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ABSTRACT 

Large quantities of radioactive scrap metals will arise from decontamination and 
decommissioning of nuclear power plants and DOE facilities. Much of this metal 
can be easily decontaminated and released to the existing secondary metals 
industry for recycling. For metal that can not be readily released, recycle into 
restricted-use end products is an economically attractive alternative to burial as low 
level radioactive waste. 

This paper will examine sources and types of scrap metal, technical approaches, 
potential products, and economics of metals recycle. Construction, licensing, 
environmental compliance, and possible reuse of existing nuclear facilities for 
metals recycling will be discussed. 

INTRODUCTION 

Three avenues of disposition of radioactive scrap metal (RSM) from 
decontamination and decommissioning (D&D) of nuclear facilities are evident: 1) 
release to unrestricted commercial use after first removing contaminants from the 
surface or refining bulk contaminated metals; 2) consolidate by compaction or 
melting then store or bury; and 3) recycle to useful new products that would be 
restricted in end use. Decontamination and release can provide an economical 
approach in cases where there is no internal contamination and surfaces can be 
easily accessed. Unrestricted release of bulk-contaminated metals is presently not 
an option in practice in the U.S. due to the lack of an accepted standard for 
unrestricted release of these metals. Consolidation and storage or burial will 
become increasingly less attractive as the cost of repository storage or burial 
increases. Even if acceptance of a standard for release of internally contaminated 
metals is adopted in the near term, expense and difficulty of decontamination and 
quality assurance will make recycling of RSM into products with restricted end use a 
key element in the strategy for D&D of contaminated sites and facilities. 
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SOURCES AND TYPES OF RADIOACTIVE SCRAP METAL 

RSM arises from a number of government and commercial sources as listed below: 

• Government Sources 

- Gaseous Diffusion Plants 
- Production and Research Reactors 
- Nuclear Laboratories 
- Nuclear Weapons Manufacturing Facilities 
- Military Test Ranges 
- Nuclear Navy 

• Commercial Sources 

- Nuclear Power Plant Maintenance 
- Nuclear Power Plant Decommissioning 
- Nuclear Fuel Manufacturing Facilities 
- NORM Contamination from Oil Drilling 

Estimates of RSM expected to come from the decommissioning of U.S. Department 
of Energy (DOE) facilities range from 1 to 2.5 million tons. Two estimates of DOE 
RSM inventories have been documented. Whitfield, 1991, found in excess of 
130,000 tons of RSM are in storage at various DOE sites and an ongoing 
generation rate estimated at 15,000 tons/year that was expected to increase 
dramatically to over 90,000 tons per year when major D&D projects begin. The 
need to dispose of a total of 1.5 million tons of RSM was projected. Duda, 1993, 
reported an inventory made from public documents and telephone survey of all DOE 
sites and field offices. A total of 991,000 tons of potential RSM was identified, 
including that from the survey shewn by site in Table 1 and by metal type in Table 2 
and projected arisings from D&D of the gaseous diffusion plants shown in Table 3. 
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Table 1. DOE RSM Inventory by Site 

SITE 

Fernaid 

Hanford 

INEL 

NTS 

Oak Ridge Nat'l Lab 

K-25 

Y-12 

Paducah 

Portsmouth 

Rocky Flats 

TOTAL 

QUANTITY 

8,099 

416 

9,515 

157,319 

25,002 

116,429 

5,000 

40,265 

34,191 

70 

396,306 

PERCENT-TOTAL 

2.04% 

0.10% 

2.40% 

39.69% 

6.31% 

29.38% 

1.26% 

10.16 

8.63% 

0.02% 

100.0% 

Table 2. DOE RSM Inventory by Metal Type 

METAL TYPE 
Aluminum 
Brass 
Copper 
Lead 
Monel 
Nickel 
Steel 
Mixed 
TOTAL 

QUANTITY (TONS) 
16,250 
10 
11,215 
747 
1,745 
47,524 
143,221 
175,594 
396,306 

PERCENT-TOTAL 
4.1% 
<.01% 
2.83% 
0.19% 
0.44% 
11.99% 
36.14% 
44.31% 
100% 

Table 3. Arisings from D&D of Gaseous Diffusion Plants 

METAL TYPE 
Aluminum 

CoppeY 
Monel 
Nickel 
Steel 
Mixed 

TOTALS 

QUANTITY (TONS) 
22,200 
44,300 
4,400 
57,700 

269,100 
197,100 
594,800 

PERCENT OF TOTAL 
3.73% 
7.45% 
0.74% 
9.7% 

45.24% 
33.14% 
100.0% 
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About 15,000 tons of RSM are generated annually from ongoing maintenance of 
nuclear power plants in the U.S. based upon estimates from business activity in the 
low-level waste processing industry. Decommissioning of power reactors and 
systems will produce large quantities of RSM. Mizia and Wahnschaffe, 1994, 
identified 89,670 tons of recyclable stainless steel from eventual decommissioning 
of 122 reactors. Atteridge, 1993, found the total for all reusable metal from U.S. 
reactor decommissioning to be about 760,000 tons. A summary of arisings from 
known utility industry and DOE sources is shown in figure 1. 
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figure 1. RSM Arisings from DOE and Electric Utilities 

PRODUCTS FROM RECYCLED METALS 

The challenge ahead in recycling of contaminated metals from DOE D&D activities 
lies in the resolution of regulatory standards for release of contaminated metals to 
both restricted and unrestricted use. The reuse of scrap metals requires remelting 
which evenly distributes in the newly cast metal any remaining contamination that is 
not removed either by cleaning prior to melting or by removal during the melting 
process. Metals that are contaminated only on the surface can often be 
economically cleaned and released to the commercial secondary metals market. 
While numerous studies have shown that melt refining is an effective method of 
removal of some types of radioactive contamination from some metals (Worcester, 
et al, 1993), the lack of a standard for release of volume-contaminated materials 
makes use of this approach for recycling problematic for unrestricted end uses. 
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Even if the regulatory bodies could easily agree to standards for unrestricted reuse 
of bulk contaminated metals, the most economic recycle of these metals will be 
substantially aided by identification of products that may be made from these 
metals. The process of melting and refining adds value to contaminated metals that 
will be lost if the metals are then returned to the secondary metals market as if they 
were scrap. Intermediate products such as billets or slabs for extrusion, forging, or 
rolling by existing commercial metalworking industries are perhaps the best 
candidates for metals that may be released for unrestricted use. For surface 
contaminated metals that cannot be economically decontaminated, and for metals 
that are contaminated in the bulk, metals may be recycled only to restricted end 
uses. Products such as containers for radioactive waste and materials of 
construction for new nuclear facilities where such materials will become 
contaminated are good examples of end products with restricted use. The 
beneficial reuse of thousands of tons of contaminated metals could be brought 
about by a commitment on the part of governments and the nuclear industry to 
make maximum use of previously contaminated metals in all applications in which 
the metals will become contaminated. 

Some candidate applications for restricted reuse of RSM in waste containers are 
discussed below: 

Spent Reactor Fuel. A multi-purpose canister (MPC) for dry storage and eventual 
disposal of spent nuclear fuel will be developed starting in 1995. This concept will 
require manufacture of 10,000 stainless steel canisters, each weighing about 21 
tons, for containment of spent fuel from U.S. reactors. 

High level waste. About 381,000 m3 of HLW are in storage at four DOE sites: 
Hanford, Savannah River, INEL, and West Valley. Some of the HLW will be 
concentrated to about 10 percent of its existing volume, vitrified using borosilicate 
glass, and poured into stainless steel containers. The vitrification program plan 
calls for construction of plants at Hanford, West Valley, and Savannah River. The 
need for 7680 containers over 17 years is projected (DOE, 1991). The containers 
are about 3 m long and 0.6 m in diameter and weigh 500 KG. The first 500 
containers have been purchased for the Savannah River vitrification plant at a price 
of $7000 each. Using a 25% waste concentration in glass and 0.8 m3 effective 
volume of the container, this approach will only accommodate 4% of the existing 
HLW, leading to the conclusion that nearly 200,000 such containers may be 
required for DOE high-level waste. 

TRU waste. TRU waste is defined as that containing more than 100 nanocuries per 
gram (37 bq/g) of alpha-emitting transuranium radio nuclides with half-lives greater 
than 20 years. DOE has about 37,000 m3 of such waste in storage and generates 
additional waste at the rate of 2000 m3 per year (DOE, 1991). The Waste Isolation 
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Pilot Plant (WIPP) in New Mexico is designed to contain up to 170,000 m 3 of TRU 
waste, but its opening has been repeatedly delayed and temporary storage of TRU 
waste at various DOE sites has been a crisis-level problem over the past several 
years. Waste would be stored at WIPP in drums and boxes. Much of the existing 
waste will have to be repackaged before shipment to meet the WIPP requirements. 
Because some of the existing waste consists of acid and caustic residues, and 
corrosion and leakage of drums is common, use of corrosion resistant alloys for 
waste containers is under active consideration. 

Low-Level Waste. The total amount of low level waste that will come from DOE 
D&D activities is not known with any precision. The estimated volume of LLW 
accumulated at the Fernald site, not including waste expected to be generated 
during cleanup, is 230,000 m3 (DOE, 1991). The volume of burial of commercially-
generated LLW at the Barnwell, Beatty and Richland sites for 1991 was about 
67,000 m3. The overall volume of LLW will continue to decrease as waste 
reduction practices are refined. 

A large quantity of carbon steel is used in packaging of low-level waste. Waste is 
most often shipped to the LLW repositories in 100 ft3 boxes with a tare weight of 
about 660 lb. The contents of the boxes are super compacted waste that was 
originally placed in drums or boxes for compaction. In the case of the compaction 
boxes, each has a precompaction volume of 38.5 ft3 and a tare weight of about 220 
lb. Assuming compaction to 25% of original volume and 60% efficiency in packing 
the large box, there would be 6 compacted boxes inside of the 100 ft3 box. The 
steel usage would therefore be 1980 lb/100 ft3 of LLW disposal. The current usage 
of steel for commercial LLW burial is thus about 21,000 tons per year. A like 
quantity of usage would be expected for burial at DOE sites. 

TECHNICAL APPROACH 

Manufacturing Sciences Corporation is engaged in demonstration of stainless steel 
RSM recycle, including melting, casting, rolling, and fabrication of boxes and drums 
in its plant in Oak Ridge, Tennessee. The technologies chosen for demonstration 
are directly relevant to the economical recycle of contaminated stainless steel on a 
small scale, dedicated basis and will be used to establish design and operating 
parameters for a commercially viable plant to recycle radioactively contaminated 
metal (RSM). Some of the concepts represented by the chosen technologies that 
are felt to be of fundamental importance with respect to successful recycle of RSM 
into new products include: 

Precleaninq of RSM. RSM may require precleaning prior to melting, 
depending upon the level of contamination from radio nuclides and other 
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foreign material. Reduction of the level of radioactive contamination prior to 
melting can reduce the level of radioactivity in the final product and can 
benefit the overall process efficiency by reducing personnel exposure levels 
from the fabrication operations. It is possible that all operations subsequent 
to melting could be done with very minimal radiation safety concerns if most 
of the radio nuclide contamination is removed by precleaning combined with 
separation in the melt. Removal of other foreign materials before melting will 
greatly reduce the difficulties in maintaining control of the alloy chemistry of 
the final product. While it is possible to adjust the chemistry of the melt 
additions and reactions to achieve the desired alloy chemistry, MSC has 
demonstrated that stainless steel may be remelted and to make new product 
within the same specification if careful precleaning and melting practices are 
followed. 

Melting. The contaminated stainless steel will be melted in an enclosed, gas-
tight induction furnace under reduced pressure with an inert gas backfill. 
Such melting practice has two important advantages: 1) the vacuum or inert 
atmosphere prevents oxidation of the melt and thereby significantly reduces 
the secondary radioactive waste generated during the melting process, and 
2) melting in a gas-tight vessel allows positive containment of volatile radio
nuclides such as tritium and cesium and provides the opportunity for 
treatment of a very low volume of off-gas to remove volatile radioactive 
constituents if found necessary. 

The induction melting furnaces in use at MSC have successfully 
demonstrated containment of radio nuclide and beryllium contamination while 
melting depleted uranium, beryllium, and radioactively-contaminated scrap 
metals. While the design of MSC's furnaces can be modified and optimized 
for melting stainless steel for recycle, the concept of melting in an enclosed 
vessel is fundamental to a clean operation with minimal personnel exposure 
and low risk of uncontrolled release of radio nuclide contamination. 

Rolling. Demonstration of the fabrication of boxes and drums requires that 
stainless steel sheet metal of 12 gage and 16 gage thickness be produced as 
the starting material, in a modern high-volume commercial operation, 
stainless steel sheet metal in this thickness range would probably be 
produced as coiled hot-rolled product from a multiple-stand tandem mill and 
would be further cold reduced by a second multiple-stand rolling operation or 
on a reversing mill. Operations of this type produce large tonnage quantities 
of sheet metal on a commodity basis. The investment required to install such 
a rolling operation would not be supported by the low volume of RSM to be 
recycled in the proposed plant. Furthermore, producing coiled material 
followed by uncoiling and flattening prior to fabrication into final product 
would serve practically no purpose in the contemplated operation. 
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MSC's approach to rolling for metals recycle has been to use a 4-high 
reversing mill to produce plate or sheet to meet a specific product 
requirement. In other words, the objective of the rolling operation is different 
from commercial plate and sheet production in that the end product is not a 
commodity to be shipped for use in a variety of undefined products, but 
instead the plate and sheet is produced on a custom basis according to end 
use. The typical approach is to produce discreet pieces that are tailored in 
size to minimize waste and internal recycle. For the fabrication of boxes and 
drums, pieces will be rolled to specific widths and gages to produce drum 
body, box sides, ends, tops, bottoms or other components. In essence, the 
rolling operation is treating in much the same manner as any other metal 
forming operation in the fabrication sequence. This approach is less efficient 
in terms of quantity of metal rolled, but the lack of efficiency is offset by low 
capital investment and the appropriate match to the real job of recycle on a 
low-volume basis. 

Internal Recycle. A key issue in recycle of RSM is internal recycle of 
trimmings and other scrap. The overall objective of the processing is 
maximized process throughput, minimized secondary waste, and virtually 
complete consumption of the RSM in useful product. Internal recycle of RSM 
scrap and trimmings that arise from fabrication of boxes and drums will be 
demonstrated within the proposed project 

REGULATORY COMPLIANCE 

Recycle of contaminated metals that can not be released to the commercial 
secondary metals market must be done in licensed facilities with capabilities for 
assuring compliance with a broad range of employee health and safety and 
environmental issues. Such a facility is subject to regulation under applicable 
federal, state and local environmental, health and safety regulations, including: 

Clean Water Act 
Clean Air Act 
Resource Conservation and Recovery Act 
Superfund Amendments and Reauthorization Act 
Comprehensive Environmental Response, Compensation, and Liability Act 
Toxic Substance Control Act 
Occupational Safety and Health Act 
Hazardous Materials Transportation Act 
Atomic Energy Act 
Low Level Radioactive Waste Policy Act 
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Handling of secondary waste streams is an extremely important issue from the 
economic and regulatory perspective. All effluents, including air, liquid, and solid 
will be monitored either continously or by batch before release. For a commercial 
entity engaged in such business, failure to comply with all applicable regulations 
can lead to immediate and total financial disaster, whereas an overly conservative 
approach can lead to slow financial death. 

ECONOMICS OF RECYCLE 

First Law of Metal Recycle: "Economic viability of metal recycle increases in 
proportion to intrinsic value of the recycled metal" 

First Law'of RSM Recycle: "Economic viability of RSM recycle increases in 
proportion to cost of disposal" 

The market potential for recycling of RSM is the sum of the cost avoidance of 
disposal and the value of products that may be made from these metals. The 
comparitive benefit of recyle for several metal types is shown if Table 4. The 
combined effects of intrinsic value of the metal and the cost of disposal are readily 
shown. 

The current commercial price for disposal of radioactively contaminated scrap 
metals, not including any value that might be recovered, is a minimum of $1.50 per 
pound. The 1.5 million ton DOE RSM inventory therefore represents a $4+ billion 
disposal liability. All other sources of RSM, the nuclear utility industry being the 
largest among these, will create a disposal need of similar magnitude. When 
viewed as a business opportunity, including products that might be manufactured for 
restricted use, several businesses of moderate scale should be attacted to provide 
RSM recycle services and products. 

Table 4. Comparison of Recycle Benefit for Several Metals 

Metal Type 

Carbon Steel 
Stainless Steel 

Stainless Steel (Ni 
Feed) 

Nickel Alloy 

Cost of 
Commercial 
Sheet Metal 

0.23 
1.32 
1.32 

5.17 

Cost to 
Produce RSM 
Sheet Metal 

1.80 
2.20 
2.32 

2.60 

Cost 
of 

Disposal 

1.50 
1.50 
1.50 

1.50 

Benefit 
of 

Recycle 

-0.07 
0.62 
0.50 

4.07 
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SUMMARY 

The recycle of RSM to both restricted and unrestricted uses is economically viable 
and highly desirable in an environment of high disposal cost. Businesses that 
recycle RSM will be few in number, highly regulated, and vulnerable to nuances of 
the regulatory process. The successful business approach will likely be outside of 
the mainstream of conventional metals industry practice. The sources and uses of 
RSM are roughly in balance. Restricted reuse could completely consume all 
sources of RSM, however, this would not be the most economically advantageous 
approach. A combination of decontamination and release, production of 
intermediate metallurgical products for unrestricted use, and manufacture of final 
products for restricted use is indicated. 
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