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Public Reading Room for U.S.
Department of Energy

Richland Operations Office

Washington State University Tri-Cities

100 Sprout Road, Room 130 West
Richland, WA 99352

(509) 376-8583

Monday-Friday 8:00 a.m. to 12:00 p.m. and
1:00 p.m. to 4:00 p.m.

Navy Information
Locations

Norfolk Naval Shipyard

Chesapeake Central Library

298 Cedar Rd.

Chesapeake, VA 23320-5512

(804) 436-8300

Monday-Thursday 9:00 a.m to 9:00 p.m., Fri-
day and Saturday 9:00 a.mto 5:00p.m., Sun-
day 1:00 p.m to 5:00 p.m.

Newport News Public Library

Grissom Branch

366 Deshazor Dr.

Newport News, VA 23602

(804) 886-7896

Monday-Thursday 9:00 a.m. to 9:00 p.m., Fri-
day and Saturday 9:00 a.m. to 6:00 p.m.

Kiln Library

301 East City Hall Ave.

Norfolk, VA 23510

(804) 441-2429

Monday-Thursday 9:00 a.m. to 9:00 p.m., Fri-
day 9:00 a.m. to 5:00 p.m., Saturday

9:00 a.m. to 5:00 p.m.

Hampton Public Library

4207 Victoria Boulevard

Hampton, VA 23669

(804) 727-1154

Monday-Thursday 9:00 a.m. to 9:00 p.m., Fri-
day and Saturday 9:00 a.m. to 5:00 p.m.

Portsmouth Public Library

Main Branch

601 Court St.

Portsmouth, VA 23704

(804) 393-8501

Monday-Thursday 9:00 a.m to 9:00 p.m, Fri-
day and Saturday 9:00 a.m to 5:00 p.m.

Virginia Beach Central Library

4100 Virginia Beach Bivd.

Virginia Beach, VA 23452

(804) 431-3001

Monday-Thursday 10:00 a.m. to 9:00 p.m.,
Friday and Saturday 10:00 a.m. to

5:00 p.m., Sunday 1:00 p.m. to 5:00 p.m.

Puget Sound Naval Shipyard

Kitsap Regional Library

1301 Sylvan Way

Bremerton, WA 98310

(206) 377-7601

Monday-Thursday 9:30 a.m. to 9:00 p.m.,
Friday and Saturday 9:30 a.m. to 5:30 p.m.,
Sunday 12:30 p.m. to 5:30 p.m.

Kitsap Regional Library

Downtown Branch

612 5th Ave.

Bremerton, WA 98310

(206) 377-3955

Monday-Friday 10:00 a.m. to 6:00 p.m.

Suzallo Library SM25

University of Washington Libraries
University of Washington

Seattle, WA 98185

(206) 543-9158

Monday-Thursday 7:30 a.m. to 12:00 mid-
night, Friday 7:30 a.m. to 6:00 p.m., Sat-
urday 9:00 a.m. to 5:00 p.m., Sunday
12:00 p.m. to 12:00 midnight

Portsmouth Naval Shipyard

Rice Public Library

8 Wentworth Street

Kittery, ME 03904

(207) 439-1553

Monday-Wednesday, Friday 10:00 a.m. to
5:00 p.m., Thursday 10:00 a.m. to

8:00 p.m., Saturday 10:00 a.m. to 4:00 p.m.

Portsmouth Public Library

8 Islington Street

Portsmouth, NH 03801

(804) 393-8501

Monday-Thursday 9:00 a.m. to 9:00 p.m.,
Friday and Saturday 9:00 a.m. to 5:00 p.m.

Pearl Harbor Naval Shipyard

Aiea Public Library

99-143 Monalua Rd.

Aiea, HI 96701

(808) 488-2654

Monday and Thursday 10:00 a.m. to

8:00 p.m., Tuesday, Wednesday, Friday, Sat-
urday 10:00 a.m. to 5:00 p.m.

Hawaii State Library

478 South King Street

Honolulu, HI 96813

(808) 586-3535

Monday, Wednesday, Friday, Saturday
9:00 a.m. to 5:00 p.m., Tuesday, Thursday
9:00 a.m. to 8:00 p.m.

Peari City Public Library

1138 Waimano Home Rd.

Pearl City, HI 96782

(808) 455-4134

Monday-Wednesday 10:00 a.m. to 8:00 p.m.,
Thursday-Saturday 10:00 a.m. to 5:00 p.m.,
Sunday 1:00 p.m. to 5:00 p.m.

Pearl Harbor Naval Base Library

Code 90L

1614 Makalapa Dr.

Pearl Harbor, HI 96860-5350

(808) 471-8238

Tuesday-Thursday 10:00 a.m. to 7:00 p.m.,
Friday and Saturday 9:00 a.m. to 5:00 p.m.

Kesselring Site

Albany Public Library

Reference and Adult Services

161 Washington Ave.

Albany, NY 12210

(518) 449-3380

Monday-Thursday 9:00 a.m. to 9:00 p.m., Fni-
day 9:00 a.m to 6:00 p.m., Saturday 9:00 a.m.
to 5:00 p.m.

Saratoga Springs Public Library

320 Broadway

Saratoga Springs, NY 12866

(518) 584-7860

Monday-Thursday 9:00 a.m. to 9:00 p.m., Fri-
day 9:00 a.m. to 6:00 p.m., Saturday 9:00
a.m. to 5:00 p.m., Sunday 1:00 p.m. to
5:00 p.m.
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Figure 4-10. Pearl Harbor Naval Shipyard location and vicinity = 1p.
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4.7.2.3 University of Mis: iri. The Columbia Research R~actor is sited within a
34-hectare (85-acre) Research Park about 1.6 kilometers (1 mile) so__.awest of the main campus
of the University of Missouri, located south of the main business district of Columbia, Missouri.
The population of Columbia was about 69,000 in 1990. Agriculture is the predominant regional
activity, although there are a number of small industrial activities in the area.

The climate of the region is continental, and high windspeeds are not uncommon;
150 kilometer per hour (94 mile per hour) winds have a recurrence interval of once in 100 years,
but tornadoes are very uncommon. Air quality is representative of the nonurban midwest.
Surface drainage from the site moves eventually to the Missouri River.

Columbia is located in the stable area of Missouri and, despite the proximity to the New
Madrid area, the probability of seismic damage in the area is low as reflected by its location in
Seismic Zone 1.

There are no discharges from the University of Missouri/Columbia Research Reactor to
surface streams or groundwater; liquid waste is processed before discharge to the local sanitary
sewer system and has averaged 0.21 curie of tritium and 25.6 millicuries of other beta-gamma
emitters per year from 1988 to 1992. Over the same period, the reactor released airborne
effluents containing an annual average of about 660 curies of argon-41 and about 7 curies of
tritium, well below the license limits for the reactor. However, individual or collective doses are
not reported, and because site meteorological data are not monitored, doses cannot be reliably
estimated.

4.7.3 Spent Nuclear Fuel from Special Nuclear Power Plants

Three facilities house SNF from power reactors for which DOE has assumed
~ms tl facilities discussed previously, no additional S... is either being
generated at or being shipped to these storage facilities. These facilities include the West Valley
Demonstration Project in West Valley, New York; the former Fort St. Vrain Nuclear Power
Plant, Colorado; and the Babcock & Wilcox Research Center, Lynchburg, Virginia. Their
environmental characterizations are summarized in the following sections and presented in more

detail in Appendix E.

4.7.3.1 West Valley Demonstration Project. The West Valley Demonstration Project
occupies an 81-hectare (200-acre) site formerly housing the first United States commercial nuclear
fuel processing plant, within a larger 1,335-hectare (3,300-acre) site known as the Western New
York Nuclear Service Center. The Center is located in Cattaraugus County, a rural area of
western New York State, about 50 kilometers (31 miles) south of Buffalo, New York, and 40
kilometers (25 miles) east of Lake Erie. The 1990 population of Cattaraugus County was about
84,200.
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Figures 5-1 through 5-9 show the maximum and minimum incremental change in power
consumption that would result from implementation of the alternative. Current capacities and
baseline usage of utilities and energy from which comparisons are made e discussed in
Appendices A through F.

5.1.1.3 Materials and Waste Management. There are few impacts on materials and
waste management activities except when SNF is processed. Stabilization of SNF, depending on
the technology, may yield high-level, transuranic, low-level, mixed, and hazardous wastes. The
wastes must usually be further treated to make them safe for transport, storage, or disposal. The
capacity of sites for additional storing of high-level and transuranic wastes is generally limited.
Low-level wastes are normally disposed of onsite at the major DOE facilities. Hazardous wastes
are normally treated in some way and then disposed of in approved disposal facilities onsite or
offsite. A few categories of mixed waste are being treated, but most are in storage awaiting
development of treatment capabilities. The graphs of waste generation in Figures 5-1 through 5-9
illustrate the estimated annual average of low-level waste and high-level, transuranic, and mixed
waste that each alternative would generate between 1 5 and 2005. Site-specific details on
materials and waste management are discussed in Appendices A through F. The current status of
waste management activities at the sites is discussed in Appendices A through F.

5.1.1.4 Occupational and Public Health and Safety.

Radiation Effects—Radiation exposure and its consequences are topics of interest
to the general public near nuclear facilities. For this reason, this EIS places more emphasis on
the consequences of exposure to radiation than on other topics, even though the effects of
radiation exposure under most of the circumstances evaluated in this EIS are small. This
subsection explains basic concepts used in the evaluation of radiation effects in order to provide
the background for later discussions of impacts.

The effects on people of radiation that is «  tted during disintegration (decay) of a
radioac ~ : substance depends on the kind of radiation (alpha and beta particles, and gamma and
x-rays) and the total amount of radiation energy absorbed by the body. The total energy
absorbed per unit quantity of tissue is referred to as absorbed dose. The absorbed dose, when
multiplied by certain quality factors and factors that take into account different sensitivities of
various tissues, is referred to as effective dose equivalent, or where the context is clear, simply
dose. The common unit of effective dose equivalent is the rem.

An individual may be exposed to ionizing radiation externally, from a radioactive source
outside the body, and/or internally, from ingesting radioactive material. The external dose is
different from the internal dose. An external dose is delivered only during the actual time of
exposure to the external radiation source. An internal dose, however, continues to be delivered
as long as the radioactive source is in the body, although both radioactive decay and elimination
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No Action alternative

5.1.2 No Action Alternative

Under the No Action alternative, minimal actions would be taken for safe and secure
management of SNF. SNF would not be shipped to or from DOE facilities after a transition
period, and facility upgrades or replacements and onsite fuel movements at DOE sites would be

mited. Existing research and development activities at DOE sites would continue, but no new
projects would be initiated. Naval SNF would be stored at Naval sites at or near the point of
refueling or defueling without examination at the Idaho National Engineering Laboratory. SNF
from smaller DOE sites and university and other Government reactors would be stored at those
reactors, and the special-case commercial fuels would remain at their current location. No
foreign research reactor fuels would be accepted.

If this alternative were implemented, the Expended Core Facility at the Idaho National
1gineering Laboratory would be shut down, the Naval sites would store SNF in transport casks
at Naval sites, and the smaller DOE and university and other Government reactor sites would
store the SNF they generated onsite. After a period of time, some smaller reactors would shut
down to avoid the expense of building storage facilities, and the spent fuel would be stored in the
reactor vessel.

In reviewing the impacts of the No Action alternative, it should be recognized that the
consequences summarized in Figure 5-1 only approximately represent the consequences of this
alternative. These consequences fall within four categories which may apply to one or more sites:
increasing the potential for higher radiation exposures because of degrading fuels, increasing the
potential for higher radiation exposures because of the location of SNF in or near major
population centers, causing a potential loss of employment because research reactors would be
shut down, and postponing the generation of wastes associated with research and converting SNF
to a form acceptable for disposition. These issues are ¢~ ied in the following paragraphs.

Since there would be nin & taken to stabilize fuel under the No . ‘ion
alternative, the frequency of an SNF-related radiation accident could i--rease as the stored fuels
deteriorated. The lack of structural integrity of the fuel in some cases _ould result in an increase
in handling-relatc accidents. In addition, releases from stored fuels could increase, increasing
population doses, as the number of cladding failures increased. Releases associated with
accidents and cladding failures are intrinsically difficult to predict, and thus have not been
incorporated in the quantitative analysis of radiation doses.

Under this alternative, DOE-managed SNF would be stored in over 50 locations around
the country, many of which are in areas of relatively high population density. While the risk of
exposure would be small for this alternative as with other alternatives, and the worst consequence
accident is expected to be associated with one of the major DOE sites, the potential consequence
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No Action alternative

Transporti on Accidents—The cumulative transportation accident risks over the
40-year operational period are estimated to be 4.1 x 10 latent cancer fatalities and 0.047 traffic
fatalities. If an accident occurred, it would be unlikely to result in the release of any radioactivity.
The maximum reasonably foreseeable accident has a probability of occurrence between 1 x 10
and 1 x 107 per year. If it occurred in an urban or suburban population zone, the likelihood of a
single latent cancer fatality within the exposed population is estimated to be about 1 in 100. In a
rural population zone, the likelihood of a single latent cancer fatality is estimated to be about 1 in
500.

Onsite transportation of SNF would occur under the No Action alternative at the
Hanford Site, the Idaho National Engineering Laboratory, and the Savannah River Site. The
maximum reasonably foreseeable accident for this alternative occurs at the Idaho National
Engineering Laboratory, with a latent cancer fatality risk of about 7.5 x 107 for a rural
population zone and about 1.1 x 10 for a suburban population zone. In the extremely unlikely
event that this accident occurred under stable (worst-case) weather conditions, it could result in
six latent cancer fatalities in a rural population, such as around the Idaho National Engineering
Laboratory, within 80 kilometers (50 miles) of the accident, or 85 latent cancer fatalities in a
suburban population zone. For comparison, the rural population zone would be expected to
experience 350 cancer fatalities and the suburban population zone would experience 42,000
cancer fatalities from other causes.
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Decentralization alternative

The accident frequency is expected to be . out 0.35 fuel assembly breaches per year of
operation with implementation of this alternative. The risks to the general public and workers
are estimated to be 3 x 10 and 1.7 x 10 latent cancer fatalities per year of operation,
respectively.

Naval Facilities—The accident risks for the three subalternatives are evaluated for
the Naval facilities under the Decentralization alternative: (a) decentralization with SNF retained
at the shipyards and the Kesselring Site without examination of the SNF; (b) decentralization
with limited examination at Puget Sound Naval Shipyard; and (c) decentralization with
performance assessment examination at the Expended Core Facility at the Idaho National
Engineering Laboratory followed by storage at Naval sites. Attachment F of Appendix D
presents a full discussion of the accident risks at each of the Naval sites.

The accident risks associated with this alternative are the same as with the No Action
alternative, with the highest risk accident being an aircraft crash into a dry storage container.
The consequences and risks of this maximum risk accident are the same as those described under
the No Action alternative.

Other Generator/Storage Locations—For the Decentralization alternatives, the
accident risks at the Oak Ridge Reservation and other SNF interim storage sites that do not sh
their SNF elsewhere are expected to be similar to the accident risks under the No Action
alternative.

5.1.3.5 Nonradiological Accidents. The maximum reasonably foreseeable chemical
accident at the Idaho National Engineering Laboratory, Savannah River Site, Naval sites, and
other generator/storage locations would be similar to those described under the No Action
alternative. An accident at the wet storage facility on the Hanford Site could release sulfuric acid
»Or . tol | it L. -he chemical concentrations it are associated
with fatalities or  ious heal effects.

5.1.3.6 Transportation.

Shipments—Under the Decentralization alternative, university, foreign, 1 non-
DOE research reactors would ship SNF to the Idaho National Engineering Laboratory and the
Savannah River Site. In addition, Naval SNF shipments would be equal to or greater than those
under the No Action alternative, depending on the choice of subalternative with respect to fuel
examination options. Onsite shipments at major DOE sites would occur to relocate SNF from
one facility to another for stabilization or storage.

Incident-Free Transportation—For the Decentralization alternative, the incident-
free transportation of SNF was estimated to result in total fatalities that ranged from 0.076 to
0.26 over the 40-year period 1995 through 2035. These fatalities represent the sum of the
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1992/1993 Planning Basis alternative

5.1.4 1992/1993 Planning Basis Alternative

Under the 1992/1993 Planning Basis alternative, SNF currently stored at major DOE sites
would remain at those sites, and newly generated SNF from DOE, university, and other
Government reactors would be shipped to the Idaho National Engineering Laboratory or the
Savannah River Site for storage. Special-case commercial SNF and Naval SNF would be shipped
to the Idaho National Engineering Laboratory for storage. Existing research and development of
technologies improving the safe and secure storage of SNF at DOE sites would continue, and
new projects would commence. Examination of Naval fuels would be conducted at the Expended
Core Facility at the Idaho National Engineering Laboratory.

The implications of this alternative for major DC | sites would be similar to those
described for the Decentralization alternative. New storage facilities would be built at the major
DOE sites to replace existing facilities or to accept newly generated SNF from other sites.
Degraded fuels at the Savannah River Site and the Hanford Site might be stabilized to improve
safe storage.

The sites that would be affected by the 1992/1993 Planning Basis alternative are the
Hanford Site, Idaho National Engineering Laboratory, and Savannah River Site. The
environmental consequences at these sites are described below.

5.1.4.1 Socioeconomics. Implementation of the 1992/1993 Planning Basis alternative
would not have a significant socioeconomic impact at any of the major DOE or Naval sites
(Figure 5-3). The impacts at the Hanford and Savannah River Sites would be the same as that
described for the Decentralization alternative in Section 5.1.3.1 and shown on Figure 5-2.
Proposed new construction and maintenance activities at the Idaho National Engineering
Laboratory would result in the addition of approximately 130 workers over 10 years, less than a
1 X . it at Hanford would be
t] Iesuiivin 1ur tiv vvvarnuscewoss dlte€rnative, a maximum of about 740
additional workers at the Hanford Site, an increase of approximately 5 percent above the 1995
baseline.

There would be no socioeconomic impact at the Naval sites because current practices
would not be altered. Storage facilities would not need to be constructed at the individual Naval
sites, and no employment would be generated at Naval sites.

5.1.4.2 Utilities (Electricity). The minimum and maximum change in power use from
implementing the 1992/1993 Planning Basis alternative with respect to the site baseline is shown
in Figure 5-3. The impact on power consumption at the sites is the same as that described for
the Decentralization alternative in Section 5.1.3.2 (compare to Figure 5-2) except at the Idaho
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1992/199 ning Basis alternative

National Engineering Laboratory. The variation in power use over site baseline use at the
Savannah River and Hanford Sites reflects whether a storage or processing option is selected for
SNF management. The increase in power use at the Idaho National Engineering aboratory is
because of the Actinide Recycle Demonstration Project. If processing options were implement
at Hanford, an extension of existing utilities to the project area would be necessary.

5.1.4.3 Materials and Waste Management. Figure 5-3 il. trates the combined
average annual volumes of high-level, transuranic, and mixed wastes and of low-level wastes that
would be generated over the next 10 years as a result of SNF management activities with
implementation of the 1992/1993 Planning Basis alternative. The volume of low-level waste and
the combined volume of high-level, transuranic, and mixed waste would be similar to the volumes
generated under the Decentralization alternative for the Hanford and Savannah River Sites
(compare Figures 5-2 and 5-3). The minimum and maximum values shown for these sites reflect
whether a storage option or a processing option is implemented, respectively.

At the Idaho National Engineering Laboratory, implementation of the 1992/1993 Planning
Basis alternative would result in the generation of high-level, transuranic, and mixed wastes.
These wastes would be generated by the Actinide Recycle Demonstration Project. The volume
of low-level waste generated at the Idaho National Engineering Laboratory would be from the
construction and operation of new storage and characterization facilities at the site. Adequate
storage capacity exists at the site for these wastes until 2005, when additional capacity would be
expected to be required for managing low-level waste (Appendix B).

5.1.4.4 Radiological Impacts. Radiological exposures to both workers and the public
from normal SNF management operations and onsite accidents for the 1992/1993 Planning Basis
alternative are essentially the same as estimated for the Decentralization option. Figure 5-3
illustrates the estimated latent cancer fatalities associated with SNF operations at the major sites.

Facility Accidents—

Hanford Site. The implementation of the 1992/1993 Planning Basis
alternative at the Hanford Site would not result in accident risks significantly different from those
identified for the Decentralization alternative (Section 5.15 of Appendix A).

Idaho National Engineering Laboratory. The implementation of the
1992/1993 Planning Basis alternative at Idaho National Engineering Laboratory would not result
in accident risks significantly different from those identified for the Decentralization alternative
(Section 5.15 of Appendix B). The estimated frequency of fuel handling accidents, however,
would change.

Savannah River Site.  1e implementation of the 1992/1993 Planning
Basis alternative at the Savannah River Site would not result in accident consequence estimates
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facilities at the Other Storage/Generator sites prior to the ship
The events that would be expected to exceed exposure guidelin
described under the 1992/1993 Planning Basis alternative.

5.55 ' VOLUME 1



Centralization alternative

Two independent accidents have been evaluated to describe the maximum reasonably
foreseeable chemical hazard during the operation of the expended core facility at each of its
potential locations. Such a release could subject workers to chemical concentrations that would
exceed the Emergency Response Planning Guideline value but would not subject the public to -
such concentrations except at potential locations on the Oak Ridge Reservation and adjacent to
the Savannah River Site.

5.1.6.6 Transportation.

Shipments—Under the Centralization alternative, all stored and newly generated
SNF would be shipped to one of five sites: the Hanford Site, the Idaho National Engineering
Laboratory, the Savannah River Site, the Oak Ridge Reservation, or the Nevada Test Site.

Incident-Free Transportation—For the five Centralization alternative sites, the
incident-free transportation of SNF was estimated to result in total fatalities that ranged from
0.17 to 0.99 for centralization at the Idaho National Engineering Laboratory to 0.20 to 1.6 for
centralization at the Savannah River Site. These fatalities were over the 40-year period 1995
through 2035 and represent the sum of the estimated number of radiation-related latent cancer
fatalities and the estimated number of nonradiological fatalities from vehicular emissions.

The reason for a range of fatalities was due to two factors: (1) the option of using truck
or rail transport for DOE SNF (see Appendix I) and (2) the five centralization options. Navy
shipments would be made using a combination of truck and rail; DOE shipments were assumed to
be made using 100 percent truck or 100 percent rail.

For centralization at the Idaho National Engineering Laboratory the estimated number «
radiation-related latent cancer fatalities for transportation workers ranged from 0.040 to 0.24, the
estimated number of radiati  related latent can alit  for the general population ranged
from 0.066 to 0.70, and the estimated number of nonradiological cancer fatalities frc  vehicular
emissions ranged from 0.047 to 0.062.

For centralization at the Savannah River Site the estimated number of radiation-related
latent cancer fatalities for transportation workers ranged from 0.047 to 0.39, the estimated
number of radiation-related latent cancer fatalities for the general population ranged from
0.086 to 1.1, and the estimated number of nonradiological fatalities from vehicular emissions
ranged from 0.069 to 0.071.

For centralization at the Idaho National Engineering Laboratory, onsite shipments of SNF
were estimated to result in 0.0025 fatalities. Offsite shipments of SNF were estimated to result in
0.17 to 0.99 fatalities. These fatalities were also the sum of the estimated number of
radiation-related latent cancer fatalities and the estimated number of nonradiological fatalities
from vehicular emissions.

VOLUME 1 5-56
























The development of new DOE facilities would affect some natt = habitats. The size of
the areas affected would be small in relation to the size of the sites and the size of remaining
natural habitats. The type of habitats affected would vary but would be typical of the regional
area in which the sites are located. The habitat losses would probably not affect any threatened
or endangered species or critical habitats. As described in Section 5.7.7, mitigation plans would
be developed in consultation with the appropriate agencies if any threatened or endangered
species were identified on the project site. Habitat fragmentation is not expected because new
facilities would be constructed adjacent to existing facilities. Because minor impacts to ecological
resources would occur at all sites for all alternatives involving construction, ecology is not
considered a significant discriminator among sites and, therefore, is not discussed further in this
chapter. Appendices A through F present a detailed discussion of ecological impacts.

5.2.8 Noise

The construction of SNF management facilities at any of the sites would generate noise
levels consistent with light industrial activity. However, at the major DOE sites, noise generated
onsite does not propagate offsite at levels that would affect the general population. Noise at the
Naval sites is primarily from truck and car traffic, shiploading, and diesel-powered equipment.
Noise impact analyses at the Naval sites indicate that noise from construction or operation of
facilities would not cause the ambient noise levels to exceed U.S. Environmental Protection
Agency or state guidelines. Construction would occur at the Naval sites under the No Action and
Decentralization alternatives. Noise impacts are expected to be comparable at the major DOE
sites for all alternatives except for the No Action alternative, which does not involve construction
of new facilities. Because these new facilities would be located in industrialized areas, however,
no impacts are expected. Because noise impacts are minor and do not differentiate nong the
sites or the alternatives, they are not considered further in this chapter. Details on the noise
impact analyses are provided in Appendices A through F.

5.2.9 Utilities and Energy

New facilities (or the restarting of idle facilities) would result in increased demands on
water, power, and sewage. The greatest resource requirements would result from implementation
of the Centralization alternative. Based on available data, the increased water usage would range
from less than 1 percent at the Idaho National Engineering Laboratory to a maximum of less than
5 percent above existing site usage at the Savannah River Site. Electricity requirements are
discussed in Section 5.1. The increase in sewage generation resulting from implementation of the
alternatives would range from less than 1 percent at the Idaho National Engineering Laboratory
to a maximum of 9 percent at the Savannah River Site. A central sewage treatment system would
have to be constructed for the SNF facilities at the Nevada Test Site under the Regionalization
and Centralization alternatives if the Nevada Test Site were selected as a regional or central site.
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transport of radioisotopes used in medicine and other activities all would cor  bute to public
exposures. Awvailable historical data and projected future doses are summarized in Appendix

During analysis, the potential for significant cumulative impacts to other resources was
considered; none were found. Cumulative impacts are described qualitatively because
programmatic considerations do not require detailed iformation that depends on specific facility
location or design. More detailed cumulative effects analysis will be performed for any actions
that are proposed in the course of implementing programmatic SNF management decisions.

5.3.2 Site-Specific Cumulative Impacts

All of the sites contain facilities unrelated to SNF that may continue to operate
throughout the duration of the SNF interim management program (approximately 40 years).
Impacts from both construction and operation of SNF facilities would be cumulative with the
impacts of existing an planned facilities or actions such as environmental restoration and waste
management activities unrelated to SNF. Cumulative effects involving site-specific projects that
are planned to occur simultaneously with SNF management activities at the ajor DOE sites are
discussed in the site appendices. Not all planned facilities were factored into the assessment of
cumulative impacts pending funding approval or resolution of DOE policy issues.

The following sections discuss cumulati.. impacts to those environmental resources
identified in Appendices A through F. During analysis, the potential for significant cumulative
impacts to other environmental resources (that is, geologic resources, aesthetic and scenic
resources, and cultural resources) was evaluated; none were found.

5.3.2.1 Land Use. Implementation of any of the SNF alternatives at the major DOE
sites would have a minimal cumulative impact with respect to either the available land onsite or to
the contin on the sites. ... largest proportion of any site that would be required for
all sitewide activities is less than 1 percent of the total site area.

5.3.2.2 Socioeconomics. Depending on the economic status and outlook for an area,
SNF activities coupled with other actions could have the potential to strain or overburden the
socioeconomic resources of certain areas, particularly if either the Regionalization or
Centralization alternatives were selected with an expended core facility located at the site. For
example, these cumulative effects could contribute to housing shortages and the need for
additional schools.

Each site is anticipating an overall decline in site employment over the next few years;
therefore, the existing work force could be reassigned to SNF management activities. However, it
was assumed that the construction activities associated with the proposed SNF management
alternatives would require the in-migration of construction workers. Although these construction
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States. Consent must | obtained from the Indian tribe owning lands on which a resource is
located before issuance of a permit, and the permit must contain terms or conditions requested by
the tribe.

Native American Grave Protection and Repatriation Act of 1990 (25 USC §3001).
This law directs the Secretary of Interior to guide responsibilities in repatriation of Federal
archaeological collections and collections held by museums receiving Federal funding that are
culturally affiliated to Native American tribes. Major actions to be taken under this law include
(a) establishing a review committee with monitoring and policy-making responsibilities,
(b) developing regulations for repatriation, including procedures for identifying lineal descent or
cultural affiliation needed for claims, (c) oversight of museum programs designed to meet the
inventory requirements and deadlines of this law, and (d) developing procedures to handle
unexpected discoveries of graves or grave goods during activities on Federal or tribal land.

American Indian Religious Freedom Act ¢ 1L.2 (42 USC §1996). This act reaffirms
Native American religious freedom under the First Amendment and sets United States policy to
protect and preserve the inherent and constitutional right of American Indians to believe, express,
and exercise their traditional religions. The act requires that Federal actions avoid inter :ing
with access to sacred locations and traditional resources that are integral to the practice of
religions.

Religious Freedom Restoration Act of 1993 (42 USC §2000bb et seq.). This Act
prohibits the Government, including Federal departments, from substantially burdening the
exercise of religion unless the Government demonstrates a compelling governmental interest and
the action furthers a compelling Government interest and is the least restrictive means of
furthering that interest.

Endangered Species Act, as ¢ :nded (16 USC §1531 et seq.). The Endangered
Species Act, as amended, is intended to prevent the further decline of endangered and threatened
species and to restore these species and their habitats. The Act is jointly administered by the
U.S. Departments of Commerce and the Interior. Section 7 of the Act requires consultation with
the U.S. Fish and Wildlife Service to determine whether endangered and threatened species or
their critical habitats are known to be in the vicinity of the proposed action.

Migratory Bird Treaty Act, as amended (16 USC §703 et seq.). The Migratory Bird
Treaty Act, as amended, is intended to protect birds that have common migration patterns
between the United States and Canada, Mexico, Japan, and Russia. It regulates the harvest of
migratory birds by specifying things such as the mode of harvest, hunting seasons, and bag limits.
The Act stipulates that it is unlawful at any time, by any means, or in any manner to “kill . . . any
migratory bird.” Althou; no permit for this project is required under the Act, DC._is re 1iired
to consult with the U.S. Fish and Wildlife Service regarding impacts to migratory birds and to
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operation of SNF facilities within the DOE Complex are listed in Table 7-1. The following
sections provide a brief discussion of selected orders:

DOE Order 5440.1E, National Environmental Policy Act Compliance Program. This
order establishes authorities and responsibilities of DOE officials and sets forth internal
procedures for implementing the National Environmental Policy Act. This order was issued by
DOE on November 10, 1992, '

DOE Order 5480.1B, Environment Safety and Health ogram for Department of
Energy Operations. This order establishes the Environment, Safety and Health Program for
DOE operations.

7.2.4 Hazardous and Radioactive Materials Transportation Regulations

Transportation of hazardous and radioactive materials, substances, and wastes are
governed by the U.S. Department of Transportation, U.S. Nuclear Regulatory Commission, and
U.S. Environmental Protection Agency regulations. These regulations may be found in 49 CFR
Parts 171 through 178, 49 CFR Parts 383 through 397, 10 CFR Parts 71, and 40 CFR art 262,
respectively.

U.S. Department of Transportation regulations contain requirements for identifying a
material as hazardous or radioactive. These regulations interface with those of the U.S. Nuclear
Regulatory Commission or U.S. Environmental Protection Agency regulations for identifying
material, but the U.S. Department of Transportation hazardous material regulations govern the
hazard communication (such as marking, hazard labelling, vehicle placarding, and emergency
response telephone number) and shipping requirements (such as required entries on shipping
papers or U.S. Envir ro ion. cy v

U.S. Nuclear ..cgulatory Commission regulations applicable to radioactive materials
transportation are found in 10 CFR Part 71, which includes detailed packaging design
requi nents and package certification testing requirements. Complete documentation of design
and safety analysis and results of the required testing is submitted to the U.S. Nuclear Regulatory
Commission to certify the package for use. This certification testing involves the following
components: heat, physical drop onto an unyielding surface, water submersion, puncture by
dropping package onto a rigid spike, and gas tightness. Some of the required tests sim ite
maximum credible accident conditions.
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Table 7-1.

DOE Order

OE orders relevant to the DOE Spent Nuclear Fue. ianagement Program.

Subject

1300.2A
1360.2B
1540.2

3790.1B
43304A
4700.1

5000.3B

5400.1
5400.2A
5400.3
5400.4

5400.5

5440.1E
5480.1B

5480.3

5480.4

5480.5
5480.6
5480.7A
5480.8A
5480.9
5480.10
5480.11
5480.15

5480.17

Department of Energy Technical Standards Prooram (5-19-92)

Unclassified Computer Security Program (5-1¢

Hazardous Material Packaging for Transport-
(9-30-86; Chg. 1, 12-19-88)

Federal Employee Occupational Safety and H
Maintenance Management Program (10-17-90
Project Management System (3-6-87)

Occurrence Reporting and Utilization of Ope
(4-9-92)

General Environmental Protection Program (:
Environmental Compliance Issue Coordinatio:
Hazardous and Radioactive Mixed Waste Proy

Comprehensive Environmental Response, Cot
Requirements (10-6-89)

Radiation Protection of the Public and the Er
(2-8-90; Chg. 2, 1-7-93)

National Environmental Policy Act Complianc

Environmental, Safety and Health Program fo
Chg. 4, 3-27-90)

Safety Requirements for the Packaging and T
Materials, Hazardous Substances, and Hazard«

Environmental Protection, Safety, and Health
(5-15-84; Chg. 4, 1-7-93)

I “zty of Nuclear Facilities (9-23-86)

Safety of Department ol «.lergy — vned Nucl
Fire Protection (2-17-93)

Contractor Occupational Medical Program (6-
Construction Safety and Health Program (11-
Contractor Industrial Hygiene Program (6-26-

istrative Procedures

Program { 7-93)

s Information

8; Chg. 1, 6-29-90)

ata 1-31-89)

2-22-89)

ation, and Liability Act

ment

gram (11-10- )
= Operations (9-23-86;
rtatic  of F :ardous

astes 71-9-8
ction Stand s

:actors (

Radiation Protection for Occupational Worke.. ,.--21-88; Chg. 2, 6-29-90)

Department of Energy Laboratory Accreditat” 1 Program for Personnel

Dosimetry (12-14-87)
Site Safety Representatives (10-05-88)
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U.S. nvironmental Protection Agency regulations pertainir to hazai »us waste
transportation are found in 40 CFR Part 262. These regulations de  with the use of the
U.S. Environmental Protection Agency waste manifest, which is the .aipping paper for
transporting Resource Conservation and Recovery Act hazardous v-ste.

7.2.5 Current Status of Spent Nuclear Fuel

Historically, DOE chemically reprocessed SNF to recover valuable products and
fissionable materials, and as such, the SNF was not a solid waste u  zr the Resource
Conservation and Recovery Act.

World events have resulted in significant changes in DOE” irection and operations. In
particular, in April 1992 DOE announced the phase-out of reproc: ing for the recovery of
special nuclear materials. With these changes, DOE’s focus on m¢  of its SNF has changed from
reprocessing and recovery of materials to storage and ultimate disf __ition. This in turn has
created uncertainty in regard to the regulatory status of some of DOE'’s SNF relative to the
Resource Conservation and Recovery Act.

DOE has initiated discussion with the U.S. Environmental rotection Agency on the
potential applicability of the Resource Conservation and Recover \ct to SNF. Further
discussions with U.S. Environmental Protection Agency Headquar :s and regional offices and
state regulators are ongoing to develop a path forward toward me ng any Resource
Conservation and Recovery Act requirements that might apply.
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Centralization alternative _  itinued)
Oak Ridge Reservation, 3.1.5.4
Other generator/storage sites, 3.1.5.7
Savannah River Site, 3.1.5.3
characterization, environmental, (  ipter 4
see also affected environment and site appendices
Clean Air Act, 7.2.1
Clean Water Act, 7.2.1
comparison of alternatives, see alternative comparisons
Comprehensive Environmental Response,
Compensation, and Liability Act, 7.2.1
consultations, 7.1
cost of implementation, comparison, 3.3.6
cultural resources
characterization, see site appendices
impacts, 5.2.2
mitigation measures, 5.7.3
cumulative impacts, 5.3
programmatic, 5.3.1
site-specific, 5.3.2
air quality, 53.2.3
biotic resources, 5.3.2.4
energy/utilities, 5.3.2.7
land use, 5.3.2.1
occupational and public health, 5.3.2.5
socioeconomics, 5.3.2.2
transportation, 5.3.2.6
waste generation, 5.3.2.8

D-

Decentralization alternative
consequences, 5.1.3
description, 3.1.2
SNF distribution, location, and inventory, Fig. 3-2
summary, Table 3-2

Decentralization alternative, by site, 3.1.2
Hanford Site, 3.1.2.1
Idaho National Engineering Laboratory, 3.1.2.2
Naval Nuclear Propulsion Program, 3.1.2.6
Nevada Test Site, 3.1.2.5
Oak Ridpe Reservation, 3.1.2.4
Other ge storage sites, 3.0 7
Savannat ite, 3.1.2.3

disposition technologies (SNF), 1.1.3.4

DOE orders and regulations, 7.2.3, Table 7-1

DOE test and experimental reactors, 4.7.1, App. E
Argonne National Laboratory-East, 4.7.1.4
Brookhaven National Laboratory, 4.7.1.1

Los Alamos National Laboratory, 4.7.1.2
DOE test and experimental reactors (continued)
Sandia National Laboratories, 4.7.1.3
domestic research and test  ctors, 4.7.2,
Table 1-2, App. E
Massachusetts Institute of Technology, 4.7.2.2
National Institute of Standards and Technology,
4721
SNF management and inventories, 1.1.2.5,
Table 1-2
University of Missouri, 4.7.2.3

-B-

ecological resources
characterization, see site appendices
impacts, 5.2.7
mitigation measures, 5.7.7
electricity, as key discriminator, 5.1.1.2
1992/1993 Planning Basis, 5.1.4.2
Centralization, 5.1.6.2
Decentralization, 5.1.3.2
No Action, 5.1.2.2
Regionalization, 5.1.5.2
eliminated alternatives, 3.2
Emergency Planning and Community Right-to-Know
Act, 7.2.1
employment, alternative comparison, 3.3.3;
Fig. 3-11, -12
Endangered Species Act, 7.2.1
environment, affected, see affected environment
environmental consequences, Chapter 5
1992/1993 Planning Basis Alternative, 5.1.4
background, 5.1.1
Centralization alternative, 5.1.6
cumulative, 5.3, see also cumulative impacts
data, App. K
Decentralization alternative, 5.1.3
key discriminator disciplines, 5.1
materials and waste management, 5.1.1.3
occupational and public health and
safety, 5.1.1.4
socioeconomics, 5.1.1.1
transportation, 5.1.1.5
utilities, 5.1.1.2
No Action alternative, 5.1.2
Regionalization alternative, 5.1.5
supporting analyses, see site appendices
unavoidable adverse, 5.4
environmental impact statements, SNF-related, 1.2
environmental regulations, Chapter 7
Environmental Restoration and Waste Management
Programmal 21
tive Ord

F-

Federal environmental regulations, © |
Federal Facility Compliance Act, 7.2.1

foreign reactors, 1.2.4, 1.1.2.5
Fort St. Vrain
characterization, 4.7.3.2, App. E
SNF management and inventories, 1.1.2.5,
Table 1-3

G-

generation sites (SNF), 1.1.2, Fig. 1-2
geologic resources
characterization, see site appendices
impacts, 5.2.4
glossary, App. H
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CFR
DOE
EIS

ECF
EIS
HS
INEL
MEI
NNPP

ORR
PEIS
SNF
SRS
TRIGA

Appendix G
Acronyms/Abbreviatiol

Code of Federal Regulations

U.S. Department of Energy

environmental impact statement
environmental assessment

Expended Core Facility

Environmental Impact Statement

Hanford Site

Idaho National Engineering Laboratory
maximally exposed individiual \

Naval Nuclear Propulsion Program

Nevada Test Site

Oak Ridge Reservation

Programmatic Environmental Impact Statemen
spent nuclear fuel

Savannah River Site

training, research, and isotope reactors built by
metric tons of heavy metal

1eral Atomic
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research reactor A nuclear reactor used for research and development.

Resource Conservation and Recovery Act (RCRA) A Feder law addressing the
management of waste. Subtitle C of the law addresses hazardous waste under which a waste must
either be “listed” on one of the U. S. Environmental Protection Agency’s (EPA’s) hazardous
waste lists or meet one of EPA’s four hazardous characteristics of ignitability, corrosivity,
reactivity, or toxicity, as measured using the toxicity characterization leaching procedure (TCLP).
Cradle-to-grave management of wastes classified as RCRA hazardous wastes must meet stringent
guidelines for environmental protection as required by the law. These guidelines include
regulation of transportation, treatment, storage, and disposal of RCRA defined hazardous waste.
Subtitle D of the law addresses the management of nonhazardous, nonradioactive, solid waste
such as municipal wastes.

retrieval The process of recovering wastes that have been stored or disposed of onsite so they
may be appropriately characterized, treated, and disposed of.

risk Quantitative expression of possible loss that considers both the probability that a hazard
causes harm and the consequences of that event.

safety analysis report A report, prepared in accordance with DC  Orders 5481.1B and
5480.23, that summarize the hazards associated with the operation of a particular facility and
defines minimum safety requirements.

sanitary waste Liquid or solid wastes that are generated as a result of routine operations of a
facility and are not considered hazardous or radioactive.

saturated zone That part of t rth’s ¢ :in whit  all uraliy il ds !
with water.

scaling factor A multiplier that allows the inference of one radionuclide concentration from
another that is more easily measured.

segregation The process of separating (or keeping separate) individual waste types and/or
forms in order to facilitate their cost-effective treatment and storage or disposal.

seiche A wave that oscillates in partially or totally enclosed bodies of water from a few minutes
to a few hours, caused by seismic or atmospheric distu ances.

sole source aquifer A designation granted by the U. S. Environmental Protection Agency
when groundwater from a specific aquifer supplies at least 50 percent of the drinking water for
the area overlying the aquifer. Sole source aquifers have no alternative source or combination of
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waste management The planning, coordination, and direction of those functions related to
generation, handling, treatment, storage, transportation, and disposal of waste, as well as
associated surveillance ar maintenance activities.

waste management facility All contiguous land, structures, other appurtenances, and
improvements on the land, used for treating, storing, or disposing of waste or spent nuclear fuel.
A facility may consist of several treatment, storage, or disposal operational units (for example, one
or more landfills, surface impoundments, or combinations of them).

waste management program A systematic approach to organize, direct, document, and assess
activities associated with waste generation, treatment, storage, or disposal. A waste management
program consists of all the functional elements, organizations, and activities that comprise the
system needed to properly manage waste. These functions and activities can be performed by
various organizations.

waste management systems assessment A systems assessment of the entire low :vel waste
management (or all of waste management) structure/program at a given site that considers
treatment, storage, disposal, as well as on- and offsite points of generation with an emphasis on
optimization of all aspects of the operations, including, but not limited to, protection of uman
health and the environment, regulatory compliance, and cost effectiveness.

waste minimization An action that economically avoids or reduces the generation of waste by
source reduction, by reducing the toxicity of hazardous waste, by improving energy usage, or by
recycling. These actions will be consistent with the general goal of minimizing present and future
threats to human health, safety, and the environment.

water pool A type of facility lly used for :storage of diated nuc
spent = 1. The water shields the material ing stored while allowing it to be accessible for
handling. Sometimes referred to as a water pit.

wet storage Storage of spent nuclear fuel in a pool of water, generally for the | irposes of
cooling and/or shielding.
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marking, and placarding. There are also requirements that specify e maxim -1 dose rate
associated with radioactive material shipments, which help to reduce incident-__ze transportation
doses.

The Federal Emergency Management Agency is responsible for estab' -hing policies for,
and coordinating civil emergency management, planning and interaction with r-ederal executive
agencies that have emergency response functions in the event of a SNF transportation incident.
The Federal Emergency Management Agency coordinates Federal and state participation in
developing emergency response plans and is responsible for the development of the in  :im
Federal Radiological Emergency Response Plan. The Federal Radiological mergency Response
Plan is designed to coordinate Federal support to state and local governments, upt  request,
during the event of a SNF transportation incident.

The Interstate Commerce Commission is responsible for 1 : regulation of = economic
aspects of SNF transportation for land shipments. The commissic issues operatii authorities to

carriers and also monitors and approves freight rates.

Spent nuclear fuel is transported in Type B packages, which are designed and constructed
to retain their radioactive contents in both normal and severe ac lent conditions.

Under normal conditions a cask must withstand:

. Hot (100°F) and Cold (-40°F)

. External pressure changes from 3.5 to 20 pounds per inch

. Normal vibration experienced during transportation

. Simulated rainfall of 2 inches per hour for 1 hour

. Free fall from 1 to 4 feet, depending on the pac! e weight

e Water immersion-compression tests

. Impact of a 13 pound steel cylinder with rounde ends dropped from 40 inches

onto the most vulnerable surface of the cask.
Under accident conditions a cask must withstand:

. Free drop for 30 feet onto an unyielding surface in a way most likely to cause
damage to the cask '
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and targets would not be transported. Generally, aluminum SNF would be transported to the
Savannah River Site and stainless steel SNF would be transported to the Idaho National
Engineerir/lg Laboratory. For the Regionalization by Geography alternative, SNF from west of
the Mississippi River would be transported to the Hanford Site, the Idaho National Engineering
Laboratory, or the Nevada Test Site. SNF from east of the Mississippi River would be
transported to the Savannah River Site or the Oak Ridge Reservation.

For the Centralization alternatives, all S.v.- would be transported to the Hanford Site, the
Idaho National Engineering Laboratory, the Savannah River Site, the Oak Ridge Reservation, or
the Nevada Test Site. The primary difference between these alternatives, in terms of shipments,
is the shipment of N Reactor SNF, Naval-type SNF, and Savannah River Site production reactor
SNF and targets. For Centralization at the Idaho National Engineering Laboratory, the Savannah
River Site, the Oak Ridge Reservation, or the Nevada Test Site, N Reactor SNF would be
transported from the Hanford Site. For Centralization at the Hanford Site, the Idaho National
Engineering Laboratory, the Oak Ridge Reservation, or the Nevada Test Site, Savannah River
Site production reactor SNF and targets would be transported. For Centralization at the Hanford
Site, the Savannah River Site, the Oak Ridge Reservation, or the Nevada Test Site, Naval-type
SNF would be transported from the Idaho National Engineering Laboratory. For Centralization
at the Oak Ridge Reservation or the Nevada Test Site, N Reactor SNF, Naval-type SNF, and
Savannah River Site production reactor SNF and targets would be transported.
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Table I-7. Cumulative doses an
Basis alternative (1995 to 2035).

he effects from incident-free transportation of spent nuclear fuel for the 1992/1993 Planning

Spent nuclear fuel type

University? Foreign® DOE®4 Total
Truck Rail Truck Rail Truck Rail Truck Rail

Occupational

Maximum individual dose (rem) 43 18 54 22 62 1.0 160 5.0

Collective dose (person-rem) 59 16 63 19 66 73 190 42

Estimated latent cancer fatalities 0.024 0.0064 0.025 0.0076 0.026 0.0029 0.076 0.017
General population

Maximum individual dose (rem) 0.21 0.87 0.26 1.1 0.30 0.50 0.78 24

Collective dose (person-rem) 140 29 150 29 140 12 430 70

Estimated latent cancer fatalities 0.070 0.015 0.075 0.015 0.070 0.0060 0.22 0.035

Estimated nonradiological fatalities® 0.0025 0.0058 0.0052 0.0098 0.0027 0.0032 0.010 0.019

a. Maheras (1994a).
b. Maheras (1994b).
¢. Maheras (1994c).

d. DOE spent nuclear fuel includes
e

e. Occupational incident-free nonr:

case commercial, DOE research, other domestic research, graphite, N Reactor, Naval-type, and Savannah
‘see Tables I-2, 1-3).

lo I fatalities are included with the general population incident-free nonradiological fatalities.













661

I XIANZ4dV ‘T FNNTOA

Table I-10. Cumulative doses and health effects from incident-free transportation of spent nuclear fuel] for the Regionalization

by Geography at the Idaho National Engineering Laboratory and the Savannah River Site subalternative (1995 to 2035).

Spent nuclear fuel type

Occupational

Maximum individual dose (rem)
Collective dose (person-rem)

Estimated latent cancer fatalities

General population

Maximum individual dose (rem)
Collective dose (person-rem)
Estimated latent cancer fatalities

Estimated nonradiological fatalities®

o

. Maheras (1994a).
b. Maheras (1994b).

c. Maheras (1994c).

University? Foreign® DOES4 Total
Truck Rail Truck Rail Truck Rail Truck Rail
23 1.8 28 22 110 3.2 160 72
54 15 41 16 140 21 240 52
0.022 0.0060 0.016 0.0064 0.056 0.0084 0.096 0 1
0.21 0.87 0.26 I.1 1.0 1.6 1.5 3.6
120 28 94 22 320 25 530 75
0.060 0.014 0.047 0.011 0.16 0.013 0.27 0.038
0.0023 0.0056 0.0041 0.0064 0.0042 0.0044 0.011 0.016

d. OE spent nuclear fuel includes special case commercial, DOE research, other domestic research, graphite, N Reactor, Naval-type, and Savannah
River production reactor spent nuclear fuel (see Tables 1-2, I-3).

€. Occupational incident-free nonra ogical fatalities are included with the general population incident-free nonradiological fatalities.























































Table 0. Radionuclide inventory for representative Savannah
River >ite production reactor spent nuclear fuel.

Isotope Inventory
(curie)

H-3 1.21 x 10!
Kr-85 2.62 x 107
Sr-90 3.21 x 10
Y-90 3.21 x 103
Ru-106 7.64 x 10°
Rh-106 7.64 x 10°
Cs-134 1.48 x 102
Cs-137 3.18 x 10°
Ba-137m 3.01 x 103
Ce-144 1.51 x 10!
Pr-144 | 1.51 x 10
Pm-147 1.07 x 10?
Pu-238 6.84 x 10!
Pu-239 7.69 x 10!
Pu-240 5.23 x 10!
Pu-241 9.52 x 10!
Am-241 1.97 x 10°

a. Inventory based on one fuel assembly from a tritium producing
charge, ) years cooling out of reactor.
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xable I-22. Radionuclide inventory for representative Fort St. Vrain reactor
graphite spent nuclear fuel.?

Inventory

Isotope (curie)
Kr-85 2,352
Sr-90 15,660
Rh-106 594
Ru-106 594
Sb 25 336
« 134 7,452
7 16,524

- 144 3,768
Pr-144 3,768
Pm-147 6,324
Sm-151 54
Eu-154 948
Eu-155 138
232 18
U-233 24
Pu-238 420
Pu-241 306

a. Inventory based on six Fort St. Vrain fuel blocks, 1600 days cooling out of
reactor, average burnup of 70,0 megawatt-days per metric ton uranium.
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10-year cooling me is conservative because the majority of special case commercial SNF
currently in storage at DOE sites will be at least 10 years old by June 1995.

Domestic university rese :h and test reactors represent a variety of reactor types and fuel
designs. High-enriched training, ‘:search, and isotope reactor (TRIGA) SNF was chosen as
representative « university reactor SNF because it is one of the largest groups of university SNF
to be transported and because it is a rod type fuel that would be expected to have the highest
release of fission products under severe accident conditions. The radionuclide inventory of high-
enriched TRIGA fuel was calculated using the ORIGEN2 computer code (Croff 1980) assuming a
17-year reactor operating cycle based on operation of the Texas A&M University TRIGA reactor.
Table I-24 shows the radionuclide inventory representative of university research and test reactor
SNF1 don'  RIGAfuelr irr "ited to an average burnup of 20.2 per 1t and assuming
a cooling time « year.

DOE research and test reactors are also represented by a variety of reactor types and fuel
designs. Experimental Breeder Reactor No. 2 Mark-5 SNF was chosen as representative of DOE
research and test reactors because the reactor at the Idaho National Engineering Laboratory is
one of the few DOE research and test reactors still operating. Mark-5 fuel is the current
generation of Experimental Breeder Reactor No. 2 fuel types. The high plutonium content of
Mark-5 fuel increases the relative hazard of the radionuclide inventory compared to other DOE
SNF types. The radionuclide inventory of the Mark-5 fuel was calculated using the ORIGEN2
computer code assuming a typic. Experimental Breeder Reactor No. 2 operating cycle. Table
I-25 shows the radionuclide inventory representative of DOE research and test reactor SNF based
on one Mark-5 fuel assembly irradiated to a burnup of 7.88 percent and assuming a cooling time
of 1 year.

Foreign research and test reactor types and fuel designs also are widely variable.
Australian HIFAR SNF was chosen as representative of this group because of its high enrichment
and high burnup, which results in high fission product inventories in the spent fuel. The |
radionuclide inventory was calculated using the ORIGEN2 computer code assuming high-enriched
(80 percent) aluminum plate-type fuel elements irradiated at a peak reactor power level of
10 megawatts to an average fuel urnup of 40 percent. Table I-26 shows the radionuclide
inventory representative of foreign research and test reactor SNF after a cooling time of 3 years.

Non-DOE research reactor types are generally similar to domestic university research and
test reactors. Therefore, TRIGA reactor SNF was also chosen as representative of non-DOE
research reactor SNF. '
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~ Table I-25. Radionuclide inventory for representative DOE research/test reactor spent nuclear

fuel.®

Isotope

a. Inventory based on EBR [ Mark-5 fuel, 1 year cooling out of reactor, total burnup of 317

H-3
Mn-54
Fe-55
Co-58
Co-60
Sr-89
Sr-90
Y-90
Y-91
Zr-95
Nb-95
Ru-103
Rh-103m
Ru-106
Rh-106
Sn-123
Sb-125
Te-125m
Te-127m

megawatt-days.

Inventory Inventory
(curie per assembly) Isotope (curie per assembly)
7.98 x 10° Te-127 3.32 x 10!
7.48 x 103 Te-129m 1.14 x 10°
6.12 x 10? Cs-134 9.15 x 10
1.25 x 10? Cs-137 1.04 x 10°
3.55 x 10° Ba-137m 9.80 x 10?
9.75 x 10 ~ 141 1.49 x 10
1.45 x 10? Ce-144 7.76 x 10°
7.23 x 10? Pr-144m 1.11 x 10?
7.23 x 10? Pr-144 7.76 x 10°
3.67 x 107 Pm-147 2.65 x 10°
7.00 x 10? Sm-151 2.91 x 10!
1.52 x 10 Eu-155 1.00 x 10?
4.88 x 10 U-235 2.90 x 103
4.40 x 10! U-236 3.34 x 103
3.65 x 10 Pu-238 1.48 x 10°
3.65 x 10° Pu-239 4.05 x 10!
2.48 x 10! Pu-240 3.61 x 10
1.21 x 10? Pu-241 1.39 x 103
2.96 x 10 Am-241 4.74 x 10°

3.37 x 10!
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Table 1-28. Release fractions for transportation accidents involving aluminum and metallic spent nu :ar fuel types?
for the U.S. Nuclear Regulatory Commission Modal Study cask response regions.

Release fraction®

__C sponse region Inert gas Iodine Cesium I ! Particulates
R(1,1) 0.0 0.0 0.0 0.0 0.0
R(1,, R(1,3) 9.9 x 103 1.1 x 107 3.0 x 108 1 x 107 3.0 x 1010
R(2,1),R(2,2),R(2,3) 3.3 x 102 3.5 x 107 1.0 x 107 1.4 x 108 1.0 x 107
R(1,4),R(2,4),R(3,4) 3.9 x 101 6.0 x 10 1.0 x 10" 4 x 107 1.0 x 108
R(3,1),R(3,2),R(3,3) 3.3 x 10! 3.5 x 10 1.0 x 10 4 x 107 1.0 x 108
R(1,5),R(2,5),R(3.5), 6.3 x 10™! 6.0 x 107 1.0 x 107 2.4 x 10°® 1.0 x 107
R(4,5),R(4,1),R(4,2),

R(4,3),R(4,4)

a. These release fractions are applicable to the following SNF types:
1. N Reactor
2. Savannah River Site production reactor
3. DOE research/test reactor
4. Foreign research/test reactor

b. Derived from Shibata et al. (1984) and U.S. Nuclear Regulatory Commission Modal Study 7is er et al. 1987).































Table I-38. SNF transportation accident risks for the Regionalization by Geography
subalternative (Idaho National Engineering Laboratory and Oak Ridge Reservation)
(1995 to 2035).

D Latent Traffic
Transport mode (person-rem) Cancer fatalities? fatalities?
Truck 0.25 0.00013 0.09
Rail 0.04 2.0 x 107 0.084

a. Estimated number of latent fatal cancers as a result of radiation dose from transportation
accidents.

b. Estimated number of fatalities from nonradiological effect of transportation accident, for
examj  phvsical impact.

Table I-39. Health effects from maximum reasonably foreseeable offsite SNF transnortation
accident under the Regionalization by Geography subalternative (Idaho National ._.gineering
Laboratory and Oak Ridge Reservation) (1995 to 2035).

Alternative: Regionalization by Geography (INEL & ORR)

Maximum reasonably foreseeable accident: Special case commercial SNF shipment by rail

Population zone: Suburban (neutral) and rural (stable)?

Maximum reasonably foreseeable accident probability: 2.7 x 107 per year with neutral meteorology, 1.8 x 107 per
year with stable meteorology

- a - il
Doses and health  Transport Population Maximum exposed individna

effects mode utral® Stable® Neutral® Stable®
Dose Rail 13,000 person-r 3,500 person-rem 54 rem 180 rem
Latent cancer
fatalities® Rail 7 2 0.027 0.09

a. The maximum reasonably foreseeable accident occurs in a suburban population zone under neutral weather
conditions. The accident probability is less than 1 x 107 per year under stable weather condmons, except in a rural

population zone. For urban population zones, the accident probability is less that 1 x 107 per year for both neutral
and stable weather conditions.

b. Neutral meteorological conditions occur greater than 50 percent of the time.

c. Stable meteorological conditions occur less than 5 percent of the time and result in less atmospheric dispersion of
radioactivity released to the atmosphere.

d. Results expressed as the estimated number of latent fatal cancers expected in the impacted population as a result
of the radiation dose; for the maximally exposed individual, results express the probability of contracting fatal cancer
as a result of the radiation dose. Fatal cancer risk factor: 5 x 10~ fatal cancers per person-rem (ICRP 1991).
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Table 1I-55 sumr—arizes the doses and health effects from the maximum reasonably
foreseeable consequer._ > assessment.

Centralization at Nevada Test Site. Under this alternative, SNF currently stored at ther
DOE sites, Fort St. Vrain, university, foreign, and non-DOE research reactors is eventually
transported to the Nevada Test Site. The analysis evaluates impacts assuming either all shipments
by truck or all shipments by rail.

The cumulative accident risk for transportation by truck was calculated to be 0.00045
latent cancer fatality and 0.33 tra c fatality. The cumulative accident risk measures the total
impact of transportation accidents over the entire shipment campaign (1995 to 2035). The
cumulative accident risk for transportation by rail was calculated to be 6.5 x 10~ latent cancer
fatality and 0.25 traffic fatality. Table I-56 summarizes the transportation accident risks for the
Centralization at . :vada Test Site alternative.

As in the 1992/1993 Planning Basis and Regionalization alternatives, the maximum
reasonably foreseeable transport: on accident involves a rail shipment of special case commercial
SNF. The accident has a probab ty of occurring of about 4.8 x 107 per year under neutral
(normal) weather conditions in a suburban population zone and about 4.7 x 10”7 per year under
stable (worst-case) weather conditions in a rural population zone. The consequences are the
same as those described under the Regionalization by Geography alternative. Table 1-57
summarizes the doses and health effects from the maximum reasonably foreseeable consequence
assessment.
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I-6 MITIGATION OF IMPACTS

The impacts of transportation associated with the alternatives may be mitigated in a
number of different ways. For example, the routes used for truck shipments may be chosen using
U.S. Department of Transportation routing guidelines. These guidelines are designed to reduce
the radiological impacts associated with transportation. The guidelines consider as primary factors
(a) the radiation exposure from incident-free transport, (b) the risk to general population from an
accidental release of radioactive material, and (c) the economic risk from an accidental release of
radioactive material. The guidelines consider as secondary factors (a) emergency response
effectiveness, (b) evacuation capabilities, (c) location of special facilities such as schools or
hospitals, and (d) traffic fatalities and injuries unrelated to the radioactive nature of the cargo.

Potential mitigation is also provided through the use of approved st ment containers.
For shipments containing large amounts of radioactivity, such  SN., Type containers will be
used. These containers are designed to withstand normal transport conditions and hypothetical

«¢ic 1t conditions.

If an accident did occur, Federal, state, local, and Tribal authorities are trained in
emergency response. For example, the Shoshone-Bannock Tribes, the State of Idaho, Bingham
County, Bingham Memorial Hospital, Bannock Regional Medical Center, Pocatello Regional
Medical Center, Idaho Power Company, Intermountain Gas Company, and the U.S. Department
of Energy participated in a comprehensive, cooperative Transportation Accident Exercise held in
Idaho in 1992 (TRANSAX ’92).

The U.S. Environmental Protection Agency has developed protective action guides (EPA
1991) and protective actions that are designed to limit doses in the event of a nuclear incident.
Use of these guides and actions also mitigates the impacts of transportation accidents involving
radioactive material.
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I-7 IMPALTS OF JSING ALTERNATE PORTS OF ENTRY
FOR FOF™'GN RESEARCH REACTOR SPENT NUCLEAR FUEL
SHIPMENTS

DOE (1994) proposed five ports of entry for urgent-relief acceptance of foreign research
reactor SNF: (a) Sunny Point, North Carolina; (b) Wilmington, North Carolina; (c) Jacksonville,
Florida; (d) Charleston, South Carolina; and (e) Savannah, Georgia. Charleston, South Carolina;
Savannah, Georgia; Hampton Roads, Virginia; Seattle-Tacoma, Washington; Portland, Oregon;
and Oakland, California were identified in the Implementation Plan for this EIS and were
analyzed in this: pendix. This section evaluates the impacts of using Sunny Point, North
Carolina; Wilmington, North Carolina; and Jacksonville, Florida, as alternate ports of  ry for
fo 'gnrc uwch ac SNF.

If Sunny Point, North Carolina, were used as a port of entry instead of the six ports
identified in the Implementation Plan, the incident-free collective dose and the accident dose risk
for foreign research reactor SNF shipments would increase by approximately 5 percent for truck
shipments to the Idaho National Engineering Laboratory, Hanford Site, or Nevada Test Site. For
truck shipments to the Savannah River Site, the incident-free collective dose and accident dose
risk would decrease by approximately 16 percent. For truck shipments to the Oak Ridge
Reservation, the incident-free collective dose and accident dose risk would increase by
approximately 2 percent.

For rail shipments from S 1iny Point, North Carolina, the incident-free collective dose and
accident dose ri  for foreign research reactor SNF shipments would increase by approximately
2 percent for sh ments to the Idaho National Engineering Laboratory, Hanford Site, or Nevada
Test Site. For rail shipments to the Savannah River Site, the incident-free collective dose and
accident dose risk ould decrease by approximately 24 percent. For rail shipments to the Oak
Ridge Reservation, the incident-free collective dose and accident dose risk would increase by
approximately 4 percent.

If Wilmington, North Carolina, were used as a port of entry instead of the six ports
identified in the Implementation Plan, the incident-free collective dose and the accident dose risk
for foreign research reactor SNF shipments would increase by approximately 4 percent for truck
shipments to the Idaho National Engineering Laboratory, the Hanford Site, or the Nevada Test
Site. For truck shipments to the Savannah River Site, the incident-free collective dose and
accident dose ri  would decrease by approximately 22 percent. For truck shipments to the Oak
Ridge Reservation, the incident-free collective dose and accident dose risk would decrease by
approximately 4 percent.

For rail shipments from Wilmington, North Carolina, the incident-free collective dose and
accident dose risk for foreign research reactor SNF shipments would increase by less than
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Table I-58. (continued).

Category

Summary
Historical
Spent nuclear fuel shipments for
Alternatives 1-5

Truck
Train

Reasonably foreseeable actions
Truck
Train

General transportation (1943 to 2035)

Total collective dose
Total latent cancer fatalities

Collective
Collective general
occupational population
dose dose
(person-rem) {person-rem)
200 110
1.5 to 980 - 0.34 to 2,200
1.5 to 120 0.34 to 170
11,000 50 000
1 .
310,000 270,000
320,000 320,000
130 160

a. Shipments from Turkey Point Power Plant in Florida to the Engine Maintenance, Assembly, and Disassembly

Facility at the Ne  a Test Site.

b. Naval SNF and test specimen shipments based on a combination of truck and rail transport.

c. Shipments based on 100 percent tr: port by truck or 100 percent transport by rail.

d. Reference: DOE (1986)

e. Reference: DOE (1990)

f. The maximum rail case is based on rail transport where rail access is available and truck transport where rail access

is not available.

g Reference: U (1984)

h. Reference: DOE (1994). The shipments for this action are limited to a maximum of 15.
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Using census data for 1990 overestimates historical collective doses because the United States
population has continuously increased over the time covered in these assessments. Basing
collective dose estimates on the United States highway and rail system as it existed in 1993 may
slightly underestimate doses for shipments that occurred in the 1940s, 1950s, and 1960s, because a
larger portion of the transport routes would have been on non-interstate highways where the
population may have been slightly closer to the road. Data were not available that correlated

ti 1sportation routes and population densities for the 1940s, 1950s, 1960s, and 1970s; therefore, it
was necessary to use more recent data to make dose estimates. By the 1970s, the structure of the
interstate highway system was largely fixed and most shipments would have been made on
interstates.

Shipment data were linearly extrapolated for years when data were unavailable, which also
results in uncertainty. However, this technique was validated by linearly extrapolating the data in
SAIC (1991) for 1973 through 1989 to estimate the number of shipments that took place during
the time period 1964 through 1972 (also contained in SAIC 1991). The 1973 through 1989 time
period cor ide ©  the time period when data were available for the Idaho Chemical
Processing Plant. The data in SAIC (1991) could not be used directly because only shipment
counts are presented for 1964 through 1982 and no origins or destinations were listed for years
be re 1983. Based on the data in SAIC (1991), linearly extrapolating the data for 1973 through
1989 overestimates the shipments for 1964 through 1972 by 20 percent when compared to the
actual shipment counts for 1964 through 1972.

Collective doses for SNF shipments associated with Alternatives 1 through 5 were
summarized previously in this appendix and in Appendix D of this EIS (for Naval spent nuclear
fuel). For truck shipments, the collective dose to workers ranged from 1.5 person-rem (the No
Action Alternative) to 980 person-rem (Centralization at Savannah River), or 0.00060 to 0.39
latent cancer fatalities. Collective dose to the general population ranged from 0.34 person-rem
(the No Action Alternative) to 2,200 person-rem (Centralization at Savannah River), or 0.00017
to 1 latent cancer fatalities. These doses and latent cancer fatalities include shipments of Naval
SNF and test specimens.

For train shipments, the collective dose to workers ranged from 1.5 person-rem (the No
Action Alternative) to 120 person-rem (Centralization at Nevada Test Site), or 0.00060 to 0.048
latent cancer fatalities. Collective dose to the general population ranged from 0.34 person-rem
(the No Action Alternative) to 170 person-rem (Centralization at Savannah River), or 0.00017 to
0.085 latent cancer fatalities. These doses and latent cancer fatalities include shipments of Naval
SNF and test specimens.

Transportation impacts may also result from reasonably foreseeable projects. Two major
proposed projects that involve extensive transportation of radioactive material are: (a) shipments
of SNF and defense high-level waste to a geologic repository, and (b) shipments of transuranic
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J-2 SPENT NUCLEAR FUEL

Individual fue’ :lements and assemblies in nuclear reactors are constructed in many
configurations, but they generally consist of the fuel matrix, cladding, and structural hardware.
The fuel assemblies and structural hardware constitute the reactor core. Section 1.1.2 of
Volume I presents a: mmary description of SNF.

The fuel matrix contains the fissile material (typically uranium as a metal, a metal alloy, or
an oxide). For water-cooled reactors, the matrix form is typically plates or cylindrical pellets.
Typically, for gas-cooled reactors, the matrix is particles, which are an oxide or carbide composite
of the fuel material encapsulated by a ceramic coating.

1 o - ‘m etwop’ 7

1. Protection of the fuel matrix from corrosion by the fluid that removes heat from
the reactor core

2. Containment of radipactive fission products generated within the fuel during

ictor operation.
The degree and rate of cladding corrosion varies with reactor design.

The structural hardware serves both to support the fuel assemblies and to maintain a ...ed
geometry for the fissile materials 1 the reactor core. For example, structural materials fix the
location of the fuel elements rel: ve to one another in a fuel assembly and also fix the location
of the fuel assemblies relative to one another in the reactor core. Structural hardware also
provides mechanical support for the assemblies and the core, as well as providing defined paths
for cooling of the core. These functions are essential to control the nuclear reactions in the
reactor core and to ensure that adequate cooling is provided to all heat-generating regions of the
reactor core.

The characteristics of the fuel elements in a reactor are tailored to the purpose of the
reactor system. Two examples, important to SNF management, are discussed below. One
example is for fuel with high-integrity cladding and the other is for fuel with lesser cladding
integrity. Integrity refers to the corrosion resistance of the fuel to the reactor coolant and/or to
its corrosion resistance in the environment in which it is stored.

. High-Integrity Fuels Used in Naval Reactors and Nuclear Power Plants. Naval
fuels use highly enriched uranium, while nuclear power plant fuels generally use
low-enrichment uranium. These types of reactors use water for cooling the fuel
assemblies. The reactors are operated at high coolant temperatures and pressures.
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