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ABSTRACT

The U.S. Department of Energy, Office of Environmental Restoration and Waste Management, is participating
with the Organization for Economic Cooperation and Development (OECD) in an evaluation of management
alternatives for radioactive scrap metals. For this purpose. Argonne National Laboratory is assessing
environmental and societal implications of recycling and/or disposal process alternatives (with metal
replacement). Findings will be presented in a report from the OECD Task Group. This paper focuses on the
radiological risk assessment and dose estimate sensitivity analysis. A "tiered" concept for release categories,
with and without use restrictions, is being developed. Within the tiers, different release limits may be indicated
for specific groupings of radionuclides. Depending on the spectrum of radionuclides that are present and the
level of residual activity after decontamination and/or smelting, the scrap may be released for unrestricted public
use or for specified public uses, or it may be recycled within the nuclear industry. The conservatism of baseline
dose estimates is examined, and both more realistic parameter values and protective measures for workers are
suggested.

INTRODUCTION

The U.S. Department of Energy. Office of Environmental Restoration and Waste Management, is participating
with the Organization for Economic Cooperation and Development (OECD) in a technical evaluation of inr acts
of international recycling of radioactively contaminated scrap metals. An OECD Task Group report is being
prepared as an input to the ongoing International Atomic Energy Agency (IAEA) effort to develop release
standards for contaminated materials. Argonne National Laboratory is analyzing the contaminated metal
inventory, scrap metal markets, radiological and nonradiological effects of options for recycling or disposal (with
replacement of metal resources), and social and political factors that may either facilitate or constrain recycling.
The sensitivity of release limits to model parameters is being examined, and a "tiered" release concept is being
developed within which different release limits may be indicated for specific groupings of radionuclides. with or
without end-use restrictions.

Current and potential sources of radioactive scrap metal include nuclear power plants, nuclear fuel cycle
facilities, weapons production facilities, research and development reactors, high-energy accelerators, industrial
sterilizer plants, industrial radiography equipment, medical facilities and equipment, and petroleum and phosphate
rock extraction equipment Millions of metric tons of scrap iron and steel, stainless steel, and copper — as well
as lesser quantities of aluminum, nickel, lead, and zirconium — are likely to become available in the future as
these facilities are withdrawn from service.

Estimation of the potential quantities of radioactive scrap metal is hindered both by a lack of published data and
by the uncertainty associated with weapons facilities. It is likely that three categories of facilities — nuclear
power, fuel cycle, and weapons production — are the largest potential sources of contaminated scrap metal,
although the quantity of naturally contaminated petroleum extraction equipment and piping may also be
substantial (1). To begin filling the information gap, we constructed estimates of the potential worldwide
inventory of "suspect radioactive," "non-fixed contamination." "fixed contamination." or "activated" masses of
iron and steel, aluminum, copper, stainless steel, lead, and zirconium available from eventual decommissioning of
power plants that are currently existing or under construction.

About 9 x 1061 of steel will be available from these plants, with major portions of that amount originating in
North America and Europe. The mass of copper scrap is about 2.2 x 10* t and that of stainless steel about
1 x 1061, whereas the quantities of other metal types are much smaller. The distribution of metal masses among
the contamination categories varies by metal type, but the amount of metal that is activated or has fixed



contamination ranges from a very small portion for aluminum and copper to k;? than half of the total for
stainless steel. The addition of scrap from weapons facilities would probably more than double these estimates
so that the total inventory of potential steel scrap from these sources may be about 2.5 x I07 I.

Although iron and steel scrap constitutes the largest portion of the total inventory, the copper scrap is
considerably more valuable because of its higher price per ton. The total inventory is worth $10 to IS billion
(U.S. dollars) as scrap if it can all be safely recycled. Release of this inventory over 30 years or more would
amount to less than 5% of the annual scrap imports of each metal in most regions and much less relative to total
scrap consumption. Therefore, recycling this scrap is unlikely to have much impact on scrap metal prices.

Disposal of the total metal inventory as low-level waste would require a disposal site capacity of approximately
4.6 x 106 m3 (assuming uncompacted metal with 30% void space). This contrasts with current commercial
disposal rates of 33.000 m3 of low-level waste per year in the United States (2). This would result in about
$9 billion in disposal charges alone at the current U.S. rates for surface disposal. However, more than half of
the power plant metal masses are either essentially nonradioactive or easy to decontaminate. Thus, if a major
portion of the scrap metal from power plants can be reused or recycled, disposal cost savings and reductions in
capacity requirements as well as conservation of metal and energy resources could be substantial.

Extensive recycling of radioactive scrap metal is currently impeded by the lack of an accepted international
standard for release of this material. The United States currently has only a surface contamination standard for
material release, U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.86 (3) and DOE Order 5400.5
(4). The European Community proposed release limits of 0.4 Bo/cm2 for beta/gamma emitters and 0.04 Bq/cm2

for alpha emitters (5), but these limits are currently being revised. The IAEA has recently provided guidelines
for evaluating release of contaminated materials in Safety Series No. I l l (6). Development of a worldwide
recycling process will require further effort to determine the appropriate radioactivity limits for released materials
to ensure protection of human health under possible conditions of exposure.

The major alternatives for handling these scrap metal flows in a manner that will safeguard human health are
either to develop a regulatory process for decontamination and recycling or to dispose of it and replace the metal
stocks. Whether the scrap metal is recycled or disposed of and replaced, there are potential radiological and
nonradiological risks to workers and the public. We evaluated the major health risks and environmental and
sociopolitical impacts that are likely to be associated with each of these alternatives. In this assessment, steel
was used as an illustrative example.

If the radioactive scrap metal is not recycled, it will still require treatment, storage, and/or disposal as low-level
radioactive waste to protect human health. This option may involve some incremental health risks for radiation
workers involved in these controlled operations and some incremental risks to the public, which should be
minimal. However, greater disposal-site capacity would be required than is cu:rently available or planned.
Replacement of metal stocks from newly mined ores also creates both radiological and nonradiological health
risks for miners, metal workers, and the public. In addition, impacts to land, air, water, and resources (especially
energy resources) would result. Our overall assessment addresses these major types of impacts.

For recycling, the health risks are primarily radiological in origin. Preparing contaminated metal for reuse or
recycling may result in some health risks for radiation workers, although they would be working under controlled
conditions. If radioactive scrap metal is determined to meet activity limits for reuse or recycling into new
products, both commercial metal workers and the public might be exposed to some radiological health risks. In
addition, metal workers and the public would be exposed to the usual risks of workplace accidents, emissions
from smelting, and accidents during material transportation.

ASSESSMENT APPROACH

To date, relatively small quantities of radioactive scrap metal from various facilities have been recycled for
public use, whereas thousands of tons have been recycled within the nuclear industry (7). The magnitude of the
potentially available supply, and the very low level of radioactivity of a major portion of it. warrant consideration



of a broad range of end uses for this material. To facilitate this, a tiered system of release criteria is being
evaluated. This tiered approach has the advantage of matching radioactive scrap metal supply with the demand
for scrap metals while controlling public health risks at a very low level. This is accomplished by tailoring
release limits to both the radiological characteristics of the scrap and the types of potential end uses for the
scrap.

Tiers A, B, and C pertain to unrestricted release, whereas Tier D involves recycling strictly for controlled use
within the nuclear industry. Tier A release pertains to release of objects in their original form (such as office
furniture, tools, or structural steel) following surface decontamination, if needed, and thus only requires a surface
activity limit In contrast. Tiers B and C require melting of the sc;ap in a controlled facility before it is released
for unrestricted use. This melting would serve as a decontamination measure and would facilitate accurate
assessment of the activity in the metal. Tier B release is based on a volumetric limit that considers a wide range
of possible unrestricted public uses of the metal. Tier C release requires distribution of the metal only to
prescribed initial uses that keep public exposure to relatively low levels until the metal is again recycled
(assumed to be about 30 years). The main advantage of Tier C end uses is to control health risks of recycling
metals contaminated with relatively short-lived radionuclides.

Exposures have been estimated for steel recycling under the four recycling tiers. The pathways analyzed in the
evaluation were inhalation of participates and radon, ingestion. and external gamma irradiation. Exposure
estimates for the inhalation and ingestion pathways utilized the default parameters suggested by
NUREG/CR-5512 (8). Scenario-specific assumptions and parameters were taken from IAEA Safety Series
No. I l l (6). Radiation workers and commercial metal workers involved in recycling activities and. in the case
of the reuse scenario, members of the public are assumed to be exposed to all potential pathways. Public
exposure to products incorporating radioactive scrap metal is most likely to result from external exposure, but
ingestion exposure is also possible.

CONSERVATIVE BASELINE DOSE ESTIMATES

In each of the recycle activities for Tiers B and C, commercial metal workers would receive exposures from the
radioactive scrap metal. Conservative annual baseline doses for workers were estimated on the basis of
2.000 hours of exposure. Table I lists individual worker doses, levels of uncertainty and conservatism, levels of
exposure reduction possible with protective measures, and ranges of derived activity concentration limits for the
representative nuclides based on removing conservative assumptions and providing protective measures. The
doses are shown for the most constraining worker-activity scenarios. Doses under Tier D shielding block and
radwaste container scenarios are limited to nuclear facility workers. For these potential end uses of scrap metal,
plant practices and controls on radiological exposure would limit doses to levels consistent with regulatory
requirements, so no dose estimates are given here.

Table I goes here.

For comparison with worker doses. Table II presents conservative baseline doses, as well as levels of uncertainly
and ranges of activity limits for Tiers A. B, and C; each representative nuclide and constraining individual
product scenario are shown. As defined. Tier A applies only to unrestricted release of an object (such as a
building) with surface contamination (release of various objects for reuse is not analyzed). The reuse/recycle
analysis was limited to a scenario of public occupancy of a decontaminated building where an extensive
contaminated area can be postulated because the transfer factors (such as rcsuspension factors suggested in
NUREG/CR-5512 [8]) derived for internal dose calculations apply only to a reasonably large source area. For
Tier B unrestricted recycle scenarios, basic scenarios and assumptions follow IAEA Safety Series No. I l l (6).
External exposure is the only identifiable pathway to the public for the Tier C specified initial-use scenarios,
which were developed to represent use of structural steel and reinforcing bars in bridges and public buildings and
use of slag in highway pavement.

Table II goes here.



For alpha and beta emitters, the worker doses are more constraining than those for public end uses; however, for
gamma emitters, public exposures are more constraining. As discussed in this paper, worker doses need not be
constraining because of the effects of conservatism and the possibility of employing protective measures. The
public end-use radioactive scrap metal activity limits for gamma emitters are higher for Tier C than for Tier B
end uses. This would have the desired result of permitting recycle of higher activity metals in specified end
uses.

SENSITIVITY AND UNCERTAINTY IN BASELINE ESTIMATES

Different degrees of conservatism exist in various stages of the dose assessment due to uncertainty regarding
appropriate parameter values. Since the option of replacing, not recycling, radioactive scrap metals would have
substantial health and environmental impacts, it is important that the potential levels of conservatism built into
the key parameters be evaluated in considering the scrap metal recycle option. Key parameters can be identified
by examining the contribution of each potential pathway to total estimated dose. The range of uncertainty (and
level of conservatism) of some of the key parameters are discussed below as they affect both worker and public
dose estimates.

The nuclide partitioning factors reflect the fraction of the original radionuclide concentration in the various end
components (ingots, slags) and the work environment (dust, off gas) of the smelting processes. This factor,
which affects all pathways and all scenarios, is assumed to be ] in the baseline estimates (i.e.. both the ingot and
slag have the same activity as the original scrap metal). A survey by Hertzler et al. (7) indicates large variations
in partitioning factors such that nearly 100% of the original activity may remain in the ingot (e.g. cobalt-60) or
nearly 100% may be incorporated in slag (e.g.. americium-241), depending on the nuclide. Use of such data,
where available, would reduce the conservatism.

Worker Scenarios

Pathways for workers include inhalation, ingestion, and external exposures that occur during metal preparation,
smelting, and processing activities for both Tier B and Tier C releases. A number of key parameters in
modeling the resulting doses are discussed below, and default values are given together with ranges of
uncertainty. Potential protective measures are also suggested.

Three sensitive parameters were identified in the inhalation dose calculation: the dust loading rate, the
radionucltde partitioning factor, and the respirable fraction of particles. The dust loading factor is the
radionuclide concentration in air in the work environment, and the respirable fraction is the fraction of particles
that are of respirable sizes (about 10 um or less). The inhalation dose is linearly related to all three parameters.

In the baseline dose estimates, dust loading was assumed at the conservative level of 10'3 giro3 given in IAEA
Safety Series No. I l l (6). In an uncontrolled environment, the dust loading factor generally ranges from
5 x 10's (residential scenario in NUREOVCR-5512 [8]) to l.g x 10'3 g/m3 (coal mining [9]). With effective
ventilation, dust loading can be decreased substantially (by a factor of 10 or more). Effective ventilation would
also reduce the potential exposure to radon and its progeny. Except for a few nuclides. the partitioning factor in
dust is generally small. The respirable friction of particles is also assumed to be 1. Literature values (8)
suggest that only about 30% of dust in the air is in the respirable size range, making the inhalation dose high by
a factor of about 3. In addition, mitigative measures, such as wearing a respirator mask with a paniculate
filtering efficiency of about 99 to 99.9%. could reduce inhalation doses by a factor of 102 to 10 .

Ingestion doses depend on the assumed ingestion rate and also the partitioning factor. The baseline ingestion
rate of 0.01 g/h was taken from the IAEA study (6). This value was derived from the mean measured weight of
dirt (0.011 g) on childrens* hands and a mouthing frequency of 10 limes per day, yielding an ingestion rate of
0.1 g/d. Although only a portion of the value for children was assumed for adults, the estimated value is still
very conservative because workers are generally well trained to avoid ingesting dust and they are likely to be
wearing gloves. Therefore, dust ingestion can be substantially curtailed or even eliminated.



Controlling factors for external exposure are the panitioning factor, distance of workers from materials, shielding,
and duration of work. In the baseline doses, no shielding for workers was assumed (personal shielding may
disrupt the work procedure). The assumed work duration and distance are standard for a work procedure.
Potential reduction of external exposure can. however, be achieved through remote (e.g., robotic) operations.

From this analysis, the level of uncertainty (mostly conservatism) for alpha emitters (inhalation dominant) ranges
from a factor of 10 to 104. With protective measures, the conservative baseline dose can be reduced by a factor
of 103 to 107. For ingestion-dominant nuclides (some beta emitters), doses can potentially be reduced by a
factor of 10 or more with proper training, or even totally eliminated. For gamma emitters (external exposure),
doses can be controlled with remote operations, if necessary. Of course, using remote operations would control
all worker doses, as well as other toxic exposures associated with normal smelting operations.

Tier A — Public Reuse Scenario

The building occupancy scenario (S) was the only scenario considered for reuse of materials. Exposure pathways
inluded inhalation, ingestion, external exposure, and radon.

A resuspension factor of I0*6 m 1 was used for this scenario (based on NUREGVCR-5512 [8]). The resuspension
factor has been found to vary from 10"9 to 10*3 m'1. with a probable range of 10~7 to 10"* in'1. Room
ventilation would likely lower the radionuclidc concentration further, and painting could provide temporary
protection. Thus, the uncertainty (or conservatism) in this parameter is about a factor of 10.

An effective ingestion transfer factor of I0"4 m2/h was assumed (9), which is based on loose surface
contamination. Since the metals would be thoroughly decontaminated before release for reuse, ingestion doses
would likely be much lower than calculated.

The conservative baseline assumed a uniform contamination on ihe four walls of a 5- x 5- x 3-m room.
Reduction by a factor of 2 to 4 is attained if only one wall is contaminated. No shielding was assumed for the
baseline external exposure.

Radon was assumed to be immediately released, i.e.. emanation factor = 1, by the decay of its parent nuclide.
However, because radon may be attached to panicles on the surface, the emanation factor is usually less than 1.
Furthermore, room ventilation is effective in reducing the concentration of radon (and its progeny) and therefore
the doses. Currently, a ventilation rate of one air exchange per hour is assumed; a typical room exchange rate of
three per hour can reduce the dose by a factor of about 3.

The level of conservatism in baseline doses from metal reuse is estimated to be about a factor of 10 for alpha
emitters and a factor of 3 for gamma emitters. For ingestion-dominant nuclides, the level is highly uncertain.
For radon, under a normal room ventilation rate, the level of conservatism is a factor of 3 or more.

Tiers B and C — Consumer Product and Prescribed Ir.itial-Use Scenarios

Scenarios for the use of consumer products predominantly result in external exposures. However, for frying
pans, ingestion is the primary pathway.

The most sensitive parameters for ingestion and external doses from consumer products are the scrap metal
dilution factor (dilution with uncomaminated scrap) and the radionuclide partitioning factor for ingots. The
dilution factor is estimated to be on the order of 10 (5). The partitioning factor for ingots varies widely among
nuclides but is about 1 for cobalt-60.0.01 for cesium-137, and 0.1 for Cramuranics. In addition, the frying pan
scenario utilizes a corrosion rate of 0.13 mm/yr, which is based on the natural iron corrosion rate of 1.3 mm/yr.
Again, the level of conservatism is likely to be a factor of 10 or more because a corroded utensil would probably
not be used for cooking and, if used, it is unlikely that all corrosion products would be retained in prepared
foods.



The level of conservatism in these scenarios is about a factor of 10 or more, depending on the individual
radionuclide. It appears that room and furniture scenarios, and also automobile utilization, are dominating the
doses received by individuals. However, the most dominant nuclide is cobalt-60. By eliminating the
conservatism in the partitioning factors, doses from other gamma emitters (such as cesium-137 or zinc-65) are
likely to be much smaller.

HEALTH RISK COMPARISON OF MANAGEMENT ALTERNATIVES

Both the option of recycling radioactive scrap metal and the alternative of disposal and replacement involve
health risks from exposures to radiation and toxic elements and from industrial and transportation accidents.
Similar metal preparation activities are required at the originating facility for either recycling or disposal, and
most of the resulting risks are borne by radiation workers.

Recycling scrap metal that meets the derived activity limits shown in Table II would result in an annual
individual fatality risk level for the general public of 10"* to 10'7 (based on IAEA Safety Series No. 89 [10]).
Risks to commercial metal workers would depend on scrap throughput but could be held to similar risk levels by
employing mitigative measures.

If radioactive scrap metal is disposed of and replaced, miners and commercial metal workers involved in
replacement activities will be subject to substantial health risks. In the United Slates, the annual fatality rate in
mining is S.S x 10~5 workers (11). The rate of fatalities and major injuries for mining and refining workers is
4 x 10"4 per ton of steel produced. This excludes fatalities due to exposures to naturally occurring radon and
other radionuclides. or to heavy metals.

Risks to commercial metal workers from smelting radioactive scrap metal that meets release criteria would be
similar to those from refining ore. However, for the portion of scrap metal that is part of the relatively large
quantity of suspect but probably nonradioactive scrap, the radiological risks to the public and non-nuclear
workers will be lower for recycling than for replacement because most of the radionuclides that naturally occur
in ore would have been removed in the original smelting of the scrap metal. For either alternative, smelting or
refining operations are likely to create radiological, toxicological. and accident risks for metal workers. Overall.
the recycle option involves controlled increases in risks borne by radiation workers, commercial metal workers,
and possibly the public, whereas the disposal option increases relatively uncontrolled risks to miners and the
public.

COMPARISON OF ENVIRONMENTAL IMPACTS FOR ALTERNATIVES

Major differences exist in the environmental and sociopolitical impacts associated with the recycling and disposal
alternatives. In general, recycling radioactive scrap metal will have less of an environmental impact and will
require a smaller commitment of natural resources. The major types of environmental effects likely to be
associated with each alternative are summarized for steel. Producing one ton of steel requires more than two
tons of ore and results in several tons of wastes. The lands that are disturbed or contaminated by toxic metals in
this process are generally not reclaimed (12). Both toxic and radioactive elements are released to surface waters,
and rivers are damaged by sedimentation as a result of mining and refining processes. Only in the air quality
category do impacts of recycling approach those of disposal and replacement The nature of emissions from
smelting would be similar in both cases, but emissions quantities from melting scrap would be smaller because
many impurities would have previously been removed. Overall, substitution of steel scrap for ore has been
estimated to reduce air pollution emissions by 86%, water use by 40%. water pollution by 76%. and mining
wastes by 97% (13).

Energy use for mining and refining ores is likely to be much higher than for smelting in the recycle case. In
addition, producing that energy causes its own environmental and resource impacts, depending on whether the
energy is derived from nuclear or fossil fuel. Producing copper from scrap requires about half of the energy
required for production from ore (14). For aluminum, scrap requires 95% less energy than raw materials (13).



CONCLUSIONS

Copper scrap accounts for more than half of the total value of metal scrap potentislly available from nuclear
fuel cycle facilities. Almost all of the copper scrap identified is in the category of suspect radioactive material.
Therefore, its contamination level should not be a major impediment to recycling this metal.

For all scrap metal except that which is either easily certifiable as meeting activity limits or valuable in its
present form (e.g., as replacement parts for similar facilities), smelting prior to unrestricted release appears
desirable. This is primarily due to the potential for reducing concentrations of some radionuclides in metals by
smelting and the increased accuracy that is possible in measuring nuclide concentrations in homogeneous
material.

The radiological health risk estimates for recycle activities include a great deal of uncertainty, most of which is
reflected in conservative assumptions. The greatest uncertainties are found in the radionuclide partitioning
factors, dust loading factor, ingeslion rates, contaminant resuspension factors, and scrap metal dilution factors.
Although worker doses are more constraining than those to the public, removing specific conservative
assumptions and instituting protective measures would result in doses at protective levels. Thus, it appears that
release standards would be more appropriately based on the release scenarios for the public.

For Tier A (reuse scenario), other than for a few nuclides (such as uranium isotopes), the derived activity levels
are generally consistent with existing standards, e.g., NRC Regulatory Guide 1.86 (3). Doses from Tier B
(consumer product scenarios) result primarily from external exposure, with the constraining scenarios being the
use of room/furniture or automobiles. In these scenarios, cobalt-60 is the most constraining nuclide, and others
(such as cesium-137 and zinc-65) are considerably less constraining. Considering a potential dilution factor
of 10, the derived activity for cobalt-60 is about 2 to 3 Bq/g, which is about the same order of magnitude as the
value of 1 Bq/g recommended by the European Community (5). However, because cobalt-60 is commonly
associated with reactor operations but not with facilities such as uranium enrichment plants (where large
amounts of scrap are likely), it may be appropriate to place cobalt-60 in a release category of its own. By so
doing, release of scrap that does not contain cobalt-60 would be allowed at higher levels of activity. Activity
limits under Tier C are generally orders of magnitude higher than those for Tier B, making Tier C an attractive
alternative to Tier B, although demand for Tier C end uses may be somewhat limited.

The environmental impacts of not recycling radioactive scrap metal are substantial. Additional disposal site
capacity would be required, with all of the attendant problems of site development. Metal replacement
processes would result in major disruption of land for mining, contamination of land and water with toxic
elements, release of radionuclides and heavy metals to air and water during refining processes, and maay times
greater requirement for energy resources than is the case for recycling scrap.

Given the magnitude of costs, health risks, and environmental impacts of not recycling the scrap metal, the
option of recycling is attractive. Recycling a major portion of available scrap without creating undue health
risks is achievable.

Work supported by the U.S. Department of Energy, Assistant Secretary for Environmental Restoration and
Waste Management, under contract W-3MO9-Eng-38.
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TABLE I

Summary of Constraining Baseline Doses. Levels of Uncertainty, and Ranges of Derived Activity Limits
for Worker Scenarios Based on 2,000 Hours of Melting Radioactive Scrap Metal under Tiers B and C

Nuclide
Category

Alpha

Beta

Gamma

Constraining
Scenario

Slag worker

Slag worker

Caster 2

Representative
Nuclide

Acliniura-227
Americium-241
Plutonium-239
Uranium-238

Strontium-90
Technetium-99

Cobalt-60
Cesiutr, !37
Zinc-65

Baseline
Individual

Dose*
(juSv/yr)

4.3E+O4
3.0E+O3
3.0E-KB
7.8EH(O2

1.6E+01
1.4E-01

1.8E+O2
4.8E+O1
4.0E+01

Level of
Uncertainty

10 - 10*

10-10*

1- 10
1-102

1 - 1 0 2

Potential
Effect of

Piolection

ltf-IO3

101- I01

Remote control

Range of Derived
Activity limits*

2.3E-O1 - 2.3E*O3
3.3E+O0 - 3.3E+O4
3.4E+O0 - 3.4E+O4
1.3E-tOl - IJEHIOS

6.3E+O2 - 6.3E+O6
7.4E4O4 - 7.4E4O8

Conuollccf

a Doses are based on radioactive scrap metal acuvity concentration of 1 Bqfg.

b Activity that results in an annual dose of less than 10 uSv.

c Using remote control, all pathways would be controlled.



TABLE II

Summary of Constraining Baseline Doses, Levels of Uncertainty, and Ranges
of Derived Activity Limits Based on Recycling Radioactive Scrap Metal

under Tiers B and C

Scenario/
Nuclide Category

Representative
Nuclide

Baseline
Individual

Dose*
(jiSv/yr)

Tier A — Reuse Scenarios (Building Occupancy Scenario)

Alpha

Beta

Gamma

Vapor or volatile
elements

Radonc

Actinium-227
Americium-241
Plulonium-239
Uranium-238

Strontium-90
Technelium-99

Cobalt-60
Cesium-137
Zinc-65

Tritium (H-3)
Iodine-129

Radium-224.
Radium-226

Tier B — Consumer Products Scenarios

Alpha (Frying pan)

Beta (Frying pan)

Gamma (Room/Office)

Actinium-227
Americium-241
Plulonium-239
Uranium-238

Strontium-90
Technetium-99

Cobalt-60
Cesium-137
Zinc-65

5.0E+O4
4.9E+03
4.7E+03
9.0E+02

8.4E+01
8.5E-O1

4.9E+01
3.5E+O1
2.8E4O1

3.0E-01
1.8E+O2

1.5E+O3

2.3E+00
5.8E-OI
5.6E-01
5.0E-02

2.2E-O2
2.3E-O4

5.1E+01
1.4E+01
8.IE400

Level of
Uncertainty

1 0 - 1 0 2

1 0 - 1 0 2

10- 102

10-102

10-102

1- 10

1 - 10

1 - 1U

Tier C — Prescribed Initial Use Scenarios (Public Building Scenario)

Gamma Cobalt-60
Cesium-137
Zinc-65

3.9E+0O
6.9E-0!
5.0E-01

1-10

Range of Derived
Activity Limits*
(Bq/cnr or Bq/g)

2.OE-O3 - 2.0E-02
2.1E-O2 - 2.IE-01
2.1E-02-2.IE-01
1.1E-01 - I.IE+O0

1.2E+00 - 1.2E+01
I.2E400 - 1.2E+01

2.0E+00 - 2.0E401
2.8E-KK) - 2.8E+O1
3.6E+OO • 3.6E+O1

3.3E+O2 - 3.3E+O3
5.6E-01 - 5.6E+O0

6.7E-02 - 6.7E-01

4.3E+O0 - 4.3E4O1
1.7E*O1 - 1.7E+O2
1.8E+01 - J.8E+O2
2.OE+O2 - 2.0E+O2

4.5E+02 - 4.5E+O3
4.3E404 - 4.3E*O5

2.0E-01 - 2.0E+O0
6.9E-01 - 6.9E+O0
1.2E400 - 1.2E4O1

2.6E+00 - 2.6E+O1
1.4E+01 - 1.4E+O2
2.0E+O1 - 2.0E+O2

* Hoses are based on a radionuclide activity concentration of I Bq/e without dilution.

b Activity concentration that yields an exposure of 10 |iSv/yr. Unit is Bq/cm2 for Tier A and
Bq/g for Tiers B and C.

c Radium-224 is the parent nuclidc of r;idon-220; radium-226 is the parent nuclide of radon-222.


