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DISCLAIMER

This report 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, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, 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 States Government or any agency thereof.
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ABSTRACT

The U.S. Department of Energy (DOE) National Center of Excellence for Metals Recycle has
recently been established. The vision of this new program is to develop a DOE culture that
promotes pollution prevention by considering the recycle and reuse of metal as the first and
primary disposition option and burial as a last option. The Center of Excellence takes the
approach that unrestricted release of metal is the first priority because it is the most cost-effective
disposition pathway. Where this is not appropriate, restricted release, beneficial reuse, and
stockpile of ingots are considered. The Center has gotten off to a fast start. Current recycling
activities include the sale of 40,000 tons of scrap metal from the East Tennessee Technology
Park (formerly K-25 Plant) K-770 scrap yard, K-1064 surplus equipment and machinery, 7000
PCB-contaminated drums, 12,000 tons of metal from the Y-12 scrap yard, and 1000 metal
pallets. In addition, the Center of Excellence is developing a "toolbox" for project teams that will
contain a number of specific tools to facilitate metals recycle. This Internet-based "toolbox" will
include primers, computer software, and case studies designed to help sites to perform life cycle
analysis, perform ALARA (As Low As is Reasonably Achievable) analysis for radiation
exposures, produce pollution prevention information and documentation, manage their materials
inventory, produce independent government estimates, and implement sale/service contracts. The
use of these tools is described for two current activities: disposition of scrap metal in the Y-12
scrap yard, and disposition of PCB-contaminated drums. Members of the Center look forward to
working with all DOE sites, regulatory authorities, the private sector, and other stakeholders to
achieve the metals recycle goals.
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1. INTRODUCTION

The U.S. Department of Energy (DOE) National Center of Excellence for Metals Recycle has
recently been established. The vision of this new program is to develop a DOE culture that
promotes pollution prevention (P2) by considering recycle and reuse of metal as the first and
primary disposition option and burial as a last option. The specific goals of the Center are to:
• integrate with cleanup projects by providing tools to assist in deployment of metals recycle,
• work with regulators, industry, technical committees, and other interest groups as the DOE

lead for metal recycle,
• accelerate disposition of existing scrap metal inventories,
• support development of and implement DOE metal release and recycle policy,
• identify and use resources from other Centers of Excellence,
• promote planning for decontamination and decommissioning (D&D) to maximize metal

recycle,
• develop commercial metal recycle partnerships,
• develop national metal recycle contract vehicles,
• develop and implement an exposure risk model for radioactive metal recycle, and
• develop and promote uniform life cycle criteria for metal recycle.

II. APPROACH

The scope of the metals disposition problem is depicted in Figure 1. Across the DOE complex
the inventory of scrap metal exceeds a million tons. Pollution prevention in the form of recycle
and reuse can play a significant role in keeping this valuable resource out of landfills and
reducing DOE disposal costs. With declining budgets these cost savings or avoidances become
increasingly important. Recycling and reuse of metal also supports the Secretary of Energy's
Strategic Goal outlined in the DOE Strategic Plan, to minimize future waste. The Office of
Environmental Management's Accelerating Cleanup: Paths to Closure specifically addresses the
need to continuously seek enhanced efficiencies that will allow DOE to accelerate cleanup and
closure schedules and lower overall life cycle cleanup costs. One of the enhanced performance
mechanisms outlined in Paths to Closure is pollution prevention.

The Center of Excellence takes the approach that unrestricted release of metal is the first priority.
Where this is not appropriate, restricted release, beneficial reuse, and stockpile of ingots are
considered. Pursuant to this, the Center is considering opportunities to fabricate DOE and nuclear
industry products from recycled scrap metal. Some of the products being considered are:
• new approaches to waste packaging, including using metal casting technology for waste

packages,
• lead-liners for waste packages,
• WIPP containers,
• shield block, process piping, and components for facilities such as the spallation neutron

source, AVLIS, the Yucca Mountain repository, etc., and
• containers for other identified waste streams.
The Center welcomes suggestions of other possible uses for scrap metal.



Figure 1. Scope of Metals Disposition Problem

Total Scrap Metal Estimate
inventory & clean-up

, 0 Oak Ridge""

•Weidon
Springs

r j Savannah
Fiver

rjFemald

• Pinellas

QRacky
Flats

laLosAIarms •
! National Lab

i QHanford
' Operations

• Idaho National
Engineering

i Lab

U.S. Department of Energy,
Scrap Metal Inventory Report,
Parsons Engineering, 1995

U.S. Department of Energy,
Environmental Restoration of the
Gaseous Diffusion Plants,
Ebasco Services, 1991

The Center understands what motivates project managers: meeting schedules, staying within
budget, and satisfying regulatory requirements. In order to assist project managers in evaluating
methods to reduce costs and schedules by recycling or reusing metal, the Center is developing
tools that will help facilitate this process. By providing project managers with all the necessary
information and resources up-front in the planning phase, recycling and/or reuse of the metal can
be successful.

III. TOOLBOX

The Center of Excellence is developing a "toolbox" that will contain a number of specific tools
to facilitate metals recycle. This Internet-based "toolbox" will include primers, computer
software, and case studies designed to help sites to:
• perform life cycle analysis,
• perform ALARA analysis,
• produce P2 information,
• manage their materials inventory,
• produce independent government estimates, and
• implement sale/service contracts.



Figure 2. Program Interfaces
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The Center is developing a number of tools to assist sites in performing life cycle analysis (LCA)
to support decision-making on whether to recycle or dispose of scrap metal. LCA is the process
of identifying and assessing all of the impacts (benefits and costs) that result from a course of
action over the entire period of time affected by the action, and presenting the results in a form
that aids communication and makes decision-making transparent. The purpose of LCA is to aid
decision-makers in comparing and selecting among competing proposals, and subsequently
explaining those decisions.

A decision-aiding framework based on LCA has been developed and successfully applied at a
number of DOE sites to support P2 decision-making for disposition of structural steel, copper,
scrap metal, soil, and concrete.1 For example, LCA has been used to support decisions on
disposition of metals from Building K-31 at the ETTP, structural steel and copper at the Fernald
Environmental Management Project, and concrete and soil from the West Valley Demonstration
Project.2 In the first case, based on a detailed LCA, DOE made a decision to recycle the metal in
Building K-31 rather than dispose of it, thereby avoiding the transport of enormous quantities of
metal across the country for disposal. The LCAs in each of these cases demonstrated the benefit
of recycling these materials. Using these analyses, DOE has produced better decisions resulting
in lower costs and lessened adverse environmental and health impacts.

The motivation behind the LCA framework is to have all impacts considered when making
decisions. Our approach to LCA differs from other approaches by taking into consideration all
the factors important to stakeholders. In addition to life cycle cost, we consider health and safety
impacts, environmental impacts, institutional and regulatory issues, stakeholder acceptance,
schedule impacts, and other factors. Consideration of these impacts need not be extensive or



excessively burdensome - it should be commensurate with the potential benefits. However the
simple process of considering each of the alternatives on each of the relevant attributes will
ensure that everything important to the decision has been considered and will reduce the
likelihood of unintended consequences.

• V , '

There are several key advantages to using the LCA decision-aiding framework. The LCA
approach provides a generic framework for assessing and presenting all of the information
important to a decision. Further, rather than decisions being made in "smoke-filled rooms", we
seek to make the decision-making process transparent. The LCA framework helps to make
decisions understandable and defensible by helping explain the basis for the decision. The
framework aids communication in public meetings by helping to focus discussions, and
facilitates the process of gaining substantive public input in decision-making. Finally, the
decision-aiding framework is robust. It can be tailored to meet site and project conditions and can
easily be applied to P2 and D&D projects throughout the DOE complex.

The ALARA analysis component of the toolbox produces the risk calculations needed to support
the life cycle analysis. Of particular importance is the calculation of collective dose (in person-
rem) to the population. Two especially important additional objectives in protecting human
health are estimates of (1) the annual dose in mrem to the reasonably maximally exposed
individual (RMEI) in the recycling effort and (2) the total estimated risk of fatal cancers that
would result from the collective dose to the public. It is expected that as life cycle analyses
become more sophisticated, they will be broadened to include additional risks, such as
transportation risk and risk from production of virgin metal from ore to replace metal that is
disposed. The ALARA analysis component of the toolbox will also provide software support,
such as RESRAD-RECYCLE, and relies heavily on the extensive analysis of the exposures and
risks of metal recycling, such as calculated by EPA.3

The P2 component of the toolbox will provide the user with information to document P2 project
successes, contract language to incorporate into project subcontracts to promote P2, actual
project summaries, and references and links to applicable documents, web sites and data bases
containing P2 information. The documentation section will provide the user with the necessary
information to report the project's P2 success to DOE/HQ. It will outline the DOE reporting
requirements for P2, the format required for this reporting and the software available to do the
documentation and reporting. Several examples will be provided to assist the user. A second
section will contain P2 contract language being utilized by the sites. By incorporating P2 into
contract language, project managers assure that P2 will be implemented on a project. By doing
this the site can ensure that it will meet the Secretarial goals as outlined in DOE's Strategic Plan.
Lastly, contract language can be utilized to obtain the P2 information needed for reporting by the
site's P2 program.

The P2 component of the toolbox will also contain a section with actual project summaries.
These summaries will contain the P2 strategies implemented on the project, the amount of
primary and secondary wastes avoided, and costs associated with these avoidances. From these
project summaries the user will be able to choose P2 strategies that can be incorporated into their
project and have a good estimate for the waste and cost avoidances associated with that strategy.



Another component of the toolbox is the Independent Government Estimates (IGE). These
estimates, though following most of the same techniques in the traditional sense, have been
modified to incorporate revenue projections for the sale of the scrap materials. Utilizing the
assumptions made in the LCA, the IGE takes the information and provides the government with
an assessment of the estimated total project cost with the revenue offset. For the project manager,
this modified IGE provides valuable information and is used as a part of the project's IGE in the
decision-making process. Although IGEs are generated on a case-by-case basis, the toolbox
examples can give the project manager insight into commonalities in the metal recycling process
and how they can be applied to each particular project. In conjunction with this information, the
Center is currently developing a web-based estimating program. This program is being designed
to provide project managers with potential revenue generation figures based on each project's
scrap metal inventory.

The toolbox also includes a component dedicated to contracts. This component will provide both
example sale and service contracts which can be used to facilitate the metals recycling process.
These contracts were designed to outline several areas which can be particularly helpful and
well-suited for metals recycling contracting Recognizing that each situation is different, these
contracts should be classified as examples and used as a starting point for a project-specific
contract. The National Center of Excellence for Metals Recycle is available to assist in this
process and can provide the expertise on how to draft a contract to meet your particular needs.

Lastly, the toolbox will provide the user with applicable references and links to regulations,
guidance documents, web sites, and data bases that collect and report P2 information. The Center
hopes to accomplish extensive information sharing between the DOE sites and industry so that
pollution prevention becomes business as usual on all DOE projects.

IV. CURRENT METAL RECYCLE ACTIVITIES

The Center has gotten off to a fast start. Current activities include the sale of 40,000 tons of scrap
metal from the ETTP K-770 scrap yard, K-1064 surplus equipment and machinery, 7000 PCB-
contaminated drums, 12,000 tons of metal from the Y-12 scrap yard, and 1000 metal pallets.
Other near-term goals of the Center include addressing copper at the Fernald Environmental
Management Project and the following scrap metal recycle projects: Paducah (40,000 tons), Oak
Ridge National Laboratory (5,000 tons), and Portsmouth (15,000 tons).

In addition, a first-of-a-kind contract has been signed with British Nuclear Fuels, Ltd. (BNFL) to
decontaminate and decommission three process buildings at the ETTP. The three buildings
contain an estimated 126,450 tons of metal, comprising carbon steel, aluminum, nickel, copper,
and other metal. Under the BNFL metal recycle process, metal is released under DOE release
criteria where possible. Remaining metal is transferred to an NRC-licensed operation that
performs decontamination for release under NRC release criteria. Metal that cannot be released
will be evaluated for beneficial reuse as accelerator shield block. BNFL estimates that 70 percent
(approximately 90,000 tons) of metal will be directly recycled back into the commercial market.



Two current activities are described below: disposition of scrap metal in the Y-12 scrap yard and
disposition of PCB contaminated drums.

V. Y-12 SCRAP YARD

The DOE Oak Ridge Operations Office is seeking to clear the land at the western end of the Y-12
Plant which is currently occupied by a scrap metal yard. The scrap yard has been in operation for
over 25 years and contains materials contaminated with radioactive and hazardous contaminants.
Although the driver for this activity is the need to clear the yard, a key objective is to maximize
the amount of material recycled back into the commercial marketplace. Wherever practical, it is
desired that material be decontaminated and recycled rather than simply disposed of as waste.
The current goal is 70 percent direct commercial recycle.

The Y-12 scrap yard contains uncontaminated and contaminated scrap metal in multiple piles.
Scrap consists of file cabinets, tables, piping, valves, tooling, duct work, and other materials.
Contamination consists primarily of uranium; however, some of the materials may also be
contaminated with materials now considered hazardous under RCRA or TSCA. The piles consist
primarily of carbon steel, with copper, aluminum, and stainless steel also present.

The typical steps involved in disposition of a scrap yard are as follows:
• Survey and segregate the materials.
• Sell materials immediately releasable as scrap on the commercial market.
• Transport and dispose of uncontaminated wastes.
• Decontaminate material that can be adequately cleaned and sell it on the commercial market.
• Segregate the remaining material by material type.
• Characterize the contamination levels on those materials.
• Package and transport the contaminated materials for disposition, including potential

beneficial reuse.
These activities are depicted schematically in Figure 3.

The ALARA analysis of the Y-12 scrap yard has estimated the annual doses, collective doses,
and risks from the unrestricted-release of carbon steel contaminated with uranium. By far the
most predominant radiological contaminant at that site is uranium (a mixture of depleted and
enriched uranium); however, it is important to realize that additional radionuclides may be
present and have not yet been considered. In addition, any possible hazardous contaminants have
also not been considered. For uranium, the release limit under Order DOE 5400.5, "Radiation
Protection of the Public and the Environment," is a surface contamination of 5000 dpm from
alpha particles per 100 cm . However, it is expected that the limit at which most of the metal will
be released for unrestricted use is 1000 dpm from alpha particles per 100 cm2. (These two levels
will be referred to as the 5000- and 1000-dpm levels, below.) After decontamination and
resurvey, some of the metal will be released at the higher limit. For ALARA considerations, it
thus becomes useful to consider these two levels of surface contamination as benchmarks when
estimating annual dose to the RMEI and collective doses. Because some of the metal at the Y-12



scrap yard is uncontaminated or contaminated to a lesser degree than the lower level, and for
other reasons inherent in the analysis, it is expected that the estimates presented below for the
lower release level will overestimate the actual RMEI doses, collective doses, and risks when
unrestricted-release occurs.

Figure 3. Scrap Yard Metals Recycle
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The inventory at the Y-12 scrap yard indicates that more than 11,000 tons of metal are present,
and that over 90 percent of it is carbon steel. For the ALARA analysis, it is assumed that 12,000
tons of carbon steel are present and that 70% of it will be released for unrestricted use at either
the 5000- or 1000-dpm level. It is further assumed that all of the metal is uniformly contaminated
at the level for which calculations are being made. The estimates require conversion of the
surface contamination to volumetric contamination. While the solution to this problem in a
precise way would be impossible, we agree with the approach taken in Anderson et al.4 that a
useful way to make this conversion conservatively (in terms of protecting health) is to assume
that the steel is present entirely as one-pound cubes, each of which would be 3.86 cm in height,
width, and length, based on the density of iron of 7.9 gm/cm3. Surface contamination would exist
as an extremely thin film on each surface. With this assumption, the total amount of uranium
activity released would amount to only 7 mCi, at the 1000-dpm level. According to the detailed
1997 EPA study3, the uranium will partition during the melt of the steel and will be in the slag
rather than the metal after processing. Thus, the RMEI is the slag worker at the steel mill.

The annual doses to slag workers, when applying the activities for individual uranium isotopes
and the conversion factors from EPA3, is 0.3 mrem. (It would be 1.5 mrem for release at the
5000-dpm level.) The collective doses to the public, based on estimates of activity of the
individual uranium isotopes in the scrap yard and the appropriate conversion factors from EPA3,
are 1 and 5 person-rems from unrestricted-releases at the 1000- and 5000-dpm levels,



respectively. These correspond to risk estimates of 1.5 X 10"4 and 7.5 X 10"4 radiation-induced
fatal cancers, at the two release levels respectively, over the next 1000 years. It thus appears that
the collective doses to the public and the annual doses to the RMEI would be extremely small
from the proposed unrestricted-release of 70% of the steel at the Y-12 scrap yard. Based on this
analysis, the Center is moving forward to implement this project. v '

VI. DRUM DISPOSITION

The goal of the PCB Empty Drum Disposition Project is the prompt disposition of approximately
7000 empty drums in a safe, cost-effective, and compliant manner. The drums are presently
located in several storage facilities at the ETTP. These drums have previously contained PCBs
and may also have radioactively contaminated surfaces. The establishment of a methodology for
managing future, newly-generated empty PCB drums is also a project goal.

TSCA regulations require that drums that previously contained greater than 50-ppm PCB be
triple rinsed in order to change their status as regulated PCB drums to non-PCB drums. The
practice of PCB drum decontamination by rinsing generates large volumes of rinsate (PCB
wastes) that require incineration. DOE has proposed an alternative method of decontamination
using CO2 blasting. The innovative CO2 technology removes surface contamination by scouring
the surface with CO2 pellets. With this method, drums are sequentially cleaned in a glovebox-
type setting using CO2 directed through a pressure jet. This technique is expected to remove both
radioactive and PCB surface contamination with minimal generation of residues that will require
disposal.

Three overall alternatives were considered for disposition of the drums:
1. Clean and release to an NRC-licensee for off-site reuse within a radiation environment
2. Clean and store for future reuse on-site
3. Dispose of the drums

In the first alternative, the empty drums are retrieved from storage and carbon dioxide technology
is used to clean the drums. After the drums pass a PCB survey, the drums would be loaded onto a
trailer as radioactively contaminated (thereby avoiding the cost of survey) and sold to an NRC-
licensee for reuse within the nuclear industry. The cost of this alternative is approximately
$32/drum.

In the second alternative, the empty drums are also retrieved from storage and cleaned. After the
drums pass both a PCB survey and a radiation survey, they are transported to a storage facility,
where they remain until they are needed. When the drum is needed, it is recertified and then
transported to its new use on-site. The cost of this alternative is estimated to be approximately
$63/drum.

In the final alternative, the empty drums are retrieved from storage and undergo a radiation
survey. Non-radioactively contaminated drums are transported to a commercial TSCA facility for
disposal. The remaining drums are stored because there is currently no method of disposal for



drums that are both radioactively- and PCB-contaminated. The cost of this alternative is
estimated to be at least $56/drum.

Of course, under the second alternative, the drums are available for reuse at the site, whereas
under the first alternative, replacement drums would need to be acquired, as needed,Yo fill site
needs. However, the cost analysis indicates that it costs less to sell the existing drums to an NRC-
licensee and purchase replacement drums as needed, than to clean-up and store the existing
drums until they may be needed on the site. Based on this analysis, the Center of Excellence is
moving forward to implement the clean-up and release of these drums to an NRC-licensee. This
approach has also been implemented for 1500 drums at Paducah, and similar drums that have
both PCB and radioactive contamination exist at other sites. Therefore, this approach can be used
as a model for other PCB drum projects throughout the DOE complex.

VII. CONCLUSIONS

The National Center of Excellence for Metals Recycle is working to find additional opportunities
for safe, environmentally-protective, and cost-efficient recycle of metals. Specific goals of the
Center are to extend metals recycle policy and guidance, develop and implement improved
mechanisms for environmentally-protective recycle of metals, develop and implement a
methodology for metals recycle decision-making based on the principles of life cycle analysis,
and integrate private sector resources to achieve market-driven recycling. Members of the Center
look forward to working with all DOE sites, regulatory authorities, the private sector, and other
stakeholders to achieve these goals.
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