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ABSTRACT 

The U.S. Department of Energy (DOE) has substantial quantities of scrap metal contaminated with 
low-levels of radioactivity. What is more important, current DOE Decommissioning and 
Dismantlement (D&D) plans will generate even more radioactive scrap metal. Disposition of this 
radioactive scrap metal could result in substantial costs to the DOE, but if certain options are 
exercised, could result in an economic gain. This paper outlines five basic options the DOE could 
follow for disposition of its radioactive scrap metal, and then examines the economic 
consequences of each option. 

A cost-benefit analysis was used to evaluate each of the five options. Real costs, derived from 
DOE studies and private industry, formed the basis for all analysis. These include transportation, 
packaging, processing (melt-refining) prices charged by industry, and burial fees and scrap metal 
storage facility operating and surveillance costs faced by the DOE. Other potential costs, such 
as the avoided costs of mining, and other less-well defined factors are assumed imbedded in the 
prices charged by industry for processing radioactive scrap metal. The results of this analysis 
show that burial cost is the most significant factor to consider in deciding which RSM disposition 
option to pursue. Moderate variations in burial costs can dramatically change the outcome of the 
cost-benefit analysis. 

1. INTRODUCTION 

This paper reports the results of a study of the various disposition options available to the U.S. 
Department of Energy (DOE) for its existing and future radioactive scrap metal (RSM). Practical 
and cost-effective methods exist for disposing DOE's current and projected inventory of RSM. 
Some options, however, may prove significantly more cost effective and impose much less risk 
to workers and the general population. Disposition options include storage, burial, and recycling. 
DOE has extensive experience with RSM burial and storage. DOE has not attempted, but is 
considering a comprehensive program to recycle RSM. A decision to recycle RSM must address 
at least four interrelated questions: (1) Does technology exist to reduce radioactivity to a level 
sufficiently low to allow the metal to be used in any credible application? (2) Does processing 
and reusing the material pose a human health or environmental hazard? (3) What are the effects 
on sensitive industries? (4) What is the economically preferable RSM disposition option? This 
paper considers only the economic aspects of RSM disposition options. 

The economic aspects of this study addressed two primary objectives. The first compares relative 
costs of dispositioning DOE RSM through various options. Life cycle costs are required for each 
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option. The second develops a workable system for analyzing cost effects for different disposition 
options, given variations in the RSM inventory. Accordingly, this study addresses the following 
questions: (1) Is there a significant cost difference among the various options for disposition of 
DOE RSM? (2) Which decontamination technology is most cost effective? (3) Does a demand 
exist, either within the nuclear industry, or within general commerce, for DOE RSM? (4) What 
are the technical, cost, and schedule risks of each disposition option? 

Scrap metal is a major waste stream for DOE, and presents both a potential resource and a 
potential liability. According to one estimate, the current inventory of DOE RSM is 1.5 million 
tons (DOE 91a). DOE's D&D programs are expected to generate additional quantities of RSM, 
as much as 775,000 tons from the Oak Ridge Gaseous Diffusion Plant alone, over the next ten 
years (EBA 91). 

Recycling RSM has potential economic advantages. First, recycled RSM can be used in place of 
virgin materials, thereby saving scarce resources. Second, provided that health risks are 
acceptably low, recycling presents an immediate solution for disposition of radioactive materials, 
thereby avoiding maintenance and monitoring costs for abandoned facilities. Third, recycling can 
avoid possibly high land disposal costs. 

On the other hand, recycling RSM presents potential economic problems. First, to recycle its 
RSM, the DOE must find a market for this material, either within the nuclear industry or in 
general markets in the United States and worldwide. Second, processing radioactive materials 
entails costs that might exceed the costs of other options such as land disposal. Third, the cost 
of achieving safe residual levels may be excessive. 

2. RSM DISPOSITION OPTIONS 

This analysis considered the following five RSM disposition options: 

No Action. Under this option, DOE's existing inventory of RSM remains essentially as is, in 
existing scrap yards, storage buildings, or other locations. As D&D generates more RSM, 
additional material is added to existing or newly constructed scrap yards. 

Safe Storage. All DOE RSM is removed to engineered facilities including existing warehouses 
or new buildings. These facilities are designed to (1) enhance protection of human health and the 
environment and (2) protect the economic value of the RSM. In general, the RSM would remain 
at the site where it is generated. Safe Storage is an intermediate solution. The RSM is eventually 
buried—at a central facility such as the Nevada Test Site—or placed into permanent storage. 
Alternatively, the DOE could recycle the RSM. Delay in ultimate disposition may impose 
additional maintenance and monitoring costs, but would allow retention of an economically 
valuable resource until either (1) the short-lived radionuclides contaminating the metal decay to 
less than the residual radioactivity level required for unrestricted release, or (2) facilities are 
constructed to recycle the RSM. 

Disposal (Immediate Burial). For this option, all DOE radioactively contaminated scrap is 
buried as it is generated. 

Restricted Recycle. DOE's current and future RSM is processed in a multi-metal recycling 
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facility for controlled uses such as radioactive waste burial containers or shielding blocks for 
accelerators. Radioactive carbon and stainless steel is prepared for its new use by melt refining. 

Unrestricted Recycle. This option is very similar to restricted recycle, in terms of operations 
required to process metal from scrap to a refined ingot. Unrestricted recycle assumes the scrap 
is first decontaminated (by melt-refining or mechanical decontamination, for example) and then 
sold to a commercial mill where it is remelted and ultimately used for industrial or consumer 
products. Despite initial decontamination, the metal still contains residual radioactivity. 

3. FUTURE DOE NEEDS FOR RADIOACTIVE SCRAP METAL 

One possible recycle alternative available to the DOE involves processing its RSM and producing 
components that are used internally to DOE. For DOE to decide whether to pursue a strategy of 
internal recycling the quantities of materials required for such applications must be assessed. 

Proposed internal uses include: 

• High-level waste canisters - nickel, stainless steel, copper 
• Concrete reinforcing bar - carbon steel 
• Waste boxes - carbon steel 
• Shielding blocks for high energy accelerators - carbon steel 

The DOE Office of Technology Development is funding research programs to explore some of 
these options in greater detail. For example, the Manufacturing Sciences Corporation and the 
Colorado School of Mines are studying the decontamination of nickel from the gaseous diffusion 
plants. The decontaminated nickel and decontaminated carbon steel would be remelted with other 
alloying elements and cast into stainless steel ingots. The stainless steel could then be used to 
produce containers for storing vitrified high-level waste (DOE 93a). 

A considerable amount of work has focused on the use of radioactively contaminated stainless 
steel for high-level waste canisters. As much as 26,000 tons of stainless steel would be required 
to handle the needs of high-level waste producers (SAI 93). A Waste Immobilization Facility is 
scheduled for construction at the DOE's Idaho Chemical Processing Plant. The facility will 
produce a glass ceramic waste for final disposal. This waste form is densified in process waste 
cans. Three of these cans are then placed in a repository waste canister. Westinghouse Idaho 
Nuclear Company estimated that about 9,000 tons of stainless steel are required for the process 
cans and about 14,000 tons are required for the repository canisters (ICP 93). 

Probably the least complicated recycling application involves remelting carbon steel scrap to cast 
shielding blocks for accelerators. This application represents an immediate market for about 
37,000 tons of steel scrap (SAI 93, SEG 93). The Scientific Ecology Group, Inc. projects a long-
term requirement of 200,000 tons for shield blocks (SEG 93a). 
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Table 1 compares the current DOE inventory,' plus quantities of radioactive scrap metal to be 
generated from D&D activities, with potential internal recycle applications. 

Table 1. Comparison of Potential DOE Recycle Applications with Inventory 
and Expected D&D Generation of Radioactive Scrap Metal (tons) 

Material 

Copper 

Carbon steel 

Stainless steel 

Application 

Accelerator use 

Shield blocks 
Rebar and mats 
Transport and disposal boxes 

HLW canisters 
Universal dry fuel casks 

Quantity 
Required 

1.0001 

200,000" 
100,000" 
500.000" 

23,000c 

282,000" 

Inventory 

24.000 

59,000 

7,400 

Future 
D&Dd 

49,000 

470,000 

27,000 

c ICP 93 d Another 500,000 tons of metals, other than copper, carbon steel, and stainless steel, are projected from 
future D&D (EBA 91). 

4. ANALYSIS OF COSTS AND BENEFITS 

This analysis shows the present worth of various options DOE could use for disposition of 
radioactive scrap metal. Some benefits are not explicitly included in the analysis. For example, 
one benefit not included is the energy savings between mining replacement ores and restricted or 
unrestricted use of DOE RSM. This is because DOE scrap metal inventories, and DOE's potential 
demand for metal products, are insignificant— less than 0.1% compared to annual U.S. production 
and demand. DOE's limited demand for metal would be quickly met by the U.S. scrap metal 
market, rather than resulting in additional iron ore mining. Thus, counting the energy savings 
from using scrap rather than mining virgin ore is inappropriate. 

Energy savings are also excluded here because this factor is already considered in pricing scrap. 
By similar logic, accounting for many other specific cost elements is not required to produce a 
valid benefit-cost analysis. For example, several options analyzed involve transportation of RSM 
to various DOE facilities, some at considerable distances from the originating point of the RSM. 
One might be tempted to quantify, from an economic perspective, additional costs associated from 
vehicular accidents during transport. But the rate charged to haul RSM (SO. 10 per ton-mile) 
already includes this consequence. This rate includes payment of the trucking company's 
insurance premiums and other liability mitigating factors that either regulations or market 
pressures dictate. Assigning a value to each truck accident, and attempting to include this factor 
in the analysis, would again artificially double costs. 

To perform the cost analysis, we assumed that the DOE would process approximately 65,000 tons 
per year for each of the five options. This number represents approximately the amount of RSM 

1 The inventory number was obtained from "Analysis of the Potential Recycling of DOE Radioactive 
Scrap Metal," a draft report for the U.S. EPA Office of Radiation and Indoor Air. The inventory quantity 
in Table 1 is much smaller than DOE estimates of RSM (DOE 91b, 92a). 
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in storage at the DOE Oak Ridge Tennessee facilities (DOE 91a), and is about the amount of 
carbon and stainless steel projected annually from D&D of the Oak Ridge area gaseous diffusion 
plants (DOE 91a, 91b). This quantity of steel can easily be handled by the Nevada Test Site for 
burial (BEC 93, REC 93) but represents about 400% of the capacity of one firm, Scientific 
Ecology Group, Inc., that currently recycles RSM ;SEG 93). 

4.1 Cost Analysis 

This section estimates the economic costs for each option primarily in relation to the disposition 
of radioactive steel currently in DOE scrap yards. For purposes of these estimates, all operations 
occur in one year. Furthermore, decontamination processing is conducted by a private contractor 
so there are no direct DOE capital investment costs in establishing the recycling facilities. 

No Action. The costs associated with the No Action option are those for continued maintenance 
of scrap yards in their current form. These maintenance costs include physical security (lights and 
fences), radiation surveillance and monitoring, and regular inspections. In addition, there are 
significant potential costs associated with regulatory compliance under the No Action option. 
There is also the possibility that some improvements in storage conditions may be required. The 
continued maintenance costs for the K.-25 site are presented in Table 2. The values for K-25 
(Table 2) are used to derive an annual RSM maintenance cost of 52.00 per ton. 

Table 2. Maintenance Costs for Continued Storage of Radioactive 
Scrap Metal at the K-25 (Oak Ridge) Site 

Security 
Surveillance/Monitoring 
Inspection 

Total 

Annual Cost* 

S 8,000 
31,500 

S43.000 

* Operating and maintenance costs are annualized over a 25-year period. 

Safe Storage. The costs involved in Safe Storage include those associated with sectioning and 
packaging the metal, and storage maintenance costs. The maintenance costs are identical to No 
Action above (Table 2), plus building maintenance costs. DOE could store the scrap metal in 
surplus buildings and thus avoid building construction costs. 

Sectioning scrap metal is required for all options involving transportation of the RSM from the 
scrap yard. The unit cost for sectioning most materials (e.g., structural components) is about 
SO. 10 per pound ($200 per ton) based on estimates from firms that provide this service. The unit 
sectioning cost for sectioning more complex components (e.g., heat exchangers) is SO. 15 per 
pound (S300 per ton). Based on a mix of 58,000 tons of carbon steel and 7,000 tons of stainless 
steel components, only 36,000 tons of which require sectioning, the average sectioning cost is 
$221 per ton. 

The RSM must be placed in containers for storage or transport. A special container, or B-25 box, 
is used for all storage and transport containers. The box accepts 92 cubic feet of material and 
costs $350 (SEG 93). We assume each 50 to 100 pounds of sectioned material occupies one 
cubic foot. Ingots and size-reduced RSM are estimated to occupy one cubic foot of volume per 
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240 pounds of material. Unit cost estimates for labor and equipment needed to package the 
radioactive metal in full compliance with all DOT and DOE regulations was obtained from firms 
providing these services. Costs range from S50 to S400 per ton and average SI00 per ton. The 
packaging costs for the DOE radioactive scrap material inventory considered in this analysis 
averaged SI56 per ton. 

Building maintenance is estimated at an annual cost of S0.77 per ion. The costs for Safe 
Storage—by metal type—by summing sectioning costs, paokhig costs, continuing maintenance 
costs, and building maintenance costs was S227 per ton. 

Disposal (Immediate Burial). Th"? CGsts associated with .he Disposal option include the initial 
characterization required by the site was^ acccp;;.:~~ criteria rr rtirc, sectioning, ?*us compacting, 
packaging, and shipping. This analysis assumes all wast.. .3 sent to the low-level radioactive 
waste (LLW) repository at the Nevada Test Site for disposal. The sectioning and packing costs 
are the same as for Safe Storage. The waste acceptance criteria cost S15 per ton and the current 
disposal cost is S282 per ton (BEC 93).2 Transportation costs are estimated to be S0.10 per ton-
mile. Total costs for low level radioactive waste disposal are S787 per ton. 

Restricted Release Recycle. The costs associated with recycling RSM for restricted release 
include packaging, sectioning, and transporting the material to the recycling facility and are 
additional to the decontamination cost at the recycle facility. The net cost for the process is the 
total of these costs less the value of the recycled metal to DOE (the cost of the material it 
displaces). The estimated sectioning and packaging costs are identical to those of the Safe Storage 
and the Disposal options. Transportation costs are estimated at SO. 10 per ton-mile based on the 
distances from remote storage locations to the processing locations in the Oak Ridge area. A cost 
of $0.20 per ton-mile is used for the Oak Ridge scrap yards to adjust for fixed costs distributed 
over such short travel distances. 

Table 3 presents unit decontamination costs based on price estimates from commercial firms that 
decontaminate scrap metals.3 The prices cover all costs associated with facility operation; such 
as compliance with all environmental, safety, and health regulations, and all fixed and maintenance 
expenses, such as disposal of the radioactive waste produced during decontamination. The choice 
of decontamination process is determined by the nature of the contamination and the restricted use 
end product. Carbon steel will probably require remelting. The resulting ingots are ready for use 
as shielding blocks or for fabrication into disposal casks. Stainless steel also requires melting 
before fabrication as disposal containers or storage casks. Table 4 lists possible uses for restricted 
recycled metals. The cost ranges of the materials that would be displaced4 are presented along 
with the Net Recycling Cost — the appropriate decontamination costs from Table 3 less the 
displaced material value. 

2 The S282 per ton assumes a disposal cost of S7.05 per cubic foot and a density of 50 lb per cubic 
foot. At 100 lb per cubic foot and S5.33 per cubic foot, the disposal cost at NTS is S107 per ton. 

3 Scientific Ecology Group Inc. and the Quadrex Corporation. 

4 The displaced material cost is the cost of obtaining a given quantity of a specific grade of metal 
minus the scrap dealer price. 
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Total costs for Restricted Recycling of the present DOE inventory of radioactive scrap steel are 
shown in Table 5. The associated recycling unit costs are S1.250 to S3.050 per ton of carbon 
steel. The unit costs for stainless steel range from S900 to S 1,050 per ton, showing a possible net 
savings from Restricted Recycling. 

Table 3. Costs of Decontaminating Radioactive Scrap Metal by Process and Metal Type 

Technological Process/Metal 

Mechanical Decontamination Proce~* JVirboa 
Steel 

Mechanical and/or Chemical Decontamination 
Process - Copper 

Mechanical and/or Chemical Decontamination 
- Aluminum 

Chemical Decontamination Process - Stainless 
Steel 

Metal Melt - Carbon Steel 

Metal Melt - Stainless Steel 

Metal Melt - Copper 

Metal Melt - Aluminum 

Metal Melt - Nickel 

Electro-Purification Process - Nickel" 

Cost Per Tea 
Ra:u>e <iv?3 S) 

5i,5s:? - 5;..500 

51,600 - S7.600 

12,800 - S6.700 

S4.800 - S6.400 

51,980 - S3.280 

52,000 - S3.200 

S2.000 - S3.300 

S2.000 - S3.300 

52,000 - S3.300 

S3.500 - 54,300 

General Applicability 

Scrlcial contamination and 
uticomplicated geometry. 

Surficial contamination. 

Surficial contamination. 

Surficial contamination. 

Surficial or volumetric 
contamination. 

Surficial or volumetric 
contamination. 

Surficial or volumetric 
contamination. 

Surficial or volumetric 
contamination. 

Surficial or volumetric 
contamination when there are 
not high levels of 
technetium-99. 

Surficial or volumetric 
contamination when high 
levels of technetium-99 exist. 

1 This is not a proven technology. Estimate based on preliminary research. 

Unrestricted Recycle. The cost elements associated with the Unrestricted Recycle option are 
the same as those for the Restricted Recycle option. There are, however, two differences in the 
recycling costs. The first is the value of the recycled scrap metal. This metal is valued at scrap 
dealer prices listed in Table 6 instead of the value of displaced materials used in Restricted 
Recycle. Second, the recycling and total costs are more likely to be at the high end of the range 
shown due to the need to meet the presumably more stringent free-release standards. 

The costs for recycling the current DOE inventory of radioactive steel for unrestricted release are 
presented in Table 7. The unit costs range from S 1,775 to 53,475 per ton for carbon steel, and 
from 52,100 to 53,400 per ton for stainless steel. 

Cost Comparisons. The total unit costs for steel are shown for each option in Table 8. The No 
Action and Safe Storage options do not consider the costs for the final disposition of the material. 
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These costs may be increased by delaying action to either bury or recycle the RSM. Of the final 
disposition options, Disposal as low level radioactive waste is the least expensive option. The 
possible net savings shown for the restricted recycling of stainless steel depends on: 1) the quality 
of the remelted stainless steel allowing for the displacement of 316 grade stainless steel for use 
in making containers and casks and; 2) the decontamination costs being at the low end of the 
estimated range shown in Table 3. 

Table 4. Restricted Recycle Uses and Displaced Material Cost 

Type of Metal 

Carbon Steel 

Stainless Steel 

Copper 

Nickei 

Lead 

Restricted Use 

Shielding Blocks 
LLW Disposal Containers 
LLW Disposal Containers, 
Storage Casks 

Wiring or Electrical Circuitry 

Produce Stainless Steel 

Shielding 

Displaced Material 
Value Per Ton, 

Ranee (S) 

500- 1,000 
100 

2,640 - 3,440 

up to 1,600 

4,400 

180 

Net Recycle Cost 
Per Ton, 

Ranee (S) 

980 - 2,780 
1,880-3,180 

(1,440)" -560 

400 - 1,700 

(2,200)'-(1,100)J 

NA 

NA - Not Available 
* Values in parentheses represent a net savings 

Table 5. Costs of Recycling Current DOE Inventory of Radioactive 
Steel for Restricted Use 

Metal 

Carbon Steel 

Stainless Steel 

Ail Steel 

Cost of 
Sectioning 
Packaging 
(SI,000) 

14,868 

3346 

18.214 

Cost of 

?sh» 
1,137 

208 

1.345 

Net Recycling Cost 
(1,000) 

58.000 - 162.000 

(10.200)*-4,000 

48.000- 166.000 

Total Net Cost 
(SI,000) 

73.000 - 179.000 

(6,700) - 7.300 

66.000- 186,000 

' Values in parentheses represent a net savings. 

Table 6. Value of Decontaminated Scrap Metals 

Type of Metal 

Carbon Steel 
Stainless Steel 

Copper 
Aluminum 

Nickel 
Lead 

Typical Scrap Dealer 
Price Per Ton (S) 

80 
400 

1,500 
500 

4,400 
164 
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Table 7. Costs of Recycling Current DOE Inventory of Radioactive Steel 
for Unrestricted Use 

Metal 

Carbon Steel 

Stainless 
Steel 

All Steel 

Cost of 
Sectioning 
Packaging 
(SI,000) 

14.868 

3346 

18.214 

Cost of 
Shipping 
(S1.0OOT 

1.137 

208 

1.345 

Net Recycling Cost 
(1,000) 

80,000 - 188,000 

11,000-20,000 

90.000-210.000 

Total Net Cost 
(SI,000) 

103.000 -203,000 

15,000 - 24,000 

118,000-227.000 

Ta'")le 8. Comparison of Unit Costs by Option for Radioactive Steel 

Option/Type Steel 

No Action 
Carbon Steel 
Stainless Steel 
Total Steel 

Safe Storage 
Carbon Steel 
Stainless Steel 
Total Steel 

LLW Disposal 
Carbon Steel 
Stainless Steel 
Total Steel 

Restricted Recycle 
Carbon Steel 
Stainless Steel 
Total Steel 

Unrestricted Recycle 
Carbon Steel 
Stainless Steel 
Total Steel 

Operation Cost 
Per Ton (S) 

0 
0 
0 

250 
470 
280 

760 
990 
780 

1,300-3,100 
(940)*- 1,100 
1.000-2,800 

1,800-3,500 
2,100 - 3,400 
1,800-3,500 

Annual Maintenance 
Cost Per Ton (S) 

2 
2 
2 

3 
3 
3 

0 
0 
0 

0 
0 
0 

0 
0 
0 

. First Year Cost 
Per Ton (S) 

2 
2 
2 

260 
470 
280 

760 
990 
780 

1,300-3,100 
(940)'- 1,100 
1.000-2,800 

1,800 - 3,500 
2,100 - 3,400 
1,800-3,500 

' Values in parentheses represent a net savings. 

4.2 Basic Assumptions of the Cost-Benefit Analysis 

DOE currently has 65,000 tons of radioactive scrap carbon and stainless steel to be dispositioned 
in the first year of each option (except the No Action option). An additional 95,000 tons of other 
scrap metal is not considered in this analysis. Other assumptions include: 

Each year, for ten years, DOE will generate an additional 65,000 tons of 
radioactive carbon and stainless steel in the Oak Ridge area. This material will 
be used for all options. All cost-benefit analyses will be conducted over 22 years. 
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All disposal (land burial) will occur at the Nevada Test Site at a total cost of 
S297 per ton in 1994 dollars. Distance to the site is 2,000 miles. The 
transportation cost is SO. 10 per ton-mile. 

All metal recycling occurs in a multi-metal melt facility in the Oak Ridge, 
Tennessee area. Transportation to this facility costs S0.20 per ton-mile and the 
average distance is ten miles. 

• The distance to a commercial steel mill for the unrestricted recycle option is 300 
miles. All costs associated with unrestricted recycle are based on free on board 
(FOB) the DOE Oak Ridge facilities. 

A discount rate of 7% was used for present worth analysis, as specified by the 
U.S. Office of Management and Budget (OMB 92). Because this discount rate 
may not accurately reflect the historic time-value of money, the analysis is also 
presented at 3.5% and 10% discount rates. 

4.3 Summary of Cost-Benefit Analysis 

Table 9 shows the present worth of dispositioning 65,000 tons of RSM annually, using different options. 
The values are rounded to the nearest $1,000,000. None of the options shown in Table 9 have a benefit 
minus cost of greater than or equal to zero (i.e., B-C > 0). By strict cost-benefit analysis criterion, none 
of the options qualifies as a favorable alternative. However, we assume DOE must do something, if 
nothing other than taking no action. In fact, the No Action option may be unacceptable for a variety of 
overriding policy issues. Disregarding the No Action alternative, the next lowest cost option is Safe 
Storage. This may seem surprising since, for our analysis, Safe Storage includes ultimate burial at the 
Nevada Test Site. The reason is that the data presented in Table 9 represents the present worth of the 
stream of economic consequences of each option. Delaying disposal means that the present worth of the 
burial costs is discounted significantly. 

Both recycling options show significantly higher present worth costs compared to every other option. Two 
points need to be made here. First, only DOE, or some representative of the Federal government, can 
decide what all the objectives are when analyzing RSM disposition options. This analysis does not 
include all consequences, and cannot until DOE specifies its objectives more completely and precisely. 
When additional, difficult-to-monetize consequences are considered, recycling may be the "best" option. 
The second point about recycling options requires not confusing melting of RSM with production of 
normal steel in an average steel mill. These are two vastly different processes, and cannot logically be 
compared on an economic basis. One need only visit the Scientific Ecology Group, Inc. facilities in Oak 
Ridge, Tennessee, and an average steel mill to appreciate the difference. 

The data in Table 9 suggests that Safe Storage is the "best" option. However, other clearly relevant 
consequences, not monetized here, must be considered when deciding which option to follow. For 
example, human health effects, such as the total dose and risk of cancer are important factors. 

Some monetary costs and health risks associated with each of the five disposition options are easy to 
quantify. Other costs present greater difficulty because DOE has not exactly specified their objectives in 
pursuing a particular course of action. For example, DOE could completely remediate the Oak Ridge area, 
and return the federal lands used for the scrap yards to the state of Tennessee. One benefit from this 
course of action is the land value available to the state government or private enterprise. Of course, one 
of the costs is the pro rata share of the costs of remediation. These costs and benefits are not included 
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in the No Action scenario, but might be for the other four options. Therefore, if one of the DOE's 
objectives in dispositioning RSM is to clean up and eliminate scrap yards, there are additional costs and 
benefits to consider. Table 10 summarizes costs and benefits for each disposition option. 

Table 9. Present Worth Comparison for Five Disposition Options 

Option 

No Action 

Safe Storage 

Disposal (Immediate Burial) 

Restricted Recycle 

Unrestricted Recycle 

Present Worth (in millions) * 

3.5% 

S16 

S379 

S458 

S638 - 1,227 

S766- 1,840 

7% 

Sll 

S262 

S381 

S531 - 1,022 

S638 - 1,532 

10% 

S8 

S200 

S330 

S460 - 885 

S553 - 1,327 

' Present worth values have been rounded to nearest million dollars. 

No Action Summary 

With respect to maintaining radioactive metal scrap yards, the No Action cost-benefit analysis is predicated 
on DOE's compliance with applicable federal regulations. Our analysis indicates current practices at these 
scrap yards may meet all required regulations. If additional regulations are imposed on DOE, the costs 
associated with No Action could rise dramatically, particularly if all the RSM is relocated. 

Presently, maintenance and surveillance of DOE's scrap yards is relatively inexpensive, approximately S2 
per ton-year. Additional scrap yards must be built, or existing scrap yards expanded, to contain the RSM 
expected from D&D of various DOE facilities. This analysis assumes the per ton cost, however, to remain 
the same S2 per ton. The No Action option could involve many other costs. No Action provides no long-
term solution to managing RSM. Eventually, the RSM will most likely have to be moved, buried, or 
recycled. Therefore, No Action is simply delaying the inevitable. However, as indicated by a present 
worth analysis, delay is not necessarily bad presuming monies withheld from the RSM disposition are 
invested at an appropriate opportunity cost of capital. 

Safe Storage Summary 

Safe Storage is another alternative that delays the ultimate disposition of RSM. After some years in Safe 
Storage, the RSM must be buried or recycled. One obvious benefit of leaving RSM in Safe Storage is 
that radionuclides with short or moderate half-lives decay to lower levels of activity, perhaps below 
residual radioactivity limits. More likely, the radioactive decay will simply reduce the activity levels to 
the point where handling RSM is less costly, or decontamination is possible. As an example, if carbon 
steel contaminated with activated cobalt-60 were maintained in safe storage for fifty years, the activity 
levels associated with the cobalt-60 would be reduced significantly. The present worth cost of maintaining 
one ton of carbon steel in Safe Storage for fifty years is approximately $28. Assuming the radioactive 
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decay reduced the steel's activity to less than the residual limit, presumably the steel could then be sold 
at its scrap value, S80 per ton in 1994 dollars, withcit any further costs associated with decontamination 
or surveying. 

Another advantage of Safe Storage is—if one accepts the assumption some form of ultimate disposition 
of the metal is required—delaying the final disposition reduces the present worth cost of that disposition. 
Conversely, burial rates could increase at a rate much higher than historical values presently indicate, 
offsetting any gains made through time value of money. 

Finally, Safe Storage allows DOE to protect the economic value of certain metals until decisions are made 
regarding the ultimate disposition of those metals. For example, DOE cunently owns over 9,000 tons of 
nickel which are volume contaminated with technetium-99. No technology exists to decontaminate this 
nickel, but at least one technique, electro-purification or inducto-slag melting, is being evaluated for this 
purpose. Because of the relatively high per ton value of nickel, a Safe Storage option for this particular 
metal may make good economic sense. 

Table 10. Summary of Costs and Benefits for DOE RSM Disposition Options 

Option 

No Action 

Safe Storage 

Disposal 

Costs 

Requires maintenance of existingand 
new scrap yards. 

- Results in long-term exposure to 
workers. 

- Requires eventual disposal of RSM. 
Requires continued compliance with 
federal and state environmental 
regulations. 

- Is aesthetically unattractive. 
Based on current scrap yard sizes, over 
50 acres of land will be required. 
Newly constructed scrap yards may 
require environmental restoration after 
RSM is removed. 
Possibly exposes the general population 
to radionuclides from groundwater, 
surface water and air pathways. 

Results in long-term exposure to workers 
who must monitor the RSM. 
Requires long-term institutional controls. 
The RSM must still be either buried at a 
later date, or recycled. 
Buildings used for Safe Storage may 
eventually require decontamination and 
expensive remediation. 

At current burial rates, immediate 
disposal is more expensive than either 
Sate Storage or No Action. 
Loss of potentially reusable metals 
which will require replacement from 
uncontaminated sources. 

Benefits 

Scrap yards are relatively 
inexpensive to construct and 
maintain. 
Allows delay in decision 
whether to bury or recycle. 
Takes advantage of natural 
radioactive decay to reduce 
activity levels. 

Provides enhanced protection 
for human health and the 
environment by isolating the 
RSM from its surroundings. 
Allows delay in decision 
whether to bury or recycle. 
Takes advantage of natural 
radioactive decay to reduce 
activity levels. 
Preserves the economic value 
of metals until a suitable 
decontamination technique 
exists. 

Provides for immediate 
disposition of RSM as it is 
generated during D&D. 
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Table 10 (Continued) 

Option 

Restricted 
Recycle 

Unrestricted 
Recycle 

Costs 

Recycled RSM, not used for waste 
containers, could become contaminated 
and may eventually require burial. 
Special facilities are needed to 
decontaminate the RSM and/or fabricate 
new components from the RSM. 

- Creates secondary waste streams. 

Special facilities are needed to 
decontaminate the RSM. 

- Potentially exposes workers and the 
general population during processing of 
RSM. 

- Exposes the general population from use 
of RSM in consumer products. 

- Radioactivity in certain metals could 
impact sensitive industries. 

Benefits 

Provides for immediate 
disposition of RSM as it is 
generated during D&D. 

- Increased employment 
opportunities at RSM recycle 
facilities. 

- Avoids costs of burial. 
Avoids costs of obtaining 
nuclear components from 
clean metals. 

- Provides for immediate 
disposition of RSM as it is 
generated during D&D. 
Increases employment 
opportunities. 

- Avoids costs of burial. 
- Recycling uses less energy 

and raw materials than does 
production from virgin ore. 

Safe Storage requires a commitment to institutional controls. Buildings must be maintained, and 
radiological, security, and safety requirements must be met. Furthermore, regulatory requirements could 
become more stringent in the future and the land occupied by the storage buildings is not available for 
other, potentially more valuable purposes. Finally, the buildings used for Safe Storage may themselves 
require expensive remediation as a result of being used to store radioactive materials. 

Disposal Summary 

The Disposal option involves burial at a long-term disposal facility such as the Nevada Test Site. Once 
interred, the RSM is non-retrievable, hence the metal's economic value is lost forever. From an economic 
perspective, Disposal seems fairly attractive. Current disposal costs for low level radioactive waste at the 
Nevada Test Site are about S7 per cubic foot. The burial rate would have to increase to almost S15 per 
cubic foot before the present worth cost of burial of the 65,000 tons considered in this analysis exceeds 
the most optimistic present worth cost of Restricted Recycle. 

Restricted Recycle Summary 

The major advantage of Restricted Recycle is that metals are available for reuse where they either become 
contaminated again, after being decontaminated, or will be further contaminated. In either event, virgin 
materials are not needed. The DOE may prefer to bury other forms of radioactive waste, such as spent 
fuel, in containers fabricated from RSM. Some current recycling applications, specifically shielding 
blocks, may simply delay the ultimate need to dispose of the RSM. That is, when shield blocks are no 
longer needed, they may be classified as RSM and then require storage or burial. 

Restricted Recycle is very costly due to the radiological controls required to fabricate various components. 
This analysis considered only decontamination costs. Chemical, mechanical, and metal melt 
decontamination costs all greatly exceed the scrap value of the metal. Other costs of fabrication, such as 
rolling ingots into shape, were not considered. If, as a result of metal melt, for example, the RSM was 
still contaminated above a residual radioactivity limit, the rolling process could also cost considerably 
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more than rolling uncontaminated metal. 

Unrestricted Recycle Summary 

Unrestricted Recycle has all the costs of Restricted Recycle plus additional costs attendant with the fact 
the RSM must be decontaminated below a residual radioactivity limit. Current technologies are inadequate 
to decontaminate RSM with certain radionuclides, such as technetium-99. Furthermore, decontamination 
below specific low levels, such as 10 pCi/g, may not be possible. 

4.4 Sensitivity to Cost Variations 

The current Nevada Test Site disposal cost of approximately S7 per cubic foot could increase substantially. 
If burial costs rise sufficiently, both restricted and unrestricted recycling could become the least cost 
option. Likewise, if RSM decontamination costs (i.e., the cost of melt refining) were to decrease 
substantially, restricted and unrestricted recycling could be the lowest cost option. 

The cost-benefit analysis shows that if burial costs increase to approximately S15 per cubic foot, Restricted 
Recycling would cost less than Disposal. At approximately S65 per cubic foot, the Unrestricted Recycling 
option would cost less than the Disposal option. 

If the cost of melt refining is reduced, both recycling options tend to be more attractive. Table 11 shows 
the affect of reducing the cost of melt refining to 50% and 25% of the value shown in Table 3. For 
example, if the cost of melt refining is reduced to about 51,200 per ton, then Restricted Recycling is equal 
in cost to Disposal. At about $600 per ton for melt refining, Restricted Recycle is superior to all other 
options including the No Action option. 

Table 11. Present Worth Comparison for Five Disposition Options, 
With Varying Melt-Refining Costs (Discount Rate = 7%) 

Option 

No Action 

Safe Storage 

Disposal (Immediate BuriaO 

Restricted Recycle 

Unrestricted Recycle 

100% 
Melt-Refinine Cost 

SI 1,000.000 

S262.000.000 

S3 81.000.000 

5870.000,000 

SU60.000.000 

50% 
Melt-Refinine Cost 

SI 1.000 

S262.000.000 

S381,000.000 

S382.000.000 

S750.000.000 

25% 
Melt-Refining Cost 

SI 1.000.000 

S262.000.000 

S381,000,000 

S - 44.000,000" 

S440.000}000 

The negative value indicates that the benefit derived from reuse by DOE, of its own RSM, exceeds 
the cost of processing. 
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