides 8 Organics) 

-+ Spongeblasting -* Accepted - 
Although the technology is rela- 
tively new, it is currently being 
used by, at leasl two sites. 
including a nuclear power plant. 
Extensive data on decontamina- 
tion factors are not available, but 
the aggressive sponges, which 
are impregnated with abrasives. 
may be effective for the listed 
contaminants and substrates. 
Wastes consist of atout 0.01 
of blasting media and removed 
contaminants per ft2 of area 
decontaminated plus any liquid 
cleaning agents that may have 
been added to the sponges. 

DCON-5&IN 
Development - To minimize + Prior removal and disassembly 

of contaminated equipment and waste generation, a water treat- 
ment system is needed for a glove box or rwm that is easi- 
decontamination of the waste- ly decontaminated in which the 
water so that the water can be decontamination will be a a x m  
recycled and reused in the p l i e d  plus a wastewater treat- 
sponge blasting operation. menthecycle system will be 

needed to use this technology. 

Development cost: Approx. 
$1.2M 

cap i i  cost: 
Sponge blasting system: 
Approx. 620K (with blasting 
media wash unit) 
Glove box: & O K  
Work mom: Approx. $250K 
Operating ~051: Approx. $M 

-W Hand brushing _____) Accepted -* None needed 
DCON-56-IN Brushing has been used to clean 

up loose contamination for many 
years. Since little of the contami- 
nation is expected to be loose, 
this technology is not expected to 
be effective for a high number of 
INEL applications. Waste would 
be spent contaminated brushes, 
HEPA filters from the vacuum 
system. and the removed conta- 
mination. 

.-eDisassembly of contaminated 
equipment and scraping, or 
some other dw means of loos- 
ening most contamination, as 
well as a vacuum wllection sys- 
tem for dust generated would be 
needed to use this technology. 
Capital cost: Negligible 
Operating cost: W.KW .& 

-b Automated brushing 
DCON-57-IN 

-& Demonstration, testing, and Development. A test to demon- 
strate that this technology will 
work for the l i e d  contaminants 
on the listed substrates inside 
equipment should be made 
before a large capital investment 
is made. 

evaluation needed 
Brushing has teen used to clean 
the interior of plutoniumcontami- 
nated pipe at Rocky Flats to a 
shiny metal. Brushing is effective 
for removing smearable contami- 
nation, and less effective for fixed 
contamination. The efficacy of 
brushing for removing the listed 
contaminants from the listed sub. 
strates inside equipment needs 
demonstration and is doubtful. 
Waste would be spent contami- 
nated brushes, HEPA filters on 
the vacuum cleaner used to pick 
up the partides of contamination 
and substrate removed by the 
brushing, and meSe particles. 

Normal implementation needs. 
Development costs: 8200K- 
8t000K 
Capital cost: 8250K (Remote 
System) 
Operating cost: 
For pipe interiors approx 
$12,00011inear foot including 
remote operation, containment. 
and remote viewing, based on 
Rocky Flats experience. 

+ Hot air stripping --* Demonstration, testing, and 
evaluation needed 
The basic hot air stripping tech 
nology is well know for volatiles 
in liquids and many commercial 
designs are readily available, but 
this technology has na knawn or 
proposed use for dewnlaminat- 
ing equipment. Hot air might 
remwe m e  isotopes. but can- 
not be expected to remove any 
other cornaminants. Waste would 
be HEPA filters and pre-filters 
containing any removed contami- 
nants. 

DCON-541N 
.--) Science - Investigation of the Normal implementation needs. 

An off-gas collection and treat- 
ment system would be needed to 
use this technology. 
Development cost: $1-5M 

Operating cost $z-$z& 

conditions and removal efficien- 
cy for the removal of some iso- 
topes and any other contami- 
nants that might bs removed is 
needed. Capital cost Approx. WOK 
Development - Effective removal 
of the listed contaminants from 
colloete Should be demonstrat- 
ed; an off-gas treamwnt system 
needs to be designed and test- 
ed. 

+ Dry heat roasting -w Demonstration, tasting, and ----) Development - Demonstration of 

development and demonstration 
of an off- treamnt system. 

An off-gas collection and treat- 
DCON-60-IN evaluation needed the efficacy of the process; ment srjrem would be needed 

to use this technology. 
Developmentcost S14M 
Capital cost: Approx. $250K 
with collection and treatment 

Although dry heat (roasting) is an 
accepted industrial process, its 
efficacy for removing the listed 
contaminants from the listed sub- 

has some probabilii of su- 
for contaminants l ike some 
organics or cesium, but little 
chance of success for the other 
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F* ARVFSNAK - 
Fuel Receiving 8 Storage 

Headend Processing Plant. - TankFarm. 

* Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. - Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. - TAN-616 Liquid Waste 

Facility. 

System. - Boraxv 

* Fuel Element Cutting Facility 

Fuel Processing Complex 

Seffling Basin 

- SewiceWasteDversion - 
Facility 

W * Surface cleaning. - regulations or DOE Orders Decontamination 
* Chemical surface cleaning. that are l i e d  in Vol. 1, as they 
* Mechanical substrate relate to a specific Subelement 

* Thermal substrate surface 

* BulkLkcon. methods. 
* Metal refining. 

* 

Steel-metals w/ 

surface removal. 

removal. 

The above Decon. methods for 

(Radionuclides) 

Concrete 
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Roofing 
(Radionuclides 8 Organics) 

Plastic; 
(Radionuclides &Organics) 

-b Surfaca cleaning 
I 

Vacuuming, low pressure - Accepted - Development. - Cleanable, Disassembly of contaminated 
equipment and prior loosening 
of the deposits using another 
technology is needed to use 
this technology. Capital cost: 
c$10K 
Operating cost: >$I& 

reusable prefikers and HEPA fil- 
ters should be developed to 
minimize wastes. 

Vacuum cleaners have long ,been 
used to clean up loose contami- 
nation. Since lmle of the dsposits 
are expected to be in loose,form, 
deposits will have to be locsened 
by scraping or grinding before 
this technology is used. Chtically 
safe vawum cleaners should be 
an effective way to pick up 
deposits loosened by some m e r  
technology. Wastes would be 
the removed deposits and,filters 
andlor HEPA filters on the vacu- 
um cleaner. 

e DCON-WIN 

+ Strippablecoatings -* Accepted W Improvement.- A potential area + Requires removal, disassem- 
bly. and possibly some size DCON-63-IN Technology has been used for of improvement for strippable 
reduction of contaminated decontamination applications coatings in the reduction of 

invoiving hazardous and radioac- material costs. equipment. 
Capital cost: &OK contaminants. tive 

Decontamination factors of one Operating cost: 
to several hundred can be $t.oO-$1.4O/n2 
expected with two applicztions. 
Waste is a solid polymer (lmm x 
surface are decontaminated) 
containing the removed contami- 
nants. 

+ Uitrasoniccleaning -& Acceptec! - -* Technology development needs + 
DCON-65-IN Ultrasonic cleaning has been to include definition of accept- 

used for many years in the pri- able cleaning liquids that (1) are 
vate sector and in goverr ment not hazardous, (2) can be sepa- 
installations for removing sprface rated from the contaminants, 
contamination from relarively and (3) can be reused to mini- 
small metal park that can fit into mize secondary wastes. 
an ultrasonic bath. This technolo- Technology improvements 
gy has been demonstrated ilt the should include more aggressive 
ORNL Y-12 plant for the past 4 cleaning action. 
years as a substitute for solvent 
washing. The technology will 
work well for loosely bound sur- 
face deposits such as dust, dirl. 
organic, oils, PCBs, etc., on 
metal equipment, sheet metal, 
and solid depleted uranium. The 
technique is not practical for 
large items that would require 
size reduction. 

The technology is sufficiently 
mature to be used in most D&D 
applications without the need 
for additional personnel and 
educational investments. 
investment in means to pro- 
duce a more aggressive clean- 
ing action may be cost effective 
and could likely be accom- 
plished on a pilot scale for 
about 51M. If  the needs for 
more aggressive cleaning with- 
in the DOE DBD were great 
enough, private sector suppli- 
ers of ultrasonic equipment 
would likely bear the cost of its 
development. 
-The cost of application is 
high compared to other decont- 
amination methods. The cost is 
greater than &, and it may 
exceed 5 1 0 s .  

+ Microbial Degradation -* Research and Development 
needed. 
This technique has not yet been 
applied to building and equip- 
ment decontaminztion. 
Development could take 2 to 3 
years of research.Aerobic 
biodegradation has been suc- 
cessfully applied in lagoon, soil, 
and groundwater cleanups. 
Microbial degradation has been 
shown to be effective against 
pesticide contamination in a l a b  
ratory situation. 

DCON-67-IN 

+ FxaWStabilizer coatings 
DCON-68-IN 

,-e Demonstration, testing, and 
evaluation needed 
Documented use has been found 
only for PCBs, explosives, and 
radioactive contaminants, 
although coatings have the 
potential to be used against other 
types of hazardous contami- 
nants. Thii method is applicable 
to all building materials. 

A large development effort is 
needed to achieve a workable 
system. More information is 
needed on the optimum type of 
microbial organisms (aerobic vs. 
anaerobic, etc.); on product 
identity, destruction efficiency, 
and kinetics of specific microbe 
reactions; and on the effect of 
micmbes on building materials. 

To be determined for specific 
applications. 

4 Experimental work to determine Normal implementation needs. 
the degree of immobiliiation or 
desensitization necessary for 
complete safety is needed. 
Also. methods need to be estab 
lished to ensure intimate and 
lasting contact of the 
stabiliier/fixative with the conta- 
minants of concern. 
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tnd 
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Fuel Receiving 8 Storage 
Facility. 

Headend Pmcessing Plant. - TankFm.  

Waste Calcining Facilii. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area4 

Materials Test Reactor. 

Engineering Test Reactor. 

TANbO7Dewn. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv - Fuel Element Cuning Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDversion - 
Facility 

1 

sumce removal. - mermal substrate surface 
removal. :, 

* Bulk Decon. methods. 
* Metalrefining. 

* m e  above Decon. methods for 

K-20 Sealant --b Demonstration. testing, and 4 Because sealants such as K-20 The following equipment and 
evaluation needed are new and innovative deconta- supplies are needed: bNSheS. 
K-20 has been used on a PCE mination techniques, additional brooms, and other equipment to 
contaminated office buildina and data sustainina their effective- remove excess surface debris: a 

DCON-69-IN 
Surface cteaning. ____) h Y  regulations or DOE Orders Decontamination -., Surface deaning L 

* Chemical surface deaning. that are listed in Vol. 1, as they (corn.) 
* Mechanical substrate relate to a specific Subelement. 

. A . . -  

Steel-metals w/ 
(Radionuclides) 

Concrete 
(Radionudides) 

Transite 
(Asbestos). 

(Asbestos 4 Radionudides) 
Asbestos pipe insulation 

Instruments 
(Radionudides 8 Inorganics) 

Tile: Wood Hoofing 
(Radionud;des 8 Organics) 

Plastic: 
(Radionuddes 8 Organics) 

~ ~~. 
duct system, and oil spill &quid ness on various contaminants container for mixing me sealant: 
PCBs) that occurred on a Navy and materials are needed. Also. a paint brush, roller, or spray 

gun, and a drop doth; and safe- Vessel, and a chlordanecontami- the method must stand the test 
nated house. It may be effective of time. ty equipment. All equipment can 

readily be obtained from chemi- against lead, asbestos. and diox- 
cal manufacturers. ins. Additional testing of the 

product is expected sometime in 
1994. K-20 has been used on 
cinders, concrete, tile, brick mar- 
ble, and other parous materials. 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

I 

DECONTAMINATION 

Iecontamination 
Lnd 
Iecommissioning 

b. ARVFSNAK - 
Fuel Receiving 8 Storage 

Headend Pmcessing Plant. 

TankFarm. 

Facility. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. - Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

SeMceWasteDiiersion - 
Faciliity 

Surface cleaning. Any regulations or DOE Orders + Decontamination - Chemical surface - : Chemical surhwe cleaning. mat are listed in Vol. 1, as they 
* Mechanical substrate relate to a specific Subelement. 

* Thermal substrate surface 

* &Ilk h n .  methods. 
* Metal refining. 

* 

Steel-metals w/ 

cleaning 

surface removal. 

remwal. 

The above Decon. methods for 

(Radionuclides) 

C o m e  
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood: Roofing 
(Radionuclides 8 Organics) 

Plastic; 
(Radionuclides 8 Organics) 

+ Chemical foams -b Demonstration, testing, and 
evaluation needed 
Effectiveness for listed dntami- 
nants and substrates has not 
been demonstrated and is doubt- 
ful. Wastes would be contaminat- 
ed sulfonated detergents, syn- 
thetic wetting agents, and COU- 
pling agents plus remwed conta- 
minants 

DCONBIN 
Science - A fundamental under- - Normal implementation needs. 

.. standing of bubble dimensions 
and volume swell factor is need- 
ed. Operating cost: $o.so-$~.OW 
Development ~ Demonstration of 
effective in situ decontamination 
of listed contaminants on listed 
substrates with adequate control 
of bubble dimensions and vol- 
ume swell factor 

Development cost : $14M 
Capital cost: C W K  

+ Chemical gels --b Demonstration, testing,' and - Development: Complex gel for- + Normal implementation needs: 
DCON-9-IN evaluation needed mulation wim a number of com- Development Capttal cost: W K  cost $ 1 4 ~  

Gel is a carrier of chemical pounds may be required. 
decontamination agents, not an Depending on its objective, lab 
agent itself. Expected to be effec- oratory optimization will be nec- 

-v. tive only for smearable ccntami- 
nation. Wastes would be car- 
boxymethylcellulose gelling 
agent, aluminum nitrate chelating 
agent, wash water, acidic chemi- 
cal agent (possibly nitric-hydroflu- 
oric-oxalic acid), and the 
removed contaminants. Wastes 
are reportedly 4-5 times less 
compared to chemical solutions. 

Operating cost: $0.50-$2.oo/n2 

+ Organic acid treatment ___) Demonstration, testing, and - Development - Development is Normal implementation needs. 
evaluation needed Development cost: $4001000K 
The BNFL citric acid decontami- (rough estimate). 
nation process is currently used Capital cost: $4-10 million 
by BNFL at the Capenhurst meet regulatory requirements (rough estimate). 
gaseous diffusion plant for large Operating cost: approximately 
scale, successful decontamina- $300/metric ton.(BNFL esti- 
tion of wrought aluminum. A 2.5 INEL contaminated facilities. mate) 
hectare area of the Caperihurst 
plant was decontaminated by this 
pmcess. A citric acid process fol- 
lowed by a sulfuric acid process 
is used. Wastes include citr;c and 
sulfuric acids containing uranium 
and other metal ions and ion 
exchange media containirig the 
metals. 

needed on a pilot plant scale for 
waste treatments (ion exchange 
columns) to verify that we can 

and to evaluate the effective- 
ness on the metals found in 

DCON-10-IN 

+ Inorganic acid treatments ,-b 
DCON-12-IN 

Accepted -- 
Decontamination with nitric acid 
has been used for cleaning met- 
als for many yeas. Sulfuric acid 
is used less often. DFs are in the 
100 range. Wastes consist of 
large quantities of corrosive 
wastes containing the removed 
contaminants and require treat- 
ment and disposal as mixed 
waste. 

+ Fluoboric acid treatment - Demonstration, testing, and 

The technology was specifically 
designed for D8D (Chernobyl 
application) and is likely to be 
highly effective on most metal 
and metallic oxide surfaces. It 
removes the outer layer in a con- 
trolled and effectbe manner. The 
acid can be elecmlytically resn- 
erated and recyded with radioac- 
tive waste plated out 81 the cath- 
ode and solidified in cement. 
Final quantity of cement-soldied 
waste is 20-50 gramslsquare 
meter of decontamination sur- 
face. Other waste treatment 
options are possible. 

DCON-11-IN evaluation needed 

+ Development- Necessary to 
adapt modifications to the sys- 
tem (scrubbers. fiiters. treatment 
for nitrates and heavy metals) in 
order to meet regulatory require- 
ments. 
Science/Development-Possible 
development of the HN03IHF 
decontamination method, with 
or without ultrasonic agitation 

Normal implementation needs. 
Development Cost: $400- 
1OWK (Rough estimate) 
Capital Cost: $4-10 million 
(Rough estimate) 
Akhough existing facilities may 
be adaptable to the acid clean- 
ing process. a treatment facility 
for corrosive nitrate wastes will 
be required. 

Operating cost: Similar to the 
other organic and inorganic 
treatment systems. 

Development-Although the ,-* Normal implementation needs. 
method has seen application at Development (rough estimate) cost: W00-1000K 
Chernobyl with good results, 
development work is needed to Capital Cost: 800K (1990 esti- 
test applicability to US equip mate lor equipment only for 
ment. 5T/day capacity of metal) $4- 

10M (rough estimate including 
engineering 8 facilities) 

-$300 metric ton (assume 
same as for BNFL pmcess) 

operating Cost 
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TAN-616 Liquid Waste 
System. - Boraxv - Fuel Element Cutting Facility - Fuel Processing Complex 
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* Mechanical substrate relate to a specific Suixlemen't. 

* T h e m  se t ra te  surface 

* Bulk Deco~?. methods. 

surface removal 

removal. 

Metal refinmg. 

-.-I ... .= 
(cont.) 

Any regulattons or DOE Orders Decontaminatim + Chemical surface 
that are listed in Vol. 1. as thev 

+ Surface cleaning. 
Fb.","" Chemical nultace cleaning. 

* The above Decon. methods for 

Steel-metals vil 
(Radionuclides) 

Concrete 
(Radionuclides) 

Transite 
(Asbestos) ! 

Asbestos pipe insulation 
(Asbestos & Radionuclides) 

lnsttuments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Rmfing 

Plastic; 

(Radionuclides 8 Organics) 

(Radionuclides 8 Organics) 

+ Caustictreatments --e Accepted. -W None for removal of smearable 

soaps. tec. possibly some tech- 
nology development and basic 
research to gather data and to 
determine usefulness of alkaline 
dissolution of surface films. 

+ A waste treatment plant is 
DCON-13-IN Decontamination of surface contamination with carbonates, needed to treat the wastewater 

resulting from the decontamina- 
tion operation. 
Capital cost: <$10K 
Operating cost: >$I/# 

smearable contamination using 
caustic chemicals (principally 
soap and water) has been used 
for many years. Since many of 
the listed contaminants are 
expected to be fixed or to have 
penetrated. at lean panially. into 
the substrate, caustic scrubbing 
is expected to only partially 
decontaminate the contaminated 
substrate. Wastes would consist 
of used caustic solution contain- 
ing the removed contaminants, 

+ Electropolishing 
DCON-15-IN 

-+ Accepted .-* Primary and secondary waste 
treatment and solution recycle 
need to be developed. Cleanup 
principles are well established 
so that only design and demon- 
stration are needed. 

Electropolishing is widely used to 
remove radioactive contaminants 
from metal surfaces. Acidic solu- 
tions will be generated which 
must be recycled, perhaps by ion 
exchange methods. 

+ Nonnal implementation needs 
Development cost: WC-lOOOK 
Capital (Rough cost: estimate) not available (can 

be constructed in modules eas- 

Operating cost: m i n *  more 
expensive than most other 
methods since items must be 
subjected to electric current. 

ily) 

+ REDOX treatments 
DCON-14-IN 

+ Biological surface cleaning 
DCON-17-IN 

+ Electromigration 
DCON-20-IN 

Demonstration, testing, and 
evaluation needed 
REDOX treatments include Cirox 
(a mixture of oxalic and citric 
acids), low oxidation-state metal 
ion process, cerium solutions in 
acid, Alkaline Permanganate an 
oxidizer, and Ammonium Citrate- 
Dibasic a neutralizer. REDOX 
treatments have been demon- 
strated for nuclear power plant 
decontamination. DFs of 10- 
100 may be expected based on 
experience in nuclear power 
plants. With recycle, waste is 
spent ion exchange media con- 
taining removed contaminants. - Research and development 
needed 
Organisms that destroy organics 
have been identified. Method is 
unlikely to remove radionuclides. 
Waste would be a sludge con- 
taining remains of bacteria and 
inorganic contaminants. Methane 
is a likely gaseous product. 

+ Development - All REDOX tech- A system for treating the 
niques will require bench-scale REDOX reagents to permit 
testing and small-scale demon- recycling these reagents will be 

needed to use this technology. strations to determine their use- 
fulness for decontamination of Development costs: $2.5- 
specific contaminated compo- 65.OM 
nents. Capital costs: >$1 M 

Operating cost: ~pprox.  $I/+ 

Science - Find culture tech- 
niques that provide successful 
decontaminate on a lab scale. 
Development . Develop tech- 
niques that successfully decont- 
aminate on large scale. 
Develop equipment cost and 
decontaminate rate and cost 
information. 

Facilities for cunivating the bac- 
teria and disposing of lt!a bac- 
terial sludge would be needed. 
Development cost: 
SOOK-800Kfyear Capital cost: approx. $2WK 

Operating cast: 
$0. 1 C - S . O O m 2  

-* Research and development Development - Additional small- - Nonnal implementation needs. 
needed scale 'proof of principle' tests Development costs: $1 .O M 

are needed followed by larger Capital cost: Appmx. W K  Pre-mnceptual - Initial data indi- 
cate 90+% removal of U 8 scale field demonstration. A Operating cost: ~ppmx.  $yi1* 

treatment system that would radionuclides from concrete. 
Applicable. in principle. to permit recycle of the electrolyte 

is needed. actinides 8 chromate. Removal 
of oil possible in principle. but not 
demonstrated. Removal of other 
isotopes also needs lo be 
demonstrated. Wastes would be 
electrolytes containing removed 
contaminants and scrap cell aun- 
ponents. 

Laser aaivated chemistry 
DCON-t&IN 

- Research and development - Development - Demonstration of Vacuum systems capable of 
needed vacuum systems capable of col- collecting removed contami- 

Development costs: %2M + selected reactions is proven. 
Small scale decontamination has capital cost: 

$1-1OMlmachine been demonstrated. Waste would 
be prefilters and HEPA filters Operating cast: Unknown 
filled with removed comaminants 

Acceleration of reaction rates for W n g  removed contaminants. nants. 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decommissioning 
md 
lecontamination 

Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area4 

- Materials Test Reactor. 

Engineering Test Reactor. 

* TAN-607Decon. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDversion - 
Facility 

. . . .. . - . -. 
* Chemical surtsce cleaning. -1 mat are listed in VOI. I, as they . cleaning 
* Mechanicalsubstrate relate to a specific Subelement. (cent.) 

* mermal substrate su~ace 

* BulkDecon. methods. 
* Metal relining. 

' The above Decon. methods for 

surtace removal. 

removal. 

Steel-metals w/ 
(Radionuclides) 

Concrete 
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood Roofing 
(Radionuclides 8 Organics) 

Plastic; 
(Radionuclides 8 Organics) 

+ Organicsolventtreatment - Acc~ptet! W Solvents that are less damaging Normal implementation needs. 
Dry cleaning of anticontamination 
clothes and rubberized aiticles . identified and demonstrated. 
has some advantages pver .Mer- 
gents in that a much small$ vol- 
ume of wastes are producetl. and 
dry cleaning in many cases is 
equal to or better than water 
cleaning. The wastes produced 
are normally a sludge and a 
small amount of trichloroethane 
solvent. For other applications, 
!he solvents are used to d&lve 
certain organic materials'from 
surfaces. 

to the environment need to be DCON-21-IN 

+ PhosDhoric acid treatment - Accepted -b Adaptation to system (i.e. scrub- Treatment 
- DCON-22-IN Phosphoric Acid rapidly dcfilms 

and decontaminates carbon steel 
surfaces. At 6O-7O0C inhibited 
dilute (10%) phosphoric acid 
solutions will remove 95-99% of 
the contamination and all visible 
film in approximately 20 minutes, 
and a ferrous phosphate film 
forms and deposits on the pipe 
walls along with the contamina- 
tion. Phosphoric acid is tw cor- 
rosive to use on operating reactor 
systems without a suitable 
inhibitor. 

bers. filters. treatment for corro- 
sives and heavy metals) in order 
to meet regulatory requirements. 
Continued research and devel- 
opment, waste treatment, and 
volume reduction. Possible 
research and development in 
control of base metal dissolu- 
tion. 

+ Oxalic acid treatment 
DCON-DIN 

--eAccepted -- 
Oxalic Acid was used a: the 
Savannah River Plant in stainless 
steel heat exchangers. The 
process consisted of filling the 
system with water, adding a cor- 
m ion  inhibitor (femc sulfate 2.6 
gll). steam heating to 7OoC. 
adding oxalic acid to 2 wp? and 
recirculating the mixture. The 
system was !hen drained, water- 
rinsed and neutraliied with 50% 
KOH. The system was rinsed 
and drained again with watei. 

+ Hydrochloric acid treatment + Accepted - 
DCON-24-IN Hydrochloric Acid is a reducing 

agent and one of the first chemi- 
cal cleaning agents used for utili- 
ty boilers. However, the chloride 
content is highly corrosive to 
stainless Steel and should not be 
used for nondestructive deconta- 
mination of primary systems. 
When used on c a h n  steel sys- 
temS a corrosive inhibaor should 
be added if the system is to be 
returned to service. 

+ Sulfamic acid treatment 
DCON-251N 

-b Demonstration, testing, and 
wftluation needed 
Sultamic Add with an inhibitor is 
an effective decontaminant for 
carbon steel components. It pro- 
vides good DFs with low cwro- 
sion rates. Redeposition 0- film 
formation does not occvr. 
AdvantagedEffedveness: 
Because it is a less reactive 
reagent, longer contact times 
other may be reagents. necessary than with 

-b Adaptation to system (i.e. scrub- 
bers, filters, treatment for corro- 
sives and heavy metals) in order 
to meet regulatory requirements. 
Continued research and devel- 
opment, waste treatment, and 
volume reduction. Possible 
research and development in 
control of base metal dissolu- 
tion. 

. Adaptation to system (Le. scrub- 
bers. filters, treatment for c o r n  
sives and heavy metals) in order 
to meet regulatory requirements. 
Continued research and devel- 
opment, waste treatment, and 
volume reduction. Possible 
research and development in 
control of base metal dissolu- 
tion. 

Adaptation to system (Le. scrub- 
bers. filters. treatment for c o r n  
sives and heavy me&) in order 
to meet regulatory requirements. 
Continued research and devel- 
opment, waste treatment. and 
volume reduction. Possible 
research and development in 
control of base metal dissolu- 
tion. 

cility either on site 
or accessible to decontamina- 
tion facility. Support personnel 
to sample, analyze, develop 
treatments, and ensure compli- 
ance with RCRA regulations will 
be necessary; thus, operation 
costs may be relatively high. 

- Treatment facility either on site 
or accessible to decontamina- 
tion facility. Support personnel 
to sample, analyze, develop 
treatments. and ensure compli- 
ance with RCRA regulations will 
be necessary: thus, operation 
costs may be relatively high. 

- Treatment facility either on site 
or accessible to decontamina- 
tion facility. Support personnel 
to sample, analyze, develop 
treatments. and ensure compli- 
an- with RCRA regulations will 
be necessary; thus, operation 
costs may be relatively high. 

- Treatment facility either on site 
or accessible to decontamina- 
tion facility, Support personnel 
to sample, analyze, develop 
treatments, and ensure cwnpli- 
ance with RCRA r e g u l a h  will 
be necessary; thus, operation 
costs may be relatively high. 
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DECONTAMINATION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decommissioning - 
and 
Iecontamination 

). ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN407Decon. Shop. 

TAN-616 Liquid Waste 
Syslem. - BoraxV - Fuel Element Culting Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDiversion - 
Facility 

b * Surtaceclbsnina. e Anv mulations or DOE Orders Decontamination + Chemical surface 
* Chemical sufi-ce cleaning.d 
* Mechanical substrate 

* Thermal sybstrate surtace 

* BulkDecon. methods. 
* Metal refieg. 

* The above,,&&. methods for 

Steel-metals W/ 

surface I'emoval. 

removal. 

. .  

(Radionucljdes) 

Concrete 
(Radionuclides) 

Transne 
(Asbestos). 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile: Wood: Roofing 
(Radionuclides 8 Organics) 

(Radionuclides 8 Organics) 
Plastic; 

. .  

thdt a 6  listed in Vol. 1, as they 
relate to a specific Subelement. 

cleaning 
(cont.) 

DCON-26-IN Detergents and Surfactarm 

Bleaching EON-27-IN ,-b 

Accepted - None needed. -b Normal implementation needs. 
Most commercial detergents 
involve some formulation of a 
detergent (sodium laurel sulfate, 
sodium oleate, alkyl aryl 
sulphonate) that also acts as a 
wetting agent or surfactant, a 
phosphorous or carbonate salt 
(Na3P04. NaX03), a thickening 
agent (carboxyl methyl cellulose), 
and other fillers. EDTA or other 
complexing agents may also be 
added. 

Accepted Basic safety requirements that 
Bleach formulations chemically are used when working with 
degrade and de tom many cont- chemical agents and pesticides 
eminants, especially pesticides. the corrosive impact of bleach . should be adhered to. 
Chemical degradation rates can Additional safety equipment 
be affected by other pre- or post- depends on the toxicity of the 
bleach decontamination efforts. contaminants. 
Bleach formulations are nomlly 
used in conjunction with other 
decontamination techniques, 
most often as a follow-up for 
detoxifymg pasticides. 

- Work is needed to improve the 
technique for applying bleach to 
porous surfaces and to lessen 

on equipment and building 
materials. 

+ Aad Etching -b Accepted - Adaptation to system (i.e. scrub 
This method is applicable to mild bers, filters, treatment for corm 
steel and wood surfaces: it may sives and heavy metals) in order 
be effective on other surfaces, to meet regulatory requirements. 
such as concrete. Acid etching is Continued research and devel- 
only a surface treatment: i t  opment. waste treatment, and 
removes contaminants from volume reduction. Possible 
metal surfaces and wood very research end development in 
effectively and completely. control of base metal dissolu- 

tion. 

EON-PEIN 
Treatment facility either on site 
or accessible to decontamina- 
tion facility. Supporl personnel 
to sample, analyze. develop 
treatments, and ensure compli- 
an- with RCRA regulations will 
be necessary: thus, operation 
costs may be relatively high. 

+ Lead-based paint removal Accepted --b None needed. .-e Because of the possibility of 
DCON-SIN Peeling Paint is then removed exposure to airborne contami- 

from surfaces through a combi- rants, a training program should 
nation of commercial paint be conducted and safety equip 

ment should be used. removers, hand scraping, water 
washing, and detergent scrub- 
bing. This combination of 
removal methods should allow all 
surface areas of a building to be 
reached and affected. 

+ Photochemical degradation - Demonstration, testing, and d Research is needed for further To be determined for specific 
DCON-N-IN evaluation needed establishing specific UV apPliit iW. 

Photochemical degradation is lightlhydrogen donor/contami- 
potentially applicable to all sur- 
faces, although best results can 
be expected on smooth surfaces. 
Photodegradation efficiencies 
have not been well documented. 
It is believed, however, lhal pho- 
todegradation could result in 
complete in situ elimination of 
toxic residues on sulfates. 

nant procedures. 

+ Ultra violet (Uv)/ozone -b Demonstration, testing, and 

This method has been used by 
the semiconductor industry to 
decompose organic contaminam 
molecules to volatile molecules, 
such as COz , H20. N2. Only 
contaminants that will dissodate 
and react with atomic oxygen to 
form volatile molecules are 
removed. 

DCON-194N evaluation needed 
Science: Using commercial 
UV/ozone hardware, laboratory 
scale experiments should be 
conducted to establish cleaning 
rates on removing organic mnt- 
aminants from different sub- 
strates and to develop neces- 
sary techniques to handle the 
waste generated. Subsequently, 
the equipment should be devel- 
oped with a capability of per- 
forming robotic. remote, and 
automatic operation with com- 
puter control. 

Normal implementation needs. 
$1 Development million ($200K cost equipment, 

S8mK swt) 
Demonstration activities: 
$2 million ($500K equipment, 
$1.5 Capital million ccst: staff) Potentially much of 

the equipment used in the 
demomratbn au ld  be used in 
the production phase. Uncertain 
additional capital cmo. 
Operating cost: -$l/e (rough 
estimate) 



DECONTAIj/lINATION ' T 8 3 5  

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecornrnissioning 
ind 
lecontarnination 

+ regulations or DOE Orders --t Decontamination - Chemical surface w * Sutfacadeaning. ). ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

- Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv - Fuel Element Cutting Facility - Fuel Processing Complex 

W i n g  Basin - SeMceWasteDversion - 
Facility 

* Chemical aurtace cleaning. A that are listed in Vol. 1, as they 
relate to a specific Subelement. Mechanical substrate 

surface removal. 
* Thermal substrate surface 

* Bulk Decon. methods. 
* Meld refining. 

* 

remwal. 

The above Decon. methods for 

Steel-metals wl 
(Radionudides) 

Concrete 
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

lnstnrtllents 
(Radionuclides 8 Inorganics) 

Tile; Wood: Roofing 
(Radionuclides 8 Organics) 

(Radionudides 8 Organics) 
Plastic; 

+ Solventwashing -& Research and development 
needed 
Solvent degreasing was used 
successfully for many years, 
however, it's use has.been 
stopped to avoid exposing work- 
ers and the environment to the 
hazardous solvents. The,effec- 
tiveness of less hazardous sol- 
vents would have to be demon- 
strated. Solvents are not expect. 
ed to successfully remove the 
listed contaminants from the list- 
ed substrates. Wastes would be 
the solvents containing removed 
contaminants. 

DCON-61-IN 

+ Solvent washing .-& Research and development 

Solvent cleaning of small items 
has been used at ORNL a id  me 
cleaning of larger areas has been 
demonstrated at Hanford. The 
use of solvent cleaning has been 
stopped at both sites to avoid 
exposing workers and the envi- 
ronment to the hazardous sol- 
vents. Other solvents may be 
available, but their effectiveness 
would have to be demonstrdted. 

DCON-62-IN needed 

+ Alkaline Salts ,-& Demonstration, Testing and 
DCON-7EIN Evaluation required - Alkaline 

salts (Le.. bases) are used to 
remove grease and oil films, to 
neutralize acids. as surface pas- 
sivators. to remove paint and 
other coatings, as a rust remwer 
for mild steel, as a solvent for 
species that are soluble at high 
Ph. and as a means of providing 
the right chemical environment 
for other agents. As a degreaser, 
they are normally mixed with 
detergents, and most comn,ercial 
detergents contain mild caustic 
compounds. 
AdvantagesEffectiveness: T h e 
advantages of using alkaline 
solutions are that they are cheap, 
are easy to store, have fewer 
material problems than acids, 
and can be applied in the form of 
gels for ceilings and walls. 

+ Complexing Agents Demonstration, Testing and 
DCON-794N Evaluation required - EDTA 

works best with most ions; but it 
is expensive, and its pH range is 
too high for strong acid solutions 
used to attack metal oxide layers. 
EDTA is most often used with 
detergent, oxidizing agents, or 
weak sive and acids, nontoxic. and it is noncorro- 

Advantages/Effectiveness:l h e 
advantages of using complexing 
agents are that they increase the 
DFs of most decontamination 
agents, can perform dual tunc- 
tions (in the case of the organic 
acids), and are relatively safe 
and nontoxic. 

+ Development - Solvents that are + Requires removal and disas- 
sembly of contaminated equip less damaging to the environ- 

ment need to be identified and ment and size reduction to 
roughly 2 tonslpiece for pro- their effectiveness dernonstrat- 
cessing. Spent solvents would ed. 
have to be 'burned' at the 
TSCA innherator. 
Development costs: $145M 
Capital cmt: Approx. W K  
Operating cost: Approx. 
$O.OlAb 

+ Development-Solvents that are 
less harmful to health and the 
environment need to be identi- 
fied and demonstrated. 

Solvent off-gas collection and 
treatment system would be 
needed. 
Development cost - 814.5M 
Capital cost: 
$4WK (4K Ib. unit) 
Operating Cost: 
$0.10 -$l.OOhb. 

+ None needed. -& Treatment facility either on site 
or accessible to decontamina- 
tion facility. Supporl personnel 
to sample, analyze. develop 
treatments, and ensure compli- 
ance with RCRA regulations 
will be necessary; thus, opera- 
tion high. costs may be relatively 

----) None needed -* Treatment facility either on site 
or accessible to decontamina- 
tion facility. Support personnel 
to sample, analyze, develop 
treatments, and ensure compli- 
ance with RCRA regulations 
will be necessary; thus, opera- 
tion costs may be relatively 
high. 
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DECONTAMINATION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
and 
lecommissioning- 

ARVFSNAK - 
Fuel Receiving a Storage 
Facility. 

Headend P-ing Plant. 

Tank Farm. 

Waste Calcining Faci l i .  

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 D a n .  Shop. 

TAN416 Liquid Waste 
System. 

Borax V 

Fuel Element Cuning Fac i l i  

Fuel Processing Complex 

Settling Basin 

Sewice Waste Diversion - 
Fac i l i  

Any regulations or DOE Orders Decontamination t Mechanical subshate - 
that are listed in Vol. 1, as they 
relate to a specific Subelement. 

Chemical sirfade cleaning. surface removal 1 t : Surfacecliining. 

Mechanical substrate 
surface removal. 

* Thermal scbstrate surface 

* BulkDecon: methods. 
' Metal refining. 

* 

Steel-metals wv/ . 
(Redionudides) 

remwal. . 

The above Decon. methods for 

Concrete 
(Radionuclides) 

(Asbestos) 
Transite 

Asbestos pipe insulation 
(Asbestos ti Radionuclides) 

Instruments 
(Radionuclides B Inorganks) 

Tle; Wood; Roofing 

Plastic; 

(Radionuclides 8 Organics) 

(Radionuclides 8 Organics) 

+ Ultra-high-pressure water .-b Accepted -* 
(up to 55,000 psi) Technology is used by industry to 
DCON-%-IN decontaminate metal parts. 

Should work for listed contami- 
nants and substrates. Unless a 
recycle system is developed, 
waste would be 3-5 gal water per 
H2 cleaned containing contami- 
nants removed plus, perhaps, 
some metal substrate. 

+ Shot blasting -* Accepted 
Commercial shot blasters ere 
used to remove rust and marine 
growth from ship hulls and to 
clean structural steel. 
Decontamination factors of 10- 
100 can be expected. Waste is 
about 0.1 Ib spent shot/# decont- 
aminated plus contaminants 
removed and trace amounts of 
eroded substrate. 

DCON-SIN 

Development - To minimize 
waste generation, a system is 
needed to treat the water so that 
itcanberecyded. 

Improvement - Vacuum systems 
with nozzles designed to match 
commonly decontaminated parts 
are needed to minimize the 
spread of contamination. 

Prior removal and disassembly of 
contaminated equipment plus an 
enclosed glove box and/or mom 
that is easily decontaminated on 
the inside is needed in which the 
ultra high-pressure water 
(UHPW) system will be used. 

Development cost: $1.2M 
(Recycle system); $200-1000K 
(Vacuum system for each nozzle 
design) 
capita1 cost: 
UHPW system: > $500K (with 
vacuum system) 
Glove box: . W K  
Work room: Appmx. $250K 
Operating ccst: M 

+ Improvement - Vacuum systems Prior removal and disassembly of 
contaminated equipment plus an 
enclosed glove box and/or rmm 
that is easily decontaminated on 
the inside is needed in which the 
shot blaster system will be used. 

Development cost: $200-1500K 
(Vacuum system for each nozzle 
design) 
capital cost: 
Shot blaster: > 650K (with vacu- 
um system) 
Glove box: & O K  
Work mom: Appmx. $250K 
Operating cost: Approx. $0.40/ft2 

with nozzles designed to match 
commonly decontaminated parts 
are needed to minimize the 
spread of shot and contamina- 
tion. 

ScabbledScarifiers ___) Accepted ,-+ Improvement - Scabbler heads, 
Mechanical scabblers are wdely vacuum systems with nozzles DCON-37-IN 
used. They are generally effec- designed to match decontami- 
tive, but leave some hot spots. nated park, and finers are need- 
Noise would be a problem. ed to minimize the spread of 
Waste would be removed contamination. 
deposits, trace amounts of erod- 
ed substrate, scabbler bits, fibers. 
and HEPA filters. 

- + Gritblasting -* Accepted 
DCON-SIN Has been used for many applied- 

tions in the nuclear industry. 
Technology is generally effecliie 
(DF=lO-t00). Waste would be 
spent grit containing abraded 
substrate and removed contami- 
nants plus filter. Waste produc- 
tion rates depend upon substrate 
being decontaminated (O.oo50.1 

+ Centrifuge cryogenic CQ pellet + Demonstration, testing, and 
blasting evaluation needed 
DCON-SIN Centrifuge pellet acceleration 

has been demonstrated in the 
DOE fusion energy program. 
Technology will be likely success- 
ful with essentdly infinite decont- 
amination factors. Waste would 
be filters and HEPA filters filled 
with removed contamination and 
a small amount of substrate, 
which would also be removed. 

Improvement - 1) More durable 
blast media are needed to mini- 
mize wastes. 2) Better vacuum 
systems for collecting blest 
media are needed to minimize 
spread of blast media and conta- 
mination. 3) Demonstration of 
specific blast media for listed 
contaminants and substrates is 
needed. 4) Process automation 
is needed to improve efficiency. 
5) A system to separate contami- 
nants from Mast media and pack- 
age the wastes is needed. 

Scabblers are typically used for 
concrete and lWe implementa- 
tion cost is encountered. 
Development cost: $300- 
lOOOK (Vacuum system and 
scabbler head for each design 
required) 
Capital cost 
Scabbler: > 8 0 K  (with vacu- 
um system) 
Operating cost: Approx. 
$1 .Gum2 

Prior removal and disassembly of 
contaminated equipment plus a 
system to separate contaminants 
from blast media and package 
the wastes is needed. 

Development costs: 1) More 
durable blast media, 2) Better 
vacuum systems, 3) demonstra- 
tion on listed contaminants and 
media: $1-6M, 4) Process 
automation: $3-4M. 5) Waste 
treatment and packaging: 
Approx. $4M 
C a p i i  cost Approx. EOOK 
Operating cast M 

+ Development - Demonmation of + Prior removal and disassembly of 
a practical system with high- contaminated equipment and a 
velocity pellets delivered at a glove box or mom that is easily 

decontaminated in which the Sufficient rate and adequate 001- 
lection of removed contami- decontamination will be aaDm 
nants. plished plus oxygen depletion 

precautions are needed to use 
this technology. 
Development cost &.4M 
capitalcost 
Centrifuge system: Approx. 
$?BOK 
Glove box: & O K  
Work mom: Approx $%OK 
Operating cost: Approx. 50.25- 
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DECONTAMINATION 7 8 3 5  

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
ind 
lecommissioning 

b *  ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Prowsing Plant. 

TankFarm. 

Waste Calcining Facility. - Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TANb07Decon. Shop. 

TAN416 Liquid Waste 
System. 

B o m v  

Fuel Element Cuning Facility 

Fuel Processing Complex 

Settling Basin 

SeMceWasteDiiersion - 
Facility 

Any rwulatiow or DOE Orders Decontamination - Meshanical substrate 
that are liied in Vol. 1, as they 
relate to a specific Subelement. 

surface emoval 
ll-nnt \ 

Surface cleaning. ' Chemical surface cleaning. 
* Mechanical substrate 

sultace removal. 
* Thermal substrate surface 

* BulkDecon. methods. 
* Metril refining. 

* 

steel-mstals w/ 

removal. 

The above Decon. methods for 

(Radionuclides) 

Concrete 
(Radionuclides) 

T m i t e  
(Asbestos) 

(Asbestos 8 Radionuclides) 
Asbestos pipe insulation 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Roofing 
(Radionuclides 8 Organics) 

Plastic; 
(Radionudides 8 Organics) 

,-. ..., 
Development -automation/robot- 
ics adaption. 

Prior removal and disassembly 
of contaminated equipment and 
a glove box or room that is easily 
decontaminated in which the 
decontamination will be acMm- 
plished are needed to use this 

+ Iceblasting -+ Accepted - 
DCON+lN Efficacy of commercial sysi3m for 

thii application needs dem-ra- 
tion at INEL. Wastewould be 
about 14 to 18 gallonshour waste 
water containing removed .&ma- 
minants. technolcgy. 

Capital cost: 
Evaporator for wastewater treat- 
ment: -WK.  
Ice blasting system: Approx. 
$180K (Add Approx. $240K for 
automatic Glove box: control) &OK 

Work room: Approx. $25OK 
Operating cost: c $I/# 

+ Supercritical CO, blasting -* Demonstration, testing, and 
evaluation needed 
This technology is being devel- 
oped by a private company. 
Likely to be effective with large 
decontamination factors. Waste 
would be contaminants End a 
small amount of the substrate 
contained in a cydone and HEPA 
filters. 

DCON-41-IN 
+ Development - Investigate the 

effect of operating parameters 
on removal rates and removal 
and collection efficiencies for 
contaminants. Demonstrate &I 
cacy for substrates and contami- 
nants of interest. 

Prior removal and disassembly of 
contaminated equipment and a 
glove box or mom that is easily 
decontaminated in which the 
decontamination will be accom 
plished plus oxygen depletion 
this precautions technology. are needed to use 

$lWOK Development cost: $250K- 

capital cost 
Supemitical C& system: 8500- 
S l W K  
Glove box: &OK 
Work room: Approx. Q50K 
Operating cost: 

-t Plasticpelletblasting -) Accepted -- 
Plastic pellet blasting is a nidely 
used alternate to sand blasting 
for applications in which it is 
desired to impart minimal dam- 
age to the substrate. Technology 
is not likely to remove listed wnt- 
aminants from listed substrates. 
Waste would be spent plastic pel- 
lets plus any renmved contamina- 
tion. 

DCON-424N 
+ Improvement - Minimize blast Prior removal and disassembly of 

media erosion to minimize contaminated equipment and a 
waste; automationlrobotics glove box or room that is easily 

decontaminated in which the adaption. 
decontamination will be accom 
plished plus a system for pro- 
cessing wastes to an acceptable 
form are needed to use ths tech- 
nology. 

$lWOK Development cost: 8250K- 

Capital cost 
Plastic pellet blasting system: 
Approx. $50K 
Glove box: c$5OK 
Work mom: Approx. Q50K 
Operating cost: $0.75%2.25l# 

Grinding, Honing, Scraping Accepted -) Improvement - A remotely oper- Prior removal and dmssembty 
of contaminated equipmem and DCON4&44-IN Hand grinding has been used ated system for minimizing 
a glove box or room that is easi- worker exposure should be . successfully for small-scale 
ly decontaminated in which the developed. decontamination. Technology is 

successful. Substrate plus coma- decontamination will be a a x m  
plished plus a system for pro- minants are removed in the 

P- cessing wastes to an accept- 
able teChnOlOgy. form are needed to use this 

$ 1 W K  Development cost: S250K- 

Grinder $150 (S?SK-(6200K with 
remote Glove box: operation) c55oK 

Work room: Approx. S250K 
Operating cost Approx. SI/# 

Capital cost 



DECONTAMINATION 

I Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
ind 
Decommissioning 

) *  ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Procassing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

- Engineering Test Reactor. - TAN-607Decon. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDiversion - 
Facil i i  

I 

1- Any regulations or DOE Orders Decontamination - Mechanical substrate 
* Chemical surface cleaning. 

MechanicaFsubstrate 1 
sutface remdval. 

* Thermal substrate surface 
removal. 

* Bulk Decon? methods. 
* Metal refining. 

* 

Steel-metals wl 

that are listed in Vol. 1. as they 
relate to a specific Subelement. 

The above Decon. methods for 

(Radionuclides) 

Concrete 
(Radionudides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; W w d  Roofing 
(Radionuclides 8 Organics) 

Plastic: 
(Radionuclicks 8 Organics)) 

+ Concrete milling -+ Research and development Development - The technology + Normal implementation needs. 
Development cost: Approx. 

Concrete milling equipment is 
commercially available.and used Capital cost S50KG63K 
on roads. but no references to its Operating cost: $0.02 - 

been found. It is only suitable for 
use on large horizontal surfaces. 
Waste would be removed con- 
crete (6-25mm) and contami- 
nants. 

to remotely operate the equip 
mentis needed. S3M 

DCON-47-IN needed 

use for decontamination have $0.14# 

+ Explosive ,-b Demonstration, testing, and 

Explosive scrabbling has been 
used at nudear reactors, but has 
not been demonstrated on the 
buildings at the INEL. 
Technology is expected to be 
succsssful. Waste would be rub 
ble from removing 3-4" concrete 
plus removed contaminants. 

DCON4IN evaluation needed 
+ Development - Safety concerns 

need to be resolved. Better 
containment of dust and better 
assurance of prevention of 
structural damage to the build- 

ing Improvement is needed. - Better methods 
of applying the explosives and 
more uniform detonations that 
remove less concrete are need- 
ed. 

A certified blasting technician 
and covers to contain the dust 
will be needed along with an air 
evacuation system with filters 
Development cost: $1-4M 
Capital cost: ct50K 
Operating cost: npprox. W 

+ Metal milling -b Accepted -e Development. - the technology + Prior removal and disassembly 
of contaminated equipment is 

Capital cost: Approx. $1 OOK 

Milling has been used to deconta- 
minate individual items. Milling mentis needed. needed to use this technology. 
will remove any contamination 
completely along with part of the Operating cost: Approx. 

layer (up to 1/8 in.) of substrate 
containing the contaminants. 

to remotely operate the equip- DCON-451N 

substrate. Waste will be the top $t7.50m2 

+ DrillandSpall ,-b Accepted + None needed. -* Normal implementation needs. 
DCON-49-IN The drill and spall technique is 

applicable to concrete and is rec- 
ommended for removing surface 
contamination that penetrates 1-2 
in. into the surface. This tech- 
nique is good for large-scale, 
ObStNCtiOn free applications. 

+ High Pressure Jet Spalling + Accepted ______) None needed. -b Normal implementation needs. 
The glycerine gun has been 
extensively tested and has been 
shown to create small craters 3-4 
in. in diameter and 0.75 in. deep. 
The shots are fired about 3 in. 
apart in a triangular pattern. The 
water cannon uses compressed 
gas to drive a piston and force a 
small quantity of water through a 
nozzle. A hmnel-shaped shield is 
placed over the nozzle to protect 
the operators and collect debris 
through a vacuum system. Firing 
rates of up to 5 shots per second 
are possible. 

DCON-SIN 

+ Turbulator ,-b Accepted -* None needed. -b Site specific implementation 
DCON-81-IN This technique IS best sutted for needs. 

components with nonfixed conta- 
mination (Le., loosely deposited, 
loosely adhering contamination), 
Nonfixed contamination is gener- 
ally found on such components 
as metallic hand tools, pump 
seals and pistons, valves, seal- 
injection filters and other filters, 
and controldrive mechanisms. 

+ Vibratory finishing -+ Accepted ,-e None needed. -* Site specific implementation 
DCON-82-IN his technique is commonly used needs. 

in manufacturing as a deburring 
technique. However, it is also 
applicable for decontaminating 
such items as hand tools (e.g.. 
hammers, wrenches, screw- 
drivers) and large quantities of 
smaller items. The size and 
weight of the objects are obvious- 
ly limited to the size of the vibra- 
tory container. 1/94 
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DECONTAMINATION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecornmissioning 
md 
lecontarnination 

-). ARVFSNAK - 
0. Fuel Receiving 8 Storage 

Facil i. 

Headend Processing Plant 

TankFarm. 

0 Waste Calcining Faali i. 

Auxiliary Reactor Area-ll. 

- Auxiliary Reactor Area-I. 

Materials T& Reactor. - Engineering Test Reactor. 

TAN-607Decon. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cuiting Facility 

Fuel Processing Complex 

WingBas in  - SeMceWasteDversion - 
FaCili 

* Mechan&laubstrate 2 
surface removal. 

* Thermal substrate sulface 

* Bulk Decon. methods. 
* Metal refining. 

relate to a specific Subelement 

removal. 

used by many nudear faalias to 
remove srnearable and fix@ con- 
tamination from metal sqfaces, 
such as structural steel, SCaf- 
folds, components, hand tools 
andmachinepark. . 

* The above Decon. methods for 

Wet abrasive clewing -b Accepted b None needed. -b Site specific implementation 
needs. Wet abrasive cleaning is  being L DCON-83-IN 

* Surface cleaning. 
* Chemical surface deanirn. I that are listed in Vol. 1 , s  they surface removal 

4 Any regulations or DOE Orders + Decontamination _____) Mechanical suerate 

Steel-metals wl 
(Radionuclides) 

Conerete 
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulatiin 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile: Wood: Roofing 
(Radionuclides 8 Organics) 

Plastic: 
(Radionuclides 8 Organics)) 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
ind 
lecommissioning 

DECONTAMINATION 

ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. - TankFarm. 

Waste Calcining Fad l i .  

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. - Engineering Test Reactor. 

* TAN-607Dea~n. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility - Fuel Processing Complex 

SettlingBasin - SeMceWasteDversion - 
Facility 

Surface deamng. Any regulations or DOE Orders + Decontamination -) Thermal substrate ’ Chemical surfaca cleaning. that are listed in Vol. 1, as they surface removal 
* Mechanical &bWate relate to a specific Subelement. 

Thermal s u m t e  surtace 

* BulkDecon. methods. 

surface removal. 

wmoval. 

Metalrefining 

* 

Steel-metals w/ 

The above D p n .  methods for 

(Radionuclides) 

Concrete 
(Radionudides) . 

Transite 
(Asbestos) 

Asbestos pipe ingulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionudides 8 Inorganics) 

Tile; Wood; Roofing 

Plastic; 

(Radionuclides 8 Organics) 

(Radionudidis 8 Organics) 

+ Plasma torch -b Research and development 
needed 
Plasma torches exist commercial- 
ly to weld and cut materials that 
either have a.very high melting 
temperature or require an inert 
atmosphere to prevent oxidation. 
Plasma torches have not been 
used to decontaminate metal but 
can be expected to do so effec- 
tively by meking or vaporizing the 
surface layer, including the conta- 
minants. Waste would be vapor- 
ized or melted metal containing 
removed contaminants. 

DCON-72-IN 

+ LASER heating ,-b Demonstration, tasting, and 
evaluation needed 
Ames Laboratory has demonstrat- 
ed decontamination of metals by 
surface removal on a bench scale. 
Technology should be effective for 
the l ited contaminants. The waste 
would be filters and HEPA filters 
containing the removed substrate 
and contaminants. 

DCON-73-IN 

Development - The efficacy of a 
plasma torch in removing vari- 
ous organic and inorganic conta- 
minants must be demonstrated 
on a bench scale. A method for 
collecting the removed substrate 
and contaminants is needed. 

Improvements - Plasma torch 
cleaning should be adapted to 
robotic and automatic operation. 

- Development - Existing LASER 
based photothermal methods 
should be demonstrated on a 
larger scale. Lasers with differ- 
ent operating parameters should 
be tested on a bench scale to 
evaluate whether more efficient 
LASER systems e*st. 

+ USER etching and ablation + Demonstration, testing, and 
evaluatlon needed 
The conceptual basis fo r fh is  
technology exists, and a similar 
technique is used to clean optical 
surfaces and microelectronics. 
Technique is likely to be success- 
ful. Wastes would be removed 
deposit, traces of removed sub- 
strate. and filters and HEPA filters 
fmm !he finration system. 

DCON-74-IN 

+ Plasma surface deaning -& Demonstration, testing, and 

Plasma surface cleaning by glow 
discharges is commonly and 
effectively utilized for cleaning 
high bonding energy contami- 
nants from surfaces of metals 
prior to the operation of fusion 
devices. Technology is expected 
to be eflective for removing 
deposits from listed substrates, 
but whether the plasma can fol- 
low the irregular shapes involved 
(compressors. etc.) is uncertain. 
Wastes would be the vaporized 
depmits plus filters and HEPA fil- 
ters from the collection system. 

DCON-75-IN evaluation needed 

+ Plasma etching/Fluorination Demonstration, testing, and 
evaluation needed 
Plasma etching processes are 
used in material processing and 
microelectronic manufacturing. 
Extrapolating these plasma 
processes for vaporizing and 
recovering uranium deposits is 
considered feasible. Reactive 
plasma decontamination rates 
should be higher than unassisted 
gas-phase decontamination 
rates. Wastes would be the 
vaporized deposits plus filters 
and HEPA fikrs from the ccllec- 
tion system. 

DCON-76-IN 

Prior removal and disassembly 
of contaminated equipment and 
a collection system with an ade- 
quate filter system is needed to 
use this technology. An electric 
power supply would be needed. 

Demonstration cost: Approx. 
$2M 
Development cost: Approx. $1 M 
Capital cost: Approx. W K  
Operating cost: <$M 

Prior removal and disassembly of 
contaminated equipment, a glove 
box or a mom in which the conta- 
mination can be accomplished, 
and a collection system with an 
adequate finer system is needed 
to use this technology. 
Development mst: Over $2M 
Capital cost $5OOK-$tOWK 
Operating cost: Approx. $t/@ 

Development - Existing lasers, 
optics. and vacuum and filtration 
systems need integration into a 
system; then, this system should 
be demonstrated. 

Prior removal and disassembly 
of contaminated equipment, a 
glove box or mom in which the 
decontamination can be accom- 
plished. and a collection system 
with an adequate filter system 
would be needed to use this 
technology. 
Development cost: S 2 M  
Capitalcost $500K-$1000K . 
Operating cost npprox. $14 

Science - Data on deaning rates 
for contaminants and substrates 
of interest are needed. 
Development - The capabilii of 
plasma generation and deaning 
on surfaces of typical contami- 
nated metals and equipment 
with large surface areas needs 
to be establiihed. 

Science - Data on deaning rates 
for contaminants and substfates 
of Development interest are - needed. The capabilii of 

plasma etching on deposits in 
complex equipment with large 
surface areas needs to be 
established. 

- A collection system with appro- 
priate filters for the vaporized 
deposits would be needed to 
use this technology. An electric 
power supply would be needed. 

Development cost: Approx. 
$1 .SM 
Demonstration cost: Approx. 
$ 2 S M  

Operating cost: $O0.50-$2.0O/ft2 
Capital cost: $500K-$lOWK 

A collection system with appro- 
priate filters for the vaporized 
deposits would be needed to 
use this technology. An e M c  
power supply would be needed. 
Development cost: Approx. 
$tOM 
Capital mst: Approx. $2M 
Operating cost w.s-s.& 
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DECONTAMINATION 783 5 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

I 

lecontamination 
ind 
lecommissioning 

- ARVFSNAK - 
Fuel Receiving 8 Storage 

Headend Pmcessing Plant. - TankFarm. 

Waste Calcining Facilii. 

Auxiliary Reactor Area-ll. 

Am'liary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. 

TAN-616 Liquid Waste 

Facility. 

System. 

Boraxv 

Fuel Element Culting Facility - Fuel Processing Complex 

SettlingBasin 

* SeMceWasteDveffiion - 
Facility 

Surface cleaning. Any regulations or DOE Orders d Dewntamination ,-b .Thermal substrate 
surface remal 
(cont.) 

' Chemical surface cleaning. that are listed in Vol. 1. as they 
* Mechanical substrate relate to a specific Subelement. 

Thermal substrate sur(ace 

* Bulk Dewn. methods. 
* Metal refining. , 

* 

Steel-metals w/ 

surface removal. 

removal. 

The above Decon. methods for 

(Radionuclides) 

Concrete 
(Radionuclides) 

Transite 
(Asbestos) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Roofing 
(Radionuclides 8 Organics) 

(Radionuclides 8 Organics) 
Plastic; 

Flashlamp WON-77-IN cleaning --) Demonstration, testing, and 
evaluation needed 
Flashlamp systems are'being 
used to clean organic mntamina- 
tion from artwork. ship hulk, and 
precious metals. HaLford- 
Westinghouse is conducting lab- 
oratory tests of xenon fla.$hmp 
systems for removing radionu- 
clide contamination from su?aces 
inside metal storage vessels. 
Wastes would be removed 
deposit, traces of removed sub- 
strate, and filters and HEFA fil- 
ters from the filtration system. 

Microwave scabbling -e Demonstration, testlng,. and Development - The develop. + Normal implementation needs. 
DCON-71-IN evaluation naeded ment and testing of a mobile 

prototype microwave concrete In FY 91 ORNL demonstrated 
reliable removal of noncontami- removal machine needs to be 
nated concrete surfaces using a completed. 
stationary microwave device. A 
mobile device is under develop 
ment. Since microwave scrab- 
bling removes the contaminated 
concrete surface, the decorttami- 
nation efficiency should be 
essentially 100% unless the wnt- 
amination has d h e d  deep into 
the concrete. The waste gener- 
ated is concrete rubble with parti- 
cle diameters lying primarily in 
the range of 1 to 10 mm plus the 
contaminants. For a removal 
depth of 10 mm. 0.03 ft3 of con- 
crete rubble is generated psr ft2 
of concrete decontaminated. 

Development cost: $2.5M 
Capital cost: Approx. $250K 
Operating cost: $0.01-$0.7~?# 

Development - Commercially + A collection system mth appro- 
available flashlamp systems priate filters for the vaporized 
would have to be evaluated for deposits would be needed to 
possible use for deposit use this technology. An el& 

power supply would be d e d .  removal. 
Development cost Over $1.4M 
Capital cost: $50K-$l WK 
Operating cost: SO.SJ-S.OO/$ 

+ Flaming -& Accepted - .-b None needed. - Site specific implementation 
DCON-80-IN Flaming is primarily a surface needs. 

decontamination technique for 
painted and unpainted concrete, 
brick and metals. The adsorption 
of the contaminant on a particular 
substrate may inhibit the decom 
position reaction; however, this 
effect is expected to be ma l l ,  
and it is believed that complete 
destruction of me contaminant on . 
Surfaces can be achieved. 
Subsurface decontamination of 
building materials may be possi- 
ble, but enensive damage to the 
material would probably result. 
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DECONTAMINATION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
ind 
lecommissioning 

- ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

- Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. - TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Culling Facility 

Fuel Processing Complex 

Settling Basin 

SeMce Waste Diversion - 
Facility 

. I. 

Any regulations or DOE Orders Decontamination Bulk decontamination 
that are l i e d  in Vol. 1, as they 
relate to a specific Subelement. 

methods 
* surface cieining. 
* Chemical surfaca cleaning. 
* Mechanical substrate 

* Thermal su@smte surface 

* Bulk decoa. methods. 
* Metal refining. 

* 

Steel-metals vd 

surface rkmoval. 

removal. 

The  above^ Decon. methods for 

(Radionuclides) 

(Radionudibes) 
Concrete 

Transite " 

(Asbestos) 

Asbestos pipe hsulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Rtlofing 

Plastic; 

(Radionucli6es 8 Organics) 

(Radionudides 8 Organics) 

+ Solvent extraction -+ Demonstration, testing, and 

Technology has been used, but 
not for these contaminants and 
substrates, efficacy needs 
demonstration; waste would be 
solvent removed contaminants. contaminated with 

WON-1-IN evaluation needed 

+ Dry heat -* Research end development 

Although roasting is an accepted 
technique lor removing volatile 
contaminates from solid surfaces, 
the effective use of dry heat for 
these problems is uncertain and 
untried. Technique is likely to be 
e f fake  for removing oils, but not 
for destroying PCBs. Waste 
would be original materials con- 
taining original contaminants 
except for oils and caustic SCNb 

ber solution containing radionu- 
dides. 

DCON4IN needad. 

+ Chemical leaching -+ Demonstration, testing, and 

Although chemical leaching i s  an 
accepted technique lor  some 
applications, bench scale tests are 
needed to determine which chemi- 
cal would be effective. Waste 
would be original materials mnta- 
minated with chemical leachates 
plus chemical leachates contain- 
ing removed contaminants or 
sludges, filter cakes, and ion 
exchange resin from recycle sys- 
tem containing removed contami- 
nants. 

DCON-SIN evalu8tion needed 

+ Cataiyticextraction process Research and development 

Has not been used to smek scrap 
bearing radioactivity. Waste 
would be slag containing contam- 
inants plus contaminants in a 
scrubber solution or chemical 
trapping materials. 

DCON-GIN needed. 

+ Development - Literature search + Extensive chemical processing 
system for solvent treatment 
with a waste treatment system 
for treatment or recyde of spent 
solvent 
Development Cost: 
Efficacy demo: $200-$1000 
Wapplication 
Waste treatment $144 
capital Costs - 
Solvent treatment $2Wl WM 
Waste treatment $20$1WM 
Operating Cost: 85Mb 

to determine solvent to be used 
plus small-scale demo of effi- 
aency. 
Development of waste treatment 
system for treatment or recycle 
of spent solvent. 

Developnmnt: ,Bench-scale tests .--) Normal implementation needs. 
are needed to establish which 
contaminants can be removed Klmaterial 
from these materials and What 
secondary waste treatment 
would be needed. The availabili- 
ty of engineered equipment is 
judged adequate if the lab stud- 
ies venfy effective contamination 
removal by heat. 

Development cost $200-$1OOO 

Capital cost: $l-25M 
Operating cost: $l-$lOllb 

Development: Bench scale tests + -dw&a~pmcessingsys 
are needed to determine which tem for chemical leaching mth a 

waste treabnent system for beat- chemicals would be effective 
and what secondary waste treat- mentor recyde of spent chemical 
ment would be necessary to leachingsohmon 
recyde chemicals. Devetopment- 

Efficacy demo: $200 . 
$ t o o M o ~  
Wasteeeatlnent$1-4M 
capitar- 
CheKkaI leaching: $30 -8150M 
waste banlent $30 - $15oM 
operaring cmt $5 -$.5Mb 

+ Development . Demonstrate + 'Off-the-shelP induction or arc 
furnace with offgas treatment 
system. 
Development cost: $2 - 3.94 
Capital cost: l /Z  of an incinera- 
tor of equal capacity -816M 
Operating cost: 113 of an incin- 
erator $2 - Wlb 

radioisotope removal. 

Vacuum -w 
DCON-7-IN 

Accepted -+ None. needed. 
Proprietary vacuum process to 
remove Cr+6 from transite. 
Technique should also work on 
asbestos pipe insulation and 
Munter's fill. Technique is not 
expected to work for any contami- 
nant other than Cr+6. Waste 
mxrld be c a d  scrubber solution 
comainhg removed Cr. 

-e large Mower systems are need. 
ed to draw a vacuum on the 
building, sprayer systems are 
needed to spray acid on the 
material. Capital and operating 
cost are mnsidered proprietary. 
Rough guesses folbw. 
Cqntal cost $1 -10M 
Operating cost: $2 - sm2 



DECONTAMINATION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

I 

Iecontamination 
ind 
Iecommissioning 

- -  ARVFSNAK - 
Fuel RecaMng 8 Storage 
Facility. 

Headend Processing Plant. - TankFaF. 

Waste Calaning Facility. - Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607Decon. Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Pmcessing Complex 

Settling Basin 

SeMceWasteDversion - 
Facility 

Any regulations or DOE Orders 
* Chemical surface cleaning. that are I i d  in VoI. 1, as they 
' Mechanicalsubstrate relate to a specific Subelement. 

* Surface cleaning. 

* Thermal substrate surface 

Bulk decon. methods. 

* Metal Mining. 

* 

Steel-metals w/ 

Decontamination 4+ surface removal. 

removal. 

The above Deem. methods for 

(Radionuclides) 

Concrete 
(Radionuclides) 

Transite 
(-0s) 

Asbestos pipe insulation 
(Asbestos 8 Radionuclides) 

Instruments 
(Radionuclides 8 Inorganics) 

Tile; Wood; Roofing 
(Radionuclides 8 Organics) 

Plastic; 
(Radionuclides 8 Organics) 

Bulk decontamination 
methcds 
(-1 

. .? 
.. . * 

+ Incineration .-& Accepted - - 
DCON-2-IN The incineration of roofing'mate- 

rials is accepted by the EPA. 
The incineration of contat+ted 
combustible building mateiials is 
common in the nuclear industry 

Efficacy - The ORNL 61435 
incinerator gives 99.99 to 
99.999% destruction and removal 
efficiency when burning toxic 
organics. 

Waste generated - This will 
depend on the design cf the 
incinerator and the ash co@em of 
the waste being burned. During a 
test. the K1435 incinerator gener- 
ated 1.1 gallons of wastewater 
and 27 pounds of ash per 100 
pounds of waste fed. 

+ Biological -* Research end development + 
DCON-SIN needed 

Efficacy - unknown 

Waste generated -unknown 

Noneneeded. ,-+ A new incinerator would be 
needed. 

About 610 years is required for 
wrihg an environmental impact 
statement, holding public hear- 
ings, and obtaining the neces- 
sary permits - TSCA permit, 
RCRA permit, NESHAP permit. 
and Clean Air Act petmits. 

Cost: capital cost 626 million 
(1987 dollars) 
Operation cost t l M b  (1992 dol- 
lars) 

This technology would have to be + 
developed and scaled-up. $6WK 

The efficiency of this method 
would have to be demonstrated 
to the satisfaction of the State 
and Federal agenaes that control 
the disposal of hazardous organ- 
ics. There is a possibility that the 
organisms could produce other 
toxic chemicals. 

Development costs - $300K - 
capital cost -unknown 

operating cost - unknown 

+ Metal refining - Smelt PUrifCatiOn - Demonstration. testing, and Requires removal, disassem- 
bly, and size reduction of evaluatton needed 

Performed by many investigators equipment. Partial decontami- 
on a lab scale and by some on a nation by another technique 
large scale. Wastes are slag, may be needed before smelt- 
scrubber solutions, chemical trap ing. Standard induction or arc 
materials and HEPA fihers. furnace with off-gas treatment 

system is needed. De minimus 
limits are needed to release the 
material. 
Development cost: $35M 
Operating plus capital cost is 
Approx. t lnb. 

Demonstrate fluxing agent for 
removing radionuclides. DCON-31-IN 
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Dismantlement 

The Dismantlement Section of this TLD reviews the dismantlement requirements for the INEL Decontamination and Decommissioning activities, identifies applicable 
dismantlement technologies, and then identifies the preferred technologies when appiicable 

Dismantlement is broken into the following components: 

1. Concrete cutting 
a. 
b. Diamond Wire Cutting 

High Pressure Abrasive Water Jet 

2. Retrieval 
a. Containment structures 
b. Manually operated excavator 
c. Manually operated backhoe 
d. Manually operated motor grader 
e. Manually operated dozer 
f. Manually operatedTrencher 
g. Teleoperated Excavation Equipment 
h. Hydraulic shear 
I. Manually operated hydraulic ram 

3. Demolition 
a. Conventional(Jack Hammer/Headache Ball) 
b. Blasting 
c. Demolition Compounds( Expansive grout) 
d. Rock Splitter 
e. Core Stitch Drilling 
f. Shape Memory Alloys (SMA) 

4. Surface removal 
a. Microwave Scabbling 
b. Scablers/scarifiers 

5. Disassembly 
a. Conventional Disassembly (Mechanical) 
b. Quantitative IR Thermography(Structura1 Integrity) 

6. Cutting 
a. 
b. Abrasive Water Jet cutting 
c. Plasma Arc Cutting 

Nd-YAG and C02 Laser cutting (Structural Steel) 

7. 

0. 

9. 

10. 

11. 

12 

d. 
e. 
f. 
9- 
h. 
I. 

j. 
k. 
I. 
m. 

Arc Saw Cutting 
Plasma Arc Saw (Structural Steel) 
Oxygen Cutting 
Advanced Lasers for cutting 
High Pressure, Abrasive Water Jet cutting 
Grabbler (Saws) Massive shearing 
Explosive Cutting 
Thermite cutting 
Mechanical Disintegration Machining (MDM) 
Electro-Discharge Machining (EDM) 

Asbestos removal 
a. Vacuum System 
b. C02 Blasting 
C. Glassification 

Asbestos cutting 
a. Laser Cutting 
b. Abrasive Jet (Hi Pressure water) for (Asbestos) 

Equipment location 
a. Zoning for containment 

Demolition (Major Dismantlement) 
a. Grabbler/Gross shearing and Lifting 

Conventional dismantlement 
a. 
b. 
c. Thermal Arc Water-Jet cutting 
d. 
e. 

Use of Existing Fixtures and tooling 
High Pressure, Abrasive Water Jet. cutting 

Plasma Arc Saw (Structural Steel) 
Nd-YAG and C02 Laser cutting (Structural Steel) 

f. Liquified gas cutting 

Sorting for recycle 
a. Shredding, Auto Sorting, 8t or Compaction 



DISMANTLEMENT 

I 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decommissioning - 
and 
Decontamination 

w -  ARVFSNAK - - Fuel Receiving 8 Storage 
Faali i. 

Headend Processing Plant. 

TankFm.  

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

= Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN407 Dewn Shop. 

TAN416 Liquid Waste 
System. 

' Boraxv 

Fuel Element Cutting Fac i l i  

Fuel Processing Complex 

SettlingBasin 

* ServiceWasteDveffiion - 
Facility 

b * MassiveConcrete Any regulations or W E  Orders + Dimantlament 
that are listed in Vol. 1, as they 

* sbuctural Steel relate to a spedfic Subelement 

Dismantlement methods for 
above with radionudide contami- 

Concrete cutting 

nation 

Retrieval 

Demolition 

Cuning 

Disassembly 

Asbestos removal 
Stripping 
Cuning 

Major Dismantlementl 
Disassembly 

Electrical equipment 
Venl'lation systems 
Advanced Cutling 
Sorting for Recycle 
Conventional 

+ Ccncrete cutling 

+ Retrieval 

High pressure 
abrasive water jet cumng 
DISM-1 1-IN 

, ~ w  Demonstration, testing, and 
evaluation needed 
This technology has teen demon- 
strated OANL. DOE sponsored 
development of Programmable 
Robotic Manipulators. Water can 
be recycled. Concepts for abra- 
sive recycling with 95% spoils 
recoverable. Battelle Pacific 
Northwest Laboratory has suc- 
cessfully demonstrated scarifica- 
tion and cutting of steel reinforced 
concrete. Successfully demon- 
strated at West Valley Nuclear 
Services. New York. Scarifing is 
used by DOT on bridges and is 
illustrated on video being u d  on 
the Mississippi River Bridge. 

+ Recovery System recyclable 
abrasives needs to be demon- 
strated. Thii will require pottable 
facility if available or pools with 
necessary equipment to separate 
and possibly decontaminate the 
water and abrasive for reuse. 
The development of this equip- 
ment, manipulators for position- 
ing on the floor, columns and 
wemead. and cleaning pools for 
demonmation would cost 53.5M 

+ Need to view video's available 
from other nuclear facilities 
and possibly visit sites and 
evaluate recovery systems 
without o w e  &momt ion .  
Determine what robotics have 
been developed with in-house 
seminar from vendors on lat- 
est and future technology. 
Robotic manipulators with 
recovery system needs to be 
able to move around on floor. 
up and around concrete 
columns, and overhead (the 
underside of the floor above). 
Methcds of addressing cracks 
in concrete. blow-through 
when cutting, containment of 
contaminated material, etc. 
will have to be made. 

Diamond wire cutting -* Accepted ' -= Tracking system may be required + Project specific needs should be 
DISM-12-IN Diamond wire cutting has been for maneuvering diamond wire addressed. 

used to cut concrete at other 
nuclear facilities except at giound 
level floors. Diamond wire Qning 
is an industry accepted m?thod 
but with heavy reinforced concrete 
will be a high maintenance item 
(diamond impregnated sleaves, 
cable and sheaves) and require 
water coolant for the cable. The 
waste generated will be less 
expensive. The slurry wouid be 
low level contamination or pmsibly 
no contamination. Positioning the 
core drilling equipment and. the 
diamond wire cutting machine will 
be more difficult since therb will 
probably be exposed reinforcing 
bar. 

cutting machine. 

+ Containment Structures -b Accepted. -* No new scientific investigation 
DISM-CTNMT-100-IN Currently accepted and proven and/or technological develop- 

ment is n y  to fully imple- 
ment commercially available 
equipment, sized to meet the 
identified site specific work tasks. 

technology used by the contmc- 
tion and demolition industrir s for 
selective size reduction and other 
demolition operations. Application 
is directly related to the remedia- 
tion of problems similar tu the 
identified site specific work tasks. 

+ Most of these temporary mntain- 
ment structures do not have any 
(or have very limited) foundation 
requirements. There would need 
to be electrical and HVAC utility 
systems to support these struc- 
tures with heat, light, HVAC. and 
positive or negative pressure as 
required. If the INEL were to pro- 
cure one or more of these ~ N C -  
tures. there would be some addi- 
tional personnel training required. 

Manually Operated Excavator + Accepted. -b No new scientific investigation + None needed. 
DISM-ME-1 01-IN Currently accepted and proven andlor technological develop- 

men1 is n y  to fully imple 
ment commercially available 
equipment, sized to meet the 
identified site specific work tasks. 

technology used by the condruc- 
tion and demolition industries for 
selective excavation, trenclring. 
larger excavation sites, and dsmo- 
lition operations. Application is 
directly related to the remediation 
of problems similar to the identi- 
fied site specific work tasks. 

Currently accepted and proven andlor ment is technological necaswy to fully develop- imple- 
technology used by the mnstruc- 
tion and demolition industries for ' ment commercially available 

equipment, sized to meet the selective excavation. trenching, 
larger excavation sites. and demo- identified site speafic work tasks. 
lition operations. Application is ' 

directly related to the remediation 
of problems similar to the identi- - 

fied site specific work tasks. 

Manually Operated Backhoe Accepted. ..-- No new scientific investigation + None needed.. 
DISMME-103-IN 

+ Manually Operated Motor Grader + Accepted. --& No new scientific investigation 
andlor technological develop- 
ment is necessary to fully imple 
ment commercially available 
equipment, sized to meet the 
identified site specific work tasks. 

Currently accepted and proven 
technology used by the construc- 
tion and demoliion industries for . 
shallow excavation andlor gmding 
OperStiOnS. Appliition is dir- 
related to the remediation of prob 
lems specific similar work tasks. to the identified site 

DISM-ME-1 W I N  
-W A water spray system for confine 

ment of radioactive mntaminated 
materials (loose soil and dust) 
would need to be developed. 
This could simply be a water 
tank, hose. and spray nozzles 
attached ahead andlor behind 
the blade. 
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DISMANTLEMENT 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecommissioning 
ind 
lecontamination 

)* ARVFSNAU - 
Fuel Receiving 8 Storage 

Headend Processing Plant. 

- TankFam. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. - Engineering Test Reactor. - TAN-607 Decon Shop. 

TAN-616 Liquid Waste 

Facility. 

System. 

Bomv 

Fuel Element Cutting Facility - Fuel Processing Complex 

SettlingBasin 

ServiceWasteDversion - 
Facility 

Any regulations or DOE Orders + Dismantlement 
that are listed in Vol. 1, as they 
relate to a specific Subelement. 

Dimantlementmethods for 
above with rad'snudide contami- 
nation . ' T 

b * Massive Concrete 

* .stNclural Steer 

Concrete cuttifig 

R M W 8 l  

Demolition 

Cuning 

Disassembly 

ASIXS~OS rem&al 
Stripping _. 
Cuning ~ 

Major Dismantlement/ 
Disassembly 

Electrical equipment 
Ventilation systems 
Advanced Cutting 
Sorting for Recycle 
Conventional 

-+ Retrieval 

--1, Demolition 

Manually Operated Dozer Accepted -* No new scientific investigation 
DISM-ME-105-IN Currently accepted and proven andlor technological develop- 

technology used by the construc- ment is necessary to fully imple 
tion and demolition industries for ment commercially available 
larger excavation andlor pushing equipment. sized to meet the 
operations. Application is directiy identified site specific work tasks. 
related to the remediation of prob- 
lems similar to the identified site 
specific work tasks. - Manually Operated Trencher + Accepted -* No new scientific investigation 

DISM-ME-lC+IN Currently accepted and proven andlor technological develop- 
technology used by the construc- ment is necessary to fully imple- 
tion and demolition industries for ment commercially available 
trenching operations. Application equipment, sized to meet the 
is directly related to the remedia- identified site specific work tasks. 
tion of problems similar to the 
identified site speCmc work tasks. 

+ Tdeoperated Excavation + Demonstration, testing, and 

Currently, there is a lot of work 
being accomplished in M i  area of 
technology, specifically remotely 
operated equipment. Several of 
the larger excavation equipment 
manufacturers have been actively 
involved with the development of 
these remotely operated equip- 
ment (these are listed below). 
EG8G Idaho, Inc., is currently 
involved in the development of 
remotely operated excavation 
equipment. 

Equipment evaluation needad 
DISM-RE-107-IN 

+ These iemotely operated excava- 
tors have been demonstrated 
and placed in aclual use in such 
dvem activities as mines, unex- 
ploded ordnance, rapid runway 
repair, and retrieval of hazardous 
materials. A number of compa- 
nies have been engaged in the 
development of remotely operat- 
ed excavators and several have 
been produced and operated by 
industty and the United States air 
Force (USAF). 

+ A water spray system for confine 
ment of radioactive contaminated 
materials (loose soil and dust) 
would need to be developed. 
This could simply be a water 
tank, hose, and spray nozzles 
attached ahead andlor behind 
the blade. 

+ A water spray system for confine 
ment of radioactive contaminated 
materials (loose soil and dust) 
would need to be developed. 
This could simply be a water 
tank, hose, and spray nozzles 
attached ahead andlor behind 
the trencher wheel or bar. 

-+ The INEL 'Integrated 
Demonstration' Program which 
will be demonstrating a remotely 
operated backhoetype excavator 
in the summer of 1993, should 
bring forth many of the known 
site specific requirements and 
implementation needs. 

Hydraulic-Powered Shear Accepted ,-b No new scientific investigation -+ A water spray system for confine- 
ment of radioactive contaminated Attachment Currently accepted and proven andlor technological develop- 
materials (concrete debris) would technology used by the construc- ment is neceswy to fully imple 
need to be developed. This ment commercially available tion and demolition industries for 

equipment, sized to meet the could simply be a labor craft per- selective size reduction and other 
demolition operations. Application identified site speufic work tasks. sonnel spray wand with a water hose and 
is directly related to the remedia- 
tion of problems similar to the 
identified site specific worktasks. 

DISM-SR-1WIN 

L Manually Operated Hydraulic + Accepted ,-w No new scientific investigation --& A water spray system for confine 
ment of radioactive contaminated Ram Currently accepted and proven andlor technological develop- 
materials (concrete debris) would DISM-SR-1 W I N  technology used by the construc- ment is necessary to fully imple 
need to be developed. This tion and demolition industries for ment commercially available 
could simply be a labor craft per- size reduction of concrete struc- equipment, sized to meet the 
sonnel with a water hose and tures. Application is directly relat- identified site specific work tasks. 

ed to the remediation of problems spray wand. 
similar to the identified site spedfic 
work tasks. 

+ Conventional(Jackhammer: ---& Accepted ,-b 
Headache ball) This technology has been demon- 

strated. And the wrecking ball is a 
demolition industry accepted 
method, but is not recommended 
for contaminated conwete such as 
exists in mod DOE facilities. It is 
not practical to contain the dust 
and the reinfoorcing bar has to be 
art by other means. 

DISM-21-IN 

+Blasting DISM-=-IN - Accepted This technology - has been demon- 

strated and used by the demolition 
industry for years. Reinforcing bar 
has to be cut after blasting. 
Contaminated concrete will have 
to be removed by scabbling or 
scarifing. All walls and floor below 
ground level should not be dis- 
turbed until all debris has been 
removed and water level tests are 
complete. 

Vacuum systems to handle dud 
and small to medium pieces of 
concrete needs to be demoo- 
strated. Crusher to down size 
concrete pieces needs to be 
demonstrated. The development 
and installation of the robotics 
and vacuums systems to handle 
dust and pieces of concrete and 
a crusher for demonstration 
would cwt S1.5M. 

+ Need to view video's available 
from other nuclear facilities and 
possibly visit other sites to evalo- 
ate multiple head hammer. 
Determine what robotics have 
been developed with in-house 
seminars from vendors on latest 
and future technology. Robot= 
need to be able to move around 
the flwr, up and around concrete 
columns, and overhead. 
Demonstrations need to show 
how the comers and hard-toget 
areas will be handled. 

A demonstration using blasting + W&h and 
techniques should be conducted 
to monitor vibrations and evalu- 
ate the need for dust control. 
Estimated cost for demonstration: 
SX)OK. 

an a& site 
being demolished by controlled 
blasting. View video's from 
demolition companies and explo- 
sive manufactures to see what 
methods industry uses to cut 
reinforcing bar and remove law 
amounts of debis. 
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DISMANT17EMENT ' 7 8 3 5  

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecommissioning 
md 
lecontamination 

ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant 

Tank Farm. 

Waste Calcining Faulty. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 
System. 

BOraXV 

Fuel Element Cutting Fac i l i  

Fuel Processing Complex 

Settling Basin 

SeMce Waste Diversion - 
Faci l i  

F * MassiveConcrete Any regulations or W E  Orden L Dismantlement 
@oat are l i e d  in VoI. 1, as they 

* structural Steel relate to a spedfic Subelement. 

Dismantlement methods for 
above with radionuclide contami- 

Concrete cutting 

Retrieval 

Demolition 

Cding 

Disassembly 

Asbestos removal 

~ 

Stripping 
Cutting 

Major Dismantlement/ 
Disassembly 

Electrical equipment 
Ventilation systems 
Advanced Culting 
Solring for Recycle 
Conventional 

+ Demolition compounds --+ Demonstration, testing, and 
evaluation needed. 
Effective on non-reinforced or 
lightly reinforced concrete. Any 
reinforcing bar will have to be cut 
by other means. The compound is 
not considered dangerous. 
Contamination control would not 
be a problem since the corhnina- 
tion will have already been 
removed by scabbling or scagfing. 
The demonstration would cost 
P5OOK. This demonstration cost 
includes personnel clothing and 
protection. but not transportation 
and storage. 

(Expansive grout) 
DISM-231N 

Use an nonwntaminated building 
for a demonstraIion. The building 
would need to be with light or no 
reinforced concrete. Size, depth 
and pattern of holes would need 
to be determined. Method of cut- 
ting any reinforcing bar estab- 
lished. The fractured concrete 
would be removed with pavement 
breaker, backhoe or bucket 
loader. The dirt underneath the 
floor will have to be moved if nec- 
essary and decontaminated or 
stored. 

--t Panem. size depth and location 
of reinforcing bar need to be 
established. Means for cutting 
reinforcing bar and removing 
fractured section of concrete 
needs to be established. Crane 
facility and crusher to reduce 
concrete selection to eliminate 
and voids in storage. Before dis- 
turbing the walls that are under- 
ground or the ground level floors 
determine existence of wet 
weather springs to make sure 
removal won't create a stream 
running through contaminated 
rubble or a soil. 

None needed -* Normal implementation needs + RockSplitter __.__) Accepted 
Units are available to develop 
splitting forces approaching 350 
tons. The maximum lateral eypan- 
sion of the feathers is approxi- 
mately 0.75 in. Concrete may be 
separated at the fracture line irsing 
a backhoe mounted air ram or 
similar equipment. The reinforc- 
ing rod in reinforced concrete must 
be cut before separation is possi- 
ble. For heavily reinforced con- 
crete, additional holes and frac- 
tures will be necessary to expose 
the reinforcing rod. 

Costs should be moderate for DISM-82-IN both equipment and labor. 

+ Corestitchdrilling -* Accepted --* None needed .-b Normal implementation needs 
Costs should be moderate for Core stitch drilling produces no 

gases or smoke, thereby faditat- both equipment and high for 
ing contamination control. The labor. 
dust produced by the drillirig is 
controlled by a water spray that is 
also used to cool the drill bit. Core 
stitch drilling is used where sur- 
rounding material must not b6 dis- 
turbed or where accessibili!y is 
limited. However, the slab to be 
removed must be accessible to 
the method of shearing the con- 
crete (bar, slab. or wreckjng kll). 

D I S M -63- IN 

+ Shape Memory Alloys (SMAs) 4 Demonstration, test lng and + None needed - Site specific implementation 
DISM-84-IN evaluation needed needs 

-Similar to expandable grout, %MA 
can be used to break up concrete 
structures. A palmsized. tube-like 
device, developed in Japan, &led 
Memo-Alloy Splitter (nicknamed 
concrete buster) consists 0: six 
1 . I4 in. SMA cylinders. each com 
posad of an alloy of 50.5% Ni and 
49.5% titanium, that are mounted 
vertically between pairs of tem- 
pered steel plates. The eratire 
assembly is wedged into a hole 
drilled into the concrete. and the 
cylinders are then heated through 
internal wires. This generates a 
force of approximately 10 tons, 
more than enough to shatter con- 
mte. 
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DISMANTLEMENT 

Cleanup legacy 

. Prevent future 
insult 

Develop 
environmental 
stewardship 

Decommissioning - 
and 
Decontamination 

b* ARVFSNAK - * * Massive Concrete ,-* Any regulations or DOE Orders Dismantlement + Surface removal 

Fuel Receiving 8 Storage 
Facility. 

- Headend Processing Plant. 

TankFarm. - Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Demn Shop. 

TAN-616 Liquid Waste 
system. 

Boraxv 

Fuel Element Cutting Facil i i  

Fuel Procsssing Complex 

Settling Basin 

SeMcaWasteDversion - 
Facility 

that a r i  listed in Vol. 1. as they 
relate to a specific Subelement. 

Dsmantlemer4 methods for 
above radionuclide mntami- 

* SrmctUral Steel 

natlon 

Concrete cutllng 

Retrieval 

Demolion 

Cutting 

Disassembly 

Asbestos removal 
Stripping , 

Cultrng 

Major DisrnardJemenV 
Disassembly 

Electrical equipment 
Ventilation systems 
Advanced Cutting 
Sorting for Recycle 
Conventional 

+ Microwave scabbling ,-* Demonstration, testlng, and + The demonstration costs includes --+ Create a demonstration program 
for the most advanced system for characterizing walls and floor, evaluation required. 
all alternatives so a We compari- Microwave scabbling of concrete identifying reinforcing steel grid 
son can be made. Track system, is in the final stage of phase 2 of a pattern. building portable mntain- 
if required, needs to be devel- 4 phase program at ORNL. Phase ment endosures, personnel pro- 
oped for demonstration. 3 is scheduled for completion MID- tection. dothing, installation and 

1994. Phase 3 will develop demonstration of the Phase 3 Manipulators with vacuum sys- 
improved mobility. Remote video advanced stage microwave tems need to be able to move 
control, vacuum waste collection machine, robotics. and vacuum along floor. around columns, up 
and remota controlled capabiliias. system will be S M .  The phase 2 walls, and overhead. Microwave 

drying being developed at ORNL Phase 4 will design vertical and demonstration costs includes 
overhead scabbling as well as characterizing walls and floor, possibly muld be used to conso!- 

idate and immobilize liquid optimizing the proper methods and identifying reinforcing steel grid 
radioactive waste inside mntain- configurations for deaning the off- pattern, building portable mntaln- 
ers for ultimate safe disposal. but gas discharged by the vacuum ment storage, but not transporta- 

system. All ANSI and OSHA stan- tion and burial charges. The needs demonstration. 
dards will be met or exceeded. development and installation of 

the Phase 4 system for demon- 
stration will be $5M. 

DISM-31-IN 

-Accepted - 
Mechanical scabblers are widely 
used. They are generally effec- 
tive, but leave some hot spots. 
Noise would be a problem. 
Waste would be removed, 
deposits, trace amounts of emded 
substrate, scabbler bits, filters, 
and HEPA fiiters. 

Improvement - Scabbler heads, + Scabblers are typically used for 
concrete and little implementa- vacuum systems with nozzles 

designed to match decontaminat- tion cost is encountered. 
Development cost: %3M)-1000K. ed parts, and filters are needed 
(Vacuum system and scabbler to minimize the spread of conta- 

mination. capital head for cost: each design required.) 

Scabbler: >$50K (with vacuum 
system.) 
Operating cost: Approx. $1 .& 



Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecommissioning 
ind 
lecontamination 

DISMANTLEMENT 

ARVFSNAK - 
Fuel Receiving 8 Storage 

Headend Processing Plant. 

TankFan. 

* Waste Calcining Facility. 

Auxiliary Reactor Area-11. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. - TAN-616 Liquid Waste 

Facility. 

System. 

' Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDiiersion - 
Facility 

b * MassiieConmte Any regulations or DOE Orders Dismantlement 
that are listed in Vol. 1, as they 

* Sbucturalsteel relate to a specific Subelement. 

Dismantlement methods for 
above with radionuclide contami- 

Concrete cutting 

nation 

Retrieval 

Demolition 

Cuttlng 

Disassembly 

Asbestos removal 
Stripping 
Cuning 

Major Dismantlementl 
Disassembly 

Electrical equipment 
Ventilation systems 
Advanced Cutting 
Sorting for Recycle 
Conventional 

Conventional disassembly Accepted b Noneneeded -* 
(mechanical) - Mechanical cutting, . Mechanical cutting is accepted. 

Industry standard needs no further saws, grinders, etc. 
development. DISM-SIN 

I 

Qualitative IR thermography Demonstration, testlng;.and --.) This technology requires natural + 
or applied transient or steady- evaluation needed (Shlctural Integrity) 

DISM-=-IN Qualitative IR thermography to state heating. The method works 
detect cracks in steel beams, best with an IR-flat background. 
unrecorded variations in wall con- 
struction, beadwall discontinu- 
ities, or soaked roofing subsur- 
face. 
Advantages: 
-Inexpensive, portable, noninva- 
sive, passive measure. 
-Real-time or VCWstill imaging. 

+ D i m m b l y  Needs to be demonstrated with 
appropriate remote platform 
interface. 

ATDs 2 AGA systems require liq- 
uid nitrogen and should not be 
used in a high shock or vibratory 
environment. Only a few hours of 
sampling time are possible per 
battery charge, although AC 
power units are available. 
Renmte operation and robot-arm 
type mounting are both possible 
but will likely require develop- 
ment for particular application. 

+ Cutting + NdYAG and C02 Laser cutting + Demonstration, testing, and + Laser cutting using a laser car- 
DISM-WIN evaluation needed ried through a fiber-optic cable or 

Technology exists in the pre- waveguide requires demonstra- 
demonstration stage at the Penn tion. Current fiber-optic cables 
State Applied Research cannot efficiently transmit the 
Laboratory (ARL). The US. Navy wavelengths generated by a C02 
has funded feasibility democstra- laser. 
tion of the technology for d ismw 
tlement of submarine hulls. The 
technology is very likely to work 
since laser cuning is common in 
industry. 

Tooling to interface the laser cut- 
ting head with the automated 
delivery platform needs to be 
designed and demonstrated. 

+ Abrasive water jet cuning - Accepted W Technology needs recovery sys- --.) Tooling to interface the water jet 
cutting head with the work piece 
needs to be designed and 
demonstrated. 

DISM-%-IN Abrasive water jet cutting I an 
accepted technology. Advantages recyclable abrasives. 
of this type of cutting are: 
1. The system is flexible and can Capital Costs: $15OK. 
cut many different materials. , 
2. No sparks are generated 
reducing fire hazards. 
Disadvantages of the abrasive 
water jet cutting are: 
1. Large amounts of water must 
be recovered. This water would 
likely be contaminated. 
2. Dependent on the material 
being cut. depth of cut is limited. 
3. This would be considered a 
high pressure system raising rsfe- 
ty concerns. 

tem for contaminated water and 

Plasma A ~ C  cutting -* ~ccepted -* Need for making process contin-- HEPA filtered exhaust system 
and a contained area for use 
when cuRing contaminated mate- 
rial are needed. 
CapitalCasts: W K .  

uous and computer assisted 
have been cited. 

Plasma Arc cutting is an accepted 
technology in industry and needs 
no further development. 
1. Plasma Arc cutters are usually 
mobile and thus, can be trancport- 
ed to the job site. 
2. Cutting can be performed on 
equipment ioplace. 
3. The system is relatively inex- 
pensive. 
Disadvantages of the system are: 
t .  Airborne contamination will be 
generated ment below that the will cutting settle site. on equip 

2. Plasma cutters tend to clog 
HEPA finen rapidly. 

DISM-36-IN 

Arcsawaming -Acce$ted -b None needed. ,-+ Ventilation required if not operat- 
ed under water. Blade requires 
water cooling 

Current arc method for cutting 
conducting work pieces. 
Advantage of fast cutting. capital Costs: $160K - $28OK 
Disadvantages of not being usable 
for nonconducting materials and 
thick passes. cuts may require repeated 

DISM-37-IN 

+ OxygencuRing -WAccxpted - None needed. ,-b Exhaust ventilation required. 
Caprtalcost: $1700 DISM-WIN Well understood usable approach 

but has some material limitations 
and can be labor intensive. 
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DISMANTLEMENT 

I Cleanup legacy 

Prevent future 
insult I 
Develop 
environmental 
stewardship 

Decommissioning 
and 
3econtamination 

ARVFSNAK - 
Fuel Receiving B Storage 
Facility. 

Headend Processing Plant. 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

. Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN407 Demn Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex - Settling Basin 

- SeMceWasteDiiersion - 
Facility 

Any regulations or DOE Orders d Dismantlement + Cuttina 
that are listed in Vol. 1, as they 

* ShuCtural*l relate to a specific Subelement. 

Dismantlemenimethods for 
above with ridmuclide comami- 

Concrete cUning 

Retrieval 

Demolion 

Culting 

Asbestos removal 
Stripping ; 
Cutting , 

Major Dismantlementl 
Disassembly 

Electrical equipment 
Ventilation systems 
Advanced Cutting 
Sorting for Recycle 
Conventional 

(c0nt.i 
+ Plasma Arcsaw ,-) Demonstration, testing, end + For large steel wall-thickness + Requires transfer from develop. 

ment stages (prototupe - 1990) to 
broad industrial application. 
Technology is available in com- 
memal basis. 

(>lo0 mm) - requires the devel- 
opment of the large saw and pre- 
runs in the process. 

DISM-40-IN evaluation needed 
The Plasma Arc Saw technology 
enables thermal cutting of steel 
plateslwalls independent of its 
thickness in e water depth up to 
20 meters. This technology was 
demonstrated in culting plates up 
to a thickness of 300 mm. The 
maximal permissible metallic wall 
thickness to be cut depends only 
on the diameter of the saw (plas- 
ma-arc) blade. The emission of 
dust end aerosol during the 
process, only depends on the 
melted material. This process is 
controlled by computers. 

+ Advance-Lasersforcotring DISM-42-IN -Research and development + 
E z g l i t y  demonstration at uni- 
versity laboratory in Navy-funded 
project. Laboratory demonstrated 
efficient cotring through steel up to 
4-in. thickness. 
Technology lends itself well to 
tele-roboticlautomated process, 
has low waste, can greatly reduce 
manpower,and reduce waste elim- 
ination. Advanced lasers have 
potential for reduced power 
requirements, use for other DBD 
applications ((decontamination), 
and remote location. 
Cost savings potential is large 
($SOOM to $1 2 6 )  relative man- 
power, protective clothing, and 
waste handling reductions. 

Demonstrated efficacy of fiberop + Develop full-scale prototype sys- 
tic system for either local or tem ( S o O K  to $l,OWK) and field 
remote transport of laser beam. test facilities. Evaluate system 
Demonstrate effect on contami- economics. 
nation. Determine power level 
needs and scale-up potentiel of 
new systems. Develop integrated 
delivery system. 

High pressure abrasive water jet --b Accepted - None needed. -W Abrasive watejet cming technol- 
cutting Abrasive watejet cutting develop ogy exists but high efficiency vac- 
DISM-52-IN ment was DOE sponsored. uum recovery and mobile con- 

Programmable robotic manipula- tainment system will need to be 
tors have been developed. Water further developed with the 
and abrasives can be recycled shrouds., etc. designed for a spe- 
with 95% spoils recoverable. cific application for a demo. A 

state of the art demo would cost 
3.5M end would not include 
transportation or burial charges. 

Grabbler for remotely cutting ------)Accepted ~-+ None needed. -) The excavator mounted shear 
Metals (Massive Shearing). can only be used in areas large 
DISM-431N enough to ammodate me exca- 

vator. Spread of contamination 
can be minimized by shearing in 

The technology has been demon- 
strated at DBD sites. This device 
would cut through metals using a 
remotely controlled arm with a 
shearing mechanism attached. ambient temperatures. 
The grabbler would be mobile so 
that it could move to the job site. 

+ bplosive cotring --b Accepted p b  A means of buffering the shock + The process is not remmmended 
for contaminated metals because 
it would be extremely difficult to 
control the spread of contami- 
nams. 

D I S W I N  This technology IS accepted as a 

cost of this system is small. 
Charges and cutters are consurn 
able; charges m61$1501%. and cut- 
ter $8K each. 

wave and its associated noise is 
needed. means of gross cutting. Capital 

Themitecutting 
DISM-451N needed 

.-) Research and development + The thermite reaction needs to + Exhaust ventilation is required 
be incorporated into a process with this system, as well as 

enhanced safety awareness that can be remotely controlled to The thermite reaction is well 
because of the fire hazard creat- be useful in contaminated envi- known and understood by the 

thermite lance (an accepted tech ronmems. ed by the system. 
nology) is a gross cutting twl not 
suitable for toxic materials. 
Hazards include spatter of hot 
metal, noise, metal fumes and 
dust. In 1989 dollars, the capital 
cost for the system was $555. 
Lances cost $5 each; oxygen cost 
must aka be added. 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecommissioning - 
nd 
lecontamination 

DISMANT&.EMENT 783 5 

b* ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. - TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Dewn Shop. - TAN416 Liquid Waste 
System. 

Boraxv - Fuel Element Cutting Facility 

Fuel Processing Complex - Settling Basin 

Service Waste Diversion - 
Facility 

Any regulations or WE Orders 

relate to a specific Subelement. 

Dismantlement ,-& Gang 
that are listed in Vol. 1, as they (cord.) * Srnctural Steel 

Dismantlement methods for 
above with radionuclide wntami- 

Concrete cutting 

Demolition 

Disassembly 

nation 

Retrieval 

Cutting 

Asbestos removal 
Stripping 
Cutting 

Major Dismantlement/ 
Disassembly 

Elect~ical equipment 
Ventilation systems 
Advanced Cutting 
Sorting for Recycle 
Conventional 

Mechanical Disintegration 
Machining (MDM) evaluation needed needs. 
DISM-ESIN ' Overall MDM is faster but le&.pre- 

cise than EDM. The applidons 
of this pmcess are essentially the 
same as the EDM pmcess. ,. 

- Demonstration, test ingland + None needed. -w. Site specific implementation 

k Electrc-Discharge -& Demonstratlon, test ing and + None needed. -w Site specific implementation 
Machining (EDM) evaluation needed needs. 
D1SM-E-IN All materials that are sufficiently 

good conductors of electricity can 
be cut with this process. By iiiliz- 
ing electrodes fabricated if? the 
shape of the desired hole, pane- 
trations in virtually any shape can 
be made with EDM. An approxi- 
mation of removal rates for a con- 
tinuous operation is 5 in3lhr. 
This technique has the benefii of 
nm generating any material &ips, 
slag, or other large particles: and it 
can be performed at low tempera- 
tures. 

' 
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DISMANTLEMENT 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decommissioning 
and 
3econtamination 

b ARVFSNAK - 
Fuel Receiving 8 Storage 
Facilii. 

Headend Processing Plant 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. - TAN-607 Dewn Shop. - TAN-616 tiquid Waste 
System. 

Boraxv - Fuel Element Cutting Facility - Fuel Pmcessing Complex - Settling Basin 

- ServiceWasteDiversion - 
Facility 

b ' Massive Coicrete 

* ~tructura~sjee~ 

Dismantlement methods for 
above with radionuclide contami- 
nation ,. 
Concrete cutting. 

Retrieval .," 

Demolition 

Cutting 

Disassembly 

Asbestos removal -D 
Stripping 
Cutting 

Major Dismanili!mentl 
Disassembly 

Electrical equipment 
Ventilation systems 
Advanced aming 
Sorting for recycle 
Conventional 

+ Any regulations or DOE Orders + Dismantlement 
that a n  listed in Vol. 1, as they 
relate to e specific Subelement. 

+ Vacuum system -b Accepted -e None needed. However, this + Operator system set-up training and required operation. on the 
The technology is currently avail- 
able and is in the use at the 
ORNL. This system would seve 
approximately 75% in the cost of 
materials and labor over the con- 
ventional removal and glove box 
operation. An example of cost sav- 
ing is an area requiring 11 labor- 
ers and 4OOO bags using the con- 
ventional method would require 4 
laborers and 1500 bags using the 
proposed automated method. 

could be integrated with alterna- 
he highly automated systems in 
which case t would require addi- 
ti0114 engineering design support 

DISM-481N 

+ Cop Blasting -b Demonstration, testlng, and 4 
evaluation needed 
DOE Sponsored development: 
programmable robotic manipula- 
tors have been developed; high 
maintenance items: nozzles. 
hoses, and pumps. C02 blasting 
has been demonstrated. By 
removing the contaminated sur- 
faces which will be bagged and 
disposed of, the remainder of the 
decontaminated pipe can be recy- 
cled or reused. Demonstrations 
for removing need to be complet- 
ed before cost-payback can be 
evaluated. The recovery system 
would be well suited for contami- 
nated piping. 

DISM-47-IN 

Vacuum recovery system linked 
to robot controlled Cop blaster 
needs to be demonstrated. The 
development of this equipment: 
manipulators for tracking pipe 
during removal, remote operated 
robotic manipulators and an inte- 
grated vacuum system for 
demonstration would cost 8.5M. 
The demonstration cost indudes 
personnel protection, clothing 
and container storage but not 
transpottation and burial charges. 

+ Glassification -* Accepted - Need feasibility and design engi- 
DISMdB-IN Technology currently available. neering to interface a confined 

environment machine equipped 
with a vacuum recovery system 
to process large pieces of 
asbestos into workable configura- 
tions. A study will need to be 
done to determine if this would 
create any new, unrecognized 
waste control or disposal prob- 
lems. The development of this 
equipment; cutter. shredder or 
grinder, for demonstration would 
cost WSM. 

-e Demonstration, testing, and 
evaluation needed 
DOE sponsored development: 
programmable robotic manipula- 
tors have been developed. Laser 
cutting of asbestos has had labo- 
ratory feasibility demonstration. 
Preliminary results indicate that 
cutting of material results in 
essentially no dispersement of 
fibers and leaves the asbestos cut 
interface cauterized. Thus helping 
seal the surface and prevent ds- 
persement of fibers during han- 
dling, NDYAG-Type lasers should 
have sufficient power and can be 
coupled with a fiber-optic delivery 
system for ease of adapting to 
automated systems and for 
improved safety. 

+ Need to view video's available 
from other nuclear facilities end 
possible visit sites and evaluate 
recovery systems without on-site 
demonstration. Determine what 
robotics have been developed 
with in-house seminar from ven- 
dors on latest and future technol- 
ogy. Robotic manipulators with 
recovery system needs to be 
able to move around on floor. up 
and around concrete columns, 
and overhead (the underside of 
the floor above). Methods of 
addressing removal of asbestos 
from valves in piping. Piping 
elbows. and piping very dose to 
walls will have to be made. 

Need to view video's available 
from other nuclear facilities and 
possibly visit sites and evaluate 
recovery systems without on-site 
demonstration. Determine what 
robotics have been developed 
with in-house seminar from vew 
dors on latest and future techno!- 
Ogy. 

+ Need confirmation of negligible + 
asbestos dispersement and cut 
cauterization. Beam containment, 
laser safety, optics protection 
from flaming, etc.. are issues to 
be addressed during develop- 
ment. The key issue is to sub- 
stantiate that fusion of fibers 
oaurs and does not create any 
new. Unrecognized waste control 
or d e  problems. The devel- 
opment of this equipment manip 
ulator track for laser; and gr ip 
pers or holding devices for cut 
material for demonstration would 
cost 83.5M. 

Need to view video's available 
from other nudear facilities and 
possibly visit sites and evaluate 
recovery systems without on-site 
demonstration. Determine what 
robotics have been developed 
with in-house seminars from ven- 
dors on latest and future techno!- 
ogy. Robotic manipulators with 
recovery system needs to be 
able to move m d  on floor. up 
and around concrete columns, 
and overhead (the underside of 
the floor above). 
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Cleanup legacl 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecommissioning - 
ind 
Iecontamination 

DISMANTLEMENT 7 8 3  5 

ARVFSNAK - 
Fuel Receiving 8 Storage 
Facility. 

Headend Processing Plant. 

TankFann. 

- Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 
System. 

* Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

SetviceWasteDiversion - 
Facillty 

b * MassiveConcrete 

* Structural Steel 

Dismantlement methods for 
above with radionuclide mntami- 
nation 

Concrete cutting 

Retrieval 

Demolition . 

Cutting 

Disassembly 

Asbestosremoval + 

I .  

Stripping 
Cutting 

Electrical equipment 
Ventilation systems 
Advanced cutting 
Sorting for recycle 
Conventional 

Major Dismantlement 

+ Any regulations or DOE Orders 
that are listed in Vol. 1, as they 
relate to a specific Subelement. 

Dismantlement Abrasive jet (high pressure water) + evaluation Demonstration, needed. testing,, . and 
DISM-SIN 

DOE sponsored development: 
programmable robotic mar;ipula- 
tors have been developed; water 
can be recycled. Concepts for 
abrasive recycling with 95Xspoils 
recoverable; high maintenance 
items; nozzles, hoses, and pumps 
when abrasives are used. ' High 
efficiency recovery system a must 
for removal to keep contaminated 
run off to a minimum. Cracks in 
concrete will be a problem since 
contamination will still be present 
and will have to be addressed. But 
no one system will be ideal for 
every situation. 

Recovery system with recyclable 
water abrasives needs to be 
demonstrated. This will require a 
portable facility if available or 
pools with necessary equipment 
to separate and possibly dewnt- 
aminate the water and abrasive 
for reuse. The development of 
this equipment - manipulators for 
tracking pipe during removal, 
holding pipe during tuning. low- 
ering pipe after cutting, and 
cleaning pools for demonstration 
- would cost $3.5M. The demon- 
stration cost includes: building 
portable containment enclosure, 
personnel protection, clothing 
and container storage but not 
transportation and burial charges. 

Need to view video's available 
from other nuclear facilities and 
possibly visit sites and evaluate 
recovery systems without onsite 
demonstration. Determine what 
robotics have been developed 
with in-house seminar. Robotic 
manipulators with recovery sys- 
tem needs to be able to move 
around on floor, up and around 
wncrete wlumns, and overhead 
(the underside of the floor 
above). Methods of addressing 
cracks in concrete. below materi- 
al, water, and possibly abrasives, 
removal of asbestos from valves 
in piping, piping elbows, and p ip  
ing very close to walls will have 
to be made. 
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DISMANTLEMENT 

I Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decommissioning 
and 
3econtamination 

ARVFSNAK * MassiveConcrete 1 
Fuel Receiving 8 Storage 
Facility. 

II Headend Praxrssing Plant. - TankFann. 

Waste Calcining Facility. 

- Auxiliaty Reactor Area-ll. 

P Auxiliary Reactor Area-I. 

Dismantlement methods for 
above with radionudide contami- 
nation 

Concrete cutting 

- Materials Test Reactor. - Engineering Test Reactor. 

TAN-607 Decon Shop. 

TAN-616 Liquid Waste 
System. 

Boraxv 

Fuel Element Cutting Facility 

Fuel Processing Complex 

Settling Basin 

ServiceWasteDiversion - 
Facility 

Retrieval 

Demolition -+ 
Cutting 

Disassembly 

Asbestos removal 
Stripping , 
Cutting 

Major Dismsrdement I 
Disassembly ot Major 
Components 

Electrical equipment 
Ventilation systems 

Advanced m i n g  
Sorting for recyde 
Conventional ~-D 

-W Any regulations or DOE Orders + Major Dismantlement - 
that are listed in Vol. 1, as they 
relate to a specific Subelement. 

a Equipment Location -e Zoning for containment ,-e Accepted --e Lighter weight materials such as + Panels need to be engineered to 
allow reuse of panels in the next honeycomb construction may 
dismantlement zone. Design for make panels easier to handle 
enhanced fire protection design. and may cheaper. be applicable. Inflatable panels 
Flammable materials would be 
pmhibiied. 

Containment to prevent spread of 
exposed contamination to less 
contaminated areas-has been 
demonstrated to be an effective 
cost reduction tool. At the Mound 
Laboratory facility a technique 
involving 3-Zones, 'Cold, Buffer. 
and Hot" is being used to isolate 
contamination. Temporary con- 
tainment has been shown to pre- 
vent increasing contamination in 
the surrounding building when 
removing glove boxes. This tech- 
nology will be necessary during 
dismantlement. ll will allow an esti- 
mated EO -90% of the materials to 
be removed to be treated as low 
level waste. Commercial suppliers 
are available. Cost savings would 
result from reduction of disposal 
cost for EO -90% of the material in 
the diffusion facilities. Low level 
waste can be disposed at 52o/cu- 
R. Material exceeding the limits for 
low level cost approximately 
%1001cu-R to dispose. Assuming 
all building materials can be dis- 
posed as low level waste the sav- 
ings would be 51-2 Billion for the 
older buildings. 

(3 zones) 
DISM-551N 

-* Demolition -* Grabbler I a m s  shearina - Accwted - None needed - A demonstration of this technolc- 

-!b Conventional 

and l i n g  
DISM-WIN 

Comtkrcially available technology 
exists to adapt large hydraulic 
excavator - mounted shearing 
jaws and grabbing devices to 
readily available earth moving 
equipment. This technique has 
been used at the Apollo Penn 
DBD project to remove structural 
steel from the former NUMEC fuel 
fabrication plant. 

gy will be required to determine 
the extent of airborne contamina- 
tion generated for a typical cut 
into the diffusion piping. Cost of 
such a demonstration will be 52- 
3M. Cost may be shared with a 
demo for asbestos, structural 
steel, massive concrete. The cost 
to be implement $300500W the if the concept demonstra- would 

tions successful. Robotics will be 
useful if the excavator arm were 
to be operated remotely, either 
teleoperated or umbilical. 

+ Use of existing fixtures and + Accepted -b An integration of advanced cut- + All jigs and fixtures would have to 
be located and if necessary r e t e  
f i ed  to restore them to working 
condition. Existing jig and fixture 
fabrication drawings would need 
to be recalled from archives 

ting techniques is needed. tooling Technology exists that permits the 
DISM-66-IN removal of major components 

without new equipment. The meth- 
ods and equipment have been 
proven and have been in use for 
Over 40 years. where necessary. 

+ High pressure abrasive water jet. + Accepted - None needed -e Abrasive watejet cutting technol- 
ogy exists but high dciency vac- cutting Abrasive watejet sing develop 
uum recovery and mobile con- DISM-52-IN ment was DOE sponsored. 
tainment system will need to be Programmable robotic manipula- 

tors have been developed. Water further developed with the 
and abrasives can be recycled shrouds.. etc. designed for a spe- 

cific application for a demo. A with 95% spoils recoverable. 
state of the art demo would cost 
3.5M and would not include 
transpottation or burial charges. 

+ Thermalarcwaterjetcutting ----t Accepted - Noneneeded 
DISM-El-IN Technology cuts metallic 

paWa l l s  up to lo0  mm m i i  and 
up to 20 meters underwater. This 
thermal arc watejet cuts are, in 
general, directed by computer 
numeric controller. With additional 
tooling support, cutting in several 
axes of operations will be possi- 
ble. Hole piercing up to a wall 
t h i i  of 30 mm could be done 
also. With cutting in vertical and 
horizontal motion. pipes, banks of 
pipes, and geometrical complicat- 
ed components cutting is possible. 

- Required possible pre-runs to 
accommodate the arc waterjet 
cutter to possible roomlspace 
shortages in the working area. In 
general, no major changes on 
the cutter device are needed. 
Commercially available technob 
gy. at least in Germany. 
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Cleanup legac 

Prevent future 
insult 

Develop 
environmental 
stewardship 

b* ARVFSNAK - 

I 

* MassiveConcrete 

Iecommissioning 
ind 
Iecontamination 

DISMANTLEMENT 7 8 3  5 

Fuel Receiving 8 Storage 
F a a l i .  

Headend Processing Plant 

TankFarm. 

Waste Calcining Facility. 

Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Materials Test Reactor. 

Engineering Test Reactor. - TAN407 Decon Shop. 

TAN416 Liquid Waste 
System. 

' Boraxv 

Fuel Element Cutting Facility 

Fuel Pmcessing Complex - SettlingBasin - ServiceWasteDiversion - 
Facility 

* StNctUral Steel 

Dismantlement methods for 
above with radionuclide contami- 
nation 

Concrete cutting 

Retrieval 

Demolition 

Culling 

Disassembiy 

Asbestos Removal 
Stripping 
Cutting + 

MaJor Dismantlement I 
Disassembly of Major 
Components 

Electrical equipment 
Ventilation systems 

Advanced cutting 
Conventional - 
Soning for recycle 

+ AnyregulatiansorDOEOrders M a j o r D i e m e n t  - 
that are l i e d  in Vol. 1, as they 
relate to a spacific Subelemem 

+ C0r;YentiOnal 
(Cant.) 

4 P l a s m a  Arcsaw ____) Demonstration, testing, and --.t For large steel wall-thickness + Requires transfer from develop 
mnt stages (protdype - 1990) to 
broad industrial application. 
Technology is available in com- 
mercial basis. 

DISM-40-IN evaluatfon needed 
The Plasma Arc Saw techno!sgy 
enables thermal cutting of steel 
plateslwalls independent of its 
thickness in a water depth up to 
20 meters. This technology i a s  
demonstrated in aming plates up 
to a thickness of 300 mm. The 
maximal permissible metallic wall 
thickness to be cut depends Only 
on the diameter of the saw (PI- 
ma-arc) blade. The emissiori of 
dust and aerosol during the 
process, only depends on the 
melted material. This process is 
controlled by computers. 

(>to0 mm - requires the develop 
ment of the large saw and pre- 
NIX in the process. 

+ NdYAGandCOz Laserating- Demonstration, testing, end + Laser cutting using a laser car- - 
DISM-WIN evaluation needed ried through a fiber-optic cable or 

Technology exists in the pre- waveguide requires demonstra- 
demonstration stage at the Penn tion. Current fiber-optic cables 
State Applied Research cannot efficiently transmit the 
Laboratory (ARL). The US. Navy wavelengths generated by a COP 
has funded feasibility demonera- laser. 
tion of the technology for disman- 
tlement of submarine hulls. The 
technology is very likely to work 
since laser cutting is common in 
industry. 

- Tooling to interface the laser cut- 
ting head with the automated 
delivery platform needs to be 
designad and demonstrated. 

+ LiqUefiedgasdng - Research end Developmsnt + Cooperative effort with commer- + Full engineering and development 
DISM-64-IN needed. cia1 suppliers of jet cutting and needed. Cost to implement esti- 

Advantages may be achieved due 
to the low temperatures involved. 
Cutting below the embrittlemenl 
temperature for metals may be 
beneficial. 
Cost advantages would be realiied 
in cutting equipment where critirali- 
ty safety is a major issue. This is 
an issue in  the 1940's vintage 
equipment. This technique could 
save 2OOA of the cost over abrasive 
water jet cutting. 

blasting equipment must be initiat- 
ed to investigate this technology. 
The Hanford Wiring states that 
there is 'No known program". 

mated at $10 million. 

-t Sorting for recyde --W Shredding, Automatic sorting, 4 Accepted - New materials of construction are + A thorough inquiry of commercial 
vendors speclaliing in shredding 
and sorting must be conducted. 
Cost of a demonstration to devel- 
op this system is estimated at 
$1015 million. 

Technology exists in commercial 
areas to shred and automatically 
sort materials including sheet metal 
equipment (automobiles and mi- 
ances) for various purposes. 
Commercial vendors have supplied 
shredders to both the X-10 and Y- 
12 facilities in Oak Ridge for these 
P~rpOseS. 
Efficacy: The application of this 
technology will require testins of 
large shredders capable of han- 
dling items with the structural 
integrity of an axial flow diffusion 
compressor. 
Cost Benefits: This technology 
could provide a savings of an esti- 
mated x )  hours per mmponent 

needed to allow large and thick 
steel cylinders to be pmassed in 
large shredders. 

and or compaction 
DISM-65-IN 
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Material Disposition - 
I .. . .  ' .  , :_ 

.. . . .  . 
. - 1 .  

The material disposition section of this TLD reviews the materiai disposition requirements for the INEL Decontamination and Decommissioning activities, identifies 
applicable material disposition technologies, and then identifies the preferred technologies when applicable 

Material disposition processes are divided into the following components: 

1 . Solidification, macroencapsulation, microencapsulation, 
chemical fixation 

a. Cementitious Solidification/Stabilization 

b. Thermoplastic Encapsulation 

c. Thermoplastic Encapsulation [Sulfur Polymer Cement (SPC)] 

d. Thermosetting Plastics Encapsulation 

e. Polymer Impregnated Concrete (PIC) 

2. Strong tight containers 

a. Excepted Packages- Strong, Tight Containers 

3. Multi-use containers 

a. Multi-use, Standardized Type-A Packaging 

4. Light weight containers 

a. Type-B Packaging 

b. Type-A and Type-B Fissile Certified Packaging 

5. Performance oriented packaging 

a. Performance-oriented Packaging (Groups II & Ill, 
for Polychlorinated Biphenyls 

c. Performance-oriented Packaging (Groups I & Ill, 
for RCRA Nonradioactive Hazardous Waste) 

6. Packaging 

a. On Site Packaging 

7. Landfill 

a. 

b. 

C. Nevada Test Site 

d. Borehole Disposal 

INEL Central Facilities Area Landfill 

INEL Radioactive Waste Management Complex 

8. Off site landfill 

a. Commercial RCRA Landfill Sites 

b. Envirocare, Utah Landfill 

9. Underground waste retrievable facilities 
* 

a. Waste Isolation Pilot Plant, N. Mexico 

10. Waste Minimization 

a. Waste Minimization Evaiuation(Computer Software) 

b. Performance-oriented Packaging (Groups II & Ill, 
for Asbestos) 1/94 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

b ARVFS NAK 

- Fuel Receiving 8 Storage 

* Headend Processing Plant. 

* TankFarm. 

* Waste Calaning Faa'lii. 

* Auxiliary Reactor Area-ll. 

- Auxiliary Reactor Area-I. 

* Materials Test Reactor. 

* Engineering Test Reactor. 

- TAN-607 Deam Shop. 

* TAN-616 Liquid Wane 
System. 

- BoraxV 

* Fuel Element Cutting Faa l i i  

* Fuel Processing Complex 

- Settling Basin 

* ServiceWasteDiiersion - 

Facilii. 

Facility 

- .  
MATERIAL DISPOSITION 

- w  

7 8 3  5 

lecontam i nation 
ind 
lecommissioning 

- Concrete/Rubble - 
- Transite 

* Asbestos Pipe Insulation 

- Wood, Tile, Roofing etc 
(Building Materids) 

Saap. Aluminum, 
Copper. and Other Non- 
Fenous Metals 

* Scrap Ferrous Metals 

- Personalprotective 

(Iron and Steel) 

clothing 
(PPC) and rags 

- Waste processing Solid 
Residuals 

. Wastepmcessing - 
sludge 

- RAD - PCBS . Organics - lnorgania - Rubble - Clean Buildings 

Any that are presented in Vol. I + Waste Smbiliition - Solidification - 
as related to specific character- Mawencapsulation 
ization or regulatory require- Microencapsulation 
ments. Chemical Fixation 

Cementirious solidification/ 4 Accepted 
stabilization (CS/S) 
WSTA-100-IN 

7 Better understanding of immobi- + Formulations need to be devel- 
lization mechanisms and chem- oped, or at least tested, for the Cementitious solidtficationhtabi- 

lization is one of the most widely istry of these waste forms can specific wastes intended for 
used techniques for treaIiny and lead to improved performance treatment. Proper implementa- 
disposing of hazardous wastes and bener predictions about their tion is necessary to ensure that 
and low-tevel radioactive wastes. durability. This technique is wr -  wane forms tested in the labo- 

rently in widescale use. d u d  ratory represent in the field. what will be prc- 

+ Thermoplasticencapsulation + Demonstration, test ing ,and 
evaluation needed 
-The bitumen stabilization 
process is at the demonstration- 
scale level. while the process 
using polyethylene is adjudged to 
be at the predemonstration scale 
of development. 

WSTA-1 02-IN 
+ These include developing the --.t 

particular technology to where it 
can be used to stabiliie residues 
generated at the site in compli- 
ance with regulations. These 
could Indude. for example, devel- 
oping the waste form that will 
pass the TCLP test; techniques 
to dry the waste before encapsu- 
lation for the polyethylene 
process; developing the waste 
forms' resistance to biological 
degradation; and developing 
methods for handling volatile 
hazardous compounds that may 
be present in residues. 

' ' 

Developing and demonstrating 
the efficacy of this stabilization 
method are estimated to cost 
$2M-$SM (1992 dollars). 
However, payback for the 
process could be significant, if it 
is demonstrated that the tech- 
nique can successfully encapsu- 
late or isolate radioactbe and/or 
hazardous compounds from the 
environment lor the required 
period. 

+ Thermoplastic encapsulation + Demonstration, test ing ,and + These indude performance test- + Those needed to develop this 
ing of the SPC waste form in the process to where it can be used evaluation needed 

SPC encapsulation is like thermc- TCLP test: developing the tech- to treat residues at the INEL are 
plastic encapsulation in thaL Me nology lor drying the waste given above. Development is 
dried waste solids are encapsulat- before encapsulation: and estimated to cost $2M-$5M 
ed in me molten sulfur. demonstrating the technique on 

an industrial scale. 

[Sulfur polymer cement (SPC)] 
WSTA-103-IN 

(1992 dollars). 

+ Thermosetting plastics -w Demonstration, testing, and 

-VES is an accepted technology 
for encapsulating spent ion- 
exchange resins; it is adjudpd to 
be at the predemonstration scale 
for disposal of ashes and other 
fine solids and is considered con- 
ceptual for disposal of liquid 
wastes. 

encapsulation evaluation needed 
WSTA-104-IN 

-W These include developing this 
technology to where it can be 
used to stabilize (in compliance 
with regulations) more of the 
expected residues likely to be 
generated at the site than just the 
spent ion-exchange resins. 
These needs include, for exam- 
ple. conducting development 
studies, determine whether the 
VES waste form will meet the 
TCLP leachability test, to devel- 
op means to incorporate ashes 
into the monomer mix and test 
the performance of the resulting 
product. etc. 

.--) Developing and demonstrating 
the efficacy 01 this stabilization 
technique are estimated to cost 
$2M-$5M (1992 dollars). 
However, payback for the 
process could be significant, if it 
is demonstrated that the tech- 
nique can successfully encapsu- 
late and isolate residues other 
than the spent ion-exchange 
resins for the required period. 

+ Polymer impregnated concrete + Research and development + These include further develop- ---t Development and demonstration 
needed ment of the technology to where of me efficacy of thii stabilization 

WSTA-101 -IN --Evoking technology/conceptual. it can be used to successfully method are expected to cost 
Some laboratory work has been stabilize some of the residues $SM-$IOM (1992 dollars). 
conducted on the technology. likely lo be generated at the site. However, process could payback be significant. for the if il 

is demonstrated that the tech- 
nique can successfully stabilize 
radioactive and/or hazardous 
residues generated at me site. 

(PIC) 
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MATERIAL DISPOSITION 

-IS S h l D m a  

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
2nd 
lecommissioning 

. .  
radioadwe materials that are 
accepted quantities. zation or regulatory requirements. (WPHT) 

as related to specific characteri- handling, 8 e r t a t i o n  WPHT- l&lN - r are currently u ied th iough iu t  
DOE to ship limited quantities of 
radioactive materials. ~ 

Erpm 

* ARVFSNAK - 
* Fuel Receiving 8 Storage 

Facility. 

* Headend Processing Plant 

* Tank Farm. 

* Waste Calcining Facility. 

* Auxiliary Reactor Area II. 

* Auxiliary Reactor Area I. 

* Materials Test Reactor. 

* Engineering Test Reactor. 

* TAN-607 Decon Shop. 

' TAN-616 Liquid Waste 

* TAN Fuel Storage Pool. 

* BoraxV 

* Fuel Element Cutting Facilii 

* Fuel Prooessing Complex 

* Settling Basin 

* Service Waste Diversion - 

System. 

Facility 

than Type A & k a g e  
limits. 

zation or reguiatory requirements. WH6' 

.) - Non-fissile concentrated - Any that are presented in Vol. I __t Waste packaging, -#b Multi-use WWih3rS -b MuRi-use. standardized - Research and development + New standardized Type A pack- + Funding requirements for RAD 
are estimated to be $1 million. age designs need to be devel- 

oped and qualified to meet regu- 
wastes having total activities less as related to soeafic characteri- handlino. 8 transmrtation Type A Packaging needed 

WPHT- 101-IN The basis for the oackaoino tech- . ~.. " ~- 
lations. Designs must be user 
friendly and available to a wide 
variety of users. 
An operationally efficient multi- 
use Type A package, or pack- 
ages, lor radioactive materials 
needs to be developed. 

nology exists. However, multi-use, 
standardized Type-A packaging 
designs need to be developed. 

+ - Non-fissile concentrated + Any that are presented in Vol. I Waste packaging, -p tight weight mntainers 
wastes having total activities less 

limits. 

as related to specik characteri- handling, 8 transportatton 
than Type A package zation or regulatoly requirements. W H T )  

+ - Fissile wastes . - Any that are presented in Vol. I Waste packaging, -b Light weight containers 
as related to specific characteri- 
zation or regulatory requirements. (WPHT) 

handling, 8 transportatton 

+ * PCB mntamirtated waste Any that are presented in VoI. I - Waste packaging, 
as related to specific characterii handling, 8 tramportauon 
zation or regulatory requirements. (WPHT) 

-+ POP Containers 

c - Waste Packaging, 
Handling, and 
Transportation 
(WPHBT) 

-Asbestos ,-b Any that are presented in Vol. I - Waste packaging, -B- POP Containers 
as related to speciilc characteri- 
zation or regulatory requirements. (WPHT) 

handling, 8 transportatton T - Non-radioactive hazardous + Any that are presented in Vol. I - Waste packaging, 
as related to specific characteri- handling, 8 tramportatton 

,-b POP Containers 

zation or regulatory requirements. (WpHT) 
waste 

* & site packiging - ~ n y  that are presented in Vol. I - waste e g i n g ,  ,-b Packaging 
as related to speafic characteri- handling, 8 barnportation 
zation or regulatory requirements. (WPHT) 

TypeBpackaging -b Accepted -e Noneneeded -& Noneneeded 
WPHT-1 02-IN Type-B packages are currently 

used throughout DOE to ship 
radioactive materials. 

-b Type A Fissile certiied packaging + Accepted -. None needed c-b None needed 
Type B Fissile certified packaging 
WPHT-103-IN 

Both Type-A fissile certified pack- 
ages and Type-B fissile certified 
packages are currently used 
throughout DOE to ship fissile 
radioactive materials. 

r - b  Performance oriented packaging -b Accepted -b None needed -b None needed 
Performance-oriented packaging 
and strong tight packages are wr-  
rently used throughout the DOE to 
ship PCBs. 

(POP) 
WPHT-1 04-IN 

b Performanceorientedpackaging + Accepted --b Noneneeded --b Noneneeded 
Performance-oriented packaging 
is currently used throughout the 
DOE to ship asbestos. 

(POP) group 
II and 111 
WPHT- 105-IN 

1-b Performance oriented packaging -b Accepted ,-e None needed ,-b None needed 
(POP) Performanceoriented packaging, 
group I. II. 111 specification packaging, and 

strong tight mntainers are wrrent- WPHT- 106-IN 
ly used throughout DOE to ship 
nonradioactive hazardous waste. 

-b &-s i te  Packaging ___t Accepted e-b Noneneeded -b Noneneeded 
WPHT-107-IN On-site shipments of hazardous 

and radioactive materials and 
wastes are currently made 
throughout the DOE. 



MATERIAL DISPOSITION 7 8 3  5 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewards hip 

1 

lecontarnination 
wid 
lecommissioning 

b- Dswsal ot final 
horn D&D. ER. and 
=rations 

Ernm 
' ARVFS NAK 

* Fuel Receiving 8 Storage 
Faality. 

* Headend Processing Plant. 

Tank Farm. 

* Waste Calcining Faalii. 

* Auxiliary Reactor Area II. 

* Auxiliary Reactor Area I. 

* Materials Test Reactor 

* Engineering Test Reactor. 

* TAN-607 D e m  Shop. 

* TAN-616 Liquid Waste 

* TAN Fuel Storage Pool. 

- BoraxV 

System. 

Fuel Element Cuiting Facility 

- Fuel Processing Complex 

SertlingBasin 

SeMce Waste Diversion 
Facilii 

+ - Clean debris -) Any that are presented in Vol. I + Waste dbposar 
as related to s w c  characteri- 
zation or regulatory requirements. 

+ * Scrap asbestos -e Any that are presented in Val. I + Waste disposal 
as related to specilic characteri- 
zation or regulatory requirements. 

+ - Low-level Radioadve -) Any mat are presented in Vol. I 4 Waste disposal 
waste as related to specific characteri- 

zation or regulatory requirements. 

-e Landfill I 

INEL Central Faalies Area --t Accepted - Noneneeded -) The wastes disposed in this 
landfill must meet the waste (CFA) Landfill Additional details such =,the' acceptance criteria (WAC) for 

MDIS-101-IN 
the landfill and obtain approval 
from me fac i l i  manager for the 
disposal of me wastes. 
Funding would be required for 
performing waste analysis (to 
ensure compliance with the land- 
fill WAC) and waste packaging, 
handling, and transportation 
(WPHBT) to the landfill. 
Estimated funding requirements 
cannot be forecast because they 
are dependent upon several fac- 
tors such as waste volumes. tip 
ping lees, analytical require- 
ments, and WPHBT costs. 

WAC for the landfill could bePr0- 
vided upon request. - 

INELCentralFaaliiesArea _t Accepted -+ Noneneeded - The wastes disposed in this 
landfill must meet the waste CFA Landfill 
acceptance criteria (WAC) for MDIS-101-IN 
the landfill and obtain approval 
from the facil i i  manager for the 
disposal of the wastes. 
Funding would be required for 
performing waste analysis (to 
ensure compliance with the land- 
fill WAC) and waste packaging, 
handling, and transportation 
(WPHBT) to the landfill. 
Estimated funding requirements 
cannot be forecast because they 
are dependent upon several fac- 
tors such as waste volumes, tip 
ping fees, analytical require- 
ments, and WPHBT costs. 

Additional details such as the 
WAC for the landfill could be pro- 
vided upon request. 

. -  

INEL Radioactive Waste - 
Management Complex (RWMC) 
MDIS-106-IN 

- :- . -e Noneneeded -) The wastes disposed in this 
landfill must meet the waste 
acceptance criteria (WAC) for 
the landfill and obtain approval 
from me faa l i i  manager for the 
disposal of the wastes. 
Funding would be required for 
performing waste analysis (to 
ensure compliance with the land- 
fill WAC) and waste packaging, 
handling, and transportation 
(WPHBT) to the landfill. 
Estimated funding requirements 
cannot be forecast because they 
are dependent upon several fac- 
tors such as waste volumes, tip 
ping ments, fees, and WPHBT analytical costs. require- 

Accepted 
This faci l i i  is currently in op?ra- 
tion. 

NevadaTestSite .-) Accepted .-I Noneneeded - The wastes disposed in this 
MDIS-102-IN landfill must meet the waste 

acceptance criteria (WAC) for 
the landfill and obtain approval 
fmm me facil i i  manager for the 
disposal of me wastes. 
Funding would be required for 
performing waste analysis (to 
ensure compliance with the land- 
fill WAC) and waste packaging, 
handling, and transportation 
(WPHBT) to the landfill. 
Estimated funding requirements 
cannot be forecast because they 
are dependent upon several fac- 
tors such as waste volumes. tip 
ping lees, analytical require- 
ments. and WPH&T msts. 

Additional details such as the 
WAC for the landfill could be pro- 
vided upon request 
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MATERIAL DISPOSITION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Decontamination 
and 
Decommissioning 

Ecpm 

* ARVFS NAK 

* Fuel Receiving 8 Storage 

* Headend Processing Plant. 

* TankFarm. 

* W M e  Calcining Facility. 

* Auxiliary Reactor Area II. 

* Auxiliary Reactor Area 1. 

* Materials Test Reactor. 

* Engineering Test Reactor. 

Facility. 

' TAN-607 Demn Shop. 

* TAN-616 Liquid Waste 

* TAN Fuel Storage Pool. 

- Boraxv 

System. 

* Fuel Element Cutting Facility 

* Fuel Processing Complex 

- Settling Basin 

* Service Waste Diversion 
Facility 

-+ * RCRA -.-b Any Mat are pfesanted in Vol. I __t Waste disposal 
as related to spedfic characteri- 
zation or regulatory requirements. 

-+ - Low-level mixed waste -* Any that are presented in VoI. I Waste disposal 
as related to spedfic characteri- 
zation or regulatory requirements. 

+ - TRU waste -b Any that are presented in Vol. I Waste disposal 
as related to specifiic characteri- 
zation or regulatory requirements. 

+ - Permanent Uranium dspwal + Any that are presented in Vol. I Waste disposal 
as related to specifii characteri- 
zation or regulatory requirements. 

On site landfill -e Approved commerdal landfills for + Accepted 
RCRA wastes (e.9.. Chemical 
Waste Management at Emelle, 
AL. Envirocare in UT. or U. S. 
Ecology landfill in NV). 
MDIS-103-IN 

-e None needed 
The strictly Resource Conser- 
vation and Recovery Act (RCRA) 
solid wastes from the site will be 
disposed of in approved commer- 
cia1 landfills provided the wastes 
meet the landfills waste accep- 
tance criteria and it is economic. 

-D- Offsitelandfill -b EnvirocareinUT. landfill + Accepted -* Noneneeded 
MDIS-104-IN The strictly Resource Conser- 

vation and Recovery Act (RCRA) 
solid wastes from the site will be 
disposed of in approved commer- 
cial landfills provided the wastes 
meet the landfills waste accep- 
tance criteria and it is economic. 

--* Need regulatory approval and 
funding The wastes disposed in this 

landfill must meet the waste 
acceptance criteria (WAC) for 
the landfill and obtain approval 
from the facility manager for the 
disposal of the wastes. 
Funding would be required for 
performing waste analysis (to 
ensure compliance with the land- 
fill WAC) and waste packaging, 
handling, and transportation 
(WPHBT) to the landfill. 
Estimated funding requirements 
cannot be forecast because they 
are dependent upon several fac- 
tors such as waste volumes. tip 
ping fees, analytical require- 
ments, and WPHBT costs. 

-b Need regulatory approval and 
funding. 
The wastes disposed in this 
landfill must meet the waste 
acceptance criteria (WAC) for 
the landfill and obtain approval 
from the facility manager for the 
disposal of the wastes. 
Funding would be required for 
performing waste analysis (to 
ensure compliance with the land- 
fill WAC) and waste packaging, 
handling, and transportation 
(WPHBT) to the landfill. 
Estimated funding requirements 
cannot be forecast because they 
are dependent upon several fac- 
tors such as waste volumes, tip 
ping fees, analytical require- 
ments, and WPHBT costs. 

-e Underground waste retrievable + Waste Isolation Pilot Plant Demonstration, testing, and + Additional research and -b Need regulatory approval for 
facilities (WIPP), New Mexico evaluation needed evaluations need to be performed TRU waste disposal and 

Funding would be required for 
performing waste analysis and 
WPHBT to ensure compliance 
with the WlPP waste acceptance 
criteria. The estimated funding 
requirements cannot be forecast 
because they are dependent 
upon several factors such as 
waste volumes, analytical 
requirements, WPHBT. and dis- 
posal costs. 

MDIS-105-IN This facility has been designated to obtain regulatory approval to funding 
by DOE for the disposal transuran- 
ic (TRU) wastes. 

dispose TRU wastes at the site. 

--* Landfill _____) BoreholeDisposal ___) Demonstration, testing, and 

The concept of disposal in a 
matrix of boreholes is a relatively 
inexpensive method for the per- 
manent disposal of uranium, low- 
level. mixed, and special case 
wases. 

MDIStOO-IN evaluation needed 
+ The concept is practicable by effi- 4 Development and demonstration 

of the use of the technology to dent use of existing experience 
from civil and mining engineering dispose of radioactive mixed- 
technology. However, the satis- w a e s  are estimated to require 
factory application of the technol- $2M-$3M (1992 dollars). 
ogy for mixed wastes disposal However. the paybadc could be 

significant when compared to the needs to be demonsbated. 
cost of alternate permanent dis- 
posal options. 
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MATERIAL DISPOSITION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

c 

Iecontarnination 
md 
Iecomrnissioning - 

Minimhe the generation ol + - Sobents -* ~ n y  that are preseMed in Vol. I _.)Waste minimization - 
hazardous and mixed . RAD as related to spedtic characteri- 
wanes. * PCB zation or regulatoory requirements - Organics 

* Inorganics . Metals 
. .wood 

* Plastics 
* Cloth - Paper 
.Asbestos 

+ Minimize the aeation of 
WaSBS. 
* Charaderize and segregate the 
wastes as early in the operation 
as passible to minimize haz- 
ardous waste generation - Maximize the use of non-haz- 
ardous submutes. - Transfer potential waste materi- 
als (e.g. spedatiy freons) to other 
DOE plants having a need for the 
material 
* Seek opportunities to use cont- 
aminated spent materials in other 
DOE applications (e.g. contami- 
naied metal for use in supercol- 
lider) - Maximize the recycle of treated 
spent materials 
* Sell maximum materials as 
scrap as legally permitted. - Estsblish acceptable Below 
Regulatory Concern (BRC) and 
'de-minimus. values. 
*Think Waste Minimization! 

The science and technology + General implementation needs - needs are expected to be mini- include inculcating the waste 
minimization philosophy among mal because incorporating the 
site penonnel through education waste minimization ethic will not 
and establishing acceptable require new technology but a 
BRC and de-minimus values for change in operating philosophy, 

attitudes and behavior. radioacbve conlaminalion levels 
in potential wastes so that signifi- 
cant quantities of potential waste 
materials can either be recycled, 
sold as scrap, or disposed at 
lower costs. 

+ Waste minimization evaluation Waste minimization evaluation + Demonstration, testing, and + 
(Computer software) evaluation needed 
WMIN-1 OWN 

system (WMES) 
A prototype software program was 
used to analyze waste minimiza- 
tion at a solvent degreasing opra- 
tion at the ORNL Y-12 Plant. !his 
application showed areas where 
the degreasing operations could 
be improved from a waste mini- 
mization perspeaive. 

Develop and demonstrate the + Development and demonstration 
effectiveness of the WMES to of the WMES is estimated to 
minimize site wastes and waste require (6 3-5 million. The sav- 

ings from implementing the sys- disposal costs. 
The scienceltechnology needs tern could be substantial. 
include for example, software 
development (e.g.. programming 
and process simulation) and 
expertise Capurre. 
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b 5 5  

Robot ics/Antomat ion 

The robotics/automation section of this TLD reviews the robotics/automation requirements for the INEL Decontamination and Decommissioning activities, identifies 
applicable robotics/automation technologies, and then identifies the preferred technologies when applicable 

Robotics/automation processes are divided into the following components: 

1. Mechanical mobility 

a. Robotic Wheelednracked Vehicles 
b. Pipe/Duct Crawler 
c.. Bridge-Mounted Robotic Platform 
d. Power Sources for Mobile Platform 
e. Failure Recovery 

2. Mechanical manipulation 

a. Long Reach Arms 
b. 
c. Compact, High Capacity Arms 

Arms with > 6 Degrees of Freedom 

3. Mechanical end-effectors 

a. Multi (>2) Fingered End-Effector 
b. Remotely/Automated Interchangeable End-Effectors 
c. Tool-Arm Interface 
d. Force Limiter 

4. Mechanical: Automated separation technologies for material recovery 

a. Automated Separation Technology(Magnetic Separators) 

5. Control: Algorithms 

a. Multiple, concurrent platform control 
b. Combined mobility/manipulation/end effector control 
c. Pre-programmed obstacle avoidance 
d. 
e. Sample management 

Programmed motions (per EPA protocols) 

6. 

7. 

8. 

9. 

Control : Man-mach ine interface 

a. 
b. Data integration/fusion 
c. Teac h/PI aybac k 
d. Voice control 
e. Man-robot symbiosis 
f. Fuzzy Control 
g. Transportable Control Stations 

Single human-multiple vehicle control station 

Control: Signal transmission 

a. Hard-wire (umbilical) 
b. Microwave 
c. Radio Frequency 
d. Laser 

Sensors: Perception 

a. Vision (3-D) (HDTV) 
b. Audio 
C. Force Feedback 
d. Imaging and Image Processing 
e. Wall Thickness Measurement 

Sensors: Control 

a. Proximity Probes 
b. Positioning 
c. Laser Range Finders 
d. Force Control 
e. FlowlMassNol u me 
f. Position Sensors for Manipulator and End-Effectors 
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ROBOTICS /AUTOMATION 

~ _ _  I Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

7 8 3  5 

Iecontarnination 
ind 
Iecornmissioning - 

** ARVFSNAK - 
- Fuel Receiving 8 Storage 

* Headend Processing Plant. 

- TankFarm. 

- Waste Calcining Facility. 

* Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Facility. 

* Materials Test Reactor. 

* Engineering Test Reactor. 

TAN-607 Decon Shop. 

- TAN-616 Liquid Waste 
System. 

Boraxv 

- Fuel Element Cutting Facility 

* Fuel Processing Complex 

- Settling Basin 

ServiceWasteDiiersion - 
Facility 

1. CHARACTERIZATION - 
a. Provides methods of deploy- 
ing sensors and instruments 
required under Anematives: 
'Sampling.". 'In-Si Chemical.' 
and 'In-Si Physical." 
b. Provides methods for the 
automation of analytical laboratc- 
ry operations induding 
Alternatives: "Sample 
Preparation," "Data 
CollectionlData Management." 
and 'Ex-Situ Chemical." 

II. DECONTAMINATION - 
a. Provides methods of deploy- 
ing tools or performing operations 
w h i i  would increase the efficien- 
cy of operations as in Alternative 
mechanical submate surface 
removal. 
b. In-situ decontamination tech- 
ndogies mat generate secondary 
environmental hazards, for exam- 
ple, grinding (DCON-43 8 44-IN). 
plasma torch (DCON-72-IN). car- 
bon dioxide blasting (DCON-39- 
IN), etc. 

111. DISMANTLEMENT - 
a. Provide methods of deploying 
the tools or performing the opera- 
tions necessary for the dismantle- 
ment of facilities or equipment to 
inuease their cost effectiveness 
or protect deanup personnel. 

Abrasive High Pressure Water Jet 

Diamond Wire Cutting (DISM-12- 
IN) 
Microwave Scabbing (DISM-31- 
IN) 
Laser Cuiting 

Conventional Disassembly 

(DISM-11,35,8 52 ~ IN) 

(DISM-34.42,49,51 - IN) 

(DISM-334N) 
Plasma Arc Cutting (DISM-36-IN) 
Grabbler for Remotely Cming 
Metals 

Vacuum Systems (DISM-46 8 47- 
IN) 

IV. MATERIAL DISPOSITION - 
Provide automated or remotely 
operated methods of processing 
hazardous wastes, particularly 
those mat lead to waste forms 
that are highly radioactive. 

(DISM-43 8 5EIN) 

b Any regulations or DOE Orders + RoboWAutomation - 
that are listed in Vol. 1, as they 
relate to a specifii Subelemem. 

-W Mecilanicalmobility - 

+ 1B.h4echanical 
manipulation 

+ ~hee~ed~ t rackedveh ie  - ~ m p t e d  ~-* - Heavy duty (>1.000 Ibs) Efficacy. Moderate probabiiity of - Medium duty (1OQ1,OOO Ibs) being useful for INEL decornmis- 
* Light duty (400  Ibs) sioning. Indeed. if robotics are 
ROBA-1-IN used at the INEL, this is the pri- 

mary method of deployment. 
Waste. Possible emissions for 
internal combustion power 
sources. 

Improved controls to allow more + No unusual implementation 
needs. autonomy of operation. 
Development Cost: $loOK- 
S300Wapplication 
Capital Costs: $75K-$300K/per 
vehide 
Operating Costs: $250K- 
WOOWmachindyear 

+ Pipelduct crawler ___) Demonstration, testlng, and Technology Development: .-+ No development or demonstra- 
tion program in this area is cur- 
rently underway. A viable demon- 
stration project would require 
hardware and sohare  develop- 
ment. integration, and testing. A 
ROM estimate for such a feasibil- 
ity demonstration program specif- 
ically looking at the characteriza- 
tion of the ventilation ductwork 
would be 1 to 1.5 years and a 
total of 81.OM to $Z.OM. 

evaluation needed A Internal ROBA-2-IN 
B External ROBA-3-IN Efficacy: High for mobility it obsta- 

des aren't7 present. 
Waste: Decontamination of sys- 
tem after use. 

Tooling - Miniaturization of Sensors1 

* Robotic Compatibility of Tooling 
* Obstruction Removal or By- 
PaSS 

+ Bridgemounted Accepted ,-e None needed ,-* Standardization of robotic plat- 
forms and improved remote 
maintenance methods to mini- 
mize waste generation. 
Capital Costs: $1 00-$200Wappli- 
cation 

robotic platform 
ROBA-4-IN 

Efficacy: High; Panicularly useful 
for dismantlement and movement 
of equipment to work cells. 
Waste: Lmle or None. 

I- + Powersourcesfor -w ~aepted (-=) 
mobile platform - @aneries/fuel cells 

Internal combustion 
* Umbilical cord 
ROBA-SIN 

and wahmtion needed (Fuel Cells) 

Accepted (imemalccmbustion) 

ncapDed (UmbiWalCord) 
Efficacy: High for internal combmion 
and umbilical; Medium for 
Wask batteries BatteriWFuel and fuel celk. Cells, possible 

chemical waste; Internal combustion 
emhiom; Decontaminatim of umbilii 
cal after use. 

+ Failurerecovery ,-* Aaepted ' . _ _ )  - Redundantdrives Efflcacy: Medium, lmased system - Tethers 
ROBA-6-IN 

Long reach arms -+ 
(2-30 Meters) 
A Heavy duty (>200 Ibs. 
Payload) 
ROBA-SIN 

B Medium duty (50-200 Ibs. 

ROBA-BIN 
C Light duty (c50 Ibs. Payload ) 
ROBA-7-IN 

Payload) 

w m .  
Wade:LimeorNMle 

AaeptedsiwW 
M a r e a s .  Efficacy: High; partiadarty fof undul- 

Waste: Decontamination of system 
after use. 

Demonstration, testlng, and 
evaluation needed 
Efficacy: Medium. Acwtam p&ion- 
load ing is increases more diwk Akmatiw as size ist&+pr- and pay- 

am. 
Waste: Possible hydraulic fluid; 
DeconbmbgtMofsystemafteru;e. 

Technolog lmprovemem - Normal deployment needs. Costs 
*Enersy~ragecapaary for deployments are generally 

induded in the costs identified for 
the robotic vehicle or platform . currem c a p a a t y / ~ i   ate 

-EmtisDncormol and indude: 
-Batteries. Improved capacity . None 
and duty cydes ($1 M to 2M) 
-Fuel Cells. Improved capacity 
and discharge work ($2M to 4M) 
-Internal Combustion Engines. 
Improved emission controls ($1M. 
to 2M) 

Duty Cyde Avaikk l i i  

None needed --w Normal implementation needs. 
capii  Costs: WWapplication. 
No identifiable development or 
operating costs. 

Arms with > 6 degrees of freedom -+ Demonstration, testing, and + 
* Positioning accuracy e l  inch evaluation needed 

Efficacy: High; Useful for dunwed * Force reflection - Modular construction areas not accessible to suited 
ROBA-1QIN workers 

Waste: Possible hydraulic fluid, 
DecomamiMtDn of system after USB. 
Total (dgal.1 waste volume would be snail 

+ Techmkgy Devebpmem: -* Normal implementation needs. 
Development Costs: $2-10M 
capital costs: $1 -5w 

Weight-Tc-Paybad Rario Operating Costs: $2OQ5OOW 
yearlmanipulator Reduclan 

oesisn (W W) 

-FlexibleBodyComl 
* MWht sensing 
* Cdlisan Amidarc? manipulator 

- Lqht Weight Small Cross Section 

Technobgy Developmem: - Normal implementation needs. 
* Redundant Task Planning and 

.ModularDesign 

Total system implementation 
should be available for demon- 
stration and evaluation within 2 to 
5 years. 
Currently available 6 DOF manip 
ulators are adequate for many 
decontamination and demmmis- 
sioning (D8D) tasks. 
Development Casts: $1 -5M 
Capital Costs: $5OOK- 
$1 Operating Wmanipulator costs: QSOWmanipu- 

latorlyear 

CQlltfOl 

- Reallime Mffter/slave Opeabn 
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ROBOTICS / AUTOMATION 

Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

Iecontamination 
and 
Iecommissioning - 

+* ARVFS NAK 

- Fuel Receiving 8 Storage 
Facility. 

- Headend Processing Plant. 

- TankFarm. 

- Waste Calcining Facility. 

- Auxiliary Reactor Area-ll. 

* Auxiliary Reactor Area-I. 

- Materials Test Reactor. 

* Engineering Test Reactor. 

- TAN-607 Decon Shop. 

* TAN-616 Liquid Waste 
System. 

- Boraxv 

* Fuel Element Cutting Faa l i i  

* Fuel Processing Complex 

* Settling Basin 

- SeMceWasteDiversion - 
Facilii 

I. CHARAC~RRATION - * a. Provides methods of deploy- 
ing sensors a d  instruments 
required under Alternatives: 
"Sampling,", 'IwSitU Chemical,' 
and 'In-Si Physical.' 
b. Provides methods for me 
automation of analyb'cal laboratc- 
ry operations iguding 
Alternatives: '$ample 
Preparation,' 'Data 
CollectioruDatii Management.' 
and 'Ex-Situ Chemical: 

II. DECONTAMINATION - 
a. Provides mathods of deploy- 
ing tools or performing operations 
which would increase the efficien- 
cy 01 operations as in Alternative 
mechanical substrate surface 
removal. 
b. In-situ decbntamination tkh- 
nologies mat generate secondary 
environmental hazards. for exam- 
ple, grinding (DCON-43 8 M-IN), 
plasma torch (f>CON-72-IN), car- 
bon dioxide blasting (DCON-39- 
IN), etc. 

111. DISMANTLEMENT - 
a. Provide methods of deploying 
the twls or performing the opera- 
tions necessar,i for the dismantle 
ment of faaliiias or equipment to 
increase their cost effectiveness 
or protect deanup personnel. 

Abrasive High Pressure Water Jet 

Diamond Wire Sutting (DISM-12- 
IN) 
Microwave Sctbbing (DISM-31- 
IN) 
Laser Cutting 

Conventional O i i e m b l y  

Plasma Arc Cutting (DISM-361N) 
Grabbler for Rtmotely Cutting 
Metals 

Vacuum Systems (DISM-46 8 47- 
IN) 

IV. MATERIAL DlSPOSmON - 
Provide automated or remotely 
operated methods of processing 
hazardous wastes, particularly 
those that lead to waste forms 
that are highly Fdioactive. 

(DISM-l1,35,8 52 - IN) 

(DISM-34.42,49,51 - IN) 

(DISM-33-11.1) 

(DISM-43 &%-IN) 

b Any regulations or DOE Orders 
that are listed in VoI. 1, as they 
relate to a specific Subelement 

+ RobotiWAutomation - 
(cont.) 

Compact. high - Researdanfdevelopmentneeded + SciencaNeed: ,-_ No unusual implementation 
needs. Compact high output electrical capacity arms Efficacy: Medium, Packaging of 

ROBA-11-IN resulting systems lor constrained W n  Development Costs: $1-2M 
Cap!ul costs 8 Operating Costs areaswiubediifficult - 

WaskDecontamMonof h a r d -  are identified in other technolo- 
gies (e.g. ROBAJ 89). ware after use. Total waste volume 

would be c 5 gal. per applicatan. 

-e 1 B. Mechanical manipulation L 
(cont.) 

Multi (>2) fingered end effector + Research and &velqunent tneeded + Technobgy Devebpent --b Normal implementation needs. 
ROBA-12-IN Development Costs: $1-2M - Compact Distributed Sensors 8 m: HQh wi!h good control atgo- 

rithms however usefuhessfor D8D is 
limited. - control PQJrimm Operating Costs: Negligible, 
Waste:Decomaminationof h a r d -  absorbed in system operating 
ware after use. costs. 

Capii  costs: $100K-$5OOK 

+ Remotelylautornated - Demonstration, testlng, and + None needed -& Engineering modifications of 
interchangeable end-effeciors evaluation neaded existing commercial systems as 
ROBA-23-IN well as integration and test with 

specific robotic systems will be 
required for implementation. 

Efficacy: High: Patticuhrty useful for 
d i i e m e n t  W. 
waste: DecMtarm 'Mtnnof h a r d - 
ware after use. Mmbnal waste volume 
(6 gal.) 

C a p i  Costs: $50K-$100K 

T 
-b 1C. Mechanical 

endeffectors 

+ Tool-arm interlace ___) Demonstration, testing, and + None needed -e Engineering modifications of 
ROBA-24-IN evaluation needed existing systems as well as inte- 

Elfkacy: High; Requires cable mam gration and test with specific 
agement lor tool resources. robotic systems will be required 
Parlicularly useful for dewn. 8 dis- for implementation.. 
mantlemem Capital Costs: $50K-$1 OOK 
Waste:DecDntamiMtonof h a r d -  
ware after use. Minimal waste volome. 

b Force limiter -b Demonstration, testing, and + None needed -b Engineering modifications of 
existing systems, as well as inte 
gration and test with specific 
robotic systems, will be required 

Capital Costs: $50K-$1 OOK 

ROBA-25-IN evaluation needed 
Efficacy: Hgh: Primruy application in 
automated hboratory. 
Waste:DewntamiMtnnof h a r d -  for implementation. 
ware after use. 

separation technologies for 
material recovery 

1D. Mechanical: Automated 4 Automated separation technology + Accepted (Magnetic vs.Non- + None (Mag. vs. Non-Mag.) 7' :;iapy costs: $75$150W 
(Magnetic separators1 Mametic materm 
ROSA-26-IN E f I k y :  Hgh; foi separabn of fern 

n?agWcmateriakfmmmrrmagnetic 

of h a r d -  waste: Dewntaminatan 
wareafteluse. 
Research and development for 
OmerrrmedcMnbinatiolS 
Efficacy: If feasible, could be very 
useful for rewvery of valuable, fen0 
magneticmateriak. 
Waste:Decontaminatonof h a r d -  
ware after use. 

tjevelopment Costs: $O.SM- 
$1 .OM 
Operating costs: SOOK per year 
per system 

Science Needs: (other material' 
combination) 
.Theoretical Analysis/Selection of 
Components - Bench Scale Tests - System Design lor High Thru- 
Put 

+ 2A. Control: Algorithms - -b Multiple, concurrent mobile plat- + Demonstration, testing, and + Sdem Dawbpmem - Decentralized. Semi-Autonomous form control evaluation needed 
ROBA-27-IN 

- Personnel Training on a high 
fidelity simulator may be 

Development Costs: $1 .OM-$4M 
Capital Costs: WSM-$1 .OM 
Operating Costs: $300K- 
$500K&ear/system 

wicacy: Hah, grealty inaeasesoper- Conaol required. 

Waste WA; no waste generated by 
atDr effdency. high pay4 techmbgy. 

comdsystem. 

~GreatercolnpmbnA~put 

+ Combined mobilitylmanipulatiotv + Demonstratlon, testing, and + sdemDevebpmm - Personnel Training 
Development costs: $500K to 
L2000K: caoital costs: SOOK to *Rea!-TmeTeskWi-g 

end effector control evaluation needed 
ROBA-PEIN Efficacy: High, Increases owrator 2_-_.1_-.,--, 

~ l r u n L I s I Y Y L u I  

~SofMreDevebpmnl 
Waste WA; no waste generated by 
corm0lSy;tem. 

$1000~.  Some special training 
may be required to ladliite par. 
allel rather man series execution. 

laraaagyvewapnem ~ t c r c o m p l e x ~ .  . TUL -% 

+ Preprcgrammed obstade -b Accepted -e Technology Improvement: - No unusual implemental needs 
Efficacy: High with good model of 
workspaca. High pay-off technology 

waste: None 

* Effective manmachine super& 
sory interface. $l.OM 

Development Costs: $O.SM- 

Operating $300Wyearlsystem. Costs: 8200K- 

avoidance 
ROBA-SIN 

when combined with RDBA-27-IN. Capital Costs: $100K-$400K 
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Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 
stewardship 

)econtamination 
ind 
)ecommissioning 

ROBOTICS / AUTOMATION 7933 5 

W -  ARVFS NAK 

- Fuel Receiving 8 Storage 

* Headend Processing Plant. 

- TankFarm. 

- Waste Calaning Faali i. 

- Auxiliary Reactor Area-ll. 

* Auxiliary Reactor Area-I. 

- Materials Test Reactor. 

* Engineering Test Reactor. 

* TAN-607 Dewn Shop. 

* TAN-61 6 Liquid Waste 

Facility. 

System. 

* Boraxv 

* Fuel Element Cutting Facilii 

* Fuel Processing Complex 

* Settling Basin 

* ServiceWasteDversion - 
Facility 

1. CHARACTERlZATlON - 
a. Provides methods of deploy- 
ing Sensors and instruments 
required under Alternatives: 
'Sampling.', 'In-Si Chemical," 
and 'In-Siu Physical." 
b. Provides methods for the 
automak'on of analytical laborato. 
ry operations including 
Alternatives: "Sample 
Preparation," "Data 
CollectiorvData Management,' 
and 'Ex-Siu Chemical.'. 

II. DECONTAMINATION - 
a. Provides methods of deploy- 
ing tools or performing operations 
which would increase the efficien- 
cy of operations as in Aiternative 
mechanical substrate surface 
removal. 
b. In-situ decontamination tech- 
nologies that generate secondary 
environmental hazards, for exam- 
ple, grinding (DCON-43 8 44-IN), 
plasma torch (DCON-72-IN), car- 
bon dioxide blasting (DCON-39- 
IN), etc. 

111. DISMANTLEMENT - 
a. Provide methods of deploying 
the tools or performing the opera- 
tions necessary for the dismantle- 
ment of facilities or equipment to 
increase their cost effectiveness 
or protect deanup personnel. 

Abrasive High Pressure Water Jet 

Diamond Wire Cutting (DISM-12- 
IN) 
Microwave Scabbing (DISM-31- 
IN) 
Laser Cutting 

Conventional Disassembly 

Plasma Arc Cutting (DISM-36-IN) 
Grabbler for Remotelv Cuttina 

(DISM-11.35.852-IN) 

(DISM-34,42,49,51 ~ IN) 

(DISM-SIN) 

Metals 

Vacuum Systems (DISM-46 8 47- 
IN) 

(DISM-43 8 %-IN) 

IV. MATERIAL DISPOSITION - 
Provide automated or remotely 
operated methods of processing 
hazardous wastes, particularly 
those that lead to waste forms 
that are highly radioactive. 

b Any regulations or DOE Orders + RoboticslAutomation - 
that are l i i  in Vol. 1, as they (corn.) 
relate to a specific Subelement. 

+ 2A. Control: Algorithms 

. .  

+ 28. Control: Man-machine - 
interface 

I, Programmed motions -W Accepted ___) Technology Improvement: - No unusual implementation 
needs. 
Development Costs: $0.5M- 

Capital Costs: $2OOK-$4OOW 
protowl 
Operating Costs: $200K- 
$300K/year/system. 
atiMly.) (Note: This is an OTD Robotics 

- Abil i i  to manipulate glassware 
* EPA approval of automated pro. 

(Per EPA Protocols) 
ROBA-30-IN automabn for a&ylid labOrat3ry. 

Efficacy: High; Similar to Iactory 

Waste None tocols. $1 .OM/protocol 

Sample management - Demonstration, testing, and --t Techklogy DevelopmM: -W Normal implementation needs. 
DeveloDment Costs: S0.5M- * lnaeased Reliabilii evaluation needed ROBA-31 -IN 

Efficacy: Medium; requires special 
suppon hardware. 
Waste: Decontamination of support 
hardwareafteruse. 

- Faun Reoovery $l.OM 
Capital Costs: $0.5M-$l .OM 
Operating $300Klyear/system. Costs: $200K- 

+ Single Human-multiple vehicle Research and development mded + Sdence Development: - Normal implementation needs. 

Development Costs: $1 .OM- 
=.OM 
Capital Costs: $0.5M-$l.OM 
Operating Costs: $300K- 
$SOOKlyear/system. 

* Emtiedded I n t e N i  
* M U M  Interface 
Tedrnobgy Dedopment: 

Efficacy: High; Similar to RORA-27- 

Waste: NIA 

control station 
ROBA-32-IN IN. High pay-ofltechnology. 

* Elfeclive supecvisory cormol 

+ Data integrationlfusion - Demonstration, testing. and + SaenceDevebpment: -* No unusual implementation 
needs. 
Development Costs: $0.5M- Efficacy: High; can compensate for 

failed sensors. Mining Data $2.OM 

Operating Costs: $200K- 
$3OOWyear/system. 

~DataVe-n 
* Techniques for Functioning with 

ROBA-=-IN evaluation needed 

Waste: None Capital Costs: $0.1 Mb0.5M 

-& T=ch/pWack - Accepted - SdenceImpmvement: ____) No unusual implementation 
Expansion of Performance List needs. 

Development Costs: $0.5M- 
$1 .OM 
Capital Costs: $200K per 
system 
Operating Costs: Included in con- 
trol system costs. 

Efficacy: High, similar to fictory 
auto-. Requbes reliile prsifion 
sensors. 
Waste: None 

ROBA-34-IN 
Technobgy Illlprovemnt: 
*Irma& PreSfJn and Speed 

-b Voice control ,-e ~ccepted 7 SdeW Impwemem: - Specialized Operator Training 
.Languaee Expanson may be required. 

Development Costs: $O.SM- - Mumple Operator Recognition 

capital Costs: $100-$300w 

Operating Costs: lnduded in con- 
trol system costs 

Efficacy. High. if language expanston 
and robusmess to phonetic variability 
areactivated. $1 .OM 

generated. station 

ROBA-SIN 

Waste. No secondary waste stmm 

+ Man-robotsymbiosis -* Resemchanddeveloprnentnexkl + SdenceDevelopmert ___) Operator training may be 

Development Costs: $2.OM- 
ROBA-46-IN Efficacy: Medium to low. Significant *MadrineLeaming extensive. 

.DynameTaskAlloca6cn development required and potential 
applicafions are Em-. $5.OM 
Waste: None 

+ Fuuy control - Demonstration, testing, and + Sdem Development: No unusual implementation 
ROBA-47-IN evaluation needed CabatmofFmyRuleBases needs. 

Development Costs: $1 .OM- 
$3.OM 
Capital costs: $1 .oM/station 
Operating Costs: Negligible 

- EnuMon of Human - 
* Integration with Other Control 

Elficaq: Medium. Again could bz 
useful for supervisory mmd of  ~ ~ l t i -  
ple system. Development costs Types 

andaPpcaDons are lim. 
waste: None 

+ Transportable control stations Accepted -W Technology Development: - Normal implementation needs. 
Development Costs: $200K- 

Capital costs 8 Operating Costs: 
Included in system costs. 

ROBA-lS-IN ""y: ms'l.,necessary for decem- * Field-Hardening 
Msu)rungacbvlbes. - Improved Reliabilii/Durabilii WOK 
Waste: None 
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ROBOTICS / AUTOMATION 

I Cleanup legacy 

Prevent future 
insult 

Develop 
environmental 

lecontamination 
ind 
lecom m ission ing 

b- ARVFSNAK 

* Fuel Receiving 8 Storage 

* Headend Pmcessing Plant 

- TankFarm. 

* Waste Calcining Facility. 

* Auxiliary Reactor Area-ll. 

Auxiliary Reactor Area-I. 

Fadli i. 

- Materials Test Reactor. 

* Engineering Test Reactor. 

- TAN-607 Decon Shop. 

* TAN-616 Liquid Waste 
System. 

* BoraxV 

Fuel Element Cuning Fadlity 

Fuel Processing Complex 

* Settling Basin 

* ServicaWasteDversion - 
Facility 

1. CHARAClERaATlON - 
a. Provides methods of deploy- 
ing sensors and insbuments 
required under Alternatives: 
"Sampling.', 'In-Situ Chemical.' 
and 'In-Situ Physical." 
b. Provides methods for the 
automation of analytical laborate 
ry operations including 
Ailernatives: 'Sample 
Preparation,' "Data 
Collection/Data'Management; 
and 'Ex-Situ Chemiml.' 

11. DECONTAMINATION - 
a. Provides methods of deploy- 
ing tools or performing operations 
which would innease the efficien- 
cy of operations as in Alternative 
mechanical substrate surface 
removal. 
b. In-situ decontamination tech- 
nologies that generate secondary 
environmental hazards, for exam- 
ple, grinding (DCON-43 8 44-IN), 
plasma torch (DCON-72-IN). car- 
bon dioxide blasting (DCON-39- 
IN), etc. 

111. DlSMAHnEhlENT - 
a. Provide methods of deploying 
the tools or per!orming the opera- 
tions necessary for the dismantle 
ment of facilities or equipment to 
inaease their cost effectiveness 
or protect deanup personnel. 

Abrasive High Pressure Water Jet 

Diamond Wire Cuning (DISM-12- 
IN) 
Microwave ScaSbing (DISM-31- 
IN) 
Laser Cuning 

Conventional Disassembly 

Plasma Arc Cutting (DISM-36-IN) 
Grabbler for Remotely Cutting 
Metals 

Vacuum Systems (DISM-46 8 47- 
IN) 

IV. MATERIAL DlSPOSmON - 
Provide automated or remotely 
operated methods of processing 
hazardous wastes. particularly 
those that lead to waste forms 
that are highly radioactive. 

(DISM-11, S5,8 52 - IN) 

(DISM-34.42.49.51 - IN) 

(DISM-33-IN) 

(DISM-43 8 %-IN) 

b Any regulations or DOE Orders 
that are listed in Vol. 1, as they 
relate to a speck  Subelement. 

+ RoboWAutomation - 
(coni.) 

i, 2C. Control: Signal - 
transmission 

' of hafd&ed until- No implementation needs. + Hardwire (umbilical) -e Aaepted ~-* 
Costs are negligible. ~ ~ u n i c a b o n  in remote robotic 

apkabomdearandunobsrmctad- 
movementpassagawaysmusrbe 
allowed. The communicaton link 
mustuseeimeraretrieMbleora 
saaifwappmdl. 

. .  ROBA-49-IN Efficacy: High, Some limitation in 
lagdutleredarear 
waste: Decomamt 'nation aBer use 

-b Microwave - Demonstration, testing, and + Tedvrology Impmvement: ___) Normal implementation needs. 
ROBAQDIN evaluation needed - Robust, multi-path operation in Development Costs: $600K- 

Capital Costs: $200Wsystem 
Operating Costs: lnduded in cost 

Effleaey: High. atthough may squire refleche environment $BOOK 
lineof-sight between 
tmmimfeeiver. 
waste: None of control system. 

-b Radio Frequency(RF) - Demonstration, testing, and + Technokey Impmvement: - Normal implementation needs. 
ROBA-51 -IN evaluatlon needed - Robust, multi-path operation in Development Costs: $0.5$0.7M 

Efficacy: Medium. MuI@le units likely refidve environment. Capital Costs: <$5OWsystem 
neededforbandwidlh 
requiremem. trol station costs. 
waste: None 

Operating Costs: lnduded in con- 

-b Laser -Accepted - s y s t e m s n e e d t o b e ~ t o  + Noneneeded 
ROBA-52-IN Efficacy: Low. Requires Iineof-sght, deal with indmr d i n e o f -  Capital Costs: C650Wsystem 

hence. appkanrn Operating Costs: lnduded in con- 
waste: None trol station costs. 

Vision - Demonstration, testing, and + SdemDevebprnent: Normal implementation needs. 
A 3D ROBA-SIN 
B HDTV ROBA-WIN 

* Sensor Fusion Development Costs: 
-Advanc&Vmatimion 

TechnobgyImpwement: Capital Costs: 

evaluation needed 
ERtcaty: Mednrm (bath A 8 E). 
npP!katbns may be l i  at me 
INEL 
Waste:None -Emmonmentallning $300K per unit (3D) 

$0.8-$1.OM (3D) 
capabilities $0.3M-$0.5M (HDTV) 

$200K per unit (HDTV) 
Operating Costs: Negligible 

Audio (directional) -* Demonstration, testing, and -W Technobgy Iqnm5ment - Normal implementation needs. 
ROBA-65-IN evaluation needed - Represemafion To operator Development Costs: $0.5-$1.OM 

EfRcacy: Medium to bw. A p p l i i n s  
at INEL would be limited. 

- Integration with Other Sensors 
(Sensor Fusion) Operating Costs: Negligible 

Capital Costs: QOOK per unit 

Waste: None ~ l ~ ~ i ~  

-b Force feedback - AcQpted -& Sden~Devebpment: - Normal implementation needs. 
Development Costs: $200K- 

Operating Costs: Negligible 

- Improved Taclile Sensilivity Efficacy: High for & ! o n  in analyt- 
id hboatory. WOOK 
Waste:None Capital Costs: $2OOWunit 

ROBA-GBIN 

1 -Li, 3A.Sensors: 
Perception 

-W Imaging and image PKCessing Resemd~anddavelopnentneeded + sdence Devebpmem: Development costs: $0.5M to 
$2.OM; capital costs: $300K to 
$500Wunit. 

ROBA-67-IN Efficacy: Medium. Useful for inspec- *RoQsw?gspeed 
tionrasks. - Presentamn To operator 
Waste: None * Datasensor Fusion 

4 Wall thidvless measurement 4 Demonstration, testing, and + SbeClQDevelopmem: - Normal implementation needs. 
l ~ b f ~ ~  Development costs: $0.5-$1.OM evaluation needed 

Effrcey: Hgh. Usefui for inspectan Capnal Cons: $200K-$3CQW unit 
Operating Costs: Included in cost 

waste: None of mntrol station. 

- Ultrasonic 
* Eddy-Current 
ROBA6EIN WS. 

+ 3B.Sensors: Proximity probes --b Research and developmerd needed + ~edvrology lmpovemem - Normal implementation needs. 
Development Costs: $1.0-$2.OM Effracy: High for snaU vdume coyer- 

age. h h h r g e  mcoverrrge.  May W C  Capital costs: %2M)K-S3OOWunil 
be useful to alen supeNisory operator Operating Costs: None 
of b7lpendng w&n. 
waste: None 

ROBA-69-IN l m p d  Sensor Range 8 Signal 

-b Positioning - Researchand developmentneeded + Te~i-~nobgylmpmvemem - Nounusual implementation 
ROBA-70-IN Efibcy: Mediumfwhigharmracy, * Improved Armracy by combining needs. 

re&mermigabmwirtmbuiBng withDeabLwanirg Development costs: $0.5-$1.OM 
sfllcbnes. Capnal Costs: $2OOK-$3OOWunit 

Coml -r 
Operating ccsts: lnduded in con- waste: None trol system costs. 
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ROBOTICS / AlJTOMATlON 

Cleanup legac! 

Prevent future 
insult 

Develop 
environmental 
stewardship 

lecontamination 
md 
lecomrnissioning - 

b- ARVFSNAK 

Fuel Receiving 8 Storage 
Facility, 

Headend Processing Plant. 

- Tank Farm. 

* Waste Calcining Facility. 

* Auxiliary Reactor Area-ll. 

- Auxiliary Reactor Area-I. 

- Materials Test Reactor. 

* Engineering Test Reactor. 

- TAN-607 Demn Shop. 

* TAN-616 Liquid Waste 
System. 

- Boraxv 

* Fuel Element Cutting Facility 

- Fuel Processing Complex 

- Settling Basin 

* SewiceWasteDiiersion - 
Facility 

1. CHARACTERIZATION - 
a. Provides methods of deploy. 
ing sensors and instrumem 
required under Alternatives: 
"Sampling,', 'In-Situ Chemical," 
and 'In-Situ Physical." 
b. Provides methods for the 
automation of analytical laborato- 
ry operations including 
Alternatives: "Sample 
Preparation," 'Data . 
CollectiowData Management," 
and 'Ex-Situ Chemical." 

11. DECONTAMINATION - 
a. Provides methods of deploy. 
ing tools or performing operations 
which would increase the efficien- 
cy of operations as in Alternative 
mechanical substrate surface 
removal. 
b. In-situ decontamimtion tech- 
nologies that generate secondary 
environmental hazards, for exam- 
ple. grinding (DCON-43 8 &IN), 
plasma torch (DCON-72-lN), car- 
bon dioxide blasting (DCON-39- 
IN), etc. 

111. DISMANTLEMENT - 
a. Provide methods of deploying 
the tools or performing the opera- 
tions necessary for the dismantle- 
ment of facilities or equipment to 
increase their cost effectiveness 
or protect cleanup personnel. 

Abrasive High Pressure Water Jet 

Diamond Wire Cutting (DISM-1'2- 
IN) 
Microwave Scabbing (DISM-31- 
IN) 
Laser Cutting 

Conventional Disassembly 

Plasma Arc Cutting (DISM-36-IN) 
Grabbler for Remotely Cuttina 

(DISM-11.35,8 52 - IN) 

(DISM-34,42,49,51 - IN) 

(DISM-SIN) 

. -  
Metals 

Vacuum Systems (DISM-46 8 47- 
IN) 

(DISM-43 8 %-IN) 

IV. MATERIAL DISPOSITION - 
Provide automated or remotely 
operated methods of processing 
hazardous wastes, particularly 
those that lead to waste forms 
that are highly radioactive. 

b Any regulations or W E  Orders 
that are listed in Vol. 1, as they 
relate to a specific Subslement. 

+ RoboticdAutomation - 38. Sensors: 
(corn.) Conrol 

(corn.) 

Laser range finders - Demonstration, testing, and -t Technology Improvement: - Normal implementation needs. 
ROBA-71-IN evaluation needed * Improved Wi i l i t y  of Hardware Development Costs: $0.5$1.OM 

Efficacy: Medium for object reagni- Data lnrerpretabbn Capital Costs: $250Wunit 
Lion. 3D mapping of task sites. 
waste: None 

Operating Costs: Negligible 

Force control - Demonstration, testing,.and + Techmbgy Imprwemem ___) Normal implementation needs. 
Development Costs: $O.Z-$O.SM 
Capital Costs: $1 OOWunit 
Operating Costs: Negligible 

evaluation needed 
EfRcacy: Hgh for canesian or pht 
space sensing. Medium for tactile 
sensing. Panixlady useful for lafora- 
tory sample handling. 
Waste: None 

* l m p d  T d e  Sensing ROBA-72-IN 

'-+ None needed _____) Normal implementation needs. Flow/mass/volume -e Accepted 
ROBA-74-IN Efficacy: High for anaiylical Capital Costs: WOWunit 

IaboratOIy Operating Costs: Negligible 
waste: a d d b ~ ~  waste gene& 

Position sensors for manipulator + Accepted -e None needed -W ~orma l  implementation needs. 
and end-effectors Efficacy: High for analytical Capital Costs: k10Wunit 
ROBA-75-IN laboratory. Operating Costs: Negligible 

Waste: None 
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This index includes references to 
contaminant names, waste forms, and 
technology names (the latter are presented 
in ALL CAPS). The index covers the text of 
all three volumes. Bold characters followed 
by a colon indicate the volume to which the 
following page numbers refer: 

I Volume I 

I A  Volume I, Appendix A 

I I  Volume II 

I I I Volume 111. 

1,l -dichloroethene, IA:3 

1 , 1 , 1 -trichloroethane, IA:3; I lk21 4 

3-D VISION (ROBA-53-IN), 1:23; 11:60; 
111:498 

A 
ABRASIVE WATERJET CUTTING (DISM-35- 

IN), l:21; 11:39; I lk337 

111:228 

IN), l:21; 11:40; 111:348 

ACID ETCHING (DCON-28-IN), l:l9; 11:22; 

ADVANCED LASERS FOR CUTTING (DISM-42- 

Air samples, l k 9 4  

Airborne particulates, 1 1 5 ,  8-1 0; 111:25, 45, 
57, 65, 84, 108, 110, 196, 339 

111:305 
ALKALINE SALTS (DCON-78-IN), 1:20; 11:23; 

ALPHA TRACK ETCH DETECTORS FOR 
. SURFACE ALPHA CONTAMINATION 

(CHAR-96-IN), 1~18; ll:8; 111:133 

Aluminum pipe, I k l96 ,  198, 236, 247, 249, 

Aluminum, IA:3, 15, 17; k19 ,  49; lll:3, 5, 7, 
11, 13, 15, 17, 19, 23, 27, 31, 33, 39, 
41, 43, 49, 53, 55, 57, 59, 61, 63, 65, 

92, 94, 96, 98, 100, 102, 104, 106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 141, 143, 145, 
147, 149, 151, 153, 155, 159, 163-164, 
166-168, 180-181, 186, 188, 191, 196, 
198, 202-203, 207-208, 210, 218, 222, 

253-255, 262, 264, 266, 268-269, 273, 
280, 302, 304-306, 312-313, 339, 352 

264, 266, 268-269, 280 

67, 69, 71, 739 75, 80, 82, 861 88, 90, 

234, 236, 238, 242, 244, 247, 249, 251, 

Americium, IA:12, 20, 26, 30; 11:7-9 

Americium-241, IA:12, 20, 26, 30 

Ammonia, IA:26; Ik224, 305 

ANNULAR DENUDERS (CHAR-16-IN), l:17; 
1 1 5 ;  111:25 

Antimony, IA:7, 12-13, 26 

Antimony-1 25, IA:7, 12-1 3, 26 

ARC SAW CUTTING (DISM-37-IN), 1~21; 11~39; 
111:341 

(ROBA-1 0-IN), 1:22; 1157; 111:463 
ARMS WITH > 6 DEGREES OF FREEDOM 

Arsenic, k9-10  

ARTIFICIAL INTELLIGENCENEURAL 
NETWORKS (CHAR-22-IN), l:17; ll:3; 
111:3 7 

17, 19, 23, 27, 31, 33, 39, 41, 43, 49, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 
73, 75, 80, 82, 86, 88, 90, 92, 94, 96, 
98, 100, 102, 104, 106, 108, 110, 112, 
114, 116, 118, 120, 122, 124, 127, 131, 
133, 135, 137, 139, 141, 143, 145,, 147, 

Asbestos insulation, lll:3, 5, 7, 11 , 13, 15, 

149, 151, 153, 155, 159, 163-164, 166- 
168, 451 

Asbestos, 1 5 ;  IA:3, 5-6, 9, 13, 18, 20, 22, 
30; Il:9-10, 15-31, 35-45, 49-51, 53; 
lll:3, 5, 7, 11, 13, 15, 17, 19, 23, 27, 31, 
33, 39, 41, 43, 49, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 80, 82, 86, 
88, 90, 92, 94, 96, 98, 100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 
122, 124, 127, 131, 133, 135, 137, 139, 
141, 143, 145, 147, 149, 151, 153, 155, 
159, 163-1 64, 166-1 68, 173, 178-1 79, 
289, 309, 354-357, 359-362, 367, 419, 
432, 451-452 

ATOMIC SPECTROSCOPY (CHAR-76-IN), I:18; 
H:9; 111:l 08 

AUGER ELECTRON SPECTROSCOPY (CHAR-2- 
IN), l:17; ll:6; 111:5 

AUTOCORRELATION AND 
AUTOCONVOLUTlON OPTIMIZED 

l:17; ll:4; 111:5 1 
MULTIVARIATE ANALYSIS (CHAR-29-IN), 

AUTOMATED BRUSHING TO REMOVE 
SURFACE CONTAMINATION (DCON-57- 
IN), 1:20; ll:16; 111:272 

AUTOMATED GRINDING (DCON-44-IN), 1:20; 
11:25, 57-61; 111:254 

AUTOMATED SEPARATION TECHNOLOGY 
(ROBA-26-IN), 1:23; 11:58; 111:473 

B 
Barium, IA:7, 26; Il:9-10; I lk208 

Barium-1 37m, IA:7 

Beams, 11:39; 111:208, 298, 331 , 334-335, 
337, 339, 341, 343, 345, 348, 350-352, 
369, 381 

BIOLOGICAL (DCON-03-IN), l:l9; 11:31; 

111:l 76  

BIOLOGICAL SURFACE CLEANING (DCON-17- 
- IN), 1~19; 11:20; 111:207 

BLASTING (DISM-22-IN), 1:21; 11:36; 111:325 

BLEACHING (DCON-27-IN), 1~19; 11~22; 
111:226 

11:52; W:4 1 7 
BOREHOLE DISPOSAL (MDIS-lOO-IN), 1:22; 

C 
Cadmium, IA:26; 11:9-10 

Calcium, IA:26; I k l 4 8 ,  197, 203-204, 226, 

Carcinogenic agents, 111:159 

245, 356, 384, 389, 391, 397 

CATALYTIC EXTRACTION PROCESS (DCON- 
06-IN), l:l9; 11:30; 111:l 80 

CAUSTIC TREATMENT (DCON-13-IN), 1~19; 
11:20; 111:l 96 

SOLIDIFICATION/STABILlZATlON (CS/S) 
CEMENrmOUS 

(WSTA-1 00-IN), 1~22; 11:49; 111:435 

CENlRIFUGE CRYOGENIC CO2 PELLET 
BLASTING (DCON-39-IN), 1:20; 11:24, 57- 
61; 111:244 

Cerium, IA:l2-13, 26-27; 11:20; 111:198-200 

Cerium-144, IA:12-13, 26-27 

Cesium, IA:3, 6-7, 10, 12-13, 16, 18, 20-21 , 

Cesium-134, IA:12-13, 16, 18, 20, 26-27 

Cesium-135, IA:7 

Cesium-137, IA:3, 6-7, 10, 12-13, 16, 18, 

26-27; 11:7-9, 16; 111:220 

20, 26-27; 111:220 

CHEMICAL FOAMS (DCON-08-IN), l:l9; 11:19; 
111:l 84  



CHEMICAL GELS (DCON-09-IN), I:19; ll:l9; IN), 1:23; 1158; 111:465 23, 27, 31, 33, 39, 41, 43, 49, 53, 55, Data assessment, ll:4: 111:35, 51 
111:l 86 

11:30; 111:l 79 

CHEMICAL LEACHING TESTS FOR PROTOCOL 
DEVELOPMENT FOR EVALUATION OF ' 

CLEANING OPTIONS AND EFFECTIVENESS 

CHEMICAL LEACHING (DCON-05-IN), I:19; 

(CHAR-1 13-IN), l:l9; 11~6; 111:163 

CHEMOMETRIGASSISTED DATA ANALYSIS. 

Chlorine, lA:26-27; lIl:214, 226 

Chromates (Cr04), k20 ;  I k3 ,  5, 7, 11 , 13, 

(CHAR-21-IN), l:17; 11~4; 111:35 

15, 17, 23, 25, 27, 31, 33, 35, 37, 43, 
45, 49, 51, 53, 55, 57, 59, 61, 63, 65, ,' 

67, 71, 73, 75, 78, 80, 82, 84, 86, 88, 
92, 96, 98, 100, 102, 104, 106, 108, 
110, 112, 118, 137, 159, 161, 163, 1913, 
q n o  

COMPLEXING AGENTS (DCON-79-IN), 1~20; 
11:23; 111:307 

Composite roofing, 111:175-176 

COMPRESSEDAIR CRYOGENIC CO2 PELLET 
BLASTING (DCON-51-IN), 1:20; 11:15; 
111:262 

l:17; 1 1 5 ;  111:67 

11:26; 111:256 

COMPUTER TOMOGRAPHY (CHAR-41-IN), 

CONCRETE MILLING (DCON-47-IN), 1~20; 

Concrete, l:9-11, 20, 22; IA:3, 6, 9, 11-13, 
15-19, 21-22, 24-26, 28, 30-32; II:15- 
31 , 35-45, 49; lll:3, 5, 7, 11 , 13, 15, 17, 
19, 23, 27, 31-33, 39, 41, 43, 49, 53, 55, 
57, 59, 61 , 63, 65, 67, 69, 71 , 73, 75, 
77, 80, 82, 86, 881 90, 92, 94, 967 98, 

57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 
80, 82, 88, 90, 92, 94, 96, 98, 100, 102, 
104, 106, 108, 110, 112, 114, 116, 118, 
120, 122, 124, 127, 131 , 133, 135, 137, 
141, 143, 145, 147, 149, 151, 153, 155, 

280 
159, 163-1 64, 166-1 68, 207-208, 273, 

Copper, IA:l8; k49;  M:3, 5, 7, 11 , 13, 15, 
17, 19, 23, 27, 31, 33, 39, 41, 43, 49, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 
73, 75, 80, 82, 88, 90, 92, 94, 96, 98, 
100, 102, 104, 106, 108, 110, 112, 114, 
116, 118, 120, 122, 124, 127, 131, 133, 
135, 137, 141, 143, 145, 147, 149, 151, 
153, 155, 159, 163-164, 166-168, 180, 
188, 198, 207-208, 210, 216, 220-221, 
234, 236, 238, 242, 244, 247, 249, 251, 

280, 304, 339, 363, 382 

11:37; 111:378 

329 

253-255, 262, 264, 266, 268-269, 273, 
DIRECT SAMPLING ION TRAP MASS 100, 102, 104, 106, 108, 110, 112, 114, 

133, 135, 137, 139, 141, 143, 145, 147, 

168, 173, 176, 178-179, 191-192, 207, 
212, 224, 226, 228, 236. 238. 240. 242, 

1 U O  

SPECTROMETRY (CHAR-90-IN), I:18; 
I 1 : l l ;  111:124 

11:60; 111:502 

Chromium, 1:9; IA:26; Il:9-10, 30; lll:3, 5, 7, 

35, 37, 43, 45, 49, 51, 53, 55, 57, 59, 

116, 118, 120, 122, 124, 127, 129, 131, 

149, 151, 153, 155, 159, 161-164, 166- 

CORE STITCH DRILLING (DISM-83-IN), 1:21; 
11, 13, 15, 17, 19, 23, 25, 27, 31, 33, 

61, 63, 65, 67, 71, 73, 75, 78, 80, 82, 
84, 869 88, 92, 96, 98, 100, 1029 104, 
106, 108, 110, 112, 118, 137, 159, 16.1, 

DIRECTIONAL AUDIO (ROBA-65-IN), 1:23; Curium, 1:6; IA:20, 30; lll:l47, 289, 310, 

163, 183, 196, 198-200, 203 

111:355 

400-401 , 404, 408, 41 1 , 41 3-41 4 

C02 BLASTING (DISM-47-IN), 1:21; 11~42; 

Cobalt, 11:7-9; 111:389, 391 -392, 396-398, 

Cobalt-60, IA:3, 6, 10, 12-13, 16, 18, 20, 
26; 111:220 

COLD VAPOR (MERCURY) ANALYSIS (CHAR- 
24-IN), l:17; 11:lO; 111:4 1 

COMBINED MOBILITY/MANIPULATION/END- 
EFFECTOR CONTROL (ROBA-28-IN), 1:23; 
11:58; 111:477 

Combustibles, lll:l75, 180, 373 

COMMERCIAL RCRA LANDFILL SITES (MDIS- 
103-IN), 1~22; 11:52; 111:42 1 

COMPACT HIGH-CAPACITY ARMS (ROBA-11- 

Debris, k9, 11; IA:3, 6-7, 9, 12-13, 16, 18, 
30; ll:18, 26, 36, 51; 111:228, 240, 256, 
260, 274, 289-291 , 310, 31 8, 320, 322- 
323, 325-327, 329, 355, 410, 413, 419 

DEMOLITION COMPOUNDS (EXPANSIVE 

Demolition of concrete, 111:376, 378 

GROUT) (DISM-23-IN), 1:21; 11:37; 111:327 

DETERGENTS AND SURFACTANTS (DCON- 
26-IN), l:l9; 11:22; 111:224 

DIAMOND WIRE CUTTING (DISM-12-IN), 1:21; 
11:35, 57-61; 111:320 

DIFFERENTIAL OPTICAL ABSORPTION 
SPECTROSCOPY (CHAR-27-IN), I:17; 
11:10-11; 111:47 

Dioxin, ll:18; 111:208, 232, 289 

244, 247; 249; 251, 253-254,' 256i260, ' 
262, 264, 266, 268-269, 273, 280, 282, 
289, 291-294, 309-310, 317-320, 322- 
323, 325, 327, 329, 350, 355-356, 360- 
362, 367, 376, 378-379, 388, 394-395, 
409-41 3, 437-439 

CONTAl N M ENT STRUCTURES (DISM-CTMNT- 
loo), l:21; 111:384 

Curium-244, IA:20, 30 

Cylinders, k37 ,  45; lll:3, 5, 7, 11, 13, 15, 
17, 19, 23, 27, 31 , 33, 39, 41 , 43, 49, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 
73, 75, 80, 82, 88, 90, 92, 94, 96, 98, 
100, 102, 104, 106, 108, 110, 112, 114, 
116, 118, 120, 122, 124, 127, 131, 133, 
135, 137, 141, 143, 145, 147, 149, 151, 

Disassembly of major components, k44-45; 
111:335, 345, 363, 369, 372-373, 375 

111:259 
DRILL AND SPALL (DCON-49-IN), 1~20; 11:26; 

DRY HEAT (DCON-04-IN), l:l9; 11:30; 111:178 

DRY HEAT ROASTING (DCON-60-IN), 1:20; 
ll:16; 111:276 

153, 155, 159, 163-164, 166-168, 234, 
244, 262, 373, 379 

Dust, 1 : l l ;  11:16-17, 26, 35-37, 40, 45; 
111:25, 45, 84, 135, 210, 238, 242, 251 , 
257, 260, 283, 291, 322-323, 325, 329, 
345-346, 352, 370-371, 378, 380, 400, 

CONTINUOUS AIR MONITORING (CHAR-54 
IN), l:18; ll:3; 111:84 

BALL) (DISM-21 -IN), 1:21; 11:36; 111~322 D 403, 405 
CONVENTIONAL (JACKHAMMER, HEADACHE 

CONVENTIONAL DISASSEMBLY DATA BASE MANAGEMENT FOR LARGE 

E 
(MECHANICAL) (DISM-33-IN), 1:21; 11:39, QUANTITIES OF DATA (CHAR-72-IN), 
57-61; 111~334 l:18; ll:3: 111:l 00 

ELECTRET PASSIVE SURFACE ALPHA CONVENTIONAUAUTOMATED VACUUM DATA I NTEG RATION/FUSION (ROBA-33-1 N) , MONITOR (CHAR-95-IN), l:18; ll:8; 
111:l 31 

SYSTEM (DISM-46-IN), 1:21; 11:42; 111:354 1:23; 1159; 111:482 
Copper wiring, I k3 ,  5, 7, 11 , 13, 15, 17, 19, Data and instrument manipulation, Ilk37 



Electrical equipment, k35-45 

Electrical switch gear, Ilk283 

ELECTRODISCHARGE MACHINING (EDM) 

- 

(DISM-86-IN), 1:21; k41 ;  111:381-382 

ELECTROCHEMICAL METHODS (CHAR-1 O-IN), 
l:17; ll:7; 1H:l 9 

11:20; 111:2 1 2 

II: 10; 111:6 5 

ELECTROMIGRATION (DCON-2O-IN), I:19; 

ELECTRON DIFFRACTION (CHAR-37-IN), I:17; 

ELECTRON SPECTROSCOPY FOR CHEMICAL 
ANALYSIS (CHAR-1-IN), l:17; ll:6; 1H:3 

11:20; 111:205 

(CHAR-35-IN), l:17; ll:5; 111:63 

ELECTROPOLISHING (DCON-1 WN), k19; 

ENERGY DISPERSIVE X-RAY SPECTROSCOPY 

ENVIROCARE, UTAH LANDFILL (MDIS-104- 
IN), 1:22; 1152; I lk422 

Epoxy, 111:236, 244, 247, 249, 264, 266, 

Europium, IA:6, 12-13, 20, 26-27; 11:7-9 

Europium-1 52, IA:l2-13, 20 

Europium-154, IA:6, 12-13, 20, 26-27 

Europium-155, IA:12-13, 26-27 

268-269, 280, 287 

EXCEPTED PACKAGES - STRONG, TIGHT 
CONTAINERS (WPHT-1 00-IN), 1~22; 11:50; 
111:42 7 

EXPLOSIVE (DCON-48-IN), 1:20; 11:26; 111:257 

EXPLOSIVE CUlTING (DISM-44-IN), 1:21; 
11:40; 111:35 1 

EXTENDED X-RAY ABSORPTION FINE 
STRUCTURE (CHAR-30-IN), l:17; l l : lO ;  
111:5 3 

Exterior surfaces, 111:238, 242, 251 

F 
FA1 LU RE RECOVERY (ROBAiO6-I N), I:22; 

1157; 111:456 

IN), l:17; 1 1 5 ;  111:43 
FIBER-OPTIC CHEMICAL SENSORS (CHAR-25- 

FIELD PORTABLE X-RAY FLUORESCENCE 
(CHAR-6-IN), l:17; ll:9; 111:l 1 

FIXATIVE/STABILlZER COATINGS (DCON-68- 
IN), 1:20; ll:17; 111:287 

FLAMING (DCON-80-IN), 1:20; 11:29; 111:309 

FLASHLAMP CLEANING (DCON-77-IN), 1:20; 
11:29; 111:304 

Floors, 1 5 ;  IA:l 1 , 13, 15-1 9, 21 , 24, 29; 
11:35-38, 42-43; 111:34, 161, 186, 191, 
238-239, 260, 264, 268, 285, 310, 317- 
323, 325-330, 356, 360, 362 

Flourene, lA:26-27; I k4 ,  22, 26, 30, 180, 
249, 266, 284, 292, 301 , 418, 426, 509 

k 6 1 ;  111:5 1 1 

CONTAMINATED SURFACES AND 

IN), l:l9; 1 1 5 ;  111:l 59 

IN), l:l9; ll:l9; 111:l 91 

111:5 1 0 

111:504 

FLOW, MASS, VOLUME (ROBA-74-IN), 1:23; 

FLUORESCENCE DIAGNOSIS OF 

AIRBORNE CONSTITUENTS (CHAR-1 10- 

FLUOROBORIC ACID TREATMENT (DCON-11- 

FORCE CONTROLS (ROBA-72-IN), h23; k61; 

FORCE FEEDBACK (ROBA-66-IN), 1~23; 11:60; 

FORCE LIMITER (ROBA-25-IN), 11~58; 111:471 

FOURIER TRANSFORM INFRARED 
SPECTROSCOPY (CHAR-&IN), I:17; 11~6; 
111:l 5 

111:488 
FUZZY CONTROL (ROBA-47-IN), 1:23; 11:59; 

G 
-GAS CHROMATOGRAPHY - FOURIER 

TRANSFORM INFRARED SPECTROSCOPY 
(CHAR-66A-IN), l:18; 1 1 : l l ;  111:94 

GAS CHROMATOGRAPHY - MASS 
SPECTROMETRY (CHAR-88-IN), I:18; 
1 1 : l l ;  111:120 

GAS CHROMATOGRAPHY USING A MULTITUDE 
OF DETECTORS (CHAR-94-IN), 1~18; 11:12; 
111:l 29  

17, 21 , 23, 25, 27, 29, 39, 41 , 43, 45, 
47, 49, 53, 55, 57, 59, 61, 63, 65, 67, 
69, 71, 73, 75, 78, 80, 82, 84, 92, 94, 
96, 108, 110, 112, 118, 120, 122, 124, 
126, 135, 159 

Gases, 1:4, 18, 21; IA:7, 15, 17, 29; 11:5-6, 

Gas-phase, 11:28; l k 3 ,  5, 7, 9, 11 , 13, 15, 

10-12, 19-20, 26, 28, 37, 45; lll:3, 5, 7, 
9-11, 13, 15-17, 19, 21-23, 25, 27, 29, 
31, 33, 39, 41, 43, 45, 47, 49, 53, 55, 
57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 
78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 
98, 100, 102, 104, 106, 108, 110, 112, 
114, 116, 118, 120, 122, 124, 126-127, 
129-131, 133, 135, 137, 139, 141, 143, 
145, 147, 149, 151, 153, 155, 159-160, 
163-1 64, 166-1 68, 178, 180, 188-1 89, 
193-194, 196, 202, 228, 234, 238, 242, 
244, 249, 251, 253-254, 260, 285, 294, 
300, 302, 309, 331-332, 337, 339, 343, 
372, 376, 378, 426, 428 

27, 31, 33, 39, 41, 43, 49, 53, 55, 57, 
59, 61, 63, 65, 67, 69, 71, 73, 75, 80, 
82, 86, 88, 90, 92, 94, 96, 98, 100, 102, 
104, 106, 108, 110, 112, 114, 116, 118, 
120, 122, 124, 127, 129, 131, 133, 135, 
137, 139, 141, 143, 145, 147, 149, 151, 

Gaskets, I k 3 ,  5, 7, 11, 13, 15, 17, 19, 23, 

153, 155, 159, 163-164, 166-168 

111:357 
GLASSIFICATION (DISM-48-IN), 1~21; 11:42; 

GLOW DISCHARGE IONIZATION MASS 

SPECTROSCOPY (CHAR-56-IN), I: 17; ll:7; 
111:80 - 

GRABBLER (SAW) MASSIVE SHEARING 

GWBLEWGROSS SHEARING AND LlmNG 

Grease, k23;  lIl:210, 214, 224, 273, 305, 

(DISM-43-IN), 1:21; 11:40; 111:350 

~ (DISM-58-IN), 1:21; 11:44; 111:367 

31 2 

311:242 
GRiT BLASTING (DCON-38-IN), 1:20; 11:24; 

H 
HADAMARD MASKING FOR SPATIAL 

RESOLUTION (CHAR-28-IN), l:l7; 11~3; 
I lk4 9 

HAPJD BRUSHING USED TO REMOVE SURFACE 
CONTAMINATION (DCON-56-IN), 1:20; 
PI:16; 111:271 

HAND GRINDING, HONING, SCRAPING (DCON- 
43-IN), 1:20; 11:25, 57-61; 111:253 

Handling, IA:13-14, 16, 22, 24; k 7 ,  40, 42, 
45, 49-52, 61; lll:l68, 181, 234-235, 
263-264, 302, 325, 359, 373, 389, 394, 
419-424, 427-434, 440, 449, 466, 480, 
51 0 

11:60; 111:49 1 
HAHDWIRE (UMBILICAL) (ROBA-49-IN), 1:23; 

Hazardous, 1:6, 15-16, 24; IA:29; ll:17, 23, 
31 , 36, 49-50, 53, 57-61; 111:43, 179- 
180, 182, 185, 187, 195, 204, 228, 240, 
279-280, 283, 285, 287, 289-290, 310, 
313, 357, 359, 407, 417-418, 426, 429, 
433-437, 439-444, 456 

HIGH-DEFINITION TELEVISION (HDTV) VISION 
(ROBA-54-IN), 1:23; 11:60; 111:500 

HIGH-PRESSURE ABRASIVE WATER-JET 
CUTTING (DISM-11-IN, -50-IN, -52-IN), 
l:21; 11:35, 40, 43-44; lIl:317, 361, 363 

HIGH-PRESSURE JET SPALLING (DCON-50- 



IN), 1:20; 11:26; 111:260 

ll:15; 111:264 

1 1 5 ;  111:69 

ll:16; 111:275 

111:268 

HIGH-PRESSURE WATER (DCON-52-IN), 1:20; 

HOLOGRAPHIC IMAGING (CHAR-46-IN), l:l?; 

HOT AIR STRIPPING (DCON-59-IN), 1:20; 

HOT WATER (DCON-54-IN), 1:20; ll:15; 

HYDRAULIC-POWERED SHEAR AlTACHMENr 
(DISM-SR-l08), 1:22; 11:36; 111:409 

HYDROCHLORIC ACID TREATMENT (DCON- 
24-IN), 1~19; 11:21; 111:220 

I 
ICE BLASTING (DCON-40-IN), 1:20; 11:25; 

111:247 

IN), 1:23; 11:60; 111:505 

l:17; 1 1 : l l ;  111:39 

IMAGING AND IMAGE PROCESSING (ROBA-€t7- 

IMMUNOASSAY DETECTION (CHAR-23-1 N) , 

IN SITU MEASUREMENT OF NATURAL GAMMA 

IN SITU MONITORS FOR SURFACE 

EMITTERS (CHAR-51-IN), l:17; ll:7; 111:'7 

CONTAMINATION BY WEAK BETA 

H:8; 1H:l 45  

111:l 75 

SPECTROSCOPY (CHAR-78-IN), I:18; ll:9; 
111:l 12 

SPECTROSCOPY (CHAR-77-IN), 1~18; lI:9: 
111:l 10  

LANDFILL (MDIS-101 -IN), 1:22; 1151 ; 
111:4 1 9 

RADIONUCLIDES (CHAR-1 02-IN), k18; 

INCINERATION (DCON-02-IN), I:19; 11:31; 

INDUCTIVELY COUPLED PLASMA - MASS 

INDUCTIVELY COUPLED PLASMA 

INEL CENTRAL FACILITIES AREA (CFA) 

INEL RADIOACTIVE WASTE MANAGEMENT 
COMPLEX (MDIS-106-IN), 1:22; 11:51; 
111:424 

(CHAR 136-IN), l:l9; ll:7; 111:168 
INFRARED ANALYSIS OF WASTES (FTIR-PAS) 

INORGANIC ACID TREATMENTS (DCON-12- 
IN), k19; ll:l9; 111:193 

lll:3, 5, 7, 11, 13, 15, 17, 19, 23, 25, 27, 
31, 33, 35, 37, 41, 43, 45, 49, 51, 53, 
55, 57, 59, 61, 63, 65, 67, 71, 73, 75, 
78, 80, 82, 84, 86, 88, 92, 96, 98, 100, 
102, 104, 106, 108, 110, 112, 118, 137, 
153, 159, 161, 163, 193-194, 198, 200, 
210 

Inorganics, k19; 11:9-10, 15-31, 49, 53; 

Instruments, IA:22, 31; k10 ,  15-31, 57-61 ; 
I k 3 ,  5, 7, 11 , 13, 15, 17, 19, 23, 27, 31, 
33, 39, 41, 43, 49, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 80, 82, 88, 
90, 92, 94, 96, 98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 131, 133, 135, 137, 141, 143, 
145, 147, 149, 151, 153, 155, 159, 163- 
164, 166-168, 280, 447 

Insulated copper wiring, 111:207-208, 273, 

Insulated copper, 111:207-208, 273, 280 

Internal surfaces, 111:184, 207, 301 

Iodine, IA:26; k7-9 ;  111:305 

Iodine-129, IA:26 

1l: lO; 111:75 

255, 262, 343, 352 

280 

ION CHROMATOGRAPHY (CHAR-5O-IN), I:17; 

Iron, IA:26; 11:49; lll:l93, 202, 218, 238, 

ISOTOPIC DILUTION MASS SPECTROSCOPY 
(CHAR-48-IN), l:17; ll:6; 111:73 

K 
K-20 SEALANT (DCON-69-IN), 1~20; 11:18; 

111:289 

L 
Large components, I lk1 84, 186 

LASER (ROBA-52-IN), 1:23; 11:60; 111:496 

LASER ABLATION FOR DIAGNOSING METALS 
AND RADIONUCLIDES (CHAR-86-IN), l:l8; 
ll:4; 111:l 1 6  

LASER ABLATION ORGANIC MASS 
SPECTROMETRY (CHAR-93-IN), I:18; 
ll:12; 111:l 27  

PLASMA; ATOMIC EMISSION 

ll:9; 111:l 6 1 

111:3 5 9 

IN), k20; 11:28; 111:298 

111:296 

LASER ABLATION; INDUCTIVELY COUPLED 

SPECTROSCOPY (CHAR-1 1 1-IN), Ll9; 

LASER CUTTING (DISM-49-IN), 1:21; 11:42; 

LASER ETCHING AND ABLATION (DCON-74- 

LASER HEATING (DCON-73-IN), 1:20; 11:28; 

LASER IONIZATION MASS SPECTROSCOPY 

LASER PHOTO ACOUSTIC SPECTROSCOPY 

(CHAR-4-IN), 1~17; ll:6; 111:7 

(CHAR-1 5-IN), l:17; 11~5; 111~23 

LASER RANGE FINDERS (ROBA-71-IN), k23; 
ll:61; 111:509 

IN), l:l9; 11:20; 111:208 
LASER-ACTIVATED CHEMISTRY (DCON-18- 

LASER-BASED RAMAN SCATTERING (CHAR- 
84-IN), l:18; ll:5; 111:l 14 

LASEWFLASHLAMP HEATING TO RELEASE OR 
DESORB SURFACE AND SUBSURFACE 

111:l 18  
CONTAMINANTS (CHAR-87-IN), 1~18; ll:4; 

Lead, 1:3, 5, 9, 24; IA:l O-1 1 , 16, 18, 25-26; 
Il:9-10, 18, 49, 57-61; lll:3, 5, 7, 11, 13, 
15, 17, 19, 23, 25, 27, 31, 33, 35, 37, 
43, 45, 49, 51, 53, 55, 57, 59, 61, 63, 

65, 67, 71, 73, 75, 78, 80, 82, 84, 86, 
88, 92, 96, 98, 100, 102, 104, 106, 108, 
110, 112, 118, 137, 159, 161, 163, 230, 

478, 484 

IN), l:l9; 11:22; 111:230 

273, 289, 309, 417, 435-436, 439, 454, 

LEAD-BASED PAINT REMOVAL (DCON-29- 

LIQUID CHROMATOGRAPHY - MASS 
SPECTROMETRY (CHAR-89-1N), l:18; 
1 1 : l l ;  111:122 

129-IN), l:l9; ll:8; 111:l 66 
LIQUID SCINTILLATION COUNTING (CHAR- 

Liquids, 1:4-5, 18-19, 24; IA:7, 11, 21-22, 
24, 26; ll:3-12, 15-31, 35-45, 49-52, 
57-61; 111~3, 5, 7, 9, 11, 13, 15-17, 19, 
21, 23, 25, 27, 29, 31, 39, 41, 43, 45, 
47, 49, 53, 55, 57, 59, 61, 63, 65, 67, 
69, 71, 73, 75, 78, 80, 82, 84, 92, 94, 
96, 108, 110, 112, 118, 120, 122, 124, 
126, 129, 135, 137, 159, 163, 166, 168, 
180, 193, 201, 224, 226, 232-233, 275- 
276, 283, 289, 313, 318, 331-332, 334, 
337, 428, 439, 441, 443-444 

LlQUlFlED GAS CUlTING (DISM-64-IN), 1~21; 
11:45; 111:372 

LONG REACH ARMS, HEAVY DUTY (ROBA- 
09-IN), 1:22; 11:57; 111:461 

LONG REACH ARMS, LIGHT DUTY (ROBA-07- 
IN), 1:22; 1157; I lk457 

LONG REACH ARMS, MEDIUM DUTY (ROBA- 
08-IN), 1:22; 11:57; 111:459 

LONG-PAW FOURIER TRANSFORM INFRARED 
SPECTROSCOPY (CHAR-1 8-IN), I:17; 
1 1 : l l  ; 111:2 9 

Loose materials, Ilk282 

M 
MAGNETIC RESONANCE IMAGING (CHAR-58- 

IN), l:18; ll:6; 111:82 

Major components, IA: 19; k44-45; 111:325, 



'383 5 
335, 345, 363, 369, 372-373, 375 

Major dismantlement, k35-45; 111:343, 348, 
363, 365, 367, 375 

1159; 111:486 

411, 413 

MAN-ROBOT SYMBIOSIS (ROBA-46-IN), 1~23; 

Manganese, IA: 13, 20, 26; k7-9; 111:389, 

Manganese-54, IA: 13, 20 

MANUALLY OPERATED BACKHOE (DISM-ME- 
103), 1:22; 11:35; 111:393 

105), 1:22; 11:36; 111:402 
MANUALLY OPERATED DOZER (DISM-ME- 

MANUALLY OPERATED EXCAVATOR (DISM- 
ME-101), 1:21; 11:35; 111:386 

MANUALLY OPERATED HYDRAULIC RAM 

MANUALLY OPERATED MOTOR GRADER 

(DISM-SR-l09), 1:22; 11~36; 111:412 

(DlSM-ME-l04), 1:22; 11~35; 111:399 

MANUALLY OPERATED TRENCHER (DISM-ME- 
106), 1:22; 11:36; 111:405 

Massive concrete, 11:35-45; 111:317, 320, 

Material disposition, I:1-2, 12, 22; k49-53, 

322, 325, 327, 329, 367, 376, 378-379 

57-61 ; 111:415, 41 7, 41 9-425, 427-435, 
437, 439, 441, 443, 473, 505 

MECHANICAL Dl SI NTEG RATION MACH IN1 NG 

MEMBRANE TECHNOLOGY FOR SAMPLE 
COLLECTION AND CONCENlRATION 
(CHAR-55-IN), l:17; 11~3; 111:78 

Mercury, 1 5 ,  9, 17; IA:lO-11 , 26; 11:9-10; 

(DISM-85-IN), 1~21; 11:41; 111:381 

lll:3, 5, 7, 11, 13, 15, 17, 19, 23, 25, 27, 
31 , 33, 35, 37, 41 , 43, 45, 49, 51 , 53, 
55, 57, 59, 61, 63, 65, 67, 71, 73, 75, 
78, 80, 82, 84, 86, 88, 92, 96, 98, 100, 
102, 104, 106, 108, 110, 112, 118, 137, 
159, 161, 163, 210, 232-233, 276, 439 

111:255 
METAL MILLING (DCON-45-IN), 1:20; 11:26; 

Metal equipment, k17, 45; lll:3, 5, 7, 11, 
13, 15, 17, 19, 23, 27, 31, 33, 39, 41, 
43, 49, 53, 55, 57, 59, 61, 63, 65, 67, 
69, 71, 73, 75, 80, 82, 88, 90, 92, 94, 
96, 98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 
131, 133, 135, 137, 139, 141, 143, 145, 
147, 149, 151, 153, 155, 159, 163-164, 
166-168, 188, 191, 193, 196, 207-208, 

242, 244, 247, 249, 251, 253-255, 262, 
264, 266, 268-269, 273, 280, 283, 296, 

210, 216, 218, 220, 222, 234, 236, 238, 

298, 300, 304, 373 

Metal, 1:5, 10-1 1 , 20; IA:3, 6-7, 9, 11 , 13, 
16, 18-20, 24, 30; 11:15-31, 40, 45, 53; 
I k3 ,  5, 7, 11 , 13, 15, 17, 19, 23, 27, 31 , 
33, 39, 41, 43, 49, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 80, 82, 88, 
90, 92, 94, 96, 98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 131, 133, 135, 137, 139, 141, 
143, 145, 147, 149, 151, 153, 155, 159, 
163-1 64, 166-1 68, 173, 179-1 82, 188, 
191 -1 94, 196, 198-200, 202-203, 205, 
207-208, 210, 212, 216-224, 226, 228- 
229, 234-236, 238, 242, 244, 247, 249, 
251, 253-255, 262, 264, 266, 268-269, 
272-273, 279-280, 282-283, 296, 298, 
300, 302, 304-305, 307, 311-313, 339, 
341 , 343, 351-352, 361, 363, 369, 373, 
382, 435, 453 

METALLOGRAPHIC SECTIONING AND 
PREPARATION (CHAR-67-IN), I:18; ll:4; 
111:9 6 

1:20; ll:17; 111:285 

111:492 

ll:4; 111:3 1 

MICROBIAL DEGRADATION (DCON-67-1 N), 

MICROWAVE (ROBA-50-IN), 1:23; 11:60; 

MICROWAVE DIGESTION (CHAR-1 9-IN), I:17; 

MICROWAVE SCABBLING (DCON-71-IN1 
DISM-31-IN), 1:20-21; 11:29, 38, 57-61; 
lIl:291, 329 

Molybdenum, k25; IA:26 

Monel, lll:3, 5, 7, 11, 13, 15, 17, 19, 23, 27, 
31, 33, 39, 41, 43, 49, 53, 55, 57, 59, 
61, 63, 65, 67, 69, 71, 73, 75, 80, 82, 
88, 90, 92, 94, 96, 98, 100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 
122, 124, 127, 131, 133, 135, 137, 141, 
143, 145, 147, 149, 151, 153, 155, 159, 

208, 210, 221, 234, 236, 238, 242, 244, 
163-164, 166-168, 180, 188, 198, 207- 

247, 249, 251, 253-255, 262, 264, 266, 
268-269, 273, 280, 302, 304 

MOSSBAUER SPECTROSCOPY (CHAR-47-IN), 
l:17; 1l: lO; 111:71 

MULTlANGLE DRILLING FOR DEPM PROFILING 
OF CONTAMINANTS (CHAR-64-IN), l:l8; 
ll:3; 111:88 

IN), 1:23; 1158; 111:466 
MULTIFINGERED END EFFECTOR (ROBA-12- 

MULTIPLE, CONCURRENT MOBILE PLATFORM 
CONTROL (ROBA-27-IN), 1:23; 11~58-59; 
111:475 

PACKAGING (WPHT-101 -IN), 1:22; 1150; 
MULTIUSE, STANDARDIZED TYPE-A 

111:428 

N 
Nal-Ge GAMMA SPECTROSCOPY (CHAR-1 06- 

ND: YAG AND C02 LASER CUlTING 

IN), l:18; ll:7, 9; 111:151 

(STRUCTURAL STEEL) (DISM-34-IN), 1:21; 
11:39, 45; 111:335 

Neptunium, IA:20, 26; 111:131, 133, 135, 

Neptunium-237, IA:20 

NEUTRON ACTIVATION (252 Cf SHUFFLER OR 

147, 155, 199-201 

DIFFERENTIAL DIE-AWAY SYSTEM) 
(CHAR-1 07-IN), 1~18; ll:8; 111:153 

NEVADA TEST SITE (MDIS-102-IN), 1:22; 
11:51; 111:420 

Nickel ingots, 111:234 

Nickel, IA:26; 11:37; I k 3 ,  5, 7, 11 , 13, 15, 
17, 19, 23, 27, 31, 33, 39, 41, 43, 49, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 
73, 75, 80, 82, 86, 88, 90, 92, 94, 96, 
98, 100, 102, 104, 106, 108, 110, 112, 
114, 116, 118, 120, 122, 124, 127, 131, 
133, 135, 137, 141, 143, 145, 147, 149, 
151, 153, 155, 159, 163-164, 166-168, 
180-181, 186, 188, 191, 199, 203, 221, 
234-235, 244, 262, 339, 379 

Nickel-lined steel, lll:3, 5, 7, 11 , 13, 15, 17, 
19, 23, 27, 31, 33, 39, 41, 43, 49, 53, 
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 
75, 80, 82, 88, 90, 92, 94, 96, 98, 100, 
102, 104, 106, 108, 110, 112, 114, 116, 
118, 120, 122, 124, 127, 131, 133, 135, 
137, 141, 143, 145, 147, 149, 151, 153, 
155, 159, 163-164, 166-168, 193, 196, 
198, 234, 244, 262, 302 

Niobium, IA:13, 26; 111:218 

Niobium-95, IA:13, 26 

Nitrates, IA:24, 26-27; II: 19; 111: 186, 193- 
194, 199, 439 

N oil f i ss i I e mat e ri als , I I I : 42 8 -4 2 9 

0 
Oil? IA:13; 11:17-18, 20, 23, 30; lll:7, 13, 15, 

19, 21, 23, 25, 29, 33, 35, 37, 39, 43, 
47, 49, 51, 55, 73, 78, 80, 82, 84, 86, 
88, 94, 98, 100, 102, 104, 106, 118, 
120, 122, 124, 126-127, 129, 139, 141, 
143-144, 159, 163-164, 176, 181, 210, 
214, 224, 232, 235, 273, 283, 285, 289, 
294, 300-301 , 305, 312, 335, 339, 348, 
35 1 -352 

ONZLINE SUPERCRITICAL FLUID EXTRACTION - MULTIDETECTOR GAS 
CHROMATOGRAPHY (CHAR-1 15-IN), 1~19; 
1 1 : l l ;  111:l 64 

ON-SITE PACKAGING (WPHT-107-IN), 1:22; 



11:50; 111:434 

ll:9; 111:57 

(CHAR-71-IN), l:18; ll:3; 111:98 

OPTICAL MICROSCOPY (CHAR-32-IN), k17; 

OPTIMIZATION OF SAMPLING DESIGNS .. 

ORGANIC ACID TREATMENTBRITISH 
NUCLEAR FUELS LIMITED (BNFL) CITRIC 

l:l9; ll:l9; 111:l 88  

IN), l:l9; k21 ;  111:214 

ACID DECONTAMINATION (DCON-1 0-IN), 

ORGANIC SOLVENT TREATMENT (DCON-21- 

Organics, 1:4-5, 9, 17-20; IA:13; k 7 ,  10-12, 
15-31, 49, 53; lll:7, 9, 13, 15, 19, 21, 
23, 25, 29, 33, 35, 37, 39, 43, 47, 49, 
51, 55, 73, 78, 80, 82, 84, 86, 88, 94, 
98, 100, 102, 104, 106, 118, 120, 122, 
124, 126-127, 129-130, 135, 139, 141, 
143, 159, 163-164, 166, 173, 176, 178- 
180, 183, 188, 200, 202, 207, 210-211, 
214, 224, 232, 238, 242, 251 , 253-254, 
257, 275-276, 279-280, 283, 285, 287, 
294, 296, 298, 300, 304-305, 307, 309, 
317, 320, 322, 325, 327, 329, 331 , 334- 

359, 369, 375, 379, 381-382, 384, 386, 
393, 399, 402, 405-406, 409, 412, 443 

335, 337, 341, 343, 345, 348, 350, 357, 

OXALIC ACID TREATMENT (DCON-23-IN), 
l:l9; k 2 1 ;  111:21 8 

111:343 
OXYGEN CU-TTING (DISM-38-IN), 1:21; 11~39; 

P 
Packaging, l:15-16, 22, 24; 11:24, 50-52, 58; 

111:419-423, 427-434, 451 , 466 

Paint, l:l9; k18 ,  22-23; lIl:214, 228, 230, 
244-245, 262, 274, 280, 287, 290, 296, 
305, 309-310, 312-313, 317 

PARTICLE SIZE ANALYSIS (CHAR-26-1 N) , 
l:17; 11~5, 8-9; 111:45 

PARTICLE-INDUCED X-RAY EMISSION (CHAR- 

17-IN), l:17; ll:9; 111:27 

Particulates, IA:10, 29; H:5, 8-10; 111:25, 45, 
57, 65, 84, 108, 110, 120, 196, 233, 339 

IN), k18; ll:7; 111:149 

1 1 : l l ;  111:l 39  

GROUPS 1-111, FOR RCRA NONRADIOACTIVE 
HAZARDOUS WASTE (WPHT-106-IN), 

PASSIVE NEUTRON DETECTION (CHAR-1 04- 

PCB IMMUNOASSAY KIT (CHAR-99-IN), I:18; 

PERFORMANCE-ORIENTED PACKAGING, 

. 1:22; 1150; 111:433 

PERFORMANCE-ORIENTED PACKAGING, 
GROUPS II AND 111, FOR ASBESTOS 

PERFORMANCE-ORIENTED PACKAGING, 

(WPHT-105-IN), 1~22; 11:50; 111:432 

GROUPS II AND Ill, FOR 
POLYCHLORINATED BIPHENYLS (WPHT- 
104-IN), 1~22; 11:50; 111:431 

Permanent disposal, 1152; 111:417, 41 9-424 

Phosphates, IA:26; H:6, 21 ; 111:167, 186, 
196, 216, 224, 305 

IN), l:l9; ll:21; 111:21 6 

IN), l:l9; 11:22; 111:232 

IN), 1:22; 1157; 111:451 

IN), k22; 1157; 111:449 

Pipes, k22; IA:7, 17, 31; 11:15-31, 42-44, 
49, 57; W:3, 5, 7, 11, 13, 15, 17, 19, 23, 
27, 31, 33, 39, 41, 43, 49, 53, 55, 57, 
59, 61, 63, 65, 67, 69, 71, 73, 75, 80, 
82, 88, 90, 92, 94, 96, 98, 100, 102, 
104, 106, 108, 110, 112, 114, 116, 118, 
120, 122, 124, 127, 129, 131, 133, 135, 
137, 139, 141, 143, 145, 147, 149, 151, 

PHOSPHORIC ACID TREATMENT (DCON-22- 

PHOTOCHEMICAL DEGRADATION (DCON-30- 

PIPEDUCT CRAWLER, EXTERNAL (ROBA-03- 

PIPUDUCT CRAWLER, INTERNAL (ROBA-02- 

153, 155, 159, 163-164, 166-168, 178, 
184, 191, 196, 198, 207-208, 216, 228, 
234, 236, 242, 244, 247, 249, 262, 264, 

266, 268-269, 272, 277, 280, 289, 346, 
352, 355, 361-362, 367, 369, 371, 405, 
448-452 

PLASMA ARC CUTTING (DISM-36-IN), 1:21; 

PLASMA ARC SAW (STRUCTURAL STEEL) 

11:39, 57-61; 111:339 

(DISM-40-IN), 1:21; 11:40, 45; III:345 

PLASMA ETCHING/FLUORINATION (DCON-76- 
IN), 1:20; 11:28; 111:302 

1:20; 11:28; 111:300 
PLASMA SURFACE CLEANING (DCON-75-IN), 

PLASMA TORCH (DCON-72-IN), k20; 11~28, 
57-61; III:294 

PLASTIC PELLET BLASTING (DCON-42-IN), 
1:20; 11:25; 111:25 1 

Plutonium, IA:6-7, 12, 20, 26, 30; 1k7-9; 

Plutonium-239, IA:7, 12, 20, 30 

Plutonium-240, IA:7, 12 

Plutonium-241 , IA:7 

Polychlorinated biphenyls (PCBs), 1 5 ,  9, 17- 

lll:7, 13, 15, 19, 21 , 23, 25, 29, 33, 35, 
37, 39, 43, 47, 49, 51, 55, 73, 78, 80, 
82, 84, 86, 88, 94, 98, 100, 102, 104, 

111:73, 271-272 

18, 22; 11:10-12, 17-18, 30, 49-50, 53; 

106, 118, 120, 122, 124, 126-127, 129, 
139, 141, 143, 159, 163-165, 179-180, 
232, 283, 287, 289, 294, 300-301, 335, 
339 348, 351-352, 357, 359, 431 

1 1 : l l ;  111:l 43 

(WSTA-101 -IN), 1122; 11:49; 111:437 

Polycyclic aromatic hydrocarbons (PAHs), 

POLYMER IMPREGNATED CONCRETE (PIC) 

Porous aluminum, Ik3 ,  5, 7, 11, 13, 15, 17, 
19, 23, 27, 31, 33, 39, 41, 43, 49, 53, 
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 
75, 80, 82, 86, 88, 90, 92, 94, 96, 98, 
100, 102, 104, 106, 108, 110, 112, 114, 
116, 118, 120, 122, 124, 127, 131, 133, 
135, 137, 141, 143, 145, 147, 149, 151, 

153, 155, 159, 163-164, 166-168, 234, 
244, 262 

Porous nickel, I k3 ,  5, 7, 11, 13, 15, 17, 19, 
23, 27, 31, 33, 39, 41, 43, 49, 53, 55, 
57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 
80, 82, 86, 88, 90, 92, 94, 96, 98, 100, 
102, 104, 106, 108, 110, 112, 114, 116, 
118, 120, 122, 124, 127, 131, 133, 135, 
137, 141, 143, 145, 147, 149, 151, 153, 
155, 159, 163-164, 166-168, 234, 244, 
262 

PORTABLE GAMMA-RAY SPECTROMElRY 
(CHAR-1 12-IN), l:l9; ll:8; 111:162 

PORTABLE GAS CHROMATOGRAPW(ECD) 
FOR ANALYZING PCBs IN SOIUDUST 

PORTABLE VOLATILE ORGANIC COMPOUNDS 

(CHAR-1 00-IN), l:18; l l : l O ;  111:141 

(VOCS) DETECTORS (CHAR-5-IN), I:17; 
1l:lO; 111:9 

k61;  1 1 1 5  1 2 

111:508 

POSITION SENSORS (ROBA-75-IN), 1:23; 

POSITIONING (ROBA-70-IN), 1:23; 11:60; 

Potassium oxide, IA:7 

Potassium, 1:3; IA:7, 13, 20, 26; H:7, 9, 30, 
39; 111:40, 151, 160, 187, 189, 194, 196, 
252, 258, 301, 305, 339, 346, 370, 436 

111:151, 339, 346, 370 

l:17; H:6; 111:55 

Potassium-40, IA:13, 20, 26; ll:7, 9, 39; 

POWDER X-RAY DIFFRACTION (CHAR-31 -IN), 

POWER SOURCES FOR MOBILE PLATFORMS 
(ROBA-05-IN), 1:22; 11~57; 111:454 

PREPROGRAMMED OBSTACLE AVOIDANCE 

Process building equipment, Ilk375 

Process equipment, 1:3; IA: l l ,  21; Ilk21 3, 

PROGRAMMED MOTIONS (PER EPA 

(ROBA-29-IN), 1:23; 11:58; 111:478 

282, 285, 300, 302 



PROTOCOLS) (ROBA-30-IN), 1:23; 1159; 
111:479 . -  - .  

Promethium, IA:7, 26 

Promethium-147, IA:7, 26 

PROPORTIONAL COUNTER FOR ALPHA, BETA 
ACTIVITY (CHAR-108-IN), 1~18; ll:7, 9; 
111:155 

11:60; 111:507 
PROXIMITY PROBES (ROBA-69-IN), 1:23; 

Q 
QUALITATIVE IR THERMOGRAPHY 

(STRUCTURAL INTEGRITY) (D ISM-32-IN) , 
1:21; 11:39; 111:33 1 

R 
RADIO FREQUENCY (ROBA-51-IN), 1~23; 

11:60; 111:494 

Radioactives, 1:2, 4-7, 9-1 1 , 15-16, 24; 
lA: l ,  3, 5, 7, 9, 12-13, 16, 18, 20-22, 
24, 26, 28-31; 11~7, 17, 19-20, 35-36, 
38, 49-53, 57-61; 111:25, 31, 33, 35, 37, 
45-46, 49, 51, 73, 77-78, 82, 84, 86, 88, 
90, 96, 98, 100, 102, 104, 106, 118, 
131, 133, 135, 145, 147, 149, 151, 155, 
157, 162-163, 168, 175, 180, 191-192, 
200, 204, 211, 230, 234, 240, 246, 263, 
280, 287, 294, 307, 310, 313, 318, 339, 
351, 355, 361, 400, 403, 405, 410, 413, 
41 7-41 8, 420, 424, 427-430, 434-435, 
437-443 

Radionuclides (see also listings for individual 
nuclides), l:18; IA:22, 24; k 6 ,  8,' 15-31 , 
35-45; 111:74, 11 6, 135-1 36, 145-1 46, 
180-181 , 188, 234, 273, 296, 304 

Radium, 1:2; IA:20 

Rad i u m-226, IA:2 0 

11:20; 111:l 98 
REDOX TREATMENTS (DCON-14-IN), 1~19; 

REMOlWAUTOMATED INTERCHANGEABILITY 

Rhodium, IA:7 

Rhodium-1 06, IA:7 

ROBOTIC WHEELEDmCKED VEHICLES 

- (ROBA-23-IN), 1:23; 11:58; 111:468- - -  

(ROBA-01 -IN), 1:22; 11:57; III:447 

ROCK SPLllTER (DISM-82-IN), I:21; 11~37; 
111:376 

Roofing materials, k31; lll:3, 5, 7, 11, 13, 
15, 17, 19, 23, 27, 31 , 33, 39, 41 , 43, 

- 49, 53, 55, 57, 59, 61, 63, 65, 67, 69, 
71, 73, 75, 80, 82, 86, 88, 90, 92, 94, 
96, 98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 
129, 131, 133, 135, 137, 141, 143, 145, 
147, 149, 151, 153, 155, 157, 159, 163- 
164, 166-168, 175 

Ruthenium, IA:7, 13, 21 , 26 

Ruthenium-1 06, IA:7, 13, 26 

S 
Samarium, IA:7 

Samarium-151 , IA:7 

1159; 111:480 

11:24, 38; 111:240 

SAMPLE MANAGEMENT (ROBA-31-IN), 1:23; 

SCABBLEWSCARI FlERS (DCON-37-IN), 1~20; 

SCANNING ELECTRON MICROSCOPY (SEM) 

SECONDARY ION MASS SPECTROMElRY 

(CHAR-33-IN), l:17; ll:5; 111:59 

ANALYSIS (CHAR-1 35-IN), l:l9; 11~6; 
111:l 67 

SECONDARY NEUTRAL MASS SPECTROMElRY 

SELECT ALPHA RADIONUCLIDE ANALYSIS BY 

Selenium, IA:26; 111:252, 41 1 , 414 

(CHAR-7-IN), l:17; ll:6; 111:13 

PERALS (CHAR-97-IN), 1~18; 11~8; 111:135 

SHAPE MEMORY ALLOYS (DISM-84-IN), 1~21; 

11:37; 111:379 

sheet metal, IA:7; k17 ,  45; III:~, 5, 7, 11, 
13, 15, 17, 19, 23, 27, 31, 33, 39, 41, 
43, 49, 53, 55, 57, 59, 61, 63, 65, 67, 
69, 71, 73, 75, 80, 82, 88, 90, 92, 94, 
96, 98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 
131, 133, 135, 137, 141, 143, 145, 147, 
149, 151, 153, 155, 159, 163-164, 166- 
168, 191, 207-208, 234, 236, 244, 247, 
249, 253-255, 262, 264, 266, 268-269, 
273, 280, 282-283, 296, 298, 300, 304, 
373 

111:238 
SHOT BLASTING (DCON-36-IN), 1:20; 11:24; 

SHREDDING, AUTOMATIC SORTING, AND/OR 
COMPACTION (DISM-65-IN), 1:21; 11:45; 
111:373 

Silicon, IA:26; 111:313 

Silver, IA:16, 26; 11:7-10 

Silver-l08m1 IA:l6 

SINGLE-HUMMULTIPLE-VEHICLE CONTROL 
STATION (ROBA-32-IN), 1:23; 1159; 
111:48 1 

Size reduction, k17,  23, 31, 35-36; lk283,  
384, 409, 412 

Sludges, 1:9, 11 , 24; IA:7, 12; ll:7, 20-21 , 
30, 49; 1k31 , 57, 168, 173, 196, 214, 
285 

SMALL LONG-RANGE ALPHA DETECTOR 
(CHAR-65-IN), 1~18; ll:7; 111:90 

SMELT PURIFICATION (DCON-31-IN), l:l9; 
ll:31; 111:234 

196, 221, 224, 226, 305, 307 
Sodium, 1 5 ;  IA:7, 16, 26, 29; k22;  lll:l89, 

Soil, 1:6, 9, 11 , 24; IA:6, 9, 12, 20, 22-23; 

88, 108, 110, 131, 135, 141, 164, 233, 

405 

ll:4, 11, 17, 35-37; 111:31-32, 39, 77, 86, 

285, 323, 326-328, 387, 394, 400, 403, 

SOLID SORBENT SAMPLING (CHAR-91-IN), 
- - - *1:18; 1l:lO; 111:126 .. 

Solid RCRA wastes, Ilk421 

SOLVENT EXTRACTION (DCON-01-IN), 1~19; 
11:30; 111:l 73  

11:23; 111:277 
SOLVENT WASHING (DCON-61-IN), k20; 

SOLVENT WASHING TO REMOVE ORGANICS 
(DCON-62-IN), 1:20; 11:23; 111:279 

SPONGE BLASTING (DCON-58-IN), 1120; 
ll:16; 111:273 

Stabilization, 11:49; 111:435, 437, 439-441 , 
443-444 

STATISTICAL METHODS FOR MULTIVARIATE 
DATA (CHAR-74-IN), l:18; ll:4; 111:104 

STATISTICAL METHODS FOR SPATIALLY 
CORRELATED DATA (CHAR-75-IN), It1 8; 
ll:3; 111:l 06  

STEAM CLEANING (DCON-55-IN), 1:20; 11:15; 
111:269 

Steel cylinders, k45;  lk234, 244, 262, 373 

Steel pipe, lll:l98, 207-208, 236, 244, 247, 
249, 262, 264, 266, 268-269, 280, 346, 
371 

Steel, IA:3, 6-7, 9, 15-16, 18, 20-22, 25-26, 

7, 11 , 13, 15, 17, 19, 23, 27, 31 , 33, 39, 
41, 43, 49, 53, 55, 57, 59, 61, 63, 65, 
67, 69, 71, 73, 75, 80, 82, 88, 90, 92, 
94, 96, 98, 100, 102, 104, 106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 141, 143, 145, 

28-31; 11:21-24, 27, 35-45, 49; lll:3, 5, 

147, 149, 151, 153, 155, 159, 163-164, 
166-168, 180, 184, 188, 191-193, 196, 
198, 200-201 , 203, 207-208, 210, 214, 
216-218, 220-223, 228, 234, 236, 238, 
240, 242, 244, 247, 249, 251, 253-255, 
262, 264, 266, 268-269, 273, 280, 282, 
294, 296, 298, 302, 304-305, 313, 318, 
322, 330-331, 334-335, 337, 339, 341, 
343, 345-346, 348, 350-352, 361, 363, 



- 367, 369-371, 373, 379, 381, 383, 386- 
388, 394, 400, 403 

ll:17; 111:280 

30 

STRl PPABLE COATINGS (DCON-63-IN), 1:20: 

Strontium Sr-90, IA:6-7, 12-13, 18, 20, 26, 

Strontium, IA:6-7, 12-13, 18, 20, 26, 30; 

Structural steel, IA:21; 11:24, 27, 35-45; 
I k 3 ,  5, 7, 11 , 13, 15, 17, 19, 23, 27, 31 , 
33, 39, 41, 43, 49, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 80, 82, 88, 
90, 92, 94, 96, 98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 131, 133, 135, 137, 141, 143, 
145, 147, 149, 151, 153, 155, 159, 163- 
164, 166-168, 191, 193, 196, 207-208, 
210, 234, 236, 238, 242, 244, 247, 249, 
251, 253-255, 262, 264, 266, 268-269, 
273, 280, 282, 296, 298, 304, 313, 331, 
334-335, 337, 339, 341, 343, 345, 348: 
350-352, 367, 369, 381 

l:l9; ll:21; 111:222 

11:7-9; 111:54 

SULFAMIC ACID TREATMENT (DCON-25-IN), 

Sulfates, IA:26 

SUPERCRITICAL C02 (DCON-41-IN), 1:20; 
11:25; 111:249 

ll:15; 111:266 
SUPERHEATED WATER (DCON-53-IN), k20; 

SURFACE ACOUSTIC WAVE SENSORS (CHAR- 
14-IN), l:17; 1 1 : l l ;  111~2 1 

Surfaces, I:17-20, 24; IA:7; ll:4, 6-9, 11 , 
15-31, 38, 42, 57-61; lll:3, 5, 7, 21, 90, 
113, 116, 118-119, 122, 124, 127, 131- 
132, 134, 137, 145-147, 151, 155, 159- 
160, 167, 176, 184, 186, 188, 191-194, 
196, 198, 200, 203, 205, 207-208, 210- 
214, 216-222, 224, 226-228, 230, 232- 
233, 236, 238-240, 242-247, 249, 251, 
253-260, 262, 264, 266, 268-269, 271-. 
277, 279-280, 282-283, 285, 287, 289- 
294, 296, 298, 300-305, 307, 309-313, 

317-318, 323, 329, 348-349, 355, 359, 
361-362, 372, 381-382, 417, 437, 447, 
449, 451, 506 

FOR POLYCYCLIC AROMATIC 

l:18; 1 1 : l l ;  111:143 

SYNCHRONOUS FLUORESCENCE SCREENING 

HYDROCARBONS (PAHs) (CHAR-1 01 -IN), 

T 

Tar paper, 111:l 75 

Tar, 111:l 75 

TEACH/PLAYBACK (ROBA-34-IN), 1:23; 1159; 
111:484 

Technetium, IA:7; IA:7, 26; ll:8; lll:3-4, 7, 
11, 13, 15, 17, 19, 27, 31, 55, 65, 82, 
88, 155, 188, 193 

TELEOPERATED EXCAVATION EQUIPMENT 

Tellurium, IA:7 

Tellurium-125, IA:7 

(DISM-RE-l07), 1~22; 11:36; 111:406 

THERMAL ARC WATERJET CUTTING (DISM- 
61 -IN), 1:21; 11~44; 111:369 

THERMITE CUTTING (DISM-45-IN), 1~21; 
11:40; 111:352 

THERMOPLASTIC ENCAPSULATION (WSTA- 
102-IN), 1:22; 11~49; 111:439 

THERMOPLASTIC ENCAPSULATION [SULFUR 
POLYMER CEMENT (SPC)] (WSTA-103- 
IN), 1:22 

THERMOPLASTIC ENCAPSULATION [SULFUR 
POLYMER CEMENT (SPC)] (WSTA-103- 
IN), 11:49; 111:441 

THERMOSE-mNG PLASTICS ENCAPSULATION 

THIN TWO-DIMENSIONAL TLD ARRAY FOR 
SPATIAL CHARACTERIZATION OF 
SURFACE ALPHA CONTAMINATION 

(WSTA-104-IN), 1:22; 11:49; 111~443 

(CHAR-1 03-IN), l:18; 11~7; 111:147 

Thorium, IA:17, 20; 11:7-9; 111:131, 133, 135, 

Thori u m-228, IA:2 0 

Tile, 11:15-31 , 49; lll:3, 5, 7, 11 , 13, 15, 17, 
19, 23, 27, 31 , 33, 39, 41 , 43, 49, 53, 
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 
75, 77, 80, 82, 86, 88, 90, 92, 94, 96, 
98, 100, 102, 104, 106, 108, 110, 112, 
114, 116, 118, 120, 122, 124, 127, 129, 
131, 133, 135, 137, 139, 141, 143, 145, 
147, 149, 151, 153, 155, 157, 159, 163- 
164, 166-168, 207, 236, 247, 249, 264, 
266, 268-269, 273, 280, 289 

147, 155 

Tin, IA:7 

Tin-121 , IA:7 

Toluene, IA:3 

TOOL-ARM INTERFACE (ROBA-24-IN), 1:23; 
1158; 111:469 

Trans-1 ,2-dichloroethene, IA:3 

Transite, IA:22; 11:15-31, 49; lll:3, 5, 7, 11, 
13, 15, 17, 19, 23, 27, 31, 33, 39, 41, 
43, 49, 53, 55, 57, 59, 61, 63, 65, 67, 
69, 71, 73, 75, 80, 82, 86, 88, 90, 92, 
94, 96, 98, 100, 102, 104, 106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 
127, 129, 131, 133, 135, 137, 139, 141, 
143, 145, 147, 149, 151 , 153, 155, 159, 
163-164, 166-168, 173, 178, 183, 309, 
359 

(CHAR-34-IN), l:17; 11~5; 111:6 1 
TRANSMISSION ELECTRON MICROSCOPY 

TRANSPORTABLE CONTROL SYSTEMS 

Transportation, I:16, 24-25; 11:37-38, 40, 

(ROBA-48-IN), 1~23; 11:59; 111:490 

42-44, 50-52; 111:181, 235, 317-318, 
321, 323, 325, 327, 330, 346, 366-357, 
359, 362-363, 370, 375, 419-423, 427- 
434 

111:263, 423 
Transuranic (TRU) wastes, IA:7; 1152; 

Trichloroethane, IA:3; k21 ;  111:210, 214 

Trichloroethylene (TCE), lll:7, 13, 15, 19, 21, 
23, 25, 29, 33, 35, 37, 39, 43, 47, 49, 
51, 55, 73, 78, 80, 82, 84, 86, 88, 94, 
98, 100, 102, 104, 106, 118, 120, 122, 
124, 126-127, 129, 139, 141, 143, 159, 
163-164, 214 

Tritium, IA:26; 111: 1 45-1 46, 244, 300 

TURBULATOR (DCON-81-IN), 1:21; 11:26; 
111:31 1 

PACKAGING (WPHT-103-IN), 1~22; 1150; 
111:4 3 0 

1150; 111:429 

TYPE-A AND TYPE-B FISSILE CERTIFIED 

TYPE-B PACKAGING (WPHT-102-IN), 1:22; 

U '  
ULTRA-HIGH-PRESSURE WATER (DCON-35- 

IN), l:l9; 11:24; 111:236 

k17;  111:283 

l:17; ll:4; 111:33 

11:22; 111:2 1 0 

(CHAR-9-IN), l:17; ll:9; 111:l 7 

ULTRASON IC CLEAN I NG (DCON-65-1 N) , I :20; 

ULTRASONIC EXTRACTION (CHAR-20-IN), 

ULTRAVIOLET/OZONE (DCON-19-IN), I:19; 

ULTRAVIOLETNISIBLE SPECTROSCOPY 

Uranium flouride, I lk1 59 

Uranium, 1:2, 1, 4; IA:5-6, 12-13, 20, 24-26, 
28, 30; 11~6-9, 17, 19-20, 28, 39, 45, 52; 
lll:2, 32771, 3-5, 7, 11, 13-15, 17, 19, 
23, 25, 27, 31, 33, 35, 37, 43, 45, 49, 
51, 53, 55, 57, 59, 61, 63, 65, 67, 71, 
73, 75, 78, 80, 82, 84, 86, 88, 92, 96, 
98, 100, 102, 104, 106, 108, 110, 112, 
118, 131, 133, 135, 137, 147, 149, 151, 
153, 155, 157, 159, 161-163, 175, 180, 
184, 188, 190, 193-194, 198, 204, 234, 
244-245, 273, 283, 300, 302, 335, 337, 
339, 341, 348, 352, 417, 421, 426, 438- 



439 
. .. .. 

U ran i u m-232 , I A i  2 0 

Uranium-234, IA:12, 20, 30 

Uranium-235, IA:6, 12, 20, 30; 111:151, 153, 

Uranium-236, IA:12, 20, 30 

Uranium-238, IA:12, 20, 30; 111:151, 157 

Uranyl flouride, 111:149, 159 

USE OF EXISTING FIXTURES AND TOOLING 

157 

(DISM-66-IN), 1~21; 11~44; 111:375 

V 

VACUUM (LOW PRESSURE) (DCON-07-IN), 
l:l9; 11:30; 111:l 83 

VACUUM-ASSISTED, REVERSE FLOW, 
SOLVENT EXTRACTION METHODS (CHAR- 
62-IN), l:18; 11~4; 111:86 

VACUUMING (LOW PRESSURE) (DCON-64-IN), 
1:20; ll:17; 111:282 

Vertical surfaces, lll:l84, 213, 266, 269 

VI BRATORY FIN ISH I NG (DCON-82-1 N) , 1:2 1 ; 
11:26; 111:3 1 2 

VISUAL DISPLAY OF STATISTICAL 
INFORMATION (CHAR-73-IN), I:18; 11~3; 
111:l 02 

111:485 
VOICE CONTROL (ROBA-35-IN), 1:23; 1159; 

Volatile organic compounds (VOCs), I:17; 
11:10-12, 16; lll:7, 9, 13, 15, 19, 21, 23, 
25, 29, 33, 35, 37, 39, 43, 47, 49, 51, 
55, 73, 78, 80, 82, 84, 86, 88, 94, 98, 
100, 102, 104, 106, 118, 120, 122, 124, 
126-127, 129, 139, 141, 143, 159, 163- 
164, 275 

W 

WALL THICKNESS MEASUREMENTS (ROBA- 

68-IN), 1:23; 11:60; 111:506 

Walls, IA:l 1 , 15-1 6, 19; -11121, 23, 36-38, 
40, 42-45; lll:l84, 186, 216, 260, 264, 
285, 305, 310-31 1 , 317-318, 323, 325- 
327, 329-331, 334-335, 337, 339, 341, 
343, 345, 348, 350-352, 355-356, 360- 
362, 369, 381 

WASTE CURIE MONITOR (BAG OR BARREL 
COUNTER FOR LOW-LEVEL 
RADIOACTIVITY) (CHAR-1 09-IN), 1~18; 
ll:8; 111:l 57  

WASTE ISOLATION PILOT PLANT, N. MEX 

WASTE MINIMIZATION EVALUATION SYSTEM 

(MDIS-105-IN), 1:22; 11:52; 111:423 

(WMES) (MDIS-1 00-IN), 1~22; 1152-53; 
111:425 

17, 19, 21, 29; ll:5, 15-16, 19-22, 24- 
26, 35-37, 39-40, 43-45, 57-61; 111:67, 

186, 189, 191, 196, 198-201, 207, 214, 
21 6-219, 221, 224, 226, 230, 233, 235- 
237, 245, 247-248, 260-261 , 264-270, 
273-274, 285, 287, 291, 313, 317-320, 
323, 325-327, 329-330, 337, 339-341 , 
343, 345-346, 351-352, 355, 360-363, 
369-370, 378, 400-401 , 403, 405, 410, 

Water, 1:4-6, 9, 19-21; IA:5, 9-10, 13, 15, 

108, 110, 135, 143, 166, 175, 181, 184, 

413, 431 , 435, 437, 439, 441, 443, 447 

SPECTROSCOPY (CHARB64N), k18; 
1l:lO; 111:92 

WAVELENGTH DISPERSIVE X-RAY 

Wax, 1 5 ;  lIl:214, 260 

1:21; 11:27; 1H:3 1 3 

53; I k3 ,  5, 7, 11, 13, 15, 17, 19, 23, 27, 
31, 33, 39, 41, 43, 49, 53, 55, 57, 59, 
61, 63, 65, 67, 69, 71, 73, 75, 77, 80, 
82, 86, 88, 90, 92, 94, 96, 98, 100, 102, 
104, 106, 108, 110, 112, 114, 116, 118, 
120, 122, 124, 127, 129, 131, 133, 135, 
137, 139, 141 , 143, 145, 147, 149, 151 , 

WET ABRASIVE CLEANING (DCON-83-IN), 

Wood, IA:3, 6, 9, 12, 20, 30; 11:15-31, 49, 

153, 155, 157, 159, 163-164, 166-168, 
176, 180, 204, 226, 228, 280, 309 _ _  - . 

X 
X-RAY FLUORESCENCE (CHAR-98-IN), k18; 

ll:9; 111:l 37  

Xylene, IA:3; 111:214 

Y 
Yttrium, IA:7; lll:l66, 194, 346, 370 

Yttrium-90, IA:7 

z 
Zirconium, IA: 13, 26 

Zirconium-95, IA:l3, 26 

ZONING FOR CONTAINMENT (3 ZONES) 
(DISM-55-IN), 1~21; 11:44; 111:365 



3. 7 8 3  5 

EGG-WID-1-1-1 04 

Idaho National Engineering Laboratory 
Decontamination and Decommissioning 

Technology Logic Diagram 
(Volume I l l )  

R. H. Meservey 
D. S. Vandel 

M. Little 
J. S. Ferguson 

Published January 1994 

Idaho National Engineering Laboratory 
EG&G Idaho, Inc. 

Idaho Falls, Idaho 83415 

Prepared for the 
US. Department of Energy 

Office of Environmental Restoration and Waste Management 
Under DOE Idaho Operations Office 

Contract DE-AC07-761D01570 



DI SCLAl M ER 

This book was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof. 
flor any of their employees, makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus. product or process disclosed, or represents that its use would 
not infringe privately owned rights. References herein to any specific commercial 
product, process, or service by trade name, trademark. manufacturer, or otherwise. 
does not necessarily constitute or imply its endorsement, recommendation. or favoring 
by the United States Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United Stales 
Government or any agency thereof. 



--___ EGG-WID-1-1-1 04- __ 

Idaho National Engineering Laboratory 
Decontamination and Decommissioning 

% Technology Logic Diagram 
(Volume 111) 

R. H. Meservey 
D. S. Vandel 

M. Little 
J. S. Ferguson 

Published January 1994 

Idaho National Engineering Laboratory 
EG&G Idaho, Inc. 

Idaho Falls, Idaho 83415 

Prepared for the 
U.S. Department of Energy 

Office of Environmental Restoration and Waste Management 
Under DOE Idaho Operations Office 

Contract DE-AC07-761D01570 



'$83 5 P 

-FOREWORD- 

The Idaho National Engineering Laboratory (INEL) Decontamination and 
Decommissioning Technology Logic Diagram (TLD) was developed to provide a decision support 
tool that relates decommissioning problems at the INEL to potential technologies that can solve 
these problems. The TLD uses information from the INEL Decommissioning Roadmap 
Document, the Oak Ridge K-25 Site Technology Logic Diagram, draft decommissioning 
handbook, proceedings from all previous decommissioning symposia held in the U.S.k, and the 
INEL D&D Long-Range Plan. 

The TLD identifies the research, development, demonstration, testing, and evaluation 
needed to bring these technologies to a state that allows technology transfer and application to a 
decommissioning need. In situations where proven technologies exist for D&D problems, these 
are also indicated. The current information relative to proven and accepted technologies as well 
as those which need further development or testing is presented in the TLD. 

The TLD consists of three volumes: 

Volume I includes the purpose and scope, a brief history of the INEL's 
Decontamination and Decommissioning Program, a summary of INEL science and 
technololgy (S&T) needs and implementation needs for characterjzation, 
decontamination, dismantlement, roboticdautomation, and material disposition, 
reference requirements presenting issues relative to decommissioning at the INEL, 
and Appendix A, which contains descriptions of the INEL's radioactively 
contaminated surplus facilities and the problems they present. 

Volume 11 of the TLD describes the diagram's overall layout and development. The 
logic diagram flows from left to right and consists of 11 columns of input data or 
information called logic elements. The progression flows through the logic elements, 
beginning with the Environmental Restoration and Waste Management (EM) goals 
and ending with implementation needs. 

Volume III (this volume) provides the Technology Evaluation Data Sheets (TEDSs) 
for decommissioning activities @e., characterization, decontamination, dismantlement, 
etc.) referenced by a TEDS code in Volume II. These sheets describe technologies in 
more detail than in Volume II. TEDSs are arranged by activity and alphanumerically 
by the TEDS code in the upper right comer of the sheet. 

Volume III can be used in two ways: (1) technologies identified from Volume II can be 
referenced directly by using the TEDS codes, and (2) technologies and general technology areas 
(alternatives) can be located in the index in the back of this volume. 

The technology evaluations are based on the best available information during the 
compilation of the TLD. New or more accurate information is solicited to improve the TLD data 
base. Please send comments to J. S. Ferguson or R. H. Meservey, INEL Technology Logic 
Diagrams, EG&G Idaho, Inc., P. 0. Box 1625, Idaho Falls, ID 83415-3930. TEL (208) 
526-0819/1834, FAX (208) 526-1393. 

... 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Composite roofing (tar, tar paper, rock) with radiological contamination 

SUBELEMENT: Decontamination 

ALTERNATIVES: Bulk Decontamination Methods 

TECHNOLOGY. Incineration - of Combustibles with Radiological Contamination 

STATUS: Accepted 

The incineration of roofing materials is accepted by the Environmental Protection Agency. The 
incineration of contaminated combustible building materials is common in the nuclear industry. 

Waste generated: This will depend on the design of the incinerator and the ash content of the 
waste being burned. During a test, the ORNL K-1435 incinerator generated 1.1 gal of waste 
water and 27 lb of ash/lOO lb of waste fed. 

SCIENCEDXCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS 
A new incinerator with an off-gas treatment system would be needed. About 8-10 years could be 
required for writing an environmental impact statement, holding public hearings, and obtaining 
the necessary permits-TSCA permit, RCRA permit, NESHAF’ permit, and Clean Air Act permits. 

Cost: capital cost, $26M (1987 dollars); operating cost, $10/lb (1992 dollars). 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Compilation of Air Pollutant Emission Factors, Third Edition, U. S. Environmental Protection 
Agency, AP-42-4-3. 

2. R. Kohout, “Incineration,” Radioactive Waste Technology, edited by k Alan Moghissi, 
Herschel W. Godbee, and Sue A. Hobart, American Society of Mechanical Engineers and 
American Nuclear Society, 1986. 

3. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete, composite roofing, wood, with radiological and organic contamination 

SUBELEMENT: Decontamination 

ALTERNATIVES: Bulk Decontamination Methods 

TECHNOLOGY Biological 

A Biological solution is applied to a contaminated area and the microbes are allowed to penetrate 
and react with the contaminants. 

STATUS: Research and development needed 

This technology is in the conceptual stage. The knowledge base exists for biological treatment of 
various contarninants. However, there is no data base for application of the technology for bulk 
decontamination purposes. 

The technology should work for bulk decontamination of the above listed media. However, the 
different media should probably be reduced (by shredding, pulverizing, etc.) before biotreatment. 
This could present a problem in separation of the media and the biomass. In the case of oils, this 
may not be a problem because the oils are mineralized. In the case of the metals, though, 
separation of the contaminated biomass would be necessary. At this time, an estimate of the 
decontamination efficiency that might be expected cannot be made because of the conceptual 
status of the technology. An estimate of the capital and operating cost of the technology cannot 
be made at this time because of its conceptual status. The waste generated would be either the 
mixture of the particular media and biomass (in the case of oils decontamination) or the 
contaminated biomass that has been separated from the biomass (if separation is feasible). An 
estimate of the quantity of waste cannot be made at this time. 

SCIENCE TECHNOLOGY NEEDS: 
A research project is needed to investigate the feasibility of using biological treatment for bulk 
decontamination of materials. 

IMPLEMENTATION NEEDS: 
The cost of an R&D project on surface decontamination by biological treatment would probably 
range from $300K to $600K. 

C O N T A a  D. S. Vandel (INEL), (208) 526-5668 
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BIOLOGICAL DGON-034N- - 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DRY HEAT DCON-04-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete, transite, and asbestos pipe insulation with organic contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Bulk decontamination methods 

TECHNOLOGY Dry Heat 

Dry heat is applied to areas of contamination. The contamination is then volatilized. 

STATUS: Research and development needed 

The effective application of dry heat to the above problem areas is uncertain and untried. A 
significant amount of bench-scale laboratory studies would be needed to define applicability of the 
process to the above problem areas. 

SCIENCE/TECHNOLOGY NEEDS: 
The availability of engineered equipment is judged to be adequate providing that laboratory 
studies verify effective contamination removal by heat. Secondary waste treatment would need to 
be addressed. The ability to collect gas phase contaminants and separate them from the clean air 
needs to be developed. Following this is the requirement to convert the gas phase contaminant 
to a suitable form for long-term containment. 

IMPLEMENTATION NEEDS: Application specific. 

CONTACX D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINAN’IS: 
Organic contamination on concrete, in asbestos, on metal. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Bulk decontamination methods 

TECHNOLOGY Chemical Leaching 

Selective removal of contaminants. Could be applied as a “factory style” process in either batch 
or continuous fashion. Contaminated materials are fed into processing equipment, and 
decontaminated materials exit. Could also be applied as a portable technology, the solvent being 
applied in some way to a localized spot. 

STATUS: Demonstration, testing, and evaluation needed 

A wide variety of leaching agents are possible. Removal of organic contamination would be most 
successful with an organic solvent. Many would be acceptable, but most are hazardous 
themselves. A successful solvent might be trimethylamine (TMA), an organic solvent used in the 
“BEST” process. 

Efficacy: Leaching with TMA would be capable of leaving PCB residues lower than 2 ppm. Any 
residual TMA would rapidly evaporate or would be very rapidly degraded in the environment by 
biological organisms. The RCRA spill reporting limit for TMA is 5,000 l b -a  level which would 
allow large quantities of TMA to be left in the substrate. 

Waste: Waste would be the solvent contaminated with the organic contaminants.This material 
could be fed to a TSCA Incinerator. 

SCIENCE TECHNOLOGY NEEDS: 
Demonstration of cleanup levels for organic contamination. 

IMPLEMENTATION NEEDS: 
Development costs-$25OK for a laboratory study to confirm efficacy and $250K for development 
of application tools (shop vac or carpet cleaner-style machine). 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),“ K-2073, February 1993. 
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CATALYTIC EXTRACTION PROCESS DCON-06-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Metals, paper, wood, tiles, and combustibles with radiological and organic contamination 

SUBELEMENT: Decontamination 

ALTERNATIVE: Bulk decontamination methods 

TECHNOLOGY Catalytic Extraction Process 

The catalytic extraction process uses an induction or electric arc furnace to form a molten metal 
bath. The catalytic extraction process uses the molten bath not only as a means for metal 
purification but also as a high temperature, high energy density medium for more effectively ’ 

reducing hazardous waste materials, such as PCBs, hydrocarbons, and cyanide to nonhazardous 
material. The molten metal at about 3000°F provides much more effective contact with the 
material in a smaller volume than possible with the hot gases in a conventional incinerator. 

STATUS: Research and development needed 

CEP was developed by a commercial vendor to use standard “off-the-shelf’ steel industry 
equipment. It is unique concerning the use of a molten metal bath to more effectively 
disassociate hazardous materials with potential recovery of valuable or usable constituents. CEP 
reportedly will allow many hazardous wastes to be processed more effectively than an incinerator, 
since the molten metal bath at 3000°F provides much better thermal contact than hot gases. If 
the wastes being processed require oxygen, it is added as pure oxygen rather than air, and 
off-gases are one-fifth to one-fiftieth the volume of an incinerator for the same amount of 
material. Capital costs are estimated at one-half that of an incinerator and operating costs are 
estimated at one-third that of an incinerator’s operating costs. The costs to incinerate mixed 
wastes in an incinerator is estimated at $6/lb if solids were fed with liquids. Thus the payback 
potential for CEP is great. This process has not yet been used to incinerate or smelt scrap 
bearing radioactivity. Experiments have shown that mild steel, stainless steel, nickel, copper, and 
monel can be purified by smelting to levels of 0.01 ppm to 4.0 ppm residual uranium. Aluminum 
was more difficult to purify with levels of residual uranium remaining at concentration’s from 3 to 
100 ppm. Radionuclides reportedly were not removed. Hesmatpour and Copeland report better 
results for aluminum (1 to 2 ppm). Based on information contained in a report by Kellogg et al. 
a cost of roughly $0.93/lb of metal smelted may be estimated, which includes capital and operating 
costs. Their estimate concludes that if a de minimus standard is obtained allowing the ingots to 
be sold, the value of the metal could totally pay for the project. The wastes would be in the form 
of radioactive slag and perhaps scrubber solution although wet scrubbers may be avoided in many 
applications. Quantities are not available, but Kellogg et al. estimated that -50 lb of slag would 
be generatedhon of scrap metal processed by smelt purification. 
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SCIENCEEECHNOLOGY NEEDS: 
Technology Development Needs-The report that radionuclides are not removed by the process 
may seriously damage the prospect of using this method for metal purification if a suitable fluxing 
agent cannot be demonstrated. Also, the poor results reported in removing aluminum must be 
further investigated. The use of CEP as a substitute for incineration of mixed waste has not been 
done on any scale at this point and must be developed. 

IMPLEMENTATION NEEDS: 
The technology development will require further lab and pilot-scale evaluation. Detailed 
requirements for the CEP development of production phase could not be obtained, but are 
assumed to closely resemble those roughly estimated for smelt purification. The costs are briefly 
enumerated as follows: development cost, $3-5M; capital cost, one-half the amount of an 
incinerator of equal capacity (-$16 M); and operating cost, one-third the amount of an 
incinerator ($2-$3/lb for nonmetals, $0.93/lb for metals smelting) 

The following requirements are based on that assumption. The development costs would include 
a small electric induction furnace, two full-time technical people (one with experience in 
metallurgy), analytical, maintenance, and other support personnel. The duration may be 24 
months and the development costs are roughly estimated by the investigator at $2.0-$3.5 million. 
The following requirements for a smelt facility are listed by Kellogg et al.: scrap handling and 
preparation, scrap transportation, scrap weighing and drying facility (the scrap must be heated 
prior to placing in the smelter to drive off oil and water), eight-ton capacity electric induction 
furnace with two crucibles, mold preparation and cooling, slag process refractory repair, flux 
storage and preparation, ingot dumping and storage, offices, laboratory and control room, 
maintenance areas, and personnel convenience stations. Capital and operating costs were not 
indicated, but as mentioned above, an overall cost of roughly $0.93/h can be estimated based on 
their conclusions that all costs could be recovered from the sell of 90,OOO tons of metal presently 
in the DOE inventory (valued at $102 million in 1982 dollars) assuming a de minimus is 
established. (About 74% of the metal value is the nickel which amounts to only 11% by weight 
of the metals in the Kellogg study). 

Most likely no existing facility at the INEL will satisfy the operational requirements of this facility 
(the Kellogg study assumes new facilities are constructed). The design and construction phase will 
require the support of many engineering disciplines: structural and site engineering, engineering 
mechanics, process design, electrical engineering, instrument engineering, safety engineering, and 
metallurgy. Numerous support services will be required: health physics, industrial hygiene, 
health, safety, environmental, and analytical services. Numerous construction and maintenance 
craftsmen will be required: welders, carpenters, electricians, mechanics, and supervisors. These 
requirements cannot be quantified at present. The establishment of a de minimus standard is very 
critical for the success of this project since the resulting ingots cannot be sold without this 
legislation. 

- 

C O N T A m  D. S. Vandel (INEL), (208) 526-5668 
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REFERENCES: 

1. 

2. 

3. 

4. 

Jeffrey D. Smith, “Molten Metal Technology,” E 1  Digest, Industrial and Hazardous Waste 
Management Environmental Information LTD, July 1991 

B. Hesmatpour and G. L. Copeland, The Effects of Slag Composition and Process Variable on 
Decontamination of Metallic Wastes by Melt Refining ORNLfI’M-7501, Union Carbide 
Corporation, January 1981. 

D. R. Kellogg et al., Metal-Smelting Facility, COW-820418-13, DE-82 013539, Union 
Carbide Corporation Nuclear Division, 1992. 

Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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VACUUM-(LOW-PRESSURE) ___ 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS 
Transite with radiological and organic contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVE: Bulk decontamination methods 

TECHNOLOGY Vacuum (low pressure) 

STATUS: Accepted 

Allied Signal has a proprietary, vacuum-based process for removing soluble Cr+6 from transite 
sheets. It has used a vacuum in conjunction with dilute acids to decrease Cr+6 from 7 ppm to 
below 4 ppm bulk decontamination residual concentration. The low separation efficiency makes 
this a doubtful process candidate and there is no experience of removing radiological 
contaminants. Any process for removing transite contaminants must begin at the problem 
definition stage. 

SCIENCE TECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Large blower systems are needed to draw a vacuum on the building; sprayer systems are needed 
to spray acid on the material. Capital and operating costs are considered proprietary. Capital 
cost is roughly estimated at $lM-$lOM and operating costs, at $2-$8/ft2. 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD),'' K-2073, February 1993. 
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CHEMICAL FOAMS DCON-08-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Used for in situ decontamination of vertical surfaces, 
large components, and internal surfaces of nickel-plated steel equipment or steel pipes. 
Contamination (smearable) can be uranium or other contaminants as dictated by foam 
constituents 

SUBELEMENT: Decontamination 

ALTERNATIVE: Chemical surface cleaning 

TECHNOLOGY Chemical Foams 

For removing smearable contamination from contacted surfaces. Foam is used as a carrier of 
chemical decontamination agents, such as detergents and wetting agents, not as the agent itself. It 
is sprayed onto component walls or the component is filled with the foam. For vertical surfaces, 
decontamination agents are suspended in a thick, dry foam that is applied to the surface to be 
cleaned. Ideally, a light, even coating (1-2 in. thick) is formed, with a residence time on vertical 
surfaces of at least several minutes. It can be sprayed on and wiped, rinsed, or vacuumed off. 
Repeated applications can give “several orders of magnitude reduction in surface contamination.” 
More recently, gels have been preferred for equipment exteriors, and foams are utilized for 
circulating in pipes and systems in situ 

STATUS: Demonstration, testing, and evaluation needed 

Demonstration for specific contaminates. Widely used throughout the nuclear industry. 

Waste: Small amount of contaminated sulfonated detergents, synthetic wetting agents, coupling 
agents, rinse water, and drying cloth. 

Cost: The technology itself is inexpensive, but development and scale-up will probably require 
significant financial support. 
Advantages: Good method for large components with complex shapes. Good method for 
internal in situ decontamination to eliminate smearable contamination prior to dismantlement. 
Low final waste volume. Remote application is easily done. 

Disadvantages: Fully controlled foaming times are needed. There is difficulty in keeping foam 
circulating while integrally filling large cavities. It is not appropriate for use on cracked surfaces 
or where there are deep or convoluted crevices. 

Effectiveness: In one study, decontamination effectiveness using Turco was 63-92% (DF 2.7 to 
12.5) on painted surfaces inside a hot cell. On unpainted carbon steel, it was 75-90%. It does 
not remove oxides, but it removes lightly bonded contaminants. The contact time is too short to 
obtain DFs currently desired in a batch process (spraying or filling). One approach is to fill the 
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CHEMICAL-FOAMS DCON-08-IN 

component and then circulate the foam for as long as necessary. Currently in use at Rockwell 
International, using a spray system developed by TURCO. 

SCIENCE TECHNOLOGY NEEDS: 
Full control over the mean bubble dimensions and the volume swell factor are needed, indicating 
that some basic research will be necessary. 

IMPLEMENTATION NEEDS: 
Scale-up/development of the process to a size appropriate for INEL use. Estimated costs follow: 
development, $1M-$4M; capital cost, < $50K, operating cost, $0.50-$2/ft2 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. J. M. Harris, J. R. Miller, R. S. Frazier, J. H. Walter, “Foam Process for Application of 
Decontaminating Agents,” from the International Conference on Decontamination of Nuclear 
Facilities, Niagara Falls, Canada, September 19, 1982. 

2. J. R. Costa, J. P. Gouchon, M. Montjoie (Commissariat a 1’Energie Atomique, France) 
“Recent Developments in Gel and Foam Decontamination Processes Applied to 
Decommissioning,” Proceedings of the Nuclear and Hazardous Waste Management 
International Topical Meeting (Specmtm ’88), Sept. 11-15, 1988, Pasco, Washington, 
Published by ANS, LaGrange Park, Ill. (September 1988), pp. 24-29. 

3. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, 1993. 
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CHEMICAL GELS DCON-09-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Exterior equipment surfaces, floors, and walls; with smearable radiological contamination; reagents 
should be chosen according to substrate and contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVE: Chemical surface cleaning 

TECHNOLOGY Chemical Gels 

For removing smearable contamination from contacted surfaces. The use of Chemical gels is most 
suited to in situ decontamination of large surfaces. Gel is used as a carrier of chemical 
decontamination agents, not as the agent itself. It is sprayed onto component walls; allowed to 
work; and then scrubbed, wiped, rinsed, or peeled off. Solutions with viscosity’s of 300-600 cps 
form a reasonably stable film on the contaminated surface. An airless compressor can be used for 
spraying the gel and, with a change in heads, for rinsing. Typical reagent combinations are a 
nitric-hydrofluoric-oxalic acid mixture and a nonionic detergent mixed with a 
carboxymethylcellulose gelling agent, with aluminum nitrate used as a fluoride chelating agent. 
Steps include scraping and vacuuming of solid waste material, preliminary hot water rinsing, and 
gel spraying throughout the cell. 

STATUS: Demonstration, testing, and evaluation needed 

Advantages: It is a good method for large component in situ removal of smearable 
contamination. Minimizes secondary waste volumes. Remote application is easily done. 

Disadvantages: It is a complex system that requires laboratory optimization for each change in 
variables. Costly and time-consuming for decommissioning but possibly worthwhile for 
maintenance and cleaning operations. Reagent action is limited by the solution Viscosity, which 
reduces the ion diffusion rate at the gelhrface interface. Amount of active reagents in gel film 
must be kept low (< 10 g/m2). 

Effectiveness: DFs can be as high as 100. In some cases, as many as 3 gel applications have been 
required (e.g., 2 acid and 1 base applications). 

Wastes: After spraying and rinsing the gel film two or three times, the volume of waste to be 
neutralized was four or five times less than that for decontamination of the same item by chemical 
solutions such as nitric acid. Treatment of the acidic and basic wastes can be by phosphate 
precipitation, sulfate precipitation, simple neutralization, or neutralization and addition of 
preformed nickel ferrocyanide precipitate. 
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SCIENCEmCHNOLOGY NEEDS: 
Complex gel formulation with a number of compounds may be required, depending on the 
objectives. Laboratory optimization will be necessary, with any change in variables. 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACF D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. J. R. Costes, J. P. Gouchon, M. Montjoie, “Recent Developments in Gel and Foam 
Decontamination Processes Applied to Decommissioning,’’ Proceedings of the Nuclear and 
Hazardous Waste Management International Topical Meeting (Spectrum ’BB), Sept. 11-15, 
1988, Pasco, Washington, Published by ANS, La Grange Park, IL (Sept. 1988), pp. 24-29. 

2. R. P. Allen, K. J. Schneider, G. J. Konzek, and R. I. Smith, “Decontamination Technology 
Assessment” from Proceedings of the Nuclear and Hazardous Waste Management International 
Topical Meeting (Spectrum ’BB), Sept. 11-15, 1988, Pasco, Washington, Published by A N S ,  
LaGrange Park, IL (Sept. 1988), pp. 511-513. 

3. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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ORGANIC ACID TREATMENT/BRITISH NUCLEAR FUELS 
LIMITED (BNFL) CITRIC ACID DECONTAMINATION DCON-1 &IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Metal equipment (exterior), aluminum, copper, Monel, steel, nickel substrates with radiological 
contamination 

SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Organic Acid TreatmentBritish Nuclear Fuels Limited (BNFL) Citric Acid 
Decontamination 

STATUS: Demonstration, testing, and evaluation needed 

The technology is currently in use by BNFL at Capenhurst Gaseous Diffusion Plant (GDP). 
BNFL uses citric and sulfuric acids in sequence for removal radionuclides, respectively, from metal 
surfaces (mostly wrought aluminum). Citric acid portion is dilute (“soft”), with correspondingly 
low corrosion. The carboxylate ion is strongly complexing. 

Effectiveness: BNFL process achieved surface DF of 300 for radionuclides. Decontaminated to 
below British standards for release as scrap: 11.1 Bq/g alpha, and 0.4 Bq/g beta. The 
high-enrichment portion of Capenhurst decontamination was completed in 1985. Recycled to 
metals market were 1,OOO tons aluminum, 1,700 tons steel and 350 tons other metals. The 
low-enrichment portion of the facility is now in the process of decontamination. 

Limitations: If uranium recovery is required, citric acid may be inappropriate. Citric tends to 
prevent U precipitation. Although the BNFL process works well on wrought aluminum, it may 
have only limited success with cast aluminum. 

Advantages: Demonstrated effectiveness in decontamination of GDP facility. BNFL is willing to 
market the technology. 

Wastes: Secondary wastes are (1) Citric acid containing metal ions, especially uranium, and (2) 
sulfuric acid containing metal ions, especially technetium and nickel. Citric acid is relatively 
benign to the environment, biodegradable, and treatable by ion exchange removal of radionuclides 
and other metal ions. Remaining effluent may be treatable at sewage treatment plant. Sulfuric 
acid is also treatable by ion exchange with possible recycle of cleaned acid. Tertiary wastes are 
depleted ion exchange (E) resins. NOTE: Scientific Ecology Group (SEG) and possibly other 
companies compact and solidify IX resin wastes on contract or they will provide complete IX 
senices. 
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Costs: Total net costs for the Capenhurst decontamination project are expected to be around one 
hundred million pounds. Four years ago, BNFL‘s operating cost was approximately $300/metnc 
ton. Ours would rate higher because of more sophisticated effluent treatment needs. Capital 
costs will include spray booth and tank installation with fluid recirculation systems but will not be 
significantly higher for the BNFL process than for any other proven acid dissolution 
decontamination system. 

SCIENCEDECHNOLOGY NEEDS: 
Technology development needs: Pilot plant development for waste treatments (ion exchange 
columns) to verify that we can meet our standards and regulations. More fundamental studies are 
needed in secondary waste disposal. 

IMPLEMENTATION NEEDS: 
Development-The financial resources necessary for purchase of technology, regulatory 
compliance, pilot-scale decontamination and waste treatment demonstrations. Cost: 
$4OOK-$1OOOK. 

Implementation-the financial resources necessary for retrofit of facility, environmental 
compliance, and procedural requirements. 

Hardware needs: Portsmouth has had trial runs substituting citric acid for sodium carbonate and 
nitric acid in its spray booth operation (X-705 facility) with success (this, along with BNFL’s 
expertise, may reduce the amount of original research, paperwork, etc. necessary to begin 
implementation). In general, decontamination with BNFL’s citric acid process should pose no 
undue difficulties or unusual resource needs. It may well be less costly to implement than the 
familiar nitric acid process would be due to the relative nontoxicity and ease of treating secondary 
waste stream. Capital costs would be $4M-$10M if new equipment is required; operating costs 
would be $300/2200 lb (BNFL estimate). 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. D. W. Clements and G. H. C. Begg, “Decommissioning Britain’s Gaseous Diffusion 
Plant--With Special Reference to Volume Reduction Techniques,” Roc. Inst. Mech. Eng., 
IMechE Conference, 1992, pp. 179-88. 

2. G. D. Del Cul, P. E. Osborne, D. E. Beck, Evaluation of Alternatives for Best Available 
Technology Treatment and Retreatment of Uranium-Contaminated Waste water, WQT-394, 
Part 1, January 1991. 
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DE-AC04-760RO OOO1 with the US. Department of Energy, Goodyear Atomic Corp., 
Piketon, Ohio, September 1979. 

4. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTA.MINANTS: 
Concrete with radiological contamination. Structural steel, metal equipment exteriors and 
interiors (steel, stainless steel, nickel alloys, aluminum), sheet metal, and pipes, with radiological 
contamination. 

’ SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Fluoroboric Acid Treatments 

Decontamination and decommissioning using Fluoroboric Acid (HBF,) in dipping baths, loop 
systems, or by spraying. 

STATUS: Demonstration, testing,and evaluation needed 

Technology was designed specifically for D&D. Attacks nearly every metal surface and metallic 
oxide. Removes oxide and contaminated outer layer in controllable, uniform and efficient 
manner. Unrestricted use of materials should be possible after decontamination, due to high 
decontamination factor (DF); however, corrosion is high (DF is a function of the depth of metal 
removed). 

Waste: Approximately 1 gram metallic waste generated per square meter per micron depth of 
base metal removal. The acid can be electrolytically regenerated and recycled, with the 
radioactive waste plated out at the cathode and solidified in cement. Final quantity of 
cement-solidified waste is 20-50 grams/square meter of decontaminated metal. Other waste 
treatment options are neutralization and precipitation with solidification in cement (200-500 g of 
concrete/m2 of surface cleaned) or treatment by ion exchange followed by solidification of the 
resin in cement (400-700 g of concrete/m2 of surface cleaned). 

The reaction is heterogeneous and proceeds as: 
1. nHBF, + Me = Me(BF,), + n/2 H2 
2. nHBF, + metallic oxide = Me(BF,), + water 

Fluoroboric (or fluorosilicic) acid can also scabble and clean cement and brickwork. If it is 
contaminated to a depth of only a few mm., concrete flooring and structures can be returned to 
unrestricted use. 

SCIENCEEECHNOLOGY NEEDS: 
Depends to a certain extent on similarities between INEL and Chernobyl operations. Results of 
the technology usage at Chernobyl may answer many questions for us. 
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The fluoroboric acid technology generates a metal waste as a result of metal surface removal. 
The optimum material for solidification of this waste needs to be determined. 

IMPLEMENTATION NEEDS: Application specific. 

Hardware (equipment): Fabrication of all key plant parts from polypropylene or from 
Halar-coated metal. 

Resources (financial): Capital cost in 1990 to set up a plant for decontaminating 5 todday  of 
steel was DM1.3 million ($774K) excluding development, planning and buildings. Operating costs 
will be relatively low; this is a very simple process. The plant can be manufactured in modular 
form and installed in existing buildings. 

NOTE: Fluoroboric acid exhibits low vapor pressure and requires only the standard precautions 
for acid or base work. 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. J. D. Hanulik and W. T. Rippin, “Chemical Decontamination for Decommissioning with 
Application of DECOHA Technology on Metal, Concrete, and Brickwork,” from Proceedings 
of the Institution of Mechanical Engineers Nuclear Decom ’92, Decommissioning of 
Radioactive Facilities International Conference, London, England. February 17-19, 1992. 

2. H. W. Beaujean, J. Fiala-Goldiger, J. Hanulik, “DECOHA at Chernobyl,” Nuclear 
Engineering International, April 30, 1991. 

3. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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PROBLEM AREA/CONTAMINANTS: 
Metal equipment (exterior) with radiological contamination. Also structural steel, nickel-lined 
steel equipment (interior) and piping with radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Inorganic Acid Treatments 

Removal of tightly adherent contamination using nitric acid (or other inorganic acid) solutions in 
spray booth or dipping decontamination processes. 

STATUS: Accepted 

Nitric acid decontamination has been the preferred method at ORNL for cleaning converters and 
other large items in spray booth operations since the 1940s. Portsmouth’s X-705 facility is the 
same as ORNL but has been modified to keep efnuent and emissions within regulatory limits. 
Both Portsmouth and ORNL decontaminate for maintenance but not for the release of the metal. 
Concentrated (pHc2) solution results in concurrent corrosion; however, additives (1% urea) and 
modifications can greatly reduce corrosion. Decontamination factors (DF) for concentrated acid 
treatment are in the 100 range. 

AdvantagesEffectiveness: Excellent DFs. One of the waste products, uranyl nitrate, is the first 
step in conversion of U to U,O, (thus nitric acid is commonly used in uranium recovery 
processes). This ease of U recovery is the primary reason Portsmouth continues to use nitric acid 
decontamination. 

Limitations: Secondary waste requires treatment and disposal as an RCRA waste. 

Waste: Large quantities of corrosive nitrates produced. Difficult and expensive to treat by 
today’s standards; however, Portsmouth has built a biodenitrification facility which meets NPDES 
outfall standards. In addition to and prior to biodenitrification, waste treatment will likely involve 
removal of uranium ,by liquid-liquid extraction, and other heavy metals by precipitation. Uranium 
removal can also be effected by lime softeninghon coprecipitation. 

Cost: Nitric acid decontamination was used extensively at the gaseous diffusion plants, but data 
are not available regarding costs. Currently, Portsmouth plant is developing a data base to track 
costs, but it will not contain historical data. 

Although nitric acid is by far the most common, sulfuric acid has been used in 
decontamination-notably to dissolve nickel-plating prior to removal of technetium at the 
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nickel-steel interface. Other inorganic acids, such as hydrochloric, are rarely mentioned in the 
literature. The exception is fluoroboric acid, for which a separate input sheet is written. 

SCIENCEmCHNOLOGY NEEDS: 
Adaptation of Portsmouth (or other) modifications to system (i.e., scrubbers, filters, treatment for 
nitrates and heavy metals) in order to meet regulatory requirements. Possible development of 
H N O m  decontamination methods, with or without ultrasonic agitation. 

Continuing research and development, waste treatment, and volume reduction. Possible research 
and development in control of base metal dissolution. 

IMPLEMENTATION NEEDS: 
Nitrate treatment facility either on site or accessible to a decontamination facility. A treatment 
facility for corrosive nitrate wastes is required. Support personnel to sample, analyze, develop 
treatments, and ensure compliance with RCRA regulations will be necessary; thus, operating costs 
may be relatively high. 

CONTACT. D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 
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Gaseous Diffusion Plant. April 1989. 

S. Buck and A Colquhoun, “Decommissioning of a Mixed Oxide Fuel Fabrication Facility,” 
(BNFL), Eds. Pflugrad et al. International Conference on Decommissioning of Nuclear 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Structural steel; metal equipment (exterior); nickel-lined steel (interior); aluminum; all with 
radiological contamination; aluminum pipe contaminated with Cr. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY. Caustic Treatment 

The use of alkaline sodium carbonate, ammonium carbonate, sodium EDTA, sodium citrate, 
trisodium phosphate, other sequestering agents, and detergents for surface washing and removal 
of particulates; the use of alkaline permanganate to oxidize chromium in high-Cr oxides 
(preconditioning the oxide for further treatment). 

STATUS: Accepted 

Surface smearable decontamination with caustic chemicals (essentially soap and water scrubbing) 
is accepted. Using alkaline potassium permanganate to dissolve high-chromium oxides by 
oxidizing the chrome content in PWRs (Pressurized Water Reactors) has been demonstrated. 
The latter may or may not be relevant to INEL needs; the need for dissolution of high-Cr oxides 
appears unique to PWRs in the commercial sector. I 

I 

Waste: Moderate quantities of contaminated caustic solutions. Simple neutralization and 
precipitation has been the traditional treatment. The sludge produced could be solidified. 

Cost: Caustic decontamination was used extensively at the gaseous diffusion plants, in 
conjunction with nitric acid. Capital costs are estimated to be <$1OK and; Operating Costs are 
estimated to be >$l/ft2. but scrubbing with caustic solutions is labor intensive. 

Effectiveness: Decontamination factors (DFs) for removal of smearable contaminants are also 
not available; however, items cleaned with caustic chemicals can usually be green-tagged by 
radiation control personnel (e300 dpm alpha). 

SCIENCEDZCHNOLOGY NEEDS: 
None for removal of smearable contamination with carbonates, soaps, etc.; possibly some 
technology development and basic research to gather data and to determine usefulness of alkaline 
dissolution of surface fluoride films (as noted in the status section, little data were recorded or 
kept). 

IMPLEMENTATION NEEDS: 
Capital cost are estimated at ~ $ 1 0 ~ ;  operating costs, at >$l/ft2. 
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CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. T. Swan, M. G. Segal, W. J. Williams, M. E. Pick, LOMI Decontamination Reagents and 
Related Reoxidation Rocesses, EPRI-NP-5522M, Research Project 1329-1. Prepared by 
Central Electricity Generating Board, Berkeley Nuclear Laboratories, UK, for the Electric 
Power Research Institute, Palo Alto, CA, December 1987. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Steel pipe/chromates; aluminum pipe with chrome; Monel, copper, structural steels, nickel-lined 
steel equipment contaminated with uranium; aluminum valves with chrome. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Redox Treatments 

Various "designer" combinations, including the following: (1) AP-Citrox-a two-step process using 
an alkaline permanganate oxidizing step followed by a citric acid-oxalic acid reducing step, (2) 
LOMI-a one-step process using vanadous picolinate solution for reduction of femc ion to ferrous 
(using vanadium ion) and subsequent chelation with picolinate, (3) Ceric acid-solutions of cerium 
IV in inorganic acids (nitric, sulfuric, sulfamic, etc.); several different formulations, but all appear 
to work by oxidation with Ce followed by complex formation with an inorganic acid to keep 
metals in solution, (4) Alkaline Permanganate (AP)-an oxidizing agent used to oxidize chromium 
in the corrosion film to Cr203, which can subsequently be dissolved in an alkaline solution, (5) 
Ammonium Citrate-Dibasic (AC)-in dilute form, ammonium citrate removes the residual MnO, 
from the -0, AP flush and neutralizes the OH from the NaOH, concentrated AC attacks the 
remaining film, (6) Electrochemical LOMI ion exchange (EL0MIX)-a modification of the LOMI 
process which reduces the volume of waste, (7) DECOHA process-a combination of chemical 
processes, metal dissolution in and electrochemical recovev of dissolved metals from a chemical 
decontamination, into a single "closed loop" process, and (8) Chemical Oxidation Reduction 
Decontamination (CORD) process-removal of oxide films without the fluid contents of the system 
having to be replaced. 

STATUS: Demonstration, testing, and evaluation needed 

Citrox, a mixture of oxalic and citric acids (Turco 4521 is a Citrox reagent) has been used since 
the early 1980s to decon boiling water reactors (BWRs). Its DF ranged from 0.3 to 17 in a 1984 
series of tests. AP- Citrox (Citrox with pre-oxidation by alkaline permanganate) was developed 
for PWRs, oxides of which have a high percentage of chrome. The purpose of the AP step is to 
oxidize and remove chrome from the high-chromium (>20%) oxide film prior to complexation by 
citric and oxalic acids. Addition of pre-oxidation step to Citrox process increases the DF by a 
factor of 10 to 100, for high-chrome oxides. 

Disadvantage: There can be intergranular attack and stress corrosion cracking on steel when 
oxalic acid is present in decontamination solution. 

Waste: Produces a large quantity of ionexchange resin waste. 

con -:rn>y,>., 
U U b G c ;  ~ 
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Cost: Operating costs relatively high, especially for the two-step process. 

LOMI (low oxidation-state metal ion) is a noncorrosive process using vanadous picolinate solution 
to rapidly reduce iron-based oxides. LOMI was developed in response to the oxalic acid corrosion 
problems mentioned above, and has been used for decontamination of Boiling and Pressurized 
Water Reactors (BWR and PWR) since the mid-1980's. It is often combined with a preoxidation 
step making it a process of two or more steps using acidic or alkaline permanganate or both. 
Multi-step process may be NP-LOMI (Nitric acid/permanganate), AP-LOMI (alkaline 
permanganate), or AP/NP/LOMI, depending on the substrate. Other LOMI combinations can be 
tailored, such as LOMI-NP-LOMI, etc., to obtain the optimum decontamination. 

Advantage: An advantage to LOMI is that it has been proven to be unaffected by the 
incorporation of nickel in the oxide lattice, which can make dissolution of iron-based oxides by 
simple complexing acids difficult. 

Disadvantages: Possible storage problems; both permanganate and LOMI solutions are 
thermodynamically unstable when exposed to water. 

Tailoring is essential for efficient decontamination; not only from system to system, but sometimes 
within the system. For example, Cr content in the oxide can vary from location to location within 
a piece of equipment. 

Effectiveness: Overall decontamination factor, DF, at Monticello recirculation system, was 22.9 
(removal of 96% of the contamination), using LOMI. On high-chrome equipment, the DF was 
3.6 (removal of 72%). LOMI was less effective than a Citrox process in decontaminating TMI-2 
reactor cooling system. 

Waste: Volume of secondary waste generated is about one-half that of the Citrox process. It 
does contain relatively high metal concentrations which could be precipitated out before passing 
the remaining waste through ion-exchange columns. A cation resin from DOW and an anion 
resin from Rohm & Haas are effective in cleaning the waste stream. "Cleanup by ion-exchange is 
straightforward and very efficient." However, disposal of IX resins is becoming a problem. 

Cost: Both capital and operating costs are probably higher than for Citrox, but have collected no 
hard cost data. 

Cerium solutions in acid (for example, cerium nitrate) are the most recent developments in 
REDOX decontamination. They produce a high DF, are excellent for use on complex 
configurations, and produce a resolution rate higher than electropolishing. Cerium oxidation is 
also called promising for TRU decontamination. At least one of the ceric acid methods, using 
tetrasulfate ceric acid, is patented. 
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Advantages: Ceric acid solutions eliminate the need for separate oxidizing and decontaminating 
solutions. Wide applicability to complex configurations. Dilute (soft) process and temperatures 
as low as 7OoC help keep corrosion rates low. 

Disadvantages: New technology, requiring more development. Must be tailored to substrate and 
oxide film. 

Effectiveness: A solution of ceric acid and inorganic acid was found to remove more than 97% 
of contamination in a reactor cooling system. For greater effectiveness, ceric acid cleaning may 
be followed by conventional decontamination (mixture of a chelate and an organic acid) and a 
final rinse with deionized water. 

Waste: The spent ceric acid solution can be cleaned with a mixed anion-cation exchange resin 
and reused, or it can be neutralized, evaporated, and disposed of as solid waste. In order to 
recycle, the Ce III can be oxidized back to CeW by oxidizing with ozone or peroxide. 
Subsequent passage through ion exchange columns will remove most radioactive metal ions. 
Uranyl and plutonyl will pass through, and can be recovered by solvent extraction or more ion 
exchange. Disposal of ion exchange resins or solidified wastes may present a problem. Another 
option is for electrolytic regeneration of the spent ceric acid solution. 

Cost: Cerium solutions are nearly as effective as permanganate solutions, for oxidation. 
However, cerium solutions are more expensive. 

Alkaline Permanganate (AP) is an oxidizing agent which reacts with the chromium (Cr'3) in the 
corrosion film converting it to the soluble Cr+6 which in turn is dissolved in the alkaline solution. 

AP is normally used as the pretreatment in a multistep process. The AP solution usually includes 
an inhibitor and a wetting agent to reduce surface tension. Permanganate is also used in an acid 
form as nitric permanganate (NP) for similar application. The typical solution concentration and 
operating conditions are as follows: 

Concentration in H,O 
Decontamination Factor N.A. 
Corrosivity 

30 g/l KMnO,, 100-180 g/l NaOH 

Not corrosive to stainless steel, slightly 
corrosive to carbon steel 

Temperature 90- 1 10°C 
Decontamination Period 1-10 hr 

Advantages: The advantage of this process is that it can be used to pretreat the metal oxide film 
from insoluble form to soluble, especially oxidizing Cr+3 to more soluble Cr+6 form. 

Disadvantages: Rinsing is needed to prevent destruction of subsequent reagents. 
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Effectiveness: As mentioned above, AP and NP solutions are primarily used for conditioning 
stainless steel systems for easy removal of film as scale by subsequent acid treatment. Conversely, 
some acid solutions, such as citrate acid, oxalic acid, and sulfamic acid (weak acids), usually have 
pretreatment a step with AP or NP. AP is widely used to decontaminate stainless steel and 
carbon steel. 

Waste: The liquid waste can be deionized via a mixed bed demineralizer and the resins are 
disposed of as solid waste. 

Cost: Cost data are not available. 

Ammonium Citrate-Dibasic (AC) has been successfully used with an AP pretreatment to achieve 
significant decontamination results. This is a two-step process with an intermediate water rinsing. 
In dilute form the AC removes residual MnO, from the AP solution and neutralizes that solution. 
In concentrated form the AC attacks the remaining corrosion film. However, redeposition has 
been a significant problem in the process. The typical solution concentration and operating 
conditions are as follows: 

Concentration in H,O 100 gfl 

DF with redeposition 2 

Temperature 85-95OC 

DF without redeposition 50 

Corrosivity 

Decontamination Period 1-4 hr 

Not corrosive to stainless steel, corrosive to carbon steel 

Advantages: AC has been successfully used with an AP pretreatment to achieve DFs as high as 
1OOO. 

Disadvantages: The main disadvantage with the APAC procedure is the necessity to switch from 
alkaline to acid conditions between stages (Pick et.al. 1983). This leads to a requirements for 
extensive rinses. A further problem is that the AP solution degrades ion-exchange resins. . 

Efficiency: This process is widely used to decontaminate stainless steel and carbon steel. A dilute 
APAC process was used to decontaminate the PWR at Shippingport. 

Waste: The liquid waste can be deionized via mixed bed demineralizers and the resins are 
disposed of as solid waste. Resin volume will be on the same order of magnitude as the system 
volume to be decontaminated. The decontamination solution can be recycled for further use. 

Cost: Cost data are not available. 

Electrochemical LOMI ion exchange (ELOh4IX) is a modification of the LOMI process. The 
primary objective of ELOMIX is to reduce the volume of waste arising from LOMI 
decontamination process. Currently, the resin resulting from the application of the LOMI process 
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is normally managed by solidification in cement-based matrices for shipment to an appropriate 
disposal location. But this is not desirable as a long-term solution because of the instability of 
organic media and the cost of long-term disposal. The principal features of ELOMIX are the 
following: 

electrodeposition of metals, 

backdiffusion of nonplating ions, 

continual resin regeneration, and 

compatible chemistry and regeneration of the LOMI solution. 

The key element of the ELOMIX process is an electrochemical cell consisting of three 
compartments: anode, cathode, and resin. 

Efficacy: The concept of ELOMIX has been in development since May 1989. In October 1990, 
a small pilot-scale ELOMIX cell was operated at Commonwealth Edison's Dresden Unit 2 on a 
sidestream of actual decontamination solution. The pilot-scale cell operated successfully during 
three LOMI steps, processing a total of 33 liters of decontamination solution through a resin 
volume of only 0.2 liters. 

Cost: Cost data are not available. 

The DECOHA Process combines important chemical processes - metal dissolution in and 
electrochemical recovery of dissolved metals from a chemical decontamination - into a single 
"closed loop" process. Fluoroboric acid (HBF,) is the heart of the DECOHA process. 
Fluoroboric acid is a commercially available acid produced from the washing of gases during 
aluminum production. Fluoroboric acid's primary decontamination attribute is its electrolytic 
properties, which are effective over a wide range of chemical conditions. In general, the acid 
reacts with a metal to produce the corresponding metal-fluoroborate and hydrogen gas: 

1 

nHBF, + Me ---> Me(BF,)n + n/2 H2. 

The HBF, reacts similarly with metal oxides - generating waste rather than hydrogen gas as a 
reaction end product: 

nHBF, + metal oxide ---> Me(BF,) + H,O. 
Efficacy: The effectiveness of these reactions depends in large part upon the respective 
solubilities of the various metals in fluoroboric acid. Experience has confirmed fluoroboric acid as 
an extremely powerful solvent for metals - iron and other important metals exhibit solubilities 
close to ar greater than 200 gA in 50% fluoroboric acid, and the pH of the solution is maintained 
above 4-5 as a result of the formation of the acid rather than the formation of the free acid. 
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Using this process, thin layers of the contaminated metal can be removed from the surface of the 
contaminated object. Consequently, the level of damage to an object and the corresponding 
amount of waste produced can be minimized through process control, removing only the depth of 
metal required to achieve the specific objectives of the decontamination. 

The DECOHA process is generally applied at temperatures between 30 and 98OC. Some metals, 
such as carbon steel, zircaloy, and aluminum, may be treated at room temperature. However, the 
stainless steels and nickel alloys require elevated temperatures to produce realistic application 
times. Basically, the speed to the DECOHA process follows a typical dependency on the 
temperature, for every 10°C increase in temperature, the reaction requires half as much time to 
take place. Typical removal rates range from 3-4 umhr at 8OoC for nickel alloys in 50% solution 
of fluoroboric acid to 20-25 mm/hr at 21OC for aluminum in a 5% solution of fluoroboric acid 
solution. 

Cost: Cost data are not available. 

Chemical Oxidation Reduction Decontamination (CORD) Process. In the first step of the 
CORD process, permanganic acid is added to the system to oxidate the chromium to the 
hexavalent state. The decontamination solvent, dicarboxylic acid, is added directly, without the 
fluid contents of the system having to be replaced. Permanganic ions are reduced to manganous 
ions by an equivalent concentration of the decontamination solvent. Dissolved metals may be 
removed by an ion exchange in real-time application or by subsequent evaporation of the solvent. 
This procedure is referred to as on cycle and can be applied several times. It may be applied to 
oxide films. The operating temperature is approximately 95OC, and the concentration of chemical 
does not exceed 3 g/l. An adequate DF is normally achieved after two cycles. 

Cost: Cost data are not available. 

SCIENCE/”ECHNOLOGY NEEDS: 
All REDOX techniques will require demonstration, testing and evaluation to determine their 
usefulness for decontamination. It is estimated that development costs could be greater than $lM 
to bring a REDOX decontamination development through bench-scale and demonstration phases. 

IMPLEMENTATION NEEDS: Application Specific 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Metal with radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVE: Chemical surface cleaning 

TECHNOLOGY Electropolishing 

This technology is a surface removal process which is traditionally applied to metallic (conductive) 
substrates. The electropolished area is defined by the path of the electric current (the path of 
lowest resistance) from electrode to substrate, hence a rough surface is smoothed because the 
“high” spots are closer to the electrode than are the low spots in addition, convex surfaces are 
dissolved preferentially to concave surfaces. Cracks or crevices will not be electropolished until 
the surrounding “high” areas are removed. Traditionally applied as a portable or “localized” 
technology on small areas, the solvent and electricity being applied in some way to a localized 
spot. 

Could be applied as a “factory style” process in batch fashion to contaminated parts. 
Contaminated materials fed into processing equipment and cleaned material exits. 

STATUS: Accepted 

Efficacy: Electropolishing is a surface removal technique and the amount of surface removed is 
proportional to factors such as current, time, and voltage. These factors can be increased so that 
the entire surface is removed. For smooth contaminated materials, the level of decontamination 
is dependent on transport of electropolishing products away from the cleaned surface and, in 
practice, levels of zero added contamination can be achieved. 

Waste: A contaminated electrolyte solution is a product of this process. 

Limitations: Electropolishing is essentially a “line of sight” process so cracks, crevices, areas out 
of sight of, or shadowed by, the electrode will not be decontaminated. Contaminated electrolyte 
must be removed for complete decontamination to be achieved. Electropolishing is difficult to 
apply to in situ equipment. 

SCIENCEECHNOLOGY NEEDS: Primary and secondary waste treatment and solution 
recycle need to be developed. Cleanup principles (e-g., ion exchange and filtering) are well 
established, so that only design and demonstration are needed. 

IMPLEMENTATION NEEDS: Development costs are estimated at $4OOK-$1OOOK operating 
cost, at >$1/ft2. 
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CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Concrete, structural steel, tile, metal equipment (exterior), Ni-lined steel equipment (interior), 
Monel, copper, aluminum, insulated copper wiring, sheet metal, steel pipe. Contaminants: 
radiological and organics. 

SUBELEMEm Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Biological Surface Cleaning 

Involves the use of living organisms to clean or mobilize surface contamination. 

STATUS: Research and development needed 

This technology is in the conceptual stage. The knowledge base exists for biological treatment of 
various contaminants. However, there is no data base for application of the technology for 
surface decontamination purposes. The technology is likely to work if methods can be developed 
for applying a layer of microbes to surfaces to be decontaminated, supplying needed nutrients to 
the microbes, and finally removing the microbe layer from the decontaminated surface. The 
technology may possibly be applied in situations where other technologies cannot be used. For 
example, microbes could be transported by water to contaminated internal surfaces of equipment 
that are inaccessible to other technologies. At this time, an estimate of the decontamination 
efficiency that might be expected cannot be made. The waste generated would be the 
contaminated layer of microbes removed from the treated surface. An estimate of the quantity of 
waste cannot be made at this time. 

SCIENCEKECHNOLOGY NEEDS: 
A research project is needed to investigate the feasibility of using biological treatment for 
decontamination of surfaces. 

IMPLEMENTATION NEEDS: 
An estimate of the capital and operating cost of the technology cannot be made at this time 
because of its conceptual status. The cost of an R&D project on surface decontamination by 
biological treatment would most likely range from $300K to $600K&ear. 

C O N T A m  D. T. Maiers (INEL), (208) 526-6991 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Structural steel, sheet metal, and metal equipment (exterior) with Fadiological contaminants. 
Nickel-plated steel equipment (interior), monel, copper, aluminum, and steel with radiological 
contaminants. 
Insulated copper wiring with radiological contaminants. - steel pipe contaminated with As, 
chromates, Ba, and dioxins 

SUBELEMENT. Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Laser-Activated Chemistry 

The conceptual basis for the technology exists; laser-activated chemistry is a proven technique for 
accelerating chemical reaction rates and for selecting reaction channels and chemical 
stoichiometries. 

STATUS: Research and development needed 

A widely accepted technique with many industrial applications (there is even an international 
journal, Laser Chemistry, that publishes papers on new and emerging applications), the use of 
laser-activated chemistry for radiological decontamination is an evolving technology. 
Predemonstration laboratory testing of the technology has been planned and is waiting to be 
funded. 

Decontamination with laser-activated chemistry will probably have two primary applications. First, 
the process can augment other decontamination processes that do not work in difficult-to-access 
regions. For instance, the directional nature of laser beams allows the process to reach very small 
crevices and cracks that are missed by gross decontamination processes. Second, laser-activated 
chemical processes are capable in many cases of removing all traces of radiological contamination. 
This will be applicable to situations where a very high degree of decontamination is required. 

Decontamination with laser-activated chemistry will likely produce small amounts of waste. In 
many cases it might be possible to chemically process the waste to separate the radiological 
contamination from the chemical agent, thereby recovering the radiological component and 
recycling the chemical agent. 

SCIENCEEECHNOLOGY NEEDS: 
Laser-activated chemistry for decontamination needs a considerable amount of laboratory research 
before a technology demonstration can be contemplated. Basically, the hardware and other 
material required for implementing the technique (e.g., lasers, optics, chemical agents, vacuum 
systems, filtration systems) already exists; what is needed is a concerted effort to bring all of these 
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components together for the specific applications. Also, the functional requirements of the 
technology (e.g., where is the contamination located or what degree of decontamination is 
required?) are being defined as the problem areas are characterized. The development of the 
technique will need to be coordinated with these requirements. 

IMPLEMENTATION NEEDS: 
The successful development of this technology will require a team of researchers dedicated to the 
task. There are many suitable laboratories and qualified researchers available. A best guess of 
the human resources required is that five (m) over a period of two to three years will be 
sufficient to develop and demonstrate a prototype system. Most of the hardware needed will 
consist of off-the-shelf equipment items such as laboratory glove boxes, laser systems, and data 
acquisition systems. A rough estimate of the financial investment required for development and 
demonstration is several million dollars over a three-year period. 

The successful deployment of the technology will require a transfer of the technology from the 
laboratory researchers to a commercial manufacturer. The prototype system would serve as the 
basis for larger-scale or mass production systems. In concept, a laser-activated chemical 
decontamination system should lend itself to a very high degree of automation, and a 
commercially available system should be capable of turn-key operation. One technician would be 
capable of overseeing the operation of multiple systems. 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM. Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Structural steel, Metal equipment, Monel, Copper, Aluminum, with radiological and organic 
contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Ultraviolet(UV) Light/Ozone 

Ultraviolet light is absorbed by oxygen molecules to form ozone which dissociates to form atomic 
oxygen. Furthermore, the contaminant molecules are excited and/or dissociated by the absorption 
of W. The excited contaminant molecules and the free radicals produced by dissociation of 
contaminant molecules react with atomic oxygen to form simpler, volatile molecules, such as CO, , 
H,O, and N,O. 

STATUS: Demonstration, testing, and evaluation needed 

In the semiconductor industry the W/ozone surface-cleaning method is an effective method of 
removing a variety of contaminants from surfaces. Representative contaminants include various 
oils such as human skin oils, cutting oil, and vacuum pump oil; solder fluxes; greases; and cleaning 
solvent residues such as acetone, ethanol, methanol, isopropyl alcohol, trichloroethane, and 
trichlorotrifluoroethane. In most instances W/ozone surface-cleaning is a simple-to-use process 
which is inexpensive to set up and operate; cleaning systems are available commercially primarily 
for the semiconductor industry. The method can produce clean surfaces in air or in a controlled 
atmosphere, at ambient to slightly elevated temperatures. 

However, there are limitations to this cleaning method. Only those contaminants that will 
dissociate and react with atomic oxygen to form simpler, volatile molecules, such as CO, , H,O, 
and N, are effectively removed. There are safety issues involved with the use of W, the 
presence of mercury in the UV lamps, and the generation of ozone. Also some photocatalytic 
oxidation processes can produce phosgene from chlorinated hydrocarbons. Distance of the 
surface from the W source has to be minimized for best cleaning results. And because inorganic 
contaminants such as dust, salts, and solid oxides cannot be removed by this method, precleaning 
is necessary. 

The specific application to decontamination is in the problem definition stage in that UV/ozone 
cleaning technology exists and may have some applicability to cleaning tasks. The efficacy of this 
technology to the particular target areaslproblem constituents is unknown at this time. 
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SCIENCE/IECHNOLOGY NEEDS: 
Alone, the potential of the W/ozone surface cleaning method for reducing organic contaminants 
to rather innocuous byproducts warrants further development. Especially, development of a safe, 
portable, efficient system is desirable. Techniques of combining this method and other efficient 
plasma methods for removing contaminant metals, oxides, etc., would be particularly advantageous 
and justifies further investigation. However, its efficacy in removing the specific organic and 
radioactive contaminants is not demonstrated. Using commercial W/ozone hardware, laboratory 
scale experiments could be conducted to establish a data base of cleaning rates on removing 
organic contaminants from different substrates and to develop necessary techniques to handle the 
waste generated. Subsequently, the equipment should be developed with a capability of 
performing robotic, remote, and automatic operation with computer control. 

IMPLEMENTATION NEEDS: 
Development activities: to address science needs, the approximate cost of equipment and staff 
time is $1M (capital equipment, $200K staff, $800K). 

Demonstration activities: to perform a bench-scale demonstration, the approximate cost of robotic 
equipment, and staff time is $2M (capital equipment, $500K staff, $1.5M). After the 
demonstration phase the majority of the effort can be implemented by technicians that are trained 
(1-2 months) for this specific work. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 

2. J. R. Vig, “UV/Ozone Cleaning of Surfaces, Semiconductor Cleaning Technology/l989,” in 
Electrochemical Society Proceedings, 90-9, 105-1 13 (1990). 
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EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS Contaminant metal ions odin concrete. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY. Electromigration 

Removal of contaminants using electric potential to cause ion migration. This process will leave 
the concrete surface intact and usable. 

STATUS: Research and development needed 

Electromigration is being investigated and developed on a laboratory scale. The phenomenon has 
been demonstrated on concrete and a patent application has been made by the ORNL 
developers. 

May be applied as a portable or “localized” technology on select areas, the solvent and electricity 
being applied to a localized spot. Significant (90+ %) contamination reductions have been 
demonstrated during the demonstration of the phenomenon. Parametric studies have not been 
successful because a reliable test system to evaluate the migration on concrete remains to be 
developed. 

Enough information is available from the ORNL demonstration to suggest this process is very 
likely to be developed to the point that concrete decontaminated via this route will meet safety 
guidelines for nonradiological areas. 

Electromigration works best in high electric fields. If the contaminant/solvent is very conductive, 
the electric field will be reduced and the process will be slow. It is expected that the removal of 
contaminants would be very slow, as the mobility of the contamination will be very small. 

Waste generated by electromigration if solvent recycle is adapted may typically be loaded ion 
exchange resin for example. 

SCIENCED’ECHNOLOGY NEEDS: 
S c i e n d e v e r a l  aspects require fundamental evaluation. Selection of the best characteristics for 
a working fluid (electrolyte) remains to be evaluated to cause migration of all contaminants to the 
surface. Concrete imbibing studies need to be done to evaluate the flow or migration mechanism. 
A reliable test system has not yet been developed to allow Parametric studies. 

Technology development-Electromigration has been demonstrated in concrete but no process 
optimization has occurred. Electromigration solvents for use on horizontal surfaces, gels for 
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vertical surfaces, ceilings etc. still remain to be developed as do the specific large-scale 
containment structures for solutions. Cheap electrode materials need to be identified and recycle 
of the solutions must be designed. 

IMPLEMENTATION NEEDS: 
Implementation needs may be quite modest. Since the process is intended to be an in-situ 
technology, only development facilities are necessary. Process equipment will consist of power 
supplies, electrodes etc., the sizes of which will be determined by the surface area to be 
decontaminated. 

Development cost-Approximately $ lO00K should be considered the effective value of the 
buildings that are recovered for beneficial use. 

Deployment cost-Modest with little equipment or labor. 

C O N T A m  D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARJWCONTAMINANTS: 
Surfaces contaminated with organic materials, grease, wax, oil, and paint 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Organic Solvents 

Solvents are used in decontamination for removing organic materials, grease, wax, oil, and paint 
from surfaces and for cleaning clothes (dry cleaning). Some typical organic solvents are kerosene, 
l,l,l-trichloroethane, trichloroethylene, xylene, petroleum ethers, and alcohols. 

STATUS: Accepted 

Dry cleaning of anticontamination clothes and rubberized articles has some advantages over 
detergents in that a much smaller volume of wastes are produced, and dry cleaning in many cases 
is equal to or better than water cleaning. The wastes produced are normally a sludge and a small 
amount of trichloroethane solvent. For other applications, the solvents are used to dissolve 
certain organic materials from surfaces. Due to the flammability and toxic vapor problem, these 
organic solvents are best used on small areas or in contained systems. 

AdvantagesEffectiveness: In situations where organic solvents can be properly handled, organic 
solvents are most effective in the decontamination of many RCWCERCLA organic constituents. 

Disadvantages: The disadvantages of organic solvents are that it is limited to certain materials 
(plastics must normally be avoided), it gives poor results with wet items or aqueous soluble stains, 
and there can be some cross contamination as the solvent is reused. Some solvents contain 
chlorine, which is normally avoided in stainless steel systems. Most radwaste systems cannot 
handle organic solvents. Where other solvents such as alkali or detergents can be used, organic 
solvents are normally avoided. 

Waste: The wastes produced are normally a sludge and a small amount of solvent, which may be 
reused. 

Cost: Data are not available regarding costs. 

SCIENCED'ECHNOLOGY NEEDS: 
Solvents that are less damaging to the environment need to be identified and demonstrated. 

IMPLEMENTATION NEEDS: Normal implementation needs 
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CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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PHOSPHORIC ACID TREATMENT DCON-22-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMDJANTS: Metal equipment with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Phosphoric Acid Treatment 

Removal of tightly adherent contamination using phosphoric acid solutions in spray booth, 
dipping, or flushing decontamination processes. 

STATUS: Accepted 

Phosphoric Acid rapidly defilms and decontaminates carbon steel surfaces. At 60-70°C inhibited 
dilute (10%) phosphoric acid solutions will remove 9599% of the contamination and all visible 
film in approximately 20 minutes, and a ferrous phosphate film forms and deposits on the pipe 
walls along with the contamination. Phosphoric acid is too corrosive to use on operating reactor 
systems without a suitable inhibitor. 

AdvantagesEffectiveness: Dilute (15 ~01%) phosphoric acid was used in decontaminating the 
BONUS reactor carbon steel and brass piping and components in preparation for entombment. 
The selection was based on a test program similar to that described for HCl. Decontamination 
factors of between 5 and 37 experienced in laboratory tests were generally achieved during actual 
decontamination flushes. The carbon steel condensate system was passivated using 2 liters of 
ammonium hydroxide/l50 gallons of water, and followed by a rust inhibiting rinse of 2 Ib. of 
Turco-4517/150 gallons of water. 

Phosphoric Acid Solvent Data: 

Formula - Chemical (g/l) 
Primary Application Steel, copper alloys 
Decontamination Factor ss=2-10; cs=5-37 
Corrosivity 4-6 mg/cm2-hr gwr SS 

H3POd130 m 

Stability 

Decontamination Temp. 

Decontamination Time 

Phosphoric acid reacts with carbon steel to form ferrous 
phosphate. This film deposits on piping walls, carrying 
contamination with it. 

85OC 

0.3 hours if solution is recirculated. Longer if 
once-through flush is used. 
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Number of System Volumes 

Remarks 

Waste Processing 

Limitations: Se-ondary w ste require 

1 acid flush, two water rinses, 1 passive rinse, 1 inhibitor 
rinse maybe in order for protective considerations 

Neutralization, filtration and evaporation 

Corrosive to carbon steel; used to remove surface layer 
of base metal. 

treatment and disposal as an RCRA waste. 

Waste: Large quantities of corrosive waste produced. The waste will require neutralization 
followed by filtration and evaporation. 

Cost: Data are not available regarding costs. 

SCIENCEKECHNOLOGY NEEDS: 
Adaptation to system (Le. scrubbers, filters, treatment for corrosives and heavy metals) in order to 
meet regulatory requirements. Continued research and development, waste treatment, and 
volume reduction. Possible research and development in control of base metal dissolution. 

IMPLEMENTATION NEEDS: 
Treatment facility either on site or accessible to decontamination facility. Support personnel to 
sample, analyze, develop treatments, and ensure compliance with RCRA regulations will be 
necessary; thus, operation costs may be relatively high. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINAN'IS: Metal equipment with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY. Oxalic Acid Treatment 

Removal of rust from iron. In decontamination of reactor systems it is an excellent complexer for 
niobium (when present) and ffision products. 

STATUS: Accepted 

Oxalic Acid was used at the Savannah River Plant in stainless steel heat exchangers. The process 
consisted of filling the system with water, adding a corrosion inhibitor (ferric sulfate 2.6 gll), steam 
heating to 7OoC, adding oxalic acid to 2 wt% and recirculating the mixture. The system was then 
drained, water-rinsed and neutralized with 50% KOH. The system was rinsed and drained again 
with water. 

Advan t ages/E ffect iveness: 
Decontamination factors of 3 to 20 were achieved at the Savannah River Plant. At temperatures 
of about 90°C the oxalic acid reacted with the stainless steel to form a highly insoluble ferrous 
oxalate tenacious film. Subsequent treatment with sulfuric and nitric acid was neksary  to 
remove the precipitate. 

It is used as the second step with alkaline permanganate (AP) preconditioning, but because of the 
precipitate it is not of significant interest. 

OX Solvent Data: 

Formula - Chemical (g) H,C20,(100 gll) 

Primary Application Stainless steel, not effective for aluminum 

Decontamination Factor SS = 3-20 

Conosivity Corrosive to carbon steel unless inhibited 

Stability Stable at recommended temperature. Forms a 
precipitate at 90°C 

Decontamination Temp. 70-80°C 
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Decontamination Time 14 hours 

Number of System Volumes 1 AP flush, 1 acid flush, 1 neutralizing rinse, 1 water 
rinse 

Waste Processing Deionization 

Remarks Forms an insoluble precipitate at elevated temperatures 
that films the surface and Waste Forms an insoluble 
precipitate at elevated reduces effectiveness of the 
reagent. Usually used with alkaline permanganate (AP). 

Limitations: Secondary waste requires treatment and disposal. 

Waste: Large quantities of waste produced. The waste will require deionization. 

Cost: Data are not available regarding costs. 

SCIENCED’ECHNOLOGY NEEDS: 
Adaptation to system (i.e. scrubbers, filters, treatment for corrosives and heavy metals) in order to 
meet regulatory requirements. Continued research and development, waste treatment, and 
volume reduction. Possible research and development in control of base metal dissolution. 

IMPLEMENTATION NEEDS: 
Treatment facility either on site or accessible to decontamination facility. Support personnel to 
sample, analyze, develop treatments, and ensure compliance with RCRA regulations will be 
necessary; thus, operation costs may be relatively high. 

CONTACT D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Metal equipment with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Hydrochloric Acid Treatment 

Removal of tightly adherent contamination using hydrochloric acid solutions in spray booth, 
dipping, or flushing decontamination processes. 

STATUS: Accepted 

Hydrocliloric Acid is a reducing agent and one of the first chemical cleaning agents used for utility 
boilers. However, the chloride content is highly corrosive to stainless steel and should not be 
used for nondestructive decontamination of primary systems. When used on carbon steel systems 
a corrosive inhibitor should be added if the system is to be returned to service. 

AdvantagesEffectiveness: Hydrochloric acid was used in decontaminating the BONUS reactor 
CrMo steel main steam system and stainless steel purification system in preparation for 
entombment. A 10 volume percent reagent grade solution was found to be effective at an 
operating temperature of 7OOC. One-inch square samples for testing in the United Nuclear 
Corporation (UNC) laboratory were cut from sections of piping contaminated with @Co, ''Co, 
and 65Zn and small quantities of fission products including 13'Cs. Laboratory testing consisted of 
30-min. cycles in static tests (soaking) of candidate solutions and then 30-min. cycles in dynamic 
tests (stirred) of solutions. The most effective solutions were given a final dynamic test on larger 
samples from the reactor systems. Laboratory data indicated hydrochloric acid decontamination of 
stainless steel gave repeatable DFs of approximately 10. No inhibitor was used because the 
systems were not going to be returned to service, and the expected corrosion would not affect the 
residual radioactivity containment integrity of the systems. 

' 

Actual system decontamination at BONUS confirmed the laboratory results. Stainless steel and 
CrMo systems were decontaminated by a factor of approximately 10 overall. 

Hydrochloric Acid Solvent Data: 

Formula - Chemical (g/ l )  HCl(42.5 g/l) 

Primary Application Stainless steel, chrom-moly steel, copper and its alloys 

Decontamination Factor SS = 5-22; CS = 7; CrMo = 15; Brass = 2 
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Corrosion: (5% HCl containing 
0.1% inhibitor) 

Decontamination Temperature 

Decontamination Time 

Number of System Volumes 

Waste Processing 

Remarks 

. . .  

CS = 0.08 mg/cm2-hr; 300 series SS = 0.122; 400 series 
SS = 0.020; Monel75 Ni 25 Cu = 0.020 

7OoC 

1-6 hours 

1 acid flush, two water rinses 

Neutralization by addition of sodium hydroxide and 
sodium citrate, filtration and evaporation 

Corrosive to carbon and stainless steel unless inhibited; 
used to remove surface layer of base metal. 

Limitations: Secondary waste requires treatment and disposal as an RCRA waste. 

Waste: Large quantities of corrosive waste produced. The waste will require neutralization 
followed by filtration and evaporation. 

Cost: Data are not available regarding costs. 

SCIENCE/TECHNOLOGY NEEDS: 
Adaptation to system (Le., scrubbers, filters, treatment for corrosives and heavy metals) in order 
to meet regulatory requirements. Continued research and development, waste treatment, and 
volume reduction. Possible research and development in control of base metal dissolution. 

IMPLEMENTATION NEEDS: 
Treatment facility either on site or accessible to decontamination facility. Support personnel to 
sample, analyze, develop treatments, and ensure compliance with RCRA regulations will be 
necessary; thus, operation costs may be relatively high. 

CONTACX D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: Metal equipment with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Sulfamic Acid Treatment 

Removal of radiological contaminants from carbon steel components. 

STATUS: Demonstration, testing, and evaluation needed 

Sulfamic Acid with an inhibitor is an effective decontaminant for carbon steel components. It 
provides good DFs with low corrosion rates. Redeposition or film formation does not occur.’ 

AdvantagesEffectiveness: Because it is a less reactive reagent, longer contact times may be 
necessary than with other reagents. Sulfamic acid has not been used extensively in 
decontaminating reactor carbon steel systems but is acknowledged to be an effective 
decontaminant. 

Sulfamic Solvent Data: 

Formula - Chemical (g/l) 

Primary Application 

Decontamination Factor 

Corrosivity 

Stability 

Decontamination Temp. 

Decontamination Time 

Number of System Volumes 

Waste Processing 

NH,SO,H(90 g/l) 

Carbon steel, aluminum 

3-20 

4-6 mg/cm2-hr for carbon steel 

Hydrolyzes to ammonium acid sulfate (NH4HS0,) at 8% 
per hour at 8OOC. 

45-8OoC 

1-4 hours 

1 acid flush, 1 inhibitor flush, 1 rinse 

Neutralization, filtration, and evaporation 
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Remarks Used with an inhibitor to decontaminate Carbon steel 
and Al. If fluorides are added as a booster, it becomes 
excessively corrosive to Al and Zn. 

Limitations: Secondary waste requires treatment and disposal. 

Waste: Large quantities of waste produced. The waste will require neutralization, filtration, and 
evaporation. 

Cost: Data are not available regarding costs. 

SCIENCEDECHNOLOGY NEEDS: 
Adaptation to system (i.e. scrubbers, filters, treatment for corrosives and heavy metals) in order to 
meet regulatory requirements. Continued research and development, waste treatment, and 
volume reduction. Possible research and development in control of base metal dissolution. 

IMPLEMENTATION NEEDS: 
Treatment facility either on site or accessible to decontamination facility. Support personnel to 
sample, analyze, develop treatments, and ensure compliance with RCRA regulations will be 
necessary; thus, operation costs may be relatively high. 

CONTACT: D. S. Vandel (INEL), (208) 5260-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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DETERGENTS AND SURFACTANTS DCON-264N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Metal and concrete surfaces with radiological 
contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical Surface Cleaning 

TECHNOLOGY Detergents and Surfactants 

Detergents are used in decontamination to remove grease, dirt, and certain organic materials. 
Surfactants are used as wetting agents, detergents and emulsifiers. 

STATUS: Accepted 

Most commercial detergents involve some formulation of a detergent (sodium laurel sulfate, 
sodium oleate, alkyl aryl sulphonate) that also acts as a wetting agent or surfactant, a phosphorous 
or carbonate salt (Na3P0,, Na,CO,), a thickening agent (carboql methyl cellulose), and other 
fillers. EDTA or other complexing agents may also be added. The formulations are numerous 
and involve foaming-nonfoaming, and phosphate-nonphosphate choices. Other surfactants that 
may be used with the detergent or separately, include various sulfonic acid salts, quaternary 
ammonium salts, and nonionic alcohol or amine polymers. Surfactants produce similar results by 
lowering liquid surface tension and providing better contact between the surface and the liquid. 
Detergents are a good, mild, all-purpose cleaner for all facility surfaces, equipment, clothes and 
glassware. Where applicable they are preferable to harsher methods. They can be used to 
increase the effect of water, steam, solvents, and complexing agents. Effectiveness is increased by 
mechanical agitation. Surfactants typically consist of long carbon-to-carbon skeletons plus a polar 
group containing atoms of nitrogen, oxygen, or sulfur. Since the polar group is hydrophilic 
(water-loving) and the hydrocarbon part is hydrophobic (water-hating), these molecules (or ions) 
tend to migrate to water-oil interfaces where the polar group will be attracted to the water phase 
and the hydrocarbon residue will remain in the oil phase. 

AdvantagesEffectiveness: Detergents and surfactants are cheap, safe, and have few material 
problems. The disadvantages of detergents and surfactants is their limited effect and possible 
foaming or ammonia release in radwaste systems, or difficulty in later dewatering to concentrate 
removed contamination (e.g. foaming in evaporation equipment). 

Limitations: Detergents and surfactants may have a limited effect on some materials and are not 
effective on metal corrosion and longstanding contamination. 

Waste: Possible ammonia release to the radwaste systems may occur. 

Cost: Data are not available regarding costs. 
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_ _  

SCIENCE/I’ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Normal. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: Surfaces with chemical contamination . 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Bleaching 

The bleach solution is added in generous amounts to the contaminated surface. The surface is 
scrubbed for 15 to 60 seconds, allowed to stand for about 15 minutes, and then flushed thoroughly 
with water. The bleach application and wash can be repeated a second time if necessary. 

Status: Accepted 

Bleach formulations chemically degrade and detoxify many contaminants, especially pesticides. 
Chemical degradation rates can be affected by other pre or post bleach decontamination efforts. 
Bleach formulations are normally used in conjunction with other decontamination techniques, 
most often as a follow-up for detoxifying pesticides on surfaces where a physical procedure did 
not produce satisfactory results (e.g., safe ambient contaminant levels). Bleach has been used as a 
decontaminate against mustard, G and V chemical agents, and organophosphorus pesticides 
(experimentally). 

Various types of bleach formulations have been used as decontaminating agents. Traditionally, 
calcium hypochlorite has been used, although recently sodium-based bleach formulations have had 
some application. The various bleaches used include Grades I, II, and m, with >35 percent, 29 
to 35 percent, and c29 percent available chlorine, respectively; STB (Supertropical Bleach), a 
British formula containing >30 percent available chlorine; HTB (High Test Bleach), which has 
approximately 42 percent chlorine content; and liquid household bleach (sodium hypochlorite and 
sodium hydroxide). 

AdvantagesEffectiveness: Bleach is most effective against chemical agents and liquid pesticide 
spills. Bleach has been used on metal, wood, and concrete surfaces; but is most effective on metal 
surfaces. 

Disadvantages: Solid bleach formulations are generally applied as a slurry, which can result in 
periodic clogging of application equipment. Depending on concentration and composition, bleach 
slurries may cause corrosion of application equipment and/or the surfaces being treated. 

Limitations: Secondary waste may require treatment. 

Waste: Large quantities of waste produced. The waste may require additional treatment. 
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Cost: Data are not available regarding costs. 

SCIENCE/I'ECHNOLOGY NEEDS: 
Work is needed to improve the technique for applying bleach to porous surfaces and to lessen 
the corrosive impact of bleach on equipment and building materials. 

IMPLEMENTATION NEEDS: 
Basic safety requirements that are used when working with chemical agents and pesticides should 
be adhered to. Additional safety equipment depends on the toxicity of the contaminants. 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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ACID ETCHING DCON-28-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Surfaces with radiological and chemical contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Acid Etching 

Acid is spray-applied to a contaminated surface to promote corrosion and removal of the surface 
layer. The resulting debris is then neutralized and disposed of. A secondary decontamination 
treatment may be required to further remove contaminants from concrete, brick, etc. Corrosion 
resistant paint must be removed from equipment and pipes prior to the application of the acid. 
Thermal or chemical treatment of the removed material may be required to destroy the 
contaminant before disposal. 

STATUS: Accepted 

This method may be applicable to many contaminants. It is applicable to mild steel and wood 
surfaces; it may be effective on other surfaces, such as concrete. Acid etching is only a surface 
treatment; it is not effective on subsurface contamination of building materials. 

This technique removes contaminants from metal surfaces (e.g., light steel) and wood very 
effectively and completely. It may also be effective on brick structures and some plastic materials. 
Secondary methods (physical, chemical, and/or thermal) may be required to decontaminate or 
remove contaminants that have penetrated the surface layer through cracks or pores. 

AdvantagesEffectiveness: The effect of acids on various materials is well established. Muriatic 
acid (hydrochloric acid) is used to remove dirt and grime from brick building structures in urban 
areas and to clean metal parts (e.g., pickle liquors from metal finishing operations). Hydrofluoric 
acid is also commonly used to etch window glass. This technique is not known to have been 
applied to chemically contaminated building surfaces. Acid can be applied as a mixture in steam, 
or it can be sprayed or brushed on at ambient or elevated temperatures. It can also be applied as 
a gas (e.g., HC1 gas). 

Disadvantages: Acid etching may cause decomposition of the contaminant as it is removed from 
the surface. This technique is hazardous and requires special application equipment. This 
technique requires a large volume of acid. Acid etching may weaken structural members, 
depending upon their design, initial thickness, material of construction, and number of 
applications of acid. Metal parts will be damaged, wood may require replacement. Concrete, 
however, will probably be undamaged. 

Limitations: Secondary waste requires treatment and disposal as an RCRA waste. 



ACI D-ETCH I NG 

Waste: Large quantities of corrosive waste produced. The waste will require neutralization 
followed by filtration and evaporation. 

Cost: Data are not available regarding costs. 

SCIENCED’ECHNOLOGY NEEDS: 
Adaptation to system (Le. scrubbers, filters, treatment for corrosives and heavy metals) in order to 
meet regulatory requirements. Continued research and development, waste treatment, and 
volume reduction. Possible research and development in control of base metal dissolution. 

IMPLEMENTATION NEEDS: 
Treatment facility either on site or accessible to decontamination facility. Support personnel to 
sample, analyze, develop treatments, and ensure compliance with RCRA regulations will be 
necessary; thus, operation costs may be relatively high. 

C O N T A a  D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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LEAD-BASED PAINT REMOVAL DCON-29-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: Surfaces with chemical contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Lead-Based Paint Removal 

Paint containing in excess of 0.06 percent lead by weight is removed from building surfaces by 
commercially available paint removers and/or physical means (scraping, scrubbing, water washing). 
The removed paint waste is placed in sealed containers and disposed of appropriately. Surfaces 
are then repainted with new paint having a lead content of no more than 0.06 percent by weight. 

STATUS: Accepted 

A controlled area is initially established that surrounds the areas to be decontaminated, and 
plastic sheeting is placed beneath the working area. Peeling Paint is then removed from surfaces 
through a combination of commercial paint removers (such as methylene chloride preparations), 
hand scraping, water washing, and detergent scrubbing. This combination of removal methods 
should allow all surface areas of a building to be reached and affected. 

Paint wastes accumulate on the plastic ground covering. When paint removal is complete, the 
plastic is rolled up, securely sealed, labeled, placed into storage containers, and disposed of 
appropriately. Building surfaces are then repainted in a conventional manner. 

AdvantagesEffectiveness: This method can be used on all painted surfaces; it is most useful 
when contaminants are on the surface or between layers of paint. Paint removal and replacement 
have been used as cleanup techniques in many buildings (commercial, industrial, residential) 
containing high-lead-based and other heavy-metal-based paints, and in buildings contaminated 
with radioactive residues. 

Waste: Lead-based paint requires disposal as a RCRA waste. 

Cost: Data are not available regarding costs. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Because of the possibility of exposure to airborne contaminants, a training program should be 
conducted and safety equipment should be used. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 
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REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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PHOTOCHEMICAL DEGRADATION DCON-30-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAh4INANTS: Surfaces with chemical contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Photochemical Degradation 

In photochemical degradation, a hydrogen donor is applied to the contaminated surface, which is 
then exposed to UV light. When used with other methods, surfaces are first treated, and the 
liquid residues are then decontaminated by adding a contaminant-specific organic solvent, 
followed by exposure to a UV light source. 

Attention has been focused on this method because of its usefulness in degrading chlorinated 
dioxins (TCDD in particular). Three conditions have been found essential for the process to 
proceed: (1) the ability of the compound to absorb light energy, (2) the availability of light at 
appropriate wavelengths and intensity, and (3) the presence of a hydrogen donor. 

STATUS: Demonstration, testing, and evaluation needed 

Photochemical degradation should be applicable to a wide range of contaminants, and specific 
data on the photodegradability of numerous chemicals should be available in the literature. The 
method has recently been used to degrade dioxin (TCDD) residues in Italy and the United 
States. Experiments are ongoing to determine the method's usefulness for PCB destruction. 

Photochemical degradation is potentially applicable to all surfaces, although best results can be 
expected on smooth surfaces. Photodegradation efficiencies as related to actual building, 
structure, and equipment decontamination efforts have not been well documented. It is believed, 
however, that photodegradation could result in complete in situ elimination of toxic residues on 
surfaces. Deeply imbedded residues will not be degraded, and a secondary treatment technique 
may be required. 

Various W light sources and hydrogen donors may be used. Possible light sources include the 
sun and mercuy and xenon-arc lamps. Possible hydrogen donors include the majority of organic 
liquids that have a large portion of hydrogen atoms and that are not highly W absorbing in the 
same range as the target contaminant; examples are methanol, benzene, glycol, and glycol ethers 
such as Carbitols and Cellosolves, natural vegetable and mineral oils, furniture polish, and 
petroleum distillates. 

In related process, semiconductor particles (e.g. TiO, may serve as photocatalytic agents to 
oxidize organics in the presence of W light. 
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Photochemical degradation has many different potential applications, depending upon the nature 
of the contaminated substrate. These include: 

Use of a portable W light and hydrogen donor to decontaminate interior surfaces and 
structures or initially water washing, then applying a hydrogen donor and a W light to the 
wet residue; 

Destruction of residues in building corners and other hard-to-reach places with a W laser 
beam; 

Use of other decontamination techniques (e.g., steam .cleaning, water washinghydroblasting, 
solvent extraction, and vapor-phase solvent extraction) followed by condensate and/or solvent 
collection and the application of photodegradation techniques to the liquid wastes; and 

Spray application of a hydrogen donor to contaminated outside surfaces followed by exposure 
to the sun. 

AdvantagesEffectiveness: Photochemical degradation has been used to decontaminate vegetative 
and soil surfaces and many inert surfaces. Photochemical degradation is potentially applicable to 
a wide range of contaminants and surfaces. 

Disadvantages: Photochemical degradation will not work on contaminants imbedded in dense 
particulate matter (such as thick carpet or deep soil) because W light cannot penetrate through 
these surfaces. Exposure hazards may result from intense W radiation when sources other than 
the sun (mercury and xenon-arc lamps) are used; exposure hazards may also result from the use 
of flammable solvents as hydrogen donors. 

Waste: Small quantities of waste produced. The waste may require additional treatment. 

Cost: Data are not available regarding costs. 

SCIENCEEECHNOLOGY NEEDS: 
Research is needed for further establishing specific W lighthydrogen donor/contaminant 
procedures. 

IMPLEMENTATION NEEDS: To be determined for specific applications. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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SMELT PURIFICATION DCON-31 -IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Metal equipment, nickel-lined steel equipment, porous nickel, nickel ingots, porous aluminum, 
aluminum, structural steel, sheet metal, steep pipe, steel cylinders, monel, and copper 
contaminated with radionuclides 

SUBELEMENT: Decontamination 

ALTERNATIVES: Metal Refining 

TECHNOLOGY Smelt Purification 

Smelt Purification purifies metals by adding to the scrap suitable fluxes that will react with the 
impurities when the metal is melted. The impurities are then removed in the slag that separates 
from the molten metal and floats to the top. The items requiring smelting must be cut to suitable 
size for addition to the smelter. 

STATUS: Demonstration, testing, and evaluation needed 

Smelt purification of radioactive metals has been performed by a large number of investigators on 
a lab-scale and by some investigators, on a large-scale. The metals include mild steel, stainless 
steel, nickel, copper, monel, aluminum, and others. Metal purification has been demonstrated to 
levels of 0.01 ppm to 4.0 ppm residual uranium, except aluminum smelting was not as successful 
(3 to 100 ppm). Heshmatpour and Copeland report better results for aluminum (1 to 2 ppm). 
Scientific Ecology Group (SEG) personnel estimate the costs (operating and capital combined) of 
metal smelting at $0.65 to $2.00/lb depending on the type metal and configuration of the metal. 
Steel will probably cost $0.65 to $0.95/lb to process. Kellogg et al. estimated that the capital and 
operating costs of smelting the 90,OOO tons of DOE scrap metal presently on hand could be 
recovered through sale of the metal if a de minimus residual were established. Based on their 
conclusion, a cost of roughly $0.93/lb of metal can be estimated in 1992 dollars. They assumed 
construction of a new facility with an 8 ton capacity, electric induction furnace capable of 
handling 4-6 to& ferrous or 1.6h non-ferrous metals. They also estimated that about 50 lb of 
slag would be generated per ton of metal smelted. No figures for off gas treatment are available. 

SCIENCEKECHNOLOGY NEEDS: 
Research and development needed for removing aluminum. 

IMPLEMENTATION NEEDS: 
The technology development needs will require further lab and pilot-scale evaluation. The 
development costs would include a small electric induction furnace, technical, analytical, 
maintenance, and other support personnel. The duration may be 24 months and the development 
costs are roughly estimated at $3M to $5M. 
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The following requirements for a smelt facility are listed by Kellogg et al.: scrap handling and 
preparation, scrap transportation, scrap weighing and drying facility (the scrap must be heated 
prior to placing in the smelter to drive off oil and water), eight ton capacity electric induction 
furnace with two crucibles, mold preparation and cooling, slag processing, refractory repair, flux 
storage and preparation, ingot dumping and storage, offices, laboratory and control room, 
maintenance areas, and personnel convenience stations. Capital and operating costs were not 
indicated, but as mentioned above, an overall cost of roughly $0.93/lb can be estimated based on 
their conclusions that all costs could be recovered from the sale of 90,OOO tons of metal presently 
in the DOE inventory (valued at $102M in 1982 dollars) assuming a de minimus is established. 
(About 74 percent of the metal value is the nickel which amounts to only 11 percent by weight of 
the metals in the Kellogg study). Most likely no existing facility at the INEL will satisfy the 
operational requirements of this facility (the Kellogg study assumes new facilities are constructed). 
The design and construction phase will require the support of numerous engineering disciplines: 
structural and site engineering, engineering mechanics, process design, electrical engineering, 
instrument engineering, safety engineering, and metallurgy. Numerous support services will be 
required: health physics, industrial hygiene, health, safety, environmental, and analytical services. 
Numerous construction and maintenance craftsmen will be required: welders, carpenters, 
electricians, mechanics, ETI personnel, and supervisors. These requirements cannot be quantified 
at present. The establishment of a de minimus standard is very critical for the success of this 
project since the resulting ingots cannot be sold without this legislation. 

C O N T A a  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. B. Heshmatpour and G. L. Copeland, “The Effects of Slag Composition and Process 
Variables on Decontamination of Metallic Wastes by Melt Refining,” Union Carbide 
Corporation, January 1981. 

2. D. R. Kellogg et al., Metal-Smelting Facility, CONF-820418-13, DE82 013539, Union Carbide 
Corporation Nuclear Division, 1982. 

3. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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ULTRA-HIGH-PRESSURE WATER DCO N -35- I N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete, structural steel, tile, epoxy, metal equipment (exterior), Ni-lined steel equipment 
(interior). After disassembly: monel, copper, aluminum, sheet metal, steel pipe, aluminum pipe. 
The media tabulated above may be treated by the subject technology for removal of all 
contaminants found at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATNES: Mechanical substrate surface removal 

TECHNOLOGY Ultra-High-pressure Water (UHPW) 

In the UHPW decontamination process, an ultra-high-pressure intensifier pump pressurizes water 
up to 55,000 psi and forces it through small-diameter nozzles, generating high velocity waterjets at 
speeds up to 3,000 ft/s. The nozzles may be mounted in various types of cleaning heads for 
contaminated surfaces. The waterjets thoroughly penetrate and remove surface contaminants. 
Care must be taken so as to not damage the substrate. In the use of the UHPW decontamination 
technology, the UHPW cleaning head, attached to a lance, may be manually moved about on the 
surfaces being decontaminated. The decontamination efficiency depends on the applicator 
translation speed. Remote operation of the UHPW cleaning head would be desirable. Also, in 
some applications (such as decontamination of hot cells), remote operation will be required. 
Consequently, the adaptation of the equipment to a robotics control system would be necessary. 

STATUS: Accepted 

The UHPW decontamination technology is available and has been used by industry. The addition 
of abrasives is also available for industrial cutting and milling. Before acceptance at INEL and 
other DOE sites, the issues of criticality, waste water treatment, and prevention of spread of 
contamination must be addressed). The technology can produce high levels of decontamination. 
Removal of a galvanized layer from sheet metal has been demonstrated. Waste generated is 
contaminated water from the cleaning operation. In cleaning concrete, for example, a typical flow 
rate for one cleaning head would be 3-5 gal/min at a surface treatment rate of about 1 ft2/min. 

SCIENCEDCHNOLOGY NEEDS: 
The existing vacuum systems, which recover water from the cleaning (or power) head of the unit, 
need to be developed. To minimize waste generation, a water treatment system is needed for 
decontamination of the waste water so that the water can be recycled and reused in the UHPW 
cleaning operation. The system must be capable of treating the contaminants specific to the site 
and reducing their concentrations to allowable levels for water recycle. Remote operation will 
necessitate the adaptation of the ultra-high-pressure cleaning heads and the vacuum collection 
systems to a robotic control system. A data base on UHPW cleanup experience is desirable. This 
could be developed through communication with the Water Jet Technology Association. The 
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data would be useful in optimization of cleaning parameters in future UHPW decontamination 
activities. Nozzle configuration, water pressure and flow rate, distance of the cleaning head to the 
substrate, and the geometric complexities of the substrate are all parameters that need to be 
evaluated. 

IMPLEMENTATION NEEDS: 
Development costs: For development and demonstration of a water recycle system, in 
combination with UHPW decontamination, an estimate of funding requirements is $1.2M. 
Personnel requirements are estimated to be $1.7M. The cost of a robotic control system is 
estimated at $BOK 

Deployment costs: FLOW International supplies ultra-high-pressure power units with intensifier 
pumps rated at pressures of 40,000 to 55,000 psi are supplied at costs up to $200K Several 
ultra-high-pressure tools are available for use with the power unit. Operating costs for a UHPW 
unit would primarily involve labor costs. Development of an acceptable water recycle system is 
needed to establish estimates for the latter costs. Personnel training for supervisors and for 
operators will be needed for operation of the UHPW unit and recycle system. Facilities for 
performing prototype cleaning operations for each decontamination project would be beneficial. 
Capital costs: UHPW system, >$500K with vacuum system; glove box, >$50K, and work room, 
-$250K Operating cost is estimated at >$2/ft2. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SHOT BLASTING DCON-36-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Radiological and organic contaminants on exterior surfaces including concrete, structural steel, 
metal equipment, monel, copper, and aluminum. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical surface substrate removal 

TECHNOLOGY Shot Blasting 

This technology uses iron shot (pellets) which are accelerated mechanically. After the shot hits 
the surface to be cleaned, it is recovered by a magnetic system and recirculated. 

STATUS: Accepted 

Commercial units are available that have been used to prepare large areas of concrete floors in 
one step for painting, for cleaning rust and marine growth from ship hulls, and for cleaning 
structural steel elements. Cleaning rates for floors are quoted as being faster than acid etching, 
sandblasting, and scarifying by factors of 1.7, 1.3, and 2.0, respectively. Portable machines with 
design rates of 2,500 ft2/h are available. The method is considered advantageous because it is 
commercially available and has considerable cleaning experience on various surfaces. Shot 
blasting differs from sand blasting in that it can be controlled to give more accurate results. 
Decontamination factors on the order of 10-100 and costs on the order of $10/m2 are reported for 
similar technologies. Shot is recycled many times during cleaning, but ultimately erodes and 
becomes part of the waste stream at the rate of approximately 0.1 lb/m2. 

SCIENCE/TECHNOLOGY NEEDS: 
Technology improvement is needed in areas of waste minimization related to blast media erosion 
and disposal, containment of waste, and demonstration of specific blast-media 
substrate/contaminant capabilities, including determination of decontamination factors and process 
automation. Development of a medium level demonstration facility to evaluate these factors will 
cost on the order of $1,500K. 

IMPLEMENTATION NEEDS: 
This technology, while developed and commercially available, will require a system for processing 
the waste that will result. For instance, use of the device will generate contaminated dust, gases, 
and/or fluids. This will require a system to separate and package the contaminant. An integrated 
pilot facility will cost on the order of $4OOOK 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 
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Floor Surfaces,” Wheelbrator B218.00A. 
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SCABBLER/SCARI FI ERS DCON-374N 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
ConcreteThe concrete may be treated by the subject technology for removal of all the listed 
contaminants found at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Scabblers/Scarifiers 

This technology decontaminates a concrete substrate by using mechanical impact methods to 
remove the contaminated surface. Many vendors market units that use high-speed reciprocating 
tungsten-carbide tipped pistons to pulverize protective coatings and concrete substrate in a 
single-step process. Other types of units use a shrouded needle scaler to remove concrete from 
outside edges and inside corners, as well as from wall surfaces. These units are also used for 
removing lead-based coatings and contamination from steel surfaces. The solid debris produced 
by mechanical scabbling is removed and collected by a vacuum system. Mechanical scabblers 
usually are operated manually. If desired in order to generate more uniform removal rates are 
required (Le., high levels of radioactivity), the units could be adapted for remote-controlled 
operation. 

STATUS: Accepted 

The technology has been used for decontamination purposes in numerous applications involving 
hazardous and/or radioactive contaminants. Because the technology involves removal of 
contaminated surfaces, the decontamination efficiency should be 95% or higher. The waste 
generated is the pulverized surface layer that is collected by a vacuum system. The amount of 
waste generated depends upon the depth of the surface layer that needs to be removed to achieve 
decontamination. For example, two different commercial units provide removal of concrete at 
rates of 3-4.5 in?/min (8-12 lb/h) and 60 in?/min (160 lbh), respectively, at a removal depth of 
1/16 in. 

SCIENCE/TECHNOLOGY NEEDS: 
Remote operation will require the adaptation of the scabbler to a robotic control system. 

IMPLEMENTATION NEEDS: 
Development costs--The cost of a robotic control system is estimated at $ZOK Deployment 
costs-The capital costs of the two different commercial units mentioned above are $1OK and 
$llOK, respectively. Operating costs for a scabbler would primarily involve labor costs. Training 
of personnel to operate mechanical scabblers will be needed. 

CONTACE R. H. Mesemey (INEL), (208) 526-1834 
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REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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GRIT BLASTING DCON-384N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINAITIS: 
Radiological and organic contaminants on exterior surfaces, such as concrete, structural steel, 
metal equipment, Monel, copper, and aluminum. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical surface substrate removal 

TECHNOLOGY: Grit Blasting 

Commonly known as sand blasting, this pneumatic cleaning process can use a wide variety of grits. 

STATUS: Accepted 

Grit blasting has been used on a large number of occasions in the nuclear industry in applications 
ranging from heavily contaminated pipework with the contamination fEed in the oxide to lightly 
contaminated surfaces. Commercial units are readily available. Typical abrasives include sand, 
glass beads, metallic beads, and soft materials such as nut shells and rice hulls. Grit blasting has 
been shown to be an efficient cleaning method, with unlimited decontamination factors being 
obtained. Grit blasting is widely used in industry for removing all classes of scale and rust from a 
wide range of metal products. Waste production rates depend on the media/surface combination. 
Highly abrasive grits will clean more effectively and faster than soft grits but will ultimately 
become part of the waste stream. Waste production rates, including grit plus filters, could range 
from 0.005 to 0.1 lb/ft2. 

SCIENCElIECHNOLOGY NEEDS: 
Technology improvement is needed in areas of waste minimization related to blast media erosion 
and disposal, containment of waste and vacuum systems, and demonstration of specific blast-media 
substrate/contaminant capabilities, including determination of decontamination factors and process 
automation. Cost of a medium scale facility to evaluate these factors is estimated to be $1,500K 

IMPLEMENTATION NEEDS: 
This technology, while developed and commercially available, will require a system for processing 
the waste. For instance, use of the device will generate contaminated dust, gases, and/or fluids. 
This will require a system to separate and to package the contaminants. Cost of a pilot 
demonstration is estimated to be $4000K 

CONTACE R. H. Meservey (INEL), (208) 526-1834 
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REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram (TLD),” K-2073, 1993. 

2. Progressive Blasting Systems, 4201 Patterson, S. E., Grand Rapids, MI 49508. 

3. Metals Handbook, 9th Ed., Vol. 5, “Surface Cleaning, Finishing and Coating,” 1978. 

4. IAEA Technical Report 300, “Cleanup of Large Areas Contaminated as a Result of a 
Nuclear Accident,” 1989. 

243 



CENTRIFUGE CRYOGENIC CO, PELLET BLASTING DCON-39-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
All contaminants on concrete, metal equipment (exterior), nickel-lined steel equipment (interior), 
porous nickel, structural steel, copper, aluminum, sheet metal, steel pipe, porous aluminum, steel 
cylinders, Monel 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Centrifuge Cryogenic CO, Pellet Blasting 

Similar to the compressed air/CO, pellet blasting technology. It uses a high-speed rotating wheel 
to accelerate the CO, pellets. In comparison to the compressed air technology, the centrifuge 
system can achieve much higher pellet speeds and efficiencies that allow applications of both 
high-rate cleaning and etching on most surfaces. 

STATUS: Demonstration, testing, and evaluation needed 

The technology of CO, pellet blasting using compressed air to accelerate the pellets is a 
demonstrated and effective technology for decontaminating equipment at nuclear reactor sites 
producing minimal secondary wastes. The use of centrifuge pellet acceleration has been 
established in the DOE Fusion Energy Program to form and accelerate pellets of frozen 
deuterium and tritium for fueling fusion reactors. This technology includes accelerating pellets of 
argon and CO, for the purpose of cleaning heavy oxidation deposits from uranium surfaces as 
part of the DOE ORNL Y-12 waste minimization program. Cleaning uranium was not feasible 
using the commercially available cryoblasting hardware because the pellet speeds in these 
machines are limited to a level at which little or no etching of the oxide layers occurs. With the 
higher speeds available, the centrifuge technology enables removal of hard oxide layers from steel, 
thereby removing both zinc coatings from galvanized steel/sheet metal and nickel plating from 
brass screws. A brief program with the A i r  Force Warner Robins Air Logistics Center 
demonstrated the removal of the urethane and epoxy paint surfaces from F-15 aircraft at a rate of 
120 ft2/h for a 15-Hp accelerator. Because the pellets evaporate to gaseous CO, upon impact, 
the secondary waste stream is limited to the materials removed from the surface. The 
contaminants are released during the blast to the surrounding air. A vacuum shroud surrounding 
the blast nozzle and covering the impact area could be used to produce a negative pressure and 
collect the airborne contaminants in a conventional HEPA filtering system. The secondary waste 
stream would thereby be limited to the HEPA filters. The capital cost of a 30-HP centrifuge 
blaster capable of accelerating 1 to& of C0,at speeds up to 4OOm/s would be $200K. The unit 
would be remotely manipulated by an operator and would be capable of cleaning rates of 200 to 
2,OOO ft2/h depending on the nature of the surface to be cleaned. 
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CO, costs-$50/h 
Electricity costs 30 kW @ $.06/h41.80/h 
Labor one person @ $100/h4$100/h 
Total Cost-$151.80/h 
Cost/ft2-$0.75/ft2 @ 200 ft2/h or $0.075/ft2 @ 2,000 ft2/h 

I 

Because the removal or etching rate of the surface varies dramatically with the specific 
application, data on specific decontamination efficiencies need to be obtained to obtain accurate 
cost estimates. However, decontamination factors for compressed air systems have range from 3 
to >5,000 for various materials. Due to the higher speed capability and the increased throughput 
capabilities, the costs will be one-fifth or less than that of present compressed air systems. 

SCIENCEDECHNOLOGY NEEDS: 
In comparison to ultra high-pressure water blasting, the centrifuge CO, system can produce 
comparable or more aggressive etching, comparable or increased efficiencies, and comparable 
capital equipment costs. The difference is that the CO, method is dry. This makes the CO, 
blasting technology compatible with use in enriched uranium and eliminates the need for a water 
decontamination system. The centrifuge system is 25 times more efficient and can attain much 
higher pellet speeds. For example, with the centrifuge, a 4-HP electric motor replaces a 100-HP 
air compressor system and can strip paint at a rate five times that of the commercial system due 
to its increased speed capability. This increased capability will allow cleaning and etching at 
greatly increased rates. 

IMPLEMENTATION NEEDS: 

Compliance specifications need to be set for each INEL site problem; approximately $200K. 
An advanced prototype CO, blaster needs to be made available for field demonstration; 
approximately $4oK 
Methodology for collection of waste contaminants requires design effort; approximately 
$200K 
A nonradiation demonstration laboratory needs to be assembled; approximately $500K 
A multi-team effort is required to integrate the best staff in the organization; approximately 
$200K. 
A radiation demonstration laboratory needs to be assembled; approximately $400K 
A full demonstration model needs to be available for definite performance evaluation; 
approximately $1500K 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. 

2. 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

Alpheus Cleaning Technologies, 9105 Milliken Ave., Rancho Cucamonga, CA 91730. 
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3. 

4. 

Cold Jet, 455 Wards Corner Rd., Loveland, OH 45140. 

C. A. Foster, “Solid Deuterium Centrifuge Pellet Injector,” J. Vac. Sci. Tech., Al(2), 952-958, 
1983. 

C. A. Foster, “Surface Impact Cleaning by High-speed Cryogenic Pellets,” Second 
International Workshop on Solvent Substitution, Phoenix, Ark, December 10-13, 1991. 

R. J. Dabolt, “Evaluation of Pelletized Carbon Dioxide as a Fluidized Abrasive Agent for 
Removal of Radioactive Contamination,” Document No. ER-89-002 (1989), Chem-Nuclear 
Systems, 220 Stoneridge Dr., Columbia, SC 29210. 

5. 

6. 
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ICE-B U S T I  NG- DCON.40;IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS 
Concrete, structural steel, tile, epoxy, metal equipment (exterior), Ni-lined steel equipment 
(interior) with all types of contamination. 

After disassembly-monel, copper, aluminum, sheet metal, steel pipe, aluminum pipe. 
The media tabulated above may be treated by the subject technology for removal of all the listed 
con taminants. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY. Ice Blasting 

Similar to other decontamination technologies that direct a high velocity stream of fine particles, 
such as shot, grit, cryogenic pellets, or plastic pellets, onto a surface to remove contamination. 
The contaminated waste water that is generated by the melting ice particles is the controlling 
medium for the displaced contamination. The water must then be treated for discharge by 
processing in commercially available evaporators. When using the ice blasting decontamination 
technology, the ice blasting cleaning head may be manually moved about on the surfaces being 
decontaminated. Decontamination efficiency depends on the applicator translation speed, 
cleaning head distance from substrate, operating pressure, and geometric complexities of the 
substrate. Remote controlled operation of the cleaning head would be desirable. Also, in some 
applications (such as decontamination of hot cells), remote operation will be required. 
Consequently, the adaptation of the equipment to a robotics control system would be necessary. 

STATUS: Accepted 

The ice blasting technology has been used recently for decontamination at the Oconee nuclear 
power plant in Seneca, South Carolina, decontamination testing was performed at the Oak Ridge 
National Laboratory X-10 site. 

Ice blasting will remove coatings and some fmed surface contamination, but it will not take off 
concrete to a significant depth. The waste produced is contaminated waste water. The amount of 
waste water generated depends upon the ice blasting rate. For example, a unit recently 
demonstrated at the Oak Ridge National Laboratory X-10 site operated at 11 gab .  

SCIENCEEECHNOLOGY NEEDS: 
A commercially available evaporator will be required. Because of the low volume of water 
generated during operation, evaporation-and not recycle-will likely be more cost-effective. 
Capital costs of an evaporator would be $OK to $NIL Remote operation will require the 
adaptation of the ice blasting and water collection systems to a robotics control system. 
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IMPLEMENTATION NEEDS: 
Development Costs-The cost of a robotics control system is estimated at $25OK Deployment 
Costs-The capital cost of an ice blasting machine such as that used at a nuclear power plant, as 
mentioned above, would be $155K. Operating costs for an ice blasting unit would primarily 
involve labor costs. Training of personnel to operate the ice blasting equipment and the waste 
water treatment system will be needed. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM A.REA/CONTAMINAN'IS: 
Concrete, structural steel, tile, epoxy, metal equipment (exterior), Monel, copper, aluminum, sheet 
metal, steel pipe, aluminum pipe. These media may be treated by the subject technology for 
removal of all the contaminants found at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Supercritical CO, Blasting 

Supercritical CO, (above its critical temperature of 87.8"F and at high pressure) is pressurized by 
an ultra-high-pressure intensifier pump up to 55,000 psi and forced through nozzles, generating 
high velocity CO, jets at speeds up to 3,000 ft/s. The nozzles may be mounted in various types of 
cleaning heads for contaminated surfaces. The CO, jets thoroughly penetrate and remove surface 
contaminants without damaging the healthy substrate. The removed contaminants, any of the 
substrate surface layer that may be removed, and the CO, are captured by a vacuum recovery 
system. In the recovery system, the substrate surface layer, if removed, and the contaminants are 
collected by a cyclone separator and a HEPA filter. The CO,, now in the gaseous state, is 
discharged to the atmosphere or recovered and recycled to the supercritical cleaning step. 

STATUS: Demonstration, testing, and evaluation needed 

This technology is being developed by a private company. Similar to the UHPW process, which 
has been demonstrated to remove the galvanized layer from sheet metal, the supercritical CO, 
technology should produce high levels of decontamination. The waste generated is the removed 
contaminants and the substrate surface layer collected in the vacuum recovery system. The CO, 
is either discharged to the atmosphere or recycled to the supercritical cleaning operation. 

SCIENCEEECHNOLOGY NEEDS: 
Evaluation of the effect of operating parameters (e.g., pressure, distance between nozzle and 
substrate, traversing speed of cleaning head) on the removal of various contaminants from 
different substrates. 

IMPLEMENTATION NEEDS: 
Development costs-The cost of a development program for the supercritical CO, blasting 
technology is estimated to be from $BOK to $1M. Deployment costs-The capital cost of a 
commercial supercritical CO, cleaning unit is estimated to be $150K (Dave Monserud of FLOW 
International). Operating costs for a supercritical CO, unit would primarily involve labor costs 
and cost of CO,. The cost of CO, will depend upon the blasting rate, which would be 
determined during the development phase of the technology. Other implementation needs 
include personnel training for operation of the supercritical CO, decontamination unit and 
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vacuum recovery system and facilities for performing prototype cleaning operations for each 
decontamination project. 

CONTACE R. H. Mesemey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. Dave Monserud, FLOW International Corporation, Seattle. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Radiological and organic contamination on exterior surfaces of concrete, structural steel, metal 
equipment, Monel, copper, and aluminum. 

SUBELEMEIW Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Plastic Pellet Blasting 

A cleaning process similar to sand blasting but which uses less abrasive plastic pellets. 

STATUS: Accepted 

Plastic pellet blasting is a widely used alternative to sand blasting for applications in which it is 
desired to remove surface contamination or contaminated coatings while imparting minimal 
damage to the substrate. Cost of the media is high ($1 to $2/lb) and pellet erosion can also be a 
factor, but cyclone systems are capable of recycling pellets up to thirty times for reuse. Cleaning 
rates of up to 4 ft2/min are quoted for a 112 in. nozzle at 30 psi with operating costs in the range 
of $0.20-$2.15/ft2. Plastic media has some advantages over grits, like sand and metal shot, in that 
it can more easily be separated from eroded metallic substrate and that it can be disposed of by 
incineration, thus potentially significantly reducing waste disposal costs. 

SCIENCEEECHNOLOGY NEEDS: 
Technology improvement is needed in areas of waste minimization related to blast media erosion 
and disposal, containment of waste, demonstration of specific blast-media substrate/contaminant 
capabilities, including determination of decontamination factors and process automation. Cost of 
a medium level demonstration facility will be about $1,5OOK 

IMPLEMENTATION NEEDS: 
This technology, while developed and commercially available, will require a system for processing 
the waste. The device will generate contaminated dust, gases, and/or fluids. This will require a 
system to separate and to package the contaminants. Cost of a pilot facility will be about $4OOOK 
Application of the technology requires staff with technician training. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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2. Stripping Technologies, 2949 E. Elvira Rd., Tucson, Ark 85706. 

3. Progressive Blasting Systems, 4201 Patterson, SE, Grand Rapids, Mich. 49508. 

4. K E. Abott, “Plastic Media Blasting-The Maturing of the Technology,” 27th Annual 
Aerospace/Airline Plating & Metals Finishing Forum & kposition, San Antonio, Tex, 
March 26-28, 1991. 
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HAND%RINDING,HONING,SCRAPING DCON-434 N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete, structural steel, metal equipment, monel, copper, aluminum and sheet metal with 
radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Hand Grinding, Honing, Scraping 

Power-driven grinding equipment is used to remove the surface from the contaminated object. 

STATUS: Accepted 

Grinding has been successfully used for small-scale decontamination at the INEL. There are no 
references or experience with remote operation of grinding equipment at the INEL. This 
grinding was done with hand-held power grinders. Operating cost varies with the shape of item 
being decontaminated and on the location (whether it is difficult to reach the contaminated item, 
if there is enough room for the worker to move around in, if the working environment is hot, 
etc.). The heat generated by the grinding operation causes organic compounds to vaporize and 
decompose. Grinding has been accepted in the past because the generation of these vapors was 
overlooked. The technology needed to control these vapors has not been identified. 

SCIENCEDECHNOLOGY NEEDS: 
If possible, a remotely operated system should be developed to reduce workers' radiation 
exposure. An off-gas containment and treatment system needs to be developed. 

IMPLEMENTATION NEEDS: 
Capital cost4150 ($50 to $500K with vacuum system); operating cost-about $0.50/ft2; 
development c o s t d f  gas containment and treatment system, $looOK 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Concrete, structural steel, metal equipment, monel, copper, aluminum and sheet metal with 
radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Automated Grinding 

Remotely-operated, power-driven grinding equipment with a manipulator for turning and moving 
the contaminated item is used to remove the top layer of the contaminated object. 

STATUS: Demonstration, testing, and evaluation needed 

Grinding has been successfully used for small-scale decontamination at the INEL. There is no 
experience with remote operation of grinding equipment at the INEL. This grinding was done 
with hand-held power grinders. Remotely operated grinding equipment is available, but no 
references to its use for decontamination has been found. The heat generated by the grinding 
operation causes organic compounds to vaporize and decompose. Grinding has been accepted in 
the past because the generation of these vapors was overlooked. The technology needed to 
control these vapors has not been identified. 

SCIENCEDECHNOLOGY NEEDS: 
The applicability of this technology to contaminated items at the INEL should be demonstrated. 
A system to contain and treat the off gas needs to be developed. 

IMPLEMENTATION NEEDS: 
Trained equipment operators and maintenance people. Equipment cost is estimated at $ Z O I C  
(1992 dollars); development cost, at $looOK. As regards operating cost, an operator should be 
able to decontaminate about 900 ft2/h. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANT!5 
Structural steel, metal equipment, monel, copper, aluminum and sheet metal with radiological 
contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal ’ 

TECHNOLOGY Metal Milling 

Machine shaves off a layer of metal. 

STATUS: Accepted 

Milling has been used to decontaminate individual metal items at ORNL. This method is most 
suitable only when there is a large number of similar items to be decontaminated because there is 
a In- to 3/4-hour set-up time required between differently shaped items. After the equipment is 
set up and loaded, about 2.5 ft2/h can be milled. 

Waste generated: The top (up to 1/8 in.) of the metal would be removed. 

SCIENCEmCHNOLOGY NEEDS: 
The technology to remotely operate the equipment needs to be developed and demonstrated. 

IMPLEMENTATION NEEDS: 
Machinists must operate this equipment. Capital cost - $loOK (1983 dollars)/milling machine will 
be required. Operating cost--about $17.50/ft2. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 

2. “Machine Tool Financing,” Iron Age, 226(22), August 19, 1983. 
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CONCRETE MILLING DCON-474N 

EM PROBLEM Decommissioning 

PROBLEM ARWCONTAMINANTS: Concrete with radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Concrete Milling 

Machine removes the top layer of the concrete. 

STATUS: Research and development needed 

The equipment is commercially available, but no references to its use for decontamination has 
been found. The equipment, which consists of large vehicles used by paving contractors, is 
primarily suitable for use on large-area horizontal surfaces. 

Waste generation-The top 0.25 to 1.0 inches of the pavement are removed. 

Costs: All costs are 1980 dollars. These costs do not include the capital and operating costs for 
trucks to haul away the debris. Capital cost: $50K to $363K for commercial equipment, plus 
$200K to modi@ for remote operation. Operating cost: $500K to $1.6M/square mile. 

SCIENCED’ECHNOLOGY NEEDS: 
The technology to remotely operate the equipment needs to be developed and demonstrated. 

IMPLEMENTATION NEEDS: Development Cost-about $3M 

CONTA- R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 

2. M. M. Barbier and C. V. Chester, “Decontamination of Large Horizontal Concrete Surfaces 
Outdoors,” Proceedings of the Concrete Decontamination Workshop, Richland, Wash., 
September 1980. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Concrete with radiological contamination. 

SUBELEMEN'F Decontamination 

ALTERNATIVES: Mechanical substrate surface removal 

TECHNOLOGY Explosive 

The top 3 or 4 in. of the concrete are removed by detonating carefully placed and timed explosive 
charges. 

STATUS: Demonstration, testing, and evaluation needed 

Waste generated The top 3 or 4 in. of concrete are reduced to contaminated rubble. 

Estimated costs: capital, <$50K operating, $5/ft2; and development, $1M-$4M. 

Blasting has been used at nuclear reactors, but it has not been demonstrated on the buildings at 
the INEL. 

SCIENCEDECHNOLOGY NEEDS: 
Safety concerns need to be resolved; care must be taken to contain the dust and to prevent 
structural damage to both the building being decontaminated and the surrounding structures. 
Improvements in the methods of applying explosives and in the uniformity of the detonation are 
needed. The explosion will generate toxic organic vapors. The technology to control these 
vapors must be developed and demonstrated. 

IMPLEMENTATION NEEDS: 
A certified blasting technician will be needed, as will covers to both contain the dust and to 
protect the air evacuation and treatment systems. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. Decontamination and Decommissioning Integrated Demonstration Strategy (Draft for Review), 
November 1991, pp. 2-9. 
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3. K G. Anderson, “Experiences in Removing Surfaces with Explosives,” Proceedings ofthe 
Concrete Decontamination Workshop, Richland, Wash., September 1980. 

4. T. S. Laguardia, “Concrete Decontamination and Demolition Methods,” Nuclear Energy 
Services, Inc., Danbury, Connecticut, Proceedings of the Concrete Decontamination Workshop, 
Pacific Northwest Laboratory, September 1980. 

5. Decontamination and Decommissioning Integrated Demonstration Strategy (Draft for Review), 
November 1991, pp. 2-38. 
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EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS Concrete surfaces with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Mechanical Substrate Surface Removal 

TECHNOLOGY Drill and Spall 

The drill and spall technique was developed for the removal of contaminated surfaces of concrete 
without demolishing the entire structure. All potential obstructions to the drill and spall rig must 
be removed; and the presence of all combustion sources must be stabilized, neutralized, or 
removed. The technique consists of drilling 1-1.5 in. diameter holes approximately 3 in. deep into 
which is inserted a hydraulically operated spalling tool. The spalling tool bit is an expandable 
tube of the same diameter as the hole. A tapered mandrel is hydraulically forced into the hole to 
spread the fingers and spall off the concrete. The holes are drilled on approximately 12 in. 
centers such that the spalled area from each hole overlaps the next. The removed concrete is 
collected, treated, and/or disposed of. If contamination has penetrated deeper than what was 
spalled off, a secondary treatment is performed. Battelle Pacific Northwest Laboratories is 
developing this process with an aim to speed the removal rate of concrete surface. 

STATUS: Accepted 

The drill and spall technique is applicable to concrete only (not concrete block) and is 
recommended for removing surface contamination that penetrates 1-2 in. into the surface. 
Removal of the surface radioactivity in this manner eliminates the need to dispose of large 
quantities of nonradioactive concrete as with other volume removal techniques. This technique is 
good for large-scale, obstruction flee applications, with interior building configuration being a 
limiting factor. The treated surface may require capping with concrete since rebar may be 
exposed and the surface is left in rough condition. 

Cost: Data are not available regarding costs. 

SCIENCEmCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Normal implementation needs 

C O N T A m  D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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HIGH-PRESSURE JET SPALLING DCON-50-1 N 

EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMINANTS: Concrete surfaces with radiological contamination 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Mechanical Substrate Surface Removal 

TECHNOLOGY High-pressure Jet Spalling 

Two types of high-pressure jet spalling devices have been developed under the common name of 
water cannon: Type 1, the glycerin gun, fires solidified capsules in a modified 458-magnum rifle 
through a nozzle. Type 2, the Water Cannon, uses compressed gas to drive a piston that forces 
water through a small diameter nozzle. 

Glycerin Gun - The glycerin gun uses a 458-magnum rifle with a short smooth bore barrel. A 
nozzle is threaded onto the end of the barrel to reduce the diameter from 0.45 in. to 0.17 in. A 
9-in. diameter, funnel shaped shield is placed around the nozzle to protect the operator and 
collect chips and dust through a vacuum exhaust system. Rubble pieces are 0.5-0.75 in. in 
diameter and are covered with glycerin that contains the dust. The shield extends 1 in. beyond 
the nozzle to provide necessary standoff from the workspace. 

The glycerin gun fires solidified glycerin capsules 2 in. long by a 0.45-in. diameter. The capsules 
are propelled by gunpowder loaded into conventional cartridge cases. The glycerin is accelerated 
by the propellant and is extruded through the nozzle at very high velocity. Wax is placed in the 
cartridge case to hold in the powder and to create a moving seal around the glycerin to prevent 
combustion gases from bypassing the glycerin. 

Wuter Cannon - The water cannon uses compressed gas to drive a piston and force a small 
quantity of water through a nozzle. A funnel-shaped shield is placed over the nozzle to protect 
the operators and collect debris through a vacuum system. The gas that propels the piston is 
compressed by a hydraulic impactor. Firing rates of up to 5 shotdsecond are possible. Water is 
injected into the chamber in front of the piston after each shot. 

The water cannon is usually mounted on a backhoe or excavator and may be articulated to spall 
concrete walls floors, or ceilings. 

STATUS: Accepted 

Glycerin Gun - The glycerin gun has been extensively tested and has been shown to create small 
craters 3-4 inches in diameter and 3/4 inch deep. The shots are fired about 3 in. apart in a 
triangular pattern. Test in high-strength concrete required 24 shots to remove 1 square foot of 
surface and took 5-6 minutes (approximately 10 square feethour). The glycerin gun can be 
positioned and held by hand and can be fired as fast as the operator can reload and position the 
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gun. The glycerin gun is most effective when fired around and behind embedded aggregate. 
Shots at hard, round river gravel will result in small spalls. 

Wizter Cannon - The water cannon generally exhibits slower rates of removal than the glycerin 
gun. Typical rates of 1 square foot in 15 minutes (4 square feethour) have been demonstrated. 
The water jet serves to coat the rubble particles and thus helps to reduce the spread of 
contamination. 

Cost: Data are not available regarding costs. 

SCIENCEDCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACT D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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COMPRESSED-AIR CRYOGENIC CO, PELLET BLASTING DCON-51 -IN 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Concrete, metal equipment (exterior), nickel-lined steel equipment (interior), porous nickel, 
structural steel, copper, aluminum, sheet metal, steel pipe, porous aluminum, steel cylinders, 
monel. with surface contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVE: Surface cleaning 

TECHNOLOGY Compressed-Air Cryogenic CO, Pellet Blasting 

Similar to traditional sandblasting except that pellets made of solid CO, (dry ice) are used instead 
of sand. Depending on the pellet impact velocity and the substrate material, the pellets clean by 
removing surface contamination or removing/etching of the substrate. As in sandblasting, the 
surfaces to be decontaminated must be accessible to the blast nozzle. 

STATUS: Accepted 

This technology is commercially available. It has been used at nuclear reactor sites to 
decontaminate hand tools and some equipment. With a person operating the “gun,” it requires a 
few minutes to decontaminate a hand tool. The operation of the device is tiring to the operator 
so that either a remote manipulator or frequent rest periods would be required for large tasks or 
continuous use. 

Since the dry ice pellets evaporate on contact, the secondary waste stream is minimized. The 
contamination “blastedyy from the surface is collected via vacuum/HEPA filtration system, which 
is either a closely coupled shroud over the surface or a specially designed room air filtration 
system. The secondary wastes generated would be limited to the HEPA and rough filters. The 
technology is known to be effective at removing smearable contamination. The removal of ked 
contamination depends on the nature of the bonding. The technology, for example, can remove 
paint and loose rust, but it is not aggressive enough to etch steel or remove black oxide from 
steel. Tests using a CO, system for decontamination are limited, but a fixed contamination 
reduction ratio of 3 : 1 was reported for concrete at a rate of 90 ft2/h and 5,000 : 1 for angle iron 
at IO ft2h. 

SCIENCED’ECHNOLOGY NEEDS: 
Since the cleaning rate is a dominant factor in the cost, and it is highly variable, depending on the 
nature of the specific contaminant and surface material, more extensive tests need to be done to 
produce accurate cost estimates. 

262 



1 8 5  5 
COMPRESSEDzAIR-CRYOGEN lC-CO;PEI;I;ET-BL;AS-TI NG DCON-51 -IN 

IMPLEMENTATION NEEDS: 
For waste handling, we need design and construction of equipment to handle the waste stream. 
Application of this technology requires staff with technician training. 

The operating cost of a typical unit is approximately $16OK For a 100kW unit at $.06 kw/h, 
energy costs would be $6h. Labor costs for a manually operated system would require two 
operators, alternating, at $200h. A remotely manipulated/robotics system could reduce labor 
costs by allowing multiple guns to be operated by one person. Manual operation would be $216/h 
@ 100 ft2h = $2.0/ft2; 10 ft2h = $20/ft2. A remote manipulator system with one operator and 
four guns would be $164h @I 400 ft2/h = $0.41/ft2; @ 40 ft2h = $4.10/ft2. 

CONTACF D. N. Bingham (INEL), (208) 526-1376 

REFERENCES: 

1. Alpheus Cleaning Technologies, 9105 Milliken Ave., Rancho Cucamonga, Calif. 91730. 

2. Cold Jet, 455 Wards Corner Rd. Loveland, Ohio 45140. 

3. Chem Nuclear Systems, Evaluation of Pelletized Carbon Dioxides a Fluidized Abrasive Agent 
for Removal of Radioactive Contamination, April 1989. 

4. Power Reactor and Nuclear Fuel Development Corporation,"Overview and Strategy for 
Managing TRU Waste," PNC/DOE/PNC Specialist Meeting, October 17-18, 1989. 

5. Environmental Alternatives: Summary and Analysis for a Carbon Dioxide Blasting 
Demonstration at Georgia Power Company, Hatch Station. 

6. 'ITI Engineering, "Report on Nondestructive Cleaning Decontamination Facility at Surry 
Power Station," November 1990, Seminar viewgraphs from seminar held March 22, 1991. 

7. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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HIGH-PRESSURE WATER DCON-524N 

EM PROBLEM Decommissioning 

PROBLEM AREAlCONTAhtINANTS: 
Concrete, structural steel, tile, epoxy, metal equipment (exterior), Ni-lined steel equipment 
(interiorwfter disassembly, monel, copper, aluminum, sheet metal, steel pipe, aluminum pipe. 
These media may be treated by the subject technology for removal of all the contaminants found 
at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Surface cleaning 

TECHNOLOGY High-pressure Water (5,000-20,000 psig) 

Blasting of surfaces with high-pressure water will remove difficult deposits that are tightly 
adherent to substrate materials. Water pressure at the nozzle of commercially available 
high-pressure blasting systems is typically 5,000 to 20,000 psig. Flow rates vary from 4 to >lo0 
gpm. When used with chemical additives, this technique can be effective for decontaminating 
piping trays, overhead surfaces, upper regions of walls, gratings, pumps, and similar items. 
However, splashing from blast operations can be extensive and result in recontamination if 
precautions are not taken. In the use of this decontamination technology, the high-pressure-water 
cleaning head may be manually moved about on the surfaces being decontaminated. Because the 
decontamination efficiency depends on the applicator translation speed, as well as on other 
operating parameters, remote operation of the high-pressure-water cleaning head would be 
desirable. Also, in some applications (such as decontamination of hot cells), remote operation 
will be required. Consequently, the adaptation of the equipment to a robotics control system 
would be necessary. 

STATUS: Accepted 

High-pressure-water blasting has been used very successfully to decontaminate various large and 
complex surfaces at nuclear power plants. These include coolant pump impellers and cavities, fuel 
storage racks and handling equipment, floor drains and sumps, reactor cavity walls, pipes, and 
valves. When used as a preliminary step to wiping or scrubbing activities, DFs in the range of 50 
are commonly achieved for loosely deposited and loosely adherent contamination. Experience has 
demonstrated that blasting effectiveness becomes negligible when the cleaning nozzle tip is more 
than 10-12 in. away from the surface being cleaned. However, before acceptance at the INEL 
and other DOE sites, the issues of waste water treatment and prevention of spread of 
contamination must be addressed. The waste generated is the contaminated water from the 
cleaning operation. The waste production rate is essentially the same as the water rate in the 
cleaning step, which can range from 4 to >lo0 gpm. 
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HIGH-PRESSURE-WATER DCON-52-IN 

SCIENCEEECHNOLOGY NEEDS: 
To minimize waste generation, a water treatment system is needed for decontamination of the 
waste water so that the water can be recycled and reused in the high-pressure-water cleaning 
operation. Remote operation will necessitate the adaptation of the mobile high-pressure-water 
and vacuum collection systems to a robotics control system. 

IMPLEMENTATION NEEDS: 
Development costs-For development and demonstration of a water recycle system, in 
combination with high-pressure-water decontamination, an estimate of funding requirements is 
$1.2M. Personnel requirements are estimated to be $1.7M. The cost of a robotics control system 
is estimated at $250K This is based on the cost of a system that is available from the Remotek 
Company. Estimated cost of a glove box is <$50K and of a work room, >$BOK Operating cost 
would be $.06-$2/ft2. 

Deployment costs-The capital cost of a high-pressure-water cleaning unit will be in the 
$50K-$75K range. Operating costs for a high-pressure-water cleaning unit would primarily 
involve labor costs. Personnel training for operation of a high-pressure-water unit and a water 
treatment and recycle system would be required. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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SUPERHEATED WATER DCON-53-IN 

EM PROBLEM: Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete (may drive contaminates deeper into unfinished concrete), structural steel, tile, epoxy, 
metal equipment (exterior), Ni-lined steel equipment (interior)-after disassembly, monel, copper, 
aluminum, sheet metal, steel pipe, aluminum pipe. The media tabulated above may be treated by 
the subject technology for removal of all the contaminants found at the INEL. 

SUBELEMENT. Decontamination 

AL,TERNATIVES: Surface Cleaning 

TECHNOLOGY Superheated Water (e.g., at conditions of 300 psi and 300" F> 

Directed as a high velocity stream on a surface to remove contamination. The contaminated 
waste water that is generated must then be treated for discharge or for recycle to the superheated 
water decontamination operation. In the use of this decontamination technology, the superheated 
water cleaning head may be manually moved about on the surfaces being decontaminated. Also, a 
hand-held wand may be more conveniently used for vertical surfaces, equipment surfaces, etc. 
Because the decontamination efficiency depends on the applicator translation speed, as well as on 
other operating parameters, remote operation of the superheated water cleaning head would be 
desirable. Also, in some applications (such as decontamination of hot cells), remote operation 
will be required. Consequently, the adaptation of the equipment to a robotic control system 
would be necessary. 

STATUS: Accepted 

Technology is available and has been used by industry. However, before acceptance at the INEL 
and other DOE sites, the issues of waste water treatment and prevention of spread of 
contamination must be addressed. Because of the relatively low operating pressures [as compared 
to, for example, ultra-high-pressure water (UHPW) at 30,000-50,000 psi], superheated water will 
only remove surface contamination that is soluble or loosely bound to the surface. In these cases, 
the decontamination efficiency should be high. However, for tightly bound or imbedded surface 
contamination, removal may be insigmficant. The waste generated is the contaminated water 
from the cleaning operation. The waste water generation rate for a typical commercial unit 
ranges from 0.4 to 2 gpm. 

SCIENCEEECHNOLOGY NEEDS: 
To minimize waste generation, a water treatment system is needed for decontamination of the 
waste water so that the water can be recycled and reused in the superheated water cleaning 
operation. Remote operation will necessitate the adaptation of the mobile cleaning and vacuum 
collection system to a robotic control system. 
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SUPERHEATED-WATER DCONs534N 

IMPLEMENTATION NEEDS: 
Development costs-For development and demonstration of a water recycle system, in combination 
with superheated water decontamination, an estimate of funding requirements is $1.2M. 
Personnel requirements are estimated to be $1.7M. The cost of a robotic control system is 
estimated at $BOK This is based on the cost of a system that is available from a private 
company. 

Deployment costs-The capital cost of a basic unit (spray-vacuum cleaning system) is $175K 
Various attachments are available for specialty cleaning. Operating costs for a superheated water 
cleaning unit would primarily involve labor costs. Training of personnel for operation of the 
superheated water cleaning unit and the waste water treatment system will be needed. Other 
capital costs include <$50K for a glove box and >$250K for a work room. Operating cost would 
be $0.05-$2/ft2. 

CONTAW J. M. Beller (INEL), (208) 526-1205 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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HOT WATER DCON-544N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete (may drive contaminants deeper into unfinished concrete), structural steel, tile, epoxy, 
metal equipment (exterior), Ni-lined steel equipment (interior)-after disassembly, monel, copper, 
aluminum, sheet metal, steel pipe, aluminum pipe. The media tabulated above may be treated by 
the subject technology for removal of all the contaminants found at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Surface cleaning 

TECHNOLOGY Hot Water (at low pressure) 

Used to flush areas to dissolve readily soluble contamdants or to flush loosely deposited particles 
to a central area for collection. 

STATUS: Accepted 

Flushing with hot water is often used following scrubbing, especially on floors. The effectiveness 
of flushing is enhanced by the use of squeegees to force the water and contaminants to collection 
or drain areas. The technique is not effective on ked, nonsoluble contamination but should be 
effective for exterior (transferable) contamination. The waste generated is the contaminated 
water from the flushing operation. 

SCIENCED'ECHNOLOGY NEEDS: To minimize waste generation, a water treatment system is 
needed for decontamination of the waste water so that the water can be recycled and reused in 
the hot water cleaning operation. 

IMPLEMENTATION NEEDS: Development costs-For development and demonstration of a 
water recycle system, in combination with hot water flushing, an estimate of funding requirements 
is $1.2M. Personnel requirements are estimated to be $1.7M. 

Deployment costsxapital costs for hot water cleaning will be <$5K Operating costs for a hot 
water cleaning unit would primarily involve labor costs. 

CONTACT: R. H. Mesewey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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STEAM-CLEAN I NG DC0N;SS;IN 

EM PROBLEM Decommissioning 

PROBLEM AREACONTAMINANTS 
Concrete, structural steel, tile, epoxy, metal equipment (exterior), Ni-lined steel equipment 
(interior)-after disassembly, monel, copper, aluminum, sheet metal, steel pipe, aluminum pipe. 
The media tabulated above may be treated by the subject technology for removal of all the 
contaminants found at the INEL. 

SUBELEMENT: Decontamination 

KTERNATIVES: Surface cleaning 

TECHNOLOGY Steam Cleaning 

Combines the solvent action of water with the kinetic energy effect of blasting. At the relatively 
high temperatures, the solvent action is increased and the water volume requirements are reduced 
compared to water blasting. In the use of this decontamination technology, the steam cleaning 
head may be manually moved about on the surfaces being decontaminated. Also, a hand-held 
wand may be more conveniently used for vertical surfaces, equipment surfaces, etc. Because the 
decontamination efficiency depends on the applicator translation speed, as well as on other 
operating parameters, remote operation of the steam cleaning head would be desirable. Some 
applications (such as decontamination of hot cells), will require remote operation. Consequently, 
the adaptation of the equipment to a robotics control system would be necessary. 

STATUS: Accepted 

The technique has proven useful, especially on complex shapes and large surfaces. Good results 
can be obtained for surface decontamination with minimum radwaste volumes. Steam cleaning is 
quite effective for encrusted salt formations where leakage of chemically treated water has 
occurred. However, before acceptance at the INEL and other DOE sites, the issues of waste 
water treatment and prevention of spread of contamination must be addressed. The waste 
generated is the contaminated condensed steam from the cleaning operation. 

Efficacy: Not expected to be effective for removing fixed contamination on equipment interiors. 
Effectiveness for transferable contamination must be demonstrated. 

SCIENCEEECHNOLOGY NEEDS: 
To minimize waste generation, a water treatment system is needed for decontamination of the 
waste water so that the water can be recycled and reused in the steam cleaning operation. 
Remote operation will require the adaptation of the mobile heating and vacuum collection 
systems to a robotics control system. 
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STEAM CLEANING DCON-55-IN 

IMPLEMENTATION NEEDS: 
Development costs-For development and demonstration of a water recycle system, in combination 
with steam decontamination, an estimate of funding requirements is $1.2M. Personnel 
requirements are estimated to be $1.7M. The cost of a robotics control system is estimated at 
$250K This is based on the cost of a system that is available from the Remotek Company. 

Deployment costs-The capital cost of a steam cleaning unit will be in the $50K-$75K range. 
Operating costs for a steam cleaning unit would primarily involve labor costs. Personnel training 
for operation of a steam cleaning unit and water recycle system will be needed. Capital cost: 
<$50K for glove box and -$25OK for work room. 

C O N T A a  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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H AN D-BRUS H I NG-US E D-TO-REMOVE-SU RFACE-CONTAM I NATION-DCON.564 N- 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: All surfaces with radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Surface cleaning 

TECHNOLOGY Hand Brushing Used to Remove Surface Contamination 

STATUS: Accepted 

Capital cost4258; operating cost41/ft2 

Waste generated-The HEPA filters on the vacuum cleaner used to pick up the particles of 
contamination and substrate removed by the brushing. 

Effectiveness-Brushing is effective for removing smearable contamination, and less effective for 
fixed contamination. Brushing has been used for decontamination at the INEL. 

SCIENCEDECHNOLOGY NEEDS: 
This technology has been demonstrated on plutonium deposits. A test to demonstrate that this 
material will work on the radiological contamination at the INEL should be made before this 
methodology is selected. 

IMPLEMENTATION NEEDS: 
Workers require a few hours of special training to operate this equipment. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. VWl Scientific Apparatus Catalog 92/ VWR Scientific, 1991. 

3. R. P. Allam, "Overview of Nonchemical Decontamination Techniques,'' American NucZear 
Society Executive Conference on Decontamination Techniques, C O W  - 840956, September 
1984. 
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AUTOMATED BRUSHING TO REMOVE SURFACE CONTAMINATION DCON-57-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: All surfaces with radiological contamination. 

SUBELEMENT: Decontamination 

A L T E R N A m  Surface cleaning 

TECHNOLOGY Automated Brushing to Remove Surface Contamination 

STATUS: Demonstration, testing, and evaluation needed 

Costs-For the cleaning of pipe interiors at Rocky Flats, costs were $12,0oO/ft, including costs for 
remote operation, containment, and remote viewing. Capital cost is estimated at about 
$50-$250K operating costs, at >$1 ft2; development cost, at $200-$1000K 

Waste Generated-The HEPA filters on the vacuum cleaner used to pick up the particles of 
contamination and substrate removed by the brushing. 

Effectiveness-Brushing is effective for removing smearable contamination, and less effective for 
fixed contamination. Brushing has been used to clean the interior of plutonium-contaminated 
pipe at Rocky Flats. The piping at Rocky Flats was cleaned to shiny metal. 

SCIENCEEECHNOLOGY NEEDS: 
This technology has been demonstrated on plutonium deposits. A test to demonstrate that this 
material will work on the specific radiologically contaminated surfaces at the INEL should be 
made before a large capital investment is made. 

IMPLEMENTATION NEEDS: Workers require a few hours of special training to operate this 
equipment. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. R. P. Allen, "Overview of Nonchemical Decontamination Techniques," American NucZear 
Society fiecutive Conference on Decontamination Techniques, CONF-840956, September 
1984. 

272 



SPONGE-BUSTING DCON-584 N- 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete, structural steel, tile, plastic, metal equipment (exterior), Monel, copper, aluminum, 
sheet metal, insulated copper wiring. These media may be treated by the subject technology for 
removal of all the contaminants found at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATrVES: Surface Cleaning 

TECHNOLOGY Sponge Blasting 

The Sponge-Jet system decontaminates by blasting surfaces with various grades of patented 
water-based urethane foam cleaning media using 110 psig air as the propellant. The foam may be 
used either dry or wetted for a variety of surface contaminants such as oils, greases, lead 
compounds, chemicals, and radionuclides. The following two types of foam cleaning media are 
used: (1) a nonaggressive grade that is used for surface cleaning on sensitive or otherwise critical 
surfaces and (2) aggressive grades that are impregnated with abrasives that can remove tough 
materials such as paints, protective coatings, and rust (it can also roughen concrete and metallic 
surfaces if desired). The cleaning heads of the Sponge-Jet unit are similar to those of other 
blasting technologies and could be readily adapted to a robotic control system. Robotic control is 
required in applications where workers could be exposed to unacceptable levels of contamination. 

STATUS: Accepted 

The technology is relatively new. It is currently being used by a company in Tennessee that 
produces projectiles containing uranium and by a nuclear power plant in Pennsylvania. Extensive 
data on decontamination factors are not available. Foam blasting media are recyclable in a 
closed-cycle wash unit that centrifugally launders the cleaning media. The media typically can be 
recycled eight to ten times. On the first time through, the sponge blasting unit uses 6-8 ft3 or 
media per hour at a surface cleaning rate of about 1 ft2/min. Thus, the solid waste produced 
(foam media with the absorbed contaminants) is approximately 0.01 ft3/ft2 of surface cleaned. For 
waste minimization purposes, the contaminated wash water from the wash unit can be treated and 
recycled. 

SCIENCEKIECHNOLOGY NEEDS: 
To minimize waste generation, a water treatment system is needed for decontamination of the 
wastewater so that the water can be recycled and reused in the sponge blasting operation. The 
system must be capable of treating the contaminants specific to the site and reducing their 
concentrations to allowable levels for water recycle. Remote operation will require the 
adaptation of the cleaning heads to a robotic control system. 
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SPONGE BLASTING DCON-58-IN 

IMPLEMENTATION NEEDS: 
Development costs-The cost of a robotic control system is estimated at $BOK. For development 
and demonstration of a water recycle system in combination with sponge blasting, an estimate of 
funding requirements is $1.2M. Personnel requirements are estimated to be $1.7M. 

Deployment Costs-Operating costs for a sponge blasting unit would primarily involve labor and 
material costs. Based on an 8-h day with about 75% operating time, operating costs would be 
approximately $2/ft2 of surface cleaned. The capital cost of a standard sponge blasting unit is 
$13K. A sifter unit, used to separate the used blasting media from debris such as paint flakes, 
rust particles, etc., costs $6K. The blasting media wash unit is not standard and is designed for 
each specific application. 

CONTACX R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. Information on the Sponge-Jet system was provided by J. R. Cavallo, Sponge-Jet, Inc., 10 
Grove St., P.O. Box 206, Dover, N.C, 03820 (Phone: 603-742-8350). 
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HOT-AI R-STRI P PI NG DCON-594N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINAN'IS: Organically contaminated materials. 

SUBELEMENT: Decontamination 

ALTERNAlWES: Surface cleaning 

TECHNOLOGY Hot Air Stripping 

STATUS: Demonstration, testing and evaluation needed 

None of the INEL surface cleaning problems seem directly applicable to thermal treatment by hot 
air. Organic contamination could conceivably be removed from surfaces; however, the large-scale 
containment, separation, condensation, and ultimate disposal present insurmountable obstacles at 
present for planning realistic evaluations. The basic air-stripping technology is well known for 
volatiles in liquids and many commercial designs are readily available if secondary treatment of 
effluent is required. 

SCIENCED'ECHNOLOGY NEEDS: Specific needs depend on specific secondary treatment 
requirements. 

IMPLEMENTATION NEEDS: 
These would depend on the concentration and condition of the secondary decontamination 
wastes. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DRY HEAT ROASTING DCON-60-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Materials contaminated with organic constituents and /or mercury ~ 

SUBELEMENT: Decontamination 

ALTERNATIVES: Surface Cleaning 

TECHNOLOGY Dry Heat Roasting 

STATUS: Demonstration, testing, and evaluation needed 

The technology of dry heat roasting (i.e. calcination and other modes of generation) is well 
developed and accepted by industry, particularly for liquid waste treatment. It is in operation at 
enrichment plants for decontamination solution treatment. This technology is not appropriate at 
this time because none of the INEL problem substrates that need treatment are applicable to dry 
heat roasting decontamination. Only secondary decontamination solutions are applicable. 

SCIENCED’ECHNOLOGY NEEDS: 
Technology improvement needs would include pilot studies of specific solutions needing treatment 
and comparison to other alternatives. 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: All surfaces with radiological contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Chemical surface cleaning 

TECHNOLOGY Solvent Washing 

Contaminated items are washed in solvent. An automated system is used to spray and recover the 
solvent. 

STATUS: Research and development needed 

Cost4300K (1980 dollars); development cost41M to $4.5M; labor cost-an average of 7.5 
minuteshtem was required when decontaminating small items such as pipe wrenches, vise grips, 
lard cans. 

Demonstration cost41M to identify and demonstrate the replacement solvent. Plutonium- 
contaminated items at Richland, Washington were rinsed with Freon. Solvents that are less 
damaging to the environment need to be identified and demonstrated. The vendor who supplied 
the equipment for Richland ten years ago no longer sells it. 

This technique is mainly applicable to smearable contamination. 

Waste generatedanly the surface material removed. 

SCIENCED’ECHNOLOGY NEEDS: 
Solvents that are less damaging to the environment need ‘to be identified and demonstrated. 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACX R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, ‘Technology Logic Diagram (TLD),” K-2073, February 1993. 

2. R. P. Allen, “Overview of Nonchemical Decontamination Techniques, ” PNL-SA-12562, 
September 1984, p. 7. 
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3. Richard P. Allen, H. W. Arrowsmith, and M. W. McCoy, “New Contamination Technologies 
for Environmental Applications,” Environmental Decontamination, Proceedings of the 
workshop, December 4-5, 1979, Oak Ridge, Tenn, CONF-791234, February 1981. 

4. C. E. Wilson, “High-Pressure Freon Decontamination of Remote Equipment,” Proceedings of 
the International Topical Meeting on Remote Systems and Robotics in Hostile Environments, 
American Nuclear Society, 1987. 

5. Decontamination and Decommissioning Integrated Demonstration Strategy (Draft for Review), 
November 1991. 
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EM PROBLEM: Decommissioning 

PROBLEM ARJWCONTAMINANTS: Surfaces with organic contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Solvent washing 

TECHNOLOGY Solvent Washing to Remove Organics 

STATUS: Research and development needed 

Solvent degreasing was used successfully at ORNL, but its use was stopped to avoid exposing the 
workers and the environment to the hazardous solvents. Other solvents might be available, but 
their' effectiveness would have to be demonstrated. 

Cost-$4OOK (1992 dollars) for a 4,000-lb capacity unit. Labor Cost-One operator for one hour 
to load, clean, and unload 4,000 lb of metal. 

This equipment is produced by a number of manufacturers and its use for removing organic 
surface contamination is common in a variety of industries. 

SCIENCEmCHNOLOGY NEEDS: 
Solvents that are less damaging to the environment need to be identified and demonstrated. 

IMPLEMENTATION NEEDS: 
Maintenance mechanics to operate degreasing equipment. 

CONTAW. D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. Thomas Register of American Manufacturers, Thomas Publishing Company, NY, 1992, pp. 
765 1-7663. 

3. Decontamination and Decommissioning Integrated Demonstration Strategy, Draft for Review, 
November 1991. 
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STRIPPABLE COATINGS DCON-634N 

EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Structural steel, tile, epoxy, metal equipment (exterior), Ni-lined steel equipment (interior), 
Monel, copper, aluminum, insulated copper wiring, instruments, sheet metal, steel pipe, aluminum 
pipe. The media tabulated above may be treated by the subject technology for removal of all the 
contaminants found at the INEL. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Surface cleaning 

TECHNOLOGY Strippable Coatings 

A coating, such as a water-based organic polymer, is applied to a contaminated surface by 
methods such as spraying, brushing, and rolling (as may be used for paint). When the coating 
dries, it is either manually stripped from the surface or, in the case of “auto-release” coatings, it is 
collected by vacuuming. The surface contamination is removed with the coating, producing a dry, 
hard, nonairborne waste product. Water-based strippable coatings are intended for use in 
decontaminating smooth and semi-rough porous surfaces, including steel, concrete, aluminum, 
wood, and painted surfaces. 

STATUS: Accepted 

The technology has been used for decontamination purposes in applications involving hazardous 
and/or radioactive contaminants. The waste product is the solid polymer that contains the 
removed contaminants. Typical coverages would be 50 ft2/gallon of polymer. Strippable coatings 
are very effective. However, the application and removal times are relatively long in some 
instances, the cost of materials is high, and the radioactive waste aspects for disposal must be 
carefully considered. Most commercial strippable coatings may be incinerated. 

SCIENCEmCHNOLOGY NEEDS: 
A potential area of improvement for strippable coatings is the reduction of material costs. 

IMPLEMENTATION NEEDS: 
Development costs-The technology needs listed above for strippable coatings are rather general. 
The costs of such improvements to the companies supplying the coatings would be difficult to 
estimate. 

Deployment costs-The cost of a spray unit for applying strippable coatings is <$lOk. The cost of 
the polymer is $50-$70/gal. At the coverage stated above, the cost of materials per unit area of 
contaminated surface would be $1-$1.4/ft2. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 
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1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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VACUUMING (LOW PRESSURE) DCON-64-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete, sheet metal, structural steel, process equipment both interior -and exterior. All 
potentially contaminated areas with loose materials. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Surface decontamination 

TECHNOLOGY Vacuuming (low pressure) 

Use of a vacuum cleaner to remove, by air entrainment, loosely adhering contamination. 

STATUS: Accepted 

It is widely accepted widely by industry for removing loose solid contaminants. When a significant 
amount of solids are present but not loose, they may be broken free by hand scraping or more 
automated means and then vacuumed by a HEPA filtration vacuum systems. Dust-laden areas are 
also good candidates where the possibility of contamination exists. 

SCIENCEKECHNOLOGY NEEDS: 
Development-Cleanable, reusable pre-filters and HEPA filters should be developed to minimize 
wastes. 

IMPLEMENTATION NEEDS: Resources are minimal, available, readily applicable. 

C O N T A m  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREWCONTAMINANTS: 
Metal equipment (exterior), electrical and electrical switch gear with radiological and organic 
contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVE: Surface cleaning 

TECHNOLOGY Ultrasonic Cleaning 

Utilizes the scrubbing action of liquid excited by ultrasonic frequencies to remove surface deposits 
of oils, organic, and loosely bound solids from metals, plastic, glass, and other solids. It produces 
no abrasion, distortion, or changes in most solids and is ideally suited for delicate or valuable parts 
and materials that are to be reused. 

STATUS: Accepted 

Ultrasonic cleaning has been used for many years in the private sector and in government 
installations for removing surface contamination from relatively small metal parts that can fit into 
an ultrasonic bath. This technology has been demonstrated at the ORNL Y-12 plant for the past 
4 years as a substitute for solvent washing. The technology will work well for loosely bound 
surface deposits such as dust, dirt, organic, oils, PCBs, etc., on metal equipment, sheet metal, and 
solid depleted uranium. The technique is not practical for large items that would require size 
reduction. It is ineffective for tightly bound materials such as paints, varnishes, and other 
materials that are difficult to remove. The technique may generate secondary wastes which are 
expensive to manage (such as solvent and detergent solutions requiring processing). The 
technique is intended for valuable parts which could be recycled “as is” after cleaning. The 
technique is also good for removing deposits in difficult-to-access places, and it may be useful for 
electronic parts and electric motors. 

SCIENCE/IECHNOLOGY NEEDS: 
Technology development needs to include definition of acceptable cleaning liquids that (1) are 
not hazardous, (2) can be separated from the contaminants, and (3) can be reused to minimize 
secondary wastes, Technology improvements should include more aggressive cleaning action. 

IMPLEMENTATION NEEDS: 
The technology is sufficiently mature to be used in most D&D applications without the need for 
additional personnel and educational investments. Investment in means to produce a more 
aggressive cleaning action may be cost effective and could likely be accomplished on a pilot scale 
for about $1M. If the needs for more aggressive cleaning within the DOE D&D were great 
enough, private sector suppliers of ultrasonic equipment would likely bear the cost of its 
development. czcq;:z3 
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-The cost of application is high compared to other decontamination methods. The cost is greater 
than $2/ft2, and it may exceed $10/ft2. 

CONTACT R. H. Meservey, (208) 526-1834 

REFERENCES: 

1. L. M. Thompson, R. E Samandl, and H. L. Richards, “Solutions for the Chlorinated Solvent 
Debacle,” YDB 904, Rev. 1. 

2. L. M. Thompson and R. E Samandl, “Ultrasonic Aqueous Cleaning as a replacement for 
Chlorinated Solvent Cleaning,” report in preparation. 

3. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM Decommissio'ning 

PROBLEM AREA/CONTAMINANTS: Surfaces with organic contamination 

SUBELEMENTS : Decontamination 

ALTERNATIVES: Surface Cleaning 

TECHNOLOGY Microbial Degradation 

A microbial solution is applied to the contaminated area with a spray gun, brush or roller. The 
microbes are allowed to penetrate and react with the contaminants. After a complete reaction, a 
detergent or solvent wash removes the reaction products and a major portion of the microbes. 
Drying should result in the destruction of the residual microbes; if not, heating or a chemical 
treatment, such as acid wash or surfactant wash, may be needed to inactivate the microbes. 
Finally, a wash with fresh solvent may be a necessary secondary decontamination treatment to 
remove any remaining contaminants or derivatives. 

All areas to be treated are saturated with water to thoroughly moisten them and are kept wet 
throughout the treatment period. Dry spots will not be decontaminated. A saturated gel or thick 
polyurethane soft foam can be used to keep the surface wet. 

Variations include the use of microbes and the use of enzymes produced by cultured microbes to 
degrade contaminants. This method could be useful for the in situ detoxification of hazardous 
residues on walls and floors and in abandoned process equipment, storage tanks, sumps, piping, 
etc. 

STATUS: Research and development needed 

This technique has not yet been applied to building and equipment decontamination. 
Development could take 2 to 3 years of research. Aerobic biodegradation has been successfully 
applied in lagoon, soil, and groundwater cleanups. Contaminants have included gasoline, oil 
sludges, phenolics, alcohols, acrylates, and solvents. It has also been used to unclog city sewers 
and clean up oily wastewater in the bilges of the ship Queen Mary. Microbial degradation has 
been shown to be effective against pesticide contamination in a laboratory situation. 

AdvantagesEfficiency: Microbes are specific to targeted contaminants. Decontamination 
operations are relatively safe. 

Cost: Costs should be low for both equipment and labor. Most of the cost will be for the 
microbes. 
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SCIENCEEECHNOLOGY NEEDS: 
A large development effort is needed to achieve a workable system. More information is needed 
on the optimum type of microbial organisms (aerobic vs. anaerobic, etc.); on product identity, 
destruction efficiency, and kinetics of specific microbe reactions; and on the effect of microbes on 
building materials. 

IMPLEMENTATION NEEDS: To be determined for specific applications. 

CONTACT. D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Surfaces with all types of contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Surface Cleaning 

TECHNOLOGY Fixative/Stabilizer Coatings 

Various agents can be used as coatings on contaminated residues to fix or stabilize the 
contaminant in place and decrease or eliminate exposure hazards. Potentially useful stabilizing 
agents include molten and solid waxes, carbowaxes (polyoqethylene glycol), organic dyes, epoxy 
paint films, and polyester resins. The stabilized contaminants can be left in place or removed 
later by a secondary treatment. In some cases, the stabilizer/fixative coating is applied in situ to 
desensitize a contaminant (such as an explosive residue) and prevent reaction or ignition during 
some other phase of the decontamination process (for example, to prevent explosions during 
dismantling or demolition). 

Coatings can be applied in several ways: (1) in molten from as fine particles (e20 um) in an 
aqueous solution containing a wetting agent, (2) by drying and simultaneously coating residues, (3) 
by dissolving in a solvent, and (4) by first soaking the contaminant with water and then applying a 
dye solution. 

STATUS: Demonstration, testing, and evaluation needed 

Documented use has been found only for PCBs, explosives, and radioactive contaminants, 
although coatings have the potential to be used against other types of hazardous contaminants. 
This method is applicable to all building materials. 

Stabilizers are widely used to desensitize combustible contaminants from detonation by accidental 
shock and also have been used to reduce radioactive contaminant levels at nuclear facilities. 

AdvantagesEfficiency: No removal of contaminants is achieved; contaminants remain in place in 
stabilized, immobilized, or desensitized condition. The efficiency, as measured by reductions in 
ambient air levels, ranges from about 10 percent to a factor of two- to threefold, depending upon 
the fixa tive/s t abilizer used. 

Disadvantages: Toxic contaminants remain on the site; monitoring of the effectiveness of the 
barrier coating is required over its lifetime. Removal at a later date may be required. 

Cost: Costs should be low for both equipment and labor. Most of the cost will be for the 
stabilizer/fixative coating. Disposal costs will be relatively low due to the low volumes of wastes 
generated. 

l ) I c I F \ 5 , n .  e: ww 
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SCIENCElIECHNOLOGY NEEDS: 
Experimental work to determine the degree of immobilization or desensitization necessary for 
complete safety is needed. Also, methods need to be established to ensure intimate and lasting 
contact of the stabilizer/fiiative with the contaminants of concern. - 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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AdvantagesEEciency: Contaminants are stabilized in situ. No hazardous wastes are generated. 
The effectiveness of this product as a permanent barrier has not yet been established. 

I 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Surfaces with all types of contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Surface cleaning 

TECHNOLOGY K-20 Sealant 

Sealing is the application of a material that penetrates a porous surface and immobilizes 
contaminants in place. One example of a sealant is a newly developed commercial product, K-20. 
This material, which was originally developed as a waterproofing agent, is now being marketed as 
a building decontaminant. The manufacturer claims that the product is nontoxic, noncorrosive, 
nonvolatile, and odorless, and contains less than eight chemicals. 

K-20 acts by bonding with contaminants and carrying the residue deeper as it penetrates the 
structural material. K-20 can penetrate most porous material up to 4 cm. 

Although it is believed to act more like a barrier than a detoxifier, manufacturer evidence 
indicates K-20 may facilitate chemical degradation as well as physical separation of some 
contaminants. Testing performed for the manufacturer by a private laboratory over a period of 
approximately 8 months has indicated incomplete recovery of a known amount of applied 
contaminant, which indicates possible chemical interaction. 

STATUS: Demonstration, testing, and evaluation needed 

K-20 has been used on a PCB-contaminated office building and duct system, and oil spill (liquid 
PCB’s) that occurred on a Navy Vessel, and a chlordane-contaminated house. It may be effective 
against lead, asbestos, and dioxins. Additional testing of the product is expected sometime in 
1994. K-20 has been used on cinders, concrete, tile, brick, marble, and other porous materials. 

The application process described by the manufacturer is very simple. First, all loose dirt and 
debris are wiped off the surface to be treated. The K-20 mixture is applied to large open areas by 
painting with a brush or roller, and to small irregular areas (inside heating ducts, behind pipes, 
and fixtures) by spraying with a low-pressure spray gun. A second coating may follow 24 hours 
later. When the final coat has been applies, time must be allowed for the mixture to thoroughly 
dry. 

Disadvantages: The effectiveness and applicability of K-20 to various contaminants and structural 
materials have not been verified. 

3 ,qzs 
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Waste: With the exception of the removed surface debris, little or no wastes are expected to be 
generated. The debris may be contaminated and require management as a hazardous waste. 

Cost: Costs should be low for both equipment and labor. Most of the cost will be for the sealant 
mixture. Disposal costs will be relatively low due to the low volumes of wastes generated. 

SCIENCEKECHNOLOGY NEEDS: 
Because sealants such as K-20 are new and innovative decontamination techniques, additional 
data sustaining their effectiveness on various contaminants and materials are needed. Also, the 
method must stand the test of time. 

IMPLEMENTATION NEEDS: 
The following equipment and supplies are needed: brushes, brooms, and other equipment to 
remove excess surface debris; a container for mixing the sealant; a paint brush, roller, or spray 
gun, and a drop cloth; and safety equipment. All equipment can readily be obtained from 
chemical manufacturers. 

CONTACT D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAlCONTAMINANTS: 
Concrete-May be treated by the subject technology for removal of all the contaminants found at 
the INEL. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Thermal substrate surface removal 

TECHNOLOGY Microwave Scabbling 

This technology directs microwave energy at a concrete surface using a specialized wave guide 
applicator and heats the concrete and the free water present in the concrete matrix. Continued 
heating produces thermal- and steam-pressure-induced mechanical stresses that cause the concrete 
surface to burst. The concrete particles from this steam explosion are small enough to be 
removed by a vacuum system, yet less than 1% of the debris is small enough to pose an airborne 
contamination hazard. The process is fast, dry, generates little dust, and avoids mechanical 
impacts. In the use of the microwave scabbling technology, the microwave applicator head may 
be manually moved about on the concrete surfaces being decontaminated. Because the rate and 
depth of surface removal depend on the applicator translation speed, remote operation of the 
mobile microwave equipment would be desirable. Also, in some applications (such as 
decontamination of hot cells), remote operation will be required. Consequently, the adaptation of 
the equipment to a robotics control system would be necessary. 

STATUS: Demonstration, testing, and evaluation needed 

In fiscal year 1991, Oak Ridge National Laboratory (ORNL) demonstrated reliable removal of 
noncontaminated concrete surfaces using microwave energy. At microwave frequencies of 2.45 
GHz and 10.6 GHz, continuous concrete removal rates of 1.1 cm3/s at 5.2 kw and 2.1 cm3/s at 3.6 
kw, respectively, were obtained. Removal rate and removal depth are controlled by choosing the 
proper frequency and varying the power and translation speed of the applicator on the concrete 
surface. Higher frequencies preferentially remove surface contamination. A mobile prototype 
microwave concrete removal machine is being built at ORNL during FY 1992-FY 1993. A 
rugged, compact, and electrically efficient microwave applicator that is better integrated with the 
required concrete debris collection system is being developed. In 1987, a group from Japan 
reported on a mobile microwave decontaminator that could perform removal at a rate of 11 cm3/s. 
This removal rate was equal to that of the fastest commercial mechanical concrete breaking 
machines. It is anticipated that, with an upgrade of power and improvements to the applicator 
design to spread out the microwave power in a larger area, concrete removal rates comparable to 
or exceeding those obtained with conventional concrete removal equipment can be achieved. The 
microwave technique is a dIy process that generates little dust and avoids the need to work when 
the concrete surfaces are wet. Because microwave scabbling removes the contaminated concrete 
surface, the decontamination efficiency should be 100% if there is no recontamination from the 
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removed scabble. The waste generated is concrete rubble that has particle diameters lying 
primarily in the range of 1 to 10 mm. The quantity of waste generated depends upon the 
translation speed of the microwave applicator and the depth of the concrete surface layer that is 
removed. For example, for a removal depth of 10 mm and a surface area treatment rate of one 
square foot/minute, 150 lb/h of concrete waste would be generated. 

SCIENCED’ECHNOLOGY NEEDS: 
The development and testing of a mobile prototype microwave concrete removal machine needs 
to be completed (TIT No. OR3DAA, DOE No. OR-1012-04). Significant improvements in 
concrete removal rates and efficiencies can be achieved by modeling the microwave scabbling 
process as an unsteady, three-dimensional, fmite-element, nonlinear, thermal and mechanical 
stress problem. Because the microwave absorption properties of concrete are critically dependent 
on temperature and frequency, the frequency and temperature dependent dielectric properties of 
concrete are being measured and the data will be used in a one-dimensional model developed at 
Florida International University to characterize the stresses generated in the concrete under the 
conditions of rapid microwave heating. Extensions of this work to three dimensions will follow. 
Remote operation will necessitate the adaptation of the mobile microwave and vacuum collection 
systems to a robotics control system. In addition, the development of real-time monitoring 
sensors for measuring the progress of the decontamination process is needed so that only the 
contaminated portion of the concrete is removed, thus minimizing the amount of waste produced. 

IMPLEMENTATION NEEDS: 
Development costs: The cost for development and testing of a mobile prototype microwave 
concrete removal machine is estimated to be $2.5M. The cost of a robotics control system is 
estimated at $250K. This is based on the cost of a system that is available from the Remotek 
Company. 

Deployment costs- A credible estimate of capital cost for a microwave scabbler unit cannot be 
made until a prototype unit has been developed and demonstrated. Operating costs for a scabbler 
would primarily include power and labor costs. Training personnel to operate the microwave 
scabbler at DOE sites will be needed. Also, this training will need to be included in any 
technology transfer activities. 

CONTACT: E. F. Perry (INEL), (208) 526-9711 

REFERENCES: 

1. T. L. White, R. G. Grubb, L. P. Pugh, D. Foster, Jr., and W. D. Box, “Removal of 
Contaminated Concrete Surfaces by Microwave Heating-Phase I Results,” to be published in 
the proceedings of the 18th American Nuclear Society Symposium on Waste Management, 
Waste Management ’92, Tucson, Ark, March 1-5, 1992. 

2. TTP NO. OR3DAA (DOE NO. OR-1012-04). 
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3. 

4. 

5. 

6. 

H. Yasunaka et al., “Microwave Decontaminator for Concrete Surface Decontamination in 
JPDR,” Roc. Int. Decommissioning Symp., Oct. 4-8, 1987, pp. 109-115. 

W. Li et al., “Heat Transfer with a Radiation Contaminated Slab Applying a Microwave 
Heating Technique,” in press, ASME Trans., J. of Heat Transfer, 1992, ASME National Heat 
Transfer Conference, Aug. 8-11, 1992, San Diego, Calif. 

W. Li et al., “Heat and Mass Transfer in a Contaminated, Porous Concrete Slab Subjected to 
Microwave Heating,” to be published, 1992 Annual Winter Meeting of ASME, Anaheim, 
Calif., Nov. 25-Dec. 2, 1992. 

Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Concrete and steel with radiological and organic contamination 

SUBELEMENT: Decontamination 

ALTERNATIVES: Thermal substrate surface removal 

TECHNOLOGY. Plasma Torch 

Uses an inert gas passing through a high-power DC or RF arc discharge to produce a 
very-high-temperature gas stream that is capable of melting nearly all uncooled materials. Such 
torches are used in plasma synthesis and decomposition of materials. 

STATUS: Research and development needed 

Potential uses in decontamination of materials include breaking down oils and PCBs into less 
harmful or harmless substances, rapid spalling of concrete, and using the difference in coefficient 
of thermal expansion to delaminate contaminants from underlying substrates. The torch's inert 
gas is recyclable and creates no additional waste stream of its own compared to the CO, and NO, 
product created by a combustion torch. Plasma torches exist commercially to weld and cut 
materials that either have a very high melting temperature or require an inert atmosphere to 
prevent oxidation. 

SCIENCE TECHNOLOGY NEEDS: 
While plasma torch technology exists, its efficacy in removing various organic and radioactive 
contaminants has not been demonstrated. Elevation to the predemonstration stage involves 
laboratory-scale experiments, which will be designed by using experimental results obtained from 
on-going development activities associated with plasma cleaning and fluorination technologies. 
The laboratory equipment will be constructed and operated for generating high-temperature 
thermal plasmas to destroy organic contaminants and to vaporize and encapsulate heavy metals. 
A data base of decontamination rates of plasma torch techniques will be established. The 
equipment required for plasma torch cleaning of large surface areas that are contaminated will be 
developed to accommodate robotics, remote, and automatic operations with computer control. 
Also, computer modeling of plasma-surface interactions will be used to suggest improvements in 
the removal rate and efficiencies of plasma torch methods. Standard filters can be used to clean 
the working gas. 

IMPLEMENTATION NEEDS: 
Development costs-To address science needs, the approximate cost of equipment and staff time is 
about $lM (capital equipment, $200K; staff, $800K). 
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Demonstration costs-To perform a bench-scale demonstration, the approximate cost of laboratory 
preparation, equipment, and staff time is about $2M (capital equipment, $500K, staff, $1.5M). 
After the demonstration phase, the majority of the effort can be implemented by technicians that 
are trained (1-2 months) for this specific work. 

C O N T A a  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. J. R. Hollis, Environ. Progress, 2, 7, 1983. 

2. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Structural steel, sheet metal, and metal equipment (exterior) contaminated with radiological and 
organic contaminants. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Thermal substrate surface removal 

TECHNOLOGY Laser Heating 

STATUS: Demonstration, testing, and evaluation needed 

Laser-based photothermal heating is currently being considered by the Air Force as a method for 
removing organic coatings (e.g., polyurethane paint) from metal and composite surfaces. A 
prototype paint-removal system was built by BDM International and is now being tested by the 
Air Force. This system removes a 2-mil-thick coating of paint at a rate of about 2.5 ft2/min. 
Ames Laboratory is conducting laboratory tests of methods for laser-based decontamination of 
metal surfaces. The goal is to remove radionuclides from contaminated metal and to accomplish 
an isotopic separation of the nuclides after removal. Hanford-Westinghouse is waiting for funding 
to begin laboratory tests of their approach to laser-based decontamination of metal surfaces. The 
primary application for laser-based photothermal heating is when large surface areas need a high 
degree of decontamination with the absolute minimum amount of waste generation. The 
technology produces as waste only the material that is removed from the surface (all the 
vaporized material is collected in a filtration system). 

SCIENCED'ECHNOLOGY NEEDS:. 
The existing laser-based photothermal heating systems can be evaluated for possible use on 
decontamination problem areas. Other systems using lasers with different operational parameters 
(e.g., wavelengths, pulse durations) should also be considered for application on decontamination 
problem areas. 

IMPLEMENTATION NEEDS: 
The successful development of this technology will require that commercial vendors of laser-based 
photothermal heaters be encouraged to adapt their existing systems to meet the requirements of 
specific problem areas. Commercially available systems should be capable of turn-key operation 
by trained technicians. The Air Force paid BDM International about $1 million to develop the 
prototype system that they are testing, but it is not unrealistic to estimate that future systems will 
have a cost on the order of several hundred thousand dollars. 

Development costs are estimated to be over $2M; capital costs, $5OOK-$10oOK, and operating 
costs, $l/ft2. 
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CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM: Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Structural steel, sheet metal, and metal equipment (exterior) contaminated with radiological and 
organic contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Thermal substrate surface removal 

TECHNOLOGY Laser Etching and Ablation - The use of laser etching and ablation is an 
evolving technology 

STATUS: Demonstration, testing, and evaluation needed 

The conceptual basis for the technology exists, and a similar technique is used to clean optical 
surfaces and microelectronics substrate materials to ultrahigh levels. Predemonstration laboratory 
testing of an application of the technology to decontamination has been planned and is waiting to 
be funded. 

Decontamination with laser etching and ablation chemistry will probably have two primary 
applications. First, the process can augment other decontamination processes that do not work in 
difficult-to-access regions. For instance, the directional nature of laser beams allows the process 
to reach very small crevices and cracks that are missed by gross decontamination processes. 
Second, etching and ablation is capable in many cases of removing all traces of radiological 
contamination. This will be applicable to situations where a very high degree of decontamination 
is required. 

Decontamination with laser etching and ablation generates the absolute minimum amount of 
waste. The technology produces as waste only the material that is removed from the surface (all 
the vaporized material is collected in a filtration system). 

SCIENCEDCHNOLOGY NEEDS: 
Laser etching and ablation for decontamination needs a considerable amount of laboratory 
research before a technology demonstration can be contemplated. The hardware and other 
materials required for implementing the technique (e.g., lasers, optics, vacuum and filtration 
systems) already exist; what is needed is a concerted effort to bring all of the components 
together for the specific applications. Furthermore, the functional requirements for the 
technology (e.g., where is the contamination located, or what degree of decontamination is 
required?) are being defined as the problem areas are characterized. The development of the 
technique will need to be coordinated with these requirements. 
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IMPLEMENTATION NEEDS: 
The successful development of laser etching and ablation decontamihation will require a team of 
researchers directed toward its development. There are several laboratories and many qualified 
researchers available. A best guess of the human resources required is five FIB of effort over 
2-3 years will be sufficient to develop and demonstrate a prototype system. Most of the hardware 
needed will consist of off-the-shelf equipment such as laboratory glove boxes, laser systems, and 
data acquisition systems. A rough estimate of the financial investment required for development 
and demonstration is several million dollars over a 3-year period. 

The successful deployment of the technology will require a transfer of the technology from the 
laboratory researchers to a commercial manufacturer. The prototype system would serve as the 
basis for larger-scale or mass production systems. In concept, a laser-based decontamination 
system should lend itself to a very high degree of automation, and a commercially available system 
should be capable of turn-key operation. One technician would be capable of overseeing the 
operation of multiple systems. 

Development costs are estimated to be >$2M; capital costs, $500K-$1000K and operating costs, 
-$l/ft2. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

299 



? ’  . .- 
i . 

PLASMA SURFACE CLEANING DCON-75-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Sheet metal and metal equipment with radiological and organic contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Thermal substrate surface removal 

TECHNOLOGY Plasma Surface Cleaning 

With a reactive plasma, chemically reactive species clean contaminated surfaces by the processes 
of chemisorption, reaction and desorption, or gasification. For example, in an oxygen plasma 
cleaning, oxygen atom and ozone and UV photons are the reactive species to convert 
hydrocarbon contaminants into volatile products. This plasma cleaning technology is being 
developed for the DOES waste minimization program. The plasma cleaning technology can be 
developed for decontamination for oil- and PCB-contaminated metal process equipment. 

STATUS: Demonstration, testing, and evaluation needed 

Plasma surface cleaning methods by glow discharges are commonly and effectively used for 
cleaning high-bonding-energy contaminants from surfaces of metals, metal oxides, and glasses. 
Plasma cleaning is done in vacuum chambers for accelerators and magnetic fusion devices. 
Recently tritium contaminated hardware has been plasma cleaned with a decontamination factor 
of 1,OOO. Plasma processes of etching and deposition are also used in material processing and 
microelectronic manufacturing in industry. Extrapolating these plasma cleaning techniques for 
decomposing and destroying oil and PCB contarninants in metal process equipment is feasible. 
Based on known plasma assisted etching rates, decontamination rates by reactive plasmas are 
expected to be higher than that by gas phase decontamination methods. Moreover, the plasma 
cleaning process provides a means of separating and recovering uranium from the mixed uranium 
contaminants, recycling the process equipment, reducing the volume of generated secondary 
wastes, and helping to minimize the final waste deposition cost. Though additional radio 
frequency or microwave power is required the plasma cleaning techniques will be approximately a 
factor of ten cheaper and faster than the gas cleaning techniques. Together with a scrubber, the 
supporting equipment used for the gas phase decontamination system, including thermal 
management system, vacuum system, computer control and monitors can be used for the waste 
generated in plasma cleaning methods. It is the author’s opinion that a savings of a factor of ten 
could be realized in a production environment. 

SCIENCE TECHNOLOGY NEEDS: 
A plasma decontamination method should be developed to fulfill certain science and technology 
needs, even though plasma discharges have been used in laboratories and industry for cleaning 
and etching of many materials. Prototype equipment needs to be constructed and operated for 
generating reactive plasmas to clean oil and PCB contaminants. A data base of decontamination 
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rate on oil cleaning and PCB destruction needs to be established. The capability of plasma 
generation and cleaning on internal surfaces of contaminated equipment that have large surface 
areas needs to be established. Also, computer modeling of plasma-surface interactions will be 
used for providing significant improvement in the removal rate and efficiencies of plasma 
methods. The modeling will provide guidance on key technical issues associated with geometrical 
configuration, size, time dependent, and nonlinear plasma chemical reactions. Collection systems 
for vaporized contaminants should be demonstrated. 

IMPLEMENTATION NEEDS: 
Development costs-To address science needs, the approximate cost of equipment and staff time is 
$1SM (capital equipment, $500K; staff, $1M). 

Demonstration costs-To perform a bench-scale demonstration, the approximate cost of laboratory 
preparation, equipment, and staff time is $2SM (rad laboratory capital equipment, $800K; staff, 
$1.7M). After the demonstration phase, the majority of the effort can be implemented by 
technicians that are trained (1-2 months) for this specific work. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

K L. Mittal, “Surface Contamination: An Overview,” Proc. Symp. on Suqace Contamination: 
Its Genesis, Detection and Control, Washington, D.C., September 13-14, 1978, pp. 1-45. 

H. F. Dylla, “Glow Discharge Techniques for Conditioning High-Vacuum Systems,” J. Vac. 
Sci TechnoL A6 (3), May/June 1988. 

W. T. Shmayda et al., “Plasma-Driven Decontamination Technique,” Canadian Fusion Fuels 
Technology Report, 8(3), May 1992. 

J. W. Coburn, “Surface Processing With Partially Ionized Plasmas,” IEEE Trans. on Plasma 
Science, 19(6), December 1991. 

D. L. Flamm, “Plasma Chemistry in Etching,” Proc. of the NATO Advanced Study Institute on 
Plasma-Suflace Interactions and Processing of Materials, Alicante, Spain, September 4-6, 
1988, pp. 35-55. 

H. W. Lehmann, “Applications of Plasma Etching,” ibid., 1988, pp. 345-375. 

In the draft document of the DOE Environmental Management D&D Workshop, Held in 
Knoxville, Tennessee on August 12-16, 1991. 

Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Radiologically contaminated nickel-lined steel equipment (Interior); Radiologically -contaminated 
monel, aluminum 

SUBELEMEm Decontamination 

ALTERNATIVE: Thermal substrate surface removal 

TECHNOLOGY Plasma EtchingFluorination 

Using a fluorine plasma discharge, volatile fluorides are produced along with chemically reactive 
fluorine atoms that promoting rapid etching. The contaminated metal surfaces are exposed to 
energetic ions, electrons, and photons. The decontamination rate is greatly enhanced. The 
plasma etching and fluorination technology can be developed for in situ decontamination of DOE 
process equipment. 

STATUS: Demonstration, testing, and evaluation needed 

Plasma surface cleaning methods by glow discharges are commonly and effectively utilized for 
cleaning high-bonding energy contaminants from surfaces of metals, metal oxides, and glasses. 
Plasma cleaning is done in vacuum chambers for accelerators and magnetic fusion devices. 
Recently, tritium-contaminated hardware has been plasma cleaned with a decontamination factor 
of 1,OOO. Plasma processes of etching and deposition are also used in material processing and 
microelectronic manufacturing in industry. The plasma cleaning and etching is a 
predemonstration technology. Extrapolating these plasma cleaning techniques for gasifying and 
recovering uranium deposits in uranium process equipment is feasible. Based on plasma-assisted 
etching rates, decontamination rates by reactive plasmas will be higher than that by gas phase 
decontamination methods. Moreover, the plasma cleaning process provides a means of separating 
and recovering uranium from the mixed uranium contaminants, recycling the process equipment, 
reducing the volume of generated secondary wastes, and helping to minimize the final waste 
deposition cost. 

Although requiring additional radio frequency or microwave power, the plasma cleaning and 
fluorination techniques could be cheaper and faster than the gas cleaning techniques. The 
supporting equipment used for the gas phase decontamination system, including gas handling 
system for trapping uranium hexafluoride, thermal management system, vacuum system, computer 
control and monitors, can be used for the waste generated in plasma cleaning and fluorination 
methods. Thus, since the plasma surface cleaning methods are expected to be much Easter than 
the gas phase decontamination method, it will save--in conjunction with the gas phase 
system-potentially tens of millions of dollars for the decontamination and decommissioning 
(D&D) of gas diffusion plants. Approximately $1OM development costs and $2M capital 
equipment costs will be required. 
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If successfully developed, the prototype plasma fluorination hardware could decontaminate a 10 
m3 tank in 1 month and cost $0.75M (or $O.ZM/stage). It is the author's opinion that a savings 
of a factor of ten could be realized in a production environment. Wastes would be vaporized 
contaminants plus fdters and HEPA filters from the collection system. - 

SCIENCEDECHNOLOGY NEEDS: 
Science-Data on cleaning rates for contaminants and substrates of interest are needed. 

Development-The capability of plasma etching on deposits in complex equipment with large 
surface areas needs to be established. 

IMPLEMENTATION NEEDS: 
A collection system with appropriate filters for the vaporized deposits would be needed to use this 
technology. An electric power supply would be needed. 
Development cost is estimated at -$lOM; capital cost, at -$2M; and operating cost, at 
$0.01-$0.30/ft2. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMINM: 
Structural steel, sheet metal, and metal equipment (exterior) with radiological and organic 
contamination. 
Nickel-plated steel equipment (interior), monel, copper, aluminum, and steel with radiological and 
organic contamination. 

SUBELEMENT: Decontamination 

ALTERNATIVES: Thermal substrate surface removal 

TECHNOLOGY. Flashlamp Cleaning 

STATUS: Demonstration, testing, and evaluation needed 

Radiological decontamination using high-energy xenon flashlamps is an emerging technology. 
Flashlamp systems are being used to clean organic contamination from valuable objects such as 
artwork, ship hulls, and precious metals. Several flashlamp-based systems are in use in locations 
around the world. Hanford-Westinghouse is conducting laboratory tests of xenon flashlamp 
systems for removing radionuclide contamination from the surfaces inside metal storage vessels. 

The primary application for flashlamp cleaning is when large surface areas need a high degree of 
decontamination with the absolute minimum amount of waste generation. The technology 
produces as waste only the material that is removed from the surface (all the vaporized material is 
collected in a filtration system). 

SCIENCEmCHNOLOGY NEEDS: 
The commercially available flashlamp systems can be evaluated for possible use on 
decontamination problem areas. 

IMPLEMENTATION NEEDS: 
The successful development of this technology will require that commercial vendors of xenon 
flashlamp systems be encouraged to adapt their systems to meet the requirements of specific 
problem areas. Commercially available systems should be capable of turn-key operation by 
trained technicians. Currently available systems cost $50K to $loOK Development cost is 
estimated at $1.4M; and operating cost, at $0.50-$2/ft2. 

C O N T A a  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

304 



7 8 3  5 

ALKALI NE-SALTS 

EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: Surfaces with radiological and organic contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Chemical Surface Cleaning 

TECHNOLOGY Alkaline Salts 

Caustic compounds used for decontamination both by themselves and in solutions with other 
compounds. The primary alkaline salts are as follows: 

0 potassium hydroxide (KOH), 
0 sodium hydroxide (NaOH), 
0 sodium carbonate (Na2C03), 

trisodium phosphate (Na3P0,), and 
ammonium carbonate [(NH4)2C03]. 

STATUS: Demonstration, testing, and evaluation needed 

Alkaline salts (i-e., bases) are used to remove grease and oil films, to neutralize acids, as surface 
passivators, to remove paint and other coatings, as a rust remover for mild steel, as a solvent for 
species that are soluble at high Ph, and as a means of providing the right chemical environment 
for other agents. As a degreaser, they are normally mixed with detergents, and most commercial 
detergents contain mild caustic compounds. The strong bases (potassium hydroxide, sodium 
hydroxide) are frequently mixed in solutions with oxidizing agents (KMnO, and KIO,) and a 
reducing agent (NaH2P02), which are not stable in acid solutions. Alkaline permanganate 
(NaOH and KMnO,) is a very widely used decontamination agent for metal surfaces, especially as 
a first conditioning step for stainless steel. Some important species like iodine are more soluble in 
alkaline solutions and can be effectively washed from the surface. 

The aggressiveness with which these compounds as on paints, coatings, and films can be 
controlled by using the strong bases (KOH, NaOH) for harsh attack or the weak bases for milder 
conditions. The alkaline solution softens the paint so that it can be removed by mechanical 
means. This is often preferable to completely dissolving the paint since that may contaminate the 
surface under it. Alkaline solutions may be used on all nonporous surfaces, except aluminum and 
magnesium, which react to strong bases. 

AdvantagesEffwtiveness: The advantages of using alkaline solutions are that they are cheap, are 
easy to store, have fewer material problems than acids, and can be applied in the form of gels for 
ceilings and walls. 
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Disadvantages: The disadvantages include the slow reaction time and the destructive effect on 
aluminum. In addition, the bases are safety hazards since workers can be burned if they come in 
contact with them. 

SCIENCEmCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Treatment facility either on site or accessible to decontamination 
facility. Support personnel to sample, analyze, develop treatments, and ensure compliance with 
RCRA regulations will be necessary; thus, operation costs may be relatively high. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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COMPLEXING-AGENTS DCON-794Npp 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Surfaces with radiological contamination. 

SUBELEMENT& Decontamination 

ALTERNATIVES: Chemical Surface Cleaning 

TECHNOLOGY Complexing Agents 

A complexing agent is a chemical species that forms a stable complex with a metal ion in two 
different manners. Those that are preferential form complexes with certain ions are called 
sequestering agents. Chelating agents are complexing agents that bind the metal at two or more 
locations. The most common complexing agents used in decontamination are the following: 

0 
0 organic acids, 

nitrilotriacetic acid (NTA). 

EDTA and the monoacid HEDTA, 

sodium or ammonium salts of the organic acids, and 

The complexing agents solubilize certain metal ions and prevent their redeposition out of 
solution. This is most important since metal ions have a strong affinity for bare metal surfaces. 
Complexing agents are used with solutions of detergents, acids or oxidizing agents to dramatically 
increase the DFs. The ability of the agent to sequester metal ions depends on the specific ion, its 
oxidation state, and the solution pH. 

STATUS Demonstration, testing, and evaluation needed 

EDTA works best with most ions; but it is expensive, and its pH range is too high for strong acid 
solutions used to attack metal oxide layers. EDTA is most often used with detergent, oxidizing 
agents, or weak acids, and it is noncorrosive and nontoxic. A very effective decontamination 
agent for metal surfaces is a mixture of oxalic and citric acid. The metal ion preference of the 
two complement each other, and the organic acids also act to dissolve the oxide film. 

AdvantagesEffectiveness: The advantages of using complexing agents are that they increase the 
DFs of most decontamination agents, can perform dual functions (in the case of the organic 
acids), and are relatively safe and nontoxic. 

Disadvantages: The disadvantages of EDTA and similar chelating agents are the expense, the 
limited range, and the effect on some radioactive waste processes like precipitation and ion 
exchange. 

SCIENCEKECHNOLOGY NEEDS: None needed 
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IMPLEMENTATION NEEDS: 
Treatment facility either on site or accessible to decontamination facility. Support personnel to 
sample, analyze, develop treatments, and ensure compliance with RCRA regulations will be 
necessary; thus, operation costs may be relatively high. 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 

308 



FWMING- DCON;80;1N 
- 

EM PROBLEM. Decommissioning 

PROBLEM ARJWCONTAMINANTS: Surfaces with organic contamination 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Thermal Substrate Surface Removal 

TECHNOLOGY Flaming 

This technique uses controlled high-temperature flames applied to noncombustible surfaces to 
thermally degrade organic contaminants. Combustible materials @e., wood and plastic) and 
friable materials (ie., asbestos and transite) are removed prior to the flaming operation. Surfaces 
must be accessible to the flame front, so obstructions must be removed in order to achieve 
complete surface decontamination. The heat conduction to inaccessible areas is dependent on the 
building material and flame dwell time. Because of the high temperature, the dwell time should 
be held to a minimum to minimize material damage. If a subsurface decontamination of a 
building material is required, the dwell time can approach 10 min. or longer (time is dependent on 
material); however, this can cause excessive damage. 

The contaminant thermally decomposes to volatile products by combination ring-splitting or 
. fragmentation. In all cases the reaction is exothermic and autocatalytic. Complete decomposition 
of all contaminant residue that is near the flame should be accomplished given the intensity of the 
heat and the action of free radicals developed by the flame. 

Thermal decomposition of organic contaminants may produce gaseous pollutant hazards that 
would require scrubbing to prevent release to the atmosphere. If lead paint was used in the 
building, toxic lead vapors may form during the technique. If combustible residue are heated, 
either directly by the flame or indirectly by heat conduction, an explosion may occur. There is 
also the possibility of personnel being burned by the flames or hot surfaces. 

STATUS: Accepted , 

Flaming is primarily a surface decontamination technique for painted and unpainted concrete, 
brick and metals. The adsorption of the contaminant on a particular substrate may inhibit the 
decomposition reaction; however, this effect is expected to be small, and it is believed that 
complete destruction of the contaminant on surfaces can be achieved. Subsurface 
decontamination of building materials may be possible, but extensive damage to the material 
would probably result. The requirement for a supplemental treatment depends on both the depth 
of contamination and the thermal penetration. 

Flaming may either be accomplished by a hand-held flame or by a remotely operated flame. The 
use of a remotely operated flame is restricted to expansive open surfaces, whereas hand-held 
flamers are required for complex areas, cracks, etc. For nooks and crannies, a 2-min dwell time is 
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suggested. For subsurface treatment, decontamination time increases greatly: to achieve a 
thermal penetration of 30O0C at a depth of 5 cm, a dwell time of 16 min for concrete and 25 min 
for brick is required. 

Removal and cleanup of surface paint char may be required prior to repainting. Washdown of 
concrete may be advantageous to allow it to regain its strength. If a structure is ultimately to be 
tom down, this treatment may mean the difference in cost between disposing of the debris in a 
hazardous waste landfill versus a solid waste landfill. 

At the Frankford Arsenal, the walls and floors of large buildings were decontaminated using 
remotely operated flamers. The flamers were set up to cover as large an area as possible, and 
torch heads were positioned approximately 4 in. from the building surface. The units had a 
transverse speed of 10 ft/min and cracks were flamed for 1 min. Remote flaming was used on 
buildings that were contaminated with both radiological and explosive residues. When it appeared 
the flaming technique would spread radioactive contamination, local enclosures were used to 
control the airborne radioactivity. Hand-held flamers were used to supplement the remote 
flamers when areas were inaccessible to the floor and wall units and also in small buildings. The 
heads were positioned the same as the remote units, as were the traverse speed and crack dwell 
time. 

SCIENCEmCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

CONTACT D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Metal surfaces with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Mechanical Substrate Surface Removal 

TECHNOLOGY Turbulator 

A turbulator (Turco Products) is a large tank with propellers that direct the flow of a cleaning 
solution across a component. Square tanks have two propellers that face each other on opposite 
walls of the tank. Rectangular tanks, available on special order, have four propellers that are 
situated at 90 degree angles around the tank. The flow-pattern cycles automatically change to 
ensure that the solution is pushed across all surfaces. Each flow-pattern cycle may be varied by 
simply adjusting the timer setting. In this manner, the more heavily contaminated or more 
inaccessible components can receive the maximum agitation required. At any given time, each of 
the propellers is used; only the direction of flow changes. This technique is similar to ultrasonics 
in that the agitation helps move the cleaning solution across the contaminated surfaces. 

STATUS: Accepted 

This technique is best suited for components with nonfmed contamination @e., loosely deposited, 
loosely adhering contamination). Nonfixed contamination is generally found on such components 
as metallic hand tools, pump seals and pistons, valves, seal-injection filters and other filters, and 
control-drive mechanisms. For example, pressurizer valves, pump seals, and code relief valves 
have been decontaminated using this technique. The turbulator may not be quite as effective as 
ultrasonics on porous materials or those materials with cracks or crevices. The limited size of the 
turbulator determines the size of components that can be decontaminated. In order to control 
potential exposures to contamination, it is recommended that the cleaning solution be closely 
monitored and/or treated before it is recycled. 

SCIENCEKECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

CONTACT D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Metal surfaces with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Mechanical Substrate Surface Removal 

TECHNOLOGY Vibratory Finishing 

Objects are placed in a basket filled with abrasive media that is vibrated at a high frequency in a 
cleaning solution. The vibrating media produce a scouring action that removes contamination as 
well as tape, paint, and corrosion products from the surfaces of almost any type of item. 
Commonly used abrasives are triangular ceramic or conical plastic material impregnated with 
aluminum oxide. Spent abrasives and removed contaminants are carried to a holding tank by the 
cleaning solution where they are collected and concentrated for disposal. The cleaning solution 
can be recycled, thus reducing the quantity that must eventually be disposed of. 

STATUS: Accepted 

This technique is commonly used in manufacturing as a debumng technique. However, it is also 
applicable for decontaminating such items as hand tools (e.g., hammers, wrenches, screwdrivers) 
and large quantities of smaller items. The size and weight of the objects are obviously limited to 
the size of the vibratory container. For example, a 4 cubic foot container can handle 
approximately 300 lbs of components, the maximum size of each object being 8-12 in. in diameter. 
The time required to decontaminate a component is dependent on the component geometry and 
the amount and type of contaminant. Process times to decontaminate range from 4 to 10 hbatch. 
Units are available with volumes up to 100 cubic feet. 

This technique is an effective pretreatment technique for chemical decontamination methods. It 
removes latex paint, enamel paint, grease, and oil, each of which can limit the effectiveness of 
chemical decontamination methods. Since an abrasive is used, excessive metal loss may occur as 
well as curvature of previously sharp corners; however, in decommissioning this is not a problem. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: Metal surfaces with radiological contamination. 

SUBELEMENTS: Decontamination 

ALTERNATIVES: Mechanical Substrate Surface Removal 

TECHNOLOGY Wet Abrasive Cleaning 

The Decomatt (Decomatt is a trade name of Klieber & Schultz, Inc.) wet abrasive cleaning system 
is a closed-loop, liquid abrasive (wet grit blasting) decontamination technique. The system uses a 
combination of water, abrasive media, and compressed air and is applied in a self-contained, 
leaktight, stainless steel enclosure. There is no danger of airborne contamination since a 
self-contained HEPA air ventilation system maintains negative pressure inside the cabinet. The 
radioactive waste is mechanically separated from the cleaning media, resulting in a very low waste 
volume. The water can be recycled and filtered, eliminating any access to wastewater drainage. 

The system is designed based on filed experience and is governed by ALARA concerns. The 
system uses no soluble or hazardous chemicals, only the abrasive media (e.g., glass beads, 
aluminum oxide, silicon carbide, ceramics) and water. 

STATUS: Accepted 

Wet abrasive cleaning is being used by many nuclear facilities to remove smearable and fEed 
contamination from metal surfaces, such as structural steel, scaffolds, components, hand tools and 
machine parts. The equipment can be used on close-tolerance parts, such as turbine blades or 
valves, where removal of metal is not desired; or it can be adjusted to remove heavy-duty 
corrosion and paint by varying the amount of air pressure and media. 

A basic 4-ft by 4-ft by 5-ft or larger 4-ft by 8-ft by 7-ft system provides enough space in which to 
decontaminate small tools or heavy, large-scale parts. If a material cannot be cut down to a 
smaller size (e.g., long I-beams), it can be fed through small cabinets. Most booths are custom 
designed to specific configurations and sizes. 

SCIENCEKECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

C O N T A a  D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM: Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Massive concrete with radiological, organic, and lead-based paint contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Concrete cutting 

TECHNOLOGY High-pressure Abrasive Water-Jet Cutting 

Scarifing-Robotic manipulated high-pressure water-jet machine that systematically scarifies the 
contaminated floor, walls, columns, and overhead. Vacuum recovery system that would collect 
contaminated slurry and recycle the water and possibly the abrasives if used. The 
Cutting-Robotic manipulated high-pressure water-jet machine will be track-mounted and can 
move in two directions over the rough scarifed surface. The concrete will have been 
decontaminated by scarifing and will be moved to a crusher and be used as fill. 

High-pressure abrasive water jet. Abrasive water-jet scarifiig is ultra-high-pressure water with 
and without abrasive that is forced through a small diameter nozzle that creates a spray that cuts 
away the surface of concrete. The contaminated surface removed by scarifing will be handled as 
nuclear waste with the contaminated abrasives and water to be recycled. The remainder of the 
decontaminated building above ground level to be cut up by water-jet cutting or other methods, 
crushed, and reused locally as fill, etc. The technology has been demonstrated at Oak Ridge 
National Laboratory. 

STATUS: Demonstration, testing, and evaluation needed 

Abrasive water-jet cutting uses ultra-high-pressure water with abrasives that is forced through a 
small diameter nozzle creating a stream that cuts through up to 3 ft thick reinforced concrete with 
one pass. This method would be used to cut reinforced concrete that is above ground level into 
sections to be taken to a crusher. 

A 100,000-ft2 Mississippi River Bridge was scarifed using a high-pressure water jet in less than 4 
months-this task would have taken 10 to 15 men, working 5 days a week, approximately 2 years 
using conventional jack hammers. 

DOE-sponsored development: Programmable robotic manipulators have been developed. It has 
been demonstrated that water can be recycled. Concepts for abrasive recycling with 95% spoils 
recoverable have been demonstrated. Battelle Pacific Northwest Laboratory has successfully 
demonstrated scarification and cutting of steel-reinforced concrete. This has also been 
successfully demonstrated at West Valley Nuclear Services, New York Scarifing is used by the 
Tennessee Department of Transportation (TN DOT) on bridges and is illustrated on video as it is 
used on'the Mississippi River Bridge. (See Flow, Inc., video). 
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HIGH-PRESSURE ABRASIVE CU7TlNG DISM-11 -IN 

High maintenance items: nozzles, hoses, and pumps when abrasives are used. 

A high-efficiency recovery system is a must for scarifing to keep contaminated runoff to a 
minimum. Cracks in concrete will be a problem because contamination will still be present and 
will have to be addressed, but no one recovery system will be ideal for every situation. 

A high-pressure water-jet cutting recovery system will need to be on both sides of the section 
being cut because of blowthrough. The recovery system opposite the machine will have to 
withstand the pressure of blowthrough. 

After removing the contaminated surfaces; which will be microwave dried, stored in containers, 
shipped, and buried; the remainder of the decontaminated building can be crushed and used 
locally as fa. The mass of debris accumulated from demolishing concrete structures is estimated 
to be approximately 15% of the cubic dimension of the structure. 

COST PAYBACK 
Based on scarifing a 3-ft thick, 6-ft square section of concrete and assuming that 3 in. are to be 
removed, top and bottom, decontamination would create 18 ft3 of contaminated debris with no 
void. The remaining decontaminated material would create 90 ft3 of locally usable material after 
crushing. 

The cutting rate on 24-in.-thick reinforced concrete would be 1 in./min. Thicker reinforced 
concrete requires more power for cutting. 

Demonstrations for the scarifing and cutting need to be completed before cost payback can be 
evaluated. The lower pressure systems that require less water and simplify the recovery system 
would be best suited for contaminated concrete. The low-pressure system works at a slower rate, 
but the simpler recovery system would justify its use. 

Microwave drying, which is being developed at ORNL, could be used to consolidate and 
immobilize liquid radioactive wastes inside containers for ultimate waste disposal but would 
require demonstration, testing, and evaluation. 

SCIENCEECHNOLOGY NEEDS: 
A recovery system with recyclable abrasives needs to be demonstrated. This will require a 
portable facility, if available, or pools with the equipment necessary to separate and possibly 
decontaminate the water and abrasive material for reuse. 

Development of manipulators for positioning on the floor, columns, and overhead, and cleaning 
pools for is needed. This demonstration would cost $3.5M. This demonstration cost includes 
characterizing walls and floor, identifying grid patterns of reinforcing steel if cutting concrete, 
building portable containment enclosure, personnel protection, clothing and container storage but 
not transportation and burial charges. 
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HIGH-PRESSURE-ABRASIVE-CUlTlNG DISM4 GIN 

IMPLEMENTATION NEEDS: 
Videos available from other nuclear facilities should be viewed; possibly, sites should be visited; 
and recovery systems should be evaluated without on-site demonstration. A determination of 
what robotics have been developed should be established with in-house seminars given by vendors 
on the latest and future technology. Robotic manipulators with recovery system should be able to 
move around on floor, up and around concrete columns, and overhead (the underside of the floor 
above). Methods will need to be found for addressing cracks in concrete; blow through when 
cutting; containerization of contaminated material, water, and possibly abrasives. 

A dollar value estimate for a given amount of this technique should be established so that by 
extrapolation a given building or site could be estimatedkvaluated. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DIAMOND WIRE CUlTlNG DISM-124N 

E M  PROBLEM. Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Massive concrete with radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Concrete cutting 

TECHNOLOGY Diamond Wire Cutting 

Diamond wire consists of a continuous cable with replaceable diamond impregnated sleeves the 
full length of the cable. Holes are cut through the reinforced concrete usually by core drilling. 
The wire is threaded through the holes and around a series of powered and idler sheaves. The 
drive sheave mechanism is mounted on a track which maintains tension. 

STATUS: Demonstration, testing and evaluation needed 

Diamond wire cutting can be used to cut concrete at other nuclear facilities except at ground 
level floors. Diamond wire cutting is an industry-accepted method, but with heavy reinforced 
concrete it will be a high maintenance item (diamond-impregnated sleeves, cable, and sheaves) 
and requires water coolant for the cable. 

The waste generated will be a slurry which would make the vacuum and recovery system less 
expensive than when debris has to be handled. The slurry would be low level contamination or 
possibly no contamination at all because the concrete would already be decontaminated by 
scabbling. The area would be clean and relatively clear, but positioning the core drilling 
equipment and the diamond wire cutting machine will be more difficult because there will 
probably be exposed reinforcing bar. 

Cracks in the concrete will probably still contain some contamination but because it will be mixed 
with a large amount of non-contaminated concrete it will probably still meet the criteria so it can 
be used locally as fill, etc. A method for removing the contamination from the cracks from the 
sections of concrete should be developed. 

Cost information: - 
- 
- - 

Required 12 h to cut a 4-ft x 10-ft opening through a 4-ft thick concrete wall, 
Required 10 h to cut a 4-ft2 opening through a 53-in. thick concrete wall, 
Required 2 h to saw off a 3-54? solid concrete machine base, 
Required 16 h to saw off a 42-in. x 36-ft-long solid concrete machine base. 

The mass of debris from demolishing concrete structures is estimated to be 15% of the cubic 
dimension of the structure. 
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DIAMOND-WIRE-CUITING DlSM424N- 

The demonstrations will need to be completed before a true evaluation of the cost payback can 
be made. 

SCIENCEmCHNOLOGY NEEDS: 
Track system for maneuvering core drilling machine and diamond wire cutting machine may be 
required. 

Exposed reinforcing bar will have to be manually cut in areas where cored holes are to be located 
to lower maintenance on saw. 

Development and installation of the track system and recovery system for demonstration will be 
$1.5M. 

Demonstration costs include personnel protection, clothing, and storage but not transportation 
and burial charges. 

Demonstrations will have to be completed before a cost payback can be evaluated. 

IMPLEMENTATION NEEDS: 
Determine what robotics have been developed using in-house seminars from vendors on the latest 
and future technology and determine robotic needs. 
Track needs to be developed for demonstrations. Manipulators with vacuum systems need to be 
able to move in two directions. Vacuum systems will be needed on both sides of the floor being 
cut. 

CONTACF R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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CONVENTIONAL JACKHAMMER, HEADACHE BALL DISM-21 -IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Massive concrete with radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Demolition 

TECHNOLOGY Conventional Jackhammer, Headache Ball 

Roboticly manipulated single- or multiple-head, hydraulic- or pneumatic-actuated hammers to 
scabble contaminated concrete. These hammers will be equipped with a vacuum system to handle 
the dust and take the debris to a crusher for a reduction in size. 

The same type of hammers with vacuum described above could be used to break up concrete 
structures into sections that can be taken to a crusher for reduction in size so that they can be 
used as fill, etc., locally. 

Conventional (jackhammer, headache ball). Massive concrete demolition using wrecking balls, 
hydraulic or pneumatic hammers. A wrecking ball is a large-diameter steel ball suspended by a 
cable from a crane. The ball is dropped or swung and strikes the wall or floor to burst the 
concre te. 

Hydraulic or pneumatic hammers. A single head is a hammer with a single, pulsating, 
wedged-shaped head that can be manually or remotely operated. It can be used to create holes in 
concrete and to scabble or break concrete into sections for removal. This equipment has been 
used to chisel away the outside shell of some reactors. 

A multiple head is a machine that has a series of pulsating, wedged-shaped heads that can be 
manually or remotely operated. Originally, this machine was designed to prepare concrete floors 
for resurfacing, but it has been adapted for scabbling concrete. 

STATUS: Accepted 

This technology has been demonstrated, and the wrecking ball is a demolition-industry-accepted 
method but is not recommended for contaminated concrete such as exists in most DOE facilities. 
It is not practical to contain the dust, and the reinforcing bar has to be cut by other means. 
Hydraulic or pneumatic hammer. The single-head hammer is an industry-accepted method for 
creating holes, scabbling, and demolishing concrete, but it is not practical to use on a massive 
scale to scabble or demolish large areas-it could be used in corners, etc., where multiple head 
machines would be unlikely to access. 
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CONVENTIONAL-JACKHAM MER;H EADACHE-BALL DISM-21 -IN 

The multiple-head hammer is an industry-accepted method for light scabbling concrete surfaces. 
Vacuum systems exist to contain dust. Machines come in different lengths and capacities. 

The dust from the single-head and multiple-head hammers would require a vacuum system with 
dust filters. The debris would need to be removed by vacuum and taken to a crusher for 
reduction in size. To contain the dust may require starting with a wet floor. 

Concrete reinforcing bar will have to be cut by other means when using multiple-head hammer 
machines. 

Mechanical hammers can drive the contamination further down into the concrete. 

The mass of debris from demolishing concrete structures is estimated to be 15% of the cubic 
dimension of the structure. 

COST PAYBACK: 
Demonstrations are needed before cost payback can be evaluated. 

SCIENCEEECHNOLOGY NEEDS: 
Vacuum systems to handle dust and small-to-medium pieces of concrete need to be demonstrated. 
Crusher to downsize concrete pieces needs to be demonstrated. The development and 
installation of the robotic and vacuum systems to handle both dust and pieces of concrete and a 
crusher for demonstration would cost $1.5M. Demonstration cost would include personnel 
clothing and protection but not transportation and storage charges. Crushed decontaminated 
material to be stored on-site until local use can be determined. 

IMPLEMENTATION NEEDS: 
Need to view videos available from other nuclear facilities and possibly visit other sites to evaluate 
multiple head hammer machines without on-site demonstrations. Determine what robotics have 
been developed with in-house seminars from vendors on latest and future technology. Robotic 
manipulators with recovery systems need to be able to move around the floor, up and around 
concrete columns, and overhead. Demonstrations need to show how the comers and hard-to-get 
areas will be handled. 

Before disturbing the walls that are underground or the ground level floor, a core sampling by a 
soil engineer is needed to determine the water level of wet-weather springs. This determination is 
to make sure the dam created by the existing underground walls does not break, creating a pool 
or stream running through contaminated debris or across contaminated soil (not ever exposed 
before) underneath the floor. Some foundations go all the way to bedrock, and some were built 
on fill over wet-weather springs. If necessary, the soil underneath the floor will have to be 
decontaminated or stored. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 
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CONVENTIONAL JACKHAMMER, HEADACHE BALL DIS M-2 1 -IN 

REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram (TLD)," K-2073, February 1993. 
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BLAST1 NG DISM.22-IN 

EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Massive concrete with radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Demolition 

TECHNOLOGY Blasting 

Delayed firing of explosives to demolish decontaminated concrete structures. This method 
reduces vibrations on surrounding structures, controls direction of material movement, and limits 
the amount of dust created. All the concrete structure remaining after decontaminating will be 
taken to the crusher to be used locally as fill, etc. 

Controlled blasting is a series of blasts set off in a predetermined sequence that reduces vibrations 
and controls the direction of material movement. Blasting mats can be used to hold down debris 
and dust. Water may be required to hold down dust. 

The mass of debris from demolishing concrete structures is estimated to be 15% of the cubic 
dimension of the structure. 

STATUS: Accepted 

This technology has been demonstrated and used by the demolition industry for years. 
Reinforcing bar has to be cut after blasting. Contaminated concrete will have to be removed by 
scarifing or scabbling. All walls and floors below ground level should not be disturbed until all 
debris has been removed and water level tests are complete. 

Locate a noncontaminated structure that will not have to be decontaminated and demolish it with 
controlled blasting monitoring vibrations so that the system can be evaluated before actually being 
put into use. This demonstration on a nondecontaminated structure will cost $200K and includes 
personnel clothing and protection but not transportation. 

SCIENCEDCHNOLOGY NEEDS: 
Crane system for handling large sections of decontaminated concrete to crusher. Remote method 
of cutting reinforcing bar in large amounts of debris. Create method for installing lift rings for 
crane handling of large sections of debris or other methods of moving debris to crusher. 

Major components needed would be crane, remote reinforcing bar cutting technique, front end 
loader, and crusher. Crushed decontaminated material would be stored on-site until local use is 
determined. 

. 
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BLASTING DISM-22-IN 

IMPLEMENTATION NEEDS: 
Possibly watch and record an actual site being demolished by controlled blasting. View videos 
from demolition companies and explosive manufacturers to see what method industry uses to cut 
reinforcing bar and remove large amounts of debris. 

Before disturbing the structures that are to come down and any near it, the walls that are 
underground, or the ground-level floor, a core sampling by a soil engineer is needed to determine 
the water levels of wet weather springs. This determination is to ensure that the dam created by 
the existing underground walls and floor does not break, creating a pool or stream running 
through contaminated debris or across contaminated soil (never exposed before) beneath the 
floor. Some foundations go all the way to bedrock, and some were built on fill over wet-weather 
springs. If necessary the soil underneath the floor will have to be decontaminated or stored. 

CONTACX R. C. Green (INEL), (208) 526-2702 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DEM OCITION-COM POUNDS-( EXPANSIVE% ROUT) DISM;23;IN--- 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Massive concrete with radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

AT.,TERNATIVE: Demolition 

TECHNOLOGY Demolition Compounds (expansive grout) 

Holes are created in a predetermined pattern in walls and floor, and an expansive grout is 
inserted. The grout expands creating cracks in the concrete, allowing the section to be removed. 
The concrete structure will have been decontaminated by scarifng or scabbling. The section 
removed will be taken to a crusher by reduction in size and used locally as fill, etc. 

The mass of debris accumulated from demolishing concrete structures is approximately 15% of the 
cubic dimensions of the structure. 

STATUS: Demonstration, testing, and evaluation needed 

It is effective on nonreinforced or lightly reinforced concrete. Any reinforcing bar will have to be 
cut by other means. The compound is not considered dangerous. Contamination control would 
not be a problem, because the contamination will have already been removed by scarifing or 
scabbling. The demonstration would cost $SoOK This demonstration cost includes personnel 
clothing and protection but not transportation and storage. 

SCIENCEKECHNOLOGY NEEDS: 
Using a lightly or noncontaminated building, a demonstration can be made without scabbling 
being required. The building would need to be lightly or non-reinforced concrete. The crushed 
decontaminated material could be stored on-site until local use could be determined. 

Size, depth, and pattern of holes would need to be determined. The method of cutting any 
reinforcing bar must established. Fractured concrete would be removed with a pavement breaker, 
backhoe, or bucket loader. The dirt beneath the floor will have to be moved, if necessary, and 
decontaminated or stored. 

IMPLEMENTATION NEEDS: 
Pattern, size, depth, and location of the reinforcing bar need to be established. The means for 
cutting the reinforcing bar and removing the fractured section of concrete needs to be established. 
Crane facility and crusher to reduce concrete section to eliminate any voids in storage. Before 
disturbing the walls that are underground or on the ground-level floor, core sampling by a soil 
engineer is needed to determine the water level of wet weather springs to ensure that the dam 
created by the existing underground walls does not break, creating a pool or stream running 
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DEMOLITION COMPOUNDS (EXPANSIVE GROUT) D I S M -23- I N 

through contaminated rubble or across contaminated soil (never exposed before) beneath the 
floor. Some foundations go all the way to bedrock, and some were built on fill over wet weather 
springs. If necessary, the dirt beneath the floor will have to be decontaminated or stored. 

CONTAC'E R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMzNANTs: Massive concrete with radiological and organic 
contaminants. 

SUBELEMENT: Dismantlement 

A L T E R N A m  Surface removal 

TECHNOLOGY Microwave Scabbling 

A roboticly manipulated microwave machine that systematically scabbles the floor, columns, walls, 
and overhead to remove the contaminated surface. A vacuum system will take the contaminated 
material to a crusher to be reduced in size for storage: The microwave scabbling system allows 
starting with, working with, and ending up with a dry surface. 

In massive concrete scabbling using roboticly controlled and manipulated microwave machines, the 
microwave energy is directed at the concrete surface and heats the concrete and free water 
present in the concrete (virtually all concrete, old and new, has some water content). Continued 
heating produces steam-pressure-induced mechanical stresses that cause the concrete surface to 
burst. The amount of concrete removed in a single pass can be controlled by choosing the 
frequency, power, and speed of the microwave system. The mass of debris from demolishing 
concrete structures is approximately 15% of the cubic dimension of the structure. 

STATUS: Demonstration, testing, and evaluation needed 

Microwave scabbling of concrete is in the final stage of Phase 2 of a 4 Phase program at ORNL. 
Phase 3 is scheduled for completion in mid-1994. It will develop improved mobility, remote video 
control, vacuum waste collection, and remote controlled capabilities. Phase 4 will involve the 
design of vertical and overhead scabbling as well as optimization of the proper methods and 
configurations for cleaning the off-gas discharged by the vacuum system. All ANSI and OSHA 
standards will be met or exceeded. 

Microwave scabbling was demonstrated by JAERI in 1987 with as much as 3 cm removed in one 
pass, but the amount of microwave energy released was not reported. The waste generated will 
be handled by a vacuum system that transfers the material to a crusher for reduction in size. The 
crusher may require water to hold down dust but the material can be dried by other microwave 
systems outlined under “Implementation Needs.’The location relative to the surface and grid 
pattern of the reinforcing bars affects the microwave system, but this is being addressed.less than 
1% of the debris is less than 1 mm in diameter; therefore, most of the debris should not pose an 
airborne contamination hazard. Cracks in the floor that may release microwave energy will 
require shielding. 
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MICROWAVE SCABBLING DIS M-31 -I N 

COST PAYBACK: 
Cost payback will have to be addressed after Phase 3 and possibly Phase 4 have been completed 
on microwave scabbling. This payback evaluation must look at the cost for subsequent treatment 
and disposal of the contaminated water which is generated. 

SCIENCEEECHNOLOGY NEEDS: 
The development for this technology has already been funded for the on-going demonstration 
program at the ORNL (see TIT No. OR3DAA). Installation and demonstration of the Phase 3 
advanced-stage microwave machine, robotics, and vacuum system will be $3M. 

Demonstration costs include characterizing walls and floor, identifying the reinforcing steel grid 
pattern, building portable containment enclosures, personnel protection, clothing, and container 
storage but not transportation and burial charges. 

Development and installation of the Phase 4 system for demonstration will be $5M. 

IMPLEMENTATION NEEDS: Create a demonstration program for the most advanced system 
of microwave scabbling so a true comparison can be made. The subsequent treatment and 
disposal of the contaminated water which is generated must be evaluated. 

A track system, if needed, should be developed for demonstration. Manipulators with vacuum 
systems need to be able to move along the floor, around columns, up walls, and overhead. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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Q UALITATIVE-I R-TH ERMOG RAPHY-(STRUCTU RAL-I NTEG RI'IY) DISMz32;IN- 
.. - .  

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Structural steel in walls, beams, and roofs contaminated with small amounts of radiological and 
organic contaminants. 

SUBELEMEN'E Dismantlement 

ALTERNATIVE: Disassembly 

TECHNOLOGY. Qualitative IR Thermography (structural integrity) 

Qualitative IR thermography to detect cracks in steel beams, unrecorded variations in wall 
construction, beamball discontinuities, or soaked roofing subsurface. 

STATUS: Demonstration, testing, and evaluation needed 

Advantages: - 
- Real-time or VCWstill imaging. - 
- 

Inexpensive, portable, noninvasive, passive measure. 

Reasonable compact apparatus (roughly 6 ft3). 
Excellent, initial gross detection method. 

Disadvantages: - - Image often requires trained interpretation. 
Emissivity differences and/or local spurious infrared sources may complicate image 
analysis. 
Generation of spent inert nitrogen gas may complicate 
space. 
Outdoor measurements may be weather dependent. 

- 
- 

Competitive technologies: - Other thermal measurements. Thermocouples (cheap, 

operation in tight, confined 

point measures); "crayons" 
(cheap, very rough manual measurement); thermal resistive devices (cheap, slow 
measurements); IR arrays or single IR transistors (moderately priced, point 
measurements). 
Techniques based on other phenomena, such as nuclear radiation, electromagnetic 
radiation, emitted light or sound, ultrasound, strain, etc. Perhaps most immediate 
competitor is visible light solid-state camera; generally cheaper, simpler operation than 
IR camera when both are available. 

- 

PAYBACKCOST - AGA-75O/AGA-782 ATD offers system and operator at roughly $70/hr, plus applicable 
overheads. ATD can provide liquid N, coolant; the sponsor may have to provide power. 



QUALITATIVE IR THERMOGRAPHY (STRUCTURAL INTEGRITY) DISM-32-1 N 

Additionally, the sponsor is responsible for logistical support including travel, 
decontamination, and a site guide. ATD does not offer system-only use. 
AGA-900: A more advanced system, such as the AGA-900, could cost over $loOK 
However, the AGA-900 is quantitative and links to PC software for image analysis. 
ATD does not carry an AGA-900 but can provide operator support tailored to a 
sponsor's needs. 

- 

Use of existing AGA-750/782 ATD systems can provide immediate payback with little up-front 
cost. Purchase of a dedicated system, such as the AGA-900, can provide enhanced performance 
with substantial capital investment; such a purchase might be justified by a need for extensive 
quantitative data to support engineering analysis and/or long-term project use. 

Transport generally takes two man-trips. Setup for a portable AGA-750 typically takes 10 min 
but requires no interface to outlets or building equipment. Setup for a semiportable AGA-782 
(color, real-time image record) takes up to 1 h and requires external power. One trained 
operator can run the AGA-750 for 2-4 h; the AGA-782 has no battery-recharge limit on 
operation. Assorted lenses provide varied fields of view and zoom. 

Example: Wall suspected of separation from abutting I-beam. Method Heat I-beam with Briskeat 
strip heaters and look for delays in transverse heat conduction into wall. Estimate in work-hours: 
transport (OS), setup (OS), transient Briskeat strip heating (3), time-lapse front-angle thermal 
transient heating viewing and VCR record (3), system tear-down (OS), transport (OS), support 
(2-way travel, oral report, VCR review, recharge, liquid N, refo). (3). Total time: 11 work-hours. 
Total cost: $770 plus applicable overhead. 

Assumptions: No donning, doffing, or contamination, safety or health procedures required by 
environment; guided, unobstructed access and transport over distance under 100 yd; AGA-782 
system used; view uncomplicated by complex thermal environment, obstructions, or elevation, etc. 
Violation of aforementioned assumptions generally add to cost. 

Generation of spent inert nitrogen gas may complicate operation in a tight, confined space. 

SCIENCEmCHNOLOGY NEEDS: 
Requires natural or applied transient or steady-state heating. The method works best with an 
IR-flat background. 

IMPLEMENTATION NEEDS: 
ATD's 2 AGA systems require liquid nitrogen and should not be used in a high shock or vibratory 
environment. Only a few hours of sampling time are possible per battery charge, although AC 
power also is available. Robotics are generally locally operated. Remote operation and 
robot-arm type mounting are both possible but will likely require development for particular 
application. 

CONTACX R. H. Meservey (INEL), (208) 526-1834 
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QUALITATIVE-IR-TH ERMOGRAPHY-(STRUCTURAL-INTEGRITY) DISM:32;IN-- 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. AGEMA Infrared Systems, Inc., product literature. 

\ 
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CONVENTIONAL DISASSEMBLY (MECHANICAL) DISM-33-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Structural steel in walls, beams, and roofs with small amounts of radiological and organic 
contaminants. 

SUBELEMENT: Dismantlement 

A L T E R N A m .  Disassembly 

TECHNOLOGY Conventional Disassembly (mechanical) 

Conventional disassembly (mechanical) includes sawing with tooth or abrasive blades and 
dismantling by removing nuts and bolts. Dismantling by removing fasteners creates no extra 
waste, and, if the dismantled pieces are clean, they can often be reused. However, dismantling by 
removing fasteners is slow and labor-intensive. Unlike the thermal sawing processes, sawing with 
tooth or abrasive blades will not cause contaminants to melt into the work piece. Also, little 
danger exists of electrical shock compared to the arc processes. Cutting can be done in air or 
under a liquid using power or hand tools. Very soft and very hard materials are most difficult to 
cut-very soft material sticks on the saw blade, and the teeth or abrasive on the blade must be 
harder than the work piece or no cutting will occur. 

STATUS: Accepted 

Cost depends on the equipment chosen for the job, but most equipment is inexpensive. 

SCIENCED'ECHNOLOGY NEEDS: 
Depends on the particular method chosen. Most mechanical cutting systems are portable, 
allowing cuts to be made in place. 

IMPLEMENTATION NEEDS: 
Depends on the particular method chosen. Conventional sawing and dismantling tends to be 
simple technology that can be performed roboticly using the proper manipulators. 

CONTAC'E R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram (TLD)," K-2073, February 1993. 
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N D:-YAG-AN D-CO21;AS ER-CUlTI NG-(STRUCTU RAL-STE EL)- DISM-34-1 N- 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Structural steel in walls, beams, and roofs and disassembly of major components with small 
amounts of radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

A L T E R N A m  Cutting 

TECHNOLOGY Nd: YAG and CO, Laser Cutting (structural steel) 

STATUS: Demonstration, testing, and evaluation needed 

Technology exists in the predemonstration stage at the Penn State Applied Research Laboratory 
(ARL). The US. Navy has funded feasibility demonstration of the technology for dismantlement 
of submarine hulls. The technology is very likely to work, because laser cutting is common in 
industry. The following are seen as potential benefits and limitations of laser cutting technology 
using existing laser technology (e.g. Nd: YAG and CO,). 

Advantagesbenefits: 
Minimization of bulk contaminated waste, mixed waste, etc., relative to other cutting 
techniques. 
Cost savings of $800M to $1.2B in reduction of labor and protective clothing. 
A laser generator that remains remote to the contaminated equipment, possibly outside 
the building, thus avoiding being contaminated. 
Potential exists for the localized destruction of organic contaminants, such as oils and 
PCBs, thus eliminating them from any waste generated. 

- 
- - 
- 

Potential limitations: - A small amount of bulk contamination will result (small, relative to what was introduced 
in past equipment removal and reassembly by oxyacetylene cutting). 
A fiber-optic or other waveguide delivery system is preferred and has been demonstrated 
for Nd: YAG lasers, but appropriate wave guides have not been demonstrated for CO, 
lasers. 
Laser safety issues such as beam containment need to be addressed to minimize 
restrictions to collateral activities. 

- 

- 

SCIENCE/TECHNOLOGY NEEDS: 
Laser cutting using a laser carried through a fiber-optic cable or waveguide requires field 
demonstration. Further laboratory development is needed. Better optical fibers are needed if 
using CO, lasers. 



ND: YAG AND CO, LASER CUITING (STRUCTURAL STEEL) DISM-344N 

IMPLEMENTATION NEEDS: 
Tooling to interface the laser cutting head with the automated delivery platform needs to be 
designed and demonstrated, and a demonstration is required on simulated equipment. Projected 
cost: $5M. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 

2. ANSI standard $136.1-1992. 
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1 8 3  5 

ABRASIVE-WATER3 ET-CUTTI NG D ISM;35;1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMLNANTS: 
Structural steel in walls, beams, and roofs with small amounts of radiological and organic 
contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Cutting 

TECHNOLOGY Abrasive Water-Jet Cutting 

The abrasive water jet consists of a jet of abrasive-loaded water at pressures exceeding 50,000 psi 
which is directed at the workpiece. Ferritic and austenitic steel up to g-in.-thick can be cut; other 
metals can also be cut. An intensifier is used to generate the high pressures required; the 
intensifier requires periodic rebuilding (every 500 hrs) and constitutes a noise hazard when 
operating (100 to 110 dB). 

STATUS: Accepted 

Abrasive water-jet cutting is an accepted technology. Airborne and gaseous contamination 
generated is low. The system can also be remotely operated. Cutting speed for 2.5-in.-thick 
carbon steel is 3 to 4 in./min. Abrasive consumption (usually garnet) is 1.5 to 2 lb/min. 
Approximately 1.4 gaUmin of liquid is also generated. In 1989 dollars, cost of an abrasive 
water-jet system was $150K. Nozzles and orifices, as well as abrasives, are consumable. Nozzles 
were $10 each, orifices $16, and garnet abrasive was $0.32/ib. 

SCIENCEEECHNOLOGY NEEDS: 
Technology needs recovery system for the water (which will probably be contaminated) and 
recyclable abrasives. 

IMPLEMENTATION NEEDS: 
The ability to separate contamination from the water slurry would have to be demonstrated. This 
system can be operated remotely. The cost of treatment and disposal of the contaminated water 
will need to be evaluated. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Alternative Reactor Vessel Cutting Technologies for the Experimental Boiling Water 
Reactor, NL-89/31, Argonne National Laboratory. 

2. Abrasive Water-Jet Cutting of Uranium, FMPC-2118. 
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ABRASIVE WATERJET CUlTlNG DISM-35-IN 

3. 

4. 

CNC Water-Jet Machining and Cutting Center, KCP-613-4397. 

Oak Ridge National Laboratory, "Technology Logic Diagram (TL,D)," K-2073, February 1993. 
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1 8 3  5 

PLASMA-ARC-CUlTI NG- DISM;364N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Structural steel in walls, beams, and roofs with small amounts of radioactive oil, and PCB 
contamination. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Cutting 

TECHNOLOGY Plasma Arc Cutting 

Plasma arc cutting uses a high-velocity, high-temperature ionized gas torch to cut conductive 
materials. An arc is established between a tungsten electrode and the work piece in either 
nitrogen or a mixture of argon and hydrogen. The gas and arc are constricted as they leave the 
torch nozzle, causing very-high-current densities and temperatures; this causes the work piece to 
melt and the molten metal to be blown out through the cut being made. Jets of water may be 
used to further constrict the plasma arc and cool the nozzle, thus prolonging the nozzle's life. 

STATUS: Accepted 

Typical cutting speed is 13 in./min, and the maximum in-air depth of cut in carbon steel is 7 in. 
Almost any metal can be cut, because of the high plasma temperature. Metals resistant to 
oxy-fuel cutting, such as copper, nickel, magnesium, and titanium, can be cut by plasma arc. 
Stainless steels require use of a flux to be cut with oxy-fuel, but a flux is not needed with plasma 
arc. Aluminum is also easily cut by plasma arc. Hearing protection normally is required4oise 
levels are over 100 dB near the torch. Airborne contamination will be generated (smoke and 
particulates) but can be reduced when water jets are used. Torch life is 1-2 h but is prolonged 
when water jets are used. Uranium contamination may be alloyed with the structural members 
being removed, making decontamination nearly impossible when this or any thermal cutting 
method is used. Complex geometries and layered structures that are not tightly bonded are 
difficult to cut using plasma arc technology. In 1989 dollars, a plasma arc system costs $4OK; 
nozzle tips are consumable and cost $lK each. Gas and electric power also are required as well 
as electrodes ($100 each). 

SCIENCEmCHNOLOGY NEEDS: 
Research has been done in Germany whereby the torches have been mounted on a large blade 
(600 mm diam), but the process is discontinuous, requiring the rotation of the blade to be stopped 
to ignite the torches. The Germans cite the need to make their process continuous and to make 
the process computer-aided (1989). Cutting under 20 m of water was demonstrated. 

IMPLEMENTATION NEEDS: 
The particulate generation rate has been determined to be 4-6 I b b ,  requiring a HEPA-filtered 
exhaust system and a contained area in which to cut. If water jets are used, 0.5 g a b r  is required. 
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PLASMA ARC CUTTING DISM-36-IN 

Robotics: The plasma-arc torch is operated remotely, but frequent maintenance of the system is 
necessary, requiring entry to the cutting area. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. An Evaluation of Alternative Reactor Vessel Cutting Technologies for the Experimental 
Boiling Water Reactor at Argonne National Laboratory, ANL-89/31. 

2. Final Report from the Technical University of Hannover to the Department of Research and 
Technology, INIS-MF-12032, German Government. 

3. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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7 8 3  5 

ARC-SAW-CUTTING DISM;37;IN 
. . -. . . .  

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Structural steel in walls, beams, and roofs with small amounts of radiological and organic 
contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Cutting 

TECHNOLOGY Arc Saw Cutting 

The arc saw consists of a circular, toothless blade through which current is passed, causing an arc 
between the blade and work piece (which must be conductive). The arc melts the work piece, 
while the rotating blade spins away the molten metal. The arc saw is generally used underwater. 
When cutting in air, the blade must be water-cooled (5-20 gpm). Cutting underwater is preferred 
because it reduces noise, smoke, and blade wear. The depth of the cut depends only on the blade 
diameter. The arc saw cuts metal significantly faster than other contemporary techniques, but it 
does not work well on carbon steels because of the generation of a magnetic field that slows the 
cutting rate to about half of that for other metals. For deep cuts, side arcing is a problem, and 
several passes must be made. 

STATUS: Accepted 

An arc saw for cutting uranium metal is being installed at Oak Ridge National Laboratory. In 
1989 dollars, arc saws cost $16OK to $BOK, saw blades are consumable and cost $1200 each. 
Average wear ratios are about 5 of material cut/in? of blade. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
The arc saw requires ventilation; the extent of the ventilation depends on whether the saw is run 
underwater. Robotics: The arc saw can be operated remotely, because the blade does not make 
contact with the work piece. The cost for treatment and disposal of the contaminated water 
needs to be evaluated. The amount of water requiring disposal should be minimized by recycling 
after appropriate treatment. 

CONTAC'E R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. An Evaluation of Alternative Reactor Vessel Cutting Technologies for the Experimental 
Boiling Water Reactor at Argonne National Laboratory, ANL-89/31. 
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ARC SAW CUTTING DIS M-37-1 N 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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1 8 3  5 

OXYGEN-CUITING DISM;384N- 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Structural steel in walls, beams, and roofs and major dismantlement with small amounts of 
radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Cutting 

TECHNOLOGY Oxygen Cutting 

Oxygen and acetylene are run through a torch and ignited; this flame causes rapid exothermic 
oxidation of the metal. In general, this process is only useful for cutting carbon steels. Highly 
alloyed steels and nonferrous metals tend to form refractory oxides; these oxides insulate the work 
piece from further melting. When cutting carbon steel clad with stainless steel, the stainless steel 
can be "gouged" using an electric arc to expose the carbon steel layer beneath. Fluxes also can 
be used to keep stainless steel from forming oxides. Introducing iron powder into the flame 
increases the flame temperature to aid in cutting alloyed steel. Propane or hydrogen can be used 
as fuel gases instead of acetylene; use of hydrogen allows cuts to be made underwater (metal 
powder flame-enhancers cannot be used underwater). 

STATUS: Accepted: 

Electric arc gouging and the introduction of iron powder into the flame allow a wider range of 
materials to be cut than just mild steel. In 1989 dollars, a torch setup costs about $1700; oxygen 
was $0.08/ft3, and acetylene was $0.43/ft3. 

SCIENCEDCHNOLOGY NEEDS: None needed 

IMPLEMENTATION 
Flame-cutting methods create smoke and metal fumes, so exhaust ventilation is required for 
personnel in the area. Robotics: Flame cutting is conducive to mechanization, which tends to 
produce a neater, more even cut than cutting by hand. Mechanized cutting speeds of 1&3O/min 
are attainable in 3- to &in.-thick mild steel. 

C O N T A a  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. An Evaluation of Alternative Reactor Vessel Cutting Technologies for the Experimental 
Boiling Water Reactor at Argonne National Laboratory, ANL 39-21. 
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OXYGEN CUlTlNG D ISM-38-1 N 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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7 8 3  5 

PLASMA-ARC-SAW-(STRUCTURAL-STEEL) -DISM404N 

EM PROBLEM Decomissioning 

PROBLEM AREA/CONTAMINANTS: 
Structural steel in walls, beams, and roofs and disassembly of major components with small 
amounts of radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATM? Cutting 

TECHNOLOGY Plasma Arc Saw (structural steel) 

This new technological development allows thermal cutting of steel (with wall thickness up to 300 
mm), tubes, banks of tubes, and geometrically complicated components. Also, this technology can 
be used underwater up to a depth of 20 m. With a normal plasma torch, cutting is impossible or 
at least extremely difficult. 

STATUS: Demonstration, testing, and evaluation needed 

Plasma arc saw technology enables thermal cutting of steel plateshalls independent of thickness 
in a water depth up to 20 m. This technology was demonstrated in cutting plates up to a 
thickness of 300 mm. The maximal permissible metallic wall thickness to be cut depends only on 
the diameter of the plasma arc saw blade. The emission of dust and aerosol during the process 
only depends on the melted material. This process is controlled by computers. 

SCIENCWIECHNOLOGY NEEDS: 
For large steel wall thickness (0.100 mm), requires development of the large saw and preruns in 
the process. 

IMPLEMENTATION NEEDS: 
Requires transfer from development stages (prototype, 1990) to broad industrial application. 
Technology is available on a commercial basis. Robotics: Because of the intrinsic condition of 
cutting operations, a computer-controlled process is required. A remote control operation can be 
implemented without difficulty, making this technology very suitable for operations underwater. 

AU costs are related to a maximum part-wall-thickness cutting of 6.5 in. (stainless steel). Partial 
information was provided by the CTEC Corporation in South Carolina (803-664-4397). 

The electric arc cutting system features a standard cutting head 
- Plasma-approximately $50K 
- Electric arc-approximately $25K 
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PLASMA ARC SAW (STRUCTURAL STEEL) 0 IS M-404 N 

X, Y, Z table (to be placed in a determined location and not for transportation to field 
operations). 

- 
- 

Plasma-approximately till $150K (depending on sophistication) 
Electric arc-approximately till $150K (depending on sophistication) 

. Water table 
- Plasma-approximately $60K-$80K 
- Electric arc-approximately $60K-$80K (This arc cutting device with carbon electrode is 

not recommended for underwater operations.) 

Air treatment system. This system features a filter device, hoods, snorkels device, etc., to be 
applied in atmospheric and underwater operations. 

- 
- 

Plasma-approximately $20K-$50K (depending on sophistication) 
Electric arc-approximately $20K-$50K (depending upon sophistication) 

If cutting equipment will be made “transportable” to field operation directly on the installation. 
for plasma cutting devices: 

- Cutting head-approximately $5OK 
- 
- 

Portable “rig,” “carrier”, approximately $20K-$50K 
Hydraulic arm, moveable, displaceable up to approximately 10-12 ft high: approximately 
$4oK-$60K 

For an arc with a carbon electrode, this “transportable” system will not be recommended because 
of the multiple passes required to perform a metallic cut. In general, when field operations are 
desired, the cutting operation should be as simple and as fast as possible, especially when physical 
obstructions are present in the specific area of cutting. The cutting-deep (directly in the cutting 
kerf) is approximately 3/8 in. to 5/8 in. for the “first pass.” 

In general, two persons are required to operate these systems, especially during set-up of the 
system. 

- 
- External diameter: 10 in. 
- Wall-thickness: 1 in. 
- 
- 
- 

A steel pipe should be cut. 

The pipe has already been placed in or brought to the cutting head. 
Cutting speeds are 30-60 in./min. 
Necessary time to cut the pipe: approximately 1 min. 

Electric arc or plasma arc cutting of metals generates dust, aerosol, and particles. Therefore, an 
air filter system is necessary (for atmospheric and underwater operations). These particles will 
clog the filter very often. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 
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7 8 3  5 
PUASMA-ARC-S;AW-(STRUCTURAL-STEEL) DISMdO;IN--'-- 

.. 

REFERENCES: 

1. Final Report from the Technical University of Hannover to the Department of Research and 
Technology, XNIS-MF-12032, German Government. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 

3. LTEC Corporation, South Carolina. 
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ADVANCED LASERS FOR CUlTlNG DISM424N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Structural steel in walls, beams, and roofs and major 
dismantlement with small amounts of radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Cutting 

TECHNOLOGY Advanced Lasers for Cutting 

Diode-pumped YAG, diode arrays, microwave pumped CO, etc. 

STATUS: Research and development needed 

Nd: YAG and CO, laser cutting technology exists in the predemonstration stage at the Penn 
State Applied Research Laboratory (ARL,). The U.S. Navy has funded a feasibility demonstration 
of the technology for dismantlement of submarine hulls. The technology is very likely to work, 
because laser cutting is common in industry. New laser technologies becoming available in the 
1993-1998 timeframe will provide the same advantages as current laser cutting but can provide 
additional advantages to laser use as a means of precise thermal cutting. Advantages of smaller 
units, smaller power requirements, easier deployment, and greater efficiency are expected. The 
following are seen as potential benefits and limitations of advanced laser cutting technology. 

Advantagesbenefits: - Minimization of bulk contaminated waste, mixed waste, etc., relative to other cutting 
techniques. Essentially zero waste is created during cutting and no precut surface 
preparation is needed. 
Cost savings of $800M-$1.2B in reduction of labor and protective clothing. 
The laser generator remains remote to the contaminated equipment, possibly outside the 
building, thus avoiding being contaminated. 
Potential exists for the localized destruction of organic contaminants such as oils and 
PCBs, thus eliminating their removal from any waste generated. 
Laser beam delivery systems using existing fiber-optic technology will provide an 
economical and safe means for control and distribution of laser beam(s) for integration 
with automated systems. 
Operating and waste disposal costs relative to other systems are potentially very low. 

, 

- 
- 
- 
- 

- 
Potential limitations: - - A small amount of bulk contamination will result. 

Laser safety issues such as beam containment need to be addressed to minimize 
restrictions to collateral activities. 
System capital cost is high relative to other cutting methods. - 
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ADVANCED-LIASERS-FOR-ClJmNG- DISMr42;lN 

SCIENCEEECHNOLOGY NEEDS: 
Scaling of laser powers to required levels is needed. A prototype integrated delivery system needs 
to be developed. Fiber optic delivery systems currently are not viable for some laser types. 

IMPLEMENTATION NEEDS: 
Development: A prototype demonstration using a less-than-full-scale system to show feasibility 
and to surface all deployment issues is needed ($4OOK-$6OOK). Cost including the full-scale 
prototype system is $80OK-$lM. Tooling to interface the laser cutting head with the automated 
delivery platform needs to be designed and demonstrated. A demonstration of system economics 
is needed. 

CONTACF R. H. Meservey (INEL), (208) 526-1834 . 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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GRABBLER (SAW) MASSIVE SHEARING DISM-43-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Structural steel in walls, beams, and rook with small amounts of radiological and organic 
contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Demolition 

TECHNOLOGY Grabbler for Remotely Cutting Metals (massive shearing) 

The excavator-mounted shear uses the hydraulic power of an excavator to operate a shear on the 
excavator arm. The shear can cut steel beams and concrete. Like the shear is the 
excavator-mounted grapple, which can be used to handle scrap and tear and pull to help demolish 
buildings. The operator is protected inside the cab of the excavator, 30-50 ft from the shearing 
site. 

STATUS: Accepted 

The shear is an accepted technology. A "medium shear" which can cut up to 16-in. steel beams, 
costs roughly $loOK (excavator excluded). The head of this shear rotates to allow shearing at 
different angles. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
The excavator-mounted shear can only be used in areas large enough to accommodate the 
excavator. Spread of contamination when cutting contaminated metals would be minimal because 
the shearing takes place in the ambient temperatures, and no shavings or swart is generated. 
However, working in a contaminated area might contaminate the excavator. Robotics: The 
excavator can be modified to operate remotely, removing the operator from the work area. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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DISM;;Q;Q;IN - EXPCOSIVE%U?TlNG 
._ 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Structural steel in walls, beams, and roofs with small amounts of radioactive oil, and PCB 
contamination. 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Demolition 

TECHNOLOGY Explosive Cutting 

An explosive cutter consists of an explosive core contained in a metal or hard-plastic casing. The 
cutter is chevron-shaped so it can be directed at the work piece. This technique can be used 
either in air or underwater; immersion in water helps to dampen the sound of the explosion. This 
technique typically is used only where two or more cuts must be made simultaneously, or where 
cutting by other means is impractical. Cutting speed is a function of how fast the charges can be 
placed; this process can cut metals up to roughly 6-in. thick. 

STATUS: Accepted 

This technology is accepted as a means of gross cutting. Capital cost of this system, in 1989 
dollars, was $100. Charges and cutters are consumable; charges cost $150/ft and cutters $8K each. 

SCIENCEmCHNOLOGY 
A means of buffering the shock wave and its associated noise is needed. 

IMPLEMENTATION NEEDS: 
This process is not recommended for contaminated metals, because it would be extremely difficult 
to control the spread of airborne contaminants. Robotics: Charges can be placed remotely. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. An Evaluation of Alternative Reactor Vessel Cutting Technologies for the Experimental 
Boiling Water Reactor at Argonne National Laboratory, ANL-89/31. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, Feb. 1993 
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THERMITE CUITlNG D ISM-45-1 N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Structural steel in walls, beams, and roofs contaminated with small amounts of uranium, oil, and 
PCBs 

SUBELEMENT: Dismantlement 

ALTERNATISE Demolition 

TECHNOLOGY Thermite Cutting 

When iron, aluminum, and magnesium are ignited together, they react (“thermite reaction”) to 
produce temperatures up to 10,000oF. Oxygen is forced through a lance (consisting of an iron 
pipe packed with aluminum, magnesium, and steel wires); the oxygen and wires then can be lit 
and the torch directed by the operator. The amount of oxygen controls the flame; the torch is 
extinguished by closing the oxygen valve. The system is portable but requires an operator to be 
close to the cutting. The torch can be used underwater. 

STATUS: Research and development needed 

The thermite reaction is well-known and understood, but the thermite lance (an accepted 
technology) is a gross cutting tool unsuitable to toxic materials. Hazards include spattering of hot 
metal, noise, metal fumes, and dust. In 1989 dollars, capital cost for the system was $555. Lances 
cost $5 each; oxygen cost also must be added. 

SCIENCEDECHNOLOGY NEEDS: 
The thermite reaction needs to be incorporated into a process that can be remotely controlled to 
be useful in contaminated environments. 

IMPLEMENTATION NEEDS: 
Exhaust ventilation is required with this system as well as enhanced safety awareness because of 
the fire hazard created by the system. Robotics: The current technology is not amenable to 
robotics, because the lance is consumable and the rate of reaction depends on the oxygen flow, 
which is operator-controlled. The lance also must be placed on the work piece so as to 
continuously wash the molten metal down, out of the cut. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. An Evaluation of Alternative Reactor Vessel Cutting Technologies for the Experimental 
Boiling Water Reactor at Argonne National Laboratory, NG89/31. 
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TW ERM ITE-CUlTl NG 
_ .  

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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CONVENTIONAUAUTOMATED VACUUM SYSTEM DISM-46-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: Asbestos 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Asbestos removal 

TECHNOLOGY Conventional/Automated Vacuum System 

The mnventional/automated vacuum system is self-contained and mounted on a towable trailer. 
The system includes a hopper, bagging port, HEPA filter, self-powered vacuum system, and 
large-diameter suction hose. The hose is routed to the asbestos removal area and transports 
asbestos to the hopper outside for bagging. The distance from the hopper to the removal point 
can be up to lo00 ft. 

STATUS: Accepted 

The technology is currently available. This system would save approximately 75% in the cost of 
materials and labor over the conventional removal and glove-bag operation. An example of 
cost-saving is that an area requiring 11 laborers and 4OOO bags using the conventional method 
would require 4 laborers and 1500 bags using the proposed automated method. 

SCIENCEEECHNOLOGY NEEDS: 
None. However, this process could be integrated with alternative, highly automated systems, in 
which case it would require additional engineering design support. 

IMPLEMENTATION NEEDS: 
Operator training is required on system setup and operation. 

C O N T A m  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Stripping Vacuum System, Vacuum Engineering Corp., Milwaukee, Wi. (414) 444-4010. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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7 8 3  5 
COFBDSTI NG DISM:474N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Asbestos removal 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Asbestos removal 

TECHNOLOGY CO, Blasting 

The system involves a roboticly manipulated CO, blasting machine that systematically removes 
exterior asbestos from the overhead pipes and walls. This system would encircle the pipe using a 
clamshell mechanism inside a shroud, with a vacuum recovery system that would collect 
contaminated debris. Pipe hangers, elbows, valves, and pipes located near walls must be 
addressed differently. All piping shall be free of exterior radioactive contaminants before 
removal. 

Asbestos-covered walls are cleaned using a directional nozzle mounted on a robotic manipulator 
with a vacuum recovery system. The robot is operated remotely using optics to direct the CO, 
blast. Asbestos is removed down to the bare concrete or block wall, and the vacuum system 
recovers the asbestos after removal. 

High-pressure CO, blasting: Ultra-high-pressure CO, forced through a small diameter nozzle 
which creates a spray to cut away the surface of material. Contaminated surface removed will be 
handled as waste. The remaining pipe then can be cut up by other methods and recycled, reused 
or disposed of locally. The technology is currently available but has not been demonstrated at the 
Idaho National Engineering Laboratory. 

STATUS: Demonstration, testing, and evaluation needed 

DOE-sponsored development: Programmable robotic manipulators have been developed. 
High-maintenance items include nozzles, hoses, and pumps. CO, blasting has been demonstrated. 

By removing the contaminated surfaces (which will be bagged and disposed of), the remainder of 
the decontaminated pipe can be recycled or reused. 

Demonstrations of removal need to be completed before cost payback can be evaluated. The 
CO, systems that require no water and simplify the recovery system would be well-suited for 
contaminated piping. 

SCIENCEKJXHNOLOGY NEEDS: 
A vacuum recovery system linked to a robot-controlled CO, blaster needs to be demonstrated. 
Development of this equipment, which includes manipulators for tracking pipe during removal, 
remotely operated robotic manipulators, and an integrated vacuum system for demonstration, 
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would cost $3.5M. Demonstration cost includes personnel protection, clothing, and container 
storage but not transportation and burial charges. 

IMPLEMENTATION NEEDS: 
Need to view videos available from other nuclear facilities and possibly visit sites to evaluate 
recovery systems without an on-site demonstration. Determine what robotics have been 
developed using in-house seminars from vendors on the latest and future technology. Robotic 
manipulators with a recovery system need to be able to move around on the floor, up and around 
concrete columns, and overhead (the underside of the floor above). Methods of addressing 
removal of asbestos from valves in piping, piping elbows, and piping very near walls will have to 
be considered. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. CO, Blasting, Alpheus Cleaning Tech Corp., Rancho Cucamonga, Ca., (714) 944-0055. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AlEA/CONTAMINANTS: Asbestos and organic contaminants. 

SUBELEMENT: Dismantlement 

ALTERNATIVES: Asbestos removal 

TECHNOLOGY Glassification 

Glassification is accomplished by taking a predetermined size of material and encasing it in glass. 
The size of the refuse can be linked to a machine that can reduce larger pieces of asbestos refuse 
so that they can be run through the glassification process. Once the asbestos has gone through 
the glassification stage, it can easily be handled for disposal. After glassification, the asbestos 
fibers would be encased. This could virtually eliminate airborne particles of asbestos during 
shipping. 

STATUS: Accepted 

Technology is currently available. The system could be useful in encasing asbestos and other 
hazardous materials such as PCBs, and other organic contaminants. 

SCIENCEDECHNOLOGY NEEDS: 
Need feasibility and design engineering to interface with a confined-environment machine 
equipped with a vacuum recovery system to process large pieces of asbestos into workable 
configurations. A study will need to be done to determine if this would create any new, 
unrecognized waste control or disposal problems. 

Development of this equipment-cutter, shredder, or grinder-for demonstration would cost $3.5M. 
Demonstration cost includes building a portable containment enclosure and providing personnel 
protection, clothing, and container storage but not transportation and burial charges. 

IMPLEMENTATION NEEDS: 
Need to view videos available from other nuclear facilities and possibly visit sites to evaluate 
recovery systems without an on-site demonstration. Need to determine what robotics have been 
developed using in-house seminars from vendors on the latest and future technology. 

CONTACT. R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Encapsulation, Vitrifix of North America, Alexandria, Va., (703) 684-1090. 
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2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Asbestos 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Asbestos removal 

TECHNOLOGY Laser Cutting (advanced laser for cutting asbestos materials) 

Laser cutting is accomplished using a laser beam which thermally sears through the asbestos and 
cuts it into pieces easily handled for disposal. This method would be used to cut the transite 
panels. A laser manipulator could include either grippers or suction cups to safely remove and 
stack pieces during and after they have been cut. 

STATUS: Demonstration, testing, and evaluation needed 

(DOE sponsored development). Programmable robotic manipulators have been developed. 
Laser cutting of asbestos has had laboratory feasibility demonstration. Preliminary results indicate 
that cutting of material results in essentially no dispersement of fibers and leaves the asbestos-cut 
interface cauterized, thus helping to seal the surface and prevent dispersement of fibers during 
handling. An Nd: YAG-type lasers should have sufficient power and can be coupled with a 
fiber-optic delivery systems for ease of adaption to automated systems and for improved safety. 

COST PAYBACK 
Elimination of waste, surface preparation, and man interface could save substantial money during 
displacement operations. The system may be useful in cutting not only asbestos, but other 
hazardous materials such as PCBs and other organic compounds. 

SCIENCEKECHNOLOGY NEEDS: 
Need confirmation of negligible asbestos dispersement and cut cauterization. Beam containment, 
laser safety, optics protection from flaming, etc., are issues to be addressed during development. 
The key issue is to substantiate that fusion of fibers occurs and that the process does not create 
any new, unrecognized waste control or disposal problems. 

Development of this equipment4 manipulator track for laser and grippers or holding devices for 
cut material for demonstration-would cost $3.5M. Demonstration cost includes building a 
portable containment enclosure and providing personnel protection, clothing, and container 
storage but not transportation and burial charges. 

IMPLEMENTATION. 
Need to view videos available from other nuclear facilities and possibly visit sites to evaluate 
recovery systems without an on-site demonstration. Determine what robotics have been 
developed using in-house seminars from vendors on the latest and future technology. Robotic 
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manipulators with recovery system need to be able to move around on the floor, up and around 
concrete columns, and overhead (the underside of the floor above). Methods of addressing cracks 
in concrete; blow-through when cutting; containerization of contaminated material, water, and 
possibly abrasives; and removal of asbestos from valves in piping, piping elbows, and piping very 
near walls will have to be developed. 

Cost Data: - 
- 
- 

Development cost, approximately $800K to $looOK for a fieldable prototype system 
12-18 months for issue resolution and field demonstration 
Codunit (not including automation) is approximately $150K-$250K 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Laser Cutting, Laser Materials Processing, Manufacturing Science Dept., Penn State 
University, Henry E. Watson, (814) 865-6345. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: Asbestos 

SUBELEMENT: Dismantlement 

ALTERNATIVES: Asbestos removal 

TECHNOLOGY High-pressure Abrasive Water-Jet Cutting 

Abrasive water-jet removal is ultra-high-pressure water with and without abrasive that is forced 
through a smalldiameter nozzle which creates a spray to cut away the surface of material. The 
contaminated surface removed will be handled as waste, with the contaminated abrasives and 
water to be recycled. The remaining pipe then can be cut by water-jet cutting or other methods 
and recycled, reused, or disposed of locally. The technology is currently available. 

Abrasive water-jet cutting is capable of cutting through steel piping with one pass. This method 
would be used to cut process piping after asbestos has been removed, or with asbestos covering 
still intact, into sections, either for disposal or remote removal of the asbestos. 
Cuttinghemoval. Involves a roboticly manipulated high-pressure water-jet machine that 
systematically removes the exterior asbestos of the pipe overhead. This system would encircle the 
pipe using a clamshell mechanism inside a shroud, with a vacuum recovery system that would 
collect contaminated slurry and recycle the water and possibly the abrasives, if used. Pipe 
hangers, elbows, valves, and pipes located near walls must be addressed differently. All piping 
shall be free of exterior radioactive contaminants before removal. 

A roboticly manipulated, high-pressure water-jet machine will be used for cutting. The machine 
will be mounted, and manipulators will grip two ends of the pipe to support it inside the cutting 
area. After cutting, the manipulators will lower the section of pipe and load it onto a pallet so 
that the cut sections can be cycled through a remote water-jet system that can strip the asbestos 
from the exterior using a feed system which rotates the pipe as it travels through a series of water 
jets positioned at different angles around the diameter of the pipe. All piping shall be free of 
exterior and interior radioactive contaminants before removal. 

STATUS: Demonstration, testing, and evaluation needed 

(DOE-sponsored development). Programmable robotic manipulators have been developed; water 
can be recycled. Concepts for abrasive recycling with 95% spoils recoverable; high-maintenance 
items include nozzles, hoses, and pumps, when abrasives are used. Metal cutting with 
high-pressure water jets has been demonstrated. 

A high-efficiency recovery system is necessary to keep contaminated runoff to a minimum. Crach 
in concrete will be a problem, because contamination will still be present and will have to be 
addressed, but no one system will be ideal for every situation. 
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A high-pressure water-jet cutting recovery system will need to be present on both sides of the 
section being cut because of blowthrough. The recovery system opposite the machine will have to 
withstand the pressure of blowthrough. 

By removing the contaminated surfaces which will be microwave dried and disposed of, the 
remainder of the decontaminated pipe can be recycled or reused. 

Demonstrations for removing and cutting need to be completed before cost payback can be 
evaluated. The lower pressure systems that require less water and simplify the recovery system 
would be best suited for contaminated piping. The low-pressure system works at a slower rate, 
'but the simpler recovery system would justify it. 

SCIENCE/TECHNOLOGY NEEDS: 
A recovery system for recyclable water and abrasives needs to be demonstrated. This system will 
require a portable facility, if available, or equipment to separate and possibly decontaminate the 
water and abrasive for reuse. The type and cost of a system to treat and dispose of the water 
which is not recyclable needs to be determined. 

Development of this equipment-manipulators for tracking pipe during removal, for holding pipe 
during cutting, for lowering pipe after cutting, and for cleaning pools for demonstrations-would 
cost $3.5M. Demonstration cost includes building a portable containment enclosure and providing 
personnel protection, clothing, and container storage but not waste transportation and burial 
charges. 

IMPLEMENTATION NEEDS: 
Need to view videos available from other nuclear facilities and possibly visit sites to evaluate 
recovery systems without an on-site demonstration. Deterkine what robotics have been 
developed using in-house seminars from vendors on the latest and future technology. The 
recovery system's robotic manipulators need to be able to move around on the floor, up and 
around concrete columns, and overhead (the underside of the floor above). Methods of 
addressing cracks in concrete; blowthrough when cutting; containerization of contaminated 
material, water, and possibly abrasives; and removal of asbestos from valves in piping, piping 
elbows, and piping very near walls will have to be developed. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Abrasive Water-Jet, Quest Integrated Inc., Kent Washington (206) 872-9500. 

2. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Major dismantlement and disassembly of major 
components 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Cutting 

Involves a roboticly manipulated, video controlled, high-pressure water-jet machine that 
systematically maneuvers around equipment cutting mounting hardware, piping, etc., attached to 
the equipment for removal by other means. 

TECHNOLOGY High-pressure Abrasive Water-Jet Cutting 

Abrasive water-jet cutting, with or without abrasives, is ultra-high-pressure water that is forced 
through a small diameter nozzle which creates a stream to cut through metal. The contaminated 
parent material that is removed will be separated and handled as nuclear waste with the 
contaminated abrasives and water to be recycled. 

Blowthrough will have to be contained by shrouds attached to a high-efficiency vacuum system 
with any other overspray, etc., contained in a pool. The shrouds will have to be designed for 
specific application, with the containment pools being portable. 

STATUS: Demonstration, testing, and evaluation needed 

Abrasive water-jet cutting development was sponsored by DOE. Programmable robotic 
manipulators have been developed. Water and abrasives can be recycled with 95% spoils 
recoverable. 

SCIENCE/IECHNOLOGY NEEDS: 
Abrasive water-jet cutting technology exists, but high-efficiency vacuum recovery and mobile 
containment system will need to be further developed, with the shrouds, etc., designed for a 
specific application for a demonstration. A state-of-the-art demonstration would cost $3SM and 
would not include transportation or burial charges. This demonstration will enable a large 
amount of dismantled material to be recycled and thereby minimize disposal costs. 

IMPLEMENTATION NEEDS: 
Develop state-of-the-art system for demonstration on specific equipment. Develop market for 
massive amounts of recyclable steel, copper, etc. 

CONTACX R. H. Meservey (INEL), (208) 526-1834 
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REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAlCONTAMINANTS: Major dismantlement 

SUBELEMENT: Dismantlement 

ALTERNATIVES: Equipment location 

TECHNOLOGY Zoning for Containment (3 zones) 

STATUS: Accepted 

Containment to prevent the spread of exposed contamination to less contaminated areas has been 
demonstrated by ongoing D&D to be an effective cost-reduction tool. At the Mound Laboratory 
facility, a technique involving three zones, "cold, buffer, and hot," is being used to isolate 
contamination. Temporary containment using stud partitions and 0.003- to 0.005-mil plastic sheet 
to form a "buffer" area around equipment to be opened has been shown to prevent increasing 
contamination in the surrounding building when removing glove boxes. This technology will be 
necessary during dismantlement, and it will allow an estimated 8040% of the materials to be 
removed to be treated as low-level waste. 

Commercial suppliers are available that build standard sections of enclosures typically used to 
construct clean rooms and hoods. These same suppliers could be asked to supply panels that 
could be used and reused to enclose dismantlement activities within facilities. A portable air 
supply system would be used in conjunction with any temporary enclosures. 

Assuming that all building materials can be disposed of as low-level waste, the savings would be 
significant for older buildings. Recycling cost would be influenced in similar ways, but factors 
here are unknown. Spreading of contamination may prevent any practical recycling. 

SCJENCEEECHNOLOGY NEEDS: 
Lighter weight materials, such as those with honeycomb construction, may make panels easier to 
handle and cheaper. Inflatable panels may apply. 

IMPLEMENTATION NEEDS: 
Bracing to allow proper negative pressures to be developed in the dismantlement mne need to be 
conceptually engineered. Optimization for standardization of panels needs to be engineered to 
allow reuse of panels in the next dismantlement zone. A design for enhanced fire protection is 
needed. Flammable materials should be prohibited. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 
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REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: Major dismantlement 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Demolition 

TECHNOLOGY Grabbler/Gross Shearing and Lifting 

STATUS: Accepted 

Commercially available technology exists to adapt large, hydraulic, excavator-mounted shearing 
jaws and grabbing devices to readily available earth-moving equipment. This technique has been 
used at the Apollo, Pennsylvania D&D project to remove structural steel from the former 
NUMEC fuel fabrication plant. 

Benefits of such a system include the following: 
- 
- 
- 
- 

Few special tools would be needed, essentially, one size fits all. 
The same excavator device could be used to remove piping, equipment, asbestos, etc. 
The operator is isolated from the actual work area by the reach of the arm. 
Cost savings would be in the range of 75% saving on labor to disassemble the diffusion 
piping. 

Problems include the following: - Much design effort will be required to assure that no airborne contamination leaves the 
work area. 
The resulting cut of pipe or equipment will be irregular and therefore difficult to close. 
Additional work will be required in the component disassembly area to recover from any 
mangling of components during major dismantlement. 

- 
- 

SCIENCEAECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
A major demonstration of this technology will be required to determine the extent of airborne 
contamination generated for a typical cut into the diffusion piping. (If in situ decontamination is 
successful, this problem will be much reduced). Cost of such a demonstration will be $2M-$3M. 
Cost may be shared with a demonstration for asbestos, structural steel, massive concrete. The 
cost to implement the concept would be $300K-$500K, if the demonstration is successful. 
Robotics will be useful, if the excavator arm were to be operated remotely, either teleoperated or 
umbilical. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 
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REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAJCONTAMKNANTS: 
Structural steel in walls, beams, and roofs and disassembly of major components with small 
amounts of radiological and organic contaminants. 

SUBELEMENT: Dismantlement 

A L T E R N A m  Cutting 

TECHNOLOGY Thermal Arc Water-Jet Cutting 

With this thermal arc water-jet cutting device, it is possible to cut steels up to a wall thickness of 
100 mm underwater up to 20 m. The cutting process involves an electric arc between the wire 
electrode and the metal sheet, thus melting the metal in the workpiece. The water jet around the 
wire is used to "wash-away" the melted material from the cutting kerf. The wire is consumed 
because of the high current. The wire has to be fed so that the process can work continuously. 

STATUS: Accepted 

Demonstrated technology of cut metallic partshalls up to 100-mm-thick and up to 20 m 
underwater. These thermal arc water-jet cuts are, in general, directed by computer numeric 
controller. With additional tooling support, cutting in several axes of operations will be possible. 
Hole-piercing up to a wall thickness of 30 mm also could be done. Cutting in a vertical and 
horizontal motion, pipes, bank of pipes, and geometrically complicated components is possible. 
Robotics: In general, the arc water-jet cutting process is controlled by a numerical control device 
(computer). The process can be adapted to a machine with more axes for diversity of operation. 
A remote-control operation also can be implemented, allowing this process to be very acceptable 
for underwater operations. 

A prototype (experimental stage) of an arc saw with a water table is available. Although the 
construction of this prototype arc saw is not totally complete, this device can still be used for 
experimental trials. This arc saw can be operated underwater up to 15 ft. Deeper underwater 
operations also are possible, but they will require some design and construction changes. 
The diameter of the "saw" in this device will determine the maximum possible part-wall-thickness 
to cut. 

In general, these units (a water pool or water table) are fixed in one location (not moveable or 
portable). The piece to be worked is brought to the machine for processing. 

The approximate cost of this unit is $lM-$1.2M. Two operators are required to operate this 
unit. The cost of treatment and disposal of contaminated water will need to be evaluated €or site 
specific work. Re-use of the treated water should be considered to minimize the cost for disposal. 
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For dismantlement Operations directly on the actual installation, inside of buildings, in 
atmospheric operations (air), strict precaution has to be taken for the generated dust and 
particles. The size of these particles ranges from approximately 1/16 in. to submicroscopic. If a 
suction-air filter system is used to purify/clean the air, the filter should be checked and changed as 
needed. 

All costs are related to a maximum part-wall-thickness cutting of 6.5 in. of stainless steel. Partial 
information was provided by the CTEC Corporation in South Carolina (803-664-4397). The 
electric arc cutting system features a carbon electrode. Approximate costs for equipment for arc 
and plasma cutting technology follow: 

Standard Cutting Head: 
- Plasma-approximately $5OK 
- Electric arc-approximately $25K 

X, Y, Z table (to be placed in a determined location and not for transportation to field 
operations). 

Water table 
- Plasma-approximately $60K-80K - Electric ar+approximately $60K-$80K (This arc cutting device with carbon electrode is 

not recommended for operations underwater). 

Air treatment system (This system features a filter device, hoods, snorkels device, etc., to be 
applied in atmospheric and under water operations.): - 

- Plasma-approximately $20K-$50K (depending on sophistication) 
Electric arc-approximately $20K-$50K (depending on sophistication) 

If cutting equipment will be made “transportable” to field operation directly on the installation, 
for plasma cutting devices: 

- Cutting head-approximately $5OK 
- Portable “rig,” “canier”-approximately $2OK-$SOK - Hydraulic arm, moveable, displaceable up to approximately 10-12 ft high-approximately 

$40K-$60K (pressed). 

For an arc with a carbon electrode, this “transportable” system will not be recommended, because 
multiple passes are required to reform a metallic cut. In general, when field operations are 
desired, the cutting operation should be as simple and as fast as possible, especially when physical 
obstructions are present in the specific area of cutting. The cutting-deep (directly in the cutting 
kerf) is approximately 3/8 in. to 5/8 in. for the “first pass.” 

In general, two persons are required to operate these systems, especially during the set-up of the 
system. 
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Plasma cutting assumptions: - - - - 

A steel pipe should be cut, external diameter: 10 in., wall thickness: 1 ft. 
The pipe has been already placed in or brought to the cutting head. 
Cutting speeds are 30 to 70/min. 
Necessary time to cut the pipe-approximately 1 min. 

The cutting of metals through electric arc or plasma generate dust, aerosol, and particles. For this 
reason, an air filter system is necessary (for atmospheric operations). 

SCIENCEmCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Required possible pre-runs to accommodate the arc water-jet cutter to possible roodspace 
shortages in the working area. In general, no major changes on the cutter device are needed. 
This is commercially available technology, at least in Germany. 

CONTAm R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Final Report from the Technical University Hannover to the Department of Research and 
Technology, INIS-MF-12019, German Government. 

2. L-TEC Corporation, South Carolina (803) 664-4397 

3. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Disassembly of major components 

SUBELEMENT. Dismantlement 

ALTERNATIVE: Conventional 

TECHNOLOGY Liquified Gas Cutting 

This technology is included in The Hanford Model (wiring diagram). Liquified gas would be used 
like water-jet cutting. The advantage to such a system would be like CO, blasting in that 
removed or cut materials would be lifted from the surfaces involved by the evaporating gas with 
very little surface abrasion to trap contamination. 

STATUS: Research and development needed 

Another advantage may be achieved because of the low temperatures involved. Cutting below 
the embrittlement temperature for metals may be advantageous. 

Cost advantages would be realized in cutting equipment where criticality safety is a major issue. 
This technique could save 20% of the cost of abrasive water-jet cutting but would not save any 
cost of more conventional cutting techniques such as laser cutting. 

SCIENCEDECHNOLOGY NEEDS: 
A cooperative effort with commercial suppliers of jet cutting and blasting equipment must be 
initiated to investigate this technology. The Hanford wiring diagram states that “No known 
program” exists. 

IMPLEMENTATION NEEDS: 
Full engineering and development is needed. The cost to implement this technology is estimated 
at $lOM. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. The Hanford Model: Environmental Cleanup Problems, Science and Technology Needs, 
Facility Managements, September 1991. 

2. Oak Ridge National Laboratory, Technology Logic Diagram (TLD),” K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Disassembly of major components 

SUBELEMENT: Dismantlement 

ALTERNATIVE: Sorting for recycling 

TECHNOLOGY Shredding, Automatic Sorting, and/or Compaction 

STATUS: Accepted 

Technology exists in commercial areas to shred and automatically sort materials, including sheet 
metal equipment (automobiles and appliances), for various purposes. These purposes include 
sorting raw materials from combustibles for recycling/power plants. The Saturn Manufacturing 
Company has supplied shredders to both ORNL and the Y-12 Plant in Oak Ridge for these 
purposes. 

Application of this technology will require testing of large shredders capable of handling items. 

If whole components can be shredded and sorted by methods like magnetic separation (blades 
from rotors), then sorting for recycling becomes much less labor intensive and capital equipment 
cost will be greatly reduced. This technology could provide approximate savings of 
20 Wcomponent. 

SCIENCED'ECHNOLOGY NEEDS: 

0 New materials of construction are needed to allow large and thick steel cylinders to be 
processed in large shredders. 

Sorting techniques must be proven to separate various materials of a ductile nature; how 
much will be trapped in folds and bends. 

Cryogenic temperatures may embrittle the materials to enhance shredding. This feature 
needs to be investigated. 

A thorough inquiry of commercial vendors specializing in shredding and sorting must be 
conducted. 

Cost of a demonstration to develop this system is estimated at $1OM to $15M. 

IMPLEMENTATION NEEDS: 
A thorough inquiry of commercial vendors specializing in shredding and sorting must be 
conducted. Cost of a demonstration to develop this system is estimated at $10-15M. 
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CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Disassembly of major components (equipment with small amounts of radiological and organic 
contaminants). Includes major dismantlement of all process building equipment, transportation to 
the disassembly area, and disassembly of equipment. 

SUBELEMEW. Dismantlement 

ALTERNATIVE: Conventional 

TECHNOLOGY Use of Existing Fixtures and Tooling 

Use of existing furtures and tooling (oxyacetylene cutting to remove major components). 
Orryacetylene cutting and machine shearing to reduce the various components to a size compatible 
with remelting. 

STATUS: Accepted 

Technology exists that permits the removal of major components without new equipment. The 
methods and equipment have been proven and have been in use (and improved upon from time 
to time) for over 40 years. 

SCIENCEKECHNOLOGY NEEDS: An integration of advanced cutting techniques. 

IMPLEMENTATION NEEDS: 
All jigs and fixtures would have to be located and, if necessary, retrofitted to restore them to 
working condition. Existing jig and fixture fabrication drawings would need to be recalled from 
archives where necessary. 

CONTACT:. R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: Demolition of concrete 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Demolition 

TECHNOLOGY Rock Splitter 

The rock splitter is a method for fracturing concrete by hydraulically expanding a wedge into a 
predrilled hole until the tensile stresses are large enough to cause a fracture. The tool consists of 
a hydraulic cylinder that drives a wedge-shaped plug between two expandable guides (called 
feathers) inserted in the predrilled hole. 

The unit is powered by a hydraulic supply system and operates at 7,100 psi pressure. When the 
plug is extended and fracture occurs, an automatic pressure relief valve lowers the pressure to 900 
psi. With the unit in neutral position the pressure drops to 50 psi. The hydraulic unit may be 
powered by either air pressure, gasoline engine, or electric motor sources. 

STATUS: Accepted 

Units are available to develop splitting forces approaching 350 tons. The maximum lateral 
expansion of the feathers is approximately 0.75 in. Concrete may be separated at the fracture line 
using a backhoe mounted air ram or similar equipment. The reinforcing rod in reinforced 
concrete must be cut before separation is possible. For heavily reinforced concrete, additional 
holes and fractures will be necessary to expose the reinforcing rod. 

The splitter is ideally suited for fracturing concrete in limited access areas where large air rams 
cannot operate. The process is silent (except for hole drilling) and is used extensively for 
demolition near hospitals and other densely populated areas. Hole sizes range from 1 3/16 in. to 
1 3/4 in., with a depth of 12-26 in., depending on the size of the unit selected. For massive 
concrete sections, holes may be drilled from 1 to 3 feet apart to establish a fracture line. Drilling 
and splitting time requires approximately 5-10 minuteshole. Removal time is dependent on the 
amount of reinforcing rod, the accessibility for heavy removal equipment, and the amount of 
radioactivity control measures necessary. For reinforced nonradioactive concrete, removal rates of 
250 cubic yards per day have been demonstrated. 

AdvantagesEfficiency: Reinforced concrete sections up to 8 feet thick may be cut with a single 
large unit. Reinforced concrete sections up to 10 feet thick will require two or more large unit 
operated simultaneously. For reinforced nonradioactive concrete, removal rates of 250 cubic 
yards per day have been demonstrated. 

Cost: Costs should be moderate for both equipment and labor. 
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SCIENCEKECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Normal implementation needs 

CONTACIT: D. S. Vandel (INEL), (208) 526-5668 

References: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: Demolition of concrete 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Demolition 

TECHNOLOGY Core Stitch Drilling 

Core stitch drilling consists of close-pitched drilling of holes in concrete using a diamond- or 
carbide-tipped drill bit in an electric- or fluid-driven rotary drill. The centerline of the holes are 
located to correspond to the desired breaking plane in the concrete. The hole pitch is such that 
very little concrete is left between adjoining holes (less than half the radius of the holes). When 
a line of holes has been drilled along the breaking plane, bars are inserted into the holes, and 
force is applied to the free end of the bars in a line perpendicular to the breaking plane to shear 
the remaining concrete. 

STATUS: Accepted 

Core stitch drilliig produces no gases or smoke, thereby facilitating contamination control. The 
dust produced by the drilling is controlled by a water spray that is also used to cool the drill bit. 
Core stitch drilling is used where surrounding material must not be disturbed or where 
accessibility is limited. However, the slab to be removed must be accessible to the method of 
shearing the concrete (bar, slab, or wrecking ball). 

AdvantagesEfficiency: Concrete drills can cut a 4-in. diameter hole through 4 feet of concrete in 
60 minutes. The pitch between holes is recommended to be no greater than 0.5 in. for 4-in. 
diameter holes. 

Disadvantages: This process is very slow and costly for large volumes of massive concrete removal 
and is not recommended or reinforced concrete because the remaining reinforcing rod inhibits 
shearing. 

Cost: Costs should be moderate for equipment and high for labor. 

SCIENCEmCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Normal implementation needs 

C O N T A a  D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, August 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Massive concrete with radiological and organic contaminants. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Demolition 

TECHNOLOGY Shape Memory Alloys (SMAs) 
, 

SMAs are novel materials in that they have the ability to return to a predetermined shape when 
heated. When an SMA is cold or below its transformation temperature, it has a very low yield 
strength and can be deformed quite easily into any new shape, which it retains. However, when 
the material is heated above its transformation temperature, it undergoes a change in crystal 
structure which causes it to return to its original shape. If the SMA encounters any resistance 
during its transformation, it can generate extremely large forces. This phenomenon provides a 
unique mechanism for remote application. 

The most common shape memory material is an alloy of nickel and titanium called Nitinol. This 
particular alloy has very good electrical and mechanical properties, long operating life, and high 
corrosion resistance. As an actuator, it is capable of up to 5% strain recovery and 50,000 psi 
restoration stress with many cycles. For example, a 16 lb weight placed on a compressed spring 
can be lifted when heat is applied to the spring. Nitinol also has the resistance properties that 
enable it to be actuated electrically by joule heating. When an electrical current is passed directly 
through the wire, it can generate enough heat to cause phase transformation. In most cases, the 
transition temperature of the S M A  is chosen so that room temperature is well below the 
transformation point of the material. Only with the intentional addition of heat can the SMA 
exhibit actuation. In essence, Nitinol is an actuator, sensor, and heater all in one material. 

STATUS: Demonstration, testing and evaluation needed 

Similar to expandable grout, SMA can be used to break up concrete structures. A palm-sized, 
tube-like device, developed in Japan, called Memo-Alloy Splitter (nicknamed concrete buster) 
consists of six 1.14 in. SMA cylinders, each composed of an alloy of 50.5% Ni and 49.5% titanium, 
that are mounted vertically between pairs of tempered steel plates. The entire assembly is 
wedged into a hole drilled into the concrete, and the cylinders are then heated through internal 
wires. When the temperature reaches between 122OF and 176OF, the cylinders return to their 
original shape, stretching 0.05 in. This generates a force of approximately 10 tons, more than 
enough to shatter concrete. 

Usually five to ten concrete busters are positioned across the fracture plane. Within 2 min of 
being heated, the concrete cracks. Just as with expandable grout, the fractured burden may be 
removed by demolition hammer, jackhammer, paving breaker, or backhoe. If reinforcing rods are 
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encountered, they must be cut separately. Dust control measures are only required during drilling 
and removal phases. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

CONTACE D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Structural steel in walls, beams, and roofs with small amounts of radiological and organic 
contamination 

SUBELEMENTS: -Dismantlement 

ALTERNATIVES: Cutting 

TECHNOLOGY. Mechanical Disintegration Machining (MDM) 

This technology is similar to the Electro-Discharge Machining (EDM) technology, except that the 
cutting pulses are generated by vibrating the electrode. It uses a constant-current power source. 
A potential difference is established across the gap as the electrode (i.e., tool) is brought close to 
the workpiece. This causes a very high-energy pulse to be generated just as the tool makes 
physical contact (unlike EDM) with the workpiece. The principle differences between MDM and 
EDM are as follows: 

0 Simpler electronics because of the constant-current power supply, 

Lesser degree of control of cut rate and surface fmish, 

0 Less wear on tool, and 

0 Higher reactionary machining forces because of contact with workpiece. 

STATUS: Demonstration, testing and evaluation needed 

Overall MDM is faster but less precise than EDM. The applications of this process are 
essentially the same as the EDM process. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Surfaces with organic contamination 

SUBELEMENTS : Dismantlement 

ALTERNATIVES: Cutting 

TECHNOLOGY Electro-Discharge Machining (EDM) 

This technology is based on the principle of thermomechanical erosion in metals through the 
accurate control of fine electrical discharges @e., sparks). The spark is generated through the gap 
between two electrodes, a cutting tool and a work piece, both of which are submerged in 
dielectric fluid. As the tool is energized, a potential difference is established with the work piece, 
which is large enough to cause a breakdown of the dielectric fluid. Arcing then occurs across the 
gap, resulting in localized heating. Small molten particles lift off the surface of the metal as a 
result of the thermal expansion caused by the localized heating. The dielectric fluid also acts as a 
cooling medium that resolidifies the particles and carries them away from the workpiece. A local 
filtration system collects the particles. 

The cutting rates are proportional to the amount of energy at the gap between the tool and the 
workpiece. The gap controls the energy and is therefore critical to the process. The system 
operator can adjust the gap as a function of voltage across the gap. The frequency of the 
discharges controls the resulting surface finish. Higher discharge rates produce rougher surfaces, 
which in decommissioning activities may be of little concern. Removal rates are influenced by the 
average current in the discharge circuit; they are a function of the electrode characteristics, the 
electrical parameters, and the nature of the dielectric fluid. In practice, this rate is normally 
varied by changing the number of discharges per second or the energy per discharge. The tool 
has great influence on removal rates. It is usually made of copper-tungsten, graphite, or copper 
alloys. Tool wear is important to both cost and tolerances. The ratio of tool material removed to 
workpiece material removed varies with different combinations and should be kept low. 

STATUS: Demonstration, testing and evaluation needed 

All materials that are sufficiently good conductors of electricity can be cut with this process. By 
utilizing electrodes fabricated in the shape of the desired hole, penetrations in virtually any shape 
can be made with EDM. An approximation of removal rates for a continuous operation is 5 
in3/hr. This is relatively slow compared to other methods. This technique has the benefit of not 
generating any material chips, slag, or other large particles; and it can be performed at low 
temperatures. Since the tool does not come in contact with the workpiece, reactive machining 
forces are low, a factor that makes this process amenable to remote operations. 

The EDM technique has been used in support of nuclear power plant modifications. Since the 
process is performed in a dielectric fluid, it is ideally suited for underwater applications. EDM 
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has been used in several Westinghouse PWRs to perform underwater modifications to the plates 
in the 1,ower core-plate assembly. Approximately 2 hr were required to machine a 2 in. diameter 
hole in 3 in. thick steel. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Site specific implementation needs 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: Draft Decontamination and Decommissioning Handbook, November 1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS 
Areas with radiological and/or organic contamination requiring a temporary containment structure. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval 

TECHNOLOGY Containment Structures 

Containment Structures are temporary structures which provide negative or positive pressure 
capabilities for the containment of emissions during environmental restoration activities. 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
selective size reduction and other demolition operations. Application is directly related to the 
remediation of problems similar to the identified site specific work tasks. 

These temporary containment structures are fairly expensive. However, once procured for use at 
the INEL, the structure would have multiple uses at the various environmental restoration sites. 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. 

There was one exhibitor at Con Expo '93 displaying information on temporary structures which 
could be utilized for construction isolation/containment or warehousing applications. Sprung 
Structures Inc. (1001-10 Avenue SW, Calgary, Alberta, Canada T2R OB7, Phone (403) 245-3371 
or (800) 528-9899). Sprung Structures Inc., is also advertising their structures as having negative 
and positive pressure capabilities and, therefore applicable to environmental restoration emissions 
containment. These structures have no, or limited foundation requirements. They have offices in 
Allentown, PA, San Francisco, CA, Los Angeles, CA, Fontana, CA, Atlanta, GA, Houston, ?x, 
Indianapolis, IN, and Calgary, AB. 

Another manufacturer of similar rigid structures is Clamshell Buildings, Inc. (1990 Knoll Drive, 
Ventura, CA 93003, Phone (805) 650-1700). These structures have modular capabilities and 
come in freespan widths from 28' to 220', and have no, or limited foundation requirements. 

There are other manufacturers of temporary structures and further research should be done to 
develop this list. 
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IMPLEMENTATION NEEDS: 
Most of these temporary containment structures do not have any (or have very limited) 
foundation requirements. There would need to be electrical and W A C  utility systems to support 
these structures with heat, light, WAC, and positive or negative pressure as required. If the 
INEL were to procure one or more of these structures, there would be some additional personnel 
training required for the INEL personnel doing the mobilization and demobilization of these 
structures. - 

COMMENTS: 
For limited applications of these structures at the INEL, it would be advantageous to subcontract 
the mobilization and demobilization of the structure and rent the structure from the 
subcontractor. This would eliminate the additional training but, would not allow the INEL to 
have its own independent containment structure system (which may be of value in the near future 
depending upon the EPA decisions on necessary containment). 

CONTACT: D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
None provided. For more information, reach the above contact. 
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EM PROBLEM Decommissioning 

PROBLEM ARWCONTAMINANTS: 
Retrieval of materials with radiological and/or organic contamination. Also retrieval of materials 
without contamination. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval 

TECHNOLOGY Manually Operated Excavator 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
selective excavation, trenching, larger excavation sites, and demolition operations. Application is 
directly related to the remediation of problems similar to the identified site specific work tasks. 

The term "excavator" may generate different images for each individual. To clarify this matter, 
the following terminologies will be explained for use in the Technology Logic Diagram (TLD) 
"Retrieval" section. As defined by Caterpillar, the major excavation equipment are: 

Backhoe Loaders 

Excavators 

Motor Graders 

Scrappers 

Track Loaders 
Track-Type Tractors 

Wheel Loaders 

Typical wheel chassis backhoe 
with front loader. 
Track-type backhoes, wheel-type 
backhoes, and mass excavators, 
which include backhoes and front 
shovels. 
Typical steel chassis motor 
grader. 
Standard wheel tractor scrapers, 
elevating scrapers, tandem powered 
scrapers, and push-pull scrapers. 
Typical track chassis front loader. 
Standard dozers, low ground pressure 
(LGP) dozers, and waste disposal 
dozers. 
Typical wheel chassis front loader. 

For purposes of discussion 
and wheel types) and front shovels, while the term %backhoe" will refer to the track backhoe 
excavator and the backhoe loader types. 

the TLD, the term "excavators" will refer to the front ,aaders (track 
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There are several types of manual excavators which are commercially available and technically 
proven. These would include the four-wheel drive, rubber tired and tracked "Front End Pay 
Loaders" and "Front End Shovels." The more common type of excavator seen on construction 
sites are the four-wheel drive, rubber tired, articulating "Front End Pay- Loaders" for application 
to typical loading operations. 

All of the manual excavators are operated through hydraulic pressure systems. The next 
generation of excavators operational cab is better designed for the operator (Ergonomics; seat 
comfort, control positions, viewing angles, etc.) and allows longer operation times with less 
operator fatigue. The next generation of loaders and shovels have more operator/computer 
interface in which the operator instructs the computer to what type of operational mode to work 
in and the computer adjusts engine speeds for optimum utilization of excavator and fuel economy. 

Serviceability is another item which received lots of attention (ease of access for field 
maintenance or repair work, standard maintenance or repair work, standard maintenance work 
reduced, etc.). 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. 

Each of these types of manual excavators have a wide range of equipment sizes to meet the 
desired performance characteristics required for the particular work task and site physical 
conditions. An example of this would be the available sizes of manual excavators--front end pay 
loader type. These range from the smaller 17,000-pound class, to the medium 48,000-pound class, 
to the super large 390,000-pound class, (these typically have bucket sizes ranging from 1.6 cy to 40 
cy and can exert a digging breakout force ranging from 20,000 Ib to 315,000 lbs.). The available 
sizes of manual excavators--front end shovel types are fairly limited (Caterpillar only has two 
models). These models are of the larger size, 145,000-pound class (these typically have bucket 
sizes ranging from 2.5 cy to 7 cy. 

The manual excavators also have a limited range of subsystem equipment sizes to meet the 
desired performance characteristics required. One of the major subsystems would include the 
track types and widths to be utilized with the chassis (e.g., shoe arrangement of the track one, 
two, or three for traction in varying soil conditions, steel or rubber inserts for use off-road or 
on-road applications, wider tracks for softer soil conditions, etc.). 

As mentioned previously, there are several other major subsystems which must be determined and 
are specific to the type of equipment, e.g., "Front End Loaders" vs. "Front End Shovels." The 
following are some examples: 
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Front End Loaders: 

Chassis Subsystems: 

Drive Subsystems: 

Fixed body or articulating body. (Note: The articulating 
body provides more maneuverability due to shorter 
turning radius.) 

Tracked or 4-wheel drive, rubber tired. (Note: The 
4-wheel drive, rubber tired subsystem is required for the 
articulating body type.) 

Front End Shovel: 

2nd Arm Subsystems: Second arm lengths can be varied for different 
applications, e.g., short, medium, and long, second arms 
are available for heavy work applications, overall typical 
operations, and extended reach light work applications 
respectively. 

One of the major subsystems which recently has had the largest growth in available types of 
equipment has been the work attachments. These would include the following types of 
attachments: 

Buckets 

Blades 

Hydraulic rams 

Shears 

Pulverizers 

Widths, sizes, and types (smooth faced, toothed faced, v-shaped, clam 
shell, etc.). Used for various excavation operations. 

Widths, sizes, and types (smooth faced, tooth face, v-shaped, fixed or 
variable, straight or curved, etc.). Note: This attachment allows the 
loader to become a dozer and, therefore, provides more variability to the , 

single piece of equipment. 

Hydraulic jackhammers used to break up concrete structures, typically 
pavement applications. Note: This attachment is not typically applied to 
front end loaders or front end shovels but could be utilized as such. 

Hydraulic shears used to downsize larger steel structures vs. manual labor 
utilizing cutting torches. Note: This attachment is not typically applied to 
front end loaders or front end shovels but could be utilized as such. 

Hydraulic concrete crushers used to pulverize or downsize large concrete 
structures while cutting and sorting out reinforcing steel. Note: This 
attachment is not typically applied to front end loaders or front end 
shovels but could be utilized as such. 
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Specialized Barrel handling, forks, rippers, grapplers, augers, sweepers, snow blowers, 
cold planers, trenchers, hitched backhoe attachments, etc. 

Tires Widths, sizes, and types and associated accessories, i.e., such as chains for 
traction, chain mesh for protection, etc. 

The more common type of attachments utilized with the manual excavators are the buckets and 
specialized attachments such as forks, grapplers, sweepers, etc. These manual excavators are not 
typically utilized for running attachments such as the compactors, hydraulic rams, shears, and 
pulverizers due their limited range of motion vs. the larger range of motion of a backhoe type of 
excavation equipment. 

There are several manufacturers who make specific/specialized "loader attachments." Some of 
these manufacturers encountered at the Con Expo 1993 are listed below: 

Du-AI Manufacturing Co., 1000 W. Cherokee Street, Sioux 
Falls, SD 57117-5041. Phone: (605) 336-3860. 

. 

Kenco Engineering, P.O. Box 1467, Roseville, CA 95678. 
Phone: (916) 782-8494. 

Kubota Tractor Corp., 550 W. Artesia Boulevard, Compton, CA 90220. Phone: (310) 
537-2531. 

Pemberton Inc., P.O. Box 520899, Longwood, FL 32752-0899. 
Phone: (407) 831-6688. 

Power Equipment Corp., 1110 Pennington Avenue, Thief River Falls, MN 56701. Phone: 
(218) 681-7130. 

Recycling Attachments Intl., 31200 Solon Road, #4, Solon, OH 44139. Phone: (216) 
349-1446. (Rotar Screen) 

R.H. & M. Machine Co., Route #5, Box 542, Morgantown, WV 
26505. Phone: (304) 296-7000. 

Technology Enterprises Inc., P.O. Box 1309, Montrose, CO 
81402-1309. Phone: (303) 249-1515. 

Most major front end pay loader manufacturers also manufacture attachments for their particular 
equipment types. Some examples of these are listed below: 

Dresser Marketing Division, 200 Tri-State International, 
Lincolnshire, IL 60069. Phone: 1-800-635-7500 for local 
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Dresser attachment distributor. 

There are many manufacturers of front end loaders or front end shovel-types of excavators within 
the United States, including foreign Americanized companies. 

IMPLEMENTATION NEEDS: None needed 

COMMENTS: 
The INEL ER&WM D&D Projects Unit currently has a mediurn-sized 4-wheel drive, rubber 
tired, articulated, front-end loader with bucket. The following are the major equipment 
specifications for reference (more detailed specifications can be obtained upon request): 

Michigan Model L120 

Operating Weight: 35,119 pounds 

Operating Load: 12,710 pounds 

Engine: 

Chassis: 

Bucket: 

4 cylinder, turbocharged, 
diesel, 190 hp@000rpm 
4-wheel drive, articulated, 
rubber tired wheel loader 
3.5 CY ( Y W  

The INEL ER&WM D&D Projects Unit currently has straight fork and grappler fork 
attachments for this loader and are utilized for moving of pallets, boxes, etc., as required by the 
job site conditions. Future attachment procurements would include the dozer blade attachment 
mentioned previously and the asphalt cutter attachment (used for neat-line cutting of asphalt). 

C O N T A m  D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
The following is a listing of the major manufacturers of front end loaders and front end shovels 
and does not attempt to be a complete listing. (Note: Some equipment manufacturers do not 
make both tracked and steeled front end loaders and/or front end shovels): 

EXCAVATION EQUIPMENT UANUFACTURER LOCAL DISTNBUTOR 
Caterpillar, Inc. Western States Equipment 
P.O. Box 10097 
Peoria, IL 61612-8818 
Phone: (309) 675-1000 
(Tracked & wheeled front end 
loaders and front end 
shovels.) 

2405 Garrett Way 
Pocatello, ID 83401 
Phone: (800) 832-2287 
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Clark 
(Wheeled front end loaders ONLY.) 

Dresser Industries 
P.O. Box 718 
Dallas, TX 75221 
Phone: (214) 740-6000 
(Tracked & wheeled front end 
loaders ONLY.) 

John Deere & Co. 
John Deere Road 
Moline, IL 61265 
Phone: (309) 765-8000 
(Tracked & wheeled front end 
loaders ONLY.) 

J.I. Case Co. 
900 Alderson Street 
Schofield, WI 54476 
Phone: (715) 359-6511 
(Tracked & wheeled front end 
loaders ONLY.) 

Komatsu Equipment 
(Wheeled front end loaders 
ONLY.) 

Kubota Tractor Corp. 
550 W. Artesia Boulevard 
Compton, CA 90220 
(Wheeled front end loaders 
ONLYBmaller types ONLY.) 

Liebheer America Inc. 
4100 Chestnut Avenue 
Newport News, VA 23605 
Phone: (804) 245-5252 
Tracked & wheeled front end 
loaders ONLY.) 

Michigan 
(Wheeled front end loaders ONLY.) 

Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-0822 

Elliott Industrial Co. 
1505 Foote Drive 
Idaho Falls, ID 83401 
Phone: (208) 523-9915 

Case Power & Equipment 
5666 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-5455 

Rocky Mountain Machinery 
2320 West 1500 South 
Salt Lake City, UT 84104 
Phone: (801) 972-3660 

Kubota Sales & Service 
3005 Stanley Avenue 
Idaho Falls, ID 83401 
Phone: (208) 529-5570 

Central Equipment Co. 
2700 1/2 S. 5th Avenue 
Pocatello, ID 
Phone: (208) 233-2850 
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Samsung Heavy Industries, Co. 
1 Lincoln Center, Suite 1650 
Oak Brook Terrace, IL 60181 
Phone: (708) 916-2365 
(Wheeled front end loaders ONLY.) 
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EM PROBLEM. Decommissioning 

PROBLEM AREAS/CONS"UENTS: 
Retrieval of materials with radiological and/or organic contamination. Also retrieval of materials 
without contamination. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval 

TECHNOLOGY Manually Operated Backhoe 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
selective excavation, trenching, larger excavation sites, and demolition operations. Application is 
directly related to the remediation of problems similar to the identified site specific work tasks. 

There are several types of manual backhoes which are commercially available and technically 
proven. These would 'include the smaller wheeled (2-wheel and 4-wheel drive, rubber tired) and 
larger tracked backhoes. Typically the tracked backhoes are utilized for the larger equipment due 
to their ability to provide stability to the equipment chassis. Each of these types of manual 
backhoes have specific applications in which their physical characteristics will provide more 
efficient and cost effective excavation. 

All of the manual backhoes are operated through hydraulic pressure systems. The next 
generation of backhoes operational cab is better designed for the operator (Ergonomics; seat 
comfort, control positions, viewing angles, etc.) and allows longer operation times with less 
operator fatigue. The next generation of backhoes have more operator/computer interface in 
which the operator instructs the computer to what type of operational mode to work in and the 
computer adjusts engine speeds for optimum utilization of excavator and fuel economy. Another 
area utilizing the computer equipment interface, is the overall operational smoothness and 
improved cycle speed (end cycle jerk dampened, track movement synchronized and tied to a 
single pedal, etc.) Serviceability is another item which received lots of attention (ease of access 
for field maintenance or repair work, standard maintenance work reduced, etc.). 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment sized to meet the identified site specific work tasks. 

Each of these types of manual backhoes have a wide range of equipment sizes to meet the 
desired performance characteristics required for the particular work task and site physical 
conditions. An example of this would be the available sizes of backhoes. These range from the 
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600-pound walk behind type to the larger 150,000-pound type (these typically have bucket 
capacities of 2.5-7 cubic yards and can exert a digging force in excess of 70,000 pounds). 

The manual backhoes also have a limited range of subsystem equipment sizes to meet the desired 
performance characteristics required. One of the major subsystems would include the track types 
and widths to be utilized with the chassis (e.g., shoe arrangement of the track one, two, or three, 
for traction in varying soil conditions, steel or rubber inserts for use off-road or on-road 
applications, wider tracks for softer soil conditions, etc.). 

Another of the major subsystems would include the arm sizes to be utilized with the chassis, e.g., 
short, medium, and long second arms are available for heavy work applications, overall typical 
operations, and extended reach light work applications respectively. These second member arm 
lengths range from under 6 feet to under 25 feet. These long second member arms also have 
associated a decreased digging force (ranging from approximately 46%-64% reductions). 

One of the major subsystems which recently has had the largest growth in available types of 
equipment has been the work attachments. These would include the following types of 
attachments: 

Buckets 

Compactors 

0 Hydraulic Rams 

Shears 

0 Pulverizers 

Widths, sizes, and types (smooth faced, toothed faced, 
v-shaped, etc.) used for trenching or excavation 
operations. 

Wheeled and vibratory plate used to compact trenching 
backfill or structural backfill operations. 

Hydraulic jackhammers used to break up concrete 
structures. (Typically pavement applications.) 

Hydraulic shears used to down size larger steel structures 
vs. manual labor utilizing cutting torches. 

Hydraulic concrete crushers used to pulverize or 
downsize large concrete structures while cutting and 
sorting out reinforcing steel. 

Specialized Barrel handling, forks, grapplers, etc. 

There are many manufacturers of backhoe type excavators within the United States, including 
foreign Americanized companies. 

IMPLEMENTATION NEEDS: None needed 
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COMMENTS: 
THE ER&WM D&D Projects Unit currently has a smaller tracked backhoe and a hydraulic shear 
attachment. The following are the major equipment specifications for reference (more detailed 
specifications can be obtained upon request): 

CASE Model 688: 
Operational Weight: 29,480 pounds 
Counterweight 6,503 pounds 
Breakout Force: 18,889 pounds 
Engine: 4 cylinder, Case 4T-390 turbotharged, diesel, 92hp @ 

2,000 rpm 

Tracks: 24" wide, ground pressure 5.19 psi, sprocket drive 
whydraulic motors and planetary gear reduction. 

Second Arm Length 

Maximum Reach 
at Grade Level: 27'2" 

(Dipperstick): 8'8" 

Maximum Digging Depth: 18°C 

The ER&WM D&D Projects Unit also currently has a smaller backhoe loader. The following are 
the major equipment specifications for reference (more detailed specifications can be obtained 
upon request): 

CASE Model 68OL 
Operational Weight: 
Breakout Force: 
Engine: 
Drive System: 
Second Arm Length 
(Extendahoe) : 
Maximum Reach 
at Grade Level: 
Maximum Digging Depth: 
Front Bucket: 
Rear Bucket: 

19,600 pounds 
10,760 pounds 
4 cylinder, CASE 4-390 diesel, 75hp@2,200rpm 
Four wheel drive, rubber tires 

Variable 

25'5" 
18'3" 
1.5 cy (smooth) 
0.25 cy (toothed) 

The INEL ER&WM D&D Projects Unit has also recently procured (May, 1993) a 45,000 pound 
class tracked backhoe and another hydraulic shear/concrete crusher combination attachment. It 
was found that of all the equipment manufacturers for this class of tracked backhoe, only John 
Deere could claim to be "All American Made." This John Deere was only $4,000 more than the 
next lowest competitor and was chosen based upon this "All American Made" claim. The 
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following are the major equipment specifications for reference (more detailed specifications can 
be obtained upon request): 

John Deere Model 690E LC 
Operational Weight: 45,120 pounds 
Breakout Force: 28,180 pounds 
Engine: . 4 cylinder, JD 6068T 

turbocharged, diesel, 
130 hp @ 2,000 rpm 

Tracks: 30" wide, ground pressure 
4.92 psi, sprocket drive 
whydraulic motors and 
planetary gear reduction 

Second Ann Length 

Maximum Reach 
at Grade Level: 29'8 

(Dippers tick) : 7'3" 

Maximum Digging Depth: 21'8 

CONTAW D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
The following is a listing of the major manufacturers of backhoes 
and does not attempt to be a complete listing. 

EXCAVATION EQUIPMENT MANUFACTURER LOCAL DISTRIBUTOR 
Caterpillar, Inc.. Western States Equipment 
P.O. Box 10097 
Peoria, IL 61612-8818 
Phone: (309) 675-1000 

2405 Garrett Way 
Pocatello, ID 83401 
Phone: (800) 832-2287 

Dresser Industries 
P.O. Box 718 
Dallas, TX 75221 
Phone: (214) 740-6000 

Gradall Co. 
406 Mill Avenue SW 
New Philadelphia, OH 44663 
Phone: (216) 339-2211 

Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-0822 

Western Road Machinery 
970 West Cedar 
Pocatello, ID 
Phone: (208) 232-6254 
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Hitachi Constr. Machinery 
(America) Corp. 
20419 Imperial Valley Dr. 
Houston, TX 77073 
Phone: (713) 821-2400 

Hyundai Construction Equipment 
1162 Tower Lane 
Benseville, IL 60106 
Phone: (708) 766-0380 

John Deere & Co. 
John Deere Road 
Moline, IL 61265 
Phone: (309) 765-8000 
(Straight track dozers ONLY.) 

J.I. Case Co. 
900 Alderson Street 
Schofield, WI 54476 
Phone: (715) 359-6511 

Kobelco America Inc. 
10515 Ha& Drive 
Houston, TX 77036 
Phone: (713) 981-4050 

Komatsu Equipment 
Koehring 
Waverly, OH 

Kubota Tractor Corp. 
550 W. Artesia Blvd. 
Compton, CA 90220 
Phone: (310) 537-2531 

Liebheer America Inc. 
4100 Chestnut Avenue 
Newport News, VA 23605 
Phone: (804) 245-5252 

Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-0822 

Clyde-West 
13805 NE Sandy Boulevard 
Portland, OR 97230 
Phone: (503) 252-5933 

Elliott Industrial Co. 
1505 Foote Drive 
Idaho Falls, ID 83401 
Phone: (208) 523-9915 

Case Power & Equipment 
5666 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-5455 

Cate Idaho Equipment Co. 
S. 5th Ave. & Gateway Dr. 
Pocatello, ID 
Phone: (801) 972-3660 

Rocky Mountain Machinery 
2320 W. 1500 South 
Salt Lake City, UT 84104 
Phone: (801) 972-3660 

Kubota Sales & Service 
3005 Stanley Avenue 
Idaho Falls, Idaho 
Phone: (208) 529-5570 

Central Equipment Co. 
2700 1/2 S. 5th Avenue 
Pocatello, ID 
Phone: (208) 233-2850 
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Link-Bel t Construct ion Equip. 
2651 Palumbo Drive 
Lexington, KY 40509 
Phone: (606) 263-5200 

Samsung Heavy Industries 
1 Lincoln Center, Suite 1650 
Oak Brook Terrace, IL 60181 
Phone: (708) 916-2365 

Yanmar Diesel America Cop. 
901 Corporate Grove Dr. 
Buffalo Grove, IL 60089 
Phone: (708) 541-1900 

They only produce engines 
in the US and ALL 
equipment manufacturing 
is accomplished in Japan. 
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EM PROBLEM Decommissioning 

PROBLEM ARE,AS/CONSTITUENTS: 
Retrieval of materials with radiological and/or organic contamination. Also retrieval of materials 
without contamination. 

SUBELEMENTS: Dismantlement 

A L T E R N A W :  Retrieval 

TECHNOLOGY Manually Operated Motor Grader 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
shallow excavation and/or grading operations. Application is directly related to the remediation of 
problems similar to the identified site specific work tasks. 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. 

These motor graders have a wide range of equipment sizes to meet the desired performance 
characteristics required for the particular work task and site physical conditions. An example of 
this would be the available sizes of motor graders. These range from the smaller 27,800-pound 
class to the larger 32,400-pound class (these typically have an associated power of 152 hp to 
215 hp). 

The manual motor graders also have a wide range of subsystem equipment sizes to meet the 
desired performance characteristics required. One of the major subsystems would include the 
chassis types; fEed or articulated. Almost all manufacturers now utilize articulated chassis types 
because of improved maneuverability and operational performance. 

Another of the major subsystems would include the drive-train to be utilized with the chassis, e.g., 
four-wheel drive vs. all-wheel drive. The all-wheel drive subsystem is a recent development in 
motor grader manufacturing. Typically, the four rear wheels provided all the drive train power, 
however, through a syncromeshed hydrostatic transfer system to the front wheels, an all-wheel 
drive is developed. This all-wheel drive subsystem offers improved traction and operational 
performance. 

Another of the major subsystems would include the blade articulation (range of motion) to be 
utilized with the chassis, e.g., limited blade swing vs. unlimited blade swing. The unlimited blade 
swing allows the blade assembly to be rotated 90' to the vertical on either side of the chassis. 
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Almost all manufacturers of motor graders now utilize the unlimited blade swing types because of 
improved adaptability to adverse grading conditions and operational performance. 

One of the major subsystems which recently has had the largest growth-in available types of 
equipment has been the work attachments. These would include the following types of 
attachments: 

Blades Widths, sizes, and types (smooth faced, steel faced, rubber faced, 
additional plow faces snow plowing, etc.). 

Rippers Widths, sizes, and types for front, mid-range, or rear mounting to chassis. 

Tires Widths, sizes, and types and associated accessories, i.e., such as chains for 
traction, chain mesh for protection, etc. 

There are many manufacturers of motor graders within the United States, including foreign 
Americanized companies. The "Buy American" philosophy should not bias the engineering 
decisions on the best equipment available. 

IMPLEMENTATION NEEDS: 
A water spray system for confinement of radioactive contaminated materials (loose soil and dust) 
would need to be developed. This could simply be a water tank, hose, and spray nozzles attached 
ahead and/or behind the blade. Another alternative would be to simply utilize the typical 
construction water truck to keep soil moist ahead of the grading and collection operation (keep it 
simple). 

CONTAC'E D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
The following is a listing of the major manufacturers of motor graders and does not attempt to be 
a complete listing. 

EXCAVATION EQUIPMENT UANUFACTURER LOCAL DISTRIBUTOR 
Caterpillar, Inc. Western States Equipment 
P.O. Box 10097 
Peoria, IL 61612-8818 
Phone: (309) 675-1000 

2405 Garrett Way 
Pocatello, ID 83401 
Phone: (800) 832-2287 

Champion Road Machinery Ltd. 
P.O. Box 10 
160 Maitland Road Pocatello, ID 
Goderich, Ontario, Canada N7A 3Y6 
Phone: (519) 524-2601 

Central Equipment Co. 
2700 1/2 S. 5th Avenue 

Phone: (208) 233-2850 



Dresser Industries Arnold Machinery Co. 
P.O. Box 718 3330 N. Yellowstone Hwy. 
Dallas, TX 75221 Idaho Falls, ID 83401 
Phone: (214) 740-6000 Phone: (208) 523-0822 

Gehl Company 
143 Water Street 
West Bend, WI 53095 
Phone: (414) 344-6615 

John Deere & Co. 
John Deere Road 
Moline, IL 61265 
Phone: (309) 765-8000 

J.I. Case Co. 
900 Alderson Street 
Schofield, WI 54476 
Phone: (715) 359-6511 

Liebheer America Inc. 
4100 Chestnut Avenue 
Newport News, VA 23605 
Phone: (804) 245-5252 

Taylor Machine Works, Inc. 
650 North Church Avenue 
Louisville, MS 39339-2017 
Phone: (601) 773-3421 

Elliott Industrial Co. 
1505 Foote Drive 
Idaho Falls, ID 83401 
Phone: (208) 523-9915 

Case Power & Equipment 
5666 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-5455 

Central Equipment Co. 
2700 1/2 S. 5th Avenue 
Pocatello, ID 
Phone: (208) 233-2850 
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EM PROBLEM Decommissioning 

PROBLEM AREAS/CONSTITUENTS: 
Retrieval of materials with radiological and/or organic contamination. Also retrieval of materials 
without contamination. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval 

TECHNOLOGY Manually Operated Dozer 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
larger excavation and/or pushing operations. Application is directly related to the remediation of 
problems similar to the identified site specific work tasks. 

There are several types of manual dozers which are commercially available and technically proven. 
These would include the straight track and modified track dozers. Typically the modified track 
dozers are utilized for the larger equipment due to their ability to provide improved operational 
performance. Each of these types of manual dozers have specific applications in which their 
physical characteristics will provide more efficient and cost effective excavation. 

All of the manual dozers are operated through hydraulic pressure systems. The next generation 
of dozers operational cab is better designed for the operator (Ergonomics; seat comfort, control 
positions, viewing angles, etc.) and allows longer operation times with less operator fatigue. The 
next generation of dozers have more operator/computer interface in which the operator instructs 
the computer to what type of operational mode to work in and the computer adjusts engine 
speeds for optimum utilization of excavator and fuel economy. Serviceability is another item 
which received lots of attention (ease of a c e s  for field maintenance or repair work, standard 
maintenance work reduced, etc.) 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. 

Each of these types of manual dozers have a wide range of equipment sizes to meet the desired 
performance characteristics required for the particular work task and site physical conditions. An 
example of this would be the available sizes of manual dozers. These range from the smaller 
17,000-pound class, to the medium 48,000-pound class, to the super large 222,000-pound type 
(these typically have blade capacities ranging from 1.8 cy to 42.4 cy and can exert a ripping pryout 
force ranging up to 130,000 lbs.) 
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The manual dozers also have a limited range of subsystem equipment sizes to meet the desired 
performance characteristics required. One of the major subsystems would include the track 
subsystems including track arrangement and track typeshdths. The two track arrangements are 
straight and modified (triangular shaped). The track types and widths to be utilized with the 
chassis (e.g.,shoe arrangement of the track one, two, or three, for traction in varying soil 
conditions, steel or rubber inserts for use off road or on road applications, wider tracks for softer 
soil conditions, etc.) 

One of the major subsystems which recently has had the largest growth in available types of 
equipment has been the work attachments. These would include the following types of 
attachments: 

Blades 

Specialized 

Widths, sizes, and types. (Smooth 
faced, steel faced, rubber faced, 
additional plowfaces, snow plowing, 
etc.) 
(Land clearing rakes, plow disks, 
subsoilers, winches, cable layers, etc. 

There are many manufacturers of dozers within the United States, including foreign Americanized 
companies. 

IMPLEMENTATION NEEDS: 
A water spray system for confinement of radioactive contaminated materials (loose soil and dust) 
would need to be developed. This could simply be a water tank, hose, and spray nozzles attached 
ahead and/or behind the blade. Another alternative would be to simply utilize the typical 
construction water truck to keep soil moist ahead of the grading and collection operation (keep it 
simple). 

COMMENTS: 
None. 

CONTACT D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
The following is a listing of the major manufacturers of dozers and does not attempt to be a 
complete listing: 

EXCAVATION EQUIPMENT MANUFACTURER LOCAL DISTNBUTOR 
Caterpillar, Inc. Western States Equipment 
P.O. Box 10097 
Peoria, IL 61612-8818 
Phone: (309) 675-1000 
(Straight and modified track 

2405 Garrett Way 
Pocatello, ID 83401 
Phone: (800) 832-2287 

CQGSY7' 
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dozers. ONE OF THE LARGEST 
DOZER MANUFACTURERS IN THE 
USA) 

Dresser Industries 
P.O. Box 718 
Dallas, TX 75221 
Phone: (214) 740-6000 
(Straight and modified track 
dozers.) 

Fiat Allis 
(Straight track dozers ONLY.) 

John Deere & Co. 
John Deere Road 
Moline, IL 61265 
Phone: (309) 765-8000 
(Straight track dozers ONLY.) 

J.I. Case Co. 
900 Alderson Street 
Schofield, WI 54476 
Phone: (715) 359-6511 
(Straight track dozers ONLY.) 

Komatsu Equipment 
(Straight track dozers ONLY.) 

Liebheer America Inc. 
4100 Chestnut Avenue 
Newport News, VA 23605 
Phone: (804) 245-5252 

Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-0822 

Elliott Industrial Co. 
1505 Foote Drive 
Idaho Falls, ID 83401 
Phone: (208) 523-9915 

Case Power Equipment 
5666 N. Yellowstone Hwy. 
Idaho Falls, Idaho 83401 
Phone: (208) 523-5455 

Rocky Mountain Machinery 
2320 W. 1500 South 
Salt Lake City, UT 84104 
Phone: (801) 972-3660 

Central Equipment Co. 
2700 1/2 S. 5th Avenue 
Pocatello, ID 
Phone: (208) 233-2850 
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EM PROBLEM Decommissioning 

PROBLEM AREAWCONSTITUENTS: 
Retrieval of materials with radiological and/or organic contamination. Also retrieval of materials 
without contamination. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval 

TECHNOLOGY Manually Operated Trencher 

STATUS: Accepted 

Specialized trenching equipment is typically utilized for excavation of buried pipelines at 
contaminated facilities. 

Currently accepted and proven technology used by the construction and demolition industries for 
trenching operations. Application is directly related to the remediation of problems similar to the 
identified site specific work tasks. 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. 

IMPLEMENTATION NEEDS: 
A water spray system for confinement of radioactive contaminated materials (loose soil and dust) 
would need to be developed. This could simply be a water tank, hose, and spray nozzles attached 
ahead and/or behind the trencher wheel or bar. 

Another alternative would be to simply utilize the typical construction water truck to keep soil 
moist, ahead of the grading and collection operation. 

COMMENTS: 
This type of equipment was not expanded upon, as to types of equipment and listing of 
equipment manufacturers, since it was not shown that there was a real need for this specific type 
of equipment. Most trenching type operations can be accomplished through the utilization of 
backhoe type equipment. 

CONTACT: D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
None provided. For more information, contact the above contact. 
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EM PROBLEM. Decommissioning 

PROBLEM AREAS/CONTAMINANTS: 
Retrieval of materials with radiological and/or organic contamination. ~ 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval-Remote Excavation Equipment 

TECHNOLOGY Teleoperated Excavation Equipment 

STATUS: Demonstration, testing and evaluation needed 

Currently, there is a lot of work being accomplished in this area of technology, specifically 
remotely operated equipment. Several of the larger excavation equipment manufacturers have 
been actively involved with the development of these remotely operated equipment (these are 
listed below). EG&G Idaho, Inc., is currently involved in the development of remotely operated 
excavation equipment, specifically the development of a CAT 235D Front Shovel (Mass 
Excavator) with Caterpillar. EG&G Idaho is also involved in the "Integrated Demonstration" 
Program which will be demonstrating a remotely operated backhoe-type excavator in the summer 
of 1993, at the INEL. 

The remotely operated excavation equipment is fairly expensive compared to the commercially 
available excavation equipment ($2-$4 million vs. $200-$400 thousand ... approx lox). This 
equipment has been developed to the point that this equipment should no longer be considered 
"Research and Development" type equipment. (There are various remote type equipment 
developed for the United States military which is in use at this time), but rather equipment which 
needs to be proven in a production type environment. 

There needs to be a "Free Exchange" of technological information between the government 
agencies such as the DOE and DOD to ensure that there is no redoubling of efforts to achieve 
the same end results. 

SCIENCE AND TECHNOLOGY NEEDS: 
Most of the information related to the remotely operated excavation equipment tends to support 
the development of the larger scale equipment (e.g. the CAT 235D and 245D Front Shovels are 
in the 145,000 lb class; largest class of excavators made by Caterpillar). Most of the demolition 
type equipment developed for the United States Army and Air Force were larger class equipment 
also. 

Martin Marietta has developed some smaller remotely operated equipment (Mainly forward 
observation and survey equipment). These remotely operated survey equipment have been 
utilized by the nuclear industry to perform plant surveillances. The tracked model can climb and 
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ascend stairways and the wheeled model has a manipulator arm which may be utilized for taking 
samples. 

The teleoperated and the telerobotically operated excavators are a relatively new technology. 
These remotely operated excavators have been demonstrated and placed in actual use in such 
diverse activities as mines, unexploded ordnance, rapid runway repair, and retrieval of hazardous 
materials. A number of companies have been engaged in the development of remotely operated 
excavators and several have been produced and operated by industry and the United States air 
Force (USAF). 

IMPLEMENTATION NEEDS: 
The INEL "Integrated Demonstration" Program which will be demonstrating a remotely operated 
backhoe-type excavator in the summer of 1993, should bring forth many of the known site specific 
requirements and implementation needs. 

COMMENTS: 
Considering the costs involved related to the remotely operated excavation equipment, this 
equipment should only be considered when radiological fields and other hazardous materials 
present considerable health risks to the personnel performing the work tasks. In lower 
radiological fields, shielded manually operated excavation equipment may be utilized. 

CONTACT: D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
There are numerous manufacturers that are or have been engaged in the design and development 
of remotely operated excavators. The following is a list of the major excavator manufacturers: 

EXCIA VATION EQUIPMENT M4NUFACTURERIRESEARCHER CONTACT 

Bethos, Inc. 
North Falmouth, MA 

Carnegie-Mellon University 
Pittsburgh, PA 

Caterpillar, Inc. 
Peoria, IL 
Dresser Industries, Inc. 
Marion Division 
Marion, OH 

Kevin McCarthy 
(800) 446-1222 

Dr. William Whitaker 
(412) 268-6559 

Paul Pemberton 
(309) 675-4301 
Thomas Files 
(614) 383-5211 

Foster-Miller, Inc. 
Waltham, MA 

Dick Atkinson 
(617) 890-3200 
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International Submarine 
Engineering LTD. 
Port Coquitlam, B.C. Canada 

J.I. Case Co. 
Drott Division 
Schofield, WI 

John Deere & Co. 
Moline, IL 

Kobelco America Inc. 
10515 Harwin Drive 
Houston, TX 77036 
Phone: (713) 981-4050 

Kraft Telerobotics, Inc. 
Overland Park, KS 
Martin Marietta Aero & 
Naval Systems 
Baltimore, MD 

RSI Research LTD. 
Sidney, B.C. Canada 

University of Florida 
Gainsville, FL 

NOTE: The above table should be validated, since two 
initial contacts revealed substantial changes to 
the contractors’ ability to perform remote or 
robotics research. 

James A Farelane 
(604) 937-3421 

William P. Wohlford 
(309) 765-3738 

Rich Goeffert 
(713) 981-4050 

Steve Habur 

Dr. Von Jennings 
(913) 894-9022 

(410) 682-0892 

Dr. Drane 
(904) 392-0814 
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EM PROBLEM. Decommissioning 

PROBLEM AREAS/CONTAMINANTs: 
Retrieval of materials with radiological and/or organic contamination requiring size reduction. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval-Size Reduction Equipment 

TECHNOLOGY Hydraulic-Powered Shear Attachment (utilized with backhoe) 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
selective size reduction and other demolition operations. Application is directly related to the 
remediation of problems similar to the identified site specific work tasks. 

There are several manufacturers of hydraulic powered shears and concrete pulverizers which are 
commercially available and technically proven. All of these hydraulic powered shears and 
concrete pulverizers are operated through single or double hydraulic piston-drive systems which 
are supplied by the supporting equipment (typically a backhoe or front end loader). 

SCIENCE AND TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. These 
hydraulic powered shears have a wide range of equipment sizes to meet the desired performance 
characteristics required for the particular work task and site physical conditions. The particular 
shear size must also be matched to the support equipment size, e.g., and 11,000 lb shear, utilized 
on the second member of a backhoe, would require a 70,000 lb class backhoe, vs. an 11,000 lb 
shear, utilized on the third member of a backhoe, would require a 120,000 lb class backhoe, etc. 

The hydraulic powered shears vary in sizes and types and can be matched to the project specific 
requirements. These sizes range from the smaller 950 lb class, to the medium 11,400 Ib class, to 
the super-large 58,000 lb class. These shears do not carry a shearing force rating due to the 
nonstandardized methods of measurement. 

The hydraulic powered concrete pulverizers vary in sizes and types and can be matched to the 
project specific requirements. These sizes range from the smaller 400 lb class, to the large 
16,000 lb class. These concrete pulverizers do not carry a crushing force rating due to the 
nonstandardized methods of measurement. 

409 



HYDRAULIC-POWERED SHEAR ATTACHMENT DISM-SR-108 

IMPLEMENTATION NEEDS: 
Hydraulic Powered Concrete Pulverizer: A water spray system for confinement of radioactive 
contaminated materials (concrete debris) would need to be developed. This could simply be a 
labor craft personnel with a water hose and spray wand. 

COMMENTS: 
The INEL ER&WM D&D Projects Unit currently has a smaller hydraulic powered shear which is 
utilized with the CASE Model 688 tracked backhoe (29,400 lb class backhoe). The following are 
the major equipment specifications for reference (more detailed specifications can be obtained 
upon request): 

LaBounty Model MSD 15R 
At tachmen t Weight : 
2nd Member Use Required 
Equipment Weight: 20,000 lb class 

Throat Distance: 2 0  
Shear Force: ft, lb 

3,500,lb 

Shear Opening: 18' 

One of the "Lessons Learned in the procurement of the first hydraulic powered shear by the 
ER&WM D&D Projects Unit was the needed specification for "Quick-Disconnect Fittings" for 
the hydraulic hose systems. These quick-disconnect fittings greatly speed up the changeout 
process when working with the attachment and the support equipment. 

The ER&WM D&D Projects Unit has also recently procured (May, 1993) a 45,000-pound class 
tracked backhoe and another hydraulic shearlconcrete crusher combination attachment. The 
hydraulic powered sheadconcrete crusher combination (interchangeable jaws utilizing the same 
basic hydraulic attachment) is a LaBounty. The following are the major equipment specifications 
for reference (more detailed specifications can be obtained upon request): 

LaBounty Model UP20 (Universal Processor) 
At tachmen t Weight : 
3rd Member Use Required 
Equipment Weight: 
Shear Opening: 
Pulverizer Opening: 
Throat Distance: 
Cracker Opening: 
Throat Distance: 
Shear Force: 

4,100 lb 

42,000 lb class 
2 0  
2 6  
19 
42" 
23" 
ft, lb 

CONTACT: D. J. Kenoyer (INEL), (208) 526-9837 
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HYDRAUL1C;POWERED-SHEAR-ATTACHMENT -DISM;SR;108-- 

REFERENCES: 
There are many manufacturers of hydraulic powered shears and concrete pulverizers within the 
United States, including foreign Americanized companies. 

The following is a listing of the major manufacturers of hydraulic powered shears and concrete 
pulverizers and does not attempt to be a complete listing: 

ATTACHMENT EQUIPMENT UANUFACTURER LOCAL DISTRIBUTOR 
Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 

JRB Company Inc. 
P.O. Box 9445 
Akron, OH 44305 

. Phone (216) 733-6800 Phone (208) 523-0822 

LaBounty Manufacturing Div. 
100 State Road Two 
Two Harbors, MN 55616 
Phone (218) 834-2123 

Stanley Hydraulic Tools 
3810 SE Naef Road 
Milwaukie, OR 97267 
Phone (503) 659-5660 

Tramac Corporation 
7 Emery Avenue 
Rudolph, NJ 07869 
Phone (201) 361-0490 

Arnold Machinery Co. 
P.O. Box 30020 
2475 W. 2100 So. 
Salt Lake City, UT 84130 
Phone (801) 972-4000 

Case Power & Equipment 
5666 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone (208) 523-5455 

Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 
Phone (208) 523-0822 
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MANUALLY OPERATED HYDRAULIC RAM DISM-SR-109 

EM PROBLEM Decommissioning 

PROBLEM AREAS/CONTAMINANTS: 
Retrieval of materials with radiological and/or organic contamination requiring size 
reductioxddemolition. 

SUBELEMENTS: Dismantlement 

ALTERNATIVES: Retrieval-Size Reduction Equipment 

TECHNOLOGY Manually Operated Hydraulic Ram 

STATUS: Accepted 

Currently accepted and proven technology used by the construction and demolition industries for 
size reduction of concrete structures. Application is directly related to the remediation of 
problems similar to the identified site specific work tasks. 

These hydraulic powered rams replace the old conventional jackhammer in all most all 
operational sites due to the variable sizes and accessibility by equipment and rams to work site. 
Only a very few select work sites are strictly accessible to manual labor and jackhammers (the 
smaller skid/steer loaders w/rams can get to most tight locations within a building or job site). 

There are several manufacturers of hydraulic powered rams which are commercially available and 
technically proven. AU of these hydraulic powered rams are operated through a hydraulic piston 
drive system which are supplied by the supporting equipment (typically a backhoe or front end 
loader). 

SCIENCE TECHNOLOGY NEEDS: 
No new scientific investigation and/or technological development is necessary to fully implement 
commercially available equipment, sized to meet the identified site specific work tasks. 

These hydraulic powered rams have a wide range of equipment sizes to meet the desired 
performance characteristics required for the particular work task and site physical conditions. The 
particular ram size must also be matched to the support equipment size, e.g., an 1,000 lb ram, 
utilized on the third member of a backhoe, would require a 20,000 lb class backhoe, vs. an 
6,500 lb ram, utilized on the third member of a backhoe, would require a 130,000 lb class 
backhoe, etc. 

The hydraulic powered shears vary in sizes and types and can be matched to the project specific 
requirements. These sizes range from the smaller 105 lb class, to the medium 2,100 lb class, to 
the large 6,500 lb class. These rams range in impact energy up to 9,OOO ft lbs. 
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MANUAI;L;Y-OPERATED-HYDRAU1;1C-RAM DISMGSR4 09 

IMPLEMENTATION NEEDS: 
A water spray system for confinement of radioactive contaminated materials (concrete debris) 
would need to be developed. This could simply be a labor craft personnel with a water hose and 
spray wand (keep it simple). 

COMMENTS: 
The EG&G Idaho D&D Projects Unit currently is in the process of procuring a hydraulic ram 
impact hammer which it has been utilizing for the various demolition type operations at the 
INEL. The following are the equipment's major specifications for reference (more detailed 
specifications can be obtained upon request): 

Attachment Weight : 
Impact Energy: 1,500 ftAb 
Blowdminute: 500-700 
Mounting: 

Approximately 1,700 lb 

Must be readily mountable to CASE 
688 Crawler Excavator (quick 
connect type attachments). 

CONTACT: D. J. Kenoyer (INEL), (208) 526-9837 

REFERENCES: 
There are many manufacturers of hydraulic powered shears and concrete pulverizers within the 
United States, including foreign Americanized companies. 

The following is a listing of the major manufacturers of hydraulic powered rams, and does not 
attempt to be a complete listing. 

ATTACHMENT EQUIPMENT UAWFACTURER LOCAL. DISTRIBUTOR 
JRB Company, Inc. 
P.O. Box 9445 
Akron, OH 44305 
Phone: (216) 733-6800 

Armond Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 
Phone: (208) 523-0822 

LaBounty Manufacturing Div. 
100 State Road Two 
Two Harbors, MN 55616 
Phone: (218) 834-2123 

Armond Machinery Co. 
P.O. Box 30020 
Salt Lake City, UT 84130 
Phone: (801) 972-4000 

Link-Belt Constr. Equip. Co. 
2651 Palumbo Drive 
Lexington, KY 40509 Pocatello, ID 
Phone: (606) 263-5200 

Central Equipment Co. 
2700 1/2 S. 5th Ave. 

Phone: (208) 233-2850 
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MANUALLY OPERATED HYDRAULIC RAM DISM-SR-109 

Stanley Hydraulic Tools 
3810 SE Naef Road 
Milwaukie, OR 97267 
Phone: (503) 659-5660 

Tramac Corporation 
7 Emery Avenue 
Rudolph, NJ 07869 
Phone: (201) 361-0490 

Case Power & Equipment 
5666 N. Yellowstone Hwy. 
Idaho Falls, ID 83401 
Phone: (208) 523-5455 

Arnold Machinery Co. 
3330 N. Yellowstone Hwy. 
Idaho Falls, ID 
Phone: (208) 523-0822 
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4. MATERIAL DISPOSITION 
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BOREHOLE-DISPOSAL M DIS70GI N 

EM PROBLEM. Material Disposition 

PROBLEM AREAKONTAMINANTS: 
Permanent disposal of uranium, low-level, mixed, and special case wastes in a matrix of boreholes 
in clay-rich rocks. 

SUBELEMENT. Waste disposal 

ALTERNATIVE: Landfill 

TECHNOLOGY Borehole Disposal 

The concept of disposal in a matrix of boreholes in clay rich rocks is a relatively inexpensive 
method for the permanent disposition of uranium, low-level, mixed, and special case wastes. Its 
unique features are its complete flexibility and modular nature in operational conditions. A 
limited area is used at a time, and a complete borehole site can be rapidly returned to normal 
land use. Disposal depths may vary from a few hundred meters to 10oO m. For the purpose of 
preliminary demonstration design, the borehole would be assumed to be 0.52 m in diameter and 
extending vertically to a depth of about 250 m. The depth from the surface to the disposal zone 
would be about 80 m. Because the lateral homogeneity of host material cannot be assumed for 
more than a few thousand meters, the general repository design practice would be to minimize 
lateral extent to not more than lo00 m in any direction. The bore holes would be laid out in 
hexagonal configuration. 

STATUS: Demonstration, testing, and evaluation needed 

SCIENCEEECHNOLOGY NEEDS: 
The concept is practicable by efficient use of existing experience from civil and mining 
engineering technology. However, the satisfactory application of the technology for mixed wastes 
disposal needs to be demonstrated. 
Although the complete evaluation of clay-rich rocks for disposal of radioactive and hazardous 
wastes includes consideration of the hydrologic, geologic, rock mechanical, geochemical, and 
thermal factors that would affect the construction, operation, and performance of these rocks, the 
findings related to their hydrologic elements are believed to be of overriding importance in this 
work. Because excessive groundwater inflow into the borehole workings is probably going to be 
the most important consideration that would lead to the need for nonroutine engineering 
measures, this groundwater inflow would likely be selected as the principal criterion for the 
hydrologic evaluation of prospective borehole disposal sites. 

IMPLEMENTATION NEEDS: 
Development and demonstration of the use of the technology to dispose of radioactive 
mixed-wastes are estimated to require $2M-$3M (1992 dollars). However, the payback could be 
significant when compared to the cost of alternate permanent disposal options. 
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BOREHOLE DISPOSAL MDIS-100-IN 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 

2. W. E Lomenick, “The Development of Technologies for the Long-Term Containment of 
Low-Level Radioactive and Hazardous Wastes Into Geologic Formations,” Chapter 15 in 
Effective and Safe Wasfe Management, R. L. Jolley and R. G. M. Wang, Eds., Lewis 
Publishers, Boca Raton, Florida, 1993. 
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EM PROBLEM: Material Disposition 

PROBLEM ARENCONTAMINANTS: 
Permanent disposal of noncontaminated debris, including asbestos from decontamination and 
decommissioning, remedial action, and current waste management operations 

SUBELEMEITE Waste Disposal 

ALTERNATIVE: Landfill 

TECHNOLOGY INEL Central Facilities Area (CFA) Landfill 

This landfill will accept clean debris (including demolition waste and asbestos) for permanent 
disposal. The landfill is operational. The wastes disposed in this landfill must meet the waste 
acceptance criteria (WAC) for the landfill and obtain approval from the facility manager for the 
disposal of the wastes. The wastes likely to be disposed at this landfill include noncontaminated 
construction debris and sanitary wastes. 

STATUS: Accepted. Additional details such as the WAC for the landfill could be provided upon 
request. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Funding would be required for performing waste analyses (to ensure compliance a-Lh the landfill 
WAC) and waste packaging, handling, and transportation (WPH&T) to the landfill. Estimated 
funding requirements cannot be forecast because they are dependent upon several factors such as 
waste volumes, tipping fees, analytical requirements, and WPH&T costs. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. "INEL Landfill Operations Waste Acceptance Criteria," DOE/ID-10334, Rev. 0, September 
1!392. 
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NEVADA TEST SITE MDIS-102-IN 

EM PROBLEM Material Disposition 

PROBLEM AREAICONTAMINANTS: 
Permanent disposal of low-level radioactive waste from decontamination and decommissioning, 
remedial action, and current waste management operations that meets the waste disposal site’s 
waste acceptance criteria (WAC). 

SUBELEMENT. Waste disposal 

A L T E R N A m  Landfill 

TECHNOLOGY Nevada Test Site 

This site has been earmarked for the disposal of DOE low-level radioactive wastes provided the 
waste meets the site’s WAC. 

STATUS: Accepted 

Additional details such as the site’s WAC could be provided at a later date, if required. 

SCIENCE/TECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Implementation needs for disposing the wastes include obtaining regulatory approval for the 
disposal of the specific low-level radioactive wastes at the site and funding. 

Funding would be required for performing waste analyses (to ensure compliance with the site 
WAC) and waste packaging, handling, and transportation (WPH&T) to the site. Estimated 
funding requirements cannot be forecast because they are dependent upon several factors such as 
waste volumes, tipping fees, analytical requirements, and WPH&T costs. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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EM PROBEM: Material Disposition 

PROBLEM AREA/CONTAMINANTS: 
Permanent disposal of solid RCRA wastes from decontamination and decommissioning, remedial 
action, and current waste management operations that meet the waste disposal site's waste 
acceptance criteria (WAC) 

SUBELEMENT: Waste disposal 

ALTERNATIVE: Off site Landfill 

TECHNOLOGY Commercial RCRA Landfill Sites 

There are several commercial landfill sites that have been approved by the regulators for the 
disposal of RCRA wastes. Some of these sites are Chemical Waste Management site at Emelle, 
Alabama, Rollins site near Baton Rouge, Louisiana, and U. S. Ecology site near Beatty, Nevada. 
These sites have been approved to accept strictly R C R 4  wastes for disposal provided the waste 
meets the site's WAC. RCRA wastes meeting the disposal site's WAC are proposed to be 
disposed at these sites. 

STATUS: Accepted 

Additional details such as the WAC for any of the commercial landfills could be provided at a 
later date, if required. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Implementation needs for disposing the wastes include obtaining regulatory approval for the 
disposal of the specific RCRA wastes at the site, meeting the site's WAC, and funding. 

Funding would be required for performing waste analyses (to ensure compliance with the site 
WAC) and waste packaging, handling, and transportation (WPH&T) to the site. .Estimated 
funding requirements cannot be forecast because they are dependent upon several factors such as 
waste volumes, disposal fees, analytical requirements, and WPH&T costs. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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ENVIROCARE, UTAH LANDFILL MDIS-104-IN 

EM PROBLEM Material Disposition 

PROBLEM AREAEONTAMINANTS: 
Permanent disposal of low-level mixed wastes from decontamination and decommissioning, 
remedial action, and current waste management operations that meet the waste disposal site's 
waste acceptance criteria (WAC) 

SUBELEMEN'E Waste disposal 

ALTERNATIlZ Off site Landfill 

TECHNOLOGY Envirocare, Utah Landfill 

The low-level mixed waste residues are proposed to be permanently disposed at Envirocare's 
landfill near Clive, Utah. This landfill accepts low-level wastes for disposal that meet its waste 
acceptance criteria. 

STATUS: Accepted 

Additional details such as the WAC for the landfill could be provided at a later date, if required. 

SCIENCED'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Implementation needs for disposing the wastes include obtaining regulatory approval for the 
disposal of the specific wastes at the site, meeting the site's WAC, and funding. 

Funding would be required for performing waste analyses (to ensure compliance with the site 
WAC) and waste packaging, handling, and transportation (WPH&T) to the site. Estimated 
funding requirements cannot be forecast because they are dependent upon several factors such as 
waste volumes, disposal fees, analytical requirements, and WPH&T costs. 

CONTA- R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM Material Disposition 

PROBLEM ARWCONTAMINANTS: 
Permanent disposal of TRU wastes from decontamination and decommissioning, remedial action, 
and current waste management operations that meet the waste disposal site’s waste acceptance 
criteria (WAC) 

SUBELEMENT: Waste disposal 

ALTERNATlV2 Underground waste retrievable facilities 

TECHNOLOGY Waste Isolation Pilot Plant (WIPP) Facility, New Mexico 

The TRU waste residues are proposed to be permanently disposed at the WIPP facility in New 
Mexico, provided they meet the facility’s WAC. This facility is being developed specifically for 
disposing of TRU wastes from DOE facilities. 

STATUS: Demonstration, testing, and evaluation currently under way. 

Additional details such as the WAC for the facility could be provided at a later date when it is 
finalized. 

SCIENCE/”ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Implementation needs for disposing the TRU wastes include obtaining regulatory approval for the 
disposal of the specific wastes at the site, meeting the site’s WAC, and funding. 

Funding would be required for performing waste analyses (to ensure compliance with the site 
WAC) and waste packaging, handling, and transportation (WPH&T) to the site. Estimated 
funding requirements cannot be forecast because they are dependent upon several factors such as 
waste volumes, disposal fees, analytical requirements, and WPH&T costs. 

CONTA- R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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INEL RADIOACTIVE WASTE MANAGEMENT COMPLEX MDIS-106-IN 

EM PROBLEM Material Disposition 

PROBLEM AREA/CONTAMINANTS: 
Permanent disposal of radioactive waste from decontamination and decommissioning, remedial 
action, and current waste management operations that meets the waste disposal site’s waste 
acceptance criteria (WAC) 

SUBELEMEIW Waste disposal 

ALTERNATIVE: Landfill 

TECHNOLOGY INEL Radioactive Waste Management Complex (RWMC) 

This is a trench-type disposal facility developed for the disposal of INEL radioactive wastes. 

Status: Accepted 

This facility is currently in operation. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
The cost to bury material at the RWMC is $50.00 to $ 55.00/ft3. This cost assumes the material is 
in standard burial containers and does not include volume reduction or sizing. Items larger than a 
standard burial container can be expected to cost more depending upon the handling 
requirements. 

CONTACT: D. S. Vandel (INEL), (208) 526-5668 

REFERENCES: 

1. Personal communication with Dennis R. Wilkinson of the EG&G Idaho, Inc., RWMC 
Technical Programs Unit. 
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WASTE-M I N I M IZATION-EVACU ATION-SY STEM-(WM ES) WMIN-1004N 

EM PROBLEM Material Disposition 

PROBLEM AREA/CONTAMINANTS: 
Site wide wastes from decontamination and decommissioning (D&D), remedial action, and waste 
management operations. 

SUBELEMENT: Waste minimization 

ALTERNATIVES: Waste Minimization Evaluation System. 

TECHNOLOGY Waste Minimization Evaluation System (WMES) 

An ORNLdeveloped computerized process simulation model, WMES can be used as an effective 
waste minimization evaluation tool. Effective waste minimization and pollution prevention 
techniques should be used to minimize the toxicity and quantity of wastes and pollutants resulting 
from normal operations as well as D&D activities. Previous applications of the WMES model 
have yielded significant reduction of wastes and pollutants because of application of waste 
minimization techniques. This has, in turn, resulted in substantial savings in both operating and 
clean-up costs. The WMES can be customized to model any specific waste management 
operation. Briefly, the WMES integrates the following essential elements to develop waste 
minimization strategy for a given application: 

- systems analysis, 
- process modeling, 
- waste minimization experiences, - 
- regulatory requirements, and - 

knowledge of available treatment options, 

alternative evaluation and selection processes. 

STATUS: Demonstration, testing and evaluation needed 

SCIENCEECHNOLOGY NEEDS: 
The generic methodology for the evaluation system has been developed along with a 
computerized prototype. The evaluation system is implemented using a modular approach. 
Several modules must be further developed to provide a full-scale application, including the waste 
minimization experience data base, the regulations data base, basic process models, the treatment 
selection process, and the data exchange mechanism. Customization for the particular application 
at the INEL will require additional treatment and other process models, waste characterization 
data bases, and specific reporting features. 

IMPLEMENTATION NEEDS: 
Development of the evaluation system is expected to require a team effort over 2 years and 
funding of about $3M-$5M (1992 dollars). Previous waste minimization experiences have shown 
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that an appreciable reduction in waste production- ranging from 15% to 50% of volume 
generation-can be achieved. 

CONTAm R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. 

2. 

3. 

4. 

5. 

6. 

U. S .  EPA, Experience with the EPA Manual for Waste Minimization Opportunity 
Assessments, PB91- 137133. 

J. M. Hoegler, "Magnetic Separation of Uranium from Waste Materials," Waste 
Minimization Practice. 

T. C. Keener, "The Application of a Mobile Solvent Recovery Process to Minimize 
Hazardous Waste," Waste Minimization Practice. 

P. E Mahoney and J. F. Muller, "Utilization of Ash Products from Combustion of 
Shredded Solid Waste," Waste Minimization Ractice. 

Ebasco Services, Inc., Environmental Restoration of the Gaseous Diffusion Plants, report 
prepared for the U. S. DOE under Contract No.: DE-AC05-910R21928, October 1991. 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EXCEPTED-PACKAGEWTRONGrTIGHT-CONTAINERS W P HT-iO-04 N 

EM PROBLEM Material Disposition 

PROBLEM ARENCONTAMINANTS: 
Packaging, handling, and transportation for radioactive materials whose- activity per package does 
not exceed the limits for limited quantities as specified in the regulations 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Strong tight containers 

TECHNOLOGY Excepted Packagd t rong ,  Tight Containers 

Limited quantities of radioactive materials, as defined in the regulations, are authorized to be 
packaged and shipped in strong, tight containers if the provisions made in the regulations are met. 
These strong, tight packages will not leak any of the radioactive materials during conditions 
normally incident to transport. Adequate technology currently exists for strong, tight packages. 

STATUS: Accepted 

Strong, tight packages are currently used throughout DOE to ship limited quantities of radioactive 
materials. 

SCIENCEEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Because the technology for strong, tight packages is adequate, 
there are currently no implementation needs. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 

427 



M U LTI US E, STANDARDIZED , TYPE-A PAC KAGl NG WPHT-101-IN 

EM PROBLEM. Material Disposition 

PROBLEM ARWCONTAMINANTS: Packaging, handling, and transportation of nonfiissile 
concentrated wastes having total activities less than Type-A package limits, as specified in the 
regulations 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Multiuse containers 

TECHNOLOGY Multiuse, Standardized, Type-A Packaging 

Multiuse packaging is needed to improve compliance in Type-A shipments in general and to 
standardize. Design emphasis will be placed on incorporating human factors design features to 
minimize the potential for human error. A standardized multiuse Type-A package will help 
ensure safe, effective, and efficient transportation of Type-A quantities of radioactive materials 
during decommissioning and decontamination. Safe transport, in turn, will support environmental 
restoration efforts and aid in the prevention of environmental damage as a result of 
transportation-related releases of radioactive materials. An acceptable multiuse Type-A packaging 
should be low cost, light weight, widely applicable, and user friendly, and should be reusable 
and/or recyclable. It must meet DOT and international regulations for transport by all modes. 

STATUS: Research and development needed 

The basis for the packaging technology exists; however, multiuse, standardized Type-A packaging 
designs need to be developed. 

SCIENCED'ECHNOLOGY NEEDS: 
An operationally efficient multiuse Type-A package, or packages, for radioactive materials needs 
to be developed to support decommissioning and decontamination efforts. This technology will 
provide better, standardized packaging for small quantities of radioactive liquids, solids, and gases. 
This design should be as widely applicable as possible and made available, where appropriate, for 
cleanup of the INEL. 

IMPLEMENTATION NEEDS: 
Development Costs. For development, testing, and qualification of multiuse Type-A packaging 
designs an estimate of funding requirements is $lM (1992 dollars). 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, Februaly 
1993. 
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lYPE.8-PACKAGING WPHTila2rlN 

EM PROBLEM. Material Disposition 

PROBLEM AREA/CONTAMINANTS: 
Packaging, handling, and transportation for nonffisile hazardous and/or-radioactive materials 
having total activities greater than Type-A package limits, as specified in the regulations 

SUBELEMENT: WFte packaging, handling and transportation 

ALTERNATIVES: Light-weight containers 

TECHNOLOGY Type-B Packaging 

Used to package nonfissile concentrated wastes having total activities greater than Type-A 
package limits. Adequate technology currently exists for Type-B packaging. Certified package 
designs can be identified from the Radioactive Material Packaging (RAMPAC) and the Packag ng 
Management Transportation System (PMTS) data base, which will identify numbers and status of 
packaging available or under development by EM-561. 

STATUS: Accepted 

Type-B packages are currently used throughout DOE to ship radioactive materials. 

SCIENCED'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Because the technology for Type-B packages is adequate, there are currently no implementation 
needs. 

CONTACT R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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TYPE-A AND TYPE-B FISSILE CERTIFIED PACKAGING WPHT-103-IN 

EM PROBLEM Material Disposition 

PROBLEM AREA/CONTAMINANTs: 
Packaging, handling, and transportation, using Type A fissile certified and Type-B fssile certified 
packages, for fmile radioactive materials having total activities less than or greater than Type-A 
package limits, respectively, as specified in the regulations . 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Light-weight containers 

TECHNOLOGY. Type-A and Type-B Fissile Certified Packaging 

Type-A fissile certified packaging is used to package concentrated wastes containing fissile 
material with total activities less than Type-A package limits. Type B fissile certified packaging is 
used to package concentrated wastes containing fissile material with total activities greater than 
Type-A package limits. Adequate technology currently exists for both Type-A fissile certified 
packaging and Type-B fssile certified packaging. Certified package designs can be identified from 
the Radioactive Material Packaging (RAMPAC) and Packaging Management Transportation 
System (PMTS) data base, which will identify numbers and status of packaging available or under 
development by EM-561. 

STATUS: Accepted 

Both Type-A fissile certified packages and Type-B fissile certified packages are currently used 
throughout DOE to ship fissile radioactive materials. 

SCIENCEECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Because the technology for Type-A fissile certified and Type-B fssile certified packages is 
adequate, there are currently no implementation needs. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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PERFORMANCE-ORIENTED-PACXAGlNG,GROUPS-ll 
AND 111, FOR POLYCHLORINATED BIPHENYLS WPHT-104-IN 

EM PROBLEM Material Disposition 

PROBLEM AREA/CONTAMINANTS Packaging, handling, and transportation for 
polychlorinated biphenyl (PCB)-contaminated materials and wastes 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Performance-oriented packaging 

TECHNOLOGY Performance-Oriented Packaging (POP), Groups 11 and 111, for PCBs 

This technology includes packing group 11 and III containers and bulk strong, tight containers. 
PCBs are normally regulated by air and water only and are authorized to be shipped in POP 
packing group II containers except if there is a reportable quantity (RQ). If there is a reportable 
quantity of PCBs (the reportable quantity is 1 pound), then all modes are regulated. When rail 
and highway shipments are regulated, POP packing group 111 containers are authorized. Bulk 
shipments are authorized to be made in strong tight containers, per the regulations. Adequate 
technology currently exists for packaging and shipping PCBs. 

STATUS: Accepted 

Performance-oriented packaging and strong tight packages are currently used throughout the 
DOE to ship PCBs. 

SCIENCEDECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Because the technology for performance-oriented packaging and 
strong tight packages is adequate, there are currently no implementation needs. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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PERFORMANCE-ORIENTED PACKAGING, 
GROUPS II AND 111, FOR ASBESTOS WPHT-1054N 

EM PROBLEM: Material Disposition 

PROBLEM AREA/CONTAMINANTS: 
Packaging, handling, and transportation for asbestos materials and wastes 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Performance-oriented packaging 

TECHNOLOGY Performance-Oriented Packaging (POP), Groups 11 and In,  for Asbestos 

This technology includes packing group 11 and III containers used for shipping asbestos. Friable, 
white asbestos is authorized to be shipped in POP packing group 111 containers. Friable, blue or 
brown asbestos is authorized to be shipped in POP packing group 11 containers. Asbestos 
immersed or f i e d  in a natural or artificial binder material (such as cement, plastic, asphalt, resins 
or mineral ore) and manufactured products containing asbestos are not subject to the 
requirements of the packaging regulations. Adequate technology currently exists for packaging 
and shipping all types of asbestos. 

STATUS: Accepted 

Performance-oriented packaging is currently used throughout the DOE to ship asbestos. 

SCIENCEKEiCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Because the technology for performance-oriented packaging is adequate, there are currently no 
implementation needs. 

CONTACE R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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PE RFO RMANCEGORI ENTE D-PACKAG I NGcG ROU PS-1-1 II , 
FOR RCRA NONRADIOACTIVE WASTE WPHT-1 06-IN 

EM PROBLEM Material Disposition 

PROBLEM AREAEONTAMINANTS: 
Packaging, handling, and transportation for RCRA nonradioactive hazardous waste 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Performance-oriented packaging 

TECHNOLOGY Performance-Oriented Packaging (POP), Groups I-111, for RCRA 
Nonradioactive Waste 

This technology includes packing group I, II, and 111 containers, specification packaging, and 
strong, tight containers for handling RCRA nonradioactive hazardous wastes. These wastes or 
materials are authorized to be shipped in POP packing group I, 11, and 111 packages for nonbulk 
shipments, per the regulations. For bulk shipments, specification packaging and strong, tight 
containers are authorized, per the regulations. Adequate technology currently exists for 
packaging and shipping RCRA nonradioactive hazardous waste. 

STATUS: Accepted 

Performance-oriented packaging, specification packaging, and strong tight containers are currently 
used throughout DOE to ship nonradioactive hazardous waste. 

SCIENCEKECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Because the technology for performance-oriented packaging, specification packaging, and strong, 
tight containers is adequate, there are currently no implementation needs. 

C O N T A a  R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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ON-SITE PACKAGING WPHT-107-IN 

EM PROBLEM Material Disposition 

PROBLEM ARWCONTAMINANTS: 
On-site packaging, handling, and transportation of hazardous and/or radioactive materials and 
wastes 

SUBELEMENT: Waste packaging, handling and transportation 

ALTERNATIVES: Packaging 

TECHNOLOGY On-Site Packaging 

This includes Type-A, Type-B; fissile; strong, tight; industrial packaging (IP); 
performance-oriented packaging (POP); and bulk packaging or packaging equivalent in safety. 
Full adherence to federal regulations applicable to off-site packaging and transportation of 
hazardous materials is an acceptable approach to meeting the requirements. Packaging that has 
the equivalent safety of off-site packaging is also acceptable. Assuring equivalent safety can be 
achieved by relying on package performance or incorporating specific hazardous communications 
and enroute control measures along with package performance. Adequate technology currently 
exists for on-site packaging and transportation. 

STATUS: Accepted 

On-site shipments of hazardous and radioactive materials and wastes are currently made 
throughout the DOE. 

SCIENCE/I'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: Because the technology for on-site packaging and transportation 
is adequate, there are currently no implementation needs. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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C E M E NTlTl 0 U S-SO CI D I FI CAT10 N/STAB I LIZATI 0 N-( CS/S) WSTA4 004N 

EM PROBLEM Material Disposition 

PROBLEM AREAEONTAMINANTS: 
Stabilization of final contaminated residues that result from decontamination and 
decommissioning, environmental restoration, and waste management operations performed at the 
site. These radioactive and/or hazardous wastes have to be prepared for final disposal in 
compliance with regulations. 

SUBELEMENT: Waste stabilization 

ALTERNATIVES: Solidification, macroencapsulation, microencapsulation, chemical fixation 

TECHNOLOGY Cementitious Solidification/Stabilization (CS/S) 

Is one of the most widely used techniques for treating and ultimately disposing of hazardous 
wastes and low-level radioactive wastes. Cementitious materials are the predominant materials of 
choice because of their low associated processing costs, compatibility with a wide variety of 
disposal scenarios, and ability to meet stringent processing and performance requirements. 
Cementitious materials include cement; granulated blast furnace slag; fly ash; lime; and fumed 
silica. Various clays and additives are used to help immobilize contaminants or otherwise enhance 
waste form properties. Soluble constituents in the waste chemically interact with the cementitious 
materials to form low-solubility products at the low pH and Eh prevailing in the waste form. 
These interactions usually affect cementitious hardening and properties to some degree. Testing 
with a specific waste or waste stream is required to tailor formulation to the desired properties. 
Sufficient attention must be given to characterizing the waste, developing the formulation to treat 
the waste, and implementing this formulation in the field to assure correct mixing of the 
formulation. Adding these dry ingredients inevitably increases the volume of the waste treated, 
which can add significantly to lifetime disposal costs. The volume decrease claimed by techniques 
such as thermoplastic encapsulation come from evaporation of water and encapsulation of the 
solids. The same evaporation pretreatment could be used with CS/S to obtain a net volume 
decrease, but some of the simplicity of CS/S would be lost. Cementitious waste forms are porous, 
making them more leachable than polymeric or glass waste forms. The key to success has been 
controlling this leachability (by pH, Eh, and/or absorbents) within satisfactory limits for a simpler 
and cheaper treatment. 

.For relatively inert materials, such as rubble or scrap metal, cementitious materials are ideal for 
macroencapsulation. Encapsulated ion-exchange resins can lead to breakdown of the solid matrix 
because of the volume changes that result from wetting and drying of the resin. Proper 
formulation and pretreatment has succeeded in overcoming this problem for encapsulated resins. 

STATUS: Accepted 
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CEMENTITIOUS SOLlDIFICATION/STABILlZATlON (CS/S) WSTA-1 00-IN 

SCIENCEEECHNOLOGY NEEDS: 
Better understanding of immobilization mechanisms and chemistry of these waste forms can lead 
to improved performance and better predictions about their durability. This technique is currently 
in wide-scale use. 

IMPLEMENTATION NEEDS: 
These are relatively minimal, because it is accepted technology. However, formulations need to 
be developed, or at least tested, for the specific wastes intended for treatment. Proper 
implementation is necessary to ensure that waste forms tested in the laboratory represent what 
will be produced in the field. This means having the necessary equipment and expertise to 
properly blend and mix these solid constituents and manage the operation properly, so that the 
right formulation is mixed. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. 

2. 

3. 

4. 

J. R. Conner, Chemical Fixation and Solidification of Hazardous Wastes, Van Nostrand 
Reinhold, New York, 1990. 

1. L. Morgan and W. D. Bostick, Peflormance Testing of Grout-Based Waste Forms for the 
Solidification of Anion Exchange Resins, WQT-382, October 1990. 

A. van Dalen and J. E. Rijpkema, Modified Sulphur Cement: A Low Porosity Encapsulation 
Materia2 for Low, Medium and Alpha Waste, paper published by the Commission of the 
European Communities, EUR 12303 EN, 1989 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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POLYMER-IMPREGNATED-CONCRETE-(PIC)- WSTA4 014N 

EM PROBLEM Material Disposition 

PROBLEM AREAKONTAMINANTS: 
Stabilization of final contaminated residues that result from decontamination and 
decommissioning, environmental restoration, and waste management operations performed at the 
site. These radioactive and/or hazardous wastes must be prepared for final disposal in compliance 
with regulations. 

SUBELEMENT: Waste stabilization 

ALTERNATIVES: Solidification, macroencapsulation, microencapsulation, chemical fmation 

TECHNOLOGY Polymer Impregnated Concrete (PIC) 

Basically, this technique is an extra step to achieve waterproofing after cementitious 
solidificatiodstabilization. Polymer impregnation has been studied for many years, and usually it 
is restricted to treatment within a few millimeters of the surface. It has been used as a means of 
Waterproofing and environmental protection for structural concrete. A technique was invented at 
ORNL to achieve essentially complete monomer permeation throughout a waste form by adding 
polystyrene foam during mixing of the cementitious waste form. This introduces porosity into the 
waste form, potentially making a weaker product (not a great concern for waste forms). The 
monomer is polymerized, giving a waterproofing component throughout the waste form. This 
treatment has protected cementitious waste form samples from attack by concentrated 
hydrochloric acid. Laboratory development is still needed to optimize treatment and test the 
properties of the resulting waste form. The product has the advantages of a cementitious waste 
form with the added protection of a waterproofing layer throughout the waste form. Leaching 
will still occur across the polymeric barrier from the porous cementitious waste form. Brookhaven 
National Laboratory (BNL) acquired a patent using polymer impregnation of cement as a means 
of disposing of tritiated water. 

STATUS: Research and development needed 

Evolving technology/conceptual. Some laboratory work has been conducted on the technology. 

SCIENCEDECHNOLOGY NEEDS: 
These include further development of the technology to where it can be used to successfully 
stabilize some of the residues likely to be generated at the site. 

IMPLEMENTATION NEEDS: 
Development and demonstration of the efficacy of this stabilization method are expected to cost 
$5M-$lOM (1992 dollars). However, payback for the process could be significant, if it is 
demonstrated that the technique can successfully stabilize radioactive and/or hazardous residues 
generated at the site. 



POLYMER IMPREGNATED CONCRETE (PIC) WSTA-101 -IN 

CONTACX R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

2. A. J. Mattus and R. D. Spence, ORNL, Process for Impregnating a Concrete or Cement Body 
with a Polymeric Material, U.S. patent 4,828,761, May 9, 1989. 

3. Peter Colombo, Robert M. Neilson, Jr., and Walter W. Becker, BNL, Rocess for Disposal 
of Aqueous Solutions Containing Radioactive Isotopes, US. patent 4,174,293, November 13, 
1979. 
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THERMOPI;ASflC-ENCAPSUL;A-TION WSTA4024N 

EM PROBLEM Material Disposition 

PROBLEM AREA/CONTAMINANTS: 
Stabilization of final contaminated residues that result from decontamination and 
decommissioning, environmental restoration, and waste management operations performed at the 
site. These radioactive and/or hazardous wastes must be prepared for final disposal in compliance 
with regulations. 

SUBELEMENT: Waste stabilization 

ALTERNATIVES: Solidification, macroencapsulation, microencapsulation, chemical fmation 

TECHNOLOGY Thermoplastic Encapsulation 

Two thermoplastics, bitumen and polyethylene, have been developed as encapsulation waste 
forms. Ostensibly, thermoplastics do not interact with the waste, so extensive testing to tailor the 
waste form is not needed, and net volume reductions can result for liquid wastes. The waste must 
be dried and the dried solids encapsulated in the thermoplastic. Solids may need to be preheated 
to the thermoplastic melt temperature to prevent "premature freezing" of the thermoplastic. The 
waste is exposed to higher temperatures during drying and mixing with the molten thermoplastic, 
so volatile species such as mercury may not be amenable to such treatment. The processing is 
more complex than cementitious solidificatiodstabilization (CS/S). The waste is not chemically 
immobilized or stabilized, but the thermoplastic is nonporous and, hence, less leachable. It is 
questionable whether such physical encapsulation waste forms will pass the required TCLP 
leachability test. Also, current EPA guidance states that chemical fmation, rather than just 
physical encapsulation, is required. For this reason, CS/S is the best demonstrated, available 
technology (BDAT) for hazardous RCRA metals. 

Bitumen has been used extensively in Europe, and a couple of commercial vendors have offered 
bitumen encapsulation in the U.S. However, bitumen creeps and requires a container (e.g., %-gal 
drum or concrete vault) for structural integrity. Bitumen absorbs water, swelling as it does so, 
which depending upon the waste form could lead to cracking. Encapsulated soluble salts will set 
up large osmotic pressures within thermoplastic waste forms upon contact with water, causing 
further expansion for bitumen waste forms. Concern also existi about encapsulating nitrate salts 
(known oxidizers) in thermoplastics and the biodegradability of these waste forms. Once ignited, 
such a mixture may bum without air. The combination of these problems has made bitumen less 
popular than cementitious waste forms, despite its superior leach resistance. Polyethylene may 
overcome most, if not all, of these problems, but presently it is only a laboratory development. 
Polyethylene offers the structural integrity that bitumen lacks. Also, BNL has studied 
polyethylene as a waste form for DOE and claims that nitrate salts encapsulated in polyethylene 
will pass fire and self-ignition tests. BNL has not developed the technology for drying the waste 
before encapsulation in polyethylene, nor has BNL encapsulated actual wastes. BNL has mainly 
studied the properties of dry salts encapsulated in polyethylene. Rocky Hats has also performed 
nitrate salt microencapsulation in polyethylene. Bench scale testing has been completed and a 
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THERMOPLASTIC ENCAPSULATION WSTA-1024 N 

larger scale extrusion demo is planned for FY-94. So, the technology is mainly a laboratory 
development. It has yet to be demonstrated that the process can pass the required TCLP 
leaching test and that the process has production-scale capabilities with actual wastes. 

STATUS: Demonstration, testing, and evaluation needed 

The bitumen stabilization process is at the demonstration-scale level, while the process using 
polyethylene is adjudged to be at the predemonstration scale of development. 

SCIENCEmCHNOLOGY NEEDS: 
These include developing the particular technology to where it can be used to stabilize residues 
generated at the site in compliance with regulations. These could include, for example, 
developing the waste form that will pass the TCLP test; techniques to dry the waste before 
encapsulation for the polyethylene process; developing the waste forms' resistance to biological 
degradation; and developing methods for handling volatile hazardous compounds that may be 
present in residues. Materials susceptibility to corrosion at the elevated temperatures for the 
processing equipment also needs to be explored, especially if chloride or fluoride species are 
present in the waste. 

IMPLEMENTATION NEEDS: 
Developing and demonstrating the efficacy of this stabilization method are estimated to cost 
$2M-$5M (1992 dollars). However, payback for the process could be significant, if it is 
demonstrated that the technique can successfully encapsulate or isolate radioactive and/or 
hazardous compounds from the environment for the required period. 

CONTACT: R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

2. J. R. Comer, Chemical Fixation and Solidification of Hazardous Wastes, Van Nostrand 
Reinhold, New York, 1990. 
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THERMOPWSTIC-ENCAPSULATION---- ~- 

[SULFUR POLYMER CEMENT (SPC)] WSTA-103-IN 

EM PROBLEM Material Disposition 

PROBLEM ARENCONTAMINANTS: 
Stabilization of the final contaminated residues that result from the decontamination and 
decommissioning, environmental restoration, and waste management operations performed at the 
site. These radioactive and/or hazardous wastes must be prepared for final disposal in compliance 
with regulations. 

SUBELEMENT: Waste stabilization 

ALTERNATIVES: Solidification, macroencapsulation, microencapsulation, chemical fixation 

TECHNOLOGY Thermoplastic Encapsulation [sulfur polymer cement (SPC)] 

Sulfur polymer cement (SPC) encapsulation is like thermoplastic encapsulation in that the dried 
waste solids are encapsulated in the molten sulfur. The advantages are similar in that little 
interaction is anticipated, a nonporous waste form results in less leaching, and drying the liquids 
results in a net volume decrease. Sulfur is resistant to acid attack, so that SPC has been used as a 
construction material in aggressive acid environments. On the other hand, sulfur cannot be used 
in other environments, such as high alkalinity. These deleterious environments have been 
identified and must be avoided. SPC has been studied as a waste form by BNL and in Europe. 
These studies have been on a laboratory scale, so pilot-scale testing and demonstrations still are 
needed. As with thermoplastics, it is questionable whether SPC will meet EPA's guidance 
regarding the use of chemical fmation, because it is a purely physical encapsulation technique. 
SPC is being touted as an acceptable waste form for disposing of radioactive wastes. The 
Europeans succeeded in pretreating ion-exchange resins, so that resins encapsulated in SPC could 
be immersed in water without resin swelling, causing a breakdown of the SPC matrix. 

STATUS: Demonstration, testing, and evaluation needed 

SCIENCEAECHNOLOGY NEEDS: 
These include performance testing of the SPC waste form in the TCLP test; developing the 
technology for drying the waste before encapsulation; and demonstrating the technique on an 
industrial scale. 

IMPLEMENTATION NEEDS: 
Those needed to develop this process to where it can be used to treat residues at the INEL are 
given above. Development is estimated to cost $2M-$5M (1992 dollars). 

CONTACE R. H. Meservey (INEL), (208) 526-1834 
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THERMOPLASTIC ENCAPSULATION 
[SULFUR POLYMER CEMENT (SPC)] WSTA-1034N 

REFERENCES: . 

1. 

2. 

3. 

4. 

Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

P. D. Kalb, J. H. Heiser III, and P. Colombo, Encapsulation of Mired Radioactive and 
Hazardous Waste Contaminated Incinerator Ash in Modified Suljkr Cement, BNL-43691, 
undated (approximately 1991). 

A. van Dalen and J. E. Rijpkema, Modified SuIphur Cement: A Low Porosity Encapsulation 
Material for Low, Medium and Alpha Waste, paper published by the Commission of the 
European Communities, EUR 12303 EN, 1989. 

G. R. Darnell, Sulfur Polymer Cement, A New Final Waste Form for Radioactive and 
Hazardous Wastes, paper published by Idaho National Engineering Laboratory, November 
19, 1992. 
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THERMOSEITING-PI;ASTICS-ENCAPSUI;ATION WSTA:104;IN- 

EM PROBLEM Material Disposition 

PROBLEM ARENCONTAMINAIWS: 
Stabilization of final contaminated residues resulting from decontamination and decommissioning, 
environmental restoration, and waste management operations performed at the site. These 
radioactive and/or hazardous wastes must be prepared for final disposal in compliance with 
regulations. 

SUBELEMENT. Waste stabilization 

ALTERNATIVES: Solidification, macroencapsulation, microencapsulation, chemical fwation 

TECHNOLOGY Thermosetting Plastics Encapsulation (VSE) 

Vinyl Ester Styrene (VES) encapsulation is a form of thermosetting plastics encapsulation. This 
thermosetting encapsulation is accomplished by infiltration of, or mixing with, the monomer 
followed by polymerization, encapsulating the waste. Thermoplastic (polyethylene and bitumen) 
encapsulations require melting the polymer and mechanically mixing it with waste, requiring 
elevated temperatures and dried wastes. Thermoset encapsulation' does not require elevated 
temperatures or dried wastes. VES encapsulation originally was developed by Dow Chemical, but 
it is now being developed and marketed by Diversified Technologies of Chestertown, Md. 
Primarily, it has been developed as a means of encapsulating ion-exchange resin without the 
matrix failure experienced by cementitious solidification/stabilization methods when the resin 
shrinks and swells with wetting and drying. The process developed is quite simple and does not 
require resin drying or mechanical mixing. The resin bed is drained of aqueous solution, the VES 
monomer mix is infiltrated into the bed of wet resin (displacing residual water clinging to the resin 
beads), and finally, the monomer is polymerized, forming a monolith of VES, with the wet resin 
encapsulated inside. V E S  encapsulation of a resin bed does not result in a net increase in bulk 
volume, an important economic advantage for ultimate disposal. Likewise, it is also possible to 
encapsulate beds of other large solids. However, the size of these solids may be limited due to 
the creation of "heat sinks" which affect the exothermic polymerization reaction uniformity, 
thereby causing cracking to occur. Fine solids, such as ashes from incineration, may be 
encapsulated, but mechanical mixing likely will be required to get a homogenous mix. Ostensibly, 
no interaction occurs between the waste and VES, but some materials may interfere with 
polymerization of the monomers, especially organic materials. Liquid wastes cannot be handled 
presently, except by evaporation to solids. But conceptually, an emulsion could be formed, 
leading to liquid waste dispersed throughout the solid VES. Technically, this does not meet some 
definitions of "no liquid" for disposal purposes. Also, this is a physical encapsulation technique 
with no chemical immobilization of the waste species. It is questionable whether VES 
encapsulation would pass the required TCLP test. 

STATUS: Demonstration, testing, and evaluation needed 
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THERMOSElTlNG PLASTICS ENCAPSULATION WSTA-1044N 

VES is an accepted technology for encapsulating spent ion-exchange resins; it is adjudged to be at 
the predemonstration scale for disposal of ashes and other fine solids and is considered 
conceptual for disposal of liquid wastes. 

SCIENCE/TECHNOLOGY NEEDS: 
These include developing this technology to where it can be used to stabilize (in compliance with 
regulations) more of the expected residues likely to be generated at the site than just the spent 
ion-exchange resins. These needs include, for example, conducting development studies to 
determine the following: whether the VES waste form will meet the TCLP leachability test for 
RCRA metals; the need to develop means to incorporate ashes into the monomer mix and test 
the performance of the resulting product, the need to determine what materials will interfere with 
polymerization of VES or weaken the resulting waste form, and the need to quantify residual 
monomer content after polymerization and determine the potential release rate of this monomer 
to the environment. 

IMPLEMENTATION NEEDS: 
Developing and demonstrating the efficacy of this stabilization technique are estimated to cost 
$2M-$5M (1992 dollars). However, payback for the process could be significant, if it is 
demonstrated that the technique can successfully encapsulate and isolate residues other than the 
spent ion-exchange resins for the required period. 

CONTACT. R. H. Meservey (INEL), (208) 526-1834 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 

2. J .  R. Conner, Chemical Fixation and Solidification of Hazardous Wastes, Van Nostrand 
Reinhold, New York, 1990. 
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ROBOTIC-WHEEI;ED/TRACKED-VEHICliES-- ROBA-01 -IN 

.- 
. .  . .  

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMXNANTS: 

Characterization - Provides methods of deploying sensors and instruments required under Alternatives: 
“Sampling,” “In Situ Chemical,” and “In Situ Physical.” 
Provides methods for the automation of analytical laboratory operations including 
Alternatives: “Sample Preparation,” “Data CollectionData Management,” and “Ex Situ 
Chemical.” 

- 

Decontamination - Provides methods of deploying tools or performing operations necessary for 
decontamination of equipment or facilities. Would be useful for those decontamination 
technologies requiring deployment in a glove bodroom on previously disassembled 
equipment where programmed motions of a manipulator arm would increase the efficiency 
of operations, as in Alternatives: “Mechanical Substrate Surface Removal.” 
Good, useful, and perhaps necessary for in situ decontamination technologies that generate 
secondary environmental hazards, for example, Grinding (DCON-43 and -44), Plasmas 
Torch (DCON-72), Carbon Dioxide Blasting (DCON-39), etc. 

- 

Dismantlement - Provides methods of deploying the tools or performing the operations necessary for the 
dismantlement of facilities or equipment. The dismantlement technologies identified below, 
for example, may require robotics or automated motions to increase their cost-effectiveness 
or protect cleanup personnel. 

Abrasive Jet (high-pressure water) 
Diamond Wire Cutting 
Microwave Scabbing 
Laser Cutting 
Conventional Disassembly 
Plasma Arc Cutting 
Grabbler for Remotely Cutting Metals 
Vacuum Systems 

DISM-11, -35, and -52 
DISM-12 
DISM-3 1 
DISM-34, -42, and -49 
DISM-33 
DISM-36 
DISM-43 and -58 
DISM-46 and -47 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Mechanical mobility 

TECHNOLOGY Robotic Wheelednracked Vehicles 
(1) Heavy duty (> 10,OOO lb), (2) medium duty (> 1 , W  lb), and (3) light duty (> 100 lb) 

STATUS: Accepted 

447 



. ,  .. . . ._I 

, L .  

ROBOTIC WHEELEDnRACKED VEHICLES ROBA-01 -IN 

Efficacy. Moderate probability of being useful for INEL decommissioning. Indeed, if robotics are 
used at the INEL, this is the primary method of deployment. 

Waste. Possible emissions for internal combustion power sources. Decontamination of system 
after use. 

Comments: 
Examples of both wheeled and tracked vehicles exist, ranging from small, light-duty machines of 
the type used for internal pipe and conduit inspection to large, heavy-duty earthmoving machines 
such as backhoes and bulldozers. An example of a medium-duty machine is a wheeled, high lift 
device that can be steered from a manned bucket. 

All of these three classes of devices are proven for single machinehingle operator remote 
operation. None of them have been significantly demonstrated for either autonomous or multiple 
machinehingle operator control. 

SCIENCEDCHNOLOGY NEEDS: 
Improved controls to allow more autonomy of operation. 

IMPLEMENTATION NEEDS: 
Development costs will range between $loOK and $300K/application. Capital costs will range 
from $75K for light-duty robotic vehicles to $3oOK for large systems. Operating costs depend on 
the mode of operation, but they will range from $250K to $400K/machine/year. 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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PIPE/DUCT-CRAWI;ER;INTERNAI; RQBA-02-IN- 

EM PROBLEM Decommissioning 

PROBLEM AREAS/CONSTITUENTS: 
Support of characterization and decontamination. Pipe/duct crawlers for characterization and, 
perhaps, decontamination of the inside surfaces of pipes and ducts 

SUBELEMENTS : Rob0 tics/au toma tion 

ALTERNATIVES: Mechanical mobility 

TECHNOLOGY PipeDuct Crawler, Internal 

A remote deployment system is required for deployment of sensors for characterization and the 
deployment of process methods for decontamination within pipes and ductwork Technology 
exists to deploy remote devices within pipes and ductwork; however, the capability of those 
devices to do useful work is limited. Work to date has been limited to primarily video and simple 
sensing. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. The ability for internal pipe and duct crawlers to provide adequate mobility has been 
demonstrated in the absence of obstacles. 
Waste. Secondary waste may be generated during decontamination of the system after use. 

Comments: 
A major driver for pursuing internal pipe or ductwork systems is to help establish the exact extent 
of contamination within these areas. Without internal characterization, all of these extensive 
systems must be considered contaminated and treated as such in dismantlement and waste 
handling. Internal characterization and possibly decontamination could potentially limit the extent 
of work required and waste generated from the D&D of these systems. 

SCIENCED'ECHNOLOGY NEEDS: 
Technology development is required in the following areas: - Miniaturization of sensors and tooling. Considerable effort is required to develop the 

small scale sensors, manipulation and/or decontamination process systems needed 
within this highly constrained environment. 
Obstruction removal or bypass. A major impediment to extensive deployment of 
internal pipe and ductwork systems is the frequent existence of obstructions such as 
valves, flow vanes, etc., which must be considered. 
Development of control and data collection autonomy for these systems is required to 
allow multiple systems to traverse longer runs with little or no direct operator 
supervision. 

- 

- 
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PIPE/DUCT CRAWLER, INTERNAL ROBA-02-1 N 

IMPLEMENTATION NEEDS 
No development or demonstration program in this area is currently underway. A viable 
demonstration project would require hardware and software development, integration, and testing. 
A ROM estimate for such a feasibility demonstration program specifically looking at the 
characterization of the ventilation ductwork would be 1 to 1.5 years and a total of $l.OM to 
$2.0M. 

Current technology exists to deploy remote video within pipes and ductwork. Current internal 
pipe and ductwork systems are primarily deployed with tethers for communications, power, and 
retrieval. An area of concern is cable management for tethered systems. Engineering 
modifications of development systems as well as integration and test for specific applications will 
be required for implementation. Emphasis should be placed on the autonomy of these systems to 
allow multiple systems under the control of a single operator to reduce operating costs. Mobility 
systems with simple manipulation, but excluding decontamination or sensing system are estimated 
to cost under $lM/vehicle. 

C O N T A a  B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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- 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: . 

Support of characterization, dismantlement, and decontamination. Requires robotic device 
capable of negotiating the external surface of a pipe or duct. Asbestos removal and packaging is 
one particularly large application. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES:, Mechanical mobility 

TECHNOLOGY PipeDuct Crawler, External 

A remote deployment system is required for deployment of sensors for characterization and the 
deployment of process methods for decontamination on external pipes and ductwork Similar 
crawler/climber systems are required for other complex access or complex geometry areas. 
Technology exists to deploy remote devices on external pipes and ductwork; however, the 
capability is primarily in laboratory development stages. 

STATUS: Demonstration, testing, and evaluation needed 

Current commercial costs for asbestos removal from linear pipe runs is approximately $35/ft and is 
expected to more than double when low-level radiation contamination is present. The amount of 
pipe insulation removal required will be on the order of 100,OOO linear feet with costs in the 
multimillion dollar range for manual removal. An effective remote system would provide cost 
benefits, particularly considering applications at other sites and possible commercial potential. 
Primary considerations for robotic deployment include reduced secondary waste generation from 
protective clothing and barriers, current low worker productivity, and reduced worker exposure to 
asbestos. 

Efficacy. The ability of an external crawler to provide mobility for sensors or tooling is high in 
the absence of obstacles in the path. 

Waste. Secondary waste may be generated during decontamination of the system after use. 

Additional Comments: 
Several areas consisting of complex geometry or complex access pose problems for both manual 
and remote characterization, decontamination and/or dismantlement. A prime candidate for this 
type of remote deployment is the removal of asbestos insulation from pipe runs. 

SCIENCEA'ECHNOLOGY NEEDS: 
Technology development is required in the following areas: - Robotic compatibility of tooling. Current manual methods for removing asbestos 

must be modified for robotic deployment or new robotic methods developed. 
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PIPE/DUCT CRAWLER, EXTERNAL ROBA-03-1 N 

- Obstruction bypass. A major impediment to extensive deployment of external pipe 
crawling systems is the frequent encounter with obstructions such as valves and pipe 
hangers. 

IMPLEMENTATION NEEDS: 
OTD RTDP demonstration project-A development project for a robotic demonstration system 
for asbestos removal and bagging from straight pipe runs is underway with the Office of 
Technology Development (OTD) Robotics Technology Development Program (RTDP). 
Demonstration on straight runs with no obstacles is expected in early FY-94. Development will 
continue into FY 1995 in the area of obstacle bypass. Development for other applications would 
require similar funding levels. 

Engineering modifications of development systems as well as integration and test for specific 
applications will be required €or implementation. Depending on the complexity of the crawler 
and tooling, system cost of as much as $lM could be expected. 

CONTACE B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMINANTS: Support of dismantlement and decontamination 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Mechanical mobility 

TECHNOLOGY Bridge-Mounted Robotic Platform 

Robotic devices that can be mounted on and deployed from existing bridge cranes in the building 
being decommissioned. Such devices are now relatively common. Examples are master-slave 
servomanipulators, metal cutting devices, video inspection equipment, and radiation detection and 
measurement systems. 

STATUS: Accepted 

Efficacy. High; it will be particularly useful for dismantlement and transport of heavy equipment 
items. 

Waste. Little, if any, waste will result from the use of bridge-mounted robotic platforms. 

Comments: 
Single robot bridge-mounted robotic platforms are thoroughly demonstrated. They include both 
rigid mast cranes and telescoping tubes mounted on trolleys. A wide variety of sizes and weight 
capacity devices have been built and successfully operated. 

SCIENCE/I'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
(1) Improved standardization and (2) improved remote maintenance methods. These needs will 
add little to the development cost of the system. Capitol costs will range from $loOK to 
$200Wapplication. 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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POWER SOURCES FOR MOBILE PLATFORMS ROBA-05-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-Methods of providing 
powedenergy to mobile platform, manipulator arms, sensors, and tools in the remote environment 
must be developed. Generic methods identified include batteries, fuel cells, internal combustion 
engines, and umbilical cords. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Mechanical mobility 

TECHNOLOGY Power Sources for Mobile Platforms 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. All mobile platforms require power sources for platform 
mobility, manipulation, sensors, and/or controls. Batteries, internal combustion engines, and 
umbilical cords are accepted technologies and have been widely used on mobile robotic platforms. 
Each has limiting features for the INEL application requiring scienceltechnology investments or 
implementation investments. Fuel Cells are at the demonstration level for this application and 
require science/technology investment. 

STATUS: Accepted 

Batteries, internal combustion engines, umbilicals; Demonstration, testing and evaluation 
needed;-fuel cells. 

Efficacy. High for internal combustion engines and umbilicals, medium for batteries and fuel 
cells. 

Waste. Potential chemical waste from batteries and fuel cells, emissions for IC engines, and 
decontaminate wastes for umbilicals. 

SCIENCED’ECHNOLOGY NEEDS: 
Battery power for mobile robotic platforms is severely limited by the energy storage capacity on a 
weight basis. Lead acid batteries and other newer designs remain much too heavy for practical 
use in operations other than characterization. In addition, the charge/discharge characteristics 
limit system availability. Fuel cells are limited in current capacity and discharge rate and are not 
demonstrated for this application to date. Internal combustion engines for power generation 
require emission control development to be suitable for the INEL applications. In order to 
successfully implement hard-wired umbilical power supplies in remote robotic applications, clear 
and unobstructed movement passageways must be allowed to minimize the likelihood of snagging 
or cutting the trailing cable. The link must use either a retrievable or sacrificial approach. Costs 
will be prohibitive for sacrificial power cables, and the safety issues would likely preclude this use. 



POWER-SOURCES-FOR-MOBILE-PLATFORMS ROBA1054N 

Impediments to maintaining continuity (i.e., closing doors, multi-traverse operation, etc.) must be 
eliminated. These requirements can make trailing cable applications undesirable and/or 
uneconomical for many applications where task area is complex and movement restrictions are 
undesired. The other approach would be for the design to allow the mobile platform to maintain 
the ability to plug its power cord into available power supplies. This solution would require the 
demonstration of a hybrid batteryhard-wire power system. 

IMPLEMENTATION NEEDS: 
Normal deployment needs. Costs for deployments are generally included in the costs identified 
for the robotic vehicle or platform and include: 

- 
- - 

Batteries. Improved capacity and duty cycles ($1M to 2M) 
Fuel Cells. Improved capacity and discharge work ($2M to 4M) 
Internal Combustion Engines. Improved emission controls ($1M to 2M) 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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FAILURE RECOVERY ROBA-06-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Support of characterization, dismantlement, and decontamination - 

SUBELEMEW: Rob0 tics/au toma tion 

ALTERNATIVES: Mechanical mobility 

TECHNOLOGY Failure Recovery 

Redundant drives and tethers, methods to retrieve robotic devices from the hazardous 
environment in the event they fail while performing a remote task. 

STATUS: Accepted 

Efficacy: (redundant drives), Medium for increased system complexity, 
(tethers), high, particularly for uncluttered areas 

Comments: 
Both redundant drives and tethers have been frequently demonstrated for the remote recovery of 
bridges, trolleys, and wheeledhracked vehicles in the event of their failure. The need for totally 
remote vehicles or other device recovery methods during INEL D&D is not strong because of 
the lack of a high radiation environment. 

SCIENCE/IECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Capitol costs to include either tethers or redundant drives will be less than $SOK/application. 

CONTACE B. E. G-riebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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L;ONG&REACH-ARMS,LIGHT-DUTY ROBA=074N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-long-reach arms with a 
reasonable level of dexterity are required to deploy tools and sensors. These are categorized as 
light-duty, mediumduty, and heavy-duty. 

SUBELEMENTS: Robotics/automation 

A L T E R N A W :  Mechanical manipulation 

TECHNOLOGY long-Reach Arms (2-30 m), Light Duty (40 - lb  payload) 

A light-duty, long-reach, manipulator system is required to deploy sensor systems throughout 
large-volume areas during characterization. Payload capacity up to 50 lb will be required. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Long-reach manipulators exhibit structural and joint flexibility which may limit 
positioning accuracy. Control system development or accurate positioning mechanisms at the end 
of the manipulators may solve this concern. 

Waste. Possible hydraulic fluid during operation and secondary waste may be generated during 
decontamination after use. 

SCIENCEEJ3CHNOLOGY NEEDS: 
Technology development is required in the following areas: 

Flexible body control. Flexibility characteristics of long manipulators is a major 
control issue and must be addressed. 
End-point sensing. With flexible members, external sensing is required to correctly 
determine the end-point position of the manipulator for proper position control. 
Collision avoidance. The size of the manipulator and the large volumes swept during 
motion make collision avoidance capabilities essential. 
Lightweight, small cross-section design. Light weight, long reach, systems are required 
which can be deployed on mobile systems for large area characterization. 

- 
- 
- 
- 

IMPLEMENTATION NEEDS: 
OTD RTDP demonstration project. A development project for a light-duty, long-reach, 
manipulator system is underway within the OTD Robotics Technology Development Program 
(RTDP). Demonstration of the system is expected in FY-94. This multimillion dollar 
development effort is targeted at underground storage tank remediation. 
Engineering modifications of development systems as well as integration and test for specific 
applications will be required for implementation. Low-volume production or unique hardware 
requirements would dictate system cost of $lM to $5M. 

GZCGZ3 
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LONG-REACH ARMS, LIGHT DUTY ROBA-07-IN 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Support of characterization, dismantlement, and decontamination. Long-reach arms with a 
reasonable level of dexterity are required to deploy tools and sensors. These arms are categorized 
as lightduty, medium-duty, and heavyduty. 

SUBELEMENTS: Roboticslautomation 

ALTERNATIVES: Mechanical manipulation 

TECHNOLOGY Long-Reach Arms (2-30 m), Medium Duty (SO- to 200-lb payload) 

A mediumduty, long-reach manipulator system is required to deploy tooling systems throughout 
large volume areas during decontamination. Payload capacity between 50 and 200 lb will be 
required. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Long-reach manipulators exhibit structural and joint flexibility which may limit 
positioning accuracy. Control system development or accurate positioning mechanisms at the end 
of the manipulators may solve this concern. 

. 

Waste. Possibly hydraulic fluid during operation and secondary waste may be generated during 
decontamination after use. 

Comments: 
AU data are identical to heavy-duty, long-reach manipulator system data sheet (ROBA-7). 

SCIENCEEECHNOLOGY NEEDS: 
Technology development is required in the following areas: - Flexible body control. As weight-to-payload ratios are reduced, flexibility 

characteristics of long manipulators becomes a major control issue and must be 
addressed. 
End-point sensing. With flexible members, external sensing is required to correctly 
determine the end-point position of the manipulator for proper position control. 
Collision avoidance. The size of the manipulator and the large volumes swept during 
motion make collision avoidance capabilities essential. 

- 
- 

IMPLEMENTATION NEEDS: 
OTD RTDP demonstration project. A development project for a heavyduty, long-reach 
manipulator system is underway within the OTD Robotics Technology Development Program 
(RTDP). Demonstration of the system expected in FY-94. This development activity is 
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applicable to medium-duty systems as well. Engineering modifications of development systems as 
well as integration and test for specific applications will be required for implementation. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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L0NG;REACH-ARMSFHE-DUN ROBA.09-I N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANT!3: 
Support of characterization, dismantlement, and decontamination-long-reach arms with a 
reasonable level of dexterity are required to deploy tools and sensors. These are categorized as 
light-duty, mediumduty, and heavy-duty. 

SUBELEMENTS Robotics/autornation 

ALTERNATIVES: Mechanical manipulation 

TECHNOLOGY Long-Reach Arms (2-30 m), Heavy Duty (>200-lb payload) 

A heavyduty, long-reach manipulator system is required to deploy tooling systems throughout 
large-volume areas during decontamination. Payload capacity in excess of 200 lb will be required. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Long-reach manipulators exhibit structural and joint flexibility which may limit 
positioning accuracy. Control system development or accurate positioning mechanisms at the end 
of the manipulators may solve this concern. 

Waste. Possibly hydraulic fluid during operation and secondary waste may be generated during 
decontamination after use. 

SCIENCEDECHNOLOGY NEEDS: 
Technology development is required in the following areas: - Flexible body control. As weight-to-payload ratios are reduced, flexibility 

characteristics of long manipulators becomes a major control issue and must be 
addressed. 
End-point sensing. With flexible members, external sensing is required to correctly 
determine the end-point position of the manipulator for proper position control. 
Collision avoidance. The size of the manipulator and the large volumes swept during 
motion make collision avoidance capabilities essential. 
Weight-to-payload ratio reduction. Currently available commercial systems are 
extremely heavy, limiting deployment (mobility) options. 

- 
- 
- 

IMPLEMENTATION NEEDS: 
OTD RTDP demonstration project. A development project for a heavy-duty, long-reach 
manipulator system is underway within the OTD Robotics Technology Development Program 
(RTDP). Demonstration of the system is expected in FY-94. This project is a multi-million 
dollar development effort. Engineering modifications of development systems as well as 
integration and test for specific applications will be required for implementation. Low volume 
production or unique hardware requirements could drive system cost from $lM to $5M or higher. 
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LONG-REACH ARMS, HEAVY DUTY ROBA-09-1 N 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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ARMS-WITH->-6-DEGREES-OF-FREEDOM ROBAil O4N 

EM PROBLEM. Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Support of characterization, dismantlement, and decontamination. For some of the facilities at 
the INEL, robotic arms with a high level of dexterity and redundant kinematics may be required. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Mechanical manipulation 

TECHNOLOGY: Arms with >6 Degrees of Freedom (DOF) 

To provide manipulation for the variety of characterization, decontamination, and dismantlement 
tasks, dexterous manipulators with a minimum of 6DOF are required. Kinematically redundant 
manipulators (>6DOF) may be required for access in cluttered environments. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Kinematically redundant manipulations have been shown to greatly increase dexterity. 

Waste. Possibly hydraulic fluid during operation and secondary waste may be generated during 
decontamination of the system after use. 

Comments: 
In general, currently available 6-DOF manipulators are adequate for many D&D tasks. The areas 
of concern relative to technology are > 6 D O F  systems and modular systems. Modular systems 
are desirable both for reconfiguration to more directly address unique tasks and for ease of 
maintenance. 

SCIENCEAECHNOLOGY NEEDS: 
Technology development is required in the following areas: - Redundant manipulator planning and control. For >6 DOF arms, reliable 

kinematically redundant manipulator control algorithms are required. 
Modular manipulator design. Modular manipulator designs must be developed and 
verified as providing high payback due to standardization and ease of maintenance. 
Nonreplica master/slave operation. Tele-operation of redundant manipulators with a 
replica master controller requires excessive operator mental and physical agillty to 
control the physical redundancy of the mechanical manipulator. Use of nonreplica 
masters requires the redundant manipulator planning and control capability stated 
earlier. 

- 
- 

IMPLEMENTATION NEEDS: 
Development of redundant control technologies is an active area of university research. This 
activity is predominantly a software development in algorithm design, implementation, and 

463 



.. . _.. 

ARMS WITH > 6 DEGREES OF FREEDOM ROBA-1 0-IN 

verification. This area generally requires advanced degree level personnel in servo-control systems 
(generally an Electrical Engineering discipline). Fairly robust capability should be available for 
demonstration and evaluation within 2 to 5 years. Modular robotic systems are also under study 
within the university community as well as within the OTD Robotics Technology Development 
Program. Modular mechanical and actuator design, fabrication, integration, and test are required 
to evaluate these concepts. This area generally requires personnel with advanced degrees in 
mechanical design (mechanical engineering). Engineering development units at the component 
level exist today. Total system implementations for demonstration and evaluation should be 
available in 2 to 5 years. 

, Currently available 6 DOF manipulators are adequate for many decontamination and 
decommissioning (D&D) tasks. A basic commercially available hydraulic, force reflecting, 
masterhlave 6-DOF manipulator system can be purchased for approximately $300K. Deployment 
of redundant manipulators will increase the applicability of robotics to more complex access and 
geometry areas. Robotic systems for D&D applications are under development within the OTD 
Robotics Technology Development Program and will be available within the 2- to 5-year time 
frame for feasibility demonstrations and benefit evaluations. Efficient tele-operation of redundant 
systems requires the implementation of compact nonreplica Cartesian master controllers with 
redundancy control provided via software. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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EM PROBLEM: Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Support of dismantlement and decontamination. In constrained areas for dismantlement and 
decontamination tasks, robotic arms which are both compact and “strong” will be required. 

SUBELEMENTS: Rob0 t ics/au toma tion 

ALTERNATIVES: Mechanical manipulation 

TECHNOLOGY Compact High-Capacity Arms 

STATUS: Research and development needed 

Efficacy. Medium-The use of hydraulic arms would probably be acceptable for most INEL needs. 

Waste. Decontamination of equipment after use would generate some waste materials (<5 gal). . 

Comments: 
For constrained areas, small robotic arms, with lifting capabilities sufficient to carry 
decontamination or dismantlement tools, will be required. Small hydraulic arms with high capacity 
presently exist. However, there are no equivalent, electrically driven arms. 

SCIENCEEJTHNOLOGY NEEDS: 
Compact, high-output, electrical motors. Two potential approaches are AC induction motors or 
superconducting motors. Neither of these possibilities, however, has been demonstrated for this 
type of application, and researchers are only beginning to consider how to approach the problem. 

IMPLEMENTATION NEEDS: 
Survey of existing commercial motors, followed by an analysis and conceptual design of a compact 
robotic arm based on these motors. Survey may indicate that motors with the necessary 
characteristics do not presently exist and that new motors may have to be developed. 

No unusual implementation needs. Development costs are estimated at $l.OM to $2.0M. Capital 
and operating costs are included in other technologies. Incremental capital and operating costs 
associated with this technology would be minimal. 

CONTACE B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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MULTIFINGERED END EFFECTOR ROBA-124N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-The= are numerous potential 
applications for a multiiingered (>2) end effector including the handling of sensors, tools, and 
glassware (in an automated laboratory). 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Mechanical end effectors 

TECHNOLOGY Multifingered End Effector 

A need exists for more dexterous, general-purpose, end effectors to allow the use of robotic or 
automated systems for more complex manipulation tasks. Current technology relies heavily on 
special purpose tooling, increasing hardware complexity (multiple end effectors, tool exchange 
systems) and cost. General purpose two-fingered or parallel jaw grippers are inadequate for most 
dexterous manipulation tasks because of the inability of such devices to provide a stable grip in 
the presence of disturbance forces. 

STATUS: Research and development needed 

Efficacy. Hardware demonstrations in laboratory bench tests have proven the capability of these 
systems. Packaging and robust control algorithms will allow operational use. 

Waste. Secondary waste may be generated during decontamination after use. 

Comments: 
Three-fingered end-effector hardware is becoming available, but these systems lack the advanced 
control and planning functions to allow proper utilization of the manipulation capabilities of such 
devices. 

SCIENCE/ECHNOLOGY NEEDS: 
Technology development is required in the following areas: - 

- Compact distributed control sensors and electronics. 
Dexterous, multifiigered, end effectors require complex control algorithms relying 
heavily on real-time sensor input and reaction. Such control requires highly capable 
yet compact computational and sensor systems preferably located at the end-effector 
device. 
Multifinger planning and control algorithms. Stable grasp and manipulation control 
algorithms must be developed as well as more autonomous grasp and manipulation 
planning algorithms. 

- 
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MULTIFINGERED-END-EFFECTOR ROBAS1 24N 

IMPLEMENTATION NEEDS: 
Development of multifingered end-effector control technologies is an active area of university 
research. This activity is predominantly a software development in algorithm design, 
implementation, and verification. This area generally requires advanced degree level personnel in 
servo-control systems (generally an Electrical Engineering discipline). Fairly robust capability 
should be available for demonstration and evaluation within 5 years. Deployment of multifingered 
end effectors will increase the applicability of robotics to more complex manipulation tasks. 
Engineering modifications of development systems as well as integration and test with specific 
robotic systems will be required for implementation. Low quantity production of hardware will 
probably maintain system costs at fairly high levels ($loOK to $5oOK/end effector). 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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REMOTE/AUTOMATED INTERCHANGEABILITY ROBA-23-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Support of dismantlement and decontamination. Automated interchangeability of tools on a 
universal end effector that also provides services to the tool would find many applications and 
would improve the efficiency of dismantlement and decontamination tasks. 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVE!3: Mechanical end effectors 

TECHNOLOGY Remote/Automated Interchangeability 

To allow a single robotic system to use a number of different sensors/tools, a remote automated 
end effector change out mechanism is required. Such a system should provide mechanical, 
electrical, data, and hydraulic interfaces between the manipulator and the sensorsltools. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Quick change devices are commercially available and have been used for a variety of 
tool-to-manipulator interfaces. Modification may be required for the special purpose sensors and 
tooling used for D&D. 

Waste. Secondary waste may be generated during decontamination after use. 

SCIENCEDCHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Engineering modifications of existing commercial systems as well as integration and test with 
specific robotic systems will be required for implementation. Additional costs are associated with 
tool holders compatible with automated tool exchange. 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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TO-0L;ARM-I NTERFACE- R0BA~24.l N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Support of dismantlement and decontamination. The application is secure gripping of tools and, 
perhaps, sensors using a standard interface. 

SUBELEMENTS: Rob0 t ics/au toma tion 

ALTERNATIVES: Mechanical end effectors 

TECHNOLOGY Tool-Arm Interface 

As an alternative to using a quick change interface as described in Auto-10, standard interfaces 
between tools/sensors and the manipulator gripper can be established and used. Such interfaces 
as “T” handles and “H” handles are candidate interfaces. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. This option provides a reliable, simple, passive hardware interface that has been proven 
in many applications. 

Waste. Secondary waste may be generated during decontamination after use. 

Comments: The advantage of such an interface is that the manipulator uses a single gripper 
continuously and uses that gripper to pick up and maneuver sensors/tools. Each sensor/tool must 
be fitted with the interface “handle” which in general is a simple, low cost passive hardware 
device. The disadvantage of this approach is that resources (power, data, etc.) for the sensor/tool 
must be supplied via an umbilical, which poses problems of cable management during 
manipulation. 

SCIENCERECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
The design of these interfaces should be such that forces and torque at the interface do not tend 
to drive the gripper open and cause the sensor/tool to be dropped. Engineering modifications of 
existing systems as well as integration and test with specific robotic systems will be required for 
implementation. Costs associated with an appropriate gripper and the required hardware 
interface will be minimal. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 
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TOOL-ARM INTERFACE ROBA-24-IN 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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FORCE -LIMITER ROBAz254N 
. . . .  . .  

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Support of characterization. For both characterization in situ, as well as in an analytical 
laboratory, methods of limiting the force applied to a sensor or a piece of glassware will be 
required. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Mechanical end effector 

TECHNOLOGY Force Limiter 

Because many of the manipulation tasks associated with D&D require contact between 
sensors/tools and the environment, some means is required to limit the forces that are applied. 
Mechanical compliance devices can be used to provide passive compliance during contact. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Both passive and active force limiting have been demonstrated and incorporated into 
production systems. 

Waste. Secondary waste may be generated during decontamination after use. 

Comments: 
Some form of active force sensing should also be present for control feedback for active 
compliance or for safety limit shutdown. A less desirable mechanical solution is the design of an 
interface structure to break at predetermined load limits to avoid damage to the overall robotic 
system. 

SCIENCEmCHNOLOGY NEEDS: None needed 

This data sheet covers only the mechanical (passive) approach to force limiting. Active force 
control is covered in the Control Algorithm area. 

IMPLEMENTATION NEEDS: 
Engineering modifications of existing systems, as well as integration and test with specific robotic 
systems, will be required for implementation. Minimal costs are associated with active 
force/torque sensor systems and passive hardware compliance mechanisms. 

CONTACT B. E. Griebenow (INEL), (208) 526-0501 
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FORCE LIMITER ROBA-25-1 N 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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AUTOMATED-SEPARATION-TECHNOLOGY ROBA--26;1 N 
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EM PROBLEM Decommissioning 

PROBLEM AFENCONTAMINANTS: Support of material disposition 

SUBELEMENTS: Roboticdautomation 

ALTERNA’ITVES: Mechanical: Automated separation technologies for material recovery.. 

TECHNOLOGY Automated Separation Technology 

Automated methods of separating materials with similar physical properties will be required to 
recover valuable metals/alloys. Magnetic separators offer one method of performing this 
separation. 

STATUS: Accepted 

Accepted for magnetic vs. nonmagnetic materials. Evolving technology is conceptual for other 
material combinations. 

Efficacy. Very high for separation of ferromagnetic and nonmagnetic materials. Unknown for 
other material combinations. 

Waste. Decontamination of hardware after use would generate minimal volumes of waste. 

Comments: 
The separation of highly magnetic materials from nonmagnetic or weakly magnetic materials is an 
accepted and proven technology. Separation technology for nonmagnetic or weakly magnetic 
materials is not an established technology at this time. 

SCIENCE/T’ECHNOLOGY NEEDS: 
The initial step in the development of magnetic separators will be a theoretical analysis, perhaps 
working with an industrial partner, to access feasibility. If successful, components would be 
selected and bench scale tests conducted. Again, if successful, a system would then be designed 
for high throughput capacity. 

IMPLEMENTATION NEEDS: 
Development costs could range from $0SM to $l.OM. Estimated capitol costs for an eventual 
developed system are $75K to $15OWsystem. Operating costs would be about $200Wsystem/year. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 
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AUTOMATED SEPARATION TECHNOLOGY ROBA-26-1 N 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARWCONTAMINANTS Support of characterization and decontamination 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Controls: Algorithms 

TECHNOLOGY Multiple Concurrent Mobile Platform Control 

The control of multiple, robotic, mobile platforms operating either semiautonomously or 
preprogrammed by a single operator. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. High, with potentials for significant increases in operator efficiency. 

Waste. No secondary waste stream generated; however, a potential exists for minimizing current 
technology waste streams. 

Comments: 
Control of multiple, concurrent mobile platforms requires emphasis on the coordination of 
activities, as well as allocation of functions between platforms in real time. How control is 
distributed between platforms is a key issue @e., should much of the processing be done locally or 
should it be done centrally and allocated?). For the latter, baud rates may be a concern, 
especially if high data rate transmission is required. It can be expected that one human could 
effectively control three semiautonomous platforms, each of which is replacing two or three suited 
humans. A manual system vs multiple-controlled robotic system cost ratio of 3 : 5 is estimated. 

SCIENCEKECHNOLOGY NEEDS: 
(1) Algorithms for semiautonomous, decentralized control, (2) improved on-board computational 
capabilities, and (3) centralized vs decentralized control. Software development is a significant 
factor for implementation and greater computation throughput must be achieved for effective 
deployment. 

IMPLEMENTATION NEEDS: 
Control is significantly different from traditional approaches to warrant significant new training in 
simulations. Development costs: $l.OM to $4.0M, Capital Costs: $500K to $looOK, Operational 
Costs: $300K to 500Wyear. 

C O N T A a  B. E. Griebenow (INEL), (208) 526-0501 
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MULTIPLE CONCURRENT MOBILE PLATFORM CONTROL ROBA-27-1 N 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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COMB1 N ED-MOB1 I;I'P//MANI PUt;A-TION/EN D.EFFE~TOR-~ONTROL-ROBA--28.IN 
- -. - . . . . .. . ... _ .  ~ . .  ... . .. -~ -... 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Support of characterization, dismantlement, and 
decontamination 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Controls: Algorithms 

TECHNOLOGY Combined MobilityManipulatiodEnd-Effector Control 

This technology would permit parallel motion/mobility functions to approach or perform a work 
task and would improve the speed of operations. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. High, with potentials for simultaneous execution of activities that are currently done in 
series. 

Waste. No secondary waste streams generated. 

Comments: 
Real-time task planning to simultaneously support mobility, manipulation and end-effector control 
is necessary to facilitate effective and continuous robotic system performance. Single-channel 
robotic functions tend to be ineffective. Functions conducted in parallel could reduce operational 
time by 50% over nonparallel robotic functions @e., single channel functionality). 

SCIENCEDECHNOLOGY NEEDS: 
Real-time task planning. Activities to facilitate deployment include (1) real-time task planning 
and (2) software development. 

IMPLEMENTATION NEEDS: 
Development costs: $500K to $2000K, capital costs: $200K to $looOK. Some special training may 
be required to facilitate parallel rather than series execution. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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PREPROGRAMMED OBSTACLE AVOIDANCE ROBA-29-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Support of characterization and decontamination 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Controls: Algorithms 

TECHNOLOGY. Preprogrammed Obstacle Avoidance 

Preprogrammed obstacle avoidance will permit the automated characterization and 
decontamination of large area work spaces. 

STATUS: Accepted 

Efficacy. High, if a good model of work space exists. 

Waste. No secondary waste stream. 

Comments: 
A relatively mature area. No real scientific or technological needs exist in this area. Fielded 
systems could be made more effective by emphasizing technological assimilation into the area. 
Upgrading of the technology currently employed in the obstacle avoidance area could lead to a 
reduction of computer-based processing time and an increased availability of the robotic system 
for nonobstacle avoidance functions. An increase of robotic system efficiency of about 30% is 
expected. 

SCIENCEDECHNOLOGY NEEDS: 
Real-time on-board processing is a necessity for development of this technology. For deployment, 
the following are required: accurate definition of work space, effective application outside of 
laboratory environments, effective man-machine interfaces, and improved reliability of 
hardwareho ftware. 

IMPLEMENTATION NEEDS: 
Development costs: $500K to looOK, capital costs: $loOK to $400K 

CONTA-. B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Support of characterization 

SUBELEMENIS: Robotics/automation 

ALTERNATIVES: Controls: Algorithms 

TECHNOLOGY Programmed Motions (per EPA protocols) 

Programmed motions of robotic devices in an analytical laboratory per EPA analytical protocols. 

STATUS: Accepted 

Efficacy. High, with potential benefits minimizing staffing and enhancement of reliability. 

Waste. Waste streams will be minimized as compared to current technologies. 

Comments: 
This technology is primarily related to analytical laboratories. It will facilitate automation of 
redundant and simple (but labor-intensive) activities. Utilization of programmed motions to 
facilitate an automated laboratory could replace the equivalent of three laboratory technicians. 

SCIENCE/T'ECHNOLOGY NEEDS: 
Real-time, on-board processing is necessary for development and for deployment. EPA approvals 
of automated protocols and effective man-machine interfaces are required. Note this is an area 
being funded by the OTD Robotics program at a level of -$l.OM&ear. 

IMPLEMENTATION NEEDS: 
Development costs: $0SM to l.OM/protocol; capital costs: $200 to $400K/protocol. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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SAMPLE MANAGEMENT ROBA-314N 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINAN'I'S: Support of characterization 

SUBELEMENTS: Roboticslautomation 

ALTERNATIVES: Controls: Algorithms 

TECHNOLOGY Sample Management 

Management and handling of numerous analytical samples and characterization data in a secure, 
reliable, and auditable manner. 

STATUS: Demonstration, testing and evaluation needed 

Efficacy. Medium, although the technology is demonstrated, it must be customized for each 
application, which may be a bottleneck. 

Waste. N&d for decontamination of support hardware after use. 

Comments: 
Effective sample management may be one of the bottlenecks for effective characterization. 
Although the technology has been demonstrated, there is a need to increase effectiveness and to 
embrace new and emerging technologies within the process. Emphasis on increased reliability, 
fault recovery, and utilization of emerging technologies could increase the effectiveness of such 
systems by 100%. 

SCIENCEKECHNOLOGY NEEDS: 
Deployment requires increased reliability, fault recovery, and acceptance of emerging technologies 
for management of physical data (e.g., bar coding). 

IMPLEMENTATION NEEDS: 
Development costs: $0SM to $l.OM; capital costs: $0SM to $l.OM. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

480 



SI NGI;E=H U MANFM U LTI PLE=VEH ICLE-CONTROLSTATION ROBAi324 N 
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EM PROBLEM Decommissioning 

PROBLEM AREAS/CONSTITUENTS: Support of characterization and decontamination 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY Single-Humany Multiple-Vehicle Control Station 

Man-machine interface controls that will permit a single operator to monitor and control multiple 
robotic platforms. 

STATUS: Research and development needed 

Efficacy. High. Staffing can be minimized and reliability increased. 

Waste. No secondary waste streams generated. 

Comments: 
One of the principal ways of capitalizing on robotics technologies is by providing the ability of one 
operator to “run” multiple vehicles. To facilitate such activities, an effective man-machine 
interface must be developed that utilizes multiple human 110 modes, utilizes high levels of 
embedded intelligence and can support varying levels of autonomy. Poorly designed interface 
stations may be only half as efficient as a properly designed human-system interface. 

SCIENCElIECHNOLOGY NEEDS: 
(1) Multimodal interface capabilities, (2) embedded intelligence for operator support, and (3) 
advanced information visualization. For development to take place, effective supervisory control 
must be realized. 

Implementation Needs: 
Development costs: $lM to $3M; capital costs: $0SM to $l.OM. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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DATA I NTEG RATION/F US ION ROBA-33-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAS/CONSTITUENTS: 
Support of characterization, dismantlement, and decontamination 

SUBELEMENTS Robotics/automation 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY Data IntegratiodFusion 

Presentation of understandable and usable data to the robotic device operator via data fusion. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. High. Data fusion provides a greater ability for human operators to assimilate and act 
on data, making them more efficient. 

Waste. No secondary waste streams generated. 

Comments: 
The plethora of new data and information that is potentially available to a human operator as a 
result of an increased usage of digital technologies provides a challenge for the system designer to 
provide integrated data and information. This emphasis on data fusion is required to minimize 
the cognitive work load of humans involved in the control of complex systems. Although effective 
methods of data fusion seem to be emerging (and are being demonstrated), no clear data fusion 
methodologies or concepts stand out above the rest. New metaphors for information display are 
necessary in order for information technologies to remain effective. 

The benefits of good data integration or fusion are difficult to quantify. Appropriately integrated 
displays could minimize search times of operators and enhance the efficiency of other activities. 
For decision making, uncertainty and risk could be reduced leading to more efficient operation. 
It is estimated that appropriate data fusion for high data environments could enhance operator 
efficiency by 100%. 

SCIENCEmCHNOLOGY NEEDS: 
(1) Techniques for verification of data, (2) techniques for functioning with missing data, and (3) 
techniques for navigation within complex interface displays. For development, the following are 
required: (1) appropriate methods for modeling a process in order to facilitate data fusion and (2) 
effective visualization metaphors. 

IMPLEMENTATION NEEDS: 
Development costs: $5OK to $2000K, capital costs: $1OK to $500K 
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DATA-INTEG RAT1 ON/FUSI ON ROBAi334 N- 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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TEACHIPLAYBACK ROBA-344 N 

EM PROBLEM Decommissioning 

PROBLEM ARFNCONTAhIINANTS Support of characterization, dismantlement, and 
decontamination 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY TeachPlayback 

The use of teach/playback to enhance the efficiency of robotic operations. Particularly useful for 
repetitive tasks. 

STATUS: Accepted 

Efficacy. High. Will lead to the automation of many redundant labor intensive activities. 

Waste. No secondary waste streams generated. 

Comments: 
Current teach/playback methods are based on limited lists of performance measures for teaching. 
Emerging technologies may be able to facilitate newer measures that would enhance the efficiency 
of these relatively rudimentary systems. Teacldplayback is most effective for redundant, 
labor-intensive activities. These types of tasks comprise about 70% of what human operators are 
expected to do and, for the most part, can be taught to be accomplished by robotic systems. 
After being taught, the system can do such tasks more error free and more quickly. They also 
free up human operators for other activities. It is estimated that such systems could enhance 
human operator effectiveness by 100%. 

SCIENCEEECHNOLOGY NEEDS: 
Expansion of performance measure list for teaching. For development, increased precision and 
accuracy are required. For deployment, increased speed capabilities are required. 

IMPLEMENTATION NEEDS: 
Development costs: $500K to $looOK; capital costs: $200Wsystem. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: Support of characterization, dismantlement, and 
decontamination 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY Voice Control 

Voice control enhances the efficiency of remote operations. 

STATUS: Accepted 

Efficacy. High, if language expansion and robustness to phonetic variability are activated. 

Waste. No secondary waste streams generated. 

Comments: 
Voice control is a means of capitalizing on a different human UO channel. Although the 
technology is accepted, significant inefficiencies still remain. These inefficiencies pertain primarily 
to the flexibility of and robustness of the voice control capability. Effective utilization of voice 
control could enhance human operator effectiveness by 50%. 

SCIENCEDECHNOLOGY NEEDS: 
(1) Language expansion and (2) Robustness to phonetic variability. For development, integration 
with other modes of UO are necessitated. For deployment, some training using a voice I/O might 
be required. 

' IMPLEMENTATION NEEDS: 
Development costs: $SoOK to $looOK capital costs: $loOK to $300K. Some special training may 
be required for effective control. 

CONTACT B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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MAN-ROBOT SYMBIOSIS ROBA464N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAh4INANTS: Support of characterization, dismantlement, and 
decontamination 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY: Man-Robot Symbiosis 

The ability of a control system to learn repetitive tasks, to perform these tasks, and to allocate 
tasks to a human operator or to automated performance. 

STATUS: Research and development needed 

Efficacy. Medium to low. A fair amount of science and technology needs exist for resolution 
prior to gaining high-efficacy potential. 

Waste. No more than current technologies. 

Comments: 
Man-robot symbiosis involves two principal areas of research that are necessary for appropriate 
functionality. They are machine learning and dynamic task allocation. Machine learning in its 
broadest sense can encompass a number of methodologies, including teacWplayback. For other 
than the most rudimentary applications, machine learning is an area that still remains in its 
infancy. Neural networks, hybrid artificial intelligence architectures, and genetic algorithms are 
being utilized as a basis for enhancement of intelligent machines to learn from experience. 

Dynamic allocation of functions will allow humans and intelligent control systems to assume or 
delegate responsibilities for control based on various performance criteria such as the work load 
of the human operator or the number of errors committed by a human operator. Dynamic 
allocation based on such measures will enhance efficiency and minimize system costs. 

It is estimated that appropriately implemented symbiotic systems could enhance human operator 
effectiveness by 100%. 

SCIENCEEECHNOLOGY NEEDS: 
(1) Definition of an appropriate machine learning concept adaptable to intelligent machines. (2) 
appropriate architecture for dynamic allocation of functions, (3) effective integration of various 
classification methods, and (4) effective conflict resolution algorithms/methods. 
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IMPLEMENTATION NEEDS: 
Development costs: $2M to $5M; capital costs: to be determined. Operator training may be 
significant activity. 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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FUZZY CONTROL ROBA-47-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS Support of characterization and decontamination 

SUBELEMENTS: Rob0 tics/au toma tion 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY Fuzzy Control 

Fuzzy control or fuzzy logic for implementation of qualitative reasoning in the operator's control 
system. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Medium, efficiency gain is marginal and applications may be limited. 

Waste. No secondary waste streams. 

Comments: 
Fuzzy control offers opportunities to implement qualitative reasoning into the control 
environment @e., to be able to make decisions without high-precision quantification). Fuzzy 
control is extremely East and requires minimal programming. Much emphasis is currently placed 
on calibrating such systems for particular applications. 

Navigational speeds of mobile platforms with fuzzy control are estimated to be five times faster 
than conventional robotic navigation systems. However, for certain D&D activities such as 
characterization, the required mobile platform speed is minimized by the requirements of the 
characterization or the decontamination processes. From evidence of fuzzy control systems in 
Japan, there is a 10% to 30% increase in efficiency that may be achieved for control activities 
other than mobility. 

SCIENCEKECHNOLOGY NEEDS: 
(1) Formalism for calibrating fuzzy rule sets and (2) more appropriate emulation of human 
logicheasoning. For development, integration with traditional control concepts is required. 

IMPLEMENTATION NEEDS: 
Development costs: $lM to $3M; capital costs: $l.OM/station. 

CONTACF B. E. G-riebenow (INEL), (208) 526-0501 
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FUZZY-CONTROL ROBA474 N 

REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram 
1993 

(TLD)," K-2073, February 
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TRANSPORTABLE CONTROL SYSTEMS ROBA-484N 

EM PROBLEM Decommissioning 

PROBLEM ARWCONTAMINANTS: Support of characterization, dismantlement, and 
decontamination 

SUBELEMENTS: Roboticslautomation 

ALTERNATIVES: Controls: man-machine interface 

TECHNOLOGY: Transportable Control Systems 

The ability to design and build high performance, transportable control systems that can be moved 
to the work site. 

STATUS: Accepted 

Efficacy. High. Portable control systems require minimum setup time and are field hardened for 
durability. 

Waste. None 

Comments: 
Issues associated with the physical transport of hardware and software are well understood. 
Increased reliability, durability, and generally field hardening will result in less down time and are 
estimated to increase availability by about 30%. This improvement is necessary to achieve an 
availability goal for robotic devices of 90%. 

SCIENCEmCHNOLOGY NEEDS: 
For deployment, the following are required: (1) increased reliability, (2) increased durability, and 
(3) field hardening. 

IMPLEMENTATION NEEDS: 
Development costs: $200K to 4OOK; capital costs: Included in control station costs. 

CONTACT B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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HARDWIRE-( U M BI LEAL) ROBA=494N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination. The -use of umbilical cords to 
transmit signals between the control system and the robotic device. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Controls: Signal transmissions 

TECHNOLOGY. Hardwire (umbilical) 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. All mobile platforms require communication links to a 
central location for monitoring, control, and data archival purposes. The degree of autonomy 
installed on the mobile platform will drive the communication needs. Nevertheless, all mobile 
platforms will require a degree of communication. Hard-wired communication through trailing 
cable umbilicals is an accepted technology in remote applications. 

STATUS: Accepted 

Efficacy. High, with some limitations in cluttered environments or multitraverse operations. 

Waste. Decontamination fluid for retrievable design, contaminated waste for sacrificial designs. 

SCIENCED'ECHNOLOGY NEEDS: 
For successful implementation of hard-wired umbilical communication in remote robotic 
applications, clear and unobstructed-movement passageways must be allowed to minimize the 
likelihood of snagging or cutting the trailing cable. The communication link must use either a 
retrievable or a sacrificial approach. Impediments to maintaining communication (e.g., closing 
doors, multitraverse operation, etc.) must be eliminated in the facility design. These requirements 
can make trailing cable applications undesirable and/or uneconomical for many applications where 
the task area is complex and movement restrictions are undesired. 

IMPLEMENTATION NEEDS: None. Costs are negligible. 

CONTACE B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

2. Miditary Robotics Sourcebook, 1991-1992 Edition, L&B Limited. 
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MICROWAVE ROBA-504N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-The -use of high-frequency 
microwaves to transmit signals between the control system and the robotic device. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Controls: signal transmission 

TECHNOLOGY Microwave 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. All mobile platforms require communication links to a 
central location for monitoring, control, and data archival purposes. The degree of autonomy 
installed on the mobile platform will drive the communication needs. Nevertheless, all mobile 
platforms will require a degree of communication. Wireless microwave-based communication is an 
accepted and widely used technology for free space communication in a nonreflective 
environment. In addition, significant technology has been demonstrated for focused transmission 
in reflective environments in the United States, with proposed spread-spectrum solutions in 
reflective environments in the French CEA program. Early undemonstrated systems using 
spread-spectrum techniques are now available from at least one commercial vendor in the United 
States. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. High. 

Waste. None 

SCIENCEDECKNOLOGY NEEDS: 
Numerous wireless microwave systems for remote mobile platform applications have been 
demonstrated at ORNL in “line-of-sight” applications. In addition, free space outdoor 
applications are numerous, and commercially available hardware is more than adequate for the 
needs. To be useful in INEL characterization, dismantlement, and decontamination activities, 
systems that can deal with highly reflective, non-line-of-sight applications must be developed. 
Although proposals for these systems have been discussed (particularly in the French CEA 
program), a full demonstration has not been performed on remote mobility platforms. At least 
one commercially available system advertises a degree of operability in enclosed buildings through 
the use of spread-spectrum operational techniques, but no test data are available to verify 
operability in the INEL environment. 
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IMPLEMENTATION NEEDS: 
Normal implementation needs. Technology presently limited to free space and near line-of-sight 
applications indoors. Some commercial hardware is available but must be tested. Development 
costs estimated at $0.6M to $0.8M. Capital costs would be approximately $200Wsystem. 
Operating costs are included in the cost of the control station. 

CONTACT B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

2. Microwave Signal Transmission System Design and Testing, ORNLITM-1 192, Martin 
Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., September 1991. 
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RADIO FREQUENCY ROBA-51 -IN 

EM PROBLEM Decommissioning 

PROBLEM AREAEONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-The use of radio frequency 
(RF) communications to transmit signals from the control system to the robotic device. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Controls, signal transmission 

TECHNOLOGY Radio Frequency 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. All mobile platforms require communication links to a 
central location for monitoring, control, and data archival purposes. The degree of autonomy 
installed on the mobile platform will drive the communication needs. Nevertheless, all mobile 
platforms will require a degree of communication. Wireless RF-based communication is an 
accepted and widely used technology for free space communication in a nonreflective 
environment. Early undemonstrated systems using spread-spectrum techniques are now available 
from at least one commercial vendor in the United States. Commercially available RF 
transmitters have bandwidth limitations that may make television transmission capability very 
limited. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Medium 

Waste. None 

SCIENCELIECHNOLOGY NEEDS: 
Free space outdoor applications are numerous, and commercially available hardware is more than 
adequate for the needs if the number of required video channels is limited. To be useful in INEL 
characterization, dismantlement, and decontamination activities, systems must be developed to 
deal with highly reflective, non-line-of-sight applications. At least one commercially available 
system advertises a degree of operability in enclosed buildings through the use of spread-spectrum 
operational techniques, but no test data are available to verify operability in the INEL 
environment. It is likely that the bandwidth limitations for this system may limit its applicability. 

IMPLEMENTATION NEEDS: 
Technology presently limited to free space outdoor and near line-of-sight applications indoors. 
Some commercial hardware is available, but it must be tested. Development costs of $OSM to 
$0.7M. 
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RADIO-FREQUENCY RO BAx514 N 

Normal deployment needs. Multiple units likely needed for bandwidth requirements. This 
limitation is severe because of the frequency allocation problems. Capital costs would be 
approximately $SOK/unit, and operating costs would be included in control station costs. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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LASER ROBA-52-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-The use of lasers to transmit 
signals between the control system and the robotic device. 

SUBELEMENTS: Roboticslautomation 

ALTERNATIVES: Controls: signal transmission 

TECHNOLOGY Laser 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. All mobile platforms require communication links to a 
central location for monitoring, control, and data archival purposes. The degree of autonomy 
installed on the.mobile platform will drive the communication needs. Nevertheless, all mobile 
platforms will require a degree of communication. Wireless laser-based communication is a 
demonstrated, commercially available technology. The applications are limited to tasks where 
line-of-sight operation is possible. 

STATUS: Accepted 

Efficacy. Low 

Waste. None 

SCIENCEDECHNOLOGY NEEDS: 
Technology is presently limited to line-of-sight applications indoors and fair weather line-of-sight 
applications outdoors. Laser-based systems for remote mobile platform applications have been 
demonstrated at ORNL and other locations. To be useful in INEL characterization, 
dismantlement, and decontamination activities, systems must be developed to deal with indoor 
non-line-of-sight applications. Laser-based communication systems will not likely be practical for 
most of the applications encountered at the INEL 

IMPLEMENTATION NEEDS: 
None. This is a commercially available component; hence development costs are negligible. 
However, it is unlikely to be useful at the INEL. 

Capital costs would be <$SOWsystem, and operating costs would be included in the cost of the 
control station. 

CONTAm. B. E. Griebenow (INEL), (208) 526-0501 
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REFERENCES: 

1. Oak Ridge National Laboratory, "Technology 
1993. 

Logic Diagram (TLD)," K-2073, February 
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3-D VISION ROBA-53-1 N 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: Support of characterization, dismantlement, and 
decontamination 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Sensors; perception 

TECHNOLOGY Three-Dimensional(3-D) Vision 

The use of 3-D vision systems to improve the efficiency and accuracy of remote operations. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Medium. Effective 3-D vision capabilities will increase speed of operations. Good for 
inspection tasks. 

Waste. No secondary waste streams generated. 

Comments: 
Three dimensional vision capabilities are required by a robotic system for effective mobility, 
manipulation, planning, decision-making, etc. There are two elements to this area. The first 
involves robotic capabilities to sense three dimensions in order to carry out autonomous or 
semiautonomous functions. The second involves appropriately displaying three-dimensional data 
and information to a human operator in a fashion that is sensitive to all other data and 
information to be managed by the human operator. Effective human maneuverability within 
computer-based environments is a significant research issue. 

Cost benefit estimates for utilization of 3-D vision sensors are difficult to make. An efficiency of 
less than 50% can be expected. 

SCIENCEKECHNOLOGY NEEDS: 
(1) Sensor fusion and (2) advanced visualization capabilities. For development, the technology 
must be environmentally hardened. 

IMPLEMENTATION NEEDS: 
Development costs: $800K to $looOK; capital costs: $300Wunit. Some special training for the 
human operator may be required for effective deployment of 3-D vision. 

C O N T A m  B. E. Griebenow (INEL), (208) 526-0501 
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3;D-W S IO N ROBAr53;IN 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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HIGH-DEFINITION TELEVISION (HDTV) VISION ROBA-54-IN 

EM PROBLEM Decommissioning 

PROBLEM AREAKONTAMINANTS: 
Support of characterization, dismantlement, and decontamination. - 

SUBELEMENTS: Robotidautomation 

ALTERNATNES: Sensors, perception 

TECHNOLOGY High-Definition Television (HDTV) Vision 

The use of highdefinition television viewing systems to improve the efficiency and accuracy of 
remote operations. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Medium. In general, the quality of datahformation presented by such systems has less 
uncertainty and allows more sophisticated graphical processing. May also be useful for inspection 
task. 

Waste. No secondary waste streams generated. 

Comments: 
The quality of data and information resulting from a high-definition television (HDTV) will 
facilitate enhanced visual recognition capabilities and will minimize uncertainties associated with 
autonomous processing of visual data. Furthermore, when such systems are employed as operator 
interface devices, they provide an interface medium that allows for more efficient datahnformation 
management (e.g., enhanced multiple windowing capabilities). Such systems also provide the 
capability to function as high-resolution big-board or overview displays. 

Less than a 50% improvement in system efficiency is expected to be obtained through utilization 
of HDTV. 

SCIENCEEECHNOLOGY NEEDS: 
(1) Sensor fusion and (2) advanced visualization capabilities. For development, the technology 
must be environmentally hardened. 

IMPLEMENTATION NEEDS: 
Development costs: $300K to $500K; capital costs: $200Wunit. 

CONTACX B. E. Griebenow (INEL), (208) 526-0501 
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HIGH;DEFINITION-TELEVlSlON-(HDTV)-VlSlON ROBA:54;1 N 

REFERENCES: 

1. Oak Ridge National Laboratory, Technology Logic Diagram 
1993. 
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DIRECTIONAL AUDIO ROBA-65-IN 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination 

SUBELEMENTS: Roboticslautomation 

ALTERNATIVES: Sensors, perception 

TECHNOLOGY Directional Audio 

The use of directional audio to improve the efficiency of remote operations. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Medium. Although not a critical technology,it could significantly enhance 
self-locatiodnavigation. 

Waste. No secondary waste streams generated. 

Comments: 
Directional audio is a technology that can enhance the self-location and navigatiodobstacle 
avoidance capabilities of robotic systems. Currently, directionality in conjunction with audio input 
is not well utilized, and movement toward such capabilities can aid in removing the load currently 
put on the robotic vision systems. 

It is expected that use of directional audio could enhance system effectiveness by less than 30% 
for various locational functions. 

SCIENCED'ECHNOLOGY NEEDS: 
(1) Sensor fusion and (2) appropriate representation to the operator. For development, the 
technology must achieve increased processing speed. 

IMPLEMENTATION NEEDS: 
Development costs: $500K to $1000K, capital costs: $200K/unit. 

CONTA(ST: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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2. T. J. Doll, T. E. Hanna, and J. S. Russotti, “Masking in Three-Dimensional Auditory 
Displays,” Human Factors, 34(3), June 1992,255-265. 
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FORCE FEEDBACK ROBA-66-IN 

EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTS: 
Support of characterization, dismantlement, and decontamination 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Sensors, perception 

TECHNOLOGY. Force Feedback 

The use of force feedback to enhance remote operations with tele-operated robotic devices. 

STATUS: Accepted 

Efficacy. High; advanced force feedback allows for enhanced human-in-the-loop performance. 

Waste. No secondary waste streams generated. 

Comments: 
Force feedback continues to be one of the primary control feedback loops that exist within 
tele-robotics. This technology is well accepted and could be improved by greater sensitivities of 
the direct interface or an enhanced representation/ metaphor that may be used by the human 
operator. 

A 30% improvement can be expected in system performance by using advanced force feedback 
for selected decommissioning tasks, particularly characterization and decontamination activities. 

SCIENCEmCHNOLOGY NEEDS: 
Improved tactile sensitivity (e.g., via "smart skins"). For development, the technology requires 
enhanced representation to operators. 

IMPLEMENTATION NEEDS: 
Development costs: $200K to $400K, capital costs: $200Wunit. 

CONTACT. B. E. Griebenow (XNEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, 'Technology Logic Diagram (TLD)," K-2073, February 
1993. 

504 



IMAGING-AN D-lMAGE-PROCESSING-- ROBA-474N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: In support of material disposition 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Sensors, perception 

TECHNOLOGY Imaging and Image Processing 

The use of image processing to assist in the segregation of metaldmaterials for eventual recovery 
of valuable materials and for inspection/comparison tasks. 

STATUS: Research and development needed 

Efficacy. Medium. Allows for application of robotics to more sophisticated activities. 

Waste. No secondary waste streams generated. 

Comments: 
Advanced image processing capabilities that use sensor data directly to facilitate object 
recognition (and an associated display to the human operator if necessary) will be crucial toward 
application of robotics to more sophisticated and autonomous activities. Such systems will 
minimize the burden on human operators and will enhance their supervisory control nature. 

This is a very difficult area to quantify with respect to cost benefits. Very roughly, a less than 
30% improvement in system efficiency could be expected. 

SCIENCED'ECHNOLOGY NEEDS: 
(1) Data sensor fusion and (2) appropriate representation to operators. For development, the 
technology requires improved processing speed. 

IMPLEMENTATION NEEDS: 
Development costs: $0SM to $2.0M; capital costs: $300K to $5OOK/unit. - 
CONTACX B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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WALL THICKNESS MEASUREMENTS ROBA-68-IN 

EM PROBLEM. Decommissioning 

PROBLEM AREA/CONTAMINANTS: Support of characterization 

SUBELEMENT3 Robotics/automation 

ALTERNATIVES: Sensors, perception 

TECHNOLOGY Wall Thickness Measurements 

Sensors that can be robotically deployed to determine wall thickness (e.g., of underground storage 
tanks, process vessels, and piping systems) are required. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. High for inspection tasks, such as, underground storage tanks, process vessels, and 
piping systems, where a knowledge of wall thickness may be required on selected surfaces. 

Waste. Negligible 

SCIENCEDECHNOLOGY NEEDS: 
Present wall thickness measurement sensors, such as eddy current and ultrasonic, are currently 
available, however further integration is required for robotic deployment. 

IMPLEMENTATION NEEDS: Development costs of $0.5 to $l.OM. Normal deployment costs. 
Capital costs are estimated to be $200K to $300K / unk. There are no "separate" operating costs 
for this sensor. 

CONTACT B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 

2. Conversations with Craig Conner of the WINCO Remote Inspections Group. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-Proximity probes to alert a 
supervisory operator of impending obstacles. 

SUBELEMENTS: Roboticdautomation 

ALTERNATIVES: Sensors, control 

TECHNOLOGY Proximity Probes 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning applications. For the implementation of tele-robotic and autonomous 
operations, proximity probes are needed for control of operations to prevent collisions with 
obstacles in the environment. 

STATUS: Research and development needed 

Efficacy. High for small volume coverage; low for large volume coverage. 

Waste. None 

SCIENCED’ECHNOLOGY NEEDS: 
Present proximity sensors used for robotic operation are limited in both range and signal quality. 
This limitation results in artificially large “boundaries” being drawn around potential collision 
areas in the work space. Significantly improved operational efficiency could be realized by 
improved sensors. 

IMPLEMENTATION NEEDS: 
Development costs for probes that are useful for large area coverage and are estimated at $l.OM 
to $2.0M. 

Normal deployment needs. Capital costs are estimated at $200K to $300Wunit after 
development. There would be no separate operating costs associated with this sensor. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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POSITIONING ROBA-70-IN 

EM PROBLEM Decommissioning 

PROBLEM AREMCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-Positioning sensors to track a 
robotic device and feed this information to the operator and the control system. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Sensors, control 

TECHNOLOGY Positioning 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. For the implementation of tele-robotic and autonomous 
operations, accurate position information is required for the robotic system within the work space. 
Various systems have been used for this application to date. Outdoor applications are gravitating 
to use of the satellite-based Global Positioning System, in addition to local triangulation methods. 
Indoor applications have used ultrasonic, optic, and other triangulation systems. In addition, dead 
reckoning systems have been applied. Present approaches do not yield sufficient accuracies to 
provide for the elimination of dead-reckoning inaccuracies. 

STATUS: Research and development needed 

Efficacy. Medium for high-accuracy, real-time navigation. 

Waste. None 

SCIENCEmCHNOLOGY NEEDS: 
Present positioning approaches are not sufficient to provide highly accurate position information 
for mobile robotic platforms within the INEL. Significantly improved operational efficiency could 
be realized by improved approaches and eliminating the need for dead reckoning. Dead reckoning 
combined with presurveyed way-point recalibration is probably the best approach for INEL 
applications. 

IMPLEMENTATION NEEDS: 
Development costs of $0.5 to $l.OM. Normal deployment costs. Capital costs are estimated to be 
$200K to $300K/uait. There are no “separate” operating costs for this sensor. 

CONTACE B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, “Technology Logic Diagram (TLD),” K-2073, February 
1993. 
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MSER-RANGE-FINDERS ROBAi7lrlN 
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EM PROBLEM Decommissioning 

PROBLEM AREA/CONTAMINANTs: 
Support of characterization, dismantlement, and decontamination-Laser range finders to provide 
a means of accurately ascertaining the position of a robotic device relative to the work site. 

SUBELEMENIS: Rob0 tics/au tomation 

ALTERNATIWS: Sensors, control 

TECHNOLOGY Laser Range Finders 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. For the implementation of tele-robotic and autonomous 
operations, accurate position information is required for the work space, relative to the robotic 
platform. Laser range cameras presently have insufficient reliability and accuracy for the 
long-range needs of the INEL efforts. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. Medium. 

Waste. None 

SCIENCEKECHNOLOGY NEEDS: 
Present methods for generating three-dimensional sensory information of the local task site have 
insufficient reliability and accuracy to allow widespread robust automation of local tasks. 
Significant benefits could be realized through improvement of laser range finder hardware. 
Limitations exist in both hardware reliability and data interpretation. 

IMPLEMENTATION NEEDS: 
Development costs of $0.5 to $l.OM. Normal deployment costs. 
Capital costs after development would be approximately $250K/unit. Increased operati: 
would be negligible. 

C O N T A m  B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, Fe 
1993. 

2. F. J. Sweeney, Random and Systematic En-on in Laser Range Camera Data. 
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FORCE CONTROLS ROBA-72-IN 

EM PROBLEM. Decommissioning 

PROBLEM AREAICONTAMINANTS: 
Support of characterization. Primarily for characterization activities, the ability to control the 
force (e.g., for swipes or sensor sweeps) is a necessary feature of the robotic manipulator. 

SUBELEMENTS: Robotics/automation 

ALTERNATIVES: Sensors, control 

TECHNOLOGY Force Controls 

Mobile robotic platforms are required for deployment of characterization, dismantlement, and 
decommissioning sensors and tooling. For the implementation of tele-robotic and autonomous 
operations, accurate force control information is required to control the forces exerted in the 
remote environment. Presently, adequate end-of-arm force-torque sensing capability has been 
demonstrated for control of the tasks. Significant improvement in accuracy and sensor robustness 
is needed for tactile sensing. 

STATUS: Demonstration, testing, and evaluation needed 

Efficacy. High for Cartesian and joint space sensing; Medium for tactile sensing. 

Waste. None 

SCIENCEKECHNOLOGY NEEDS: 
Present accuracy and robustness of tactile sensors preclude strong reliance on these sensors for 
many applications, including laboratory sample handling operations. 

IMPLEMENTATION NEEDS: 
Development costs estimated to be from $0.2M to $0.5M. Normal deployment needs. Capital 
costs estimated at $100Wunit. No separate operating costs. 

CONTACT: B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization. Automated control of physical parameters (flow, mass, volume, etc.). 

SUBELEMENTS: Robo tics/au toma tion 

ALTERNATIVES: Sensors, control 

TECHNOLOGY Flow, Mass, Volume 

Present industrial-grade sensors are sufficient for expected applications of these sensors in the 
INEL characterization tasks. 

STATUS: Accepted 

Efficacy. High for applications in automated analytical laboratories. 

Waste. No additional waste generated by this technology. 

SCIENCE/I'ECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Normal deployment needs. Capital costs are estimated at $20K/unit. 

C O N T A a  B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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POSITION SENSORS ROBA-754N 

EM PROBLEM Decommissioning 

PROBLEM ARENCONTAMINANTS: 
Support of characterization, dismantlement, and decontamination-Sensors are required on the 
manipulator adend-effector to accurately determine its position. 

SUBELEMENTS: Roboticslautomation 

ALTERNATIVE!3: Sensors, control 

TECHNOLOGY Position Sensors 

Present industrial-grade position sensors are sufficient for expected applications of these sensors 
in the INEL characterization, dismantlement, and decontamination tasks. The available 
technologies are expected to be sufficient for any applications related to manipulator arm and 
end-effector position sensor requirements. 

STATUS: Accepted 

Efficacy. High for application in analytical laboratory or for sensor sweeps. 

Waste. None 

SCIENCEKECHNOLOGY NEEDS: None needed 

IMPLEMENTATION NEEDS: 
Development costs are negligible. Normal deployment needs. Capital costs are estimated as 
<$lOK/sensor. There are no separate operating costs. 

CONTACE B. E. Griebenow (INEL), (208) 526-0501 

REFERENCES: 

1. Oak Ridge National Laboratory, "Technology Logic Diagram (TLD)," K-2073, February 
1993. 
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264,266,268-269,273,280,302,304-306, 
312-313,339,352 

Americium, IA: 12,20,26,30; Ik7-9 
Americium-241, IA: 12,20,26,30 
Ammonia, IA: 26; IIk224,305 
ANNULAR DENUDERS (CHAR- 16-IN), 

k17; Ik5;lIk25 
Antimony, IA: 7,12- 13,26 
Antimony-125, IA:7,12-13,26 
ARC SAW CU'ITING (DISM-37-IN), E21; 

m.39; m341 
ARMS WITH > 6 DEGREES OF FREEDOM 

Arsenic, Ik P 10 
ARTIFICIAL INTELLIGENCE/NEURAL 

(ROBA- lO-IN), I: 22, II:57; IE 463 

NETWORKS (CHAR-22-IN), I: 17; Ik3; 
IE 37 

19,23,27,31,33,39,41,43,49,53,55,57, 
59,61,63,65,67,69,71,73,75, 80,82, 86, 
88,90,92,94,96,98, 100,102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 139, 141, 143, 145,, 

168,451 

Asbestosinsulation, IE3,5,7, 11, 13, 15, 17, 

147,149, 151, 153,155,159, 163-164, 166- 

Asbestos, I:5;IA:3,5-6,9, 13,18,20,22,30; 
Ik9-10, 15-31,35-45,49-51, 53;lTk3,5,7, 
11, 13, 15, 17, 19,23,27,31,33,39,41,43, 
49,53,55,57,59,61,63,65,67,69,71,73, 
75,80,82,86,88,90,92,94,96,98, 100, 
102, 104, 106,108,110, 112, 114, 116, 118, 
120, 122, 124, 127, 131, 133, 135, 137, 139, 
141, 143, 145, 147, 149, 151, 153, 155, 159, 
163-164, 166-168, 173, 178-179,289,309, 
354-357,359-362,367,419,432,451-452 

ATOMIC SPECTROSCOPY (CHAR-76-IN), 
I:l& Ik$IIk 108 



AUGER ELECTRON SPECTROSCOPY 

AUTOCORRELATION AND 
(CHAR-%IN),I:17; Ik6;m:S 

AUTOCONVOLUTION OPTIMIZED 

29-IN),k17; lk:4;IE51 
MULTIVARIATE ANALYSIS (CHAR- 

AUTOMATED BRUSHING TO REMOVE 
SURFACE CONTAMINATION @CON- 
57-IN), k20; lkl6; IE 272 

AUTOMATED GRINDING @CON4l-IN), 
IB, II:25,5741; Ilk254 

AUTOMATED SEPARATION 
TECHNOLOGY (ROBA-2&IN), 123; 
Ik58; Ilk473 

B 
Barium, IA:7,26; IL9-10; IIk208 
Barium- 137111, IA: 7 
Beams, II:39;IE208,298,331,334-335,337, 

339,341,343,345,348,350-352,369,381 
BIOLOGICAL @CON-O3-IN), I:l% Ik31; 

III: 176 
BIOLOGICAL SURFACE CLEANING 

@CON-17-IN), I: 19; Ik20; m207 
BLASTING @ISM-22-IN), k21; Ik36; Ilk 325 
BLEACHING @CON-27-IN), I: 19; IkQ 

III: 226 

I 2  Ik52; Ilk417 
BOREHOLE DISPOSAL (MDIS- lWIN), 

C 
Cadmium, IAZ; E 9 1 0  
Calcium, IA: 26; Ilk 148,197,203 -204,226,245, 

356,384,389,391,397 
Carcinogenic agents, IIk 159 
CATALYTIC EXTRACTION PROCESS 

@CONW-IN), I: 19; II:30; IE 180 
CAUSTIC TREATMENT @CON-13-IN), 

El% II.20; r n 1 %  
CEMENTITIOUS 

SOLIDIFICATION/STABILIZATION 
(CS/S) (WSTA-lWIN), 122; E4RIE435 

CENTRIFUGE CRYOGENIC C02 PELLET 
BLASTING @CON-39-IN), k20; Ik24, 
57-61; IIk244 

Cerium, Lk12- 13,26-27; E20;IE 198-200 
Cerium- 144, M12- 13,26-27 
Cesium, IA:3,6-7,10,12-13,16,18,20-21,26- 

Cesium-134, IA:12-13, 16,18,20,26-27 
Cesium-135, Lk7 
Cesium-137,IA:3,6-7, 10, 12-13, 16, 18,20, 

2tb-n; m 220 

Ik lR Ilk184 

III: 186 

I:lR E30; m179 

27; Ik7-9,16; IIk220 

CHEMICAL FOAMS @CON-08-IN), 1:lR 

CHEMICAL GELS @CON-09-IN), I:l% Ikl% 

CHEMICAL LEACHING @CON-O5-IN), 

CHEMICAL LEACHING TESTS FOR 
PROTOCOL DEVELOPMENT FOR 
EVALUATION OF CLEANING 
OPTIONS AND EFFECTIVENESS 
(CHAR-113-IN), I:l% IIeIE 163 

CHEMOMETRIC-ASSISTED DATA 
ANALYSIS (CHAR-21-IN), k17; 
m 35 

Chlorine, IA: 26-27; IIk 2 14,226 
Chromates (CrO4), II:20; m3,5,7,  11, 13, 15, 

17,23,25,27,31,33,35,37,43,45,49,51, 
53,55,57,59,61,63,65,67,71,73,75,78, 
80,82,84,86,88,92,96,98, 100, 102, 104, 
106, 108, 110, 112, 118, 137, 159, 161, 163, 
198,208 

Chromium,k9;IA:26; IkP10,30;IIk3,5,7,11, 
13, 15, 17, 19,23,25,27,31,33,35,37,43, 
45,49,51,53,55,57,59,61,63,65,67,71, 
73,75,78,80, 82,84,86,88,92,96,98, 
100,102,104,106,108,110,112,118,137, 
159,161,163, 183,196,198-200,203 

C02 BLASTING @ISM47-IN),I:21;Ik42; 
Ilk 355 

401,404,408,411,413-414 

m 220 

cobalt, Ik7-9;IIk389,391-392,396-398,400- 

C~balt-60, LA:3,6, 10, 12-13,16, 18,20,26; 

COLD VAPOR (MERCURY) ANALYSIS 
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MOBILITY/MANIPULATION/END- 
EFFECTOR CONTROL (ROBA-28-IN), 
Pa; IIS%IE477 

Combustibles, III: 175,180,373 
COMMERCIAL RCRA LANDFILL SITES 

(MDIS- 103-IN), I: 22; Ik52; Ilk421 
COMPACT HIGH-CAPACITY A R M S  

(ROBA- 1 1-IN), I: 23; Ik58; lIk465 

Prn, m23; mm 
COMPLEXING AGENTS (DCON-7PIN), 

Composite roofing, IJE 175- 176 
COMPRESSED-AIR CRYOGENIC C02 

PELLET BLASTING @CON-51-IN), 
E2Q Ik15; Ilk262 

IN), I: 17; Ik5; IE 67 

n26; m a  

21-22,24-26,28,30-32; lk15-3 1, 3545,49; 
IE3,5,7, 11, 13,15, 17, 19,23,27,31-33, 

COMPUTER TOMOGRAPHY (CHAR-41- 

CONCRETE MILLING (DCON47-IN), 1~20; 

ConcreteYI:9-11,2O,22;IA:3, 6,9, 11-13,15-19, 

39,41,43,49,53,55,57,59,61,63,65,67, 
69, 71,73,75,77,80,82, 86,88,90,92,94, 
96,98,100,102,104,106,108,110,112, 
114, 116, 118, 120, 122, 124, 127, 129, 131, 
133, 135, 137, 139, 141, 143, 145, 147, 149, 
151,153,155,159, 161-164,166-168,173, 
176, 178-179, 191-192,207,212,224,226, 

253-254,256-260,262,264,266,268-269, 
273,280,282,289,291-294,309-310,317- 
320,322-323,325,327,329,350,355-356, 
360-362,367,376,378-379, 388,394-395, 

228,236,238,240,242,244,247,249,251, 

409413,437-439 
CONTAINMENT STRUCTURES (DISM- 

CTMNT- loo), P21; m.384 
CONTINUOUS AIR MONITORING (CHAR- 

CONVENTIONAL (JACKHAMMER, 
S I N ) ,  I: 18; Ik3; IE 84 

HEADACHE BALL) (DISM-21-IN), k21; 
m36; m322 

(MECHANICAL) (DISM-33-IN), k21; 
CONVENTIONAL DISASSEMBLY 

Ik39,57-61; IE 334 

Copper wiring, lIk3,5,7, 11, 13, 15, 17,19,23, 
27,31,33,39,41,43,49, 53,55,57,59,61, 
63,65,67,69, 71,73,75,80,82,88,90,92, 
94,96,98,100,102,104,106,108,110, 
112, 114, 116, 118, 120, 122, 124, 127, 131, 
133, 135, 137, 141, 143, 145, 147, 149, 151, 

273,280 

19,23,27,31,33,39,41,43,49,53,55,57, 
59,61,63,65,67,69,71,73,75,80,82,88, 
90,92,94,96,98, 100, 102, 104, 106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 127, 
131, 133, 135, 137, 141, 143, 145, 147, 149, 

153, 155, 159, 163-164, 166-168,207-208, 

Copper, W18; Ik49;IE3,5,7, 11, 13,15, 17, 

151,153, 155, 159, 163-164,166-168, 180, 
188, 198,207-208,210,216,220-221,234, 
236,238,242,244,247,249,251,253-255, 
262,264,266,268-269,273,280,304,339, 
363,382 

Wl; Ik37; m378 

curium-244, IA:20,30 

CORE STITCH DRILLING @ISM-83-IN), 

Curium, I: 6; W 20,30; III: 147,289,3 10,329 

Cylinders, Ik37,45;Ilk3,5,7, 11, 13, 15, 17, 
19,23,27,31, 33,39,41,43,49, 53,55,57, 
59,61,63,65,67,69,71,73,75, 80,82,88, 
90,92,94,96,98, 100, 102, 104, 106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 127, 
131, 133, 135, 137, 141, 143, 145, 147, 149, 

244,262,373,379 
151,153, 155, 159, 163-164, 166-168,234, 

D 
DATA BASE MANAGEMENT FOR LARGE 

QUANTITIES OF DATA (CHAR-72-IN), 
k18; Ik3;IE 100 

DATA INTEGRATION/FUSION (ROBA-33- 
IN), I: 23; II59; m482 

Data and instrument manipulation, m: 37 
Data assessment, Ik4; m. 35,5 1 

Debris, k9,l l ;  Lk3,&7,9, 12-13,16, 18,30; 
lI:18,26,36,51;III:228,240,256,260,274, 

329,355,410,413,419 
289-291,310,318,320,322-323,325-327, 



DEMOLITION COMPOUNDS 
(EXPANSIVE GROUT) @ISM-23-IN), 
I21; E37; mm 

Demolition of concrete, IIk376,378 
DETERGENTS AND SURFACTANTS 

@CON-&IN), I: 19; II.22, m224 
DIAMOND WlRE CUTTING @ISM- 12-IN), 

I21; E35,5741; IIL. 320 
DIFFERENTIAL OPTICAL ABSORPTION 

SPECTROSCOPY (CHAR-27-IN), I: 17; 
ElCbll;IIk47 

Dioxin, m.l& IE 208,232,289 
DIRECT SAMPLING ION TRAP MASS 

SPECTROMETRY (CHAR-%lN), I: 18; 
Ell ;  Ilk124 

E60; m:sM 

lk335,345,363,369,372-373,375 

m26, m259 

DIRECTIONAL AUDIO (ROBA-65-IN), I:23; 

Disassembly of major components, II:44-45; 

DRILL AND SPALL @CON4PIN), I: 20; 

DRY HEAT @CON-O4-IN), kl9; Ik30;lE 178 
DRY HEAT ROASTING @CON-6O-IN), I: 20; 

m.16 Ilk276 

84, 135,210,238,242,251,257,260,283, 

371,378,380,400,403,405 

Dust, kll; II:lC17,26,35-37,40,45; IIk25,45, 

291,322-323,325,329,345-346,352,370- 

E 
ELECTRET PASSIVE SURFACE ALPHA 

MONITOR (CHAR-95-IN), I: 18; E8 ;  
III: 131 

Electrid equipment, E3545 
Electrical switch gear, JIk 283 
ELECTRO-DISCHARGE MACHINING 

(EDM) @ISM-86IN), I:21;Ik41; IIL.381- 
382 

l&IN),I:l7; ERIE 19 

Ern, m2l2 

ELECTROCHEMICAL METHODS (CHAR- 

ELECTROMIGRATION @CON-ZO-IN), k19; 

ELECTRON DIFFRACTION (CHAR-37-IN), 

I:lT El@ m6 
ELECTRON SPECTROSCOPY FOR 

CHEMICAL ANALYSIS (CHAR-1-IN), . 

I:lT E6m3 

Ern, mal5 

SPECTROSCOPY (CHAR35-IN), I: 17; 

ELECTROPOLISHING @CON- ISIN), I: 19; 

ENERGY DISPERSIVE X-RAY 

Ik5; IE 63 
ENVIROCARE, UTAH LANDFILL (MDIS- 

104-IN),I:22;Ik52; IIL.422 
EPOXY, m236,244,247,249,264,266,268- 

269,280,287 
Europium, IA: 6, 12- 13,20,26-27; Ik7-9 
Europium-152, W12- 13,20 
Europium-154, IA:6,12- 13,20,26-27 
Europium-155, W12- 13,26-27 
EXCEPTED PACKAGES - STRONG, 

TIGHT CONTAINERS (WPHT-lOo-IN), 
I 2  E50; m427 

IIL. 257 

II:40; Ilk351 

EXPLOSIVE @CON-48-IN), I: 20; II%, 

EXPLOSIVE CUTTING @ISM-44-IN), k21; 

EXTENDED X-RAY ABSORPTION FINE 
STRUCTURE (CHAR3CbIN), I: 17; II: 10; 
m 53 

Exterior sutfaces, III: 238,242,25 1 

F 
FAILURE RECOVERY (ROBA-OCIN), I:22; 

E53 m456 
FIBER-OPTIC CHEMICAL SENSORS 

(CHAR-25-IN), I: 17; E5; Ilk 43 
FIELD PORTABLE X-RAY 

FLUORESCENCE (CHAR&-IN), I: 17; 
E9;IEll 

@CON-68-IN), I: 20; It: 17; IE287 
FIXATIVE/STABILIZER COATINGS 

FLAMING @CON-8@IN), I: 20; E29; lk 309 
FLASHLAMP CLEANING @CON-77-IN), 
I20; n2p, mm 



F~OOIS, I:5; E i 1 3 3 ~ l s 1 9 ~ 2  1~2i1,293E35-7 
38,4243; m34,  161,186,191,238-239, 
260,264,268,285,310,317-323,325-330, 
356,360,362 

266,284,292,301,418,426,509 

Fa; E61; m.511 

CONTAMINATED SURFACES AND 

Flourene, IA: 2&27; III: 4,22,26,30, 180,249, 

FLOW, MASS, VOLUME (ROBA-74-IN), 

FLUORESCENCE DIAGNOSIS OF 

AIRBORNE CONSTITUENTS (CHAR- 
110-IN), I: lRE5; IIk 159 

FLUOROBORIC ACID TREATMENT 
@CON-1 1-IN), I: 19; JI: 19; m 191 

FORCE CONTROLS (ROBA-72-IN), I: 23; 
E61; Ilk510 

E60; mm 

m471 

FORCE FEEDBACK (ROBA&IN), k23; 

FORCE LIMITER (ROBA-25-IN), Ik58; 

FOURIER TRANSFORM INFRARED 
SPECTROSCOPY (CHAR-&IN), I: 17; 
E6 ; IE  15 

488 
FUZZY CONTROL (ROBA-47-IN), k23; E59; 

G 
GAS CHROMATOGRAPHY - FOURIER 

TRANSFORM INFRARED 
SPECTROSCOPY (CHAR-66A-IN), I: 18; 
Ell; mw 

GAS CHROMATOGRAPHY - MASS 
SPECTROMETRY (CHAR-8&IN), I: 18; 
Ell; m m  

MULTITUDE OF DETECTORS (CHAR- 
GAS CHROMATOGRAPHY USING A 

94-IN),kl8; II.l&IE 129 
Gas-phase,E28;IE3,5,7,9, 11, 13, 15, 17,21, 

23,25,27,29,39,41,43,45,47,49,53,55, 
57,59,61,63,65, 67,69,71,73,75,78,80, 
82, 84,92,94,96, 108, 110, 112, 118, 120, 
122, 124,126,135, 159 

Gases, k4, 18,21; hk7, 15, 17,29; II5-6, 10-12, 
19-20,26,28,37,45; III:3,5,7,9-11,13, 
15-17, 19,21-23,25,27,29,31,33,39,41, 

~ 4 3 ~ 4 5 ~ 4 7 ~ 4 9 ~ 5 3 ~ 5 5 ~ 5 7 ~ 5 9 ~ 6 . 1 ~ 6 3 ~ 6 5 ~ 6 ~ ~ ~  
69,71,73,75,78,80,82, 84,86,88,90,92, 
94,96,98, 100, 102,104, 106, 108, 110, - 

112, 114, 116, 118, 120, 122, 124, 126-127, 
129-131, 133, 135, 137, 139, 141, 143, 145, 
147, 149, 151, 153, 155, 159-160, 163-164, 
166-168, 178, 180, 188-189, 193-194,196, 
202,228,234,238,242,244,249,25 1,253 - 
254,260,285,294,300,302,309,331-332, 
337,339,343,372,376,378,426,428 

Gasla3s,III:3,5,7, 11, 13, 15, 17, 19,23,27,31, 
33,39,41,43,49,53,55,57,59,61,63,65, 
67,69,71,73,75,80,82,86,88,90,92,94, 
96,98, 100, 102,104,106,108,110, 112, 
114, 116, 118, 120, 122, 124, 127, 129, 131, 
133, 135, 137, 139, 141, 143, 145, 147, 149, 

GLASSIFICATION (DISM4&lN), 1:21; E 4 2  

GLOW DISCHARGE IONIZATION MASS 

151, 153, 155, 159, 163-164, 166-168 

m 357 

SPECTROSCOPY (CHAR-56-IN), I: 17; 
E7; IE 80 

GRABBLER (SAW) MASSIVE SHEARING 

GRABBLEWGROSS SHEARING AND 
@ISM-43-IN), k21; Em, IE 350 

LIFTING @ISM-5&IN), I:21;lkM, 
IIk 367 

Grease, II23;IE210,214,224,273,305,312 
GRIT BLASTING @CON3&IN), I: 20; E24; 

242 

H 
HADAMARD MASKING FOR SPATIAL 

RESOLUTION (CHAR-2&IN), kl7; E3 
m 4 9  

SURFACE CONTAMINATION (DCON- 
HAND BRUSHING USED TO REMOVE 

%IN), k20; II.l6;IE271 
HAND GRINDING, HONING, SCRAPING 

@CON43-IN),I:20; II:25,57-61;IIk253 
Handling, IA: 13-14, 16,22,24; II:7,40,42,45, 

49-52,61; 168,181,234-235,263-264, 
302,325,359,.373,389,394,419424,427- 
434,440,449,466,480,s 10 

k23; Em, Ilk491 
HARDWIRE (UMBILICAL) (ROBA4PIN), 



. , .. ,. . .  . 
1 .  

Hazardous, k6, 15-16,24; W9; Ik17,23,31, 
36,49-50,53,57-61; IIk43, 179- 180, 182, 
185,187,195,204,228,240,279-280,283, 
285,287,289-290,310,313,357,359,407, 
417-418,426,429,433437,439-444,456 

HIGH-DEFINITION TELEVISION (HDTV) 
VISION (ROBA-SIN), k23; IkW, IE 500 

HIGH-PRESSURE ABRASIVE WATER-JET 
CUTTING (DISM- 1 1-IN, -5CrIN, -52-IN), 
I21; II:35,40,43-44;IIk317,361,363 

HIGH-PRESSURE JET SPALLING (DCON- 
50-IN), I:20; W26 IIk 260 

I2Q Ik15; Ilk264 

kl? Ik5;IIk69 

El& mm 

lE 268 

HIGH-PRESSURE WATER @CON-52-IN), 

HOLOGRAPHIC IMAGING (CHAR*IN), 

HOT AIR STRIPPING @CON-59-IN), km, 

HOT WATER @CON-54-IN), k20; Ik15; 

HYDRAULIC-POWERED SHEAR 
ATTACHMENT (DISM-SR-108), k22; 
n36, m409 

HYDROCHLORIC ACID TREATMENT 
@CON-24-IN), I: 19; II:21; IIL.220 

I 
ICE BLASTING (DCON4LIN), I:20; Ik25; 

IMAGING AND IMAGE PROCESSING 
lE 247 

(ROBA-67-IN), I: 23; E60; I& 505 
IMMUNOASSAY DETECTION (CHAR-23- 

IN),I: 17;II:ll; m39 
IN SlTU MEASUREMENT OF NATURAL 

GAMMA EMITERS (CHAR-51-IN), 
k17; Ik7;m 77 

CONTAMINATION BY WEAK BETA 

Ik8;IE 145 

IIL. 175 

IN SITU MONITORS FOR SURFACE 

RADIONUCLIDES (CHAR- 10249, I: 18; 

INCINERATION @CON-O2-IN), I: 19; Ik31; 

INDUCTIVELY COUPLED PLASMA - 
MASS SPECTROSCOPY (CHAR-78-IN), 

I:l& Ik9;m 112 

SPECTROSCOPY (CHAR-77-IN), I: 18; 
INDUCTIVELY COUPLED PLASMA 

II9;IIk 110 
INEL CENTRAL FACILITIES AREA (CFA) 

LANDFILL (MDIS-101 -IN), k22; E51; 
IIL.419 

INEL RADIOACTIVE WASTE 
MANAGEMENT COMPLEX (MDIS- 
106-IN),I:22;Ik51; IIL.424 

INFRARED ANALYSIS OF WASTES 
(FTIR-PAS) (CHAR 136-IN), I: 19; IE7; 
IIL. 168 

INORGANIC ACID TREATMENTS @CON- 
12-IN), I: 19; Ikl% IIk 193 

Inorganics, I: 19; Ik9- 10, 15-3 1,49,53; lIk 3,5, 
7, 11, 13, 15, 17, 19,23,25,27,31,33,35, 
37,41,43,45,49,51,53,55,57,59,61,63, 
65,67,71,73,75,78,80,82,84, 86,88,92, 
96,98,100,102,104,106,108,110,112, 

200,2 10 
Instruments, W22,3l;II:lO, 15-31,57-61; IE3, 

5,7, 11, 13, 15, 17, 19,23,27,31,33,39, 
41,43,49,53,55,57,59,61,63,65,67,69, 
71,73,75,80,82,88,90,92,94,96,98, 
100, 102,104,106, 108,110,112, 114, 116, 
118, 120, 122, 124, 127, 131, 133, 135, 137, 
141, 143, 145, 147,149,151,153, 155, 159, 

118,137, 153,159,161,163,193-194,198, 

163-164,166-168,280,447 
Insulated copper wiring, m: 207-208,273,280 
Insulated copper, IJk207-208,273,280 
Internal surfaces, Ilk 184,207,30 1 
Iodine, IA: 26, Ik7-9; Ilk305 
Iodine-129, IA: 26 
ION CHROMATOGRAPHY (CHAR-5&IN), 

Iron, W26; II:49; m:193,202,218,238,255, 

ISOTOPIC DILUTION MASS 

k17; ElQIIk75 

262,343,352 

SPECTROSCOPY (CHAR-48-IN), I: 17; 
W.6; Ilk 73 
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K 1 06;-108;-1-10~1-1~~1-1-8~1~~~159~16-1~163, 

L 
Large components, III: 184,186 
LASER (ROBA-52-IN), k23; Em, IIk496 
LASER ABLATION FOR DIAGNOSING 

METALS AND RADIONUCLIDES 

LASER ABLATION ORGANIC MASS 
(CHAR-8Mt9, I: 18; E+ IIk 116 

SPECTROMETRY (CHAR-93-IN), I: 18; 
E12; ml27 

LASER ABLATION; INDUCTIVELY 
COUPLED PLASMA; ATOMIC 
EMISSION SPECTROSCOPY (CHAR- 
111-IN),I: 19;IkRIIk 161 

m 359 

@CON-74-IN), I: 20; II:28; m298 

LASER CUTI'ING (DISM-49-IN), k21; E42; 

LASER ETCHING AND ABLATION 

LASER HEATING (DCON-73-IN), I:20; IEm, 
JIk 296 

SPECTROSCOPY (CHAR4IN), I: 17; 
LASER IONIZATION MASS 

I k e m 7  

SPECTROSCOPY (CHAR-15-IN), I: 17; 
LASER PHOTO ACOUSTIC 

IIS; III: 23 

I23; E.61; Ilk509 
LASER RANGE FINDERS (ROBA-71-IN), 

LASER-ACTIVATED CHEMISTRY 
@CON-l&IN), I: 19; II:20; IE208 

LASER-BASED RAMAN SCATTERING 
(CHAR-WIN), I: 18; Ik5; Et 114 

LASEWFLASHLAMP HEATING TO 
RELEASE OR DESORB SURFACE 
AND SUBSURFACE CONTAMINANTS 
(CHAR-87-IN),I: 18;Ik4;lIE 118 

Lead, 1:3,5,9,24; WlG11, 16, 18,25-26; II:P 
10, 18,49,5741; m3,5 ,7 ,  11, 13, 15, 17, 
19,23,25,27,31,33,35,37,43,45,49,51, 
53,55,57,59,61, 63,65,67,71,73,75,78, 
80, 82, 84,86, 88, 92,96,98, 100, 102, 104, 

230,273; 289; 309; 417; 435-436,-439,-454,- 
. - .  

- 478,484 
LEAD-BASED PAINT REMOVAL (DCON- 

29-IN), I: 19; IIk 230 
LIQUID CHROMATOGRAPHY - MASS 

SPECTROMETRY (C€IAR-8PIN), k18; 
Ell; m m  

(CHAR- lZPIN), I: 19; Ik8; IIL 166 
LIQUID SCINTILLATION COUNTING 

Liquids,I:4-5,1&19,24;IA.7,11,21-22,24, 
26; Ik112,15-31,35-45,49-52,57-61; 
m3,5,7,9, 11, 13, 15-17, 19,21,23,25, 
27,29,31,39,41,43,45,47,49,53,55,57, 
59,61,63,65, 67,69,71,73,75,78,80,82, 
84,92,94,96, 108, 110, 112, 118, 120, 122, 
124, 126, 129, 135, 137, 159, 163, 166, 168, 
180,193,201,224,226,232-233,275-276, 
283,289,313,318,331-332,334,337,428, 
439,441,443444 

k21; E45; m372 

(ROBA-09-IN), k22; Ik57; m461 

LIQUIFIED GAS C W I N G  @ISMGIN), 

LONG REACH ARMS, HEAVY DUTY 

LONG REACH ARMS, LIGHT DUTY 

LONG REACH ARMS, MEDIUM DUTY 
(ROBA-07-IN), I: 22; II:57; U457  

(ROBA-O&IN), k22; E57; IIk459 
LONG-PATH FOURIER TRANSFORM 

INFRARED SPECTROSCOPY (CHAR- 
18-IN),I:17; Ell;IIk29 

Loose materials, IU: 282 

M 
MAGNETIC RESONANCE IMAGING 

Major components, IA: 19; Ik44-45; m.325,335, 

Major dismantlement, II:35-45; IIk 343,348, 

(CHAR-58-IN), I: 18; E& IIk 82 

345,363,369,372-373,375 

363,365,367,375 

IZ; E59; m486 

413 

MAN-ROBOT SYMBIOSIS (ROBA-46-IN), 

Manganese, LA: 13,20,26; II:7-9; III:389,411, 



Manganese-54, IA:13,20 
MANUALLY OPERATED BACKHOE 

(DISM-ME- 103), I 2  E35; IE 393 
MANUALLY OPERATED DOZER (DISM- 

ME- 109, I:Q E 3 6  IE 402 
MANUALLY OPERATED EXCAVATOR 

MANUALLY OPERATED HYDRAULIC 

MANUALLY OPERATED MOTOR 

@ISM-ME- lOl), I21; E35iIE386 

RAM @ISM-=- log), I: 22; Ik36; Ilk 412 

GRADER @ISM-ME-IW), k22; Ik35; 
m399  

@ISM-ME- 106), ID, E36IE405 
MANUALLY OPERATED TRENCHER 

Massive concrete, m35-45; IE 3 17,320,322, 

Material disposition, H-2,12,22; II:49-53,57- 
325,327,329,367,376,378-379 

61; m.415,417,419-425,427-435,437, 
439,441,443,473,505 

MECKANICAL DISINTEGRATION 
MACHINING @ISM-85-IN), k21; Ik41; 
Ilk381 

SAMPLE COLLECTION AND 

Ik3; IE 78 

5,7, 11, 13, 15, 17, 19,23,25,27,31,33, 
35,37,41,43,45,49,51,53,55,57,59,61, 
63,65, 67, 71,73,75,78,80,82,84,86,88, 
92,96,98, 100, 102, 104, 106, 108, 110, 

276,439 

Ilk 255 
Metal equipment, II:17,45;IIk3,5,7, 11, 13, 15, 

17, 19,23,27,31,33,39,41,43,49,53,55, 
57,59,61,63, 65, 67,69,71,73,75,80,82, 
88,90,92,94,96,98,100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 139, 141, 143, 145, 

MEMBRANE TECHNOLOGY FOR 

CONCENTRATION (CHAR-55-IN), I: 17; 

Mercury, I: 5,9,17; IA: 10- 1 1,26; II:P 10; IIk 3, 

112,118, 137, 159, 161, 163,210,232-233, 

METAL MILLING @CON-45-IN), k20; IkB, 

147,149,151, 153,155, 159,163-164,166- 
168, 188, 191,193, 196,207-208,210,216, 

249,25 1,253-255,262,264,266,268-269, 
218,220,222,234,236,238,242,244,247, 

273,280,283,296,298,300,304,373 
Md,I:5,10-11,20;IA:3,6-7,9, 11, 13, 16, 18- 

20,24,30; II:15-31,40,45,53; IIk 3,5,7, 
11, 13, 15, 17, 19,23,27,31,33,39,41,43, 
49,53,55,57,59,61,63,65,67,69,71,73, 
75,80,82,88,90,92,94,96,98, 100, 102, 
104,106,108,110,112,114,116,118,120, 
122, 124, 127, 131, 133, 135, 137, 139, 141, 
143,145, 147,149, 151,153,155, 159,163- 
164, 166-168, 173, 179-182, 188,191-194, 
196, 198-200,202-203,205,207-208,210, 
212,216-224,226,228-229,234-236,238, 
242,244,247,249,251,253-255,262,264, 
266,268-269,272-273,279-280,282-283, 
296,298,300,302,304-305,307,3 1 1-3 13, 
339,341,343,351-352,361,363,369,373, 
382,435,453 

METALLOGRAPHIC SECTIONING AND 
PREPARATION (CHAR-67-IN), I: 18; Ik4; 
Ilk 96 

IN), I: 20; II: 17; IW85 

Ilk 492 

I:17; E4;IE31 

MICROBIAL DEGRADATION (DCON-67- 

MICROWAVE (ROBA-50-IN), k23; IkW, 

MICROWAVE DIGESTION (CHAR-19-IN), 

MICROWAVE SCABBLING @CON-71-IN, 
DISM-31-IN), k20-21; II:29,38,57-61; 
IIk 29 1,329 

Molybdenum, I: 25; IA: 26 
Monel, IIk3,5,7, 11, 13, 15, 17, 19,23,27,31, 

33,39,41,43,49,53,55,57,59,61,63,65, 
67,69,71,73,75,80,82,88,90,92,94,96, 
98, 100, 102, 104, 106,108, 110,112,114, 
116, 118, 120, 122, 124, 127, 131, 133, 135, 
137, 141, 143, 145, 147, 149, 151, 153, 155, 

208,210,221,234,236,238,242,244,247, 

273,280,302,304 

IN), I: 17; II: 10; Ilk71 

PROFILING OF CONTAMINANTS 

159,163-164,166-168,180,188,198,207- 

249,25 1 , 253-255,262,264,266,268-269, 

MOSSBAUER SPECTROSCOPY (CHAR-47- 

MULTIANGLE DRILLING FOR DEPTH 

(CHAR-64-IN), I: 18; Ik3; ILk 88 
MULTIFINGERED END EFFECTOR 

MULTIPLE, CONCURRENT MOBILE 
(ROBA-12-IN), I: 23; II:58; Ilk466 

PLATFORM CONTROL (ROBA-27-IN), 
k23; Ik585a,  m 475 



N 
NaI-Ge GAMMA SPECTROSCOPY (CHAR- 

ND: YAG AND C02 LASER CU'ITING 
106-IN), I: 18; Ik7,9; IIk 15 1 

(STRUCTURAL STEEL) (DISM-WIN), 
m1; II:39,45; m: 335 

Neptunium, IA: 20,26; III: 13 1,133,135,147, 

Neptunium-237, Lk20 
NEUTRON ACTIVATION (252 Cf 

155,199-201 

SHUFnER OR DIFFERENTIAL DIE- 
AWAY SYSTEM) (CHAR-107-IN), k18; 
E8; IE 153 

Ik51; JIL420 
Nickel ingots, IIk 234 
Nickel, IA:26;Ik37; lIk3,5,7, 11, 13, 15, 17, 

NEVADA TEST SITE (MDIS- 102-IN), I:2; 

19,23,27, 31,33,39,41,43,49,53,55,57, 
59,61,63,65,67,69,71,73,75,80,82,86, 
88,90,92,94,96,98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 
127, 131, 133, 135, 137, 141, 143,145,147, 
149, 151, 153, 155, 159, 163-164,166-168, 
180-181,186,188,191,199,203,221,234- 
235,244,262,339,379 

23,27,31,33,39,41,43,49,53,55,57,59, 
61,63,65,67,69,71,73,75,80,82,88,90, 
92,94,96,98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 131, 
133, 135, 137, 141, 143, 145, 147, 149, 151, 

198,234,244,262,302 
Niobium, IA: 13,26; lII:218 
Niobium-95, IA: 13,26 
Nitrates, Lk 24,26 -27; II: 19; Ilk 186,193 - 194, 

Nonfissile materials, lIk428-429 

Nickel-linedsteel, m3,5,7,  11, 13, 15, 17,19, 

153,155, 159,163-164, 166-168,193,196, 

199,439 

Oil, Lk 13;E 17-18,20,23,30; IE7,13, 15, 19, 
21,23,25,29,33,35,37,39,43,47,49,51, 
55,73,78,80,82,84,86,88,94,98, 100, 
102,104,106,118, 120,122,124,126-127, 
129,139,141,143-144,159,163-164,176, 

289,294,300-301,305,312,335,339,348, 
35 1-352 

181,210,214,224,232,235,273,283,285, 

ON-LINE SUPERCRITICAL FLUID 
EXTRACTION - MULTIDETECTOR 
GAS CHROMATOGRAPHY (CHAR- 
115-IN),I:19;m11; m 164 

I:% m50; Ilk434 

k17; E R I E 5 7  

ON-SITE PACKAGING (WPHT- IW-IN), 

OPTICAL MICROSCOPY (CHAR-32-IN), 

OPTIMIZATION OF SAMPLING DESIGNS 

ORGANIC ACID TREA"lENT/BRITISH 
NUCLEAR FUELS LIMITED (BNFL) 
CITRIC ACID DECONTAMINATION 

(CHAR-71-IN), I: 18; Ik3; lIk 98 

@CON-lO-IN),I: 19;II:19; Ilk 188 
ORGANIC SOLVENT TREATMENT 

Organics, I:4-5,9, 17-20; IA: 13; Ik7,10-12,15- 
31,49,53; III:7,9,13, 15,19,21,23,25,29, 
33,35,37,39,43,47,49,51,55,73,78,80, 
82,84,86,88,94,98, 100,102, 104, 106, 

@CON-21-IN), I: 19; Ik21; Ilk214 

118, 120,122, 124,126-127,129-130,135, 
139,141,143,159,163-164,166,173,176, 
178-180, 183,188,200,202,207,21O-211, 
214,224,232,238,242,251,253-254,257, 
275-276,279-280,283,285,287,294,296, 
298,300,304-305,307,309,317,320,322, 

345,348,350,357,359,369,375,379,381- 
325,327,329,331,334335,337,341,343, 

382,384,386,393,399,402,405-406,409, 
4 12,443 

IN), I: 19; Ik21; m218 
OXALIC ACID TREATMENT @CON-23- 

OXYGEN CUTTING @ISM-38-IN), I: 21; 
Ik39; m343 

P 
Packaging, I: 15- 16,22,24; II.24,50-52,58; 

lE419-423,427-434,451,466 



_. . 

Paint, E19,lk 18,22-23;lIk214,228,230,244- 
245,262,274,280,287,290,296,305,309- 
310,312-313,317 

PARTICLE SIZE ANALYSIS (CHAR-26-IN), 
k17; II:5,8-%lIk45 

PARTICLE-INDUCED X-RAY EMISSION 
(CHAR- 17-IN), I: 17; Ik9; Ilk 27 

Particulates, IA: 10,29; I[:5,8-10; IE25,45,57, 
65,84,108,110,120,196,233,339 

PASSIVE NEUTRON DETECTION (CHAR- 
104-IN), I: 18; Ik7; Ilk149 

I:l& Ell; m139 
PCB IMMUNOASSAY KIT (CHAR-*-IN), 

PERFORMANCE-ORIENTED 
PACKAGING, GROUPS I-111, FOR 

HAZARDOUS WASTE (WPHT-106-IN), 
RCRA NONRADIOACTIVE 

I:Q E50; m433 
PERFORMANCE-ORIENTED 

PACKAGING, GROUPS 11 AND 111, FOR 

III: 432 

PACKAGING, GROUPS II AND III, FOR 
POLYCHLORINATED BIPHENYLS 

ASBESTOS (WPHT- 105 -IN), I: 22, II50; 

PERFORMANCE-ORIENTED 

(WPHT-104-IN), k22; Ik50;IE431 
Permanent disposal, II:52; Ilk417,419-424 
Phosphates, IA.26; lk6,21; IIk 167, 186, 196, 

PHOSPHORIC ACID TREATMENT (DCON- 

PHOTOCHEMICAL DEGRADATION 

PIPEDUCT CRAWLER, EXTERNAL 

PIPEDUCT CRAWLER, INTERNAL 

216,224,305 

22-IN),I:19; Ik21;lIk216 

@CON-30-IN), I: 19; II:22, E 2 3 2  

(ROBA-03-IN), I: 22, II57; III: 45 1 

(ROBA-O2-IN), k22; II57; E 4 4 9  
Pipe~,I:22;IA:7,17, 31;Ik15-3lY 42-44,49,57; 

E 3 , 5 , 7 ,  11, 13, 15, 17, 19,23,27,31,33, 
39,41,43,49,53,55,57,59,61,63,65,67, 
69,71,73,75, 80, 82,88,90,92,94,96,98, 
100,102,104,106,108,110,112,114,116, 
118, 120, 122, 124, 127, 129, 131, 133, 135, 
137,139, 141, 143, 145, 147, 149,151, 153, 
155,159,163-164,166-168,178,184, 191, 
196, 198,207-208,216,228,234,236,242, 

244,247,249,262,264,266,268-269,272, 
277,280,289,346,352,355,361-362,367, 
369,371,405,448452 

k21; Ik39,57-61; E 339 
PLASMA ARC CUTTING (DISM-36-IN), 

PLASMA ARC SAW (STRUCTURAL 
STEEL) (DISMY~O-IN), k21; II:40,45; 
m345 

@CON-76-IN), I: 20; II:28; E 302 
PLASMA ETCHINGiFLUORINATION 

PLASMA SURFACE CLEANING (DCON- 
75-IN),I:20; I I a , IE300  

PLASMA TORCH @CON-72-IN), k2O; IIB, 
57-61;lIk294 

PLASTIC PELLET BLASTING (DCON-42- 
IN), I: 20; II:25; m251 

Plutonium, IA: 6-7,12,20,26,30; Ik7-9; m73, 
27 1 -272 

Pl~t~nium-239, IA:7,12,20,30 
Plutonium-240, IA:7, 12 
Plutonium-241, IA:7 
Polychlorinated biphenyls (PCBs), I:5,9,17- 18, 

15, 19,21,23,25,29,33,35,37,39,43,47, 
49,51,55,73,78,80,82,84,86,88,94,98, 

22; II: lO-l2,17-18,30,49-50,53; IIk 7,13, 

100,102,104, 106,118,120,122,124,126- 
127,129, 139, 141,143, 159,163-165,179- 
180,232,283,287,289,294,300-301,335, 
339 348,35 1-352,357,359,43 1 

Polycyclic aromatic hydrocarbons (PAHs), Ik 11; 

POLYMER IMPREGNATED CONCRETE 

Porous aluminum, m:3,5,7, 11, 13, 15, 17, 19, 
23,27,31,33,39,41,43,49,53,55,57,59, 
61,63,65,67,69,71,73,75,80, 82,86,88, 
90,92,94,96,98, 100, 102, 104, 106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 127, 
131, 133, 135, 137, 141, 143, 145, 147, 149, 

244,262 

27,31,33,39,41,43,49,53,55,57,59,61, 
63,65,67,69,71,73,75, 80,82, 86,88,90, 
92,94,96,98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120, 122, 124, 127, 131, 

Ilk 143 

(PIC) (WSTA-IOl-IN),I:Z;II:49; E 4 3 7  

151,153, 155, 159, 163-164,166-168,234, 

Porousnickel,IIk3,5,7, 11, 13, 15, 17, 19,23, 



7 8 3  5 

262 
PORTABLE GAMMA-RAY 

SPECTROMETRY (CHAR-112-IN), I: 19; 
Ik8;Ilk 162 

PORTABLE GAS 
CHROMATOGRAPW(ECD) FOR 
ANALYZING PCBs IN SOILDUST 
(CHAR-lO@IN), k18; IklkIlk 141 

PORTABLE VOLATILE ORGANIC 
COMPOUNDS (VOCs) DETECTORS 
(cHAR-!SIN),I:17; IklkIlk9 

POSITION SENSORS (ROBA-75-IN), k23; 
E61; Ilk512 

Ut 508 
POSITIONING ( R O B A - 7 0 ,  I:23;IkW, 

Potassium oxide, IA: 7 
Potassium, I: 3; IA: 7, 13,20,26; II:7,9,30,39; 

m40,151, 160, 187,189,194,196,252, 
258,301,305,339,346,370,436 

Potassium-40, Ik. 13,20,26; II:7,9,39; III: 151, 
339,346,370 

POWDER X-RAY DIFFRACTION (CHAR- 
31-IN),k17; Ik6;IE55 

POWER SOURCES FOR MOBILE 
PLATFORMS (ROBA-05-IN), 122; E57 
m454 

AVOIDANCE (ROBA-29-IN), k23; E58; 
PREPROGRAMMED OBSTACLE 

IE 478 
Process building equipment, Ilk375 
Process equipment, I: 3; IA:11,21; Ilk 213,282, 

PROGRAMMED MOTIONS (PER EPA 
285,300,302 

PROTOCOLS) (ROBA-3@IN), E23; II:59; 
m 479 

Promethium, IA:7,26 
Promethium- 147, IA:7,26 
PROPORTIONAL COUNTER FOR ALPHA, 

BETA ACTIVITY (CHAR-lO&IN), k18; 
Ik7,9; IIE 155 

PROXIMITY PROBES (ROBA-69-IN), k23; 
m60, mm 

. .  Q 
,QUALITATIVE IR THERMOGRAPHY 

(STRUCTURAL INTEGRITY) (DISM- 
32-IN),I:21; Ik3RIIk331 

R 
RADIO FREQUENCY (ROBA-51-IN), m, 
ma, m 4 w  

RadioactiveS, k2,4-7,9-11,15-16,24;IA:l, 3,5, 
7,9, 12-13, 16, 18,20-22,24,26,28-31; 
Ik7,17,19-20,35-36,38,49-53,5741; 
III:25,31,33,35,37,45-46,49,51,73,77- 
78,82,84,86,88,90,96,98, 100, 102, 104, 
106, 118, 131, 133, 135, 145, 147, 149, 151, 

200,204,211,230,234,240,246,263,280, 
287,294,307,310,313,318,339,351,355, 
361,400,403,405,410,413,417-418,420, 
424,427430,434435,43743 

nuclides), k18; IA: 22,24; I.I:6,8,15-3 1,35 - 
188,234,273,296,304 

155,157,162-163,168, 175,180, 191-192, 

Radionuclides (see also listings for individual 

45; IE74,116,135-136,145-146,180-181, 

RadiqI:2;IA:20 
Radium-226, W 2 0  
REDOX TREATMENTS (DCON-14-IN), 

kl9; II.20; m198 
REMOTE/AUTOMATED 

INTERCHANGEABILITY (ROBA-23- 
IN), I: 23; II:58; IE468 

Rhodium, m 7  
Rhodium- 106, IA: 7 
ROBOTIC WHEELEDlTRACKED 

VEHICLES (ROBA-01-IN), I:22,II:57; 
m447 

Ilk 376 

17, 19,23,27,31, 33,39,41,43,49, 53,55, 
57,59,61,63, 65,67,69,71,73,75, 80,82, 
86,88,90,92,94,96,98, 100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 129, 131, 133, 135, 137, 141, 143, 

ROCK SPLITTER (DISM-82-IN), I21; E 3 7  

Roofingmaterials, Ik31;IE3,5,7, 11, 13, 15, 

145,147, 149, 151, 153,155,157,159,163- 



164,166-168,175 
Ruthenium, IA: 7,13,21,26 
Ruthenium-106, IA: 7,13,26 

S 
samarium,LA:7 
Samarium-151, Lk7 
SAMPLE MANAGEMENT (ROBA-31 -IN), 
I23; IMP, Ilk480 

I:m, Ik24,38; Ilk 240 
SCABBLEWSCARIFERS @CON- 37-IN), 

SCANNING ELECTRON MICROSCOPY 

SECONDARY ION MASS 
(SEM) (CHAR-33-IN), I: 17; Ik5; IIk 59 

SPECTROMETRY ANALYSIS (CHAR- 
135-IN), I: 19; Ik& IIt 167 

SECONDARY NEUTRAL MASS 
SPECTROMETRY (CHAR-7-IN), I: 17; 
IkklIk 13 

SELECT ALPHA RADIONUCLIDE 
ANALYSIS BY P E W S  (CHAR-97-IN), 
I:@ Ik8;IIk 135 

Selenium, IA: 26, Ilk 252,4 1 1,414 
SHAPE MEMORY ALLOYS @ISM-WIN), 

P31; Ik37; m.379 
Sheet metal, IA:%lI:17,45;In3,5,7, 11, 13, 

15, 17, 19,23,27,31, 33,39,41,43,49,53, 
55,57,59,61,63,65,67,69,71,73,75,80, 
82,88,90,92,94,96,98, 100, 102, 104, 
106, 108, 110, 112, 114, 116, 118, 120, 122, 
124, 127, 131, 133, 135, 137, 141, 143, 145, 
147,149,151,153,155,159,163-164,166- 
168, 191,207-208,234,236,244,247,249, 
253-255,262,264,266,268-269,273,280, 
282-283,296,298,300,304,373 

SHOT BLASTING @CON-36IN), k20; n.24; 
Ilk 238 

SHREDDING, AUTOMATIC SORTING, 
AND/OR COMPACTION @ISM-65-IN), 
I31; Ik45; In373 

Silicon, m26; Ilk313 
Silver, Lk 16,26; Ik7-10 
Silver-108q IA.16 

SINGLE-HUMAN/MULTIF'LE-VEHICLE 
CONTROL STATION (ROBA- 32-IN), 
IZ; m59; m481 

409,4 12 

Ilk31,57,168,173, 196,214,285 

Size reduction, II: 17,23,3 1,35-36; Ilk 283,384, 

Sludges, I: 9,11,24; IA: 7,12; Ik7,20-21,30,49; 

SMALL LONG-RANGE ALPHA 
DETECTOR (CHAR-65-IN), I: 18; Ik7; 
m 90 

k19; Ik31; Ilk234 

221,224,226,305,307 

SMELT PURIFICATION @CON-31-IN), 

Sodium, I: 5; IA: 7, 16,26,29; II:22; III:189,196, 

Soil, I:6,9,11,24; IA: 6,9, 12,20,22-23; Ik4, 
11, 17,35-37;IIt31-32,39,77, 86,88, 108, 
110,13 1, 135,141,164,233,285,323,326- 
328,387,394,400,403,405 

IN),k 18;II:le IIklZ6 
SOLID SORBENT SAMPLING (CHAR-91- 

Solid RCIU wastes, IIk.221 
SOLVENT EXTRACTION (DCON-Ol-IN), 

klP, Ik30; In173 

Ik23; In277 
SOLVENT WASHING @CON-61-IN), k20; 

SOLVENT WASHING TO REMOVE 
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STATISTICAL METHODS FOR 
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STEAM CLEANING (DCON-55-IN), k20; 
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Steel pipe, Ilk 198,207-208,236,244,247,249, 
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249,25 1,253-255,262,264,266,268-269, 
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73,75,80,82,88,90,92,94,96,98, 100, 
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120, 122, 124, 127, 131, 133, 135, 137, 141, 
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m40; m352 

THERMOPLASTIC ENCAPSULATION 
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61,63,65,67,69,71,73,75,77,80, 82,86, 
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108, 110, 112, 114, 116, 118, 120, 122, 124, 
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55,57,59,61,63,65, 67,69,71,73,75,80, 
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23,25,29,33,35,37,39,43,47,49,51,55, 
73,78,80, 82,84,86,88,94,98, 100, 102, 
104,106,118,120,122, 124,126-127,129, 
139, 141,143,159, 163-164,214 

Tritium, W26;  llk145-146,244,300 
TURBULATOR @CON-81-IN),I:21;II:26, 

IE311 
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Uranium flouride, IIk159 
Uranium. k2.1.4: IA: 5-6,12- 13,20,24-26,28, 

30; k 9 ,  17,-19-20,28,39,45,52; IIkZ 
32771,3-5,7, 11,13-15, 17, 19,23,25,27, 
31,33,35,37,43,45,49,51,53,55,57,59, 
61,63, 65,67,71,73,75,78,80,82,84,86, 
88,92,96,98,100, 102,104,106,108,110, 
112, 118, 131, 133, 135, 137, 147, 149, 151, 
153,155, 157, 159, 161-163,175,180, 184, 
188,190,193-194, 198,204,234,244-245, 
273,283,300,302,335,337,339,341,348, 
352,417,421,426,438439 

Uranium-232, IA: 20 
Uranium-234, IA: 12,20,30 
Uranium-235, IA: 6,12,20,30; Ilk 15 1,153,157 
Uranium-236, IA: 12,20,30 
Uranium-238, LA: 12,20,30; IIk 15 1,157 
Uranyl flouride, III: 149,159 
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TOOLING @ISM- SIN'), I:21; E@, 
m 375 
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IN), I: 19; II:30; llk183 
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(CHAR-62-IN), I: 18; Ik+ IIk 86 

VACUUMING (LOW PRESSURE) @CON- 
WIN), 120; Ik17;IE282 

Veaical surfaces, m: 184,2 13,266,269 
VIBRATORY FINISHING @CON-82-IN), 

E21; my m 3 l 2  
VISUAL DISPLAY OF STATISTICAL 

INFORMATION (CHAR-73-IN), I: 18; E3; 
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IIt 485 
Volatile organic compounds (VOCs), k17; E l &  

1816; III. 7,9, 13, 15, 19,21,23,25,29,33, 
35,37,39,43,47,49, 51, 55,73,78,80,82, 
84,86,88,94,98,100,102,104,106,118, 

VOICE CONTROL (ROBA-35-IN), 123; E59, 

120, 122,124, 126-127,129, 139,141,143, 
159,163-164,275 
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(ROBA-&IN), I: 23; Em, DE 506 

Walls, IA: 11, 15-16,19; Ik21, 23,36-38,40,42- 
45; III:184,186,216,260,264,285,305, 
310-311,317-318,323,325-327,329-331, 
334-335,337,339,341,343,345, 348,350- 
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WASTE CURIE MONlTOR (BAG OR 
BARREL COUNTER FOR LOW-LEVEL 
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WASTE ISOLATION PILOT PLANT, N. 
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233,235 -237,245,247-248,260-26 1,264- 
270,273-274,285,287,291,313,317-320, 
323,325-327,329-330,337,339-341,343, 
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39,41,43,49,53,55,57,59,61,63,65,67, 
69,71,73,75,77,80,82,86,88,90,92,94, 
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