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NOTATION
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DOE U.S. Department of Energy
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ER environmental review
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NORM naturally occurring radioactive material
NRC U.S. Nuclear Regulatory Commission
RCCS radioactively contaminated carbon steel
USC United States Code
WM PEIS Waste Management Programmatic Environmental Impact Statement

for Managing Treatment, Storage, and Disposal of Radioactive and
Hazardous Waste

UNITS OF MEASURE
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m meter(s)
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ENVIRONMENTAL REVIEW OF OPTIONS FOR MANAGING
RADIOACTIVELY CONTAMINATED CARBON STEEL

1 INTRODUCTION

The U.S. Department of Energy (DOE) is proposing to develop a strategy for the manage-
ment of radioactively contaminated carbon steel (RCCS). Currently, most of this material either is
placed in special containers and disposed of by shallow land burial in facilities designed for low-
level radioactive waste (LLW) or is stored indefinitely pending sufficient funding to support
alternative disposition. The growing amount of RCCS with which DOE will have to deal in the
foreseeable future, coupled with the continued need to protect the human and natural environment,
has led the Department to evaluate other approaches for managing this material. This environmental
review (ER) describes the options that could be used for RCCS management and examines the
potential environmental consequences of implementing each. Because much of the analysis
underlying this document is available from previous studies, wherever possible the ER relies on
incorporating the conclusions of those studies as summaries or by reference.

1.1 BACKGROUND INFORMATION

The DOE Office of Environmental Management (EM) currently disposes of more than
40,000 m3 of LLW and radioactively contaminated scrap metal annually (DOE 1995b). Most of this
material is packaged and disposed of by means of shallow land burial. Over the next 30 years, EM
will be faced with much larger volumes of these waste forms as a consequence of decommissioning
surplus DOE facilities, remediating contamination across the DOE complex, and sorting out current
inventories of stored waste. Although the amounts of materials to be dealt with are unknown, due
(among other things) to budget uncertainties (DOE 1995a), the total for all waste forms will reach
many hundreds of thousands of tons (DOE 1995b). Included in this waste will be thousands of tons
of RCCS. The current study relies on DOE estimates of more than 150,000 tons of RCCS distributed
at 13 sites across the United States (Table 1.1; Figure 1.1).

Currently, DOE manages most RCCS through one of two approaches:

• Packaging and disposing of RCCS as LLW in shallow land burial and

• Storing RCCS pending funding for packaging and disposal.

Both approaches have shortcomings. The former incurs costs associated with managing this material
within the current program budget while discarding a potentially useful (and valuable) resource. The
latter defers costs to the future (when they likely will increase) and increases the likelihood that
contaminants will migrate from stored materials into the surrounding environment.



TABLE 1.1 RCCS Inventory at Selected DOE Facilities, 1995

Facility
Inventory

(tons)

Percent of
Total

Inventory

Fernald Environmental Management Project

Hanford Sitea

Idaho National Engineering Laboratory

Los Alamos National Laboratory51

Oak Ridge Reservation

K-25Sitea

Y-12 Plant3

Oak Ridge National Laboratory

Paducah Gaseous Diffusion Planta

Pinellas Plant

Portsmouth Gaseous Diffusion Planta

Rocky Flats Environmental Technology Sitea

Savannah River Sitea

Weldon Spring Site Remedial Action Projecta

422

2,271

574

3,278

47,048

35,318

10,490

1,240

46,108

20
10,773

8,100

9,342

29,565

0.3

1.4

0.4

2.1

'22.4

6.7

0.8

29.3

< 0.0001
6.8

5.1

5.9

18.8

Total 157,501

a Large-quantity generator.

Source: DOE (1995c).

As an alternative means of managing the RCCS at DOE sites, EM has begun to consider
processing this material further — either prior to or in place of disposal. One approach entails the
fabrication of ingots from RCCS to reduce its volume prior to disposal as LLW. A second
processing approach involves recycling the RCCS to use in fabricating containers for the disposal
of other types of LLW. "Recycling" in this case refers to melting RCCS to remove certain
radionuclides from the steel and make it useful for other purposes, although melting does not make
the material entirely nonradioactive (see Simek et al. 1995). Two workshops on RCCS management
were held in 1994 and 1995 with selected stakeholders — notably representatives from DOE
Operations offices, management and operating contractors, regulators, labor, and industry. The
workshop participants supported the recycling initiative, believing that the main drawback to RCCS
recycling, namely increased near-term costs, would be offset by the environmental benefits of both
decreasing the amount of material disposed of and avoiding the use of clean metal for disposal
packages (DOE 1995a).
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FIGURE 1.1 RCCS Generating and Disposal Sites (The Y-12, K-25, and Oak Ridge National
Laboratory generating sites are all located on the Oak Ridge Reservation in Oak Ridge, Tennessee.)

1.2 PURPOSE

One of the goals of EM is to select an approach for managing RCCS from among
reasonable alternative strategies. Among the issues considered in selecting a management option are
cost-effectiveness, efficiency in resource use, and potential effects on the human and natural
environment. The purpose of this ER is to evaluate the potential environmental consequences
associated with implementing each of the options considered for RCCS management. The evaluation
of these consequences will provide useful information to Department decision makers for selecting
an approach to RCCS management.

1.3 RCCS MANAGEMENT OPTIONS

.In addition to continued storage, there are three major options for managing the RCCS for
which EM is responsible (Section 1.1). Although all three options ultimately end in disposal of the
RCCS, one option would use this material to fabricate containers for the disposal of other types of
LLW. Each approach to RCCS management starts with the inventory of RCCS at various DOE sites



across the United States and then employs a series of steps that lead to final disposition of the
material. Transportation and packaging for all three options would occur in a manner consistent with
current DOE, U.S. Nuclear Regulatory Commission (NRC), and U.S. Department of Transportation
(DOT) regulations and guidelines,,

The first approach to RCCS management considered in this document concerns the
continuation of RCCS disposal as it currently is practiced — the Continued Disposal Option. Under
this option, RCCS generated during site operations or cleanup would be packaged for disposal and
then transported to and emplaced in the LLW disposal site normally used by each generating site.

A second option for RCCS management would involve processing this material into ingots
prior to disposal — the Disposal as Ingots Option. Under this option, RCCS generated during
operations or cleanup would be packaged for transportation to a processing facility, where it would
be cast into ingots. The ingots, and the secondary waste generated as a by-product of ingot fabri-
cation, would be packaged and transported to the disposal site normally used by each generating site.

The third approach to RCCS management would involve recycling this material into
disposal containers for one-time use within EM — the Recycle Option. Under this option, RCCS
generated during operations or cleanup would be packaged for transportation to a processing facility
for fabrication into containers. These containers would then be shipped to a site that has LLW
needing disposal; there, the recycled containers would be filled, sealed, and transported to a disposal
facility. Secondary waste produced during container fabrication and attributable to a generating site
would be transported back to the originating facility for emplacement in the LLW disposal site
normally used by that facility.

The DOE currently is developing a program called Recycle 2000, which is consistent with
the Recycle Option for RCCS management considered in this ER. The central aim of this program
is to provide LLW disposal containers fabricated from recycled metals, with preferential use of all
such containers for waste managed by EM.

1.4 SCOPE OF THE RCCS MANAGEMENT ENVIRONMENTAL REVIEW

Scope refers to the focus of an environmental evaluation. For each RCCS management
strategy, the ER considers three issue areas that encompass the main sources of potential impacts
for the alternative RCCS management options:

• Health and safety;

• Transportation; and

• Waste generation.

J'' x''U?f*'



Nine additional issue areas have not been examined in detail in this document: cultural resources;
earth resources; ecological resources; land use; noise and visual resources; utilities, infrastructure,
and energy; water resources; socioeconomics; and environmental justice. These nine issue areas
have not been evaluated either because their analysis requires the identification of particular sites,
not proposed in the case of RCCS processing facilities and proposed only as representative facilities
in the case of RCCS generating sites and LLW facilities, or because impacts are expected to be
inconsequential for the types of activities associated with each RCCS management option.

1.5 ORGANIZATION OF THE ENVIRONMENTAL REVIEW

Chapters 2 through 6 of this ER are organized as follows:

• Chapter 2 discusses the proposed action and options considered in this ER,
describes the three options considered for RCCS management, and
summarizes the environmental consequences of these options.

• Chapter 3 describes those components of. the natural and human environment
that could experience impacts from the implementation of alternative RCCS
management strategies.

• Chapter 4 examines the environmental consequences of the three alternative
RCCS management strategies with regard to the three main issue areas —
health and safety, transportation, and waste generation.

• Chapter 5 contains a list of references cited in this document, of particular
importance in this ER because many of the analytical specifics are contained
in previous studies.

• Chapter 6 is a list of preparers for the ER.



2 PROPOSED ACTION AND ALTERNATIVES

2.1 PROPOSED ACTION

The primary objective of DOE-EM regarding the RCCS under its responsibility is to select
a long-term management strategy for this material. The strategy eventually selected must meet
several criteria (see DOE 1995a):

• Comply with all appropriate environmental regulations;

• Protect public and worker health and safety;

• Be technically feasible;
i

• Be cost-effective;

• Consider RCCS unlikely to be released for unrestricted use;

• Be equitable among generating sites and states;

• Have a definite schedule; and

• Use a management design that does not preclude further recycling initiatives.

This ER provides insights on the first two criteria, which are environmental in nature.

The proposed action considered in this ER is identical to the aim of EM concerning RCCS,
namely, to select a long-term management strategy for the RCCS it manages. The ER analyzes three
alternative options to accomplish the proposed action. These options are discussed in greater detail
in Section 2.2.

2.2 OVERVIEW OF ALTERNATIVE RCCS MANAGEMENT OPTIONS

The three RCCS management options evaluated in this ER are (1) Continued Disposal,
(2) Disposal as Ingots, and (3) Recycle (into disposal containers for one-time use within EM).
Sections 2.2.1 through 2.2.3 provide a brief overview of the steps composing each option. For
purposes of analysis, this study assumed that under each strategy the RCCS would be surveyed to
assess the level of radioactivity and general quality of the material being processed (see Warren et
al. 1995). As a result of this survey, material that could be decontaminated for free release would
be excluded from the RCCS stream, regardless of the management strategy ultimately chosen.
Material that exceeded radioactivity limits or was of poor quality would be sent directly to disposal,
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again regardless of the management option selected. The remaining RCCS would be managed in
accordance with the strategy ultimately chosen — that is, disposal according to current practices,
processing into ingots prior to disposal, or recycling into disposal containers. Transportation
activities, which would occur under all three management options, would comply with DOT and
NRC regulations (49 Code of Federal Regulations [CFR] Part 173 and 10 CFR Part 71,
respectively).

2.2.1 Continued Disposal

Under current practices, the RCCS generated during DOE site operations or cleanup is
disposed of at the LLW facility designated for each generating site. After surveying the material,
the following steps are performed (see Warren et al. 1995):

• Sectioning and packaging in B-25-type boxes for transport;

• Transportation to the LLW disposal site; and

• Burial in B-25-type boxes at the LLW disposal site.

Sectioning refers to cutting RCCS to enable greater packaging densities. Under the
Continued Disposal Option, sectioned RCCS is placed in a B-25-type box. These steel boxes are
used for both transport and disposal of LLW. A B-25-type box has a useable capacity of 90 ft3,
weighs 800 lb empty, and has a maximum weight capacity of 8,800 lb (Chen et al. 1996). For all
disposal sites, packaging is consistent with current DOE, NRC, and DOT guidelines and regulations
for transportation and disposal. Boxes used for transport and disposal are not reused.2

The B-25-type boxes containing RCCS are loaded aboard either 45-ft truck trailers or
railcars for transport to LLW disposal sites. Legal weight limits apply to both trailer and railcar
loads, as discussed in Section 4.2. The RCCS is shipped along designated routes to the specified
LLW disposal site. After shipments of RCCS arrive at the disposal site, they are off-loaded and
placed in the disposal facility. A LLW disposal facility has been designated for each generating site,
enabling shallow land burial in accordance with DOE regulations.

1 DOE policy indicates that RCCS that could be processed into ingots or disposal containers should have contamination
levels less than 100 times the levels of radiation specified in Table 1 of DOE Order 5400.5.

2 During the preparation of this ER, DOE implemented a policy requiring the use of standardized "M-100" containers
for LLW. These containers will meet pertinent DOE, DOT, and NRC requirements for transportation and disposal,
as did the B-25-type boxes. Thus, the environmental impacts of using M-100 containers should be very similar to those
resulting from the use of B-25-type boxes. The ER evaluates the three management options using B-25-type boxes
because those were the containers considered in the prior technical analyses upon which this review is based.
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2.2.2 Disposal as Ingots

Under the Disposal as Ingots Option, the RCCS generated during DOE site operations or
cleanup would be processed into ingots prior to disposal at the LLW facility designated for each
generating site. After surveying the material, the following steps would be performed under this
option (see Warren et al. 1995):

• Packaging in SeaLand-type containers for transport;

• Transport to the processing site;

• Processing into ingots;

• Packaging secondary waste in 55-gal drums for transport;

• Transport of empty SeaLand-type containers back to a generating site;

• Transport of ingots and secondary waste to the LLW disposal site; and

• Burial of ingots and secondary waste at the LLW disposal site.

For purposes of this ER, RCCS transport to a processing site assumed the use of a
SeaLand-type container rather than a B-25-type box. The SeaLand containers are considerably
larger than B-25-type boxes, with a useable capacity of 1,200 ft3, an empty weight of 8,000 lb, and
a maximum loaded weight of 44,000 lb (Chen et al. 1996). These larger containers would be used
only to transport RCCS to a processing facility. This evaluation assumed that they would be used
10 times: after the first nine uses, containers would be returned empty to the generating facility to
be filled with more RCCS; for the 10th usage, once emptied of RCCS at a processing facility the
SeaLand-type containers would be returned to a generating site, filled with other EM waste, and
disposed of.

SeaLand-type boxes containing RCCS would be loaded aboard either 45-ft truck trailers
or railcars for transport to a processing facility or facilities. Legal weight limits once again would
apply for both modes of transportation (see Section 4.2). The RCCS would be shipped along
designated routes to processing plants. Although at present only one facility is licensed to process
RCCS, others likely would develop this capability if an increased demand for processing emerged.
To allow for this possibility, the ER considers two general transportation scenarios: one centralized
processing plant or two regionalized processing plants (see Chen etal. 1996).

After shipments of RCCS arrived at the processing facility, they would be off-loaded and
melted into ingots. A by-product of this process, collectively called secondary waste and composed
mainly of slag and baghouse dust, would be created during ingot production (Simek et al. 1995; see
also Sanford Cohen & Associates 1995).



Both ingots and secondary waste would be transported to a LLW disposal site, the latter
in 55-gal drums. Empty SeaLand^type containers would be transported to a generating site.
Limitations to truck and railcar gross loaded weight, as discussed above, and all applicable agency
regulations would apply.

After the shipments of ingots and secondary waste arrived at the disposal site, they would
be off-loaded and placed in the LLW disposal facility. The disposal facility would be the one
designated for the generating site and would enable shallow land burial in accordance with NRC and
DOE regulations. The analysis in this ER assumed that commingling of secondary waste would
largely be prohibited, which is generally conservative because the absence of commingled waste
likely would result in the need for more shipments (of partially filled containers) to a disposal site.
The final decision on commingling of secondary wastes would be made by DOE after consulting
pertinent stakeholders (DOE 1995a).

2.2.3 Recycle as One-Time-Use Disposal Containers

Under the Recycle Option, the RCCS generated during DOE site operations or cleanup
would be recycled by processing it into B-25-type boxes. These boxes, in turn, would be filled with
LLW and disposed of. After surveying the material, the following steps would be performed under
this option (see Warren et al. 1995; Trinity Environmental Systems 1995):

• Packaging in SeaLand-type containers for transport;

• Transport to the processing site;

• Processing into B-25-type boxes;

• Packaging secondary waste in 55-gal drums for transport;

• Transport of empty SeaLand-type containers to a generating site;

• Transport of empty B-25-type boxes to a user site;

• Transport of secondary waste to the LLW disposal site; and

• Burial of secondary waste at the LLW disposal site.

Packaging and transportation activities for the Recycle Option were assumed to be the same
as those for the Disposal as Ingots Option (Section 2.2.2). After shipments of RCCS arrived at the
processing facility, they would be off-loaded, decontaminated, and melted to produce billets. A
by-product of this process, collectively called secondary waste and similar to the material discussed
under the Disposal as Ingots Option, would be created during billet production. The billets, in turn,
would be rolled into treated sheets of steel. These sheets would then be cut and welded together to
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form B-25-type boxes (with production in accordance with guidelines specified in the report of
Trinity Environmental Systems 1995).

Empty SeaLand-type containers would be transported to a generating site, either to be
refilled with RCCS or another LLW managed by EM. The secondary waste generated at the
processing plant would be placed in 55-gal drums for transport to a LLW disposal site. Finally, the
newly manufactured B-25-type boxes would be transported to a user site — assumed for this
analysis to be the site of origin. After the shipments of secondary waste arrived at the disposal site,
they would be disposed of in the same manner as described for the Disposal as Ingots Option
(Section 2.2.2).

2.3 ASSUMPTIONS COMMON TO ALL IMPACT ANALYSES

This ER made several assumptions about RCCS processing to enable estimation of the
environmental consequences associated with each alternative management option. Some assump-
tions applied only to particular analyses; in such cases, they are presented in the pertinent analytical
sections in Chapter 4. However, other assumptions were more general, either explicitly or implicitly
underlying any RCCS management system that DOE would put into place. These more general
assumptions are as follows:

• The ER focuses on only a 3-year period.

• The RCCS inventory to be managed over the 3-year period in question is that
listed for 1995 at 13 sites, totaling about 157,500 tons (see Table 1.1).

• Either one (centralized) or two (regionalized) RCCS processing facilities
would be available, as analyzed under separate scenarios for certain issue
areas (e.g., transportation). In either case, the facility(ies) in question

- Would be existing (i.e., would not require construction) and

- Would be able to handle all RCCS processing requirements over the
3-year time span considered in the ER, in three equal installments of
about 50,000 tons per year.

• The LLW disposal facilities associated with each generating facility could
accommodate all LLW generated under each of the three management
options.

• Of the total RCCS considered, 80% would originate from large-quantity
generators — that is, generators with enough RCCS to enable batch
processing, where one batch would equal the amount of material processed
between refractory lining replacements (see Trinity Environmental Systems
1995).
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Large-quantity generators would not commingle secondary waste, whereas
small-quantity generators would commingle 2% of their secondary waste (see
Trinity Environmental Systems 1995).

No option would generate Resource Conservation and Recovery Act
hazardous mixed waste (see Trinity Environmental Systems 1995).

B-25-type boxes would be used for transportation of unprocessed RCCS to
disposal sites and for the disposal process itself.

SeaLand-type containers would be used for transportation of unprocessed
RCCS to processing sites.

2.4 ENVIRONMENTAL IMPACTS OF ALTERNATIVE
RCCS MANAGEMENT OPTIONS

This ER estimates the environmental consequences of implementing each of the three
RCCS management options defined above as accurately and explicitly as possible, given certain key
limitations. These limitations reflect the current stage of DOE decommissioning operations and the
lack of information necessary for more in-depth analyses of certain aspects of RCCS management.
Most notably, a complete RCCS inventory providing information on the physical quantity and level
of radioactive contamination is unavailable for each DOE site. At the time that the analytical
foundations for this ER were prepared, pertinent inventory data had been compiled for only a
limited number of sites (DOE 1995c). Although a more recent estimate of RCCS generation has
since been prepared (DOE 1996b), these values likely will change in light of actual decommis-
sioning activities. In the absence of final detailed inventory data, it is impossible to determine the
total amount of material that would be handled, transported, processed, or disposed of, and thus
impossible to calculate risk totals for the three management options. Within the context of an
example 3-year, 157,500-ton scenario, the following estimates are the best possible on the basis of
the information available when safety and health and transportation analyses were prepared in 1995.

Table 2.1 summarizes the impacts of alternative options for RCCS management, focusing
on health and safety, transportation, and waste generation. The potential health and safety impacts
associated with each option are quite low and similar, with impacts from continued disposal the
lowest and the remaining two identical to one another (due to the similarities in the processing
conducted under each option). Neither the public nor workers are anticipated to experience a single
fatality from either radiological or nonradiological causes.

Transportation impacts also are quite low for each option, with no fatalities projected under
either the centralized or regionalized scenario for cargo-related or vehicle-related impacts. The
highest impacts would result from transportation accidents, which are estimated as a function of total
distance of transport. Because of the greater transportation requirements of the Disposal as Ingots

"-•- -*.* * ' " •"• %> "Yi" *'' '



TABLE 2.1 Annual Impacts of Alternative Options for RCCS Management

Main Issue Area

Health and Safety"
Worker

Radiological

Nonradiological
Public (radiological)

Transportation: Centralized Scenario lC

Cargo-related
Worker

Public

Vehicle-related
Routine
Accident

Transportation: Regionalized Scenario15'0

Cargo-related
Worker

Public

Vehicle-related
Routine
Accident

Waste Generation

Continued Disposal

•

< 0.0025 - < 50 person-rem
< 0.000001-< 0.02 LCF

0.0002 fatality/yr
< 0.0002 - < 0.2 person-rem
< 0.0000001-< 0.0001 LCF

0.63 - 5.6 person-rem
0.0003 - 0.002 LCF
3.2 - 7.3 person-rem'
0.002-0.004 LCF

0.03-0.04 fatality/yr
0.1 fatality/yr

0.63 - 5.6 person-rem
0.0003-0.002 LCF
3.2 - 7.3 person-rem
0.002-0.004 LCF

0.03-0.04 fatality/yr
0.1 fatality/y_r

64,000 m3

Disposal as Ingots

0.05 - 75 pcrson-rem
0.00002-0.03 LCF

0.0009 fatality/yr
< 0.0004 - < 0.2 person-rem
< 0.0000002-< 0.0001 LCF

2.2 - 39 person-rem
0.001-0.02 LCF

7.8 - 27 person-rem
0.004-0.01 LCF

0.06 - 0.07 fatality/yr
0.2-0.3 fatality/yr

1.1 - 1 9 person-rem
0.0005-0.008 LCF
3.9-13 person-rem
0.062-0.007 LCF

0.03-0.04 fatality/yr
0.1 fatality_/yr

8,100 m3

Recycle

0.05 - 75 person-rem
0.00002-0.03 LCF

0.0009 fatality/yr
< 0.0004 - < 0.2 person-rem
< 0.0000002 < 0.0001 LCF

-

6 - 7 1 person-rem
0.002-0.03 LCF

26 - 82 person-rem
0.01-0.04 LCF

0.07-0.1 fatality/yr
0.3 - 0.4 fatality/yr

3.4 - 39 person-rem
0.001-0.02 LCF
15-45 person-rem
0.01-0.02 LCF

0.04 fatality/yr
0.2 fatality/yr

3,500 m3

a Ranges depend on type of RCCS generating facility due to different radiation profiles.
b Ranges depend on transportation mode.
0 The type of scenario does not affect the Continued Disposal Option.

Notation: LCF = latent cancer fatality
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and Recycle Options, those alternatives would have greater transportation impacts than the
Continued Disposal Option. Similarly, the greater overall distance required to transport RCCS under
the centralized processing facility scenario, compared with the regionalized scenario, would cause
impacts to be higher under the former for the two options that would require processing.
Nevertheless, transportation impacts would be low under all three RCCS management options.

Considerable reductions in waste generation would occur under the two processing options
compared with the Continued Disposal Option, with the Recycle Option providing the greatest
benefits. However, the LLW capacity of DOE facilities could accommodate even the waste
generated under the Continued Disposal Option. Environmental considerations associated with waste
generation do not preclude the selection of any of the three options considered, although the
distinction among RCCS management strategies is clearest when focusing on this issue area.

The actual environmental consequences associated with implementing the RCCS manage-
ment option ultimately selected might be further reduced by employing certain procedures, such as
combining RCCS inventories to increase transportation and processing (if appropriate) volumes.
Such steps are being encouraged by DOE for the .Recycle 2000 initiative (DOE 1995b). However,
given the uncertainty in terms of what steps would be implemented by which sites and how they
would be implemented, the impacts estimated in this ER are not based on the adoption of such
procedures in any of the options for RCCS management, thus maintaining a conservative approach.

Another source of potential impacts would be those associated with the production of new
carbon steel to replace that disposed of under the Continued Disposal and Disposal as Ingots
Options. As with many activities, certain consequences of producing and using new steel are
positive and others are negative. Positive impacts include the socioeconomic benefits of steel pro-
duction, which involve economic activities associated with iron ore and coal mining, iron ore
refining and smelting, coke production, and steel production. Negative impacts include adverse
effects on human health and safety, transportation, waste generation, cultural resources, earth
resources, ecological resources, air quality, water quality, energy consumption, and land use. The
nature of these impacts have been described in a previous report focusing on scrap metal in general
(Nieves et al. 1995). Ultimately, the volume of RCCS considered in this ER would be such a small
percentage of both the scrap metal recycled annually and the carbon steel produced annually in the
United States and throughout the world that the negative and positive impacts resulting from using
new carbon steel would be negligible. However, it appears that negative impacts of using new steel
would greatly outweigh positive impacts.

2.5 POTENTIAL CUMULATIVE IMPACTS

Cumulative environmental impacts are those resulting from the incremental impact of an
action when added to other past, present, and reasonably foreseeable future actions, regardless of
the agency or individual(s) undertaking the actions. Cumulative impacts can result from indepen-
dently negligible but collectively significant effects. The cumulative impacts associated with
managing five types of radioactive material under the responsibility of DOE, including LLW, are
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examined in the Waste Management Programmatic Environmental Impact Statement for Managing
Treatment, Storage, and Disposal of Radioactive and Hazardous Waste (WM PEIS; DOE 1996a).
The cumulative impacts identified in that document to which RCCS could contribute include:

• Atmospheric radiological releases in excess of U.S. Environmental Protection
Agency standards at Los Alamos National Laboratory.

• Air pollution at the Hanford Site, Idaho National Engineering Laboratory,
Nevada Test Site, Oak Ridge Reservation, and Rocky Flats Environmental
Technology Site;

• Drinking water contamination at the Fernald Environmental Management
Project, Hanford Site, Los Alamos National Laboratory, Nevada Test Site,
Oak Ridge Reservation, Paducah Gaseous Diffusion Plant, Portsmouth •
Gaseous Diffusion Plant, Rocky Flats Environmental Technology Site, and
Savannah River Site;

• On-site infrastructure demands at the Idaho National Engineering Laboratory,
Nevada Test Site, and Savannah River Site; and

• Off-site infrastructure and institution demands near the Hanford Site, Idaho
National Engineering Laboratory, Los Alamos National Laboratory, Nevada
Test Site, Oak Ridge Reservation, and Savannah River Site.

In addition, potential health effects are estimated in the WM PEIS (DOE 1996a). Those calculations
indicate that a total of 315 radiation-related latent cancer fatalities (LCFs) could result from
transporting radioactive materials over a 93-year period, or about 3 LCF per year.

The WM PEIS notes that mitigative measures would be required if the DOE waste
management strategy ultimately adopted involved certain sites for certain types of radioactive
materials, including those sites listed immediately above. These mitigative measures would help to
reduce the impacts associated with managing RCCS as well. The RCCS management strategy
adopted could affect cumulative impacts similarly:

• Reducing the amount of LLW disposed of would help to reduce cumulative
impacts at the six LLW disposal facilities; and

• Reducing the amount of transportation required through use of regionalized
processing would help to reduce cumulative transportation impacts.



3 AFFECTED ENVIRONMENT

The affected environment in this ER denotes the environmental setting that would
experience the consequences of implementing an RCCS management option. Although in many
environmental evaluations the affected environment consists of a particular place, this ER assesses
the implementation of processes that are not currently linked to specific locations. The RCCS
generating sites considered in this review are representative facilities for a DOE complex that will
have much more RCCS to manage, from many additional facilities, in the coming decades.
Processing facilities have not been designated, requiring the ER to consider a representative site or
sites to enable environmental evaluation of the two options that would involve processing. Finally,
the review considers six DOE LLW facilities as the ultimate destinations of RCCS under all three
options. Although these six sites are all that currently exist within the DOE complex, they too should
be considered as representative of a category of facilities that will require considerable expansion
and modification to accommodate future LLW disposal demands.

This chapter describes environmental characteristics that would be affected by imple-
menting any of the three RCCS management options. It focuses on the three main issue areas and
the components of the environment associated with those issue areas that would experience impacts.

3.1 HEALTH AND SAFETY

All three RCCS management options could have both radiological and nonradiological
effects on health and safety. Radiological impacts would affect workers handling or processing
RCCS and members of the general public. Nonradiological impacts would affect workers.

All members of the public are exposed to man-made and natural radiation sources. This
continual exposure is called background radiation and varies from site to site. The average back-
ground radiation level in the United States is estimated to be 360 mrem/yr from both natural and
man-made sources (National Council on Radiation Protection and Measurements 1987). Natural
sources of background radiation include radon, cosmic rays, and both internal and external
exposures from terrestrial radiation; man-made sources include diagnostic X-rays, nuclear medicine,
consumer products, and other sources (e.g., nuclear weapons fallout and assorted industrial sources).

General background radiation forms the affected environment for the evaluation of radio-
logical health and safety consequences. The ER addresses the total effective dose equivalent above
background radiation levels for site workers and a hypothetical member of the general public. The
total effective dose equivalent is a measurement of biological damage to living cells caused by
radiation, expressed as rem or mrem. Radiological exposure presented in these units can in turn be
expressed as health effects through the use of health risk conversion factors, with the primary health
effect examined being the LCF (see Section 4.1).
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The affected environment with regard to nonradiological health and safety impacts would
comprise the injuries and fatalities caused by physical trauma from accidents at facilities associated
with the three RCCS management options considered in this ER. Although injuries and fatalities
certainly would occur, relevant statistics cannot be obtained without the identification of specific
sites. Thus, for analytical purposes, the ER assumed a baseline with no such occurrences — a
conservative assumption which means that any impacts under RCCS management options would
be net increases.

3.2 TRANSPORTATION

The affected environment for truck shipments of RCCS or its products would consist
primarily of limited-access, multilane interstate highways. Federal, state, and local (county)
highways normally would be used to provide access from each facility to the nearest interstate
highway. The nation's highways are publicly owned transportation corridors that may be used
routinely by members of the public, businesses, other private organizations, and government
agencies for general commerce, other business activities, and recreational purposes.

Unlike the federal highway system, rail companies own and maintain their own rail lines.
Rail lines are privately owned transportation corridors with access restricted to those compensating
the carrier for the transport of goods or people. As a result, rail routes are determined by the
initiating and final rail carriers. If these carriers differ, transfers are negotiable between the carriers.
For risk assessment purposes, each site was assumed to have direct rail access.

Although this ER considers RCCS at 13 different generating sites, the processing facility
destinations under two of the management options considered are unknown, which precludes the
possibility of conducting a route-specific analysis. In lieu of this information, the analysis of the
affected environment for transportation assumed population densities and route characteristics based
on the NRC study of transporting radioactive materials — that is, 90% transport in rural areas
(6 persons/km2), 5% in suburban areas (716 persons/km2), and 5% in urban areas
(3,861 persons/km2) (NRC 1977).

3.3 WASTE GENERATION

Different types of waste would be generated under each of the three RCCS management
options, although this environmental review has emphasized LLW. The LLW definition is a catchall
for any radioactive waste not classified as high-level waste, transuranic waste, spent nuclear fuel,
or by-product tailings (42 United States Code [USC] 2011 et seq.). As discussed in the WM PEIS,
DOE will need to manage an estimated 1.5 million m3 of LLW from 27 sites throughout the
Departmental complex over the next two decades (DOE 1996a). This LLW has been generated since
World War II through several activities, including nuclear weapons production, nuclear reactor
operations, environmental restoration, and research.

;~¥J0
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Currently, DOE manages the LLW in its complex through various approaches to treatment
as well as disposal (DOE 1996a). Treatment includes aqueous treatment, incineration, size
reduction, compaction, and solidification. Disposal can involve either shallow land disposal in
settings with a groundwater table far below the land surface or engineered disposal in settings with
shallow groundwater and high precipitation rates. Shallow land disposal tends to occur in the
western United States and engineered disposal — both belowground and aboveground — in the
eastern United States. Table 3.1 lists DOE LLW disposal facilities and their capacities in 1995.

TABLE 3.1 Capacities of DOE Low-Level
Waste Facilities, 1995

Facility

Hanford Site

Idaho National Engineering Laboratory

Los Alamos National Laboratory

Nevada Test Site

Oak Ridge Reservation

Savannah River Site

Total

Capacity
(m3)

85,000

39,000

13,000

449,000

6,000

54,000

646,000

Source: DOE (1996a).
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4 IMPACTS OF ALTERNATIVE RCCS MANAGEMENT OPTIONS

4.1 HEALTH AND SAFETY

The following summary of potential health and safety impacts associated with alternative
RCCS management options is based on the report by Simek et al. (1995). Additional details appear
in that study.

4.1.1 Methodology

The analytical methods applied to estimate worker health and safety impacts from RCCS
management options were reported earlier in a U.S. Environmental Protection Agency study on the
effects of potential recycling of DOE scrap metal (Sanford Cohen & Associates 1995). Because the
exposure scenarios used in that study were for a commercial steel mill, it was necessary to modify
most of these scenarios to reflect exposure conditions at a facility licensed to process radioactive
material. The modifications included changes in respiratory protection for workers, changes in
facility ventilation systems, and use of high-efficiency-particulate-air filters to control airborne
emissions. Health and safety impacts to members of the general public were estimated with the
methodology used in preparing the WM PEIS.

In addition to the general assumptions listed in Section 2.3 that might apply to health and
safety issues, the following assumptions were made specifically for this topic:

• The RCCS management options involving processing would use an 81-ton
furnace, which represents the size of a specialized commercial facility;

• Processing of 50,000 tons of RCCS per year with an 81-ton facility would
require two melts per shift, with two shifts of workers operating 155 days per
year;

• In the scenario involving two regional processing centers, each facility would
process 25,000 tons of RCCS per year; and

• Several different types of DOE facilities would yield RCCS (the material
from each having different radiological characteristics; see Simek et al. 1995):

Uranium enrichment facilities;

Uranium manufacturing facilities;

Plutonium manufacturing facilities;
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Accelerators;

Fuel reprocessing facilities; and

Light-water nuclear reactors.

Health and safety impacts resulting from radiological exposures are presented as total
effective dose equivalents (10 CFR Part 20) and associated health effects (LCFs) (see International
Commission on Radiological Protection 1991). Nonradiological health effects resulting from facility
accidents are presented as fatalities. Different potential worker exposure scenarios would occur
under each management option (Table 4.1). Members of the general public could be exposed to
radioactive material as a result of airborne emissions during RCCS processing or groundwater
contamination from disposal of RCCS and secondary waste.

Health and safety impacts estimated for this assessment included the evaluation of six
radiological profiles for RCCS from the six DOE facility types listed above. Impacts were also
estimated for RCCS contaminated with naturally occurring radioactive material from the petroleum
industry. Health and safety impacts from external exposures were modeled using the MicroShield
computer code (Negin and Worku 1992). Internal exposures were modeled assuming a respiratory
protection factor of 1,000 and a dust loading factor of 0.1 mg/m3 (Simek et al. 1995). Potential

TABLE 4.1 Potential Worker Exposure Scenarios by RCCS
Management Option

Worker Exposure Scenario per Option*1

Activity/Scenario Continued Disposal Disposal as Ingots Recycle

RCCS loading/unloading X

RCCS processing -

Furnace operations -

Interim product handling -

Baghouse maintenance -

Slag handling -

Container fabrication -

Ingot disposal -

Secondary waste disposal " -

Unprocessed RCCS disposal X - -

a An X indicates potential worker exposure; a hyphen (-) indicates no potential exposure.

X

X

X

X

X

X

-

X

X

X

X

X

X

X

X

X

-

X
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impacts due to groundwater contamination from disposal operations were estimated by applying a
collection of computer programs that evaluate groundwater transport (see Simek et al. 1995): DUST
(Sullivan 1992); MEPAS (Buck et al. 1995); and DITTY (Napier et al. 1988). Nonradiological
health and safety impacts to workers were estimated by applying U.S. Bureau of Labor Statistics
(1994) fatality rates for manufacturing operations. Potential impacts to members of the general
public from airborne effluents were modeled using the GENE computer code (Napier et al. 1988).

4.1.2 Impacts for Each Alternative Management Strategy

Tables 4.2 through 4.4 present the health and safety impacts both for workers and members
of the public from the three RCCS management options, including processing and disposal. Annual
fatal cancer rates to workers are not expected to exceed 0.03 LCF per year (1 LCF for every
33 years of operation) for all management options and RCCS generating facility types. Nonfadio-
logical impacts to workers are expected to cause less than 1 fatality for every 1,000 years of

TABLE 4.2 Summary of Annual Radiological Health and Safety Impacts to Workers
for Each Option

Type of Facility

Fuel reprocessing

Uranium enrichment

Uranium manufacturing

Plutonium manufacturing

Particle accelerator

Light water reactor

Petroleum industry0

Continued Disposal51

Collective
Dose

(person-rem)

<50

< 0.0025

<1.3

<2.5

< 5

< 5

<1.3

Latent
Cancer

Fatalities

<0.02

< 0.000001

< 0.0005

< 0.001

< 0.002

< 0.002

< 0.005

Impacts per Option

Disposal as Ingotsb

Collective
Dose

(person-rem)

75

0.05

2.3

0.05

2.3

2.5

50

Latent
Cancer

Fatalities

0.03

0.00002

0.0009

0.00002

0.0009

0.001

0.02

Recycle1"

Collective
Dose

(person-rem)

75

0.05

2.3

0.05

2.5

2.5

50

Latent
Cancer

Fatalities

0.03

0.00002

0.0009

0.00002

0.001

0.001

0.02

a A range of risks was calculated for three types of disposal (shallow land burial, belowground vault, and tumulus vault) at six
DOE sites.

b Collective worker risks are presented for one processing facility.
0 Impacts from RCCS contaminated with naturally occurring radioactive material (NORM).

Source: Based on Simek et al. (1995).
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TABLE 4.3 Summary of Annual Nonradiological Health and Safety Impacts
to Workers for Each Option

Worker Activities

RCCS loading/unloading

RCCS processing

Furnace operations

Interim product handling

Baghouse maintenance

Slag handling

Container fabrication

Ingot disposal

Secondary waste disposal

Unprocessed RCCS disposal

Total

Impacts per Alternative (fatalities/yr)

Continued Disposal Disposal as Ingots

0.00009

-

-

-

-

-

-

-

-

0.0002

0.0002

0.00009

0.0004

0.0003

-

0.000004

0.000009

-

0.00008

0.000004

-

0.0009

Recycle

0.00009

0.0004

0.0003

0.0001

0.000004

0.000009

0.00002

-

0.000004

-

0.0009

Source: Based on Simek et al. (1995).

TABLE 4.4 Summary of Radiological Health and Safety Impacts to Members
of the General Public for Each Option

Type of Facility

Fuel reprocessing

Uranium enrichment

Uranium manufacturing

Plutonium manufacturing

Particle accelerator

Light water reactor

Petroleum industry0

Continued Disposal3

Public Dose
(person-rem)

< 0.0002

<0.01

<0.14

<0.2

< 0.0002

<0.08

< 0.0004

Latent
Cancer

Fatalities

< 0.0000001

< 0.000005

< 0.00007

< 0.0001

< 0.0000001

< 0.00004

< 0.0000002

Impacts per Alternative

Disposal as Ingotsa>b

Public Dose
(person-rem)

< 0.0004

<0.01

<0.14

<0.2

< 0.0004

<0.08

< 0.0006

Latent
Cancer

Fatalities

< 0.0000002

< 0.000005

< 0.00007

< 0.0001

< 0.0000002

< 0.00004

< 0.0000003

Recycle15

Public Dose
(person-rem)

< 0.0004

<0.01

<0.14

<0.2

< 0.0004

<0.08

< 0.0006

Latent
Cancer

Fatalities

< 0.0000002

< 0.000005

< 0.00007

< 0.0001

< 0.0000002

< 0.00004

< 0.0000003

a A range of risks was calculated for three types of disposal (shallow land burial, belowground vault, and tumulus vault) at six
DOE sites.

b Public doses consider family-farm scenarios for both disposal and RCCS processing.
c Impacts from RCCS contaminated with naturally occurring radioactive material (NORM).

Source: Based on Simek et al. (1995).
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operation (0.0009 fatality/yr) for every option. Nonradiological impacts to workers under the
Continued Disposal Option would be slightly less than for the other options because fewer
operations would be necessary for direct disposal of RCCS. Including nonradiological impacts to
workers manufacturing B-25-type boxes from new steel would increase nonradiological impacts
under the Continued Disposal Option to levels similar to the other options.

The ER also estimated heath and safety impacts for a maximally exposed individual
represented by two family-farm scenarios involving people living near either a processing facility
or a LLW disposal facility and living off the land (which maximizes their potential exposure). The
processing of RCCS would result in airborne emissions from the processing facility and waterborae
emissions from the disposal of both ingots (under the Disposal as Ingots Option) and secondary
waste (under the Disposal as Ingots and Recycle Options). Under the Continued Disposal Option,
the RCCS was assumed to remain in an unprocessed form; hence, the only impacts to members of
the public would result from waterborne emissions at the LLW disposal facility. Health and safety
impacts to members of the general public are not expected to exceed normal background radiation
dramatically, with an ultimate effect of less than 1 LCF for every 10,000 years of operation
(0.0001 LCF/yr) for all alternative RCCS management options.

4.2 TRANSPORTATION

The following discussion of the potential consequences of transportation under any of the
three RCCS management options summarizes a previous study of these issues by Chen et al. (1996).
Further details appear in that report.

4.2.1 Methodology

The methodology used to estimate human health and safety impacts from transportation
operations was based on the methodology (Chen et al. 1996) used in preparing the WMPEIS
(Figure 4.1). Impacts from transportation operations were estimated for both cargo-related and
\ehicle-related risks under both routine and accident conditions. Cargo-related risks refer to the risks
associated with transporting radioactive cargo (in this study, RCCS and secondary waste), whereas
vehicle-related risks are independent of the cargo being transported (such as risks associated with
vehicular exhaust and the physical trauma of accidents).

In addition to the general assumptions listed in Section 2.3 that might apply to transpor-
tation issues, the following assumptions were made specifically for this topic (Chen et al. 1996:

• Secondary LLW would be transported to disposal facilities in 55-gal drums. .

• Ingots processed from RCCS would be transported to LLW facilities
uncontainerized.

' ^ S ^ ^
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• The one processing site in the centralized scenario would be located at the
geographic centroid of the continental United States (Figures 4.2 and 4.3).

• The two processing sites in the regionalized scenario would be located at the
geographic centroids east and west of the Mississippi River in the continental
United States.

• Under the Continued Disposal Option, RCCS would be transported from the
originating sites to the LLW disposal facilities currently used by each site.

• Average population densities would be 6 persons/km for rural areas,
716 persons/km for suburban areas, and 3,861 persons/km for urban areas
(NRC 1977).

• 90% of the transportation operations would occur in rural areas, 5% in
suburban areas, and the remaining 5% in urban areas (NRC 1977).

• Shipments of RCCS would be limited by either vehicle weight or volume
restrictions:

Trucks are limited by law to a gross vehicle weight of 80,000 lb;
assuming a tractor-trailer weight of approximately 36,000 lb, a
resultant net payload of 44,000 lb is possible.

Based on previous railcar shipments, the average payload for a
railcar is approximately 120,000 lb.

• After processing RCCS into ingots (Disposal as Ingots Option), the ingots
would be transported to the LLW disposal facility associated with the RCCS
generating site.

• After processing RCCS into B-25-type boxes (Recycle Option), the boxes .
/ would be transported back to the RCCS generating site.

Transportation impacts associated with cargo-related risks are presented as the total
effective dose equivalents (10 CFR Part 20) and associated health effects (primarily LCFs)
(International Commission on Radiological Protection 1991). Under routine transportation
conditions, cargo-related risks would arise from the low-level radiation field surrounding the
shipment of RCCS or secondary waste. Possible receptors would include

• Persons living along the route,

• Passengers sharing the roadway,

• Persons at rest stops, and

• Vehicle crew members.
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Cargo-related risks under accident conditions would result from a possible dispersal of radioactive
material following a transportation accident. Accident release fractions for RCCS and secondary
waste were assumed to follow NRC estimates for LLW (NRC 1977). Additionally, the particulate
aerosolized fraction and respirable fraction applied to RCCS (0.000001 and 0.05, respectively) are
specific to immobilized activity (Neuhauser and Kanipe 1993). Because radioactive contaminants
in RCCS-fabricated boxes or ingots would be in a nondispersible form, the radionuclide release
fractions were set to zero (Chen et al. 1996). The RADTRAN 4 computer code (Neuhauser and
Kanipe 1993) was used to calculate cargo-related risks under both routine and accident conditions.

Vehicle-related risks are independent of the cargo being transported. Under routine trans-
portation conditions, vehicle-related risks can result in cancer from breathing vehicular exhaust. The
unit risk factors associated with vehicular exhaust emissions in urban areas are estimated to be
0.00000001 fatalities/km and 0.000000013 fatalities/km for truck and rail modes of transport,
respectively (Rao et al. 1982). Vehicle-related risks under accident conditions result from the
physical trauma associated with the transportation accident. In this ER, national traffic fatality
statistics (Saricks and Kvitek 1994) were used to derive estimates of the accident risk for both truck
(0.000000019 fatalities/km) and rail (0.000000024 fatalities/km) transport.

The radiation field surrounding the cargo is typically characterized by the transportation
index, which is a measure of dose rate (in mrem/h) at 1 m from the surface of the package (43 CFR
Part 173). To bound the transportation impacts, only the transportation indices yielding the largest
external dose-rate from the radiological profiles were applied in the risk assessment. The
transportation indices were estimated for each cargo type using the MicroShield computer code
(Negin and Worku 1992; Table 4.5). After processing, the RCCS products (B-25-type boxes and
ingots) were assumed to have an activity concentration of 2 nCi/g. The 2 nCi/g concentration limit
was applied because it is the threshold below which DOT does not consider material to be radio-
active. Secondary wastes from RCCS processing were assumed to be shipped as LLW to a licensed
burial site. The transportation indices for secondary waste were obtained from LLW shipments
given in the WM PEIS (DOE 1996a). The external dose rate for LLW was assumed to be 1 mrem/h
at 1 m from the surface of the package.

Two transportation scenarios were analyzed for both the Disposal as Ingots and Recycle
Options. The first scenario assumed that a central processing site would accept RCCS from all
13 generating sites listed in Table 1.1; the second assumed that RCCS from generating sites west
of the Mississippi River would be processed at the western regional processing facility and RCCS
from east of the Mississippi River would be processed at the eastern facility. Under the Continued
Disposal Option, transport would involve shipment between each RCCS generating site and the
LLW disposal site associated with it. For each scenario, the HIGHWAY 3.1 (Johnson et al. 1993a)
and INTERLINE 5.0 (Johnson et al. 1993b) computer programs were used to estimate truck and rail
distances between each origin and destination pair. Table 4.6 presents route distances calculated
between the RCCS originating sites and processing sites under both the centralized and regionalized
processing scenarios. Table 4.7 presents route distances calculated between the RCCS generating
and processing sites and the LLW disposal facility(ies) associated with each generating site.
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TABLE 4.5 Transportation Indices by Cargo Type

Waste Type Dose Rate/Activity

Transportation Index:
Dose Rate @ 1 ma

(mrem/h)

Truck Rail

RCCS in SeaLand-type containers
to processing

Ingots

B-25-type boxes to user sites

Secondary waste in drums

RCCS in B-25-type boxes to disposal

0.5 mrem/h at package surface15 0.24 0.24

2 nCi/gc

2 nCi/gc

1 mrem/h at 1 m from waste package

0.5 mrem/h at package surface15

0.15

0.40

1.0

0.17

0.17

0.40

1.0

0.17

a Highest value of those for all nuclear fuel cycle facilities.
b Minimum level requiring placarding ("Radioactive White-I")
c DOT threshold limit for radioactive materials (49 CFR Part 173).

Source: Based on Chen et al. (1996).

TABLE 4.6 Distances between RCCS Originating Sites
and Representative Processing Sites

RCCS
Originating Sitea

Fernald
Hanford

INEL
LANL
ORRb

Paducah
Pinellas

Portsmouth
Rocky Flats

SRS

Weldon Spring

Regional

East
West
West
West
East

East
East
East

West
East
West

Distance (km)
to Central

Processing Site

Truck

1,500
2,300
1,600
1,300
1,700
1,300
2,600

1,800
680

2,100

900

Rail

1,600
2,900
2,300
1,500
1,900
1,500
3,000

1,700
1,200

2,400
950

Distance (km)
to Regional

Processing Site

Truck

360
1,900
1,300

810
520

800
1,600

84

150
860

1,500

Rail

320
2,700
1,100

830
660
780

1,600
92

330
960

1,700

a See Table 1.1 for complete names of originating sites.
b For analytical purposes, the ORR distances include those for transport from the

Y-12 plant, K-25 site, and Oak Ridge National Laboratory.

Source: Chen et al. (1996).
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TABLE 4.7 Distances between RCCS Originating/Processing Sites and Disposal Sites

RCCS
Originating Sitea

Fernald

Hanford
INEL

LANL
ORRb

Paducah

Pinellas
Portsmouth

Rocky Flats
SRS
Weldon Spring

Disposal
Site3

NTS

Hanford

ENEL

LANL
ORNL
ORNL

SRS
ORNL

NTS
SRS

NTS

Distance (km)
from Originating
Site to Disposal

Truck

3,200

0
0

0

0
490

1,000
600

1,300

0
2,600

Rail

3,900

0

0

0

0
850
780

710
1,600

0
3,100

Distance (km) from
Central Processing

Site to Disposal

Truck

1,900
2,300

1,600

1,300

1,700
1,700
2,100

1,700
1,900

2,100
1,900

Rail

3,000

2,900

2,300

1,500

1,900
1,900
2,400

1,900
3,000

2,400
3,000

Distance (km) from
Regional Processing

Site to Disposal

Truck

3,500

1,900

1,300

810

520
520

860
520

1,200

860
1,200

Rail

3,900

2,700

1,100
830

660
660

960
660

1,500

960
1,500

a See Table 1.1 for complete names of originating and disposal sites.
b For analytical purposes, the ORR distances include those for transport from the Y-12 plant, K-25 site, and Oak

Ridge National Laboratory.

Source: Chen et al. (1996).

Table 4.8 presents the RCCS cargo and packing characteristics used for the transportation
risk assessment. The delivery of uncontaminated B-25-type boxes to the sites generating RCCS was
considered for the Continued Disposal Option. For risk assessment purposes, the ER assumed that
uncontaminated B-25-type boxes would originate from the central processing site.

4.2.2 Impacts for Each Alternative Management Strategy

The human health and safety impacts from transportation by both truck and rail for a single
centralized processing facility and two regionalized processing facilities are summarized in
Tables 4.9 and 4.10, respectively. Considerably less than 1 fatality/yr is expected from transpor-
tation operations under any of the alternative RCCS management options considered. For all three
options, at least 80% of the impacts would result from vehicle-related risks, primarily traffic
accidents. Similarly, more than 99% of the cargo-related impacts would result from routine trans-
portation operations. Under the Disposal as Ingots and Recycle Options, the impacts would be
approximately a factor of 2 less for the regionalized transportation scenario than for the centralized
scenario due to a reduction in the total shipment distance.
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TABLE 4.8 RCCS Cargo Characteristics and Shipment Configurations

RCCS Cargo

RCCS in B-25-type boxes to disposal

RCCS in SeaLand-type containers to processing

Ingots to disposal

Empty B-25-type boxes to user sites

Secondary waste drums to disposal

a NA = not applicable.

Source: Chen et al. (1996).

Maximum
Loaded

Unit Weight
(kg)

4,000

20,000

450

360

540

Unit
Volume

(m3)

2.5

34

0.06

2.5

0.2

RCCS
Packaging

Density
(g/cm3)

0.72

0.32

7.9

NAa

2.9

Units per
Shipment

Truck Rail

10 11

1 1

44 120

28 30

36 120

TABLE 4.9 Summary of Potential Annual Transportation Impacts for Each Option:
Centralized Scenario

Impact/
Receptor

Cargo-Related Impacts
Dose (person-rem/yr)

Public
Worker

Latent cancer fatalities
Public
Worker

Vehicle-Related Impacts
Fatalities/yr

Routine
Accident

Continued
Disposal

7.3
5.6

0.004
0.002

0.03'
0.1

Impacts per Transportation Mode

Truck

Disposal
as Ingots

27
39

0.01
0.02

0.06
0.2

Recycle

82
71

0.04
0.03

0.07
0.3

Continued
Disposal

3.2
0.63

0.002
0.0003

0.04
0.14

Rail

Disposal
as Ingots

7.8
2.2

0.004
0.001

0.07
0.3

Recycle

26
6

0.01
0.002

0.1
0.4

Source: Based on Chen et al. (1996).
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TABLE 4.10 Summary of Potential Annual Transportation Impacts for Each Option:
Regionalized Scenario

Impact/
Receptor

Cargo-Related Impacts
Dose (person-rem/yr)

Public
Worker

Latent cancer fatalities
Public
Worker

Vehicle-Related Impacts
Fatalities/yr

Routine
Accident

Continued
Disposal

7.3
5.6

0.004
0.002

0.03
0.1

Impacts per Transportation Mode

Truck

Disposal
as Ingots

13
19

0.007
0.008

0.03
0.1

Recycle

45
39

0.02
0.02

0.04
0.2

Continued
Disposal

3.2
0.63

0.002
0.0003

0.04
0.1

Rail

Disposal
as Ingots

3.9
1.1

0.002
0.0005

0.04
0.1

Recycle

15
3.4

0.01
0.001

0.04
0.2

Source: Based on Chen et al. (1996).

4.3 WASTE GENERATION

4.3.1 Methodology

The ER evaluated waste generation because of the potential difficulties inherent in
disposing of LLW in an environmentally safe manner and the limited space available in LLW
disposal facilities. The analysis assumed that LLW handled and disposed of at a licensed LLW
facility would produce impacts within regulatory limits. That stated, beyond any additional
reduction in cost associated with disposing of smaller amounts of LLW, lower disposal requirements
would result in lower impacts to both the human and natural environments.

The amount of LLW associated with each RCCS management option was estimated by
following the processing of RCCS from the generating site through its final disposition and calcu-
lating the volume of waste associated with each step. The method employed to estimate volume of
LLW generated was simply to account for the weight of material generated per ton of RCCS
processed under each option and convert those weights to volumes.
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In addition to the general assumptions listed in Section 2.3 that might apply to waste
generation issues, the following assumptions were made specifically for this topic (see Trinity
Environmental Systems 1995):

• Under all three RCCS management options, about 31b of packaging material
would be used per ton of unprocessed RCCS;

• Under the Disposal as Ingots and Recycle Options, the following volumes
would be generated per ton of unprocessed RCCS:

70 lb of packaging debris;

36 lb of sizing and cleaning debris;

-. 86 lb of direct waste (largely slag); and

39 lb of indirect waste (largely refractory and baghouse
dust).

• Under the Recycle Option, 100 lb of scale would be generated per ton of
unprocessed RCCS;

• The small amount of scrap packaging material, assumed to be wood, would
be written off as contributing no LLW;

• Packaging debris, sizing and cleaning debris, indirect waste, and scale would
have a density somewhere between soil and cement, or 2,000 kg/m3; and

• Direct waste would have a density of 2,889 kg/m3.

4.3.2 Impacts for Each Alternative Management Strategy

Table 4.11 summarizes the volume of LLW generated annually under each RCCS
management option. The overall volume generated under the Continued Disposal Option would be
considerably higher than under the remaining two alternatives, with the total consisting of the RCCS
and associated packaging debris used in shipping between a generating site and a disposal facility.
The amount of LLW that would have to be dealt with at a LLW disposal facility would be smallest
under the Recycle Option. The main difference between that option and the Disposal as Ingots
Option results from the conversion of RCCS to containers for other forms of LLW rather than
leaving it as a material that must be disposed of.



33

TABLE 4.11 Annual Volume of Low-Level Radioactive Waste by Material
and Management Option

Material

RCCS
Packaging debris
Sizing and cleaning debris
Direct waste — slag
Indirect waste — refractory and baghouse dust
Metal-working debris — scale

Totala

Waste Volume (m3) per RCCS
Management Option

Continued
Disposal

63,000
800

-
—
-
-

64,000

Disposal
as Ingots

5,800
800
410
680
440

-

8,100

Recycle

800
410
680
440

1,100

3,500

Totals may not sum due to rounding of waste volumes to two significant figures.
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