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ABSTRACT: The U.S. Environmental Protection Agency (EPA) is evaluating the economic and 
technical issues associated with the potential recycling of radioactive scrap metals (RSM). These 
metals, usually only slightly contaminated, originate primarily from the decommissioning and 
decontamination (D&D) of federal facilities, licensees of the Nuclear Regulatory Commission, and 
certain unlicensed industries. EPA conducted a study entitled Analysis of the Potential Recycling 
of Department of Energy Radioactive Scraj) Metal, September 6, 1994. for the U.S. Department of 
Energy (DOE) to provide information and tools to DOE for assessing DOE's problem with RSM 
from the D&D of their sites. 

EPA is now initiating an evaluation of RSM recycling to support a recycling regulation. 
Although the study prepared for DOE will provide a useful start for the regulators- analysis, 
additional information must be gathered to analyze the impacts of a recycling regulation that will 
apply to all potential generators of RSM. This paper summarizes cost-benefit issues related to an 
RSM recycling regulatory analysis, including: the quantity of potentially recyclable contaminated 
metals: costs of disposal at federal and private waste repositories: all potential environmental, 
health, and safety, and market impacts: and the potential for adverse effects on radio-sensitive 
industries. 

1. Radioactive Scrap Metal: Docs Recycling Make Sense? 

Under the Atomic Energy Act, the U.S. Environmental Protection Agency (EPA) is 
authorized to develop federal guidance and regulations to protect public health and the environment 
from the effects of radiation. EPA is now developing standards for the management and disposal 
of low-level radioactive wastes (LLW). including those generated from decommissioning of nuclear 
power plants and cleanup of contaminated sites. 
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A major concern in managing wastes from power plant decommissioning and site cleanup 
is what to do with the large amounts of radioactive scrap metal (RSM)—primarily steel, but also 
nickel, aluminum, copper, lead, and other mclals—from dismantled structures and equipment. 
Historically, such materials have been disposed by burial or long-term storage (MUR), but these 
methods have two disadvantages: 

Disposal costs are mounting rapidly. The cost to dispose of soil contaminated with 
LLW at commercial disposal facilities is currently projected at about SI,500 to 
$5,000 per cubic meter.1 Disposal costs arc likely to increase dramatically as the 
capacity of suitable disposal sites decreases. Additionally, disposal capacity is not 
expected to increase soon because of the difficulties involved in siting new 
facilities. 

• RSM is a commodity that metal producers may be willing to buy. By disposing of 
RSM, the federal government sacrifices the potential commodity value of RSM. 
Much of the RSM that may be available, however, would need to be 
decontaminated before sale on the scrap metal market. For some RSM, the 
commodity value may not cover the cost of decontamination. 

For these reasons, recycling of RSM appears to many observers like a favorable alternative to 
disposal. Other observers of RSM recycling, however, question whether it is more cost-effective 
than disposal and point out that recycling may have other economic and non-cconomic impacts that 
also need to be considered. 

EPA is considering including a recycling provision in its forthcoming Low Level Waste 
Mnnagcment rule. Before the Agency can adopt such a regulation, however, it must have a clear 
idea of the likely costs, benefits, and other impacts of RSM recycling. EPA is now at the very 
beginning of an investigation to gather that information, and a number of fundamental questions 
must be answered before the costs and benefits can be identified. 

In this paper, we outline some of the fundamental questions EPA is facing and the 
approaches the Agency is considering to answer Ihcm. The principal issues to be investigated are 
described in subsequent sections of this paper: we summarize them below. 

• Compared to disposal, is RSM recycling cost-effective? If LLW disposal capacity 
is limited in the future, or if disposal costs are sufficiently high, recycling may bo 
cost-effective even if RSM must be sold below the going price for scrap metal. 

• How will RSM recycling affect the environment and the health and safety of the 
public and workers? Disposal and recycling both have potentially adverse 
environmental impacts (e.g.. environmental degradation from LLW disposal and 
metal ore mining), and health and safety impacts (e.g., radiation exposure and 
occupational hazards from LLW disposal, RSM decontamination, and metal 
products produced with RSM). 

1 Low figure is based on disposal estimate from a commercial LLW disposal facility. 
High estimate is based on NRC 94. 
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Will RSM recycling change the structure of the metal industry JU1(^ other related 
industries? For example: 

— Market differentiation. Could introduction of large quantities of RSM into 
the various markets for metal cause radio-sensitive industries (e.g., 
photographic products, electronics, and medical instruments) and industries 
that cater to sensitive populations (e.g.. schools, day care centers, and new 
home construction) to demand metals made without RSM, or to incur new 
costs to screen metals they purchase for residual radiation? If so. how 
would this affect the structure of the metal markets? For example, could 
separate markets for metals produced with and without RSM develop: 
would industry create standards to grade metal by level of rosidual 
radiation? 

— Price and demand effects. If large quantities of RSM enter the metal 
markets, what will be the effect to the price and demand of raw materials 
(e.g., raw metal ore and scrap metal), intermediate products like iron ingots, 
and final metal products? 

— International considerations. What effect would RSM lecycling have on 
international markets? For example, if market prices for intermediate and 
final metal products decline due to the increased supply of RSM, could the 
U.S. increase sales abroad? Alternatively, would nations erect trade 
barriers by restricting U.S. metal purchases fearing the health effects 
associated with increased levels of residual radioactivity? 

• Could RSM recycling disproportionately affect disadvantaged or under-represented 
groups in society? Depending on the potential effect of RSM recycling on the 
structure of the metal markets (e.g., development of separate markets for metals 
produced with and without RSM, or industry grading standards), could certain 
groups (e.g.. minorities and the poor) be disproportionately exposed to greater 
levels of radiation? 

2. Types and Amounts of RSM Available for Recycling 

To answer the questions presented above. EPA must first evaluate 1) the types of RSM 
(e.g., lead, steel, copper etc.) and the quantities of RSM that could potentially be recycled and 
2) the amount of radiation contained in the RSM before and after decontamination. 

In a recent draft report, Analysis of the Potential Recycling of Department of Energy 
Radioactive Scrap Metal, September 6, 1994, EPA estimated the types and quantities of RSM from 
DOE facilities potentially available for recycling. The draft report found about 154 thousand tons 
of carbon steel, stainless steel, aluminum, lead, copper, nickel, and other scrap metals from DOE 
facilities is currently available: while approximately 1.1 tons is expected to be generated through 
DOE D&D activities. DOE is only one part of the RSM picture, however. EPA expects that 
decommissioning and site cleanups initialed by EPA under the Supcrfund program, the Department 
of Defense (DoD), and the Nuclear Regulatory Commission (NRC) and its licensees will generate 
substantial quantities of RSM. EPA is conducting research and analyses to estimate the types and 
quantities of RSM that may be generated by these activities. Note that as a preliminary estimate, 
"NRC has said that as much as 1.7 million tons of carbon and stainless steel scrap metal could be 
available from D&D of 118 nuclear reactors licensed bv the NRC and its "Agreement States" 
(NRC 94). 
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3. Recycling Options 

It is too early in the evaluation process to provide more than a general definition of the 
three options that EPA is considering for recycling. They arc: 

Restricted recycling. Under this option, RSM would be decontaminated, melted, 
and re-cast for reuse in the nuclear industry (e.g., as containers for radioactive 
waste disposal or shielding blocks for accelerators). The RSM would be melted 
and re-cast at facilities dedicated to RSM recycling. 

• Scmi-restrictcd recycling (may require some degree of regulation). RSM could be 
decontaminated, melted, and re-cast for reuse in the nuclear industry and certain 
controlled uses outside the nuclear industry (e.g.. for building bridges). 
Mechanisms would be needed to track metal products produced with RSM to make 
sure that they arc applied to appropriate controlled uses. If the quantity of RSM 
available for recycling is sufficiently large, standards to grade metals by level of 
radiation or separate markets for metals produced with and without RSM could 
develop. 

Unrestricted recycling. Once decontaminated to prescribed levels, RSM could be 
sold on the scrap metal market for any use. There would be no formal mechanism 
to track RSM to its use in finished metal products. Even so. metal grading 
standards or separate markets for metals produced with and without RSM could 
develop if radio-sensitive industries or industries that cater to sensitive populations 
become wary of using metals produced with RSM. 

EPA will be able to provide more detailed definitions of the recycling options when more 
information is available on the amount of RSM potentially available for recycling, the potential for 
increased radiological exposure, the structure of the metal markets, and the likely effect of 
recycling on the metals industry. 

4. Summary of Approach to Evaluate the Feasibility of RSM Recycling 

In Section 1, several questions were posed that need to be answered to determine if the 
LLW rule should include a recycling provision. These questions are repeated below, and our 
approach for answering these questions is summarized. 

Compared to disposal, is RSM recycling cost-effective? 

Advocates of RSM recycling maintain that the federal government would save money by 
recycling RSM because it would avoid the cost of disposing of RSM in LLW disposal facilities 
and at the same time be able to generate revenue by selling RSM on the scrap metal market. Note 
that for some RSM, decontamination costs may be higher than the market value of scrap metal. 
Even so, if the total cost of recycling is less than the alternative—LLW disposal—recycling would 
be cost-effective. 

To assess whether recycling is likely to be cost-effective, EPA will estimate the costs of 
recycling RSM, taking into account its potential commodity value, under alternative options (i.e., 
restricted, scmi-rcstrictcd, and unrestricted recycling), and compare them to the cost of disposing of 
RSM in LLW disposal facilities. 

RSM recycling costs depend on several factors. Some of the categories of costs that will 
consider are summarized below. 
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• Screening, cutting, and sorting of metals. Some metals may be amenable to 
recycling while others may not. The metal will need to be separated between 
recyclable and non-recyclable metals. Recyclable metals will need to be cut for 
shipment and sorted by type. 

Decontaminating. Decontamination costs depend on the type, condition, size, and 
shape of the metal to be decontaminated; the quantity of metal to be 
decontaminated: the decontamination process used: and the level of 
decontamination (EPA 94). (Note that the level of decontamination may vary 
according to recycling option—a higher level of residual radioactivity in RSM may 
be acceptable for restricted use than for unrestricted use). 

• Transportation. RSM would also need to be transported to decontamination sites. 
Therefore, the cost of packaging and transporting will be included as part of the 
cost of decontamination. 

• Verification. Before RSM is released, it will be necessary to verify that the metal 
falls below a specified level of radhtion. These radiation levels may vary by final 
use (e.g., under the restricted and semi-restricted recycle options, different radiation 
levels may be specified for different uses). 

• Tracking RSM. Under the restricted and semi-restricted recycling options, RSM 
may need to be tracked to its final destination. Depending on the final use, the 
tracking procedure could be very costly. 

If RSM is not recycled, it will eventually be disposed of in LLW disposal facilities. 
Therefore, to determine the potential cost-effectiveness of RSM recycling, the RSM disposal cost 
must be evaluated. Estimating LLW disposal costs will be difficult and controversial because 
1) currently available LLW disposal capacity is limited—therefore applying current commercial 
rates may not be appropriate, and 2) recent problems experienced when attempting to open new 
LLW disposal facilities provide evidence that disposal costs in the future may be much higher than 
they are today. In estimating the cost of LLW disposal in the future, EPA will attempt to address 
these issues. EPA will also assess other relevant categories of cost (e.g., the cost of loading and 
transporting RSM to a LLW disposal facility, and the cost of storing RSM until LLW disposal 
capacity is available). 

How will RSM recycling affect the environment and the health and safety of the public and 
workers? 

Both disposing and recycling of RSM has adverse affects on public health, worker health 
and safety, and the environment. This is because both options expose the general public, workers, 
and the environment to radiation and potentially harmful chemicals and increase risks to workers 
from industrial accidents. Environmental impacts associated with disposal of radioactive materials 
come from creation of new disposal sites or expansion of existing sites. In many cases, potential 
RSM may be classified as mixed waste and thus will require disposal in specially permitted sites 
(only one of which currently exists, in Utah) (NRC 94). Because sufficient disposal capacity docs 
not now exist, large quantities of material may need to be stored for extensive periods of 
time—either where they are produced or at other facilities (MUR). 

Because the metal industry uses both virgin metal ore and scrap metal as raw material 
inputs, some argue that introduction of RSM into the scrap metal market will supplant demand for 
virgin metal ore. This of course would mean that some of the environmental degradation associacd 
with virgin metal ore mining and refining would be avoided. For example, mining and refining 
results in the generation of large quantities of mine overburden, tailing, and slag (some of which is 
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classified as Naturally Occurring Radioactive Material [NORM]), increased use of scarce water 
resources, degradation of natural resources, and threats to endangered species (HER 93). It is not 
clear, however, that RSM recycling would have a measurable impact on the mining of virgin metal 
ore. This is because: 

• In relation to total scrap metal demand and demand for virgin metal ore, the 
potential amount of RSM available may not be large enough to have a discernablc 
impact on the virgin metal ore market. 

RSM recycling may simply supplant demand for non-radioactive scrap metal, and 
have no disccrnablc impact on the demand for virgin metal ore. 

Metal ore mining may be a highly inelastic industry': consequently, lower scrap 
metal prices due to the introduction of RSM may not affect metal ore mining. 

Recycling will also adversely affect the environment, h can produce concentrated waste 
streams of radioactive and RCRA materials which will require treatment and disposal (LIL 92). 
Some radiation which had been confined to contaminated materials could be released into the air or 
to water during recycling operations. 

A number of exposure scenarios will have to be evaluated to determine risks to the public, 
workers, and the environment from disposal and recycling. The exposure scenarios should reflect 
the entire life cycle of each option from recovery of the contaminated material to cither final 
disposal or re-entry into commerce. Secondary impacts such as increased energy usage or mining 
activity should also be considered. Risks to be considered should include: 

• Worker exposure from handling material at radioactivcly contaminated sites: 

• Worker exposure from transportation, storage, treatment, and disposal: 

• Worker exposure from recycling operations and from the manufacture and use of 
RSM products: 

• Nonradiological risks to workers from increased industrial activity: 

• Public exposure from transportation, storage, disposal, treatment, rccvcling. and use 
of RSM: 

• Environmental impacts from treatment, storage, disposal, and recycling facilities. 
At recycling facilities special attention should be given to production of 
concentrated radioactive and mixed wastes and to transfer of contamination from 
metal to water and air: 

• Public, worker, and environmental impacts from increases or decreases in mining 
activity brought on or prevented by recycling. Impacts of changes in energy use 
should be considered. 

Will RSM recycling change the structure of the metal industry and other related industries? 

In Section 1, economic impacts in the metal industry and related industries that need to be 
considered were organized into three categories: 

Market differentiation. 
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Price and demand effects, and 

• International considerations. 

Results of our analysis under the first category—market differentiation (i.e.. will introduction of 
RSM into the metal markets cause industry grading standards or separate markets for metals 
produced with and without RSM to develop)—will largely drive the analyses and results in the 
other two categories. For example, if it is determined that the introduction of RSM into a scrap 
metal market (e.g., scrap stainless steel) will not adversely affect radio-sensitive industries or 
industries that cater to sensitive populations, then the likelihood of market differentiation is small, 
and RSM recycling will probably have positive economic and social impacts (e.g.. lower scrap 
metal prices, and perhaps less demand for virgin metal ore). If, however, market differentiation is 
likely to result, adverse economic and societal impacts arc more likely to occur. For example, 
sensitive industries may incur higher costs to screen the metals they purchase for acceptable levels 
of radiation, or they may pay higher prices for metals produced exclusively with virgin ore. 

Market Differentiation 

Because market differentiation is such an important aspect of the analysis, we will assess, 
for each relevant metal market (e.g., stainless steel, carbon steel, aluminum, copper, lead, nickel 
etc.): 1) the potential for market differentiation, and 2) industry and market impacts assuming 
differentiation does and does not occur. 

It is important to note that the metal production industry is not homogeneous. Each type of 
metal (e.g., carbon steel, stainless steel, copper, nickel, lead) has its own market, and some markets 
are large (e.g., stainless steel) while others arc small (e.g.. nickel). Therefore, it is possible that 
RSM recycling will affect the individual metal markets in different ways. EPA will assess the 
likely impacts in each affected market. 

To evaluate the likelihood of market differentiation, EPA must assess the potential increase 
in the level or variability of residual radioactivity in metals used by radio-sensitive industries and 
industries that cater to sensitive populations. Next. EPA must determine the tolerance of radio
sensitive industries or industries that cater to sensitive populations to increases in level or 
variability of residual radioactivity from current levels. If the increase in the levels or variability of 
residual radioactivity in metals due to RSM recycling is expected to exceed the level of tolerance, 
then it is likely that grading standards or separate markets for metals produced without RSM will 
develop (i.e., market differentiation will occur). 

Price and Demand Effects 

As summarized above, the likely price and demand effects from recycling will depend 
largely on whether markets become differentiated. Assuming differentiation docs not occur, the 
price and demand for virgin metal ores and scrap mclal might, in principle, be lower due to RSM 
recycling. This is because the addition of RSM to the scrap metal market would cause scrap metal 
prices to decrease and thus the use of scrap mclal in metal production would increase. Therefore, 
more scrap metal and less virgin metal ore would be used as a result of RSM recycling. To 
estimate how much less virgin metal ore might be used. EPA will estimate how much more scrap 
metal will be used due to RSM recycling. To do this, EPA must 1) estimate how much RSM 
would be available at different market prices. 2) the potential decline in the price for RSM, and 
3) the potential increase in the use of scrap metal. 

As discussed earlier, however, virgin metal ore mining might not be significantly affected, 
because in relation to the total demand for virgin metal ore. the amount of RSM available may be 
too small; RSM may simply supplant demand for non-radioactive scrap mclal: and virgin metal ore 
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mining, which may be a highly inelastic industry for varying reasons, might not respond to lower 
scrap metal prices. Therefore, these factors will also be assessed and taken into account in our 
consideration of the potential impact on virgin metal ore mining. 

If a separate market for metal without RSM develops, it is possible the use of virgin metal 
ores could increase. This is because, under the unrestricted recycling option, metal producers may 
not know if they are purchasing RSM or scrap metal that is not radioactive. As a result, to satisfy 
demand for metal produced without RSM. they may decide to produce metals entirely from virgin 
ore. To estimate the potential increase in the use of virgin metal ore. EPA must estimate 1) the 
demand for metals from radio-sensitive industries and industries that cater to sensitive populations, 
and 2) the amount of scrap metal that would have been used in metal production to satisfy demand 
from these industries before the introduction of RSM. 

International Considerations 

Many of the issues described above in a domestic context—impacts on public health, 
effects on volumes and prices, the possibility of market differentiation and impacts on sensitive 
user industries—apply to international metals markets as well. But cross-boundary trade in 
recycled RSM would raise a number of additional concerns. As we have stated, given that for 
some RSM, decontamination costs may be higher than the commodity value of the RSM, it is 
unlikely that RSM would enter the recycled metals market unless the cost of disposing of RSM in 
LLW disposal facilities is sufficiently high. In fact, if disposal costs arc sufficiently high, the 
federal government may be willing to sell RSM below going scrap metal prices. If the RSM is 
sold at the going market price, and if the volume of RSM introduced is small relative to the normal 
level of trade, no market distortions should result. That would likely be the case, for example, in 
the steel market. But it is possible that for specialty metals, such as those used for high-
performance ailoys or advanced technological applications, the amounts of metal released into the 
market by recycling of RSM might be a significant fraction of annual trade. In such cases, R.SM-
exporting countries would stand lo gain an advantage in those markets, because their influence over 
export volumes would in turn affect the price. 

Another possibility is that importing countries would require all shipments of metal 
containing RSM lo be identified as such. If this practice becomes common, a two-tier market 
might develop in which RSM-containing metals trade separately—and presumably at a lower 
price—than the virgin or non-RSM recycled commodity. Such a development would, in principle, 
increase the efficiency of the market, because buyers would have better information about what 
they are getting and would alter their bid price accordingly. To operate such a market, however, 
would require the creation of an extensive monitoring and tracking system to ensure compliance. 
It is not at all clear that the current stale of radiation measurement technology would allow for the 
detection of low levels of radiation on a routine basis at ports of entry. 

A two-tiered market could have implications for the equitable distribution of environmental 
impacts. It is possible that poorer countries would import a disproportionate share of (presumably 
cheaper) RSM-containing metals. In the absence of a well-developed public health protection 
infrastructure in such countries, il is conceivable that RSM could be rcconccntratcd or improperly 
used and that an environmental health hazard could develop. This runs counter to the principle of 
environmental equity, which holds that poor and minority populations should not be affected 
disproportionately by cither environmental health hazards or by the burden of cleaning them up. 

Countries frequently impose trade restrictions in the interests of environmental and public 
health protection. Indeed, the United Stales has included the authority to impose labor and 
environmental standards in its draft bill implementing the Uruguay round of General Agreement on 
Tariffs and Trade (GATT). Such restrictions may be perfectly legitimate, if a hazard can be 
demonstrated; if not, they may unreasonably hinder the free flow of commodities. Il is possible 
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that such restrictions may hinder or prevent the development of an international market in recycled 
RSM to begin with. 

The cases just cited assume honest intent on the part of exporters. But it is conceivable 
that nations facing huge disposal costs for radioactivcly contaminated materials might seek to solve 
their problem—and gain some revenue—by selling their RSM on the international market at a price 
that is below the going market price. For low-volume metals, such "dumping" could affect prices 
and the structure of the market as a whole. Furthermore, it is unlikely that anti-dumping measures 
currently in place—such as those provided in GATT and other conventions—would curb, or even 
detect, such activity. One reason is that the vast majority of RSM is controlled by governments 
and is not produced by normal economic activity. Another is that many potential countries of 
origin do not participate in the international bodies set up to curb these abuses. Indeed, it is 
possible, in the absence of a tracking and monitoring system, that recycled RSM is already finding 
its way into international commerce. 

To evaluate the international impacts of alternative policies. EPA needs more information 
on the following topics: 

• The worldwide volumes of RSM that might be introduced into international 
commerce. 

• Radiation levels of metals already in international commerce, and how the 
introduction of recycled RSM might affect them. 

• The acceptability of RSM-conlaining metals in international markets. 

• The availability of technology for measuring radiation levels in metals on a routine, 
large-scale basis. 

• Projections, presumably using economic models, of the effects of recycled RSM on 
prices, volumes, and the structure of various segments of the international metals 
market. 

Could RSM recycling disproportionately affect disadvantaged or undcr-reprcscntcd groups 
in society? 

As described above, separate markets for recycled scrap metal with and without RSM could 
develop. Furthermore, the marketplace may value recycled material with full or partial RSM 
content at a lower price than recycled or virgin metals without RSM. Because disadvantaged or 
under-represented groups in the U.S. arc typically associated with lower income levels and reduced 
economic status, these groups may be disproportionately exposed to products containing RSM, and, 
therefore, incur health risks at a level disproportionate to the population as a whole. Such 
increased exposures could occur knowingly, as lower income individuals may choose to purchase 
RSM-containing products at reduced cost, or unknowingly, if RSM content is not labeled in lower 
cost products. 

EPA will need to evaluate the following factors to determine whether disadvantaged groups 
may be disproportionately affected by RSM: 

• The likely differential in price for metals with and without RSM content and the 
products that could be produced using metals containing RSM. 

• The purchasing patterns of disadvantaged and non-disadvantaged groups for the 
RSM-containing products. 

- 1 3 3 -



JAERI-Conf 95-015 

• The likely decline in prices for products produced with metals containing RSM. 

• The exposure patterns and health risks associated with the use of the R.SM-
containing products. 

i. Conclusion 

As in a number of countries, the question of recycling of radioactive materials in the 
United States is potentially very controversial. In attempting to develop a publicly acceptable 
approach to the recycling of valuable materials, EPA must carefully evaluate both the risks posed 
by these materials, and the benefits that could accrue to society through their recycle and re-use. 
This paper has detailed the considerations that EPA deems relevant to an assessment of the 
economic impacts of a policy on recycling. As our discussion has indicated there are a wide 
variety of potential consequences and issues that must be reviewed. EPA is committed to 
completing this review as quickly as possible as part of our overall effort to develop a policy that 
addresses the difficult and long avoided question of the disposal/reusc/recycling of materials 
lightly contaminated or formerly contaminated with radioactive substances. 
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