
CHAPTER 4 
 
 

ENVIRONMENTAL IMPACTS OF DOMESTIC 
PROGRAMMATIC ALTERNATIVES 



 



Chapter 4: Environmental Impacts of Domestic Programmatic Alternatives GNEP Draft PEIS 
 

4-1 
 

CHAPTER 4 
ENVIRONMENTAL IMPACTS OF 

DOMESTIC PROGRAMMATIC ALTERNATIVES 
 

Chapter 4 presents the environmental impacts of the domestic programmatic alternatives assessed in this 
Global Nuclear Energy Partnership (GNEP) Programmatic Environmental Impact Statement (PEIS). The 
potential impacts are presented for each alternative, assuming widespread implementation to achieve a 
capacity of approximately 200 gigawatts of electricity (GWe). A comparative analysis of the alternatives 
is also presented for capacities of 100 GWe, 150 GWe, and 400 GWe. This chapter also discusses 
unavoidable adverse impacts, the relationship between short-term uses of the environment and the 
maintenance and enhancement of long-term productivity, and irreversible and irretrievable commitment 
of resources. 
 
This chapter presents the potential environmental impacts of the domestic programmatic 
alternatives described in Chapter 2. Because this Global Nuclear Energy Partnership (GNEP) 
Programmatic Environmental Impact Statement (PEIS) is intended to support policy decisions 
regarding the future course of the U.S. commercial nuclear fuel cycle, the analysis is necessarily 
broad and long-term, focusing on the impacts that would result from implementing each of the 
programmatic alternatives over many decades. For widespread implementation of the 
programmatic alternatives, the impacts are presented as follows: 
 
− Section 4.1 presents the impacts that are common to all the alternatives (e.g., uranium 

mining). Differences in the magnitude of the impacts are discussed, as appropriate, for 
each alternative in Sections 4.2 through 4.7. 

− Section 4.2 presents the impacts of the No Action Alternative—Existing Once-Through 
Uranium Fuel Cycle (No Action Alternative). 

− Section 4.3 presents the impacts of the Fast Reactor Recycle Fuel Cycle Alternative (Fast 
Reactor Recycle Alternative). 

− Section 4.4 presents the impacts of the Thermal/Fast Reactor Recycle Fuel Cycle 
Alternative (Thermal/Fast Reactor Recycle Alternative). 

− Section 4.5 presents the impacts of the Thermal Reactor Recycle Fuel Cycle Alternative 
(Thermal Reactor Recycle Alternative) using Light Water Reactors (LWRs), Heavy 
Water Reactors (HWRs), or High Temperature Gas-Cooled Reactors (HTGRs). 

− Section 4.6 presents the impacts of the Once-Through Fuel Cycle Alternative using 
Thorium (Thorium Alternative).  

− Section 4.7 presents the impacts of the Once-Through Fuel Cycle using Heavy Water 
Reactors (HWR) or High Temperature Gas-Cooled Reactors (HTGR) (HWR/HTGR 
Alternative). 

 
In addition to the analyses presented in Sections 4.1 through 4.7, a comparative summary of each 
fuel cycle alternative is presented in Section 4.8. The environmental impact analysis in this 
chapter is based on a 1.3 percent growth scenario (which would equate to approximately 
200 gigawatts electric (GWe1) in approximately 2060–2070).  

                                                 
1 One GWe is equal to 1,000 megawatts electric 
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At the programmatic level, many of the environmental consequences associated with the 
alternatives vary linearly with the power capacity. For example, if the future power capacity at 
full implementation is 400 GWe instead of 200 GWe, the number of reactors associated with any 
alternative would be twice as many as in the 200 GWe scenario (assuming the same size reactors 
in both scenarios). Many other factors (such as the annual amount of spent nuclear fuel [SNF] 
generated, the annual quantities of wastes generated, and the annual radiological emissions from 
facilities) could be scaled in a similar manner. However, some factors would not vary linearly, 
such as the cumulative amounts of SNF and wastes that would be generated (see Section 4.8.8). 
 
4.1 IMPACTS COMMON TO ALL ALTERNATIVES 
 
This section presents impacts that would be common to each of the domestic programmatic 
alternatives, with a focus on the impacts from uranium mining, uranium enrichment, uranium 
fuel fabrication, disposing of SNF and high-level waste (HLW) in amounts up to the Yucca 
Mountain statutory limit (70,000 metric tons of heavy metal [MTHM]), disposing of low-level 
waste (LLW) and continuation of the Advanced Fuel Cycle Initiative (AFCI). Although these 
impacts would be common to all of the alternatives, this does not mean impacts would be the 
same for each alternative. For example, although each alternative would require uranium 
enrichment, both the quantities of uranium requiring enrichment and the percentage of 
enrichment could be different. Those differences, where notable, are discussed later in the 
chapter. This section also addresses greenhouse gas emissions associated with nuclear power 
capacity in comparison to electricity production from coal and natural gas. Those impacts would 
be the same for each alternative. Section 4.1 is organized as follows: 
 
− Section 4.1.1—Uranium Mining and Milling  
− Section 4.1.2—Uranium Enrichment  
− Section 4.1.3—Uranium Fuel Fabrication  
− Section 4.1.4—Impacts of Disposing of SNF and HLW in Yucca Mountain 
− Section 4.1.5—Impacts of Establishing a Geologic Repository Capacity for Future SNF 

and HLW  
− Section 4.1.6—Impacts of Establishing and Operating Disposal Capacity for Future LLW  
− Section 4.1.7—Impacts of the AFCI 
− Section 4.1.8—Greenhouse Gas Emissions Associated with Electricity Generation 

 
4.1.1 Uranium Mining and Milling 
 
4.1.1.1  Current Uranium Mining and Milling Capabilities in the United States 
 
Background: Although ore containing uranium was mined in the United States as early as the 
late 1800s to obtain radium, and in the early 1900s to obtain vanadium, mining to obtain large 
quantities of uranium did not begin in the United States until the 1940s. At that time, large 
quantities of uranium were needed for use in the nuclear weapons program and later for use as 
fuel for nuclear reactors. With the drop in market price of uranium, beginning in the 1980s, U.S. 
production fell and producers turned to in-situ leaching2 operations as a principal means of 
                                                 
2 In-situ leaching involves injecting solutions directly into the ground that will dissolve the uranium from the ore and then pumping out the 
uranium-containing solution. 
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extracting uranium from ore bodies. By the 1990s, uranium mining almost ceased in the United 
States as other countries increased production at a lower cost. By 2004, according to the U.S. 
Department of Energy’s (DOE) Energy Information Administration (EIA), there were only six 
uranium mines operating in the United States, half of which were in-situ operations. A database 
compiled by the U.S. Environmental Protection Agency (EPA) includes 15,000 specific mine 
locations where uranium has been mined in 14 western states. Most of these locations are in 
Colorado, Utah, New Mexico, Arizona, and Wyoming, with about 75 percent on Federal and 
tribal lands. The majority of these sites were conventional (open pit and underground) mines 
(EPA 2008c). 
 
Although the current United States production of uranium has been steadily increasing since 
2003, Canada produces the largest share of uranium from mines (23 percent of world supply 
from mines), followed by Australia (21 percent) and Kazakhstan (16 percent) (Table 4.1-1). 
Australia has the world’s largest uranium reserves with 40 percent of the Earth’s known supply 
(WNA 2008e).  
 

TABLE 4.1-1—Uranium Production from Mines (tons) 
Country 2002 2003 2004 2005 2006 2007 

Canada 11,604 10,457 11,597 11,628 9,862 9,476 
Australia 6,854 7572 8,982 9,516 7,593 8,611 
Kazakhstan 2,800 3,300 3,719 4,357 5,279 6,637 
Niger 3,075 3,143 3,282 3,093 3,434 3,413 
Russia (est.) 2,900 3,150 3,200 3,431 3,262 3,153 
Namibia  2,333 2,036 3,038 3,147 3,067 2,879 
Uzbekistan 1,860 1,598 2,016 2,300 2,260 2,320 
United States 919 779 878 1,039 1,672 1,654 
Ukraine (est.) 800 800 800 800 800 846 
China (est.) 730 750 750 750 750 712 
South Africa 824 758 755 674 534 539 
Czech Repub. 465 452 412 408 359 306 
India (est.) 230 230 230 230 177 299 
Brazil 270 310 300 110 190 270 
Romania (est.) 90 90 90 90 90 77 
Germany 212 150 150 77 50 45 
Pakistan (est.) 38 45 45 45 45 38 
France 20 0 7 7 5 4 
Total world 36,063 35,613 40,251 41,702 39,429 41,279 

Source: WNA 2008e 
 

Uranium is typically mined using one of three techniques: surface (open pit), underground, or in-
situ leaching (solution mining). The method of extraction is dependent on the grade, size, 
location, and geology of the deposit and is based on maximizing ore recovery within economic 
constraints. A low-grade cutoff point is established on a site-specific basis and depends on 
recovery costs at the site, the market price of the ore, and feed requirements at the mill 
(EPA 1995d). 
 
Open Pit Mining: Open pit mining techniques are employed to exploit ore deposits relatively 
close to the surface of the earth. Topsoil is typically removed separately and stockpiled. 
Overburden, the material under the topsoil and overlying the deposit, is removed using scrapers, 
trucks and loaders, or mechanical shovels. Depending on the extent of consolidation, the 
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overburden may be ripped with bulldozers or blasted prior to removal. Overburden may be 
stockpiled outside the pit or placed in mined-out portions of the pit once pit development has 
progressed to an acceptable point. Mining economics typically require that overburden haulage 
be minimized. Once the ore body is exposed, it is ripped, loaded into trucks, and trucked to an 
onsite stockpile. The ore can then be moved from the stockpile to the mill site as required 
(EPA 1995d).  
 
Piles of so-called waste rock, which often contain elevated concentrations of radioisotopes, are 
produced during the open pit mining of uranium when overburden is removed. A determination 
of what is waste rock and what is ore is based on the technical and economic feasibility of 
removing the uranium from the rock. These piles of waste rock pose hazards to people and the 
environment once the mining activity has been discontinued at a site (EPA 1995d).  
 
Underground Mining: A variety of techniques are employed in underground mining operations 
depending on the distribution and orientation of the ore deposit. In general, underground mining 
involves sinking a shaft near the ore body and extending levels from the main shaft at various 
depths to the ore. Entrances to the mine, shafts, drifts, and cross-cuts are developed to access and 
remove the ore body. Levels and adits often slope slightly upward away from the main shaft to 
encourage positive drainage of any water seeping into the mine. Ore and development rock (the 
non-ore bearing material generated during mining) may be removed either through shaft 
conveyances or chutes, and hoisted in elevators to the surface, or used to backfill mined out 
areas. Ore is placed in stockpiles while development rock brought to the surface is placed in 
waste rock piles (EPA 1995d).  
 
As underground mining techniques are able to leave much of the non-ore bearing material in 
place, the ratio of waste (development) rock to ore is much lower than stripping ratios in open pit 
mines. Ratios of waste rock to ore range from 1:1.5 to 1:16 (EPA 1983). In shallow underground 
mines, ore and waste rock may be brought to the surface by train or conveyor belt. As with 
surface mining operations, ores and sub-grade ores may be stockpiled on the surface. These 
materials may be treated to make them more suitable for extracting ore (or “beneficiated”) as 
market conditions allow or left with mine development rock in waste rock piles (EPA 1995d). 
 
In Situ Leaching: In situ leaching, also known as solution mining, or in situ recovery in the 
United States, involves leaving the ore in place and recovering the minerals from it by dissolving 
them and pumping the solution to the surface where the minerals can be recovered (see 
Figure 4.1-1). There is little surface disturbance and no mill-tailings or waste rock generated; 
however, the ore body needs to be permeable to the liquids used, and located so that the liquids 
do not contaminate groundwater away from the ore body (AUA 2007b). 
 
The design of in situ leaching wellfields varies greatly depending on the local geologic and 
hydraulic conditions such as permeability, sand thickness, deposit type, ore grade, and 
distribution. Whatever the type of pattern used, there is a mixture of injection wells, to introduce 
the leach solution to the ore body, and extraction wells with submersible pumps used to deliver 
solution to the processing plant. Wells are typical of normal water bores. Upon 
decommissioning, wells are sealed or capped, process facilities removed and any evaporation 
ponds revegetated so the land can revert to its previous uses (AUA 2007b).  
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Source: AUA 2007b 

FIGURE 4.1-1—In Situ Leaching Process to Mine Uranium 
 
Uranium Milling: Once the uranium ore is removed from the ground, it is crushed and then 
ground to a fine grain size. Grinding and mixing with water produces a slurry of fine ore 
particles suspended in water. This slurry is leached with either an acid or an alkali, depending on 
the metallurgical characteristics of the ore. Leaching causes the uranium to dissolve in the 
solution. Most of the other minerals in the ore remain undissolved, and these solids, called 
“tailings,” are then separated from the uranium-rich liquid, usually by allowing them to settle 
out. The uranium-rich liquid is filtered to remove any remaining solids and the uranium is then 
recovered by techniques using solvent extraction, ion exchange, or direct precipitation. The 
method used depends on the nature of the particular ore (AAMMPC 2007). 
 
Uranium is finally recovered in a chemical precipitate that is filtered and dried to produce a 
yellow powder known as “yellowcake.” The yellowcake is then heated to about 1292°F (700°C) 
to produce a dark grey-green uranium oxide powder containing more than 98 percent U3O8, and 
then packed in drums for shipment to an enrichment facility (AAMMPC 2007). 
 
Due to technical and economic limitations, not all of the uranium present in the ore can be 
extracted. As a result, uranium-containing sludge or tailings remain at the end of this process and 
are dumped in special ponds or piles. Some of these mill tailing piles in the United States and 
Canada can contain up to 30 million tons of solid material at a single mine location. These piles 
contain many contaminants, most notably high concentrations of radium-226, which 
continuously decays to the radioactive gas radon-222, the decay products of which are known to 
cause lung cancer. Tailing piles are subject to erosion, which can carry the contamination to 
much wider areas. After a rainfall, erosion gullies can form; floods can destroy the whole 
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deposit; plants and burrowing animals can penetrate into the deposit and disperse the material. 
When the surface of the pile dries out, the fine sands of the pulverized rock can be blown by the 
wind over vast areas (AAMMPC 2007). 
 
4.1.1.2 Environmental Impacts of Uranium Mining and Milling 
 
Open pit mining activities may create environmental effects typical of surface disturbances: 
increased runoff as well as increased erosion by wind and water. Dewatering operations 
conducted by surface and underground mines may create groundwater depressions that can 
persist long after the mining ceases. Potential environmental effects from in situ operations are 
primarily groundwater-related. Since surface disturbance is not extensive, the impacts of surface 
operations associated with in situ mining (e.g., drilling wastes and ponds) are not well 
documented (EPA 1995d). 
 
Mill tailings, and particularly the radionuclides contained within, appear to be a major source of 
environmental impact to air, soil, surface water, and groundwater. Findings in the Report to 
Congress: Potential Health and Environmental Hazards of Uranium Mine Wastes indicate that 
the most serious threat to human health is the use of uranium mill tailings in offsite construction 
(EPA 1983). DOE, through Title I of the Uranium Mill Tailings Radiation Control Act 
(UMTRCA), has been conducting remedial activities on tailings generated by 24 uranium mills 
throughout the western United States (with one site in New Jersey). UMTRCA’s Title II licenses 
place requirements on operations and closure at currently operating (and inactive) mills 
(EPA 1995d). The closing of uranium mines is regulated by Title II of UMTRCA. In other 
instances, the EPA and states use the Clean Air Act and Clean Water Act regulations to limit 
some mining activities (EPA 1995d). The general impacts associated with uranium mining and 
milling are presented below. 
 
Land Resources: Uranium mines and mills are typically greater than 1,000 acres (405 hectares 
[ha]) in size. However, the size of a uranium mine is very dependent upon the site-specific ore 
deposits and the type of mining used.  

Visual Resources: Visual impacts are highly dependent upon the mining method used. Deposits 
up to approximately 300 feet (ft) (91 meters [m]) below the surface are generally mined through 
open pit mining, which can create large crater-like pits (see Figure 4.1.1.2-1). Deeper reserves 
are normally accessed through underground mining or in-situ leaching, which have the potential 
to create less visual impacts. However, as shown in Figure 4.1-1, surface facilities (such as 
power stations, control rooms, and evaporation ponds) are generally needed. 
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Source: WISE 2008 

FIGURE 4.1.1.2-1—Typical Open Pit Uranium Mine 
 
Air Resources: Underground uranium mines produce exhaust, which typically contains 
measurable concentrations of radon-222 from the ore. The concentration of radon-222 in mine 
exhaust varies depending on ventilation rate, mine volume, mine age, grade of exposed ore, size 
of active working areas, moisture content and porosity of rock, barometric pressure, and mining 
practices. A previous EPA study indicates that higher radon-222 emission rates occur at older 
mines, probably because there are larger surface areas of exposed ore. By properly capping the 
exhaust vents and sealing the shaft and mine entrances with bulkheads, radon emission rates 
from inactive or closed underground mines can be dramatically reduced (EPA 1995d). 
 
Aboveground sources of radon-222 at both underground and surface extraction and beneficiation 
operations include emanation from ore, waste rock, overburden (at surface mines only), and 
tailings. The amount of radon emitted from these materials into the surrounding atmosphere can 
depend on, among other things: the exposed surface area of the units in which the materials are 
located; the grade of material; the control mechanisms used; and, in the case of tailings, the 
method of deposition (EPA 1995d). When the development drill penetrates the ore body, the ore 
and sub-ore formations in the drill hole become exposed to air. Consequently, the radon 
emanates from the ore into the drill hole and can escape into the atmosphere (EPA 1995d). 
 
A primary source of air contamination at mine sites is fugitive dust emissions from mine pits and 
underground workings, overburden, mine rock dumps, ore, sub-ore, and haul roads. Tailings may 
also be a potential source of fugitive dust when particulates are transported by wind. Dust 
emissions vary depending on factors such as moisture content, number and types of equipment 
operating, and climate. The movement of heavy-haul haul trucks can be a source of dust at most 
uranium mines. To minimize fugitive dust, haul roads are frequently sprinkled with water during 
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dry periods or dust suppressants are applied. During the active life of the mine, water may be 
applied to these piles to control dust and prevent entrainment. After mine closure, revegetation or 
other stabilizing methods may be used to control dust. Potential contaminants are heavy metals 
and other toxics (EPA 1995d). 
 
Water Resources:  
 
Surface Water: Surface, in situ, and underground mines are frequently dewatered to allow for 
the extraction of ore. Dewatering can be accomplished in two ways: 1) pumping from 
groundwater interceptor wells to lower the water table; and 2) pumping directly from the mine 
workings. At the end of a mine's active life, pumping typically is stopped and the pit or 
underground workings are allowed to fill with water. The mine water may be contaminated with 
radioactive constituents, metals, and suspended and dissolved solids (EPA 1995d). 
 
When mine water is discharged to surface waters, it can change the quality of the surface water. 
Elevated concentrations of metals and radionuclides, constituents typical of mine waters, have 
been detected in surface waters near uranium mines (EPA 1983). In arid climates, like New 
Mexico, the discharge of mine water to a receiving stream can significantly change the 
hydrologic conditions of the receiving body. Typically, mine water is discharged to ephemeral 
streams in arid climates. The mine waters have, in some instances, transformed ephemeral 
streams to perennial streams (EPA 1995d). 
 
These newly created perennial streams often lose flow to subsurface alluvial material which 
recharges shallow alluvial aquifers. Studies have documented that infiltration of uranium mine 
dewatering effluents have been accompanied by a gradual change in the overall chemistry of the 
groundwater, and the groundwater later bears a greater resemblance to the mine dewatering 
effluent (EPA 1995d). 
 
Groundwater: Potential and documented effects on groundwater from uranium mining activities 
vary with the type of activity being conducted. Operation of open pit and underground mines 
potentially influence groundwater through dewatering operations and through approved 
discharges as discussed in the surface water section above. Tailings impoundments associated 
with conventional mills have the potential to leak; while some of the liquid constituents of the 
tailings are recycled or evaporated, unlined tailings ponds may allow liquids to seep into the 
ground, eventually reaching groundwater. This is also true for evaporation and radium settling 
ponds, although some states require liners in all wastewater ponds. In situ operations inject a 
specific liquid (frequently strong acids) into what is termed the production zone, normally a 
sandstone aquifer (EPA 1995d).  
 
The potential impacts of these operations result from the increased solubility of the uranium ore 
and other compounds, which facilitates migration of these species into neighboring aquifers. As 
a result, complete restoration of mine aquifers is not necessarily a simple task. Dewatering 
operations at open pit and underground mines may impact local aquifers through drawdowns in 
the direct vicinity of the mine with (presumably) little lasting effect. However, depending on the 
transmissivity (the measure of how much groundwater can be transmitted horizontally) of the 
aquifer, the size of the dewatering operation, and the number of mines actively conducting 
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dewatering, impacts to aquifers may be significant (EPA 1995d). The degree of migration is 
related to numerous factors, including: the chemistry of the tailings material; the permeability of 
the impoundment and liner (if present); the amount of precipitation; the nature of the underlying 
soils; and the proximity to both surface water and groundwater (EPA 1995d).  
 
Socioeconomic Impacts: Uranium mining employment is highly dependent upon the size of the 
mine and the mining method used. Smaller mines can employ less than 100 workers. For 
example, a typical in situ leaching mine in the United States generally requires an operational 
labor force of 25 to 80 personnel (NRC 2008f). Large open pit uranium mines can employ 
hundreds. World-wide, there are more than 250,000 uranium miners (WISE 2008).  
 
Human Health: Uranium mine workers are exposed to radiation in three ways: 1) inhalation of 
radon, accounting for 69 percent of total dose for underground miners, and 34 percent for open 
pit miners; 2) external radiation, accounting for 28 percent of total dose for underground miners, 
and 60 percent for open pit miners; and 3) inhalation of uranium ore dust, representing 3 percent 
of the total dose for underground miners and 6 percent for open pit miners (UNSCEAR 1993).  
 
Typical individual doses vary within the range of 0.03 to 0.20 millirem per year (mrem/yr) 
(average: 0.05 mrem/yr) for underground miners, and within the range of 0.01 to 0.05 mrem/yr 
(average: 0.02 mrem/yr) for open pit miners (UNSCEAR 1993). As an example of dose to 
workers, the license renewal application for the Crow Butte in situ leaching facility in Dawes 
County, Nebraska contains the average individual dose for monitored employees for 1994–2006. 
The largest annual average dose during the time period was 700 mrem in 1997. More recently, 
the maximum total effective dose equivalents were reported for 2005 and 2006 as 675 mrem and 
713 mrem, respectively. These doses represent 12 and 14 percent, respectively, of the annual 
dose limit for workers of 5 rem (NRC 2008f). 
 
The collective dose for all underground uranium miners worldwide is estimated at 11.4 person-
rem per year, and for all 2,500 open pit uranium miners at 0.04 person-rem per year. This 
corresponds to 0.26 person-rem per 1,000 tons of uranium mined underground, and to 
0.003 person-rem per 1,000 tons of uranium mined in open pits, with an average of 
0.2 person-rem per 1,000 tons, for all uranium mined (UNSCEAR 1993). The expected number 
of fatal cancers in all uranium miners is 0.66 per year, or 0.005 per 1000 tons of uranium mined. 
 
Uranium milling workers are exposed to radiation in three ways: 1) inhalation of radon, 
accounting for 37 percent of total dose, 2) inhalation of uranium concentrate dust, accounting for 
47 percent of total dose, and 3) external radiation, accounting for 16 percent of total dose 
(UNSCEAR 2006). Typical individual doses for uranium mill workers vary within the range of 
0.001 to 0.13 mrem/yr (average: 0.06 mrem/yr). The collective dose for all 18,000 uranium mill 
workers worldwide is estimated at 1.2 person-rem per year; this corresponds to 0.02 person-rem 
per 1,000 tons of uranium extracted (UNSCEAR 1993). The expected number of increased fatal 
cancers in all uranium mill workers is 0.07 per year, or 0.0008 per 1,000 tons of uranium 
extracted. 
 
Dose to miners are maintained as low as reasonably achievable (ALARA) through radiation 
safety precautions. Employees are monitored for alpha radiation contamination and personal 
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dosimeters are worn to measure exposure to gamma radiation. Routine monitoring of air, dust 
and surface contamination is undertaken.  
 
Uranium mining and milling activities have the potential to impact public health through 
1) inhalation and ingestion of airborne radioactive particulates; 2) ingestion of contaminated 
foods (plant and animal) produced in areas contaminated by wind-blown tailings; 3) ingestion of 
surface water contaminated by tailings; 4) inhalation of radon and radon daughters; and 5) direct 
exposure to radiation emitted from the tailings. Potential impacts to the public would be highly 
site-specific and would depend upon many factors, including the amount of radionuclides 
released, site meteorology, population distribution and density relative to the radionuclides 
released, and the behavior of the population regarding ingestion of contaminated foods. Because 
of these many factors, it is not possible to predict with confidence the overall population risks 
from uranium mining and milling activities, including post-operational impacts from uranium 
tailings. One estimate of the lifetime risk of developing an excess cancer from radon and decay 
products for residents living at 1 km (0.6 mi) downwind from a typical 1970s uranium mine and 
mill in the Western United States is approximately 0.35 percent (or approximately 1 in 283). For 
this analysis, operations were assumed to occur for 12 years with an assumed annual production 
of 1,000 tons of uranium. The operations accounted for approximately 45 percent of the total 
risk, while the uranium tailings account for the remaining 55 percent (WISE 2008). 
 
Transportation: There are no unique transportation impacts associated with uranium mining 
and milling. Any mining and milling operations would require localized transportation of 
workers and materials, and would include heavy machinery transport. 
 
Waste Management: A variety of wastes and other materials are generated and managed by 
uranium mining and milling operations. Some, such as waste rock and tailings, are generally 
considered to be waste and are managed as such, in on-site management units. The definition of 
waste for mining operations, however, is not clear cut. Many mining “wastes” are not “solid 
wastes” as defined by the Resource Conservation and Recovery Act (RCRA) and therefore are 
not subject to regulation under RCRA (EPA 1995d). This would also include mine water or 
process wastewater that would be discharged pursuant to a National Pollutant Discharge 
Elimination System (NPDES) permit (EPA 1995d). Additionally, wastes and constituents of 
concern in those wastes are a site-specific and process-specific issue.  
 
The greatest volume of waste generated by conventional uranium mining (open pit and 
underground) is waste rock, which is typically disposed of in waste rock piles (EPA 1995d). 
Waste rock is quite frequently used as fill, for road beds, and in construction. Conventional 
mining also generates substantial quantities of a waste called mill tailings which are typically 
disposed of in a slurry of water, acids and other chemicals in a pile. Radium-226, thorium 230, 
and radon-222 are the principal radioactive constituents of concern in uranium waste rock and 
mill tailings (EPA 1995d).  
 
The greatest volume of waste generated by in-situ uranium mining is comprised of waste 
leaching solutions, which are typically disposed of in evaporation ponds, land applications, deep 
well disposal, or by shipment to U.S. Nuclear Regulatory Commission (NRC)-licensed waste 
disposal facilities (EPA 1995d). Waste constituents of concern include radionuclides (radium, 



Chapter 4: Environmental Impacts of Domestic Programmatic Alternatives GNEP Draft PEIS 
 

4-11 
 

radon, thorium, and to a lesser extent lead), arsenic, copper, selenium, vanadium, molybdenum, 
other heavy metals, and dissolved solids. Brines, spent ion exchange resins, acids, and other 
chemicals used in the mining process are also constituents of concern in waste leaching solutions 
(EPA 1995d). 
 
Facility Accidents: Uranium miners face similar accident risks as other miners, including the 
risks associated with mine collapses, explosions, and other industrial hazards. Because specific 
statistics related to uranium mining accidents are not available, the information in this section is 
presented for the U.S. mining industry in general, which includes coal, metal, and non-metal 
mining. In the United States, mining deaths have decreased from about 0.20 fatalities per 
200,000 hours worked by miners (or one death per million production hours) in 1970 to an 
average of 0.03 fatalities for the 2001–2005 period. The year 2004 was the safest year in modern 
mining history, with a total of 55 coal, metal, and non-metal mining fatalities in the United 
States. In 2007, there were 67 mining fatalities in the United States (DOL 2008). 
 
4.1.2 Uranium Enrichment 
 
Uranium ore contains approximately 0.711 weight percent uranium-235 (U-235), and most of the 
rest is U-238. This natural concentration is significantly less than the 3 to 5 percent U-235 
required by current U.S. nuclear power plants as fuel for electricity generation. Therefore, 
uranium must be enriched (increasing the percentage of fissile U-235) so it can be used in 
commercial nuclear power plants. Facilities in the United States have produced enriched uranium 
from a few percent U-235 to much higher levels (greater than 20 percent). The separation line 
between low and highly enriched uranium is 20 percent, where low enriched uranium is less than 
20 percent. Foreign sources currently provide approximately 84 percent of the natural uranium 
that is enriched for use in U.S. commercial nuclear reactors (EIA 2006a).  
 
The two enrichment methods used on a large scale are gaseous diffusion and gas centrifuge. In 
gaseous diffusion, natural uranium in the form of uranium hexafluoride (UF6) is heated and 
pressurized until it becomes a gas. The UF6 gas is then pumped through special filters (called 
“barriers” or “porous membranes”). The holes in the barriers are so small that there is barely 
enough room for the UF6 gas molecules to pass through. The lighter UF6 gas molecules (with the 
U-234 and U-235 atoms) pass through the barriers at a greater rate than the heavier UF6 gas 
molecules (which contain U-238), thereby slightly enriching the uranium at each barrier stage. 
However, it takes many hundreds of barriers, one after the other, before the UF6 gas contains 
enough U-235 to be used in reactors. At the end of this process, the enriched UF6 is condensed 
into a liquid and allowed to cool and solidify before it is transported to fuel fabrication facilities 
where it is turned into fuel assemblies for nuclear power reactors (NRC 2007b). 
 
The gas centrifuge uranium enrichment process also relies on the slight mass difference between 
U-235 and U-238 to concentrate the former isotope. The process uses a large number of rotating 
cylinders in series and parallel formations. In this process, UF6 gas is placed in a cylinder and 
rotated at a high speed. This rotation creates a strong centrifugal force and the heavier gas 
molecules (containing U-238) move toward the outside of the cylinder and the lighter gas 
molecules (containing U-235) collect closer to the center. The lighter gas molecules are then fed 
into higher stages, which further separate the lighter and heavier gas molecules. At the end of 
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What is a SWU? 
 
A SWU (separative work unit) is a 
measure of enrichment in the 
uranium enrichment industry; it 
represents the level of effort or 
energy required to raise the 
concentration of U-235 to a 
specified level, and is an indicator 
of the amount of enriched uranium. 
For example, if one begins with 220 
lbs (100 kg) of natural uranium, it 
takes about 60 separative work units 
to produce 22 lbs (10 kg) of 
uranium enriched in U-235 content 
to 4.5 percent. 

this process, the enriched UF6 is condensed into a liquid and allowed to cool and solidify before 
it is transported to fuel fabrication facilities where it is turned into fuel assemblies for nuclear 
power reactors. Significantly more U-235 enrichment can be obtained from a single unit gas 
centrifuge than from a single unit gaseous diffusion stage. Currently, no gas centrifuge 
commercial production plants are operating in the United 
States, however, both the United States Enrichment 
Corporation (USEC) and Louisiana Energy Services (LES) 
have recently received licenses to construct and operate 
commercial enrichment facilities using centrifuge technology 
(see Section 4.1.2.1) (NRC 2007b).  
 
Electricity requirements vary significantly between gaseous 
diffusion and gaseous centrifuge. Gas centrifuge enrichment 
requires only a fraction of the electricity that is required by 
gaseous diffusion. For example, at Paducah, the diffusion 
process consumes approximately 2200 kilowatt-hour (kWh) 
per kilogram of a separative work unit (SWU) compared to 
approximately 40 kWh per kilogram of SWU that is expected 
at the LES facility using centrifuge technology (NRC 2005b). 
 
4.1.2.1 Current Enrichment Capabilities in the United States 
 
Historically there were three locations in the United States capable of uranium enrichment. These 
were the K-25 facility in Tennessee; the Portsmouth facility in Ohio; and the Paducah facility in 
Kentucky. The K-25 facility was shut down in 1985 and the Portsmouth facility was shut down 
in 2001.  
 
Paducah: Today, the Paducah facility is the only operating enrichment facility in the United 
States. Owned by the USEC, the Paducah facility is capable of uranium enrichment up to 
5.5 percent U-235 (NRC 2007o), and has a uranium enrichment capacity of about 11 million 
separative work units (SWUs) per year (USEC 2008b). USEC plans to shut down the Paducah 
plant after it opens a new enrichment plant at Portsmouth that uses newer centrifuge enrichment 
technology (see American Centrifuge Plant below) (GAO 2008b). 

American Centrifuge Plant: In April 2007, the NRC issued a Construction and Operating 
License for the American Centrifuge Plant that will be located in Portsmouth, OH. The license, 
which is valid for 30 years, includes authorization to enrich uranium up to an assay level of  
10 percent U-235. USEC began construction on the American Centrifuge Plant in May 2007. 
USEC is working toward beginning commercial plant operations in late 2009 and having 
approximately 11,500 machines deployed in 2012, which would produce about 3.8 million 
SWUs annually (USEC 2008a). 

Louisiana Energy Services Facility: In June 2006, the NRC issued a license for the LES 
Facility in Lea County, NM. The license, which is valid for 30 years, includes authorization to 
enrich uranium up to an assay level of 5 percent U-235 for a nominal production capacity of 
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3 million SWUs per year (NRC 2006d). Construction on the LES Facility began in May 2007 
and the facility is scheduled to be operational in approximately 2009.  

In order to provide the enriched uranium required to fuel a typical light water reactor (LWR) 
with a capacity of 1 GWe, it would take approximately 100,000 SWUs per year of enrichment 
services. As such, once the American Centrifuge Plant and the LES Facility become operational, 
the U.S. capacity will be 17.8 million SWUs per year, which will be enough capacity to support 
approximately 178 GWe. However, if the Paducah plant shuts down in 2012, the U.S. capacity 
would be 6.8 million SWUs, which would only be enough capacity to support approximately 
68 GWe. 
 
In addition to the facilities discussed above, two other entities have made public statements of 
interest regarding deployment of additional enrichment facilities in the United States. On 
May 6, 2008, AREVA announced its plans to license, site, and construct a gaseous centrifuge 
uranium enrichment facility in Bonneville County, Idaho, close to the Idaho National Laboratory 
(Reuters 2008). General Electric is also working on a laser process for enriching uranium at a 
test facility in North Carolina and has indicated its intent to apply for a full-scale project 
(Herald Tribune 2008).  
 
4.1.2.2 Environmental Impacts of Enrichment Activities  
 
The environmental impacts of enriching uranium are generally well known. A recent NRC EIS 
for the American Centrifuge Plant, Piketon, OH (NRC 2006b) analyzes the potential impacts 
associated with the annual production of up to 7 million SWUs of enriched uranium.3 The 
following summary is based on that EIS.  
 
Land Resources: The facility would occupy approximately 60 acres (24.2 ha) of land. 
 
Visual Resources: The facility would not change the existing industrial setting of the site. 
Moreover, the existing and new facilities would generally not be visible from off the DOE 
reservation, because views along the property line are limited by distance, rolling terrain, and 
heavy forests and vegetation. The operations would not create any new visual impacts (e.g., they 
would not result in the release of a visible plume to the air) and would not generate much new or 
different looking activity than already exists. 
 
Air Resources: All modeled concentrations from site preparation and construction activities 
would be below the National Ambient Air Quality Standard (NAAQS) for each criteria pollutant 
with the exception of the annual average concentration of particulate matter with a mean 
diameter of 2.5 micrometers or less. The vast majority of the exceedance is the result of high 
background concentrations for particulate matter with a mean diameter of 2.5 micrometers or 
less in the area. To avoid nuisance conditions and particulate matter concerns, USEC intends to 
use dust suppression techniques (e.g., water sprays and speed limits on dirt roadways) to mitigate 
releases of dust during excavation under dry conditions.  

                                                 
3 As presented in Section 4.1.2.1, the American Centrifuge Plant is expected to produce about 3.8 million SWUs annually. The EIS evaluates a 
bounding production of 7 million SWUs annually. 
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During routine operation of the facility, principal non-radiological pollutants would come from 
the exhaust of stationary diesel generators used for emergency power if supplied power is lost. 
All air concentrations expected to result from the operation of the emergency diesel generators 
are well below the NAAQS for each criteria pollutant. The primary nonradiological air pollutant 
associated with the operation of the facility would be hydrogen fluoride (HF). When UF6 is 
released to the air, it reacts with atmospheric moisture to form particulate uranium (in the form 
of uranyl fluoride) and HF fumes. The maximum predicted HF concentration would be more 
than six orders of magnitude below the Occupational Safety and Health Administration 
Permissible Exposure Limit (as an 8-hour average) for HF. 
 
Radiological emissions would include uranium-234, uranium-235, uranium-238, and technetium-
99 (technetium-99 is a fission product that has contaminated much of the fuel cycle as a result of 
past recycling of reprocessed uranium). Experience at the gaseous diffusion plant has shown that 
these three uranium isotopes account for more than 99 percent of the public dose due to uranium 
emissions. The NRC staff estimated that the projected maximum airborne concentration of total 
uranium due to proposed operations would be less than 1 percent of the applicable concentration 
limit in 10 CFR Part 20, Appendix B, Table 2. Radiological releases to air would be routinely 
monitored to ensure that releases are at or below the expected quantities.  
 
Water Resources: The facility would require approximately 650,000 gallons (gal) of water 
(2.6 million liters [L]) per day for drinking, hygiene, and cooling tower makeup water (non-
contact cooling water). The increase in consumption would be only 10 percent higher than 
current withdrawal rates and would represent only 31 percent of the total design capacity (and 
currently permitted rate) of the well field groundwater withdrawal system.  
 
Any liquid discharges of radioactive materials would be controlled through plant design, 
operations, and monitoring. Based on historical operating experience at the Portsmouth 
reservation, USEC has established maximum effluent concentrations expected under normal 
operations of the facility. Any effluents potentially containing radioactive material would have to 
meet the NRC standards in 10 CFR Part 20 prior to being discharged. All effluents would be 
sampled prior to discharge to ensure concentrations are below standards. 

Socioeconomic Impacts: Construction activities would generate 3,362 full-time jobs (direct and 
indirect). The employment expected to be generated by construction activities represents 
3.5 percent of the total employment in the region of influence and 22.5 percent of Pike County 
employment at the year 2000 levels. Based on these figures, NRC concluded that the impacts to 
regional employment would be moderate.  

During operations, the facility would create 600 full-time jobs and 900 indirect jobs in the region 
of influence. The employment expected to be generated by the operations represents 1.6 percent 
of the total employment in the region and 10 percent of Pike County employment. Given these 
results, the NRC concluded that the impacts to regional employment would be moderate.  
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Human Health: The facility would result in small increases in the current number of 
occupational injuries and illnesses at the site, though still less than historical levels.4 
Construction and process areas would be segregated, and personnel monitoring programs would 
be implemented to minimize worker exposures and to limit annual radiation doses below limits 
outlined in 10 CFR Part 20.  
 
The maximum individual 50-year total effective dose equivalent rate at this location from air 
emissions is modeled to be 0.21 mrem/yr. This estimated dose is well below the U.S. EPA 
National Emission Standards for Hazardous Air Pollutant limit of 10 mrem/yr and the NRC total 
effective dose equivalent limit of 100 mrem/yr. Although NRC did not estimate the total dose to 
the 50-mile population, NRC concluded that all exposures are also expected to be significantly 
below the EPA limit of 25 mrem/yr, as set in 40 CFR Part 190 for uranium fuel-cycle facilities.  
 
With respect to doses for occupational workers, NRC estimated that the most significant 
contributor to occupational radiation exposure would be direct radiation from the UF6. The 
average dose to workers in 2003 at the enrichment facility that was previously operated at 

Portsmouth was 29 mrem. Based on this, NRC concluded that the impacts from occupational 
exposure at the proposed American Centrifuge Plant are expected to be small.  
 
Transportation: The transportation of materials containing radionuclides would result in some 
increased risk of cancer to both the workers transporting and handling the material and to 
members of the public driving along the roads or living along the transportation routes. The 
transport of all materials is estimated to result in approximately 0.014 latent cancer fatalities 
(LCFs) per year of operation from exposure to direct radiation during “incident-free” transport 
(i.e., shipping that does not involve the breach of a shipping container and subsequent release of 
radioactive material), and an additional 0.008 LCF per year from accidents that result in the 
release of radioactive material into the environment. The total LCFs are estimated to be 0.02 per 
year of operation, or less than one cancer fatality over 30 years of operation. 
 
Waste Management: The facility would generate approximately 41,000 cylinders of depleted 
UF6, containing approximately 500,000 metric tons (MT) of material. Enrichment of 1,000 tons 
of uranium in the form of UF6 leads to generation of around 850 tons of depleted uranium with a 
U-235 content of approximately 0.25 percent. This material may be potentially reused or 
disposed of as a waste.  

Facility Accidents: NRC regulations and USEC’s operating procedures for the proposed 
American Centrifuge Plant are designed to ensure that the high and intermediate accident 
scenarios would be highly unlikely. Based on the Safety Evaluation Report that NRC prepared, 
accidents at the proposed American Centrifuge Plant would result in small to moderate impacts 
to workers, the environment, and the public.5 The most significant accident consequences are 
those associated with the release of UF6 caused by a breach of an over-pressurized cylinder. The 
proposed American Centrifuge Plant design reduces the likelihood of this event by having 
automatic high temperature and high pressure trips.  
                                                 
4 This information was based on a comparison of the American Centrifuge Plant to the enrichment facility that was previously operated at 
Portsmouth, OH.  
5 The NRC excluded any specific information related to accidents pursuant to 10 CFR 2.390. As such, no further information related to accidents 
from the American Centrifuge Plant can be released.  
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4.1.3 Uranium Fuel Fabrication 
 
Fuel fabrication is the final step in the process used to produce uranium fuel for commercial 
reactors. The feed material for the manufacture and fabrication of fuel is UF6 enriched to about 
3 to 5 percent in uranium-235. The UF6 is converted to uranium dioxide powder (UO2) and 
inserted into a die, where it is pressed into a pellet shape. Next the pellet is sintered in a furnace 
at 2,732 to 3,272 °F (1,500 to 1,800 °C). This sintering is similar to the firing of other ceramic 
ware, and produces a dense ceramic pellet to achieve the desired density. These pellets are then 
ground to the required dimensions. Fuel pellets are loaded into tubes of zircaloy (a zirconium-tin 
alloy) or stainless steel, then filled with an inert gas, and welded at both ends to form a fuel rod. 
The fuel rods are spaced in fixed parallel arrays, and together with other necessary hardware, 
constitute a fuel assembly (IAEA 2002a).  
 
4.1.3.1  Current Fuel Fabrication Capabilities in the United States 
 
The United States currently has three NRC-licensed uranium fuel fabrication facilities capable of 
processing UF6 to UO2 powder and then fabricating LWR fuel assemblies from this UO2 powder. 
Three additional facilities, Nuclear Fuel Services, in Erwin, TN, BWX Technologies, in 
Lynchburg, VA, and AREVA NP, in Lynchburg, VA are NRC-licensed, but currently do not 
have the ability to process UF6 to UO2 powder. Table 4.1-2 shows the capacity of the three 
facilities presently able to produce commercial LWR fuel assemblies. The current LWRs require 
approximately 2,000 MT of fresh fuel assemblies annually (Wigeland 2008a). For purposes of 
this PEIS, DOE has assumed that these fuel fabrication facilities would continue to operate to 
support the nuclear electricity generating sector.  
 

TABLE 4.1-2—United States Light Water Reactor Fuel Fabrication Capacity 
Facility Location License Expiration Capacity 

(Metric Tons) 
Global Nuclear Fuel-Americas, LLC Wilmington, NC 2007a 1,200 
Westinghouse Columbia, SC 9/30/2027 1,600 
Areva NP, Inc.  Richland, WA  11/30/06a 700 
TOTAL   3,500 
Source: NRC 2007c 
a Have applied for license extension; NRC allows operations to continue pending license extension resolution. 

 
4.1.3.2 Environmental Impacts of Fuel Fabrication Activities 
 
Operations at fuel fabrication facilities could impact the environment through the release of 
radiological and nonradiological material into the air, water, and soil. Workers and the public 
could be impacted by radiation exposure, including the inhalation and ingestion of released 
materials. A fuel fabrication facility would also create socioeconomic impacts by employing 
workers and would generate wastes. Additionally, accidents at a fuel fabrication facility could 
impact worker and public health. Fuel fabrication facilities operate a comprehensive 
environmental monitoring program that collects air, groundwater, surface water, sediment, soil, 
and vegetation samples and tests them for radiological content. This program is part of the NRC 
license requirements for the facility (NRC 2007p).  
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The general impacts of fuel fabrication facilities are presented below. The analysis below 
includes specific information related to the impacts from the Westinghouse fuel fabrication 
facility near Columbia, SC, as that is the largest fuel fabrication facility in the United States and 
was recently granted a license extension for operations (NRC 2007p). 
  
Land Resources: The typical land requirements for a fuel fabrication facility range from 
hundreds of acres to several thousand acres. For example, the Westinghouse fuel fabrication 
facility is located on approximately 1,160 acres (470 ha). Of this, approximately 1,100 acres 
(445 ha) of the site remain undeveloped. No licensed activities occur on this undeveloped 
property. Only 60 acres (24 ha) (about 5 percent) have been developed to accommodate the 
licensed activities associated with the fuel fabrication facilities, holding ponds, and landscaped 
areas (WEC 2006).  
 
Visual Resources: Fuel fabrication facilities are large industrial facilities, with some portions 
that are multiple stories in height. Stacks for air emissions are generally the tallest structures. 
Visibility of a fuel fabrication facility would be highly dependent on the site and the surrounding 
area’s physical characteristics, including topography, as well as the distance of the facility to a 
site boundary.  
 
Air Resources: The radioactive and nonradioactive emissions of the fuel fabrication facilities 
represent only a small fraction (about 1 percent) of total emissions from the nuclear fuel cycle 
(IAEA 2002a). Nonradiological emissions are typically associated with heating and cooling 
systems and are generally small. For example, the nonradiological releases from the 
Westinghouse fuel fabrication facility produce concentrations in the air that are well below all 
NAAQS (NRC 2007p). 
 
Gaseous effluents from the radioactive material operations are treated and sampled prior to 
release to the environment. High Efficiency Particulate Air (HEPA) filters and scrubbers are 
commonly used pollution control equipment employed to treat gaseous effluents for both 
radiological and nonradiological constituents. Emissions from stacks that could release 
radioactive material are continuously sampled and analyzed daily for uranium levels 
(NRC 2007p). The impacts of radiological effluents on worker and public health are discussed 
under “Human Health.”  
 
Water Resources: Fuel fabrication facilities use water for operations, including process cooling 
and domestic uses, such as drinking and sanitary uses. On a typical day, the Westinghouse fuel 
fabrication facility uses more than 100,000 gal (400,000 L) (NRC 2007p). Most of this water is 
not consumed, and is discharged back to the supply source. Effluents from facility operations 
may contain radiological and nonradiological contaminants. These effluents are monitored and 
treated as necessary to comply with regulatory requirements, including NPDES permits for 
nonradiological contaminants and 10 CFR Part 20 (Standards for Protection Against Radiation) 
for radiological contaminants (NRC 2007p).  
 
Socioeconomic Impacts: Employment would be highly dependent on the capacity of the fuel 
fabrication facility, and the demand for fuel. Typical employment would be more than 500 up to 
more than 1,000. For example, approximately 1,200 people are employed at the Westinghouse 
fuel fabrication facility (NRC 2007p). 
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Human Health: The continued handling of materials and conduct of operations at a fuel 
fabrication facility pose potential impacts to public and occupational health. For normal 
operations, the potential impacts are related to the release of low levels of toxic or radioactive 
materials to the environment over extended periods of time. This section discusses both worker 
and public doses.  
 
At uranium fuel fabrication facilities, the concentration of uranium in the air and external dose 
rates are low compared to regulatory limits. This means that special hot cells6 for containment 
and shielding are not necessary. Workers are monitored for radiation exposure and generally 
receive relatively low occupational doses (IAEA 2002a). For example, for the 4-year period from 
2001 to 2004, the average annual dose to a worker at the Westinghouse fuel fabrication facility 
ranged from 337 mrem to 394 mrem (NRC 2007p). These doses are less than 10 percent of the 
5 rem annual occupational dose limit imposed by 10 CFR 20.1201. During that same time 
period, no individual radiation worker had an annual dose above this limit (NRC 2007p).  
 
Workers are also subject to occupational health and safety risks, including industrial hazards. 
Industrial hazards for fuel fabrication facilities are typical for similar industrial facilities and 
include exposure to chemicals and accidents ranging from minor cuts to industrial machinery 
accidents. As a point of reference, no serious injuries or deaths have occurred at the 
Westinghouse fuel fabrication facility since operations began in 1969. For 2005, the 
Westinghouse fuel fabrication facility Occupational Safety and Health Administration (OSHA) 
Total Recordable Incident Rate was 1.167 (NRC 2007p). The incident rate accounts for both the 
number of OSHA recordable injuries and illnesses and the total number of man-hours worked. 
The incident rate is used for measuring and comparing work injuries, illnesses, and accidents 
within and between industries. The average incident rate for manufacturing facilities like the 
Westinghouse fuel fabrication facility is 6.5 (NRC 2007p).  
 
Radiological exposures to the public from fuel fabrication facilities operations are primarily via 
air emissions results. In fact, over 99 percent of the offsite dose to the public originates from the 
airborne emissions (WEC 2006). Air emissions from fuel fabrication facilities are routinely 
monitored, the results are trended, and corrective actions are taken if necessary to ensure that 
emissions remain as low as reasonably achievable (NRC 2007p). At the Westinghouse fuel 
fabrication facility, typical cumulative stack emissions would result in a dose of less than 
0.4 mrem to a hypothetical exposed individual living at the site boundary (NRC 2007p). For the 
6-year period from 2000 to 2005, this annual dose ranged between 0.30 mrem and 0.38 mrem 
(NRC 2007p). This is approximately 4 percent of the 10 mrem annual dose limit from air 
emissions imposed by 10 CFR 20.1101.  
 
Facility Accidents: NRC regulations require that a fuel fabrication facility licensee perform an 
Integrated Safety Analysis (ISA) (10 CFR Part 70, Subpart H). An ISA is “a systematic analysis 
to identify facility and external hazards and their potential for initiating accident sequences, the 
potential accident sequences, their likelihood and consequences, and the items relied on for 
safety” (10 CFR 70.4). Generally, an ISA is not available for public review because it contains 
information that is related to the security of the facility (NRC 2007p). In the development of the 
                                                 
6 A hot cell is a heavily shielded room that is maintained at a negative pressure, supported by remote handling equipment and viewing systems 
(e.g., shielded windows or cameras) to work with radioactive material. These design features preclude exposing operating personnel to high 
levels of external or internal radiation. 



Chapter 4: Environmental Impacts of Domestic Programmatic Alternatives GNEP Draft PEIS 
 

4-19 
 

ISA for the Westinghouse fuel fabrication facility, only one accident sequence was identified as 
having potential consequences to cause significant impacts. The licensee identified safety control 
for this accident sequence such that the consequences are unlikely to occur. NRC determined that 
the items relied on for safety are adequate to control the likelihood of the accident sequence and 
that the Westinghouse fuel fabrication facility can be operated in compliance with the 
performance requirements of 10 CFR 70.61, which is adequate to control the environmental 
consequences of accidents to a level acceptable to the NRC (NRC 2007p).7 
 
Waste Management: Fuel fabrication facilities generate solid LLW, hazardous waste, and non-
hazardous waste. The LLW is either decontaminated for free release or reuse, incinerated onsite, 
or shipped offsite for disposal. From 1996 to 2003, the annual amount of LLW shipped offsite 
from the Westinghouse Columbia, SC fuel fabrication facility varied between 2,789 cubic feet 
(ft3) (79 cubic meters [m3]) and 181,256 ft3 (5,132 m3) (NRC 2007p). Hazardous wastes such as 
degreasing solvents, lubricating and cutting oils, and spent plating solutions are typically 
disposed of offsite through permitted contractors. Nonhazardous waste is generated from routine 
office and industrial activities and is disposed of locally at an offsite state-permitted landfill. 
Typical waste generation rates for the Westinghouse fuel fabrication facility are shown in 
Table 4.1-3. 
 

TABLE 4.1-3—Waste Generation at Westinghouse  
Fuel Fabrication Facility 

Waste Type Generation Rate 
LLW 15,600 ft3/yr 
Hazardous 40,000 lbs/yr 
Non-Hazardous  
Liquid 12,000 lbs/yr 
Solid 600 tons/yr 

Source: NRC 2007p 

 
Transportation: With respect to transportation associated with fuel fabrication activities, the 
following types of radiological materials could be transported: enriched uranium feed material, 
LLW from operations, and fuel assemblies. These types of materials are unirradiated and do not 
generally require shielding. An analysis of the radiological impacts associated with transporting 
enriched uranium feed materials for fuel fabrication estimated a maximum of approximately 
0.014 LCF per year of operation from exposure to direct radiation during incident-free transport, 
and an additional 0.008 LCF per year from accidents that result in the release of radioactive 
material into the environment (NRC 2006b). The total LCFs was estimated to be 0.02 per year of 
operation or less than one cancer fatality over 30 years of operation (NRC 2006b). Unirradiated 
uranium fuel assemblies are transported in licensed and regulated packages, and do not have the 
potential to cause significant impacts (NRC 2007p).  
 

                                                 
7 The NRC excluded any specific information related to accidents pursuant to 10 CFR 2.390. As such, no further information related to accidents 
from the Westinghouse fuel fabrication facility can be released.  
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4.1.4 Impacts of Disposing of Spent Nuclear Fuel and High-Level Waste in Yucca 
Mountain 

 
The environmental impacts of transporting and disposing of SNF and HLW in Yucca Mountain 
have been assessed in a previous NEPA document (Final Environmental Impact Statement for a 
Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste 
at Yucca Mountain, Nye County, Nevada [hereafter Yucca Mountain FEIS] [DOE 2002i]) and is 
further assessed in final NEPA documents that were issued to the public in June 2008 
(Supplemental Environmental Impact Statement for a Geologic Repository for the Disposal of 
Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada 
[hereafter, Yucca Mountain SEIS] [DOE 2008f] and Environmental Impact Statement for the 
Alignment, Construction, and Operation of a Rail Line to a Geologic Repository at Yucca 
Mountain, Nye County, Nevada [DOE 2008g]). Because none of the alternatives in this PEIS 
would affect the construction and operation of the Yucca Mountain repository, this PEIS would 
not change the environmental impacts of transporting and disposing of SNF and HLW in Yucca 
Mountain. For information regarding Yucca Mountain, the reader is directed to the two most 
recent NEPA documents (DOE 2008f and DOE 2008g).  
 
4.1.5 Impacts of Establishing a Geologic Repository for Future Spent Nuclear Fuel 

and High-Level Waste 
 
All alternatives analyzed in this PEIS, including the No Action Alternative, would require the 
establishment, construction, and operation of new repository capacity (in addition to the planned 
capacity for the Yucca Mountain geologic repository) for disposal of SNF and/or HLW. This 
capacity could be at the Yucca Mountain site (if Congress were to amend the statutory limit on 
the capacity of Yucca Mountain) or at a new site. The environmental impacts of establishing a 
geologic repository to dispose of SNF and/or HLW would be highly dependent on the ultimate 
location selected; therefore, the environmental impacts for many resources cannot be estimated 
with precision without knowing where such a repository would be located. Consequently, this 
analysis is limited. Nonetheless, previous studies for the Yucca Mountain repository provide a 
reasonable basis for estimating the potential generic impacts associated with establishing, 
constructing, and operating a future geologic repository.  
 
General Site Characteristics: Any repository site would be required to possess characteristics 
that would limit or restrict possible long-term impacts from the disposal of SNF or HLW. The 
Nuclear Waste Policy Act of 1982 provides for a multi-staged siting process including 
preliminary site screening, site characterization, DOE site recommendation to the President, and 
Presidential approval of a site for location of a nuclear waste repository (42 U.S.C. 10101 
et seq.). DOE has published general guidelines for evaluating the suitability of sites at 
10 CFR Part 960. These guidelines were based on and consistent with the repository licensing 
requirements promulgated by the NRC at 10 CFR Part 60 and applied the generally applicable 
standards for the protection of the general environment promulgated by the EPA at  
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40 CFR Part 191.8 Site suitability is evaluated on the basis of whether or not the site disposal 
system is likely to meet applicable radiation protection standards. Any potential future repository 
will first be screened in a way that “will consider large land masses that contain rock formations 
of suitable depth, thickness, and lateral extent and have structural, hydrologic, and tectonic 
features favorable for waste containment and isolation” (10 CFR 960.3-2-1). 
 
Land Resources: Any future repository could occupy a relatively large area of land. For 
example, the Yucca Mountain repository consists of 230 square miles (mi2) (596 square 
kilometers [km2]) of land currently under the control of government agencies. Surface repository 
facilities could occupy more than 2.3 mi2 (5.6 km2). The remainder of the site would be used to 
locate support facilities, and for continued performance confirmation and testing activities (e.g., 
wells) and to separate repository facilities from other human activities. 
 
Visual Resources: With respect to visual characteristics, the visibility of the repository from 
publicly accessible locations would be dependent on the future site characteristics. DOE would 
provide lighting for operation areas at the repository that might be visible from public access 
points. The use of shielded or directional lighting at a repository would limit the amount of light 
that could be seen from outside the repository area. Closure activities, such as dismantling 
facilities and reclaiming the site, would restore the visual quality of the landscape, as viewed 
from the site itself. 
 
Air Resources: During construction activities, principal nonradiological pollutants such as 
certain criteria pollutants (nitrogen dioxide, sulfur dioxide, carbon monoxide, and particulate 
matter with a diameter less than 10 micrometers [PM10]) and carbon dioxide could be emitted. 
Emission of the gases nitrogen dioxide, sulfur dioxide, carbon monoxide, and carbon dioxide 
would come primarily from fuel combustion by vehicles, construction equipment, generators, 
and boilers. PM10 would be released mainly as a component of fugitive dust from land and 
excavation activities, as well as in smaller quantities from fuel combustion. 
 
Radiological air quality impacts (radiation doses) could occur from airborne releases of 
radionuclides caused by accidents and equipment failures during operations. Measures would be 
taken to prevent such accidents and to mitigate their consequences in the unlikely event they 
should occur (off-normal event planning). Releases of very small quantities of manmade 
radionuclides (krypton-85 and other noble gases) could occur only during the operations period, 
when a small percentage of SNF assemblies, with small failures in their cladding, could be 
removed from transportation casks in a waste handling facility. 
 
Water Resources: Construction and operation and monitoring activities could disturb more than 
1,000 acres (405 ha). The amount of newly disturbed land would vary depending on the 
operating mode used and the specific site selected. Disturbing the land surface probably would 
alter the rate at which water would infiltrate the surface. However, assuming a large enough area 
is withdrawn for the repository, DOE would expect relatively minor changes in the amount of 

                                                 
8 In 1987 the Nuclear Waste Policy Act of 1982 was amended and Congress directed DOE to consider only one site—Yucca Mountain—and 
DOE and NRC subsequently adopted site-specific criteria for Yucca Mountain (DOE—10 CFR Part 963; NRC—10 CFR Part 63). In 1992, the 
EPA was directed to provide public health and safety standards for protection of the public from releases from radioactive materials from Yucca 
Mountain and subsequently published those standards for Yucca Mountain (40 CFR Part 197). This set of guidelines and regulations establish 
requirements applicable only to Yucca Mountain and would not necessarily apply to a future repository.  
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runoff actually reaching the drainage channels so long as repository activities disturb a relatively 
small amount of the natural drainage area. The eventual removal of structures and impermeable 
surfaces, with mitigation (soil reclamation) and rehabilitation of natural plants in disturbed areas, 
would decrease runoff from these areas. 
 
Facilities at which DOE would manage radioactive materials should be able to withstand the 
probable maximum flood (the most severe flood that is reasonably foreseeable). The foundations 
should be built up as necessary so the facilities would be above the flood level. It is unlikely that 
naturally occurring wetlands would exist on any future repository site, so no impacts to such 
areas would be expected as a result of repository construction, operation and monitoring, or 
closure.  
 
Socioeconomic Impacts: Impacts to the socioeconomic environment in communities in the 
vicinity of any future repository would occur. Employment, population, economic measures, 
housing, and public services could all be affected by construction and operation. Peak 
construction employment would likely be several thousand workers. Operational employment 
would be expected to be more than 1,000.  
 
Human Health: Occupational and public health and safety impacts would result from routine 
operations: 1) to workers from hazards that are common to similar industrial settings and 
excavation operations, such as falling or tripping (referred to as industrial hazards); 2) to workers 
and the public from naturally occurring nonradiological materials in the geologic media; 3) to 
workers as a result of radiation exposure during their work activities; and 4) to the public from 
airborne releases of radionuclides.  
 
Workers would be subject to industrial hazards during construction and operation. Examples of 
the types of industrial hazards that could present themselves include tripping, being cut on 
equipment or material, dropping heavy objects, and catching clothing in moving machine parts. 
Most impacts would result from fuel handling during the operations period and industrial hazards 
resulting from any subsurface excavation. Workers and the public would also be subject to 
radiological impacts. A summary of the human health impacts estimated for the Yucca Mountain 
repository, which could be representative of the impacts for any future repository, are presented 
in the Yucca Mountain SEIS (DOE 2008f).  
 
Facility Accidents: With respect to accidents, the maximum reasonably foreseeable accident 
(i.e., a credible accident scenario with the highest foreseeable consequences) impacts would be 
dependent on the specific site characteristics of any future repository. For the Yucca Mountain 
SEIS, DOE estimated that the maximum reasonably foreseeable accident scenarios would result 
in less than one additional LCF to the surrounding population and workers (DOE 2008f). 
 
Waste Management: Repository construction, operations, monitoring, and closure would 
generate waste and entail the use of hazardous materials. The types include construction and 
demolition debris, industrial wastewater, LLW, sanitary sewage, sanitary and industrial waste, 
hazardous waste, and mixed waste. DOE could build onsite solid waste facilities to 
accommodate non-hazardous waste or dispose of such waste at offsite facilities. DOE would 
manage industrial wastewater with onsite evaporation ponds. DOE would dispose of 
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construction and demolition debris and sanitary and industrial waste either at an onsite landfill or 
at offsite facilities. Hazardous waste and LLW would be disposed of in offsite facilities 
(DOE 2008f).  
 
Transportation: SNF and HLW are packaged for transportation in specially designed containers 
to meet stringent NRC and U.S. Department of Transportation (DOT) standards. Appendix E 
presents information on these containers. The impacts of transporting future SNF and HLW to a 
geologic repository are included in Sections 4.2 through 4.7 for each of the domestic 
programmatic alternatives. (See also the Yucca Mountain SEIS [DOE 2008f] for more 
discussion of potential transportation impacts, including transportation for any expanded 
capacity.)  
 
4.1.6 Impacts of Establishing and Operating Disposal Capacity for Future Low-

Level Waste  
 
4.1.6.1  Current Low-Level Waste Disposal Capabilities in the United States 
 
All alternatives analyzed in this PEIS, including the No Action Alternative, would require 
additional LLW disposal capacity. This capacity could be at either existing LLW disposal 
facilities (if existing licenses and/or policies were to be revised) or at new facilities. Currently 
there are three sites in the United States licensed to dispose of commercial LLW. 
 
− EnergySolutions Barnwell Operations, located in Barnwell, South Carolina 

Currently, EnergySolutions/Barnwell accepts waste only from generators in the Atlantic 
compact9 states (Connecticut, New Jersey, and South Carolina). The Barnwell disposal 
facility was closed to out-of-compact waste generators in July 2008.  

− United States Ecology, located in Richland, Washington U.S. Ecology is licensed by 
the State of Washington to accept waste from the Northwest and Rocky Mountain 
Compacts.  

− EnergySolutions Clive Operations, located in Clive, Utah EnergySolutions/Clive 
accepts waste from all regions of the United States. The disposal site has the capacity for 
more than 20 years of disposal under its current license. 

 
4.1.6.2  Environmental Impacts of Low-Level Waste Disposal 
 
The environmental impacts of establishing LLW disposal capacity would be highly dependent on 
the location; therefore, the environmental impacts for many resources cannot be estimated with 
precision without knowing where these facilities would be located. Consequently, this analysis is 
limited. Nonetheless, previous studies of the impacts of LLW disposal provide a reasonable basis 
for estimating the potential generic impacts associated with establishing, constructing, and 
operating future facilities for the disposal of LLW. 
 
General Site Characteristics: The different types of near-surface disposal facilities that are 
being used to dispose LLW include: trench facilities, trench facilities with disposal vaults, and 
above-grade disposal vaults. In 1994, the NRC issued NUREG 1200, Standard Review Plan for a 

                                                 
9 States may enter into “compacts” to provide for the establishment and operation of regional disposal facilities for LLW.  
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review of a license application for a low-level radioactive waste disposal facility (NRC 1994b). 
The NRC regulations applicable to commercial LLW disposal facilities are in 10 CFR Part 61. 
The NRC regulations contain procedural requirements and performance objectives applicable to 
any method of land disposal. The regulations contain specific technical requirements for near-
surface disposal of radioactive waste, a subset of land disposal, which involves disposal in the 
uppermost portion of the earth, approximately 100 ft (30 m). Near-surface disposal includes 
disposal in engineered facilities which may be built totally or partially above-grade provided that 
such facilities have protective earthen covers. Near-surface disposal of radioactive waste takes 
place at a near-surface disposal facility, which includes all of the land and buildings necessary to 
carry out the disposal and consists of disposal units and a buffer zone. A disposal unit is a 
discrete portion of the disposal site into which waste is placed for disposal. For near-surface 
disposal, the disposal unit is usually a trench. A buffer zone is a portion of the disposal site that 
is controlled by the licensee and that lies under the site and between the boundary of the disposal 
site and any disposal unit. It provides controlled space to establish monitoring locations which 
are intended to provide an early warning of radionuclide movement, and to take mitigative 
measures if needed.  
 
In choosing a disposal site, site characteristics should be considered in terms of the indefinite 
future and evaluated for at least a 500-year timeframe. The NRC regulations provide that 
disposal of radioactive waste in near-surface disposal facilities must have the following safety 
objectives: 1) protection of the general population from releases of radioactivity; 2) protection of 
individuals from inadvertent intrusion; and 3) protection of individuals during operations 
(10 CFR 61.7). A fourth objective is to ensure stability of the site after closure (10 CFR 61.7). A 
cornerstone of the system is stability—stability of the waste and the disposal site so that once 
emplaced and covered, the access of water to the waste can be minimized. Interstate Compacts 
established under the Low-Level Radioactive Waste Policy Amendments Act of 1985 may enact 
regulations for LLW disposal that are more stringent than those established by NRC, provided 
that those regulations are not incompatible with NRC regulations or inconsistent with 
Department of Transportation regulations (42 U.S.C. 2021d). 
 
The EnergySolutions/Barnwell site disposes of LLW in concrete vaults located in trenches. The 
bottom of each trench is located a minimum of 5 ft (1.5 m) above the site’s maximum 
historically measured water table elevation. When a vault is full, the space between the vaults is 
backfilled with clay. Engineered covers are constructed over the backfilled vaults as the trenches 
fill. The engineered cover consists of a minimum 1-foot (0.3-m) thick clay layer, a geosynthetic 
clay liner, a high density polyethylene liner, a sand drain layer, and a vegetated topsoil cover 
(SCDHEC 2007). The U.S. Ecology LLW disposal facility is also a trench design. The trenches 
are typically 45 ft (14 m) deep, 850 ft (258 m) long, and 150 ft (45 m) wide. An engineered 
cover is placed on the trenches as they are filled (WSDH 2008). 
 
Land Resources: Construction and operation and monitoring activities could disturb hundreds 
of acres of land. The amount of land required would be linked to the amount of waste that would 
be disposed of as allowed under a license. The land would be disturbed in a phased approach 
with disposal capacity (e.g., trenches and vaults) constructed to match pace with waste receipt. 
For example, when full, the EnergySolutions/Barnwell site will cover over 200 acres (81 ha), the 
U.S. Ecology site approximately 100 acres (40 ha), and the EnergySolutions/Clive site 
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approximately 500 acres (203 ha). Additional engineered barriers, in particular earthen covers, 
would be constructed to enhance the isolation of waste from the environment as disposal 
capacity is filled. Institutional control over the land would be needed until the facility meets the 
post-closure performance objectives established at 10 CFR Part 61 or an equivalent state 
regulation.  
 
Visual Resources: With respect to visual characteristics, the visibility of a LLW disposal facility 
from publicly accessible locations would be dependent on the location of the site, site 
characteristics, and the design of the facility. During construction and operations, the aesthetics 
would be similar to those of a municipal solid waste landfill or an operating LLW disposal 
facility. Construction and waste emplacement activities would be ongoing and involve the use of 
heavy equipment and trucks to transport the LLW packages. Lighting for operation areas at the 
facility may all be visible from public access points. However, the use of shielded or directional 
lighting at a facility would limit the amount of light that could be seen from outside the facility 
area. Closure activities, in particular the construction of the final closure covers, would restore 
the visual quality of the landscape. 
 
Air Resources: During construction activities, principal nonradiological pollutants such as 
certain criteria pollutants (nitrogen dioxide, sulfur dioxide, carbon monoxide, and particulate 
matter with a diameter less than 10 micrometers [PM10]) and carbon dioxide could be emitted. 
Emission of the gases nitrogen dioxide, sulfur dioxide, and carbon monoxide would come 
primarily from fuel combustion by vehicles and construction equipment. PM10 would be released 
mainly as a component of fugitive dust from trench excavation, waste disposal, vehicular traffic, 
and earthen cover construction. Sites located in arid climates with windy conditions could add to 
the generation of fugitive dust. Routine dust abatement measures (e.g., watering roads, covering 
loose soils, and re-vegetation) could help minimize impacts. 
 
Airborne releases during normal operations are expected to be low. For example, data from 
regular airborne radioactivity monitoring at the U.S. Ecology LLW site shows that a maximally 
exposed person would receive less than 0.1 mrem/yr, significantly lower than the 10 mrem/yr 
ambient air standard (WSDH 2004).  
 
Radiological air quality impacts (radiation doses) could occur from airborne releases of 
radionuclides caused by accidents and equipment failures during operations. Measures would be 
taken to prevent such accidents and to mitigate their consequences in the unlikely event they 
should occur (off-normal event planning).  
 
Water Resources: LLW disposal facilities are designed to use engineered barriers to isolate the 
LLW from water. Standard construction techniques would be applied during construction to 
minimize effects to water quality. The waste packages and any temporary barriers installed 
during the construction and operations phase would preclude radionuclide release. A leachate 
collection system would likely be included in the design of the facility to capture any 
radionuclides that would potentially be released during this period. Closure of the facility would 
include the installation of additional engineered barriers and an earthen cover. The cover further 
isolates the waste by diverting water off of the facility to minimize the amount of water that 
could infiltrate. The leaching of radionuclides and their subsequent release to the groundwater 
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system is expected to be minimal, as the engineered barriers would not begin to degrade until 
hundreds of years after closure. The safety analysis submitted to the regulator would demonstrate 
that the facility would meet the post-closure performance objectives established at 
10 CFR Part 61 or an equivalent state regulation.  
 
Mitigation activities could be implemented such as directing runoff to a permanent infiltration 
pond where it would not leave the site as surface flow. Erosion and sedimentation impacts are 
expected to be minimal. Discharge of stormwater during construction and/or operations would 
also have to meet applicable water quality regulations. 
 
In accordance with 10 CFR 61.50, LLW disposal facilities must be sited in locations that are 
generally well drained and must not be sited in a 100-year floodplain, a coastal high-hazard area, 
or a wetland. Upstream drainage must be minimized to decrease the amount of runoff that could 
erode or inundate disposal units.  
 
Socioeconomic Impacts: Impacts to the socioeconomic environment in communities in the 
vicinity of any LLW disposal facility would occur. Employment, population, economic 
measures, housing, and public services could all be affected by construction and operation. Peak 
employment during the construction and operation phase would likely be several hundred 
workers. The specific impacts of workers would depend on the site-specific location of any LLW 
disposal facility. 
 
Human Health: Occupational and public health and safety impacts would result from routine 
operations: 1) to workers from hazards that are common to similar industrial settings and 
excavation operations, such as falling or tripping (referred to as industrial hazards); 2) to workers 
as a result of radiation exposure during their work activities; and 3) to the public from airborne 
releases of radionuclides.  
 
Workers would be subject to industrial hazards during construction and operation. Examples of 
the types of industrial hazards that could present themselves include tripping, being cut on 
equipment or material, dropping heavy objects, and catching clothing in moving machine parts. 
Most impacts would result from waste handling during the operations period and industrial 
hazards encountered during facility construction and closure. Based on previous experience, 
adverse occupational impacts are expected to be low (WSDH 2004).  
 
Workers and the public would also be subject to radiological impacts. The general population 
must be protected from releases of radioactivity. Concentrations of any radioactive materials 
released from the facility into groundwater, surface water, air, soil, plants, or animals must not 
result in an annual dose exceeding the equivalent of 25 mrem to the whole body, 75 mrem to the 
thyroid, and 25 mrem to any other organ to any member of the public (10 CFR Part 61). Annual 
occupational dose limits are established as the more limiting of 5 rem total effective dose 
equivalent or the sum of deep dose equivalent and the committed dose equivalent to any 
individual organ or tissue other than the lens of the eye being equal of 50 rem. The annual limit 
to the lens of the eye is 15 rem and to the skin is 50 rem (10 CFR 20.1201). Radiological doses 
are expected to remain well below these limits. For example, the U.S. Ecology LLW facility has 
historically been significantly below occupational dose limits (WSDH 2004).  
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Facility Accidents: No significant impacts from accidents are expected from LLW disposal 
facilities. For example, for the U.S. Ecology LLW facility, many potential accidents were 
analyzed, including extreme weather, volcanic activity, earthquakes, fire, and human-caused 
accidents. In all scenarios, no significant impacts were expected (WSDH 2004). 
 
Waste Management: LLW disposal facilities do not generate any significant quantities of 
wastes. 
 
Transportation: LLW may be packaged for transportation in containers designed to meet NRC 
and DOT standards. Materials with very low radiation levels may be transported in what the 
regulations refer to as a “strong, tight container.” An example of a strong, tight container is a 
plywood box secured with steel bands. Materials with higher radiation levels must be shipped in 
Type A or Type B containers. Type A containers, used to transport most LLW, are typically steel 
drums or steel boxes. Type B containers, used in transporting waste with high radiation levels, 
are heavy engineered metal casks (Fentiman et al. 2008). No injuries or deaths have ever been 
caused by a release from LLW in a transportation accident (NEI 2008). The impacts of 
transporting future LLW to a waste disposal site is included in Sections 4.2 through 4.7 for each 
of the domestic programmatic alternatives.  
 
4.1.7 Impacts of the Advanced Fuel Cycle Initiative  
 
The AFCI program evolved from DOE’s Accelerator Transmutation of Waste (ATW) program, 
initiated in 1999, which outlined the use of high-powered accelerators for destruction of actinides 
from spent fuel and conducted research to explore transmutation technology. In 2001, the 
Advanced Accelerator Applications (AAA) Program was launched which combined ATW with 
the Accelerator Production of Tritium (APT) program to optimize use of resources. The AAA 
program was subsequently subsumed by the AFCI program which Congress appropriated funds 
for beginning in Fiscal Year 2003. Initial activities were directed at potential use of reactor based 
systems for transmutation, accelerator transmutation focused on a “burning” role to minimize 
toxicity, and support for Generation IV reactor system fuel cycle development. Section 953 of 
the Energy Policy Act of 2005 (42 U.S.C. 15801), entitled “Advanced Fuel Cycle Initiative,” 
directed the Secretary of Energy to “conduct an advanced fuel recycling technology research, 
development, and demonstration program…to evaluate proliferation-resistant fuel recycling and 
transmutation technologies that minimize environmental and public health and safety impacts as 
an alternative to aqueous reprocessing technologies deployed as of the date of enactment of this 
Act in support of evaluation of alternative national strategies for spent nuclear fuel and the 
Generation IV advanced reactor concepts.” With the announcement of the vision for the GNEP 
Program in February 2006, AFCI efforts were refocused on GNEP technology development 
needs, with early emphasis applied to advanced separations of LWR SNF and fast reactors for 
transmutation, followed by studies and research on additional technology options conducted by 
industry and national laboratories. The AFCI is now the main domestic component of the GNEP 
Program and includes early planning for the development of U.S. fuel cycle capabilities which 
may be pursued in support of the GNEP Program. AFCI activities are conducted as part of the 
existing R&D mission of DOE’s Office of Nuclear Energy and work is generally performed 
using existing infrastructure capabilities at multiple DOE sites. The program also includes 
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international collaborations to support these R&D efforts. Additional information on AFCI R&D 
activities and sites and facilities is provided in Appendix A.  
 
4.1.7.1 Current Advanced Fuel Cycle Initiative Capabilities 
 
As discussed in Chapter 2, Section 2.2, the AFCI program performs research to provide 
technology options that would enable long-term growth of nuclear power, to improve 
environmental sustainability, and to improve energy security. Typical AFCI activities consist of 
data analysis, document preparation, bench scale research projects, and small-scale research and 
development projects. The initiative relies on a series of existing facilities, located mostly within 
U.S. national laboratories, including facilities at Argonne National Laboratory (ANL), Idaho 
National Laboratory (INL), Los Alamos National Laboratory (LANL), Oak Ridge National 
Laboratory (ORNL), Pacific Northwest National Laboratory (PNNL), Sandia National 
Laboratories (SNL), and Savannah River National Laboratory (SRNL). Appendix A, Section A.8 
discusses the major facilities at these sites used for the AFCI. Laboratories, hot cells, and 
research reactors are all used in support of the AFCI.  
 
See Appendix A for a more detailed discussion of current AFCI capabilities. 
 
4.1.7.2 Environmental Impacts of the Advanced Fuel Cycle Initiative at DOE Sites 
 
The environmental impacts of AFCI contribute to the environmental baseline for ANL, INL, 
LANL, ORNL, PNNL, SNL, and SRNL. In general, AFCI operations are relatively small in 
scale and their impacts do not appreciably add to overall impacts from normal DOE Site 
operations. AFCI operations use existing infrastructure, contribute to waste generation, and cause 
personnel exposures and human health impacts at all sites where these activities occur. The 
following is a summary of the compilation of environmental impacts at all of the AFCI facilities: 
 
Land and Visual Resources: Because AFCI projects are hosted in existing facilities, AFCI 
activities do not impact land resources or change the visual landscape.  
 
Air Resources: The majority of the multi-purpose facilities utilized by the AFCI program are 
large laboratory or nuclear materials production facilities which have controlled air ventilation 
systems. Radiological air quality impacts (radiation doses) could occur from airborne releases of 
radionuclides caused by normal operations and accidents. All of these facilities are monitored for 
air releases and regulated through permit systems. All multipurpose facilities hosting AFCI 
operations are in compliance with their regulatory emissions limits, which are reported to the 
public, on an annual basis, in the Annual Site Environmental Reports. 
 
Water Resources: None of the activities conducted in support of the AFCI program are large 
users of water. For the most part, water use is limited to the personal consumption and sanitary 
needs of the workers. Since the number of workers is small in relation to other DOE programs, 
water consumption is small and not a factor in the total water consumption at the DOE facilities 
where AFCI projects are conducted. 



Chapter 4: Environmental Impacts of Domestic Programmatic Alternatives GNEP Draft PEIS 
 

4-29 
 

Socioeconomic Impacts: Because the number of workers involved in AFCI program is small, 
the socioeconomic impacts attributable to the operation of the AFCI program are small. AFCI 
employees account for a small percentage (less than 10 percent) of the total workers at each of 
the DOE sites. Employment, population, economic measures, housing, and public services are 
not adversely affected by the operation of the AFCI Program and it is not expected that 
continued operation would place unreasonable demands upon these resource areas. 
 
Human Health: Occupational and public health and safety impacts result from routine 
operations in support of the AFCI Program: 1) to workers from hazards that are common to 
similar industrial settings, such as falling or tripping (referred to as industrial hazards); 2) to 
workers and the public from naturally occurring radiological materials; 3) to workers as a result 
of radiation exposure during their work activities; and 4) to the public from airborne releases of 
radionuclides.  
 
Examples of the types of industrial hazards that could present themselves include tripping, being 
cut on equipment or material, dropping heavy objects, and catching clothing in moving machine 
parts. Workers and the public would also have the potential to be subject to radiological impacts. 
DOE has a strong health and safety program which has been successful in minimizing such 
accidents. DOE Orders require training, review procedures, assessments and a number of other 
requirements which have proven successful in giving DOE one of the better industrial safety 
records. 
 
Estimated radiological doses to workers associated with AFCI activities are generally small, 
ranging from 0 mrem/year at ANL and SNL to less than 15 mrem/year at Hanford, INL, LANL, 
ORNL, and SRNL. Radiological doses to AFCI workers at the specific DOE Sites may be found 
in Appendix A. Doses to the public from AFCI operations are also small and are included in the 
overall does to the public as reported in Annual Site Environmental Reports.  
 
Transportation: Radiological materials (such as small fuel specimens) used in support of the 
AFCI Program are packaged for transportation in specially designed containers to meet stringent 
NRC and DOT standards. Appendix E presents information on these containers. Because DOE 
must comply with stringent transportation requirements and the limited quantities of material 
transported, the impacts of transporting these materials are small, and pose little threat to the 
public.  
 
Waste Management: Waste generation from operation of the AFCI program is small. The 
estimated quantities of waste generated at each of the AFCI facilities in support of the AFCI 
Program are included in Appendix A. None of the AFCI activities at these multi-program 
facilities generate a significant amount of waste in relation to the total waste generated by the 
other activities at these DOE sites. The types of wastes which are generated are similar to the 
wastes generated by other DOE programs, in much greater quantities, and can readily be handled 
by existing waste management resources both at the DOE sites and at near-by commercial waste 
management facilities.  
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4.1.7.3 Environmental Impacts of the Advanced Fuel Cycle Initiative at Non-DOE 
Sites  

 
AFCI is also supported by a University Research Program. The University Research Alliance, 
located in Canyon, TX and sponsored by Texas A&M University, manages a fellowship program 
of more than 40 students. Students and faculty at the University of Nevada-Las Vegas 
transmutation research program have been directly involved in collaborative research supporting 
the broader AFCI transmutation research effort for a number of years. During the 2004 to 2005 
academic year, 23 faculty-supervised graduate student projects performed research in 
collaboration with the AFCI transmutation program utilizing 42 graduate students in 5 academic 
departments. The Idaho Accelerator Center at Idaho State University also provides research 
facilities for the AFCI program. 
 
International collaborations are also an important component of the AFCI program and include 
joint research programs with facilities in Switzerland, Japan, and France. The United States no 
longer has an operating fast reactor. DOE is exploring options with Japan and France that would 
allow transmutation test fuels to be irradiated in fast reactors now operating in those countries.  
 
In the future, AFCI plans include developing more types of fuels and irradiating these fuels in 
fast reactors, as well as test reactors at the national laboratories, and potentially in foreign 
reactors. Wastes generated from these activities would be of the same categories as those wastes 
DOE currently manages. Such wastes would continue to be managed by DOE in the same 
manner as its other wastes. 
 
4.1.8 Greenhouse Gas Emissions Associated with Electricity Generation  
 
This section presents the potential reductions in emissions of carbon dioxide (CO2), which is a 
major greenhouse gas, which would be associated with displacing approximately 100 GWe of 
non-nuclear electricity capacity with nuclear generating capacity. Because coal and natural gas 
plants account for approximately 70 percent of electricity production and are the largest emitters 
of greenhouse gases in the electricity production sector, the analysis focuses on displacing these 
two sources.10 Renewable energy sources, which do not emit significant quantities of greenhouse 
gases, are not assessed. Greenhouse gas reductions are presented for two cases: 1) displacing 
100 GWe from coal; and 2) displacing 100 GWe from natural gas.  
 
As shown in Table 4.1-4, the typical coal plant would emit approximately 2,000,000 MT of CO2 
yearly to produce the same amount of electricity as a typical 1 GWe nuclear plant, assuming no 
carbon sequestration (EIA 2001). Similarly, the typical natural gas plant would emit 
approximately 1,000,000 MT of CO2 yearly to produce the same amount of electricity as a 
typical 1 GWe nuclear plant (EIA 2001).  

 

                                                 
10 For non-nuclear market shares, coal is approximately 62 percent, natural gas is approximately 24 percent, renewable sources are approximately 
10 percent, and other fuels are approximately 4 percent.  
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TABLE 4.1-4—Annual Carbon Dioxide Emissions Displaced by 1,000 Megawatts  
Electric Nuclear Plant Operating at 90 Percent Capacity Factor 

Alternative Fuel Carbon Dioxide Displaced (Metric Tons) 
Coal  2,098,580 
Natural Gas 1,041,401 

Source: EIA 2001 
 
U.S. carbon dioxide emissions in 2006 were approximately 5,935 million MT, which was 
110 million MT below the 2005 level of 6,045 million MT.11 Carbon dioxide emissions in 2006 
from power generation were approximately 2,344 million MT. Approximately 83 percent 
(1,938 million MT) was due to electricity generation from coal and 15 percent (340 million MT) 
was due to electricity generation from natural gas. By displacing approximately 100 GWe of coal 
burning plants with nuclear, approximately 200 million MT of CO2 would not be emitted to the 
air. This would reduce CO2 emissions by 8.5 percent compared to the 2,344 million MT emitted 
by electric utilities in 2006. Compared to the total U.S. CO2 emissions from all sources 
(5,935 million MT in 2006), CO2 emissions would be reduced by approximately 3.4 percent 
(EIA 2007l).  
 
By displacing approximately 100 GWe of natural gas burning plants with nuclear power plants, 
approximately 100 million MT of CO2 would not be emitted into the air. This would reduce CO2 
emissions by 4.2 percent compared to the 2,344 million MT emitted by electric utilities in 2006. 
Compared to the total U.S. CO2 emissions from all sources (5,935 million MT in 2006), CO2 
emissions would be reduced by approximately 1.7 percent (EIA 2007l).  
 
4.2 NO ACTION ALTERNATIVE—EXISTING ONCE-THROUGH URANIUM FUEL 

CYCLE  
 
The No Action Alternative is described in Chapter 2, Section 2.2. Under the No Action 
Alternative, the United States would continue to rely on a once-through uranium fuel cycle. The 
Yucca Mountain repository would dispose of 63,000 MTHM of commercial SNF and 7,000 
MTHM of DOE SNF and HLW. DOE estimates that the Yucca Mountain statutory capacity limit 
will be reached by approximately 2010. Quantities of commercial SNF generated beyond 63,000 
MTHM would be stored at commercial LWR sites until they can be disposed of in a geologic 
repository. Based on the 1.3 percent growth rate assessed, nuclear electricity capacity would 
grow to approximately 200 GWe under the No Action Alternative by about 2060–2070.  
 
This PEIS presents the environmental impacts of the No Action Alternative as follows:  
 
− SNF generated beyond the Yucca Mountain statutory limit: This PEIS assesses the 

impacts of interim SNF storage at commercial reactor sites, as well as the impacts of 
transporting the SNF to a geologic repository. These impacts are presented in Section 
4.2.1.1 and Section 4.2.1.2, respectively. 

− Nuclear electricity generation from 2010 to approximately 2060–2070: The 
environmental impacts of constructing and operating commercial LWRs with a capacity 

                                                 
11 Total U.S. greenhouse gas emissions in 2006 were approximately 1.5 percent below the 2005 total—the first annual drop since 2001 and only 
the third since 1990. This decrease was attributed to favorable weather conditions; higher energy prices; a decline in the carbon intensity of 
electric power generation that resulted from increased use of natural gas and greater reliance on non-fossil energy sources (EIA 2007l). 
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of 200 GWe is presented in Section 4.2.2. This analysis includes the replacement of 
approximately 100 GWe in capacity from existing LWRs that reach end-of-life, and the 
construction and operation of approximately 100 GWe of capacity in new advanced light 
water reactors (ALWRs).  

 
4.2.1 Spent Nuclear Fuel Generated Beyond the Yucca Mountain Statutory Limit 
 
Under the No Action Alternative, quantities of commercial SNF generated beyond 
63,000 MTHM would be stored at commercial LWR sites until they can be disposed of in a 
geologic repository. Under the No Action Alternative, nuclear electricity capacity would increase 
from approximately 100 GWe in 2010 to approximately 200 GWe in 2060-2070. Over this time 
period, this would be equivalent to constructing approximately 100 GWe of new capacity, as 
well as replacing the existing 100 GWe of LWR capacity with new advanced LWRs. The 
amount of SNF generated by these plants, which would be a function of the amount of electricity 
produced and the burnup of the fuel (assumed to be approximately 51 gigawatt-days per metric 
ton of heavy metal (GWd/MTHM), would be approximately 158,000 MTHM.12 Interim storage 
of approximately 158,000 MTHM of SNF represents more than twice the storage that is 
currently required for SNF destined for Yucca Mountain. The PEIS assesses such interim storage 
and presents the impacts of transporting this SNF to a geologic repository. 
 
4.2.1.1 Interim Spent Nuclear Fuel Storage 
 
Most commercial reactor operators currently store their SNF in water-filled basins (fuel pools) at 
the reactor sites. Because of inadequate pool storage space, some commercial sites have built 
what are called independent spent fuel storage installations, in which they store dry SNF above 
ground in metal casks or in welded canisters inside reinforced concrete storage modules. The 
canisters use an inert gas, such as helium, to reduce corrosion rates and extend the lifetime of the 
canisters. Other commercial sites plan to build independent SNF storage installations so they can 
proceed with the decommissioning of their nuclear plants and termination of their operating 
licenses (e.g., the Rancho Seco plant in California and the Trojan plant in Oregon).  
 
The No Action Alternative assumes that the commercial nuclear power industry would continue 
to manage SNF onsite. Dry storage is expected to be used for SNF at commercial sites for the 
following reasons: 
 
− Dry storage is a safe, economical method of storage. 
− Fuel rods in dry storage are likely to be environmentally secure for long periods. 
− Dry storage generates minimal, if any, LLW. 
− Dry storage units are simpler and easier to maintain (NRC 1996). 

 
 

                                                 
12 Calculation of SNF generated assumes the first new LWR is added in 2015, and other LWRs are added over the 2015 to 2060-2070 time period 
to achieve a capacity of 200 GWe. Existing LWRs are assumed to be replaced as they reach end-of-life (assuming approximately 60 years of 
operation for all LWRs, regardless of current license expiration date) between 2020 and 2060-2070. This PEIS assesses widespread 
implementation of the alternatives until approximately 2060-2070. The PEIS acknowledges that any decisions made based on this PEIS could 
result in actions/impacts beyond this time period. Because of the existing statutory limit for the Yucca Mountain repository (i.e., the repository 
has a statutory capacity of 70,000 MTHM of SNF and HLW), this PEIS focuses on SNF in excess of this amount. 
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Accordingly, this PEIS assumes that all commercial SNF would be stored in dry configurations 
in concrete storage modules on a concrete pad at the ground surface (see Figure 4.2-1). The 
design of the canister and concrete storage modules would enable outside air to circulate and 
remove the heat of radioactive decay. For purposes of analysis, the PEIS analyzes the potential 
impacts of long-term storage with institutional controls followed by transportation to and 
emplacement in a geologic repository.  
 
The combination of the dry storage canister and the concrete storage module would provide safe 
storage of SNF as long as the fuel and storage facilities were maintained properly. The reinforced 
concrete storage module would provide shielding against the radiation emitted by the SNF. In 
addition, the concrete storage module would provide protection from damage resulting from 
accidents such as aircraft crashes, from natural hazard phenomena such as earthquakes or 
tornadoes, and from malevolent acts (NRC 1996).  
 

 
Source: DOE 2002i 

FIGURE 4.2-1—Dry Spent Nuclear Fuel Storage Modules on a Concrete Pad  
 

Release of contaminants to the ground, air, or water would not be expected during routine 
operations of a spent nuclear fuel dry storage facility (NRC 1996). The results of the analysis 
described in this section are consistent with the NRC’s findings in its Generic Environmental 
Impact Statement for License Renewal of Nuclear Plants (NRC 1996). The NRC stated: 
 

The Commission’s regulatory requirements and the experience with onsite 
storage of spent fuel in fuel pools and dry storage has been reviewed. Within the 
context of a license renewal review and determination, the Commission finds that 
there is ample basis to conclude that continued storage of existing spent fuel and 
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storage of spent fuel generated during the license renewal period can be 
accomplished safely and without significant environmental impacts. Radiological 
impacts will be well within regulatory limits; thus radiological impacts of onsite 
storage meet the standard for a conclusion of small impact. The nonradiological 
environmental impacts have been shown to be not significant; thus they are 
classified as small. The overall conclusion for onsite storage of spent fuel during 
the term of a renewed license is that the environmental impacts will be small for 
each plant. The need for the consideration of mitigation alternatives within the 
context of renewal of a power reactor license has been considered, and the 
Commission concludes that its regulatory requirements already in place provide 
adequate mitigation incentives for onsite storage of spent fuel. 

 
The land required for dry storage facilities is typically a few acres at each reactor site. These 
storage facilities would be on land currently owned by a utility and, therefore, would be unlikely 
to affect land ownership. SNF storage requirements for 158,000 MTHM would increase land 
usage associated with storage by about 200 percent over current storage requirements. Impacts to 
aesthetic or scenic resources from storage facilities would be unlikely. Further, as SNF begins to 
be disposed of in a geologic repository, additional storage space would become available.  
 
Best management practices and effective monitoring procedures would ensure that contaminant 
releases to the air would be minimal and would not exceed current regulatory limits  
(40 CFR Part 61 for hazardous air pollutants emissions and Part 50 for air quality standards). 
Therefore, air quality would not be adversely affected during routine operations. Under  
long-term institutional control13, best management practices such as stormwater pollution 
prevention plans and stormwater holding ponds would ensure that, in the unlikely event of an 
inadvertent release, contaminants would not reach surface-water systems. Therefore,  
surface-water quality would not be adversely affected by routine operations. 
 
Under long-term institutional control, impacts to biological resources or soils would be minimal. 
The facilities necessary to store SNF would be fenced to keep wildlife out. In addition, spills 
would be contained and cleaned up immediately, thus minimizing the area of soil affected and 
the likelihood of any groundwater contamination. 
 
The size of the additional facilities and supporting infrastructure would be small enough to 
probably avoid known cultural resources. In addition, if previously unknown archaeological sites 
were uncovered during construction, the commercial utility would comply with Executive Orders 
and Federal and state regulations for the protection of cultural resources. Thus, construction and 
operations should not significantly affect cultural resources. 
 
Routine repairs and maintenance of the facilities and storage containers, routine radiological 
surveys, and overpacking of failed containers would generate sanitary waste, industrial solid 
waste, and LLW. Because there would not be a large, dedicated workforce at the storage 
facilities, only small amounts of sanitary wastes, from the guard force and maintenance workers 
would be generated, except during periods of construction. 
 
                                                 
13 In the context of a on-site SNF storage, long-term institutional control is generally considered to be 100 years. 
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Maximally Exposed Individual 
(MEI)  

 
A hypothetical member of the 
public at a fixed location who, over 
an entire year, receives the 
maximum effective dose equivalent 
(summed over all pathways) from a 
given source of radionuclide 
releases to air.  

With respect to employees required to safely manage SNF, the total staff required at existing 
commercial sites and any new commercial sites would increase from about 700 for the existing 
inventory of SNF to approximately 2,100 for the storage of 158,000 MTHM (derived from 
DOE 2002i).14 This increase would be approximately equivalent to adding no more than six 
individuals at each of the existing sites, and staffing the new commercial sites with an equivalent 
complement of employees to manage their SNF. Additional storage requirements would be 
unlikely to have a significant effect on socioeconomic factors such as infrastructure and regional 
economy.  
 
During the approximately 50 years of operation, about 105,000 full-time equivalent work years 
would be required to maintain the SNF storage facilities at the commercial reactor sites and new 
reactor sites (derived from DOE 2002i). Radiation exposures to offsite populations, involved 
workers, and noninvolved workers would increase because of the construction of additional 
facilities required to store the SNF. The analysis assumes that radiation exposures would increase 
proportionately by the increase in SNF stored. Table 4.2-1 presents the radiological human 
health impacts resulting from storing an accumulation of 158,000 MTHM over approximately 
50 years. The analysis assumes that the LWR SNF would be stored among the different reactors 
sites rather than consolidated at a single storage site. 
 
As shown in Table 4.2-1, the estimated dose to the 
hypothetical Maximally Exposed Individual (MEI) would 
be about 0.34 mrem/yr. During the approximate 50 years of 
operation, this dose could result in an increase in the lifetime 
risk of contracting fatal cancer by 0.01 (statistically, there 
would be a 1 chance in 98 of an LCF). For the short-term 
impacts, the offsite exposed population would be likely to 
receive a total collective dose of 2,100 person-rem. This dose 
could result in 1.2 LCFs.  
 
The analysis assumes the MEI in the involved worker populations would be a worker involved 
with construction and loading of replacement facilities. Assuming a maximum dose rate of 
0.11 mrem/hour and an average exposure time of 1,500 hours/yr, this worker would receive 
about 170 mrem/yr. During the 50 years, this dose could result in an increase in the lifetime risk 
of contracting a fatal cancer by 2.0x10-5, an increase of 0.09 percent over the natural fatal cancer 
incidence rate.15  
 
In the involved worker populations (approximately 2,100 storage facility workers over 50 years), 
the collective dose over 50 years would be 7,050 person-rem, which would result in an estimated 
increase of approximately 4.2 LCFs. The non-involved workforces would receive a total dose of 
approximately 120,000 person-rem over 50 years of operation, which would result in an 
estimated increase of approximately 72 LCFs.  
 

                                                 
14 Assumes increases in employment would be linear relative to increases in the mass of SNF to be stored.  
15 Analysis is presented for one worker over a 50-year exposure period. For two workers (one the first 25 years and a second the next 25 years), 
each worker’s risk would be half the total risk; the total risk for the two workers would be the same as for a single worker over a 50-year 
exposure period.  
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TABLE 4.2-1—Cumulative Radiological Impacts for Storing 158,000  
Metric Tons Heavy Metal of Spent Nuclear Fuel 

Receptor Construction and Operationa 
Populationb 

MEIc (mrem/yr) 
Dosed (person-rem) 
LCFse 

0.34 
2,100 
1.2 

Involved workersf 
MEIg (mrem/yr) 
Doseh (person-rem) 
LCFs 

170 
7,050 
4.2 

Noninvolved workersi 
MEI (mrem/yr) 
Dosej (person-rem) 
LCFs 

23 
120,000 

72 
Source: Derived from DOE 2002i. Analysis conservatively assumes 158,000 MTHM of SNF would be stored for 50 
years. MEI doses unaffected compared to DOE 2002i. Total dose to population, workers, and non-involved workers 
would increase compared to DOE 2002i due to approximately 3 times as much SNF storage, but impacts over 50 
years rather than 100 years. The 158,000 MTHM of LWR SNF is assumed to be stored among the different reactors 
sites rather than consolidated at a single storage site Assumes construction of 22,000 additional concrete storage 
modules. 
b Members of the general public living within 2 mi (3 km) of the facilities; estimated to be 210,000 over the 50-year 
analysis period. 
c MEI – maximally exposed individual: assumed to be approximately 0.8 mi (1.3 km) from the center of the storage 
facility.  
d Derived from DOE 2002i based on three times as much SNF storage, 50 years of operation (rather than 100 years 
analyzed in DOE 2002i), and dose to 210,000 persons (rather than 140,000 persons analyzed in DOE 2002i).  
e LCF – latent cancer fatalities: expected number of cancer fatalities for populations. Based on a risk of 0.0006 LCF 
per rem for workers and members of the public, and a life expectancy of 70 years for a member of the public. 
f Involved workers would be those directly associated with construction and operation activities. For this analysis, the 
involved worker population would be 2,100 individuals over 50 years.  
g Based on maximum construction dose rate of 0.11 mrem/ hour and 1,500 hours/yr. 
h Derived from DOE 2002i based on three times as many involved workers, but only 50 years of operation (rather 
than 100 years analyzed in DOE 2002i).  
i Noninvolved workers would be employed at the power plant but would not be associated with facility construction 
or operation. 
j Per DOE 2002i, noninvolved worker population assumed to receive an annual dose of 16 person-rem/site. Total non-
involved worker dose calculated for growth to 200 GWe over 50 years. 
 

The accident scenarios consider drops and collisions involving shipping casks, bare fuel 
assemblies, low-level radioactive waste drums, and the waste package transporter. The maximum 
reasonably foreseeable accident (i.e., a credible accident scenario with the highest foreseeable 
consequences) was determined to be a beyond-design-basis seismic event. For this accident, 
using unfavorable weather conditions, the impacts to the MEI would be 38 mrem (NRC 1996). 
 
With respect to externally initiated events, the National Academy of Sciences (NAS) released a 
report in April 2005 that found that “successful terrorist attacks on SNF pools, though difficult, 
are possible,” and that “if an attack leads to a propagating zirconium cladding fire, it could result 
in the release of large amounts of radioactive material”(NAP 2005). NAS recommended that the 
hottest SNF be interspersed with cooler SNF to reduce the likelihood of fire, and that water-spray 
systems be installed to cool SNF if pool water were lost. The report also called for NRC to 
conduct more analysis of the issue and consider earlier movement of SNF from pools into dry 
storage (NAP 2005). The potential impacts of an airplane crash into a SNF storage pool were 
considered in the Yucca Mountain SEIS but eliminated from detailed study because the pool 
water would limit the potential for a fire to affect the fuel directly and would limit releases from 
damaged fuel assemblies (DOE 2008f).  
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With respect to dry storage facilities, such analysis has been performed by the NRC in a 
supplemental environmental assessment that was prepared in 2007 for the Diablo Canyon spent 
fuel storage facility (NRC 2007q). That assessment concludes that the probability of a successful 
terrorist attack resulting in a significant radiation release is very low. This conclusion is based on 
the NRC’s continual evaluation of the threat environment and coordination with other Federal, 
state and local agencies; protective measures currently in place that reduce the chances of any 
terrorist attack being successful; the robust design of dry cask storage systems, which provide 
substantial resistance to penetration; and NRC’s security assessments of potential consequences 
of terrorist attacks at these facilities (NRC 2007q). 

Although the NRC concludes the likelihood of a terrorist attack on the facility resulting in a 
substantial radiological release is very low, the supplement describes the potential impacts of 
such an event at Diablo Canyon. It concludes that any radiation dose to members of the public 
near the plant from a successful terrorist attack on the facility would likely be well below 
5 rem16, even in the most severe plausible threat scenarios. In many scenarios, the hypothetical 
dose could be substantially less than 5 rem, or none at all (NRC 2007q).  

4.2.1.2 Transporting Future Spent Nuclear Fuel to a Geologic Repository 
 
Once generated at a commercial reactor, SNF would eventually need to be transported to a 
geologic repository for disposal under the No Action Alternative. The environmental impacts of 
transporting future SNF from commercial sites to a geologic repository were estimated using the 
methodology described in Appendix E. Because it is unknown whether future SNF would be 
transported via rail or truck, the PEIS assesses both means of transport. Table 4.2-2 presents the 
number of radiological shipments (broken down by material to be transported) that would be 
required for the No Action Alternative for: 1) all truck and 2) a combination of truck and rail. 
Because all shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”).  
 

TABLE 4.2-2—Total Number of Radiological Shipments for 50 Years of  
Implementation, No Action Alternative 

Material/Waste  
Truck Transport 

(Number of 
Shipments) 

Truck/Rail 
Transport (Number 

of Shipments) 
Fresh LWR fuel 26,300 26,300a  
LWR SNF 79,000 6,300 
GTCC LLW 3,200 630 
LLW 19,000 3,800 

Source: Appendix E 
a All shipment of fresh nuclear fuel is assumed to be via truck transport. 

 
The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.2-3 and 4.2-4) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
                                                 
16 Five rem is the maximum annual occupational dose limit for workers in the nuclear industry and the regulatory dose limit for persons outside 
the boundary of a spent fuel storage facility to receive from accidents (NRC 2007q). 
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impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.2-3 presents the handling impacts for truck transport and 
Table 4.2-4 presents the handling impacts for combined truck and rail transport. Handling 
operations (loadings and inspections) would not affect the public.  
 
The impacts of handling radiological materials are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the material is 
transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other distance. For this 
reason, these impacts are presented separately from the in-transit impacts (which are presented in 
the second set of tables).  

 
TABLE 4.2-3—Handling Impacts for 50 Years of Implementation,  

No Action Alternative (Truck Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
No Action 36,700 22 6,430 4 43,200 26 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
TABLE 4.2-4—Handling Impacts for 50 Years of Implementation,  

No Action Alternative (Truck and Rail Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
No Action 22,800 14 647 0 23,400 14 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.2-5 (truck transit) and 4.2-6 (truck and rail transit). 
These impact estimates would vary based on a variety of factors, including the distance that the 
radiological material would be transported, the specific routes that would be utilized, the 
population densities along those routes, and others. Of these factors, transport distance is the 
most significant. Because the locations of future reactors and future disposal facilities are 
unknown, DOE analyzed transportation impacts over five distances: 150 mi (241 km), 500 mi 
(805 km), 1,500 mi (2,414 km), 2,100 mi (3,380 km), and 3,000 mi (4,828 km). In-transit 
impacts presented in Tables 4.2-5 and 4.2-6 are based on 2,100 mi (3,380 km) of transport. This 
distance was selected as a reference distance because it represents the average distance for all 
SNF shipments analyzed in the Yucca Mountain FEIS (DOE 2002i). Impacts associated with the 
other four distances are presented, on a per shipment basis, in Appendix E, which describes the 
transportation methodology and assumptions. Although the in-transit impacts are not exactly 
“linear” (i.e., twice the impacts for twice the distance transported), that is a close approximation. 
Consequently, if the radiological material were transported 500 mi (805 km), all of the in-transit 
impacts presented in Tables 4.2-5 and 4.2-6 could be estimated by multiplying the values in 
those tables by 0.24 (500/2,100). 
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TABLE 4.2-5—In-Transit Transportation Impacts for 50 Years of Implementation,  
No Action Alternative (Truck Transit)—200 Gigawatts Electric 

In Transit Impacts  
Crew Public Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

No 
Action 14,900 9 71,300 42 52 1.37 0 11 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number. 

 
TABLE 4.2-6—In-Transit Transportation Impacts for 50 Years of Implementation,  

No Action Alternative (Truck and Rail Transit)—200 Gigawatts Electric 
In Transit Impacts  

Crew Public Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

No 
Action 456 0 1,430 1 1 0.0828 0 3 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number. 

 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, truck and rail transport 
would result in smaller impacts than truck transport. This is due to the fact that there would be 
many fewer transportation shipments for truck and rail compared to truck only. This would 
directly affect the distance traveled and exposures to both crews and the public. Additionally, the 
number of accident fatalities (collisions) would be smaller for the truck and rail transport.  
 
4.2.2 Construction and Operation of New Nuclear Electricity Capacity from 2010 

to Approximately 2060–2070 
 
This section discusses the environmental impacts of constructing and operating approximately 
200 GWe of commercial LWR capacity, including the construction and operation of 
approximately 100 GWe of new ALWR capacity and the replacement of approximately 
100 GWe of capacity once existing LWRs reach their end-of-life.17 Because the environmental 
impacts of constructing and operating 200 GWe of reactor capacity cannot be estimated with 
precision, without knowing the location of these reactors, that analysis is limited. Nonetheless, at 
a national level, the impacts can be estimated.  
 
Construction: Completing construction of up to 200 GWe of new and replacement LWR 
capacity over a minimum 45-year period18 would amount to completion of an average of 
approximately 4.5 GWe of new LWR (or other reactor types that may be licensed by the NRC) 
capacity every year. While this would be a significant amount of new construction, on a national 
level, it would not be unprecedented. In comparable terms, all of the 104 existing commercial 
LWRs (which represent approximately 100 GWe of capacity) began construction over 

                                                 
17 Appendix A, Section A.8, provides more details regarding the replacement of existing LWRs that reach end-of-life.  
18 Although the period of analysis in this PEIS is generally 2010 to approximately 2060–2070, the construction period is based on an assumption 
that no new LWRs are expected to be completed prior to about 2015; hence, the minimum 45-year period of construction (2015-2060).  
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approximately 12 years (1966–1977), and almost every one of these reactors began operations 
within a 20-year period (1970–1990).19 Consequently, constructing up to 200 GWe of new and 
replacement LWR capacity over a 45-year period would be similar in scope to the nuclear power 
construction that took place in the United States in the 20th century.  
 
The 104 existing commercial LWRs are located on 65 commercial sites in 31 states. Many sites 
contain multiple reactors. Most commercial reactor sites (whether supporting one or more 
LWRs) are approximately 3,000 acres (1200 ha) in size (NRC 1996). If 200 GWe of new LWR 
capacity were constructed nationally, it is expected that not more than 600,000 acres 
(243,000 ha) of land would be disturbed. Indeed, it is likely that new LWRs would be colocated, 
to the extent economical and practical, with existing LWRs. Depending on the specific sites, 
construction activities would disturb land and have the potential to impact stormwater runoff, 
cause erosion, affect cultural resources, and disturb plant and animal habitats. 
 
Construction impacts would be typical of major projects and would involve similar risks of any 
large industrial activity. During construction activities, principal nonradiological pollutants such 
as certain criteria pollutants (nitrogen dioxide, sulfur dioxide, carbon monoxide, and particulate 
matter) and carbon dioxide could be emitted. Emission of the gases nitrogen dioxide, sulfur 
dioxide, and carbon monoxide would come primarily from fuel combustion by vehicles, 
construction equipment, and boilers. Particulate matter would be released mainly as a component 
of fugitive dust from land and excavation activities, as well as in smaller quantities from fuel 
combustion. 
 
Socioeconomic impacts would occur in communities in the vicinity of any future LWR. 
Employment, population, economic measures, housing, and public services could all be affected 
by construction. Peak construction employment would likely be several thousand workers, and 
construction duration for a typical LWR would likely span 5 to 10 years.  
 
Workers would be subject to industrial hazards during construction. Examples of the types of 
industrial hazards that could present themselves include tripping, being cut on equipment or 
material, dropping heavy objects, and catching clothing in moving machine parts. 
 
Operation: Operation of LWRs would require natural uranium, enriched uranium, fuel 
fabrication, and affect water resources, impact the visual environment, produce socioeconomic 
impacts, impact human health and safety, and produce wastes. These topics are addressed below. 
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 4.4 percent, would be approximately 
39,200 MT/yr (see Table 4.8-1). The 39,200 MT of natural uranium would represent 
approximately the amount of uranium that was mined in the world in 2006 and would be 
24 times more than the quantities currently mined in the United States annually (see  
Table 4.1-1). From this 39,200 MT, approximately 4,340 MT of enriched uranium (assuming 
4.4 percent enrichment) would be required annually. Approximately 26 million SWUs would be 
required annually to support a capacity of 200 GWe. The licensed capacity of the enrichment 
facility at Paducah, the American Centrifuge Plant, and the LES Facility is 17.8 million SWUs. 
                                                 
19 See http://www.eia.doe.gov/cneaf/nuclear/page/nuc_reactors/operational.xls for more details (EIA 2007j).  
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Consequently, enrichment facilities in the United States would need to be expanded by 
approximately 47 percent or larger quantities of enriched uranium would need to be imported. 
Additionally, if Paducah shuts down in 2012, the U.S. enrichment capacity would be reduced to 
approximately 6.8 million SWUs. To support a 200 GWe capacity, enrichment capacities in the 
United States would need to be expanded by approximately 300 percent or larger quantities of 
enriched uranium would need to be imported.  
 
Fuel Fabrication Requirements: The United States currently has three operational LWR 
uranium fuel fabrication facilities with a capacity to produce approximately 3,500 MT of LWR 
fuel assemblies (Table 4.1-2). The current LWRs require approximately 2,000 MT of fresh LWR 
fuel assemblies annually. For 200 GWe, approximately 4,340 MT of fresh LWR fuel assemblies 
would need to be produced annually. Consequently, the fuel fabrication facilities in the United 
States would need to be expanded by approximately 25 percent or fresh LWR fuel assemblies 
would need to be imported.  
 
Land Resources: Once operational, a total of approximately 600,000 acres (243,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would serve as a buffer between the actual facility and the outer facility boundary. 
The total site area would be determined by accident analyses and regulatory requirements, 
including safeguards and security.  
 
Visual Resources: With respect to visual characteristics, the visibility of any LWR from 
publicly accessible locations would be dependent on the future site characteristics. For sites that 
use “wet” cooling tower systems, the water vapor plume from cooling tower operations may be 
visible for many miles from the plant.  
 
Air Resources: LWRs generate both nonradiological and radiological emissions. Non-
radiological emissions, which are predominantly associated with vehicle emissions and 
emergency diesel generator testing and operations, are generally small. With respect to 
radiological emissions, all nuclear power plant operators are required to monitor radioactive 
airborne emissions from the plant and to file a report of these emissions annually with the NRC 
with a list of the radioactive isotopes released, the quantity released, and the radiation dose to the 
public. The concentrations of radionuclides released into the environment from a nuclear facility 
are generally too low to be measurable outside the plant’s boundary (NRC 2008c). The potential 
impacts to human health are presented in the “Human Health” section below. 
 
Water Resources: Every operating LWR would use significant quantities of water. A typical 
GWe of LWR capacity requires approximately 3 to 6 billion gal (11 to 23 billion L) of water 
yearly, mainly for heat dissipation20 (EPRI 2002). As a result, most LWRs are located near major 
sources of water, such as natural lakes, man-made lakes, rivers, or the ocean. Water can also be 
supplied from groundwater. In arid environments, “dry” cooling towers can be utilized to reduce 
water requirements.21 The heat dissipation system selected would be dependent on site 

                                                 
20 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gallons/yr (227 million L/yr). 
21 There are two main types of cooling technology, the air system (“dry cooling”) and the wet system. An air-cooled system operates like a very 
large automobile radiator. These systems use a flow of air to cool water flowing inside finned tubes. It is essentially a closed-loop system where 
air is passed over large heat exchange surfaces. While air cooling is a reliable and proven technology, it has some technical and economic 
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characteristics. Although LWRs withdraw large quantities of water from a source body, virtually 
all of that water is returned to its source at a quality similar to that removed, albeit a bit warmer 
and sometimes with a trace of residual chlorine. Only a small quantity (about 1 percent) is 
consumed via increased evaporation to the atmosphere from the warm discharge water plume 
(EPRI 2002). 
 
Socioeconomic Impacts: Similar to construction, socioeconomic impacts would occur in 
communities in the vicinity of any future LWR. Although operations would generally employ 
fewer workers than peak construction, employment, population, economic measures, housing, 
and public services could all be affected. A typical LWR employs approximately 500 to 
1,000 workers. 
 
Human Health: In addition to nonradiological hazards, workers would be subject to radiological 
hazards, including radiation exposure. In 2006, approximately 116,000 individuals working in 
commercial nuclear plants in the United States were monitored, and approximately 
59,000 received a measurable dose (hereafter, workers who received a measurable dose will be 
referred to as “radiation workers”). During 2006, these radiation workers incurred a collective 
dose of approximately 11,000 person-rem; this represents a 4 percent decrease from the 2005 
value. The average dose to radiation workers was approximately 190 mrem (NRC 2007l). 
Assuming these doses would be similar for LWRs in the future, the average LWR worker would 
have a 1.0 x10-5 risk of developing an LCF (a 1 in 9,000 chance of an LCF).  
 
The public would also be subject to radiation exposure, primarily from airborne releases of 
radionuclides. To estimate radionuclide releases from normal operations, DOE obtained actual 
radiological emission data from the South Texas Project Electric Generating Station. This 
generating station operates two of the newest LWRs (operations began in 1988 for Unit 1 and 
1989 for Unit 2). In terms of electrical output, these LWRs are also relatively large (more than 
1,250 megawatts electric (MWe) each), which provides a measure of conservatism regarding 
radiological emissions. Because these reactors are relatively new and large, their radiological 
emissions are assumed to be representative of future LWRs.  
 
DOE developed six hypothetical sites to assess the impacts of various scenarios (see  
Appendix D, Section D.1.6.1). These sites provide a range of values for two parameters: offsite 
(50-mi [80-km]) population and meteorological conditions that would directly affect the offsite 
consequences of any release. The 50-mi (80-km) population has a direct effect on the collective 
dose received in the area surrounding the site. The environmental concentrations which would 
result from a hypothetical release depend on the meteorological mechanisms of advection and 
dispersion that a release would experience as it is transported downwind. An additional 
parameter, the distance to the site boundary, was also considered as a site differentiator. This 
distance affects the dose to the MEI. In general, the greater the distance to the site boundary is, 
the smaller the dose to the MEI will be. There are no current regulatory minimum distances 
which apply to facility siting. In order to keep the number of permutations of analyzed site 
conditions reasonable and still represent a range of conditions, this distance was held constant for 

                                                                                                                                                             
drawbacks in comparison to a wet mechanical cooling system, which requires the use of significant amounts of water. The principal drawbacks of 
air cooling are increased noise levels, higher capital costs, and larger physical dimensions. There are currently no existing LWR facilities in the 
United States using the “dry cooling system.”  
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each generic site at 3,020 ft (920 m) based on the average distance to the site boundary at 
existing reactors.  
 
Based on modeling results, the impacts from normal operations of future LWRs are shown in 
Table 4.2-7.  
 

TABLE 4.2-7—Normal Operation Radiological Impacts to the Public from 
the No Action Alternative at Six Hypothetical Sites in the United States 

LWR (1,264 MWe)a 
 Maximally 

Exposed 
Individual 
(MEI) dose 
(mrem/yr) 

MEI LCFs 
50-Mile 

Population dose 
(person-rem/yr) 

50-Mile Population 
LCFs 

Site 1 0.02 1.1x10-5  0.05 3.0x10-5 
Site 2 0.02 1.1x10-5 0.06 3.8x10-5 
Site 3 0.01 8.6x10-6 0.46 2.7x10-4 
Site 4 0.04 2.4x10-5 0.22 1.3x10-4 
Site 5 0.04 2.4x10-5 0.27 1.6x10-4 
Site 6 0.03 2.0x10-5 2.04 0.001 

Source: Annett 2008 
a Radiological emission data from 2005 for a single 1,264 MWe pressurized water reactor (PWR).  
 

As shown in Table 4.2-7, MEI doses for the LWR would be well below the 10 mrem/yr standard 
at each of the six hypothetical sites.  
 
Facility Accidents: With respect to accidents, impacts would be dependent on many factors, 
including the type of accident, site characteristics, and the distribution of population in the 
surrounding environment; therefore, a traditional accident analysis is not meaningful. Any LWR 
would need to meet NRC regulatory licensing limits which would limit the dose to the MEI at 
the site boundary to 25 rem for extremely unlikely events (i.e., those with a frequency between 
1×10-4/yr to 1×10-6/yr) (see 10 CFR 100.11). It would be expected that any severe accidents may 
result in the deaths of some involved workers. As a point of reference, however, the accident at 
the Three Mile Island Unit 2 nuclear power plant near Middletown, PA, on March 28, 1979, was 
the most serious in U.S. commercial nuclear power plant operating history,22 even though it led 
to no deaths or injuries to plant workers or members of the nearby community (NRC 2007f).  
 
Appendix D presents the impacts for a range of accidents, at a variety of sites, which are 
expected to be representative of the types of accidents that could occur in existing LWRs and 
future ALWRs. For the No Action Alternative, it is assumed that LWRs and ALWRs would be 
fueled with conventional low-enriched uranium (LEU).23 This section summarizes the accident 
impacts associated with LEU fueled LWRs and ALWRs. 
 
                                                 
22 The catastrophic Chernobyl accident in the former Soviet Union, in 1986, is generally considered the most severe nuclear reactor accident to 
occur in any country. It is widely believed an accident of that type could not occur in U.S.-designed plants. The NRC evaluated the Chernobyl 
accident and “concluded that no immediate changes were needed in the NRC's regulations regarding the design or operation of U.S. commercial 
nuclear reactors as a result of lessons learned from Chernobyl. U.S. reactors have different plant designs, broader shutdown margins, robust 
containment structures, and operational controls to protect them against the combination of lapses that led to the accident at Chernobyl” 
(NRC 2007n).  
23 DOE acknowledges that a limited use of mixed-oxide (MOX) fuel, fabricated from surplus plutonium from the defense program, could be used 
in certain LWRs and ALWRs. Section 4.4 summarizes accident impacts associated with use of MOX-fueled LWRs and ALWRs. 
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Probability and Frequency 
 
The probability of an accident 
occurring is expressed as a number 
between 0 (no chance of occurring) 
and 1 (certain to occur). 
Alternatively, instead of probability 
of occurrence, one can specify the 
frequency of occurrence (e.g., once 
in 200 years, which also can be 
expressed as 0.005 times per year) 
(DOE 2006p). 

With respect to existing LEU fueled LWRs, the internally initiated accident with the highest 
consequence to the onsite and offsite populations would be the “Interfacing System Loss of 
Coolant Accident (Interfacing System LOCA)” scenario (see Appendix D, Section D.2.1 for 
more information on this accident and others analyzed for the No Action Alternative). Using the 
dose-to-risk conversion factor of 6×10-4 LCF per person-rem, the collective population doses are  

estimated to result in 900 to 40,000 additional LCFs in the surrounding population. These 
consequences are consistent with the results of the NRC’s Severe Accident Risks: An Assessment 
for Five U.S. Nuclear Power Plants, NUREG-1150 (NRC 1990) and the SPD EIS (DOE 1999d) 
when the high population and unfavorable meteorology are considered. The higher consequences 
for this accident are not the result of differences in the fuels relative to other reactors, but are 
instead the result of the use of high release parameters and an assumption that all containment 
and filter systems would fail. For the MEI, this scenario would result in an increased likelihood 
of an LCF of 1. These noninvolved worker doses would likely result in prompt radiation health 
effects, up to death. 
 
Consequences do not account for the probability (or 
frequency) of an accident, and thus represent the impacts 
that could result if an accident were to occur. Another useful 
metric to consider in an accident analysis is risk. Risk takes 
into account the probability of an accident and is determined 
by multiplying the consequences of an accident by the 
probability of occurrence.  
 
For existing LEU fueled LWRs, the internally initiated 
accident with the highest risk to the onsite and offsite 
populations is the “Interfacing System LOCA” scenario (see 
Appendix D, Section D.2.1 for more information on this 
accident and others analyzed for the No Action Alternative). The collective risk to the offsite 
population for this scenario would range from 6×10-5 expected LCF per year of operation in the 
Site 1 offsite population to 0.002 expected LCF per year of operation in the Site 6 offsite 
population. For the MEI, the same scenario would result in an increased risk of an LCF of 6×10-8 
per year of operation at all sites. For the noninvolved worker, this scenario would result in an 
increased risk of an LCF of 7×10-8 per year of operation. 

Internally, Externally, and Natural Phenomena Initiated Accidents  
 

This PEIS considers accidents that are internally, externally, and natural phenomena initiated. Internally initiated 
accidents are associated with a specific reactor design. These accidents could include events like failure of a 
reactor coolant pump, operator error, or loss of coolant. Externally initiated accidents are location-dependent and 
could be caused by an event such as an aircraft crash. Natural phenomena are typically location-dependent and 
include events such as earthquakes and tornadoes. Externally and natural phenomena initiated events are 
analyzed by the use of consistent release parameters regardless of the reactor design or generic location in order 
to provide a common basis for comparison. 
  
Externally and natural phenomena initiated accidents, which are described and the results presented in Appendix 
D, are generally the highest consequence accidents. Externally and natural phenomena accidents have the 
potential to mask any differences between reactor technologies and are most useful in providing a basis of 
comparison for core inventory (i.e., ultimate consequences).  
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With respect to future LEU fueled ALWRs, the internally initiated event with the highest 
consequence to the onsite and offsite populations would be the “Low Pressure Core Melt with 
Loss of Long-Term Coolant Makeup and Containment Vessel” scenario, which has a frequency 
of 1.1×10-8/yr (see Appendix D, Section D.2.1 for more information on this accident and others 
analyzed for the No Action Alternative). Using the dose-to-risk conversion factor of 6×10-4 LCF 
per person-rem, the collective population doses would result in 5 to 200 additional LCFs in the 
surrounding population. For the MEI, this scenario would result in an increased likelihood of 
LCF of 0.1 to 0.9. The noninvolved worker doses would likely result in prompt radiation health 
effects, up to death.  
 
Consequences do not account for the probability of an accident, and thus represent the impacts 
that could result if an accident were to occur. Another useful metric to consider in an accident 
analysis is risk. Risk takes into account the probability of an accident and is determined by 
multiplying the consequences of an accident by the probability of occurrence. 
 
The internally initiated LEU fueled ALWR accident with the highest risk to the onsite and offsite 
populations is the “Failure of Small Primary Coolant Line Outside the Containment” scenario 
(see Appendix D, Section D.2.1 for more information on this accident and others analyzed for 
the No Action Alternative). The collective risk to the offsite population for this scenario would 
range from 2×10-7 expected LCF per year of operation in the Site 1 offsite population to 6x10-6 
expected LCF per year of operation in the Site 6 offsite population. For the MEI, the internally 
initiated accident with the greatest risk is also the “Failure of Small Primary Coolant Line 
Outside Containment” scenario, which would result in an increased risk of an LCF of 2×10-9 per 
year (at Sites 1-3) to 1×10-8 per year of operation (at Sites 4-6). For the noninvolved worker, the 
“Failure of Small Primary Coolant Line Outside Containment” scenario would result in an 
increased risk of an LCF ranging from 2×10-8 per year of operation (at Sites 1-3) to 1×10-7 per 
year of operation (at Sites 4-6). 
 
Spent Nuclear Fuel and Radioactive Wastes: Typical nuclear power plants generate SNF and 
LLW, including Greater-than-Class-C (GTCC) LLW. Interim SNF storage is addressed in 
Section 4.2.1.1. LLW consists of items that have come in contact with radioactive materials, 
such as gloves, personal protective clothing, tools, water purification filters and resins, plant 
hardware, and wastes from reactor cooling-water cleanup systems. It generally has levels of 
radioactivity that decay to background radioactivity levels in less than 500 years. About 
95 percent of such radioactivity decays to background levels within 100 years or less. A typical 
LWR generates approximately 740 to 2,790 ft3 (21 to 79 m3) of LLW annually (NEI 2007). The 
LLW generated at nuclear power plants is transferred to a domestic licensed commercial 
treatment and/or disposal facility. Over a 50-year implementation period24, the No Action 
Alternative would generate the SNF and radioactive wastes shown in Table 4.2-8.  
 

                                                 
24 The 50-year implementation period is used to reflect the period of time from 2010 to approximately 2060–2070, during which any of the 
alternatives would be implemented to support the growth in nuclear electricity generating capacity from approximately 100 GWe to 200 GWe. 
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TABLE 4.2-8—Total Spent Nuclear Fuel and Wastes Generated by  
the No Action Alternative (50 Years of Implementation) 

Waste Category LWRs  
(200 GWe in 2060-2070) 

LWR SNF (MTHM) 158,000 a 

LLW (solid) (cubic meters) LB: 150,000 
UB:585,000 b 

GTCC LLW (cubic meters) 2,500 c 
 LB = lower bound; UB = upper bound. 
 a Calculation of SNF generated assumes new LWRs are added at a uniform rate over the 2015 to  
2060–2070 time period to achieve 200 GWe capacity. Existing LWRs are assumed to be replaced as they 
reach end-of-life between 2020 and 2060-2070. PEIS assumes that LWR would generate 21.7 MTHM of 
SNF/GWe-yr.  
b Derived from data for a typical LWR which would generate approximately 21 to 79 m3 of LLW annually 
(NEI 2007). Based on growth from approximately 100 GWe in 2010 to 200 GWe by approximately  
2060–2070.  
c GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available 
for disposal during facility decommissioning. The majority of GTCC LLW generated by nuclear reactors 
is activated metal. It has been estimated that approximately 813 m3 of GTCC LLW would be generated 
when the existing 104 commercial LWRs undergo decontamination and decommissioning (D&D) 
(SNL 2007). Scaling those results to account for production of 200 GWe of electricity via nuclear 
reactors, it is estimated that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from D&D 
(including D&D of existing LWRs). See Section 4.9 for a discussion of GTCC LLW from reactor 
decommissioning.  
Note: all values except GTCC LLW rounded to nearest thousand. 

 
Treatment facilities process the LLW by various methods to reduce toxicity, reduce volume, and 
immobilize the waste prior to transferring the waste to a licensed disposal facility. Currently, the 
Nation is served by three commercial disposal facilities which are located in South Carolina, 
Utah, and Washington (see Section 4.1.6). The volume and radioactivity of LLW processed 
varies from year to year based on the types and quantities of waste. In 2005, these facilities 
collectively disposed of 113,000 m3 and 530,000 Curies (Ci) of LLW (NRC 2007g). Disposal 
capacity of these facilities is established in licenses with the NRC. For the 200 GWe capacity, 
the annual LLW volumes could grow from 4,200 to 15,800 m3, which would represent 
approximately 3.5 to 14 percent of the 2005 LLW quantities. GTCC LLW from nuclear reactors 
is produced as a result of normal operations and becomes available for disposal during facility 
decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. 
Disposal of GTCC LLW would occur pursuant to the Low-Level Radioactive Waste Policy 
Amendments Act of 1985, at facilities to be determined by the DOE.  
 
Transportation: The transportation impacts for the No Action Alternative are presented in 
Section 4.2.1.2. 
 
4.3 FAST REACTOR RECYCLE FUEL CYCLE ALTERNATIVE (FAST REACTOR 

RECYCLE ALTERNATIVE) 
 
The Fast Reactor Recycle Alternative is described in Chapter 2, Section 2.3. Under the Fast 
Reactor Recycle Alternative, the United States would pursue a closed fuel cycle and recycle SNF 
in a system that includes LWRs, nuclear fuel recycling centers25, and fast reactors (advanced 

                                                 
25 Each nuclear fuel recycling center could be made up of one, two, or three facilities that may or may not be colocated with each other: 1) an 
LWR SNF separations facility (800 MTHM/yr capacity); 2) a fast reactor transmutation fuel fabrication facility (100 MTHM/yr capacity); and  
3) a fast reactor SNF separations facility (100 MTHM/yr capacity). For this PEIS, it is assumed that these facilities would not be collocated; 
consequently, the nuclear fuel recycling center presented in this PEIS is made up of three facilities. 
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recycling reactors) that would utilize recycled constituents (uranium and transuranics) as fuel to 
produce electricity. At the programmatic level, this PEIS assesses the potential environmental 
impacts associated with broad implementation of the Reactor Recycle Alternative with a capacity 
of approximately 200 GWe, based on a 1.3 percent growth rate for nuclear power. The PEIS also 
provides information for a growth scenario of 2.5 percent, which would result in a capacity of 
approximately 400 GWe (see Table 4.8-2), a 0.7 percent growth rate (see Table 4.8-3), and a 
zero growth scenario, which would result in a capacity of approximately 100 GWe (see 
Table 4.8-4).  
 
This PEIS presents the environmental impacts of the Fast Reactor Recycle Alternative as 
follows: 
 
Construction and Operation of Fast Reactor Recycle Alternative Facilities: The impacts of 
establishing and implementing the Fast Reactor Recycle Alternative with a capacity of 
approximately 200 GWe are presented. This analysis includes the construction of Fast Reactor 
Recycle Alternative facilities, transportation of LWR SNF from commercial reactors to SNF 
recycling facilities, operations to recycle SNF and produce fuel for advanced recycling reactors, 
transportation of fuel to/from advanced recycling reactors, and waste management impacts 
(which would include the impacts of establishing additional geologic repository capacity for 
HLW, and the transport of HLW to a geologic repository). The analysis includes the 
environmental impacts of operating up to 200 GWe of capacity in LWRs and fast reactors, 
including the replacement of approximately 100 GWe of LWR capacity that reaches end-of life, 
and the construction and operation of approximately 100 GWe of new reactor capacity using 
both LWRs and fast reactors. These impacts are presented in Section 4.3.1. 
 
The following assumptions are relevant to the analysis of the Fast Reactor Recycle Alternative.  
 
Destruction of Transuranics in Advanced Recycling Reactor(s): The advanced recycling 
reactors in the PEIS alternatives provide for the net destruction of transuranic elements in 
transmutation fuel in each advanced recycling reactor cycle. The amount of transuranic 
destruction is usually expressed by the “conversion ratio” (CR)26. The PEIS assumes a CR of 0.5 
and discusses less efficient and more efficient transuranic destruction.  
 
Percent of Electricity Generation from Advanced Recycling Reactors: In simple terms, a 
balance would be achieved when the mass of transuranics produced and recovered from LWR 
SNF during processing equals the mass of transuranics consumed in advanced recycling reactors 
per unit time. This balance would depend on a number of factors, including advanced recycling 
reactor size, transuranic destruction efficiency, and the number of operating LWRs (which, in 
turn is based on estimated future electricity growth and the nuclear power share of the electricity 
generation market). For this PEIS, a balance of 60 percent LWRs and 40 percent advanced 
recycling reactors is presented.  
 

                                                 
26 As used in this PEIS, the “conversion ratio” (CR) of a fast reactor is the ratio of the amount of transuranic elements that are produced to the 
amounts that are consumed in the reactor during the time the fuel is in the reactor. The CR determines the number of fast reactors required to 
consume transuranics separated from the LWR SNF. At a CR of 0.5, approximately 20 percent of the transuranics would be destroyed per fast 
reactor recycle pass. This PEIS also includes a sensitivity analysis of changing the CR in Section 4.3.2.  
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4.3.1 Construction and Operation of Fast Reactor Recycle Alternative Facilities  
 
Appendix A (Sections A.4.2 and A.6, respectively) describes an advanced recycling reactor and 
a nuclear fuel recycling center, which would be the two major types of facilities required to 
implement the Fast Reactor Recycle Alternative. This PEIS acknowledges that implementation 
of the Fast Reactor Recycle Alternative to achieve a capacity of 200 GWe would be a long-term 
process carried out over many decades. Initially, implementation of the Fast Reactor Recycle 
Alternative could begin at demonstration capacity (on the order of a 100 MTHM per year SNF 
recycling center and a 250-megawatts thermal (MWth) advanced recycling reactor) before 
ramping-up to commercial capacities.  
 
Construction: For the Fast Reactor Recycle Alternative with a capacity of 200 GWe, the 
following facilities could be built: 
  

– 120 GWe of LWR capacity (which would include the replacement of approximately 
100 GWe of LWR capacity when existing LWRs reach their end-of-life).  

– 80 GWe of fast reactor capacity. 
– Three LWR separation facilities (each with a capacity of approximately 

800 MTHM/yr).27  
– Up to eight transmutation fuel fabrication facilities (each with a capacity to fabricate 

100 MTHM/yr of transmutation fuel).28  
– Up to eight fast reactor SNF separations facilities (each with a capacity to separate 

100 MTHM/yr of fast reactor SNF).29 
 

Although some facilities could be colocated, the construction of this much capacity would 
necessitate that many sites in the United States be utilized. For this analysis, it is assumed that 
none of the facilities would be colocated, which would necessitate transportation of material 
between the facilities during operations. If facilities were colocated, transportation impacts 
would decrease compared to the results presented. With respect to health and safety impacts,  
co-locating facilities would produce additive impacts comprised of the individual facility 
impacts. The impacts of accidents from each individual facility would not change due to 
colocation. That is, an accident in one facility would not cause an accident in another facility. 
Some external events, such as a large seismic event, could cause multiple accidents in colocated 
facilities. However, even in those cases, the total accident impacts would be comprised of the 
additive impacts from the individual facilities. 
 
On a national level, constructing up to 200 GWe of reactor capacity over approximately 45-years 
(assuming the first LWR comes on-line in approximately 2015, fast reactors begin coming  
on-line in approximately 2020, and construction continues at a relatively steady pace thereafter 
                                                 
27 As shown in Table 2.10-1, the 200 GWe scenario would require approximately 2,600 MTHM/yr of LWR separations capacity. The PEIS 
analysis is based on a LWR separation facility sized at 800 MTHM/yr. Therefore, three to four 800 MTHM/yr facilities would be required to treat 
this amount of SNF. For the purposes of this analysis, three facilities were assumed having a capacity to separate 2,400 MTHM/yr. 
Approximately 200 MTHM/yr would need to be stored (see Section 4.3.3) until additional capacity is made available.  
28 As shown in Table 2.10-1, the 200 GWe scenario would require approximately 720 MTHM/yr of transmutation fuel fabrication capacity. The 
PEIS analysis is based on a transmutation fuel fabrication facility sized at 100 MTHM/yr. Because eight facilities would have a capacity to 
fabricate 800 MTHM/yr, there would be an excess capacity of approximately 80 MTHM/yr.  
29 As shown in Table 2.10-1, the 200 GWe scenario would require approximately 720 MTHM/yr of fast reactors SNF separation capacity. The 
PEIS analysis is based on a fast reactor SNF separation facility sized at 100 MTHM/yr. Because eight facilities would have a capacity to separate 
800 MTHM/yr, there would be an excess capacity of approximately 80 MTHM/yr.  
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until 2060–2070) is assumed. Assuming an average of 3,000 acres (1,200 ha) per GWe of reactor 
capacity (see Chapter 3, Section 3.2.2), the amount of land disturbed by construction of the 
reactor facilities could be up to 600,000 acres (243,000 ha) of land (assuming none of the 
reactors are colocated, which is a conservative assumption because it is likely that a reactor site 
would include multiple reactors, as is common in the commercial nuclear power industry).  
 
Construction of 3 LWR separation facilities would require a total of approximately 1,500 acres 
(600 ha) (based on 500 acres [200 ha] per facility, see Appendix A, Section A.6.1.2). 
Construction of 8 fast reactor SNF separations facilities would require a total of approximately 
2,000 acres (800 ha) (based on 250 acres [100 ha] per facility, see Appendix A, Section A.6.3.2). 
Construction of 8 transmutation fuel fabrication facilities would require a total of approximately 
800 acres (320 ha) (based on 100 acres [40 ha] per facility, see Appendix A, Section A.6.2.2). 
The total land required for the Fast Reactor Recycle Alternative with a capacity of 200 GWe 
would be approximately 604,000 acres (244,000 ha).  
 
Construction of any of these nuclear facilities could produce peak employments of several 
thousand workers. Because construction impacts would be highly localized and dependent on 
specific sites proposed for facilities, any further discussion of construction impacts would not 
provide meaningful information relative to the programmatic construction impacts.  
 
Operation: Operation of the facilities would predominantly affect land resources, water 
resources, impact the visual environment, produce socioeconomic impacts, impact human health 
and safety, produce wastes, and require transportation of nuclear materials. These topics are 
addressed below. 
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 4.4 percent, would be approximately 24,400 MT 
per year (see Table 4.8-1). The 24,400 MT of natural uranium would represent approximately 
62 percent of uranium that was mined in the world in 2006 and would be 14 times more than the 
quantities currently mined in the United States annually (see Table 4.1-1). From this 24,400 MT, 
approximately 2,700 MT of enriched uranium (assuming 4.4 percent enrichment) would be 
required annually. Approximately 16 million SWUs would be required annually to support a 
capacity of 200 GWe. The licensed capacity of Paducah, the American Centrifuge Plant, and the 
LES Facility is 17.8 million SWUs. Consequently, enrichment facilities in the United States 
could meet this demand. However, if Paducah shuts down in 2012, the United States enrichment 
capacity would be reduced to approximately 6.8 million SWUs. To support a 200 GWe capacity, 
enrichment capacities in the United States would need to be expanded by more than 100 percent 
or larger quantities of enriched uranium would need to be imported.  
 
Fuel Fabrication Requirements: The United States currently has three operational LWR 
uranium fuel fabrication facilities with a capacity to produce approximately 3,500 MT of LWR 
fuel assemblies (Table 4.1-2). For the Fast Reactor Recycle Alternative, approximately 
2,700 MT of fresh LWR fuel assemblies would need to be produced annually to support the 
200 GWe scenario. Consequently, the fuel fabrication facilities in the United States would be 
able to provide this capacity. The fast reactor fuel fabrication requirements would be met by  
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constructing and operating the eight fast reactor SNF separations facilities with an associated 
transmutation fuel fabrication capability.  
 
Land Resources: Once operational, a total of approximately 605,000 acres (245,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would serve as a buffer between the actual facility and the outer facility boundary. 
The total site area would be determined by accident analyses and regulatory requirements, 
including safeguards and security. 
 
Visual Resources: With respect to visual characteristics, the visibility of any facility from 
publicly accessible locations would be dependent on the future site characteristics. For sites that 
use “wet” cooling tower systems, the water vapor plume from cooling tower operations may be 
visible for many miles from the plant.  
 
Air Resources: The facilities associated with the Fast Reactor Recycle Alternative would 
generate both nonradiological and radiological emissions. Nonradiological emissions, which are 
predominantly associated with vehicle emissions and emergency diesel generator testing and 
operations, would be small. With respect to radiological emissions, all facility operators would 
be required to monitor radioactive airborne emissions discharges and file a report of these 
discharges annually with the NRC with a list of the radioactive isotopes released, the quantity 
released, and the radiation dose to the public (NRC 2008c). The potential impacts to human 
health are presented in the “Human Health” section below. 
 
Water Resources: Every operating reactor would use significant quantities of water. A typical 
GWe of reactor capacity requires approximately 3 to 6 billion gal (11 to 23 billion L) of water 
yearly, mainly for heat dissipation30 (EPRI 2002). As a result, most reactors are located near 
major sources of water, such as natural lakes, man-made lakes, rivers, or the ocean. Water can 
also be supplied from groundwater. In arid environments, “dry” cooling towers can be utilized to 
reduce water requirements.31 The heat dissipation system selected would be dependent on site 
characteristics. Although reactors withdraw large quantities of water from a source body, 
virtually all of that water is returned to its source at a quality similar to that removed, albeit a bit 
warmer and sometimes with a trace of residual chlorine. Only a small quantity (about 1 percent) 
is consumed via increased evaporation to the atmosphere from the warm discharge water plume 
(EPRI 2002). 
 
A nuclear fuel recycling center would use significant quantities of water. Each LWR SNF 
separation facility would require approximately 330 million gal/yr (1.3 billion L/yr) 
(WSRC 2008a). Three facilities would require approximately 1 billion gal/yr (3.8 billion L/yr). A 
fast reactor SNF separation facility with an associated transmutation fuel fabrication capability  
 

                                                 
30 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gal/yr (230 million L/yr). 
31 There are two main types of cooling technology, the air system (“dry cooling”) and the wet system. An air-cooled system operates like a very 
large automobile radiator. These systems use a flow of air to cool water flowing inside finned tubes. It is essentially a closed-loop system where 
air is passed over large heat exchange surfaces. While air cooling is a reliable and proven technology, it has some technical and economic 
drawbacks in comparison to a wet mechanical cooling system, which requires the use of significant amounts of water. The principal drawbacks of 
air cooling are increased noise levels, higher capital costs, and larger physical dimensions. There are currently no existing LWR facilities in the 
United States using the “dry cooling system.” 
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would require approximately 125 million gal/yr (470 million L/yr) (WSRC 2008b, 
WSRC 2008c). Eight facilities would require approximately 1 billion gal/yr (3.8 billion L/yr). 
 
Socioeconomic Impacts: Socioeconomic impacts would occur in communities in the vicinity of 
any future facility. For each GWe of capacity, an LWR and advanced recycling reactor would 
require approximately 500 to 1,000 workers. Employment estimates for the recycling facilities 
are: approximately 3,000 workers for each LWR SNF separation facility; approximately 
2,000 workers associated with a fast reactor SNF separation facility; and approximately 1,000 
workers associated with a transmutation fuel fabrication facility (WSRC 2008a, WSRC 2008b).  
 
Human Health: In addition to nonradiological hazards, workers at each of the facilities would 
be subject to radiological hazards, including radiation exposure, as discussed below.  
 

– The total annual dose to workers associated with the nuclear fuel recycling centers would 
be approximately 4,600 person-rem (LWR separation: 3 facilities x 2,226 radiation 
workers/facility x 250 mrem/yr average dose [WSRC 2008a]; fast reactor SNF 
separation/fuel fabrication: 8 facilities x 1,456 radiation workers/facility x 250 mrem/yr 
average dose [WSRC 2008b, WSRC 2008c]).  

– The total annual dose to workers at the advanced recycling reactors (80 GWe of capacity) 
would be approximately 8,360 person-rem (assumes 550 radiation workers/GWe x 
190 mrem/yr average dose32).  

– At the LWRs (120 GWe of capacity), the total annual dose to workers would be 
approximately 12,500 person-rem (assumes 550 radiation workers/GWe x 190 mrem/yr 
average dose).  

 
The total annual dose to workers associated with the 200 GWe Fast Reactor Recycle Alternative 
would be approximately 25,500 person-rem, which equates to an annual LCF risk of 
approximately 15. Statistically, this means that 15 LCFs could occur for every year of operation 
of a Fast Reactor Recycle Alternative at the capacities assumed at the end of the implementation 
period (i.e., that separates 2,400 MTHM/yr of LWR SNF and 800 MTHM/yr of fast reactor SNF, 
produces 800 MTHM/yr of fast reactor transmutation fuel, and operates 200 GWe of LWR and 
advanced recycling reactor capacity. 
 
The public would also be subject to radiation exposure, primarily from airborne releases of 
radionuclides. As described in Appendix D, Section D.1.6, DOE developed six hypothetical sites 
to assess the impacts of potential radiological releases associated with normal operations of 
facilities. Potential doses from LWRs are shown in Table 4.2-6 for the six hypothetical sites. For 
the nuclear fuel recycling center and the advanced recycling reactor, public exposures would 
vary depending on many factors, but would predominantly be affected by prevailing weather 
patterns and the proximity of the facilities to local population centers. Based on modeling results, 
the impacts from normal operations of the nuclear fuel recycling center33 and the advanced 
                                                 
32 550 radiation workers/GWe x 190 mrem/yr average dose is based on data for the actual average operating LWR. The “Advanced Burner 
Reactor” report (Briggs et al. 2007), estimated 385 workers with an average annual worker dose of 210 mrem per GWe of capacity. This would 
equate to a total dose of 6,468 person-rem for the 80 GWe capacity. For purposes of this dose estimate, the PEIS uses the actual LWR data. These 
data represented the best available information and were used to facilitate the comparison of programmatic alternatives. 
33 For recycling facilities, radiological releases associated with the LWR SNF separation facility were modeled. This facility would have a much 
higher throughput than the fast reactor SNF separation facility and the transmutation fuel fabrication facility, and would be expected to have the 
highest releases and potential impacts.  
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recycling reactor are shown in Table 4.3-1. As shown in that table, MEI doses for the nuclear 
fuel recycling center and the advanced recycling reactor would be below the 10 mrem/yr 
standard (40 CFR Part 61) for each of the six hypothetical sites. The results presented in 
Table 4.3-1 are based on releases from a single facility. If two nuclear fuel recycling centers 
(each with an 800 MTHM capacity) or two advanced recycling reactors were located at the same 
site, the MEI and 50-mi (80-km) population doses would be expected to double.  

 
TABLE 4.3-1—Normal Operation Radiological Impacts to the Public from Fast Reactor 

Recycle Alternative Facilities at Six Hypothetical Locations in the United States 
Nuclear Fuel Recycling Center 

(800 MTHM/yr)a 
Advanced Recycling Reactor 

(per 1 GWth) 
 

MEI dose 
(mrem/yr) 

50-Mile 
Population dose 
(person-rem/yr) 

MEI dose 
(mrem/yr) 

50-Mile Population dose 
(person-rem/yr) 

Site 1 3.5 6.0  7.4 × 10-4 1.8 × 10-3 
Site 2 3.4 7.6 7.4 × 10-4 2.9 × 10-3 
Site 3 2.6 53.3 6.1 × 10-4 0.02 
Site 4 7.2 21.6 1.6 × 10-3 7.3 × 10-3 
Site 5 7.1 28 1.6 × 10-3 9.8 × 10-3 
Site 6 6.0 194 1.4 × 10-3 0.07 
Source: Annett 2008 

a Data is presented for 800 MTHM/yr LWR SNF separations facility. If a smaller or larger facility were constructed and operated, results 
would be expected to scale linearly.  

 
Facility Accidents: Appendix D presents the impacts for a range of accidents, at the six 
hypothetical sites, which are expected to be representative of the types of accidents that could 
occur in a future nuclear fuel recycling center, an advanced recycling reactor, and future LWRs 
and ALWRs.34  
 
Nuclear Fuel Recycling Center Accidents: With respect to a future nuclear fuel recycling 
center, the internally initiated accident with the highest consequence to the onsite and offsite 
populations would be the “Explosion and Fire in Aqueous Separations” scenario for a facility 
throughput of 800 MTHM/yr (see Appendix D, Section D.2.2 for more information on this 
accident and others analyzed for the nuclear fuel recycling center). Using the dose-to-risk 
conversion factor of 6×10-4 LCF per person-rem the collective population dose is estimated to 
result in 0.02 to 0.9 additional LCFs. For the MEI, this scenario would result in a probability of 
2×10-4 (or approximately one chances in 5,000) to 8x10-4 (approximately one chance in 1,200) of 
a LCF should this scenario occur. For the noninvolved worker, this scenario would result in an 
increased likelihood of an LCF of 2×10-4 to 9×10-5. 
 
Consequences do not account for the probability of an accident, and thus represent the impacts 
that could result if an accident were to occur. Another useful metric to consider in an accident 
analysis is risk. Risk takes into account the probability of an accident and is determined by 
multiplying the consequences of an accident by the probability of occurrence. 
 
The internally initiated accident with the highest risk to the onsite and offsite populations is also 
the “Explosion and Fire in Aqueous Separations” scenario (see Appendix D, Section D.2.2). The 

                                                 
34 The accident impacts of future LWRs are presented in Section 4.2.2 and are not repeated in this section.  
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risk to the offsite population for this scenario would range from 2×10-5 expected LCF per year of 
operation in the Site 1 offsite population to 9×10-4 expected LCF per year of operation in the Site 
6 offsite population. For the MEI, the same scenario would result in an increased risk of an LCF 
of 2×10-7 per year of operation (at Sites 1-3) to 8×10-7 per year of operation (at Sites 4-6). For the 
onsite noninvolved worker, this scenario would result in an increased LCF risk of 9×10-8 per year 
of operation (at Sites 4-6) to 2×10-7 per year of operation (at Sites 1-3). 
 
Advanced Recycling Reactor Accidents: The highest consequence, and highest risk, internally 
initiated accident involving advanced recycling reactors is based on the published Clinch River 
Breeder Reactor analysis and is a “Radioactive Argon Processing System Cold Box Rupture.” 
The radioactive argon processing system extracts radioactive argon from the reactor cover gas 
and a rupture can release radioactive gases to the reactor building and the atmosphere if the 
airtight cell leaks and the automatic controls do not shut off the ventilation system (PMC 1982). 
The Clinch River Breeder Reactor information assigned this accident a probability of occurrence 
of about 1 in 1,000 per year (1×10-3/yr), and it would result in an estimated 0.004 additional 
latent cancer fatalities to the surrounding population. The collective risk to the offsite population 
is about 4×10-6 latent cancer fatalities per year of operation. For the maximally exposed 
individual, this accident would result in an increased risk of contracting a fatal cancer of 
8×10-9 per year of reactor operation. Accident analysis without a reactor design and specific site 
location gives results that could be misleading. The use of these results should be interpreted as 
providing a general range of impacts. Any reactor that would be proposed would be required to 
meet current Nuclear Regulatory Commission licensing and safety requirements regardless of the 
technology proposed. 
 
Spent Nuclear Fuel and Radioactive Wastes: The amount of SNF generated between 2010 and 
2060–2070 would be approximately 132,000 MTHM (approximately 118,000 MTHM for the 
LWRs and 14,000 MTHM for the advanced recycling reactors)35. By 2060–2070, approximately 
2,600 MTHM of SNF would be generated annually from commercial LWRs. This SNF would go 
to a recycling center or would be stored temporarily, depending upon available separations 
capacity. By approximately 2060–2070, the advanced recycling reactors would generate 
approximately an additional 720 MTHM of fast reactor SNF annually. This SNF would also be 
recycled or stored pending recycling.  
 
Based on the assumption that the Fast Reactor Recycle Alternative would recycle all of the SNF 
generated by commercial LWRs and advanced recycling reactors, over approximately a 50-year 
implementation period, the Fast Reactor Recycle Alternative would generate the quantities of 
spent nuclear fuel and radioactive wastes shown in Table 4.3-2. HLW would be disposed of in a 
geologic repository (see Section 4.1.5). LLW would be disposed of in commercial disposal 
facilities (see Section 4.1.6). Disposal of GTCC LLW would occur pursuant to the Low-Level 
Radioactive Waste Policy Amendments Act of 1985, at facilities to be determined by the DOE. 
For the 200 GWe capacity, annual LLW volumes could grow to 68,500 to 80,000 m3. By 
approximately 2060-2070, the annual quantity of LLW generated by the Fast Reactor Recycle 
Alternative would be 61 to 71 percent as much as the total LLW disposed of in 2005 

                                                 
35 Based on the following assumptions: the first new LWR is constructed in 2015; each LWR produces approximately 21.7 MTHM of 
SNF/GWe-yr; in 2020, fast reactors begin to come on-line; from 2020 to 2060–2070, total nuclear generating capacity (LWRs + fast reactors) 
grows until 200 GWe is achieved; and fast reactors produce approximately 9 MTHM of SNF/GWe-yr. 
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(113,000 m3). Cesium (Cs) and strontium (Sr) could be stored at the recycling center for 
300 years (see Section 4.3.3) or transported to a HLW storage or disposal facility. Because any 
recovered uranium could be reused, the quantities in Table 4.3-2 do not include recovered 
uranium. 

 
TABLE 4.3-2—Total Spent Nuclear Fuel and Wastes Generated by the  

Fast Reactor Recycle Alternative (50 Years of Implementation) 

Waste Category 

Nuclear Fuel 
Recycling Centers 
(for 200 GWe in 

2060–2070) 

Advanced 
Recycling 
Reactors 

(80 GWe in 
2060–2070) 

LWRs 
(120 GWe 
in 2060–

2070) 

Total 
(Nuclear Fuel 

Recycling Centers + 
Advanced Recycling 
Reactors + LWRs) 

SNF (MTHM)a 0 14,000 118,000 132,000 
LLW (solid)  
(cubic meters) 2,310,000b LB: 34,000 

UB: 126,000 c 
LB: 116,000 
UB: 459,000d

LB:2,460,000 
UB:2,895,000 

HLW 
(cubic meters) 55,000e 0 0 55,000 

GTCC LLW 
(cubic meters) 414,000f 650g 1,850g 416,500 

Cesium/Strontiumh  
(cubic meters) 

LB: 510-3,600  
UB: 9,000 0 0 LB: 510-3,600  

UB: 9,000 
LB = lower bound; UB = upper bound 

a All SNF would be recycled. 
bDerived from Table 4.8-1, based on implementing 200 GWe for Fast Reactor Recycle Alternative from 2020 to 2060-2070.  
c Based on growth from 0 GWe to 80 GWe by approximately 2060–2070. Assumes same quantity of LLW/GWe from advanced recycling 
reactor as commercial LWR.  
d Based on growth from approximately 100 GWe to 120 GWe by approximately 2060–2070, using average LLW generated from 
commercial LWRs (Section 4.2.2).  
e Derived from Table 4.8-1, based on implementing 200 GWe for Fast Reactor Recycle Alternative by 2060–2070.  
f Derived from Table 4.8-1.  
g GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available for disposal during facility 
decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. It has been estimated that approximately 
813 m3 (1,060 yd3) of GTCC LLW would be generated when the existing 104 commercial LWRs undergo D&D (SNL 2007). Scaling those 
results to account for production of 200 GWe of electricity via nuclear reactors (and accounting for the D&D of existing LWRs), it is 
estimated that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from D&D. See Section 4.9 for a discussion of GTCC LLW 
from reactor decommissioning. 
h Derived from Table 4.8-1.  
Note: All quantities except GTCC LLW and Cs/Sr rounded to nearest thousand. 

 
This PEIS assumes that wastes (i.e., HLW, GTCC LLW, and LLW) would be transported to 
disposal sites annually to prevent accumulation on-site. In the event these wastes are not 
transported off-site, on-site storage facilities would be needed. These storage facilities would be 
designed to address the required shielding, security, heat loading, inventory, storage duration, 
and other requirements. Although the capacity of these storage facilities would depend on many 
factors, the throughput of the recycling facilities would be most important. The more SNF that is 
recycled, the more wastes that would need to be managed. Potential storage capacities for HLW, 
GTCC LLW, and LLW have not been estimated for the programmatic alternatives. However, 
estimates for storing the HLW, GTCC LLW36, and cesium/strontium (Cs/Sr) wastes for the 
previously-proposed Advanced Fuel Cycle Facility (AFCF) have been made. Based on that 
analysis, approximately 230,000 square feet (ft2) (21,400 square meters [m2]) of waste storage 
facilities would be required for a facility that separates a total of approximately 1,700 MTHM of 
SNF and performs limited fuel fabrication. Based on the amount of SNF that would be recycled 
over the implementation period for the Fast Reactor Recycle Alternative (132,000 MTHM total), 
                                                 
36 GTCC LLW is referred to as “TRU waste” for the previously-proposed Advanced Fuel Cycle Facility. 
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the on-site waste storage capacity requirements would be significant if wastes accumulate. For 
information related to storing transuranics and Cs/Sr wastes, see Section 4.3.3.  
 
Transportation: A transportation analysis was prepared to determine the potential impacts 
associated with the Fast Reactor Recycle Alternative (see Appendix E for a discussion of the 
methodology and modeling results). The transportation analysis considered all radiological 
material that could be transported (i.e., LWR SNF, spent fast reactor fuel wastes from the 
recycling center, etc.). Table 4.3-3 presents the number of radiological shipments (broken down 
by material to be transported) that would be required for the Fast Reactor Recycle Alternative 
for: 1) all truck and 2) a combination of truck and rail. Because all shipments of fresh nuclear 
fuel are assumed to occur via truck transport, there is no transportation scenario in which all 
transportation would occur via rail only. Consequently, the PEIS presents transportation impacts 
for a combined truck and rail scenario (in tables this scenario is designated as “truck/rail”). As 
shown in that table, truck transport would require significantly more shipments than truck and 
rail.  

 
TABLE 4.3-3—Total Number of Radiological Shipments for 50 Years of  

Implementation, Fast Reactor Recycle Alternative  

Material/Waste  
Truck Transport 

(Number of 
Shipments) 

Truck/Rail 
Transport (Number 

of Shipments) 
Fresh LWR fuel 
Fresh Transmutation fuel 
LWR SNF 

19,700 
35,000 
59,000 

19,700 c 
35,000 c 
4,720 

Fast Reactor SNF 35,000 7,000 
Cs/Sr waste 10,800 2,150 
HLW 53,600 10,700 
GTCC LLWa 524,000 103,000 
LLWb 93,400 18,900 
Recovered Uranium (Aqueous) 16,400 3,200 
Recovered Uranium (Metal) 7,580 1,520 
Source: Appendix E 
a Includes mixed GTCC LLW. 
b Includes mixed LLW. 
c All shipment of fresh nuclear fuel is assumed to be via truck transport. 
 

The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.3-4 and 4.3-5) present the impacts associated with handling (loading and inspection) 
radiological materials for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.3-4 presents the handling impacts for truck transport and 
Table 4.3-5 presents the handling impacts for truck and rail transport. Handling operations 
(loadings and inspections) would not affect the public.  
 
The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other 
distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables).  



GNEP Draft PEIS Chapter 4: Environmental Impacts of the Domestic Programmatic Alternatives 
 

4-56 
 

TABLE 4.3-4—Handling Impacts for 50 Years of Implementation,  
Fast Reactor Recycle Alternative (Truck Transit)—200 Gigawatts Electric 

Handling Impacts 
Loading Inspection Total 

 

person-rem LCFs Person-rem LCFs person-rem  LCFs 
Fast Reactor Recycle 160,000 96 17,900 11 177,000 106 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
TABLE 4.3-5—Handling Impacts for 50 Years of Implementation,  

Fast Reactor Recycle Alternative (Truck and Rail Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total  
person-rem LCFs person-rem LCFs person-rem  LCFs 

Fast Reactor Recycle 213,000 128 13,300 8 226,000 136 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.3-6 (truck transit) and 4.3-7 (truck and rail transit) 
for the Fast Reactor Recycle Alternative. These impact estimates would vary based on a variety 
of factors, including the distance that the radiological material would be transported, the specific 
routes that would be utilized, the population densities along those routes, and others. Of these 
factors, transport distance is the most significant. Because the locations of future reactors, 
nuclear fuel recycling facilities, and future disposal facilities are unknown, DOE analyzed 
transportation impacts over five distances: 150 mi (241 km), 500 mi (805 km), 1,500 mi (2,414 
km), 2,100 mi (3,380 km), and 3,000 mi (4,828 km). In-transit impacts presented in Tables 4.3-6 
and 4.3-7 are based on 2,100 mi (3,380 km) of transport. This distance was selected as a 
reference distance because it represents the average distance for all SNF shipments analyzed in 
the Yucca Mountain FEIS (DOE 2002i). Impacts associated with the other four distances are 
presented, on a per shipment basis, in Appendix E, which describes the transportation 
methodology and assumptions. Although the in-transit impacts are not exactly “linear” (i.e., 
twice the impacts for twice the distance transported), that is a close approximation. 
Consequently, if the radiological material were transported 500 mi (805 km), all of the in-transit 
impacts presented in Tables 4.3-6 and 4.3-7 could be estimated by multiplying the values in 
those tables by 0.24 (500/2,100). 

 
TABLE 4.3-6—In-Transit Transportation Impacts for 50 Years of Implementation,  

Fast Reactor Recycle Alternative (Truck Transit)—200 Gigawatts Electric 
In Transit Impacts 

Crew Public Accident Impacts  

person-
rem 

LCFs 
 

person-
rem 

LCFs
 

Total 
Incident-Free 

LCFs person-
rem 

LCFs 
 

Collision 
Fatalities 

Fast Reactor Recycle 151,000 90 371,000 222 313 51.6 0 73 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number. 
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TABLE 4.3-7—In-Transit Transportation Impacts for 50 Years of Implementation,  
Fast Reactor Recycle Alternative (Truck and Rail Transit)—200 Gigawatts Electric 

In Transit Impacts (Note 1) 
Crew Public Accident Impacts  

person-
rem LCFs person-

rem LCFs 

Total 
Incident-

Free LCFs person-
rem LCFs Collision 

Fatalities 
Fast Reactor Recycle 10,600 6 54,100 32 39 10.9 0 15 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number. 
 
There are potentially significant differences in impacts depending upon whether transportation is 
by truck or a combination of truck and rail. For all alternatives, truck and rail transport would 
result in smaller impacts than truck transport. This is due to the fact that there would be many 
fewer transportation shipments by truck and rail than by truck only. This would directly affect 
the distance traveled and exposures to both crews and the public. Additionally, the number of 
accident fatalities (collisions) would be smaller for the truck and rail transport. 
 
4.3.2 Sensitivity Analysis of the Fast Reactor Conversion Ratio 
 
The number of fast reactors that would ultimately need to be deployed, to achieve a balanced 
system in which the amount of transuranics consumed (in fast reactors) equals the amount of 
transuranics produced (in LWRs), would be largely affected by the Conversion Ratio (CR) of the 
fast reactors. Because the CR is essentially a measure of the efficiency by which a fast reactor 
consumes transuranics, it could directly affect how many fast reactors would ultimately be 
deployed, how much transuranic material would be consumed, and how much SNF and HLW 
must ultimately be disposed of in a geologic repository. This PEIS analysis is based on a CR of 
0.5, which means that a fast reactor would consume approximately 20 percent of the transuranics 
per fast reactor recycle pass. The lower the CR, the faster that transuranics can be consumed with 
fewer fast reactors required. In programmatic terms, a lower CR means this alternative would be 
less sensitive to fast reactor deployment. As shown on Figure 4.3-1, for a CR of 0.5, 
approximately 35 to 40 percent of the reactors in the United States would need to be fast reactors 
in order for the system to be in equilibrium (i.e., a balanced system in which the quantity of 
transuranics produced and recovered from LWR SNF equals the transuranics consumed in fast 
reactors).  
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Source: DOE 2007dd 

FIGURE 4.3-1—Equilibrium Fraction of Fast Reactors in the United States 
 
At a CR of 0.25 (which means greater consumption of transuranics in each fast reactor), this 
percentage would drop to approximately 30 percent. Conversely, a CR of 0.75 (indicating less 
efficient transuranic consumption) would require that the percentage of fast reactors be increased 
to more than 50 percent. Assuming the same nuclear power growth rates as described in 
Chapter 2, the CR would affect the mix of thermal reactors to fast reactors. In terms of 
environmental impacts, at the programmatic level, the differences between building and 
operating fast reactors compared to thermal reactors would not be significant.  
 
4.3.3 Transuranic Storage and Cesium and Strontium Storage at the Recycling 

Center  
 
The recycling center might need to store a variety of radiological material pending ultimate 
disposition. For example, if fast reactors are delayed, it might be necessary to store the TRU that 
is separated from LWR SNF. As discussed below, the impacts of storing TRU would not be 
expected to be significantly different from the storage of LWR SNF (which is described in 
Section 4.2.1.1).37 Although TRU storage at the scale that might be needed is beyond current (or 
past) practice, experience with other radioactive material storage provides a useful basis for 
planning. The technical challenge includes simultaneously coping with heat output, radiation

                                                 
37 Although this section discusses TRU and cesium/strontium storage, the considerations in this section could also be applicable to mixed oxide 
(MOX) SNF that might be stored under the Thermal/Fast Recycle Alternative (see Section 4.4).  
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emissions, criticality limits and security requirements. TRU would be managed with the 
following considerations: 
 
− Quantities per package must be limited for criticality and decay heat limits. Limits are 

likely to be in the kg/package range. 
− This material would require secure and monitored storage. 
− The TRU product can be stored in a metal form, loose oxide, or pressed oxide. 
− A custom storage facility would be needed, probably inside the separations plant or the 

fuel fabrication plant (Halsey 2007). 
 
To support an 800 MTHM/yr separation process, approximately 94,000 lbs/yr (43,000 kg/yr) of 
TRU oxide would be generated. This material could be stored in approximately 3,000 cans 
(assuming approximately 37.5 lbs/can [14 kg/can]). To support 10 years of storage, a facility 
capacity of approximately 250,000 ft2 (23,200 m2) would be required (Bayer 2007).  
 
Initial facilities could make use of past experience related to the storage of nuclear materials, 
including plutonium and other transuranics, and concentrated fission products (e.g., Cs and Sr). 
Existing packages, methods and protocols could be modified to cover these materials. Existing 
security methods would be reviewed to determine adequacy. Finally, to enable such storage as a 
commercial activity, a regulatory framework would need to be developed. 
 
Cs-137 and Sr-90 are relatively short-lived fission product radionuclides contained in SNF that 
generate significant radioactive decay heat within 10 half-lives of their formation (approximately 
300 years). The Fast Reactor Recycle Alternative may separate the Cs and Sr into a separate 
waste stream at the nuclear fuel recycling center. The Cs/Sr stream would then be contained in 
sufficiently robust waste/storage forms and packaged in NRC-licensed transportation, storage, 
and/or disposal casks, as required by the chosen disposition path (see discussion below). Such an 
approach would lead to a range of potential disposition options for Cs/Sr. One approach assumes 
storage of the Cs/Sr form for approximately 300 years in a surface or near-surface facility. The 
specific impacts of such a facility, including any design alternatives, would be assessed in a 
tiered NEPA document.  
 
The storage facility would contain the necessary institutional controls to safeguard the material 
for approximately 300 years, after which time the original Cs/Sr form might be disposed of as 
LLW. However, there is some uncertainty as to whether such a Cs/Sr form would be classified as 
LLW after approximately 300 years under the current regulatory framework. This uncertainty 
leads to alternatives that could involve: 1) disposal of a Cs/Sr waste form as HLW in a repository 
soon after generation; 2) disposal of a Cs/Sr waste form as HLW in a repository after 
approximately 300 years of storage; and 3) disposal of a Cs/Sr waste form in a LLW disposal 
facility after approximately 300 years of storage. Finally, alternative separations and processing 
that would not produce a separate Cs/Sr stream must also be considered. The cost and benefit of 
separate Cs/Sr management versus inclusion of Cs/Sr with other waste streams requires further 
analysis. If Cs/Sr is combined with other waste streams, another set of options for disposition 
(similar in many ways to 1 through 3 described above) could be envisioned. Further regulatory 
and technical analyses are required to narrow the range of options for Cs/Sr management. 
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If Cs/Sr were stored at the nuclear fuel recycling center, the impacts of storing Cs and Sr fission 
products for approximately 300 years would be as follows. An 800-MTHM recycling facility 
would produce approximately 4.4 MT of Cs and Sr annually.38 Over a 40-year operating life, the 
nuclear fuel recycling center would generate approximately 177 MT of Cs and Sr. These fission 
products could be solidified and stored in a ceramic waste form that would be contained in robust 
storage canisters until it has sufficiently decayed for disposal. These canisters would provide safe 
storage of the Cs and Sr and shielding against radiation as long as the storage facilities were 
maintained properly. Similar to the storage of SNF, release of contaminants to the ground, air, or 
water would not be expected during routine operations. Depending on waste form and package 
size, this 4.4 MT would likely require approximately 100 to 300 canisters (Geddes 2008). For 
177 MT, approximately 4,000 to 12,000 canisters would be required. Cooling of these canisters 
would be accomplished using either a forced air-cooling system or a passive cooling system. For 
most scenarios, it is likely an engineering analysis would conclude that natural draft (passive) 
cooling is preferred. To store approximately 4,000 to 12,000 canisters, the building would have a 
footprint of about 80,000 to 240,000 ft2 (7,400 to 22,300 m2) (Geddes 2008). A building of this 
size would likely require approximately 10 to 20 acres (4 to 8 ha) of land, depending upon the 
facility design.  
 
Operations at the Cs and Sr storage facility would consist primarily of security and surveillance 
activities. Routine repairs and maintenance to the facilities and storage containers, and routine 
radiological surveys would generate sanitary and industrial solid waste and LLW. Approximately 
100 staff would be required to support operations at the facility, with half of these workers 
considered to be “radiation workers.” Typical doses to radiation workers would be 
approximately 100 mrem/yr, and maximum individual exposure should not exceed 500 mrem 
(Geddes 2008). Assuming that all radiation workers received a dose of 100 mrem, the total 
annual dose would be 5 person-rem. Statistically, an annual worker dose of 5 person-rem would 
result in an annual risk of 0.003 LCF. After the facility stops receiving additional Cs and Sr, the 
doses to workers would be expected to decrease over time as the Cs and Sr decays. Assuming 
that radiation doses would decrease at the same rate as the Cs and Sr decays, doses to workers 
would decrease by half every 30 years. Consequently, after 30 years of operation, the total 
annual worker dose would decrease to 2.5 person-rem. After 60 years, this dose would decrease 
to 1.25 person-rem and would continue to decrease by half every 30 years. In the final 30 years 
of storage, the total annual worker dose would be 0.005 person-rem, which would statistically 
translate to an annual risk of 3.0×10-6 LCF (see Figure 4.3-2).  
 

                                                 
38 Derived from Table 4.8-3. Approximately 12 MT of Cs and Sr are generated for each 2,170 MTHM of LWR spent fuel recycled.  
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FIGURE 4.3-2—Annual Worker Dose for Cesium/Strontium Storage over 300 Years 
 
Accidents associated with Cs and Sr storage were considered, but determined to be bounded by 
other accidents associated with the nuclear fuel recycling center (see Appendix D,  
Section D.2.2.1). Consequently, the impacts from Cs and Sr storage accidents would not exceed 
the consequences and risks presented for other processes in the nuclear fuel recycling center. 
Additionally, after the facility stops receiving additional Cs and Sr, any potential impacts from 
Cs and Sr storage accidents would decrease over time as the materials decay.  
 
Some of the fission products (such as Cs/Sr) separated in a nuclear fuel recycling center could 
have beneficial uses, including direct production of energy in thermionic generators or for other 
uses such as gamma sterilization of medical equipment or food products. The consideration of 
beneficial uses of fission products is outside the scope of the proposed actions and their 
alternatives and accordingly the analysis in this PEIS is limited to storage onsite and/or disposal. 
If there are proposals to utilize these fission products in the future, appropriate NEPA review 
would be conducted at that time. 
 
4.3.4 Analysis of Separations Process Options and Target Fabrication 
 
There are several different separation technologies that could be used to recycle SNF. The 
current operating reprocessing facilities in the United Kingdom and France are using the PUREX 
process. PUREX is an acronym standing for Plutonium and Uranium Recovery by Extraction. 
The PUREX process is a proven technology that has been used by DOE and commercial industry 
since the 1950s. However, it does not meet the GNEP strategic goals of not producing a 
separated plutonium stream.  
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Under the AFCI program, the United States has been developing alternative separation processes 
that would not separate out a pure plutonium stream. The United States research and 
development (R&D) programs have primarily centered on the UREX+ suite of processes, or 
Uranium Recovery by Extraction. UREX+ variations also have the capability to separate other 
radionuclides from the SNF such as cesium, strontium, and technetium, as well as individual 
transuranics such as americium and curium. Plutonium would not be separated out as a separate 
stream. In addition to the UREX+ processes, the international nuclear community has also been 
developing alternatives to the PUREX process, such as COEX® which produces a U-Pu blended 
product and NUEX®, a process yielding a U-Pu-Np blend. Additionally, non-aqueous processes 
(e.g., electrochemical-based approaches) have also been considered for the separations and 
recovery of various constituents of SNF. Additional details on the various separations processes 
including UREX+ and electrochemical are provided in Appendix A. 
 
The data provided in Appendix A are based on the UREX+1a process, consistent with past U.S. 
policy, which would not result in a civilian nuclear fuel cycle involving separated plutonium. 
UREX+1a was chosen as the baseline for developing the data in this PEIS since it was assumed 
to be the most likely process for future deployment and to bound the environmental impacts 
among the most likely recycle options Table 4.3.4-1 provides a summary of various UREX+ 
processes. The waste products from UREX+1a are technetium, cesium, and strontium, and the 
remainder of the fission products. Off-gases from the UREX+ separation processes include 
various volatile fission products such as iodine, tritium, and carbon. These volatile fission 
products would be produced regardless of the separation process used. 
 

TABLE 4.3.4-1—Aqueous Separation Processes 
Process Product 1 Product 2 Product 3 Product 4 Product 5 Product 6 Product 7 

UREX+1 U Tc Cs/Sr TRU+Ln F.P.   
UREX+1a U Tc Cs/Sr TRU All F.P.   
UREX+2 U Tc Cs/Sr Pu+Np Am+Cm+Ln F.P.  
UREX+3 U Tc Cs/Sr Pu+Np Am+Cm All F.P.  
UREX+4 U Tc Cs/Sr Pu+Np Am Cm All F.P. 
Source: WSRC 2008a  
Notes: U = uranium; Tc = technetium; Cs/Sr = cesium/strontium; TRU = transuranics; Pu = plutonium; Np = neptunium; F.P. = fission 
products; Am = americium; Cm = curium; Ln = lanthanides. 

 
The differences in facility size, resources, and other environmental impacts for the various 
UREX+ processes are relatively minor (WSRC 2008d). The main differences would be in the 
waste and products produced. The separation of americium and curium from the TRU leads to 
increased impacts on waste volumes, worker exposure, transportation, and impacts on fuel 
fabrication. These impacts have only been evaluated qualitatively (WSRC 2008d). 
 
The additional products (americium and curium) under UREX+3 and UREX+4 separation 
processes would be extremely radioactive and thermally hot. There is no mature technology to 
solidify, package, store, transport, or further process this material in significant quantities. 
Solidification, packaging, and storage would have to be developed. This would be a difficult and 
challenging task. A specially designed hot cell facility would be required. Due to the 
concentration and handling of these highly radioactive products, an increase in the dose to 
workers and those affected by transport of the products would be expected, although design 
features would be in place to maintain ALARA (WSRC 2008d).  
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The separation of americium and curium from the major transuranics, as well as potentially from 
each other into separate product streams, would require more facilities and equipment and result 
in more containers to be stored and transported. Fabrication of qualified reactor targets would be 
a complex process. Fabricating americium and curium targets in addition to a uranium/plutonium 
fuel (or uranium/plutonium/neptunium fuel) would require a larger facility with larger 
environmental impacts than the homogeneous fuel of the UREX+1a approach (WSRC 2008d). 
The additional separations would be required for the UREX+3 or +4 approaches would make the 
americium and curium available for targets in a heterogeneous reactor concept. The amount of 
americium and curium recovered by the separation processes is relatively small when compared 
to the remaining uranium, plutonium and neptunium product. Fabrication of americium and 
curium targets would require the use of hot cells and remote equipment. By performing this 
additional separation, the complex remote process using hot cells and remote fabrication 
techniques would be confined to the small quantity of Am/Cm targets. The bulk Pu-Np fuel 
could be made more efficiently in gloveboxes. In addition, the targets could potentially be used 
in both fast reactors and LWRs. Targets used in LWRs would need to be left in the core over 
several fuel cycles to obtain the same amount of transmutation as in a fast reactor.  
 
The other main aqueous separation technologies being considered are COEX® and NUEX®. The 
French have developed the uranium-plutonium co-extraction process, COEX®. The COEX® 
process, described in Appendix A, does not produce a separated plutonium stream anywhere in 
the process line. This process would meet the GNEP goal of not separating out pure plutonium. 
The front end (e.g., fuel receipt, storage, chopping, voloxidation, dissolving, hull disposal, etc.) 
of a COEX® plant would be similar to the front end of a UREX+ based facility. Based on the 
best information available, the overall plant size would be smaller than the UREX+1a baseline 
discussed in Appendix A. This would be due to fewer extraction processes and support systems, 
in addition to fewer product and waste solidification, packaging and storage operations. The 
uranium-plutonium product stream is suitable as feedstock for conventional MOX technology 
(WSRC 2008d). 
 
NUEX® is a proprietary co-extraction technology developed by the British, and licensed to 
Energy Solutions, Inc. NUEX® produces a plutonium-neptunium product stream and has no 
separated pure plutonium anywhere in the process line. Uranium can also be solidified with the 
Pu-Np product to further dilute the plutonium. There are currently no facilities in operation using 
the NUEX® separations process. The separations chemistry uses relatively new complexants and 
process reagents (Energy Solutions 2007). Additional testing and development of the NUEX® 
process is required (Energy Solutions 2007). 
 
All aqueous processes under consideration for future deployment would include design features 
to preclude separating pure plutonium in a surreptitious manner. While all aqueous processes 
under consideration could be modified to have this capability, physical changes in the highly 
radioactive process cells and process piping networks would be required and could not be 
accomplished surreptitiously. 
 
A recycling facility using a non-aqueous electrochemical separations process would be slightly 
smaller than a UREX+ facility for any given throughput. Electrochemical separation does not 
require solvent systems and the multiple stages of separation like its aqueous counterparts. 
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However, while the main process facility is likely to be slightly smaller in an electrochemical 
plant than an aqueous operation, most of the plant is identical (e.g., fuel receipt/storage, product 
and waste handling, utilities, support, etc.); therefore, only a very minor reduction in total 
facilities or resources would be expected. Electrochemical processing employs an electrorefiner, 
chloride salt, and liquid metals to separate SNF. Additional information on electrochemical 
processing is provided in Appendix A. Electrochemical processing is widely used in metal 
processing and refining, but application at the scale considered in this PEIS has not been 
attempted for nuclear processes. Additional R&D would be required to support potential 
deployment of this technology for commercial application. 
 
The UREX+1a baseline was used to provide the bounding risks and environmental impacts. The 
risk to workers and the public for a UREX+1a separations operation is expected to be essentially 
the same as with any other aqueous process, including UREX+ variations, COEX®, and NUEX®. 
Risk is a function of source terms and accident scenarios, and all aqueous separations processes 
handle the same radionuclide inventories and have similar equipment and chemical inventories. 
Environmental impacts of the UREX+1a baseline would bound the impacts of simpler processes 
like COEX® and NUEX®, and be similar to those of the more complex UREX+ variations like 
UREX+3 and UREX+4. 
 
In a 2006 comparison study (Chandler 2006), COEX® was chosen as the technology of choice if 
operating temperature, proliferation, or equal ranking of attributes was the guiding factor. If the 
guiding factor was more effluent streams, the choice was UREX+2 (Chandler 2006). The 
NUEX® process was not one of the separation processes evaluated in the study. The attributes 
used in the study were number of steps, operating temperature, operating pressure, use of 
corrosive materials, maximum credible accident, explosiveness, secondary waste, separate 
plutonium stream, decontamination factor, and number of effluent streams. Another study 
concluded that the Attractiveness Level, which is analogous to proliferation resistance, for 
UREX+1a and COEX® are nominally the same (Bathke et al. 2008).  
 
The data provided in Appendix A assumes that the transmutation fuel fabrication facility would 
produce a U/TRU ceramic oxide fuel. Due to the high radioactivity and thermal output of a 
mixed TRU fuel containing Am and Cm, operations would take place in hot cells instead of 
gloveboxes typical for a Pu-based mixed-oxide (MOX) fuel fabrication facility. A fuel 
fabrication facility using U/Pu or U/Pu/Np product from a COEX® or NUEX® separations 
process, would have similar processing steps to the fuel fabrication facility described in 
Appendix A, however; the operations generally could be conducted in gloveboxes. The fuel 
fabrication facility would be smaller and less costly due to the reduced shielding requirements 
and elimination of the remote operation and maintenance features required for U/TRU fuel 
fabrication (WSRC 2008d).  
 
4.4  THERMAL/FAST REACTOR RECYCLE FUEL CYCLE ALTERNATIVE 

(THERMAL/FAST REACTOR RECYCLE ALTERNATIVE) 
 
As described in Chapter 2, Section 2.4, for the Thermal/Fast Reactor Recycle Alternative, this 
PEIS considers recycling transuranics in MOX-U-Pu fuel in commercial LWRs (thermal recycle) 
prior to recycling in fast reactors. The use of thermal recycle prior to fast recycle has the 
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potential to allow the United States to begin recycling SNF sooner. Additionally, thermal recycle 
could reduce the number of fast reactors that may need to be deployed. This section describes the 
major environmental impacts associated with initial thermal recycling followed by fast reactor 
recycle. Under the Thermal/Fast Reactor Recycle Alternative, DOE could decide to recycle the 
transuranics multiple times in LWRs (similar to the approach described in Chapter 2,  
Section 2.5.1). Eventually, however, fast reactor transmutation would ultimately be employed.  
 
The use of thermal recycling could be affected by many factors, including nuclear power growth 
rates, conversion ratios, and the SNF separations capacity deployed. The use of thermal recycle 
would reduce the required number of fast reactors by approximately 25 percent (from a balanced 
system that includes 60 percent LWR capacity and 40 percent fast reactor capacity to one of 
70 percent LWR capacity and 30 percent fast reactor capacity) (see Table 4.8-1 and contrast the 
Fast Reactor Recycle Alternative and the Thermal/Fast Reactor Recycle Alternative).  
 
Construction: If a Thermal/Fast Reactor Recycle Alternative with a capacity of 200 GWe is 
pursued, the following facilities could be built:  
 

– 140 GWe of LWR capacity, consisting of approximately 126 GWe using a traditional 
uranium dioxide (UO2) fuel and 14 GWe using a MOX-U-Pu fuel (the 140 GWe also 
includes the replacement of approximately 100 GWe of LWR capacity when existing 
LWRs reach their end-of-life).  

– 60 GWe of fast reactor capacity. 
– Four LWR separation facilities (each with a capacity of approximately 800 MTHM/yr, 

and the capability to separate both LEU fuel and MOX-U-Pu fuel).39 
– Up to six transmutation fuel fabrication facilities (each with a capacity to fabricate 

100 MTHM/yr of fuel).40  
– Up to six fast reactor SNF separations facilities (each with a capacity to separate 

100 MTHM/yr of SNF).41 
– Internal modifications to LEU fuel fabrication capabilities, or a new fuel fabrication 

facility, to fabricate MOX-U-Pu fuel to support 14 GWe of LWR capacity.  
 
Although some facilities could be colocated, the construction of this much capacity would 
necessitate that many sites in the United States be utilized. For this analysis, it is assumed that 
the nuclear fuel recycling center(s) and the reactors would not be colocated, which would 
necessitate transportation of material between the facilities during operations.  
 
From a construction standpoint, the use of thermal recycling would have similar construction 
impacts compared to the Fast Reactor Recycle Alternative. For example, for a 200 GWe 
capacity, the Thermal/Fast Reactor Recycle Alternative would still require the construction of 

                                                 
39As shown in Table 2.10-1, the 200 GWe scenario would require approximately 3,080 MTHM/yr of LWR separations capacity. The PEIS 
analysis is based on a LWR separation facility sized at 800 MTHM/yr. Because four facilities would have a capacity to separate 3,200 MTHM/yr, 
there would be approximately 120 MTHM/yr of excess LWR separation capacity.  
40As shown in Table 2.10-1, the 200 GWe scenario would require approximately 540 MTHM/yr of transmutation fuel fabrication capacity. The 
PEIS analysis is based on a transmutation fuel fabrication facility sized at 100 MTHM/ yr. Because six facilities would have a capacity to 
fabricate 600 MTHM/yr, there would be an excess capacity of approximately 60 MTHM/yr.  
41As shown in Table 2.10-1, the 200 GWe scenario would require approximately 540 MTHM/yr of fast reactors SNF separation capacity. The 
PEIS analysis is based on a fast reactor SNF separation facility sized at 100 MTHM/yr. Because six facilities would have a capacity to separate 
600 MTHM/yr, there would be an excess capacity of approximately 60 MTHM/yr. 
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multiple nuclear fuel recycling centers with a total capacity of approximately 3,080 MTHM/yr 
(see Table 2.10-1). Construction of 4 LWR separation facilities would require a total of 
approximately 2,000 acres (810 ha) (based on 500 acres [200 ha] per facility; see Appendix A, 
Section A.6.1.2). Construction of 6 fast reactor SNF separations facilities would require a total of 
approximately 1,500 acres (600 ha) (based on 250 acres [100 ha] per facility, see Appendix A, 
Section A.6.3.2). Construction of 6 transmutation fuel fabrication facilities would require a total 
of approximately 600 acres (240 ha) (based on 100 acres [40 ha] per facility, see Appendix A, 
Section A.6.2.2). The total land required for the Thermal/ Fast Reactor Recycle Alternative with 
a capacity of 200 GWe would be approximately 604,000 acres (244,000 ha).  
 
If a new fuel fabrication facility to fabricate MOX-U-Pu fuel were constructed, it could add to 
the land required, but would be expected to be smaller than 350 acres. Alternatively, existing or 
future LEU fuel fabrication facilities could be modified to fabricate MOX-U-Pu fuel. As 
explained in Appendix A, Section A.3.1.4, because MOX-U-Pu fuel fabrication is similar to 
LEU fuel fabrication, these modifications are expected to be minor, and could include additional 
shielding within the facility. These modifications are expected to be accomplished within the 
footprint of existing facilities.  
 
Relative to fast reactor construction impacts, thermal recycle could reduce the number of fast 
reactors ultimately constructed. However, because the total reactor capacity would be 200 GWe, 
the overall impacts (600,000 acres [243,000 ha] for reactors) would not change significantly 
compared to the Fast Reactor Recycle Alternative. The total land required for the Thermal/Fast 
Reactor Recycle Alternative with a capacity of 200 GWe would be approximately 604,000 acres 
(244,000 ha). 
 
No new construction would be needed to support the irradiation of MOX-U-Pu fuel, rather than 
LEU fuel, at commercial reactor sites. As a result, the following resource areas would be 
unaffected by MOX-U-Pu fuel use: land use; visual resources; cultural and paleontological 
resources; geology and soils; site infrastructure; air quality and noise; ecological resources; water 
resources; and socioeconomics. 
 
Operation: The environmental impacts described in this section were largely developed from 
data in the Surplus Plutonium Disposition Final Environmental Impact Statement (hereafter 
SPD EIS) (DOE 1999d), which assessed the impacts of using a partial MOX-U-Pu core (i.e., up 
to 40 percent MOX-U-Pu fuel) instead of an LEU core in existing, commercial LWRs, for 
operations over approximately 15 years. The potential impacts had been analyzed for the 
following nuclear power plants: Catawba Nuclear Station near York, SC; the McGuire Nuclear 
Station near Huntersville, NC; and the North Anna Power Station near Mineral, VA. Under the 
thermal recycle approach, both MOX-U-Pu and LEU fuel assemblies would be loaded into the 
reactor. The MOX-U-Pu assemblies would remain in the core for two 18-month cycles and the 
LEU assemblies for either two or three 18-month cycles, in accordance with the plant’s operating 
schedule. When the MOX-U-Pu fuel completes a normal cycle, it would be withdrawn from the 
reactor in accordance with the plant’s standard refueling procedures and placed in the plant’s 
SNF pool for cooling alongside other SNF. No changes are expected in the plant’s SNF storage 
plans to accommodate the MOX-U-Pu SNF. Although the amount of fissile material would be 
higher in MOX-U-Pu SNF rods than in LEU SNF, rod numbers and spacing in the SNF pool and 
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dry storage casks could be adjusted as necessary to maintain safety margins. When sufficiently 
cooled, the SNF would be shipped to the nuclear fuel recycling center for recycling.  
 
Operationally, the use of thermal/fast recycle would result in similar impacts to those presented 
in Section 4.3.1 (Fast Reactor Recycle Alternative), along with the impacts associated with the 
use of MOX-U-Pu in LWRs.  
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 4.4 percent, would be approximately 
25,400 MT/yr (see Table 4.8-1). The 25,400 MT of natural uranium would represent 
approximately 64 percent of uranium that was mined in the world in 2006 and would be 15 times 
more than the quantities currently mined in the United States annually (see Table 4.1-1). From 
this 25,400 MT, approximately 2,800 MT of enriched uranium (assuming 4.4 percent 
enrichment) would be required. Approximately 17 million SWUs would be required annually to 
support a capacity of 200 GWe. The licensed capacity of Paducah, the American Centrifuge 
Plant, and the LES Facility is 17.8 million SWUs. Consequently, enrichment facilities in the 
United States could meet this demand. However, if Paducah shuts down in 2012, as planned, the 
United States enrichment capacity would be reduced to approximately 6.8 million SWUs. To 
support a 200 GWe capacity, enrichment capacities in the United States would need to be 
expanded by more than 100 percent, or larger quantities of enriched uranium would need to be 
imported. 
 
Fuel Fabrication Requirements: The United States currently has three operational LWR 
uranium fuel fabrication facilities with a capacity to produce approximately 3,500 MT of LWR 
fuel assemblies (Table 4.1-2). For the Thermal/Fast Recycle Alternative, approximately 
2,800 MT of fresh fuel assemblies (90 percent would use a traditional UO2 fuel and 10 percent 
would use a MOX-U-Pu fuel) would need to be produced annually to support the 200 GWe 
scenario. Consequently, the existing fuel fabrication facilities in the United States would be able 
to provide this capacity, although internal modifications could be required for MOX-U-Pu fuel 
fabrication. Fabrication of MOX-U-Pu42 fuel is described below. The fast reactor fuel fabrication 
requirements would be met by constructing and operating the six fast reactor SNF separations 
facilities with an associated transmutation fuel fabrication capability.  
 
MOX-U-Pu Fuel Fabrication Requirements: Appendix A, Section A.3.1.4 contains a brief 
description of the MOX-U-Pu fuel fabrication process. Viewed from the outside, MOX-U-Pu 
fuel for PWRs or boiling water reactors (BWRs) would be identical to the enriched-uranium fuel 
it replaces—same assembly structure, spacing, rods, claddings, grids, and springs. The pellets 
enclosed in the claddings are of the same size—the only difference is their composition. A 
MOX-U-Pu assembly would be made in the same way as a standard assembly, except for the 
manufacture of the pellets, which are made from a mixture of uranium and plutonium oxide. In 
the core of a LWR, because of non-fissile plutonium isotopes, among other things, twice the 
amount of plutonium would be needed to obtain the energy equivalence of a fuel enriched in 
U-235. This would impose additional constraints on the fuel fabrication plant but would not 
result in major physical changes. Design features would be in place to maintain ALARA 

                                                 
42 This section discusses MOX-U-Pu fuel, as that is the most extensively used MOX fuel. However, a MOX-TRU fuel could also be used. 
Section 4.5.1.1 discusses the issues associated with the use of MOX-TRU fuel.  
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exposures. Public risk is unlikely to result in significant impacts (see, for example, NRC 2005c, 
which concluded that operations from a MOX fuel fabrication facility at the Savannah River 
Site, SC would result in an annual collective population dose of 0.073 person-rem/yr and the 
MEI would receive an estimated annual dose of 5.1x10-4 mrem/yr.)  
 
Land Resources: Once operational, a total of approximately 604,000 acres (244,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would be provided as a buffer between the actual facility and the outer facility 
boundary. The total site area would be determined by accident analysis and regulatory 
requirements, including safeguards and security. 
 
Visual Resources: With respect to visual characteristics, the visibility of any reactor from 
publicly accessible locations would be dependent on the future site characteristics. For sites that 
use “wet” cooling tower systems, the water vapor plume from cooling tower operations may be 
visible for many miles from the plant.  
 
Air Resources: The estimated air pollutants resulting from operation of the reactors would not 
be expected to increase due to the use of MOX-U-Pu fuel in reactors.  
 
Water Resources: Impacts to water would be similar to the Fast Reactor Recycle Alternative 
presented in Section 4.3. 
 
Socioeconomic Impacts: The reactor sites would not need to employ any additional workers to 
support the use of MOX-U-Pu fuel in the reactors. As such, the overall socioeconomic impacts 
would be similar to those presented for the Fast Reactor Recycle Alternative. 
 
Human Health: There should be no change in the radiation dose to the public from normal 
operation of the reactors with a partial MOX-U-Pu fuel core versus a full LEU fuel core. The 
dose to workers at an LWR fueled with MOX-U-Pu would be the same as an LWR fueled with 
uranium (190 mrem/yr). Doses to workers at the recycling centers would be similar to those 
presented in Section 4.3.1. Overall, the total dose to workers for the Thermal/Fast Reactor 

Recycle Alternative would be as follows:  
 

– The total annual dose to workers associated with the nuclear fuel recycling centers would 
be approximately 4,400 person-rem (LWR separation: 4 facilities x 2,226 radiation 
workers/facility x 250 mrem/yr average dose [WSRC 2008a]; fast reactor SNF 
separation/fuel fabrication: 6 facilities x 1,456 radiation workers/facility x 250 mrem/yr 
average dose [WSRC 2008b, WSRC 2008c]).  

– The total annual dose to workers at the advanced recycling reactors (60 GWe of capacity) 
would be approximately 6,270 person-rem (assumes 550 radiation workers/GWe x 
190 mrem/yr average dose).  

– At the LWRs (140 GWe of capacity), the total annual dose to workers would be 
approximately 14,600 person-rem (assumes 550 radiation workers/GWe x 190 mrem/yr 
average dose).  
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The total annual dose to workers associated with the 200 GWe Thermal/Fast Reactor Recycle 
Alternative would be approximately 25,300 person-rem, which equates to an annual LCF risk of 
approximately 15. Statistically, this means that 15 LCFs could occur for every year of operation 
of a Thermal/Fast Reactor Recycle Alternative at the capacities assumed at the end of the 
implementation period (i.e., that separates 3,080 MTHM/yr of LWR SNF (UO2 and MOX-U-Pu) 
and 540 MTHM/yr of fast reactor SNF, produces 540 MTHM/yr of fast reactor transmutation 
fuel, and operates 200 GWe of LWR and advanced recycling reactor capacity).  
 
Facility Accidents: The Thermal/Fast Reactor Recycle Alternative would utilize LWRs and 
ALWRs with uranium fuel, LWRs and ALWRs with MOX-U-Pu fuel, a nuclear fuel recycling 
center, and advanced recycling reactors. The potential accident impacts of LWRs with uranium 
fuel are presented in Section 4.2.2; the potential accident impacts at a nuclear fuel recycling 
center and an advanced recycling reactor are presented in Section 4.3.1. This section presents the 
potential accident impacts of an LWR and ALWR using a MOX-U-Pu fuel. ALWRs and LWRs 
using MOX-U-Pu fuel are part of other alternatives as well. 
 
The impact of potential accidents at LWRs utilizing recycled MOX-U-Pu fuel was evaluated for 
the SPD EIS (DOE 1999d). The SPD EIS evaluated accidents at three existing LWR sites 
utilizing conventional LWR (LEU) cores, as well as cores consisting of 40 percent MOX-U-Pu 
fuel and 60 percent conventional LWR fuel. The SPD EIS considered both design basis and 
beyond design basis events, both of which are included here. In this PEIS, DOE has re-analyzed 
the consequences of the accident scenarios presented in the SPD EIS at the six generic sites 
described in Appendix D.  
 
With respect to MOX-U-Pu fueled LWRs, the internally initiated accident with the highest 
consequence to the onsite and offsite populations would be the “Interfacing System LOCA.” 
Using the dose-to-risk conversion factor of 6×10-4 LCF per person-rem, the collective population 
doses are estimated to result in 1,000 to 40,000 additional LCFs in the surrounding population. 
For the MEI, this scenario would result in prompt fatality. For the noninvolved worker this 
scenario would also result in a prompt fatality.  
 
Consequences do not account for the probability of an accident, and thus represent the impacts 
that could result if an accident were to occur. Another useful metric to consider in an accident 
analysis is risk. Risk takes into account the probability of an accident and is determined by 
multiplying the consequences of an accident by the probability of occurrence.  
 
With respect to MOX-U-Pu fueled LWRs, the accident with the highest risk to the onsite and 
offsite populations is also an “Interfacing System LOCA.” The risk to the offsite population for 
this scenario would range from 7×10-5 expected LCF per year of operation in the Site 1 offsite 
population to 3×10-3 expected LCF per year of operation in the Site 6 offsite population. For the 
MEI, the same scenario would result in an increased risk of an LCF of 7×10-8 per year of 
operation; that risk corresponds with the probability that the accident would occur. For the onsite 
noninvolved worker, this scenario would result in an increased LCF risk of 7×10-8; that risk 
corresponds with the probability that the accident would occur. 
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The LWR (both LEU fueled and MOX-U-Pu fueled) internally initiated accident population 
consequences are two or more orders of magnitude greater than the corresponding values for the 
other reactors. The higher consequence for the MOX-U-Pu case is not the result of differences in 
the fuels, but is instead the result of differences in the assumed designs of the reactors. The SPD 
EIS found that the MOX-U-Pu fuel increased risk an average of 5 percent with a maximum 
increase of 22 percent (DOE 1999d, pages 68 to 74). The ALWR design used as the basis for this 
PEIS includes advanced active safety features that are not present on the existing LWR design 
used as the basis for the MOX-U-Pu analysis. The internally initiated accident with the greatest 
consequence and risk for the LWR is an “Interfacing System LOCA,” as shown in Appendix D, 
Section D.2.3. This scenario could result in a direct release of radioactive material from 
containment (see page K-62 of DOE 1999d). The internally initiated accident with the greatest 
consequence and risk for the ALWR is a “Low Pressure Core Melt with Loss of Long-Term 
Coolant Makeup and Containment Vessel” (DOE 1995b). This accident involves containment 
venting through a scrubber, which is expected to reduce particulate releases by roughly two 
orders of magnitude.  
 
If the MOX-U-Pu analysis were based on use of an ALWR rather than an LWR, the internally 
initiated event results would have been approximately the same as those for the ALWR. As with 
the ALWR, the other advanced reactor designs considered in this PEIS include inherent passive 
and/or advanced active safety features that prevent releases. The conclusion, that the difference 
between the LWR internally initiated accident results and the results for the other reactors is due 
to differences in the assumed reactor designs, is supported by the results for the externally 
initiated and natural phenomena accidents. For these accidents (i.e., the “Beyond Design Basis 
Earthquake” and “Aircraft Crash”), the reactor designs were ignored and common release 
parameters were applied to the core inventories for all reactors. These results (see Appendix D) 
show the LWR and ALWR results are nearly identical. The difference in the assumed power 
levels for the other reactors, ranging from roughly 3,400 MWth for the largest MOX-U-Pu LWR 
(see Section K-7 of DOE 1999d) to 350 MWth for the HTGR (Bowman 1991) accounts for 
much of the differences between reactors for the externally initiated and natural phenomena 
events. 
 
With respect to MOX-U-Pu fueled ALWRs, the bounding scenarios, consequences, and risks are 
expected to be the same as those for the LEU fueled ALWRs. This expectation is based on the 
SPD EIS (DOE 1999d), which concluded that use of MOX-U-Pu fuel in an LWR rather than 
LEU would result in an average of about a 5 percent increase in consequences. Therefore, the 
bounding scenarios, consequences, and risks for the MOX-U-Pu fueled ALWR would be 
approximately the same as the consequences and risks for the LEU fueled ALWR presented in 
Section 4.2.  
 
Spent Nuclear Fuel and Radioactive Wastes: The amount of SNF generated over the period 
between 2010 and 2060-2070 would be approximately 143,000 MTHM (approximately 
132,000 MTHM for the LWRs [of this, 126,000 MTHM would be from LEU fuel and 6,000 
would be from MOX-U-Pu fuel] and 11,000 MTHM from the advanced recycling reactors).43 By 
                                                 
43 Based on the following assumptions: the first new LWR is constructed in 2015; each LWR produces approximately 21.7 MTHM of SNF/GWe-
yr; in 2020, implementation begins and approximately 10 percent of LWRs transition to MOX-U-Pu fuel. Each LWR with MOX-U-Pu fuel 
produces approximately 22 MTHM of SNF/GWe-yr. Fast reactors begin to come on-line; from 2020 to 2060–2070, total nuclear generating 
capacity (i.e., LWRs and fast reactors) grows until 200 GWe is achieved. Fast reactors produce approximately 9 MTHM of SNF/GWe-yr . 
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2060–2070, approximately 3,000 MTHM of SNF would be generated annually from commercial 
LWRs. This SNF would go to a recycling center. The advanced recycling reactors would 
generate an additional 540 MTHM of fast reactor SNF annually. This SNF would also be 
recycled.  
 
The Thermal/Fast Reactor Recycle Alternative would produce wastes similar to the Fast Reactor 

Recycle Alternative, with some minor changes. Table 4.4-1 presents the wastes associated with 
the Thermal/Fast Reactor Recycle Alternative. As shown in Table 4.4-1, the LLW, HLW, and 
GTCC LLW generated by the recycling centers for the Thermal/Fast Reactor Recycle Alternative 
would be approximately 10 percent lower than the wastes from the recycling centers for the Fast 
Reactor Recycle Alternative (Wigeland 2008a). Overall, however, the total quantities of wastes 
generated by the Thermal/Fast Reactor Recycle Alternative would be similar to the total 
quantities of wastes generated by the Fast Reactor Recycle Alternative (see Table 4.4-1 versus 
Table 4.3-2). The cesium and strontium wastes generated would be the same as the Fast Reactor 

Recycle Alternative and could be stored at the recycling center for 300 years (see Section 4.3.3), 
or transported to a HLW storage or disposal facility. Because any recovered uranium could be 
reused, the quantities in Table 4.4-1 do not include recovered uranium.  
 

TABLE 4.4-1—Total Spent Nuclear Fuel and Wastes Generated by the  
Thermal/Fast Reactor Recycle Alternative (50 Years of Implementation) 

Waste Category 

Nuclear Fuel 
Recycling 

Centers (for 
200 GWe in 
2060–2070) 

Advanced 
Recycling 
Reactors 

(60 GWe in 
2060-2070) 

LWRs 
(140 GWe in 2060–2070) 

Total 
(Nuclear Fuel 

Recycling Centers 
+ Advanced 

Recycling Reactors 
+ LWRs) 

SNF (MTHM) a 0 11,000 
132,000  

(126,000 of LEU SNF; 
6,000 of MOX-U-Pu SNF) 

143,000 

LLW (solid) 
(cubic meters) 2,082,000b LB: 32,000 

UB:119,000c 
LB: 118,000 
UB: 466,000d 

LB: 2,232,000 
UB: 2,667,000 

HLW (cubic 
meters) 54,000e 0 0 54,000 

GTCC LLW 
(cubic meters ) 398,000f 500g 2,000g 400,500 

Cesium/Strontiumh 
(cubic meters) 

LB: 510-3,600  
UB: 9,000 0 0 LB: 510-3,600  

UB: 9,000 
LB = lower bound; UB = upper bound. 
a All SNF would be recycled. 
b Derived from Table 4.8-1, based on implementing 200 GWe for Thermal/Fast Reactor Recycle Alternative from 2020 to 2060–2070.  
c Based on growth from 0 GWe to 60 GWe by approximately 2060–2070. Assumes the same quantity of LLW/GWe from advanced 
recycling reactor as commercial LWR and that the advanced recycling reactor LLW/GWe would be same as commercial LWR 
LLW/GWe.  
d Based on growth from approximately 100 GWe to 140 GWe by approximately 2060–2070, using average LLW generated from 
commercial LWRs (Section 4.2.2). 
e Derived from Table 4.8-1, based on implementing 200 GWe for Thermal/Fast Reactor Recycle Alternative by 2060–2070.  
f Derived from Table 4.8-1.  
g GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available for disposal during facility 
decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. It has been estimated that approximately 
813 m3 (1,060 yd3) of GTCC LLW would be generated when the existing 104 commercial LWRs undergo D&D (SNL 2007). Scaling 
those results to account for production of 200 GWe of electricity via nuclear reactors (and accounting for the D&D of existing LWRs), it 
is estimated that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from D&D. See Section 4.9 for a discussion of GTCC 
LLW from reactor decommissioning. 
h Derived from Table 4.8-1. 
Note: All quantities except GTCC LLW and Cs/Sr rounded to nearest thousand.  
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Transportation: A transportation analysis was prepared to determine the potential impacts 
associated with the Thermal/Fast Reactor Recycle Alternative (see Appendix E for a discussion 
of the methodology and modeling results). The transportation analysis considered all radiological 
material that could be transported (i.e., LWR SNF, MOX-U-Pu SNF, spent transmutation fuel 
from fast reactors, wastes from the recycling center, etc.). Table 4.4-2 presents the number of 
radiological shipments (broken down by material to be transported) that would be required for 
the Thermal/Fast Reactor Recycle Alternative for 1) all truck and 2) a combination of truck and 
rail. Because all shipments of fresh nuclear fuel are assumed to occur via truck transport, there is 
no transportation scenario in which all transportation would occur via rail only. Consequently, 
the PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”). As shown in that table, transport by truck would require 
significantly more shipments than by truck and rail.  
 

TABLE 4.4-2—Total Number of Radiological Shipments for 50 Years of Operation, 
Thermal/Fast Reactor Recycle Alternative  

Material/Waste Truck Transport 
(Number of Shipments) 

Truck/Rail Transport (Number 
of Shipments) 

Fresh LWR fuel 
Fresh Transmutation fuel 
Fresh MOX fuela 
LWR SNF 

21,000 
27,500 
4,380 
63,000 

21,000d 
27,500d 
4,380d 
5,280 

Spent Fast Reactor Fuel 27,500 5,500 
Cs/Sr waste 10,800 2,150 
HLW 52,700 10,540 
GTCC LLWb 504,000 101,000 
LLWc 83,200 16,600 
Recovered Uranium (Aqueous) 18,300 3,660 
Recovered Uranium (Metal) 5,960 1,190 
MOX SNF 8,000 178 

Source: Appendix E 
a The MOX spent fuel was assumed to be transported in DOE spent fuel canisters, with a capacity of 0.75 MTHM per 
container. Fresh MOX fuel was assumed to be transported in Class B containers as described in NRC 2005c. These containers 
have a capacity of 1.37 MTHM per shipment and are not appropriate for the shipment of spent fuel. Considering this, there 
would be approximately 83 percent more spent fuel shipments than fresh for the same amount of fuel. 
b Includes mixed GTCC LLW. 
c Includes mixed LLW. 
d All shipment of fresh nuclear fuel is assumed to be via truck transport.  

 
The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.4-3 and 4.4-4) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.4-3 presents the handling impacts for truck transport and 
Table 4.4-4 presents the handling impacts for truck and rail transport. Handling operations 
(loadings and inspections) would not affect the public.  
 
The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other  
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distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables).  
 

TABLE 4.4-3—Handling Impacts for 50 Years of Operation, Thermal/Fast Reactor Recycle 
Alternative (Truck Transit)—200 Gigawatts Electric 

Handling Impacts 
Loading Inspection Total 

 

person-rem LCFs person-rem LCFs person-rem  LCFs
Thermal/Fast Reactor Recycle 155,000 93 17,200 10 172,000 103 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
TABLE 4.4-4—Handling Impacts for 50 Years of Operation, Thermal/Fast Reactor Recycle 

Alternative (Truck and Rail Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs
Thermal/Fast Reactor Recycle 205,000 123 12,700 8 217,000 131 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.4-5 (truck transit) and 4.4-6 (truck and rail transit) 
for the Thermal/Fast Reactor Recycle Alternative. These impact estimates would vary based on a 
variety of factors, including the distance that the radiological material would be transported, the 
specific routes that would be utilized, the population densities along those routes, and others. Of 
these factors, transport distance is the most significant. Because the locations of future reactors, 
nuclear fuel recycling facilities, and future disposal facilities are unknown, DOE analyzed 
transportation impacts over five distances: 150 mi (241 km), 500 mi (805 km), 1,500 mi 
(2,414 km), 2,100 mi (3,380 km), and 3,000 mi (4,828 km). In-transit impacts presented in 
Tables 4.4-5 and 4.4-6 are based on 2,100 mi (3,380 km) of transport. This distance was selected 
as a reference distance because it represents the average distance for all SNF shipments analyzed 
in the Yucca Mountain FEIS (DOE 2002i). Impacts associated with the other four distances are 
presented, on a per shipment basis, in Appendix E, which describes the transportation 
methodology and assumptions. Although the in-transit impacts are not exactly “linear” (i.e., 
twice the impacts for twice the distance transported), that is a close approximation. 
Consequently, if the radiological material were transported 500 mi (805 km), all of the in-transit 
impacts presented in Tables 4.4-5 and 4.4-6 could be estimated by multiplying the values in 
those tables by 0.24 (500/2,100). 
 

TABLE 4.4-5—In-Transit Transportation Impacts for 50 Years of Operation, Thermal/Fast 
Reactor Recycle Alternative (Truck Transit)—200 Gigawatts Electric 

In Transit Impacts  
Crew Public 

Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-Free 

LCFs person-
rem 

LCFs Collision 
Fatalities 

Thermal/Fast 
Reactor Recycle 146,000 87 360,000 216 303 41.0 0 71 
Source: Appendix E  
Note: All LCFs rounded to nearest whole number. 
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TABLE 4.4-6—In-Transit Transportation Impacts for 50 Years of Operation, Thermal/Fast 
Reactor Recycle Alternative (Rail Transit)—200 Gigawatts Electric 

In Transit Impacts  
Crew Public 

Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-Free 

LCFs person-
rem 

LCFs Collision 
Fatalities 

Thermal/Fast 
Reactor Recycle 9,250 6 42,300 25 34 8.64 0 15 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number. 
 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, rail transport would result 
in smaller impacts than truck transport. This is due to the fact that there would be many fewer 
transportation shipments for truck and rail compared to truck only. This would directly affect the 
distance traveled and exposures to both crews and the public. Additionally, the number of 
accident fatalities (collisions) would be smaller for the truck and rail transport.  
 
4.5 THERMAL REACTOR RECYCLE FUEL CYCLE ALTERNATIVE (THERMAL 

REACTOR RECYCLE ALTERNATIVE) 
 
The Thermal Reactor Recycle Alternative is described in Chapter 2, Section 2.5. Under this 
alternative, the United States would pursue a domestic closed fuel cycle that recycles LWR SNF 
in one or more recycling facilities and uses the recycled fuel in thermal reactors. Unlike the Fast 
Reactor Recycle Alternative, which would require comparably more R&D (related to 
transmutation fuel development and fast reactor fuel separation), existing thermal reactor 
technologies and fuel fabrication technologies could be utilized for this alternative. 
Consequently, this alternative may be implemented more quickly.  
 
Three options are assessed for the Thermal Reactor Recycle Alternative: Option 1—recycle 
LWR SNF to produce a MOX-U-Pu fuel for use in LWRs; Option 2—recycle LWR SNF to 
produce fuel for use in HWRs; and Option 3—recycle LWR SNF to produce a transuranic fuel 
for use in HTGRs.  
 
At the programmatic level, this PEIS assesses the potential environmental impacts associated 
with broad implementation of the Thermal Reactor Recycle Alternative to achieve a capacity of 
200 GWe based on a 1.3 percent growth rate for nuclear power. The analysis of this broad 
implementation assumes that the United States commercial reactors begin to recycle LWR SNF 
by approximately 2020. Thereafter, the recycled fuel would be utilized in LWRs (Option 1), in 
new HWRs (Option 2), or in new HTGRs (for Option 3). The PEIS also provides information for 
a growth scenario of 2.5 percent, which would result in a capacity of approximately 400 GWe 
(see Table 4.8-2), a 0.7 percent growth rate, which would result in a capacity of approximately 
150 GWe (see Table 4.8-3), and a zero growth scenario, which would result in a capacity of 
approximately 100 GWe (see Table 4.8-4).  
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This PEIS presents the environmental impacts of the Thermal Reactor Recycle Alternative as 
follows:  
 
− Construction and Operation of Thermal Recycle Facilities: The impacts of 

establishing and implementing the Thermal Reactor Recycle Alternative for Options 1, 2, 
and 3 are presented. This analysis includes the construction of multiple SNF recycling 
centers, transportation of LWR SNF from commercial reactors to the recycling centers, 
operations to recycle SNF and produce MOX-U-Pu fuel (Option 1), or HWR fuel 
(Option 2), or HTGR fuel (Option 3), transportation of fuel to reactors, and waste 
management impacts (which would include the impacts of establishing additional 
geologic repository capacity for generated HLW and any SNF), and the transport and 
emplacement of HLW and SNF in a geologic repository. The impacts of Option 1 are 
presented in Section 4.5.1, Option 2 are presented in Section 4.5.2, and Option 3 are 
presented in Section 4.5.3. 

− New nuclear electricity generation between 2010 and 2060-2070: For Option 1, the 
environmental impacts of constructing and operating approximately 200 GWe in LWR 
capacity (including the replacement LWRs that reach end-of-life), would be the same as 
those presented in Section 4.2.2 and are not repeated. For options 2 and 3, the 
construction and operation of new LWRs and replacement LWRs is bounded by the 
analysis presented in Section 4.2.2. For new HWRs (Option 2), this PEIS includes an 
assessment of constructing and operating approximately 54 GWe in new HWR capacity 
in Section 4.5.2. The impacts of constructing and operating approximately 146 GWe in 
LWR capacity (including the replacement LWRs that reach end-of-life) would be 
bounded by the analysis presented in Section 4.2.2 and are not repeated. For new HTGRs 
(Option 3), this PEIS includes an assessment of constructing and operating approximately 
34 GWe in new HTGR capacity in Section 4.5.3. The impacts of constructing and 
operating approximately 166 GWe in LWR capacity (including the replacement LWRs 
that reach end-of-life) would be bounded by the analysis presented in Section 4.2.2 and 
are not repeated.  

 
4.5.1 Construction and Operation of Thermal Recycle Facilities—Option 1 
 
The PEIS analysis in this section focuses on the 200 GWe end-state (approximately 200 GWe of 
LWR capacity, approximately 5,000 MTHM/yr of LWR SNF separation capacity, and fuel 
fabrication capacity to support the fabrication of MOX-U-Pu fuel for 200 GWe of LWR 
capacity).  
 
Construction: If a Thermal Reactor Recycle Alternative (Option 1) with a capacity of 200 GWe 
is pursued, the following facilities could be built:  
 

– 200 GWe of LWR capacity (which would include the replacement of approximately 
100 GWe of LWR capacity when existing LWRs reach their end-of-life). 

– Six nuclear fuel recycling centers (LWR separation facilities [based on a capacity of 
800 MTHM/yr]). 

– Internal modifications to LEU fuel fabrication capabilities and/or new fuel fabrication 
facilities to fabricate MOX-U-Pu fuel to support 200 GWe of LWR capacity. 
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Although some facilities could be colocated, the construction of this much capacity would 
necessitate that many sites in the United States be utilized. For this analysis, it is assumed that 
the nuclear fuel recycling center(s) and the reactors would not be colocated, which would 
necessitate transportation of material between the facilities during operations.  
 
From a construction standpoint, the Thermal Reactor Recycle Alternative (Option 1) would have 
similar impacts to the overall construction impacts presented in Section 4.3 for the Fast Reactor 

Recycle Alternative. Construction of six LWR separation facilities would require a total of 
approximately 1,500 acres (600 ha) (based on 250 acres [100 ha] per facility, see Appendix A, 
Section A.6.3.2). Because the total reactor capacity would be 200 GWe, relative to reactor 
construction impacts, the overall reactor impacts to land would be approximately 602,000 acres 
(244,000 ha). Because LWRs would transition from LEU fuel to MOX-U-Pu fuel, modifications 
to LEU fuel fabrication facilities and/or new fuel fabrication facilities to fabricate MOX-U-Pu 
fuel could be required. As explained in Appendix A, Section A.3.1.4, because MOX-U-Pu fuel 
fabrication is similar to LEU fuel fabrication, any modifications are expected to be minor, and 
could include additional shielding within the facility. These modifications are expected to be 
accomplished within the footprint of existing facilities. If new fuel fabrication facilities to 
fabricate MOX-U-Pu fuel were constructed, it could add to the land required, but would be small 
relative to land requirements for reactor facilities.  
 
Operation: Operation of the facilities associated with the Thermal Reactor Recycle Alternative 
(Option 1) would be similar to the Fast Reactor Recycling Alternative. This section discusses 
potential impacts related to uranium requirements, fuel fabrication, land, visual, water, 
socioeconomics, human health and safety, waste generation, and transportation of nuclear 
materials.  
 
Option to Use Mixed Oxide-Transuranic Fuel and/or Targets  
 
The Thermal Reactor Recycle Alternative (Option 1) could also use a MOX-TRU fuel, although 
there is no commercial experience with MOX-TRU fuel (ANL 2002a). Compared to a uranium-
oxide fuel cycle, the same reactor cycle length could be maintained by adjusting the MOX-U-Pu 
(or MOX-TRU) and uranium enrichments. For MOX-TRU, a MOX-TRU pin loading of 
7.48 percent TRU would be used in the first recycle. To meet the end-of-life burnup of 
45 GWd/MT, it would be necessary to increase the enrichment of the uranium-oxide pins in the 
interior of the fuel assembly to 4.85 percent U-235. With each successive recycle, the TRU 
content in the MOX-TRU pins would increase as more TRU is produced in the uranium-oxide 
pins than is consumed in the MOX-TRU pins (although the rate of increase slows as the 
equilibrium state is approached). By the seventh recycle, the MOX-TRU pin loading would 
reach 11.0 percent and the uranium-oxide fuel pin enrichment would need to be increased to 
slightly more than 5.0 percent to meet the cycle length requirements (ANL 2002a).  
 
Multi-recycling of the TRU would lead to a significant increase in the higher actinide content of 
the fuel assembly, which would complicate fresh fuel handling compared to standard UO2 or 
MOX-U-Pu assemblies (ANL 2004). One estimate suggests that the radiation of MOX-TRU 
SNF could be approximately 1,000 to 6,000 times as great as typical LWR SNF, and the decay 
heat could be 1 to 6 times as great (Wigeland 2008a). If MOX-TRU fuel were pursued, potential 
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modifications to existing fuel fabrication facilities could be major, and could include remote 
operations. Potential modifications to LWRs would primarily necessitate modifications to fuel 
loading processes (i.e., the use of a shielded cask). There are also mitigation measures that could 
reduce the neutron source. For example, if the SNF were stored for approximately 40 years prior 
to recycle in an LWR, curium would significantly decay and reduce the radiation and decay heat. 
However, this would require significant storage capabilities.  
 
Consideration has also been given as to what transuranics should be in the target pins. In one 
option, both Pu and Np could be in the driver MOX fuel and Am could be in the target fuel. The 
presence of both Am and Cm in the target leads to the production of higher actinides that are 
intense producers of spontaneous fission neutrons (Finck 2007c). 
 
The intermixing of driver and target pins in the same assembly, however, negates the potential 
benefit of heterogeneous recycle, which is the confinement of the higher radiotoxic and heating 
target to a fraction of the reactor core to reduce handling and other dose-related issues. Previous 
evaluations indicated that a large fraction of the assemblies in the reactor core might be required 
to contain target pins to successfully use the heterogeneous approach (as much as 30 percent to 
100 percent). Stabilization of the minor actinide inventory would require a higher fraction (up to 
100 percent) of the core to contain target pins, and higher burn-down would require a lower 
fraction of the core to contain target pins. There are also fuel performance issues pertaining to 
helium production in the target pins that would have to be addressed in detailed design and fuel 
development studies. Consequently, the perceived benefits of using targets would have to be 
properly quantified to justify their utilization (Finck 2007c). Further R&D regarding the 
heterogeneous approach could be pursued if DOE announces a decision to pursue the Thermal 
Reactor Recycle Alternative in a future Record of Decision.  
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 4.6 percent, would be approximately 
33,000 MT/yr (see Table 4.8-1). The 33,000 MT of natural uranium would represent 
approximately 84 percent of uranium that was mined in the world in 2006 and would be 20 times 
more than the quantities currently mined in the United States annually (see Table 4.1-1). From 
this 33,000 MT, approximately 3,320 MT of enriched uranium (assuming 4.6 percent 
enrichment) would be required annually. Approximately 21 million SWUs would be required 
annually to support a capacity of 200 GWe. The licensed capacity of Paducah, the American 
Centrifuge Plant, and the LES Facility is 17.8 million SWUs. Consequently, enrichment facilities 
in the United States could not meet this demand. Additionally, if Paducah shuts down in 2012, as 
planned, the United States enrichment capacity would be reduced to approximately 6.8 million 
SWUs. To support a 200 GWe capacity, enrichment capacities in the United States would need 
to be expanded by approximately 200 percent, or larger quantities of enriched uranium would 
need to be imported. 
 
Fuel Fabrication Requirements: The United States currently has three operational LWR 
uranium fuel fabrication facilities with a capacity to produce approximately 3,500 MT of LWR 
fuel assemblies (Table 4.1-2). For 200 GWe, approximately 5,000 MT of MOX-U-Pu fuel 
assemblies would need to be produced annually. Consequently, the existing fuel fabrication 
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facilities in the United States would need to be expanded and modified for MOX-U-Pu fuel 
fabrication to be able to meet this demand.  
 
Land Resources: Once operational, a total of approximately 603,000 acres (244,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would serve as a buffer between the actual facility and the outer facility boundary. 
The total site area would be determined by accident analyses and regulatory requirements, 
including safeguards and security. 
 
Visual Resources: With respect to visual characteristics, the visibility of any facility from 
publicly accessible locations would be dependent on the future site characteristics. For sites that 
use “wet” cooling tower systems, the water vapor plume from cooling tower operations may be 
visible for many miles from the plant.  
 
Air Resources: Impacts to air resources would be similar to the Fast Reactor Recycle 
Alternative presented in Section 4.3.  
 
Water Resources: Every operating reactor would use significant quantities of water. A typical 
GWe of reactor capacity requires approximately 3 to 6 billion gal (11 to 23 billion L) of water 
yearly, mainly for heat dissipation44 (EPRI 2002). A nuclear fuel recycling center would also use 
significant quantities of water. Each nuclear fuel recycling center would require approximately 
330 million gal/yr (1.3 billion L/yr) (WSRC 2008a). Five facilities would require approximately 
1.7 billion gal/yr (6.5 billion L/yr).  
 
Socioeconomic Impacts: Socioeconomic impacts would occur in communities in the vicinity of 
any future facility. These impacts would be similar to those discussed for the Fast Reactor 

Recycle Alternative. For each GWe of capacity, an LWR would require approximately 500 to 
1,000 workers. The employment estimate for each LWR SNF separations facility is 
approximately 3,000 workers. 
 
Human Health: As the MOX-U-Pu is multi-recycled, there would be a gradual buildup of 
higher-mass transuranics in the discharged fuel, causing an increase in the radioactive properties 
(e.g., decay heat and radiotoxicity) of the SNF (ANL 2002b). These higher heat loads can have a 
negative impact on aqueous fuel processing efficiencies and the increased neutron source may 
require specific measures to maintain the safety of fuel-handling workers (ANL 2002b). This 
PEIS assumes that design features would be in place to maintain exposures at ALARA levels. 
For analysis purposes, it is expected that worker doses would be similar to those of the Fast 
Reactor Recycling Alternative.  
 
In addition to nonradiological hazards, workers at each of the facilities would be subject to 
radiological hazards, including radiation exposure, as discussed below.  

                                                 
44 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gal/yr (230 million L/yr). 
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– The total annual dose to workers associated with the nuclear fuel recycling centers would 
be approximately 3,300 person-rem (LWR MOX-U-Pu separation: 6 facilities x 2,226 
radiation workers/facility x 250 mrem/yr average dose [WSRC 2008a]).  

– At the LWRs (200 GWe of capacity), the total annual dose to workers would be 
approximately 20,900 person-rem (assumes 550 radiation workers/GWe x 190 mrem/yr 
average dose).  

 
The total annual dose to workers associated with the 200 GWe Thermal Reactor Recycle 
Alternative (Option 1) would be approximately 24,200 person-rem, which equates to an annual 
LCF risk of approximately 14. Statistically, this means that 14 LCFs could occur for every year 
of operation of a Thermal Reactor Recycle Alternative (Option 1) at the capacities assumed at the 
end of the implementation period (i.e., that separates 5,000 MTHM/yr of LWR SNF and operates 
200 GWe of LWRs fueled with MOX-U-Pu).  
 
The public would also be subject to radiation exposure, primarily from airborne releases of 
radionuclides. Potential doses from LWRs are expected to be similar to those shown in 
Table 4.2-7 for the six hypothetical sites. For the nuclear fuel recycling centers, public exposures 
would vary depending on many factors, but would predominantly be affected by prevailing 
weather patterns and the proximity of the facilities to local population centers. The impacts 
presented in Table 4.3-1 are representative of the impacts that could result. 
 
Facility Accidents: The accidents analysis for LWRs using a MOX-U-Pu fuel is presented in 
Section 4.4 and is not repeated here.  
 
Spent Nuclear Fuel and Radioactive Wastes: This PEIS assesses the wastes associated with 
recycling of all LWR SNF that would be generated over the period 2010 to 2060–2070. For 
Option 1, this would be approximately 168,000 MTHM45, of which 22,000 MTHM would be 
from LEU fuel and 146,000 MTHM would be from MOX-U-Pu fuel. In this situation, no SNF 
would require repository disposal, and only HLW from recycling (which would contain TRU 
from processing losses) would require repository disposal. With respect to the amount of HLW 
that would be generated, it is expected that 0.1 percent of the Pu, plus all the minor actinides 
(Np, Am, and Cm), and fission products, with the possible exception of cesium and strontium, 
would require disposal in a repository. Because any recovered uranium could be reused, the 
quantities in Table 4.5-1 do not include recovered uranium.  
 
Over a 50-year operational period (2010 to 2060–2070), the Thermal Reactor Recycle 
Alternative (Option 1) would generate the radioactive wastes shown in Table 4.5-1. HLW would 
be disposed of in a geologic repository (Section 4.1.5). LLW would be disposed of in 
commercial disposal facilities (Section 4.1.6). Disposal of GTCC LLW would occur, pursuant to 
the Low-Level Radioactive Waste Policy Amendments Act of 1985, at facilities to be determined 
by the DOE. Cesium and strontium wastes could be stored at the recycling centers for 300 years 
(see Section 4.3.3) or transported to a HLW storage or disposal facility. 

                                                 
45 Based on the following: first new LWR is constructed in 2015; each LWR produces approximately 21.7 MTHM of SNF/GWe-yr; in 2020, 
LWRs transition to MOX-U-Pu fuel and produce approximately 25 MTHM of SNF/GWe-yr; LWR capacity grows to 200 GWe by approximately 
2060–2070. Existing LWRs are assumed to be replaced as they reach end-of-life between 2020 and 2060–2070. 
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TABLE 4.5-1—Total Spent Nuclear Fuel and Wastes Generated by the Thermal Reactor 

Recycle Alternative (Option 1) (50 Years of Implementation) 

Waste Category 

Nuclear Fuel 
Recycling Centers 
(for 200 GWe in 

2060–2070) 

LWRs  
(200 GWe in 2060–2070) 

 

Total 
(Nuclear Fuel 

Recycling Centers + 
LWRs) 

SNF (MTHM)a 0 
168,000 

(22,000 of LEU SNF; 146,000 
of MOX-U-Pu SNF) 

168,000 

LLW (solid) 
(cubic meters) 1,590,000b LB: 150,000 

UB: 585,000c 
LB: 1,740,000 
UB: 2,175,000 

HLW (cubic meters) 52,000d 0 52,000 
GTCC LLW 
(cubic meters) 405,000e 2,500f 407,500 

Cesium/Strontiumg 
(cubic meters) 

LB: 510-3,600  
UB: 10,800 0 LB: 510-3,600  

UB: 10,800 
LB = lower bound; UB = upper bound. 
a All SNF would be recycled. 
b Derived from Table 4.8-1, based on implementing 200 GWe for Thermal Reactor Recycle Alternative (Option 1) from 2020 to  
2060–2070.  
c Based on growth from approximately 100 GWe to 200 GWe by approximately 2060-2070, using average LLW generated from 
commercial LWRs (Section 4.2.2). 
d Derived from Table 4.8-1, based on implementing 200 GWe for Thermal Reactor Recycle Alternative (Option 1) by 2060–2070  
e Derived from Table 4.8-1.  
f GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available for disposal during facility 
decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. It has been estimated that 
approximately 813 m3 (1,060 yd3) of GTCC LLW would be generated when the existing 104 commercial LWRs undergo D&D 
(SNL 2007). Scaling those results to account for production of 200 GWe of electricity via nuclear reactors (and accounting for the 
D&D of existing LWRs), it is estimated that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from D&D. See Section 
4.9 for a discussion of GTCC LLW from reactor decommissioning. 
g Derived from Table 4.8-1. 
Note: All quantities except GTCC LLW and Cs/Sr rounded to nearest thousand. 

 
Transportation: A transportation analysis was prepared to determine the potential impacts 
associated with the Thermal Reactor Recycle Alternative (Option 1) (see Appendix E for a 
discussion of the methodology and modeling results). The transportation analysis considered all 
radiological material that could be transported (i.e., LWR SNF, spent MOX-U-Pu fuel, wastes 
from the recycling center, etc.). Table 4.5-2 presents the number of radiological shipments 
(broken down by material to be transported) that would be required for the Thermal Reactor 

Recycle Alternative (Option 1) for 1) all truck and 2) a combination of truck and rail. Because all 
shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”). As shown in that table, truck transport would require 
significantly more shipments than rail.  
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TABLE 4.5-2—Total Number of Radiological Shipments for 50 Years of Implementation, 
Thermal Reactor Alternative, Option 1  

Material/Waste Truck Transport 
(Number of Shipments) 

Truck/Rail Transport 
(Number of Shipments) 

Fresh LWR fuel 
Fresh MOX fuela 
LWR SNF 

3,670 
107,000 
11,000 

3,670d  
107,000d 

880 
Cs/Sr waste 10,800 2,150 
HLW 50,700 10,100 
GTCC LLWb 513,000 101,000 
LLW c 84,000 17,000 
Recovered Uranium (Aqueous) 2,920 584 
MOX SNF 195,000 4,330 

Source: Appendix E  
a The MOX spent fuel was assumed to be transported in DOE spent fuel canisters, with a capacity of 0.75 MTHM per container. 
Fresh MOX fuel was assumed to be transported in Class B containers as described in NRC 2005c. These containers have a capacity 
of 1.37 MTHM per shipment and are not appropriate for the shipment of spent fuel. Considering this, there would be approximately 
83 percent more spent fuel shipments than fresh for the same amount of fuel. 
b Includes mixed GTCC LLW. 
c Includes mixed LLW. 
d All shipment of fresh nuclear fuel is assumed to be via truck transport. 

 
The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.5-3 and 4.5-4) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.5-3 presents the handling impacts for truck transport and 
Table 4.5-4 presents the handling impacts for truck and rail transport. Handling operations 
(loadings and inspections) would not affect the public.  
 
The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other 
distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables). 

 
TABLE 4.5-3—Handling Impacts for 50 Years of Implementation,  

Thermal Reactor Alternative, Option 1 (Truck Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs
Thermal Reactor Recycle, Option 1 198,000 119 23,800 14 222,000 133 

Source: Appendix E  
Note: All LCFs rounded to nearest whole number.  
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TABLE 4.5-4—Handling Impacts for 50 Years of Implementation,  
Thermal Reactor Alternative, Option 1 (Truck and Rail Transit)—200 Gigawatts Electric 

Handling Impacts 
Loading Inspection Total 

 

person-rem LCFs person-rem LCFs person-rem  LCFs
Thermal Reactor Recycle, Option 1 181,000 109 10,700 6 192,000 116 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.5-5 (truck transit) and 4.5-6 (truck and rail transit) 
for the Thermal Reactor Recycle Alternative (Option 1). These impact estimates would vary 
based on a variety of factors, including the distance that the radiological material would be 
transported, the specific routes that would be utilized, the population densities along those routes, 
and others. Of these factors, transport distance is the most significant. Because the locations of 
future reactors, nuclear fuel recycling facilities, and future disposal facilities are unknown, DOE 
analyzed transportation impacts over five distances: 150 mi (241 km), 500 mi (805 km), 
1,500 mi (2,414 km), 2,100 mi (3,380 km), and 3,000 mi (4,828 km). In-transit impacts 
presented in Tables 4.5-5 and 4.5-6 are based on 2,100 mi (3,380 km) of transport. This distance 
was selected as a reference distance because it represents the average distance for all SNF 
shipments analyzed in the Yucca Mountain FEIS (DOE 2002i). Impacts associated with the other 
four distances are presented, on a per shipment basis, in Appendix E, which describes the 
transportation methodology and assumptions. Although the in-transit impacts are not exactly 
“linear” (i.e., twice the impacts for twice the distance transported), that is a close approximation. 
Consequently, if the radiological material were transported 500 mi (805 km), all of the in-transit 
impacts presented in Tables 4.5-5 and 4.5-6 could be estimated by multiplying the values in 
those tables by 0.24 (500/2,100). 

 
TABLE 4.5-5—In-Transit Transportation Impacts for 50 Years of Implementation,  

Thermal Reactor Alternative, Option 1 (Truck Transit)—200 Gigawatts Electric 
In Transit Impacts 

Crew Public Accident Impacts 
 person-

rem 
LCFs person-

rem 
LCFs 

Total Incident-
Free LCFs person-

rem 
LCFs Collision 

Fatalities 
Thermal Reactor 
Recycle, Option 1 157,000 94 441,000 265 359 2.97 0 84 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
TABLE 4.5-6—In-Transit Transportation Impacts for 50 Years of Implementation,  

Thermal Reactor Alternative, Option 1 (Truck and Rail Transit)—200 Gigawatts Electric 
In Transit Impacts 

Crew Public Accident Impacts 
 person-

rem LCFs person-
rem LCFs 

Total Incident-
Free LCFs person-

rem LCFs Collision 
Fatalities 

Thermal Reactor 
Recycle, Option 1 4,920 3 42,300 25 28 0.345 0 19 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 
 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, truck and rail transport 
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would result in smaller impacts than truck transport. This is due to the fact that there would be 
many fewer transportation shipments for truck and rail compared to truck only. This would 
directly affect the distance traveled and exposures to both crews and the public. Additionally, the 
number of accident fatalities (collisions) would be smaller for the truck and rail transport.  
 
4.5.2 Construction and Operation of Thermal Recycle Facilities—Option 2 
 
The PEIS analysis in this section focuses on the 200 GWe end-state (approximately 200 GWe of 
LWR and HWR capacity, approximately 3,200 MTHM/yr of LWR SNF separation capacity, and 
fuel fabrication capacity to support the fabrication of fuel for 54 GWe of HWR capacity).  
 
Construction: If a Thermal Reactor Recycle Alternative (Option 2) with a capacity of 200 GWe 
is pursued, the following facilities could be built: 
 
− 4 DUPIC46 recycling and fuel fabrication facilities (to recycle LWR SNF and produce 

HWR fresh fuel (based on a capacity of 800 MTHM/yr for each recycling center) with a 
total capacity to separate approximately 3,200 MTHM/yr of LWR SNF and to fabricate 
HWR fuel to support 54 GWe of HWR capacity.  

– 146 GWe of LWR capacity (which would include the replacement of approximately 
100 GWe of LWR capacity when existing LWRs reach their end-of-life). 

– 54 GWe of HWR capacity. 
 
Although some facilities could be colocated, the construction of this much capacity would 
necessitate that many sites in the United States be utilized. For this analysis, it is assumed that 
the nuclear fuel recycling center(s) and the reactors would not be colocated, which would 
necessitate transportation of material between the facilities during operations. From a 
construction standpoint, the Thermal Reactor Recycle Alternative (Option 2) would have similar 
impacts to the overall construction impacts presented in Section 4.3 for the Fast Reactor Recycle 
Alternative.  
 
Operation: The DUPIC recycling and fuel fabrication facilities would operate differently than 
the recycling facilities described for the Fast Reactor Recycle Alternative. For example, the 
DUPIC facilities would not employ any chemical processes to extract fissile materials. Rather, 
the LWR SNF rods would be mechanically removed from the LWR fuel assembly, chopped into 
an appropriate size by a mechanical and/or laser cutting method, and the fuel material and 
cladding would be separated. This section discusses potential differences in the operation of 
facilities associated with the Thermal Reactor Recycle Alternative (Option 2) compared to the 
Fast Reactor Recycle Alternative.  
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 3.5 percent would be approximately 
25,600 MT/yr (see Table 4.8-1). The 25,600 MT of natural uranium would represent 
approximately 65 percent of uranium that was mined in the world in 2006 and would be 15 times 
more than the quantities currently mined in the United States annually (see Table 4.1-1). From 
this 25,600 MT, approximately 3,600 MT of enriched uranium (assuming 3.5 percent 
                                                 
46 DUPIC = direct use of spent PWR fuel in CANDU. 
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enrichment) would be required. Approximately 16 million SWUs would be required annually to 
support a capacity of 200 GWe. The licensed capacity of Paducah, the American Centrifuge 
Plant, and the LES Facility is 17.8 million SWUs. Consequently, enrichment facilities in the 
United States could meet this demand. However, if Paducah shuts down in 2012, as planned, the 
United States enrichment capacity would be reduced to approximately 6.8 million SWUs. To 
support a 200 GWe capacity, enrichment capacities in the United States would need to be 
expanded by more than 200 percent, or larger quantities of enriched uranium would need to be 
imported. 
 
Fuel Fabrication Requirements: The United States currently has three operational LWR 
uranium fuel fabrication facilities with a capacity to produce approximately 3,500 MT of LWR 
fuel assemblies (Table 4.1-2). For 146 GWe of LWR capacity, approximately 3,600 MT of fresh 
LWR fuel assemblies would need to be produced annually. Consequently, the existing fuel 
fabrication facilities in the United States could likely meet this demand with minor changes. 
HWR fuel fabrication demands would be met by the construction and operation of the 4 DUPIC 
recycling and fuel fabrication facilities. 
 
Land Resources: Assuming that a DUPIC recycling and fuel fabrication facility would be 
similar in size (approximately 500 acres [200 ha]) to a nuclear fuel recycling center discussed in 
Section 4.3.2, once operational, a total of approximately 602,000 acres (244,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would serve as a buffer between the actual facility and the outer facility boundary. 
The total site area would be determined by accident analyses and regulatory requirements, 
including safeguards and security. 
 
Visual Resources: With respect to visual characteristics, the visibility of any facility from 
publicly accessible locations would be dependent on the future site characteristics. For sites that 
use “wet” cooling tower systems, the water vapor plume from cooling tower operations may be 
visible for many miles from the plant.  
 
Air Resources: Impacts to air resources would be similar to the Fast Reactor Recycle 
Alternative presented in Section 4.3.  
 
Water Resources: Every operating reactor would use significant quantities of water. A typical 
GWe of reactor capacity requires approximately 3 to 6 billion gal (11 to 23 billion L) of water 
yearly, mainly for heat dissipation47 (EPRI 2002). Assuming that water use in a DUPIC 
recycling and fuel fabrication facility would be similar to a nuclear fuel recycling center 
discussed in Section 4.3.2, approximately 330 million gal/yr (1.3 billion L/yr) would be used 
annually. Four facilities would require approximately 1.3 billion gal/yr (5.2 billion L/yr).  
 
Socioeconomic Impacts: Socioeconomic impacts would occur in communities in the vicinity of 
any future facility. These impacts are expected to be similar to those discussed for the Fast 
Reactor Recycle Alternative. For each GWe of capacity, an LWR and HWR would employ 
approximately 500 to 1,000 workers and each DUPIC recycling and fuel fabrication facility 

                                                 
47 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gal/yr (230 million L/yr). 
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would employ approximately 4,000 workers (assuming approximately 3,000 workers for each 
LWR SNF separation facility and approximately 1,000 workers associated with fuel fabrication).  
 
Human Health: In addition to nonradiological hazards, workers at a DUPIC recycling and fuel 
fabrication facility would be subject to radiological hazards, including radiation exposure. 
Because of the simplicity of operations compared to other SNF separation techniques, the total 
annual dose to workers at the DUPIC recycling and fuel fabrication facilities should be bounded 
by those at the nuclear fuel recycling center discussed in Section 4.3.1.48  
 
Similar to the nuclear fuel recycling center discussed in Section 4.3.1, the public could also be 
subject to radiation exposure, primarily from airborne releases of radionuclides. Because the 
DUPIC recycling and fuel fabrication facilities would employ mechanical and thermal processes 
only, it is expected that airborne radionuclide emissions would be bounded by those for the 
nuclear fuel recycling center49 (see Table 4.3-1). The fission gases released in this process would 
be sent to the off-gas treatment system and would be stored after going through the separation, 
treatment, and packaging processes before ultimate disposal in a repository. The cladding 
material would be cleaned and decontaminated for more than a 99 percent recovery of the fuel 
material and then transferred to the solid waste treatment area before ultimate disposal.  
 

Facility Accidents: The DUPIC fuel cycle would utilize LWRs, HWRs, and DUPIC recycling 
and fuel fabrication facilities. Accidents associated with LWRs would be the same as presented 
in Section 4.2.2. The impacts of HWR accidents are presented in Section 4.7.1. The accident 
impacts of a DUPIC recycling and fuel fabrication facility would be expected to be bounded by 
those presented in Section 4.3.1 for the Fast Reactor Recycle Alternative recycling center, due to 
simpler operations and less material separations.  
 
Spent Nuclear Fuel and Radioactive Wastes: By 2060–2070, the 146 GWe of LWR capacity 
would generate SNF that would be recycled in the DUPIC recycling and fuel fabrication 
facilities. A total of 212,000 MTHM of SNF (141,000 MTHM of LWR SNF and 71,000 MTHM 
of HWR SNF) would be generated.50 The LWR SNF would be recycled to provide fresh fuel for 
the HWRs. In 2060-2070, approximately 3,600 MTHM/yr of LWR SNF would be recycled to 
fuel approximately 54 GWe of HWR capacity. By 2060-2070, the DUPIC fuel cycle would 

                                                 
48 Because the DUPIC fuel cycle is part of a South Korean program, in a research stage, only open literature publications are available. 
Consequently, there is less information available for this technology than many of the other technologies presented in this PEIS. In the OREOX 
process (Oxidation and Reduction of Oxide Fuel; OREOX is the name of the DUPIC separation and fuel fabrication process) the actinide and 
fission inventories coming from LWR SNF would be similar. Additionally, because the OREOX process only uses mechanical and thermal 
processes (which are similar to the front end step used in both the aqueous and electrochemical separation processes), it is expected that the 
environmental impacts (e.g., emissions, radiation dose to workers, and wastes) would be no greater than those other processes. 
49 Based on the literature reviewed (IAEA 2005b, Parent 2003), the emissions from the OREOX process are similar to the process used at the 
front end of the UREX and electrochemical separation processes, in that the volatile fission products are released. In the OREOX process, PWR 
cladding is removed and the fuel is subjected to a series of high-temperature oxidation and reduction reactions. During the chemical changes, 
volatile fission products including xenon, krypton, iodine, technetium, and some molybdenum and ruthenium are removed. The volatile fission 
products would be captured to comply with environmental regulations. The product is then fabricated into DUPIC fuel. If a pellet DUPIC fuel is 
used, it can be assumed that the radiological emissions for the fuel fabrication would be similar to the potential emission from U/TRU fuel 
fabrication since the fuel making process is the same (i.e., sintering). Overall, normal radiological emissions should be less than the values 
provided for a UREX+1a recycling plant and fast reactor fuel fabrication plant. 
50 Based on the following assumptions: the first new LWR is constructed in 2015 and LWR capacity grows to 146 GWe by approximately  
2060–2070; existing LWRs are assumed to be replaced as they reach end-of-life between 2020 and 2060–2070; each LWR produces 
approximately 25 MTHM of SNF/GWe-yr (Note: normally, an LWR produces approximately 21.7 MTHM of SNF/GWe-yr; however, in the 
DUPIC fuel cycle, an LWR would produce 25 MTHM/GWe-yr. This is because the burnup of LWR SNF at discharge for the DUPIC fuel cycle 
is only 35 GWd/MTHM compared to 51 GWd/MTHM for the burnup assumed for other fuel cycles that utilize LWRs). HWR construction 
begins in 2020 and grows to 54 GWe by 2060–2070; and each HWR produces approximately 66 MTHM of SNF/GWe-yr.  
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generate approximately 3,600 MTHM of HWR SNF annually that would need to be disposed of 
in a geologic repository. Although this alternative would generate a high volume and mass of 
SNF, the HWR SNF would have a lower radiotoxicity than LWR SNF (see Section 4.8 for a 
discussion of the radiotoxicity of HWR SNF relative to other SNF).  
 
The LWR SNF would be treated by the OREOX process to form fuel powder that satisfies the 
powder characteristics requirements. The DUPIC fuel pellets would be produced from the LWR 
SNF powder through the pre-compaction, granulation, final compaction, sintering, and the 
grinding processes. The fuel pellets would be loaded into the cladding tube manufactured outside 
the hot cell and the end cap would be welded to form a fuel element. These fuel elements would 
then be bundled into fuel bundles and the fresh DUPIC fuel would be transported to a HWR 
reactor. The wastes from a DUPIC recycling and fuel fabrication facility are shown in 
Table 4.5-7.  

 
TABLE 4.5-7—Total Spent Nuclear Fuel and Wastes Generated by the Thermal Reactor 

Recycle Alternative (Option 2) (50 Years of Implementation) 

Waste Category 

DUPIC Recycling 
and  

Fuel Fabrication 
Facilities (for 200 

GWe in  
2060–2070) 

LWRs 
(146 GWe in 
2060–2070) 

HWRs 
(54 GWe in 
2060–2070) 

Total 

SNF (MTHM) 0 141,000a 71,000a 212,000 
LLW (solid) (cubic 
meters) NDb LB: 127,000 

UB: 500,000c 
LB: 23,000 
UB: 85,000d 

LB: 150,000 
UB: 585,000 

HLW (cubic meters) LB: 18,000 
UB: 48,000e 0 0 LB: 18,000 

UB: 48,000e 
GTCC LLW (cubic 
meters) 7,200f 1,200g 500g 8,900 

Cesium/Strontium  
(cubic meters)  0 0 0 0 

LB = lower bound; UB = upper bound. 
a LWR SNF would be recycled. HWR SNF would be disposed of in a geologic repository. 
b Per Table 4.8-1, no data exists for LLW for DUPIC fuel fabrication facility. 
c Based on growth from approximately 100 GWe to 146 GWe by approximately 2060-2070, using average LLW generated from commercial 
LWRs (Section 4.2.2). 
d Based on growth from 0 GWe to 54 GWe by approximately 2060-2070, using average LLW generated from commercial LWRs 
(Section 4.2.2). 
e Derived from Table 4.8-1. 
f Derived from Table 4.8-1. Reflects minimum amount of GTCC LLW. No data exists for the upper bound value. 
gGTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available for disposal during facility 
decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. It has been estimated that approximately 
813 m3 (1,060 yd3) of GTCC LLW would be generated when the existing 104 commercial LWRs undergo D&D (SNL 2007). Scaling those 
results to account for production of 200 GWe of electricity via nuclear reactors (and accounting for the D&D of existing LWRs), it is estimated 
that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from D&D. See Section 4.9 for a discussion of GTCC LLW from reactor 
decommissioning  
Note: All quantities except GTCC LLW rounded to nearest thousand.  

 
Transportation: A transportation analysis was prepared to determine the potential impacts 
associated with the Thermal Reactor Recycle Alternative (Option 2) (see Appendix E for a 
discussion of the methodology and modeling results). The transportation analysis considered all 
radiological material that could be transported (i.e., LWR SNF, HWR SNF, wastes from the 
recycling center, etc.). Table 4.5-8 presents the number of radiological shipments, broken down 
by material to be transported, that would be required for the Thermal Reactor Recycle 
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Alternative (Option 2) for 1) all truck and 2) a combination of truck and rail. Because all 
shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”). As shown in that table, truck transport would require 
significantly more shipments than rail.  

 
TABLE 4.5-8—Total Number of Radiological Shipments for 50 Years of  

Implementation, Thermal Reactor Alternative, Option 2  

Material/Waste  
Truck Transport 

(Number of Shipments) 
Truck/Rail Transport  

(Number of Shipments) 
Fresh LWR fuel 23,500 23,500 c 
Fresh HWR fuel 21,900 21,900 c 
LWR SNF 70,500 5,640 
HWR SNF 44,840 996 
HLW 31,000 6,200 
GTCC LLW a 10,000 2,000 
LLW b 23,000 4,500 
Recovered Uranium (Aqueous) 19,000 3,800 
Source: Appendix E 
a Includes mixed GTCC LLW. 
b Includes mixed LLW. 
c All shipment of fresh nuclear fuel is assumed to be via truck transport.  
 

The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.5-9 and 4.5-10) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.5-9 presents the handling impacts for truck transport and 
Table 4.5-10 presents the handling impacts for rail transport. Handling operations (loadings and 
inspections) would not affect the public.  
 
The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other 
distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables).  

 
TABLE 4.5-9—Handling Impacts for 50 Years of Implementation, Thermal Reactor 

Alternative, Option 2 (Truck Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs
Thermal Reactor Recycle, Option 2 67,100 40 11,100 7 78,100 47 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  
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TABLE 4.5-10—Handling Impacts for 50 Years of Implementation, Thermal Reactor 
Alternative, Option 2 (Truck and Rail Transit)—200 Gigawatts Electric 

Handling Impacts 
Loading Inspection Total 

 

person-rem LCFs person-rem LCFs person-rem  LCFs
Thermal Reactor Recycle, Option 2 37,900 23 2,950 2 40,900 25 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number. 

 
The in-transit impacts are shown in Tables 4.5-11 (truck transit) and 4.5-12 (truck and rail 
transit) for the Thermal Reactor Recycle Alternative (Option 2). These impact estimates would 
vary based on a variety of factors, including the distance that the radiological material would be 
transported, the specific routes that would be utilized, the population densities along those routes, 
and others. Of these factors, transport distance is the most significant. Because the locations of 
future reactors, nuclear fuel recycling facilities, and future disposal facilities are unknown, DOE 
analyzed transportation impacts over five distances: 150 mi (241 km), 500 mi (805 km), 
1,500 mi (2,414 km), 2,100 mi (3,380 km), and 3,000 mi (4,828 km). In-transit impacts 
presented in Tables 4.5-11 and 4.5-12 are based on 2,100 mi (3,380 km) of transport. This 
distance was selected as a reference distance because it represents the average distance for all 
SNF shipments analyzed in the Yucca Mountain FEIS (DOE 2002i). Impacts associated with the 
other four distances are presented, on a per shipment basis, in Appendix E, which describes the 
transportation methodology and assumptions. Although the in-transit impacts are not exactly 
“linear” (i.e., twice the impacts for twice the distance transported), that is a close approximation. 
Consequently, if the radiological material were transported 500 mi (805 km), all of the in-transit 
impacts presented in Tables 4.5-11 and 4.5-12 could be calculated by multiplying the values in 
those tables by 0.24 (500/2,100). 

 
TABLE 4.5-11—In-Transit Transportation Impacts for 50 Years of Implementation, Thermal 

Reactor Alternative, Option 2 (Truck Transit)—200 Gigawatts Electric 
In Transit Impacts 

Crew Public Accident Impacts 
 person-

rem LCFs person-
rem LCFs 

Total Incident-
Free LCFs person-

rem LCFs Collision 
Fatalities 

Thermal Reactor 
Recycle, Option 2 31,000 19 137,000 82 101 1.23 0 21 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
TABLE 4.5-12—In-Transit Transportation Impacts for 50 Years of Implementation,  

Thermal Reactor Alternative, Option 2 (Truck and Rail Transit)—200 Gigawatts Electric 
In Transit Impacts 

Crew Public Accident Impacts 
 person-

rem LCFs person-
rem LCFs 

Total  
Incident-

Free LCFs person-
rem LCFs Collision 

Fatalities 
Thermal Reactor 
Recycle, Option 2 1,010 1 5,260 3 4 0 0 6 
Source: Appendix E  
Note: All LCFs rounded to nearest whole number 
 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, truck and rail transport 
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would result in smaller impacts than truck transport. This is due to the fact that there would be 
many fewer transportation shipments for truck and rail compared to truck only. This would 
directly affect the distance traveled and exposures to both crews and the public. Additionally, the 
number of accident fatalities (collisions) would be smaller for the truck and rail transport.  
 
4.5.3 Construction and Operation of Thermal Recycle Facilities—Option 3 
 
The Thermal Reactor Recycle Alternative (Option 3—Transuranic Consumption in HTGRs) is 
the least developed domestic programmatic alternative, with only limited data available. Any 
quantifications presented in this section are only preliminary estimates, and do not have the same 
level of accuracy as the data for other alternatives. The Generation IV sponsored work, which is 
ongoing, will result in information that will increase DOE’s knowledge base of this concept, but 
this work will be long term and not available for use in this PEIS. In preparing the environmental 
analysis of this option, DOE utilized the best available information, including reports prepared 
under the AFCI, industry reports, and publicly-available documents. Based on this information, 
DOE has concluded that the environmental impacts of this option would be similar to other 
alternatives in the following respects: 1) construction and operation impacts for nuclear fuel 
recycling centers would be similar to other closed fuel cycle alternatives; 2) construction 
activities and impacts for HTGRs would be the same as the HWR/HTGR Alternative (all-HTGR 
option); and 3) operations of the deep-burn HTGRs would be similar to the HWR/HTGR 
Alternative (all-HTGR option), with minor differences related to increased fuel burnup and the 
use of transuranic fuel. These differences are discussed in this section.  
 
The PEIS analysis in this section focuses on the 200 GWe end-state (approximately 200 GWe of 
LWR and HTGR capacity, approximately 3,200 MTHM/yr of LWR SNF separation capacity, 
and fuel fabrication capacity to support the fabrication of fuel for 36 GWe of HTGR capacity).  
 
Construction: If a Thermal Reactor Recycle Alternative (Option 3) with a capacity of 200 GWe 
is pursued, the following facilities could be built:  
 

– 164 GWe of LWR capacity (which would include the replacement of approximately 
100 GWe of LWR capacity when existing LWRs reach their end-of-life).  

– 36 GWe of HTGR capacity. 
– Four recycling and fuel fabrication facilities to recycle LWR SNF and produce HTGR 

transmutation fuel (based on a capacity of 800 MTHM/yr for each recycling center) with 
a total capacity to separate approximately 3,200 MTHM/yr of LWR SNF and fabricate 
HTGR fuel to support 36 GWe of HTGR capacity.  

 
Although some facilities could be colocated, the construction of this much capacity would 
necessitate that many sites in the United States be utilized. For this analysis, it is assumed that 
the nuclear fuel recycling centers and the reactors would not be colocated, which would 
necessitate transportation of material between the facilities during operations.  
 
Under Option 3, multiple recycling facilities would be constructed to recycle LWR SNF and 
fabricate HTGR fuel. These facilities would operate similarly to the recycling facilities described 
for the Fast Reactor Recycle Alternative, and would have similar impacts to those presented in 
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Section 4.3.1. As such, the environmental impacts of this facility are not repeated. With respect 
to the reactor capacity that would be required for Option 3, for the 200 GWe scenario, 
approximately 164 GWe in LWR capacity and 36 GWe in HTGR capacity would be required. 
The environmental impacts of constructing and operating approximately 164 GWe in LWR 
capacity (including the replacement LWRs that reach end-of-life) and 36 GWe of HTGR 
capacity would be similar to the impacts presented in Section 4.2.2 and are not repeated. 
 
Operation: This section discusses potential differences in the operation of HTGRs with 
transuranic fuel compared to the HTGR discussed in Section 4.7.2. The discussion focuses on 
human health and safety, waste generation, and transportation of nuclear materials. 
 
Uranium Requirements: The Thermal Reactor Recycle Alternative (Option 3) would utilize a 
combination of LWRs using enriched uranium fuel and HTGRs using a transuranic fuel with no 
uranium in the fuel, possibly using an inert matrix if needed. Preliminary estimates indicate that 
the reactor fleet would have about 82 percent of the power being generated by the LWRs, while 
the other 18 percent would be generated by the deep-burn HTGRs. (Schwartz 2008). 
 
Fuel Fabrication Requirements: The transuranics recovered from processing all of the LWR 
SNF would be used for fabrication of the HTGR fuel. The amount of LWR SNF to be processed 
and the amount of transuranics that would be recovered is not known accurately at this time. 
Given that the recovered transuranics would be radioactive, the fuel fabrication would need to be 
done remotely, as in the other alternatives where spent LWR fuel is processed to recover the 
transuranics for recycle. At this time, it is expected that the same fuel fabrication technologies 
that have been developed for enriched uranium HTGR fuel would be applicable to the HTGR 
transuranic fuel, although modifications would be needed for remote fuel fabrication. However, 
since the deep-burn TRU fuel composition has not yet been determined, the amount of deep-burn 
fuel fabrication cannot be determined, and it is not known if additional modifications to the fuel 
fabrication technologies will be required, or if a new technology would be needed 
(Schwartz 2008).  
 
Infrastructure Requirements: The Thermal Reactor Recycle Alternative (Option 3) would 
utilize large quantities of nuclear grade graphite in the HTGR reactor cores. Graphite production 
is a basic industrial operation and the capability to produce nuclear grade graphite would be 
driven by the demand. Although there is currently little demand for this today, it is expected that 
the commercial industry would readily respond to meet an identified need without significant 
issues. 
 
Helium is the coolant of choice for HTGRs, due to its favorable neutronic and heat exchange 
properties, and also due to its chemical stability in the temperature range of interest. A typical 
HTGR requires an initial inventory of 5 to 10 tons of helium. The annual make-up, due to system 
losses, would be a small percent of that inventory. Natural gas contains trace amounts of helium 
which is extracted during natural gas refining. The United States is the largest producer of 
helium in the world, with an annual production exceeding 20,000 tons, and geological resources 
of more than 1 million tons (Finck 2007a). Consequently, there should be no adverse impacts 
associated with providing the required quantities of helium to support HTGRs. 
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Land Resources: Impacts to land resources are expected to be similar to the Reactor Recycle 
Alternative presented in Section 4.3.  
 
Visual Resources: Impacts to visual resources are expected to be similar to the Fast Reactor 

Recycle Alternative presented in Section 4.3.  
 
Air Resources: Impacts to air resources are expected to be similar to the Fast Reactor Recycle 
Alternative presented in Section 4.3.  
 
Water Resources: Impacts to water resources are expected to be similar to the Fast Reactor 

Recycle Alternative presented in Section 4.3.  
 
Socioeconomic Impacts: Impacts to socioeconomic resources are expected to be similar to the 
Fast Reactor Recycle Alternative presented in Section 4.3.  
 
Human Health: The public would be subject to radiation exposure, primarily from airborne 
releases of radionuclides from HTGRs. Based on similar design requirements that would need to 
be met for either HTGR transuranic fuel or uranium-fuel, the doses to the public should be 
similar. Although HTGR worker impacts should also be similar, the higher burnup associated 
with thermal recycle in an HTGR has the potential to produce SNF with higher radiation doses. 
Data does not exist to quantify these potential increased impacts. Operating procedures could 
likely be designed to mitigate any potential increased doses. 
 
Facility Accidents: The thermal recycle in HTGRs fuel cycle would utilize LWRs, HTGRs, and 
nuclear fuel recycling centers. Accidents associated with LWRs would be the same as presented 
in Section 4.2.2. The impacts of HTGR accidents are presented in Section 4.7.2. The accident 
impacts of a nuclear fuel recycling center would be the same as those presented in Section 4.3.1 
for the Fast Reactor Recycle Alternative recycling center. 
 
The use of a TRU fuel instead of an enriched uranium fuel in the HTGR may have some impact 
on reactor response mainly due to differences in neutron characteristics with the transuranic fuel. 
However, for the spectrum of accidents typically considered for the HTGR, past experience with 
other reactor types has shown that these differences in neutron characteristics would not result in 
a significant difference in reactor response for accident conditions. Consequently, the use of a 
transuranic fuel instead of a uranium fuel should not significantly change the impacts of 
accidents (Schwartz 2008).  
 
Spent Nuclear Fuel and Radioactive Wastes: By 2060–2070, the 164 GWe of LWR capacity 
would generate SNF that would be recycled. A total of 140,000 MTHM of LWR SNF and an 
unknown quantity of HTGR SNF would be generated.51 The higher burnup of HTGRs would 
result in a larger quantity of fission products in the HTGR SNF, which would increase the 
radiotoxicity and thermal loading relative to the HTGR SNF discussed in Section 4.7.2. 
Approximately 3,200 MTHM/yr of LWR SNF would be recycled, and the recycled fuel would 
                                                 
51 Based on the following: first new LWR is constructed in 2015 and LWR capacity grows to 164 GWe by approximately 2060–2070. Existing 
LWRs are assumed to be replaced as they reach end-of-life between 2020 and 2060–2070. Each LWR produces approximately 21.7 MTHM of 
SNF/GWe-yr. HTGR construction begins in 2020 and grows to 36 GWe by 2060–2070. The amount of SNF generated by a deep-burn HTGR is 
not known, but is expected to be less than 7.7 MTHM of SNF/GWe-yr. These quantities represent values at system equilibrium.  
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be used to fuel 36 GWe of HTGR capacity. The HTGR SNF would be disposed of in a geologic 
repository.  
 
The wastes from this alternative would be from several sources. For the processing of the LWR 
SNF, HLW, GTCC LLW, and LLW would be generated, similar to that generated for the other 
recycle alternatives. Fabrication of the HTGR fuel would generate GTCC LLW and LLW, but 
there are no estimates for the amounts at this time given that there is no relevant remote fuel 
fabrication experience for this HTGR fuel. After irradiation, the deep-burn HTGR fuel would be 
sent for disposal in a geologic repository. Preliminary estimates indicate that the transuranic 
content of the HTGR SNF would be approximately 30 percent of that for the No Action 
Alternative. As a result, with such a large amount of transuranics being placed in a geologic 
repository, it is estimated that the reduction in decay heat load would be about a factor of 2 to 3 
as compared to the No Action Alternative. There are no estimates for the change in radiotoxicity, 
but given that the transuranic content of the disposed SNF would be 30 of that for the No Action 
Alternative, there would be a corresponding reduction in radiotoxicity since radiotoxicity is 
primarily a result of the higher actinide content in the wastes. It is estimated that the HTGR SNF 
would drop to that of the natural uranium approximately in the time period of  
50,000–100,000 years (Schwartz 2008).  
 
The amount of HTGR SNF is not known at this time since the fuel composition is undetermined, 
but the amount would be affected by the ability to remove the fuel compacts from the graphite 
blocks as in the HWR/HTGR Alternative (all-HTGR option—see Section 2.7.2). While the 
amount of SNF compacts can be relatively smaller with the HTGR fuel, if the compacts are not 
removed from the graphite blocks, the volume of SNF can be substantial. The intact spent fuel 
compacts would be SNF, while if removed, the graphite blocks may be GTCC LLW 
(Schwartz 2008).  
 
Transportation: Although the radionuclide inventories are different for the HTGR and deep 
burn HTGR SNF, the “per-shipment” incident-free transportation impacts of the deep-burn 
HTGR are expected to be similar to the incident-free HTGR handling impacts and in-transit 
impacts discussed in Section 4.7.2. This is due to the fact that the transportation analysis assumes 
that packages would have the regulatory maximum exposure rate of 10 mrem/hour at a distance 
of 6.6 ft (2 m) from the source. The number of SNF shipments for the deep-burn HTGR are 
unknown, therefore the incident-free transportation impacts of the deep-burn HTGR SNF cannot 
be further quantified. Due to the lack of a radionuclide inventory in the SNF, transportation 
accident impacts of the deep-burn HTGR SNF cannot be quantified. 
 
The impacts associated with the transportation of 140,000 MTHM of LWR SNF would be 
similar to (approximately 90 percent as much as) the impacts presented in Section 4.2.1.2, which 
are based on transporting 158,000 MTHM of LWR SNF.  
 
4.6 ONCE-THROUGH FUEL CYCLE ALTERNATIVE USING THORIUM (THORIUM 

ALTERNATIVE) 
 
The Thorium Alternative, described in Chapter 2, Section 2.6, would represent a fundamental 
shift in the fuel used for U.S. commercial reactors. Rather than being fueled solely by enriched  
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(3 to 5 percent) uranium, U.S. commercial reactors would transition to a fuel composed of 
thorium and enriched uranium (less than 20 percent), but would continue to operate using a  
once-through fuel cycle to produce electricity. Of the possible implementation options, the most 
attractive approach is a heterogeneous, seed-blanket configuration along the lines of the seed-
blanket-unit or whole-assembly-seed-blanket concepts described in Chapter 2, Section 2.6. These 
concepts involve two distinct zones in a reactor: a seed region containing uranium oxide fuel 
with the uranium enriched up to approximately 19.9 percent enrichment, and a blanket region 
containing thorium oxide and uranium oxide, where the uranium enrichment could also range up 
to approximately 19.9 percent enrichment. These concepts therefore include characteristics of 
both conventional uranium fuels, albeit with a significantly higher enrichment than in current 
commercial reactors, and thorium based fuels.  
 
At the programmatic level, this PEIS assesses the potential environmental impacts associated 
with broad implementation of the Thorium Alternative to achieve a capacity of approximately 
200 GWe, based on a 1.3 percent growth rate for nuclear power. The analysis of this broad 
implementation assumes that the U.S. commercial reactors begin to shift to thorium-based fuel 
alternatives by approximately 2020, and that by approximately 2060–2070 all commercial 
reactors would operate using thorium-based fuels. The PEIS also provides information for a 
growth scenario of 2.5 percent, which would result in a capacity of approximately 400 GWe (see 
Table 4.8-2), a 0.7 percent growth rate, which would result in a capacity of approximately 
150 GWe (see Table 4.8-3), and a zero growth scenario, which would result in a capacity of 
approximately 100 GWe (see Table 4.8-4).  
 
This PEIS presents the environmental impacts of the Thorium Alternative as follows:  
 
− Thorium-Based Facility Operations: Existing facilities would operate differently using 

a thorium fuel cycle. At the front end of the fuel cycle, thorium would need to be mined 
and there would be a minor reduction in natural uranium requirements. With respect to 
uranium enrichment and fuel fabrication, a thorium fuel cycle would also operate 
differently than the uranium fuel cycle. The impacts of producing higher enriched 
uranium fuel (up to approximately 19.9 percent) are presented. Reactor operations using 
thorium-based fuel are also discussed, including the transport and emplacement of SNF 
in a geologic repository.  

− New nuclear electricity generation between 2010 and 2060–2070: The environmental 
impacts of constructing and operating 200 GWe of capacity in nuclear reactors, including 
the construction and operation of new LWRs and replacement LWRs, would be the same 
as those presented in Section 4.2.2 and are not repeated. 

 
Widespread implementation of the Thorium Alternative would result in the following domestic 
impacts: 
 
− Thorium-specific mining (as opposed to by-product mining) would be required. 
− Natural uranium needs would be approximately the same as the uranium-based fuel 

cycle. 
− Facilities capable of enriching uranium to 19.9 percent would be required, which could 

necessitate construction and operation of one or more dedicated enrichment facilities. 
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− One or more dedicated thorium-uranium fuel fabrication facilities would be required.  
− Some reactor-related facilities and operations may need to be modified to use thorium-

based fuel, which could necessitate construction and operation of additional SNF pools 
and SNF dry storage facilities with more shielding. 

− Additional geologic repository capacity would be required for ultimate disposition of 
thorium SNF. This would also be required for all of the alternatives to accommodate the 
postulated growth in nuclear power.  

 
Each of these impacts is discussed below. The seed-and-blanket concept is a mixture of uranium 
and thorium-based fuels and therefore exhibits the characteristics of both. 
 
Thorium Requirements: 
 
Thorium-specific mining: The Thorium Alternative would require both uranium mining 
(discussed in Section 4.1.1) and thorium mining (discussed in this section). In general, the 
impacts of thorium mining would be less than uranium mining. There would be less overburden, 
less radioactive waste produced, less radiological impact to miners, and simpler tailings 
management than in the case of uranium. However, because the uranium requirements would not 
be significantly reduced, the thorium-specific mining impacts would be additive. Thorium 
mining impacts would be site-dependent.  
 
Thorium is relatively abundant and easily mined. Monazite, a mixed thorium rare earth uranium-
phosphate, is the most popular source of thorium and is available in many countries (particularly 
Brazil [600,000 MT of thorium metal], Turkey [380,000 MT], and India [320,000 MT]) in beach 
or river sands along with heavy minerals—ilmenite, rutile, zircon, sillimenite and garnet. In the 
United States, there are an estimated 137,000 MT of thorium metal in reasonably assured 
reserves (IAEA 2005a). 
 
The present production of thorium is almost entirely as a by-product of rare earth extraction from 
monazite sand. The mining and extraction of thorium from monazite is relatively easy and 
significantly different from that of obtaining uranium from its ores. For example, the overburden 
(the soil and rock above the deposit) during mining is much smaller than in the case of uranium 
and the total radioactive waste production in mining operation is about two orders of magnitude 
lower than that of uranium. The potential radiological impact to miners is also much smaller than 
in the uranium case due to the short lifetime of thoron (predominant radon in the thorium, 
Rn-220 with a half-life of 56 seconds) as compared with the predominant radon in the uranium 
ore (Rn-222 with a half-life of 3.8 days), and therefore, needs much simpler tailings management 
than in the case of uranium to prevent long term public doses (see Figure 4.6-1). External gamma 
exposure is not a major concern because thorium emits only a small amount of gamma radiation. 
Consequently, thorium is generally a health hazard only if it is taken into the body. If inhaled, 
however, thorium can have approximately 8 times greater health risk than natural uranium. The 
main health concern for environmental exposures is generally bone cancer (IAEA 2005a).  
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Time (years) 

 
Source: Gruppelaar et al. 2000 

FIGURE 4.6-1—Radiotoxicity of Uranium Ore versus Thorium Ore 
 

Thorium Availability: A thorium fuel cycle producing 200 GWe would require approximately 
1,070 MT of thorium annually (see Table 4.8-1). With approximately 137,000 MT of thorium in 
United States reliable reserves, the United States could supply its thorium needs for more than 
100 years without importing any thorium from foreign sources.  
 
Uranium Requirements: Assuming that nuclear electricity generating capacity would grow to 
approximately 200 GWe by approximately 2060-2070, the quantity of natural uranium needed to 
support 200 GWe of capacity in a thorium fuel cycle would be approximately the same as for the 
uranium-based fuel cycle, approximately 39,200 MT/yr.  
 
Enrichment and Fuel Fabrication Facilities for 12.2 and 19.9 Percent Uranium: The 
environmental impacts of enriching uranium to 12.2 percent and 19.9 percent and fabricating 
fuel for thorium-fueled reactors would be similar to the impacts described in Section 4.1. More 
details regarding uranium enrichment and thorium fuel fabrication are contained in Appendix A. 
The thorium fuel cycle would require uranium enrichments of approximately 12.2 percent and 
19.9 percent versus the 3 to 5 percent for the uranium fuel cycle.52 Enrichment facilities to 
support a thorium fuel cycle would be large industrial facilities, similar in size to those discussed 
in Section 4.1.2, with the same types of environmental impacts (see NRC 2005b and 
NRC 2006b). In general, enriching uranium to higher than 5 percent does not produce different 
types of impacts, but requires more steps. Supporting a typical thorium-fueled LWR (1 GWe) on 
an annual basis would require:  
 

                                                 
52 In theory, U-233 or Pu-239 could be used instead of U-235 enriched to 19.9 percent for the fissile material in the seed fuel. However, there is 
no identified source for these isotopes for this purpose, so U-233 and Pu-239 are not analyzed. 
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− Natural uranium requirements normalized to GWe-year would be 196 MT for the 
thorium-fueled reactor; 

− Approximately 5 MT of low enriched uranium (19.9 percent enrichment and below) 
would be required annually; and  

− Approximately 5.3 MT of thorium would be required annually (Todosow 2007b). 
 
Currently, there is no capacity in the United States to enrich uranium to 12.2 percent and 
19.9 percent. The American Centrifuge Plant, once operational, would be capable of enriching 
uranium up to 10 percent. While the technology exists and has been utilized in the past to 
produce uranium with enrichments of 19.9 percent (and higher), an existing enrichment facility 
would need to be retrofitted (with additional centrifuges connected in series or additional 
gaseous diffusion stages) or a new facility constructed. In the past, these facilities (such as the 
existing Paducah facility) required hundreds of acres, used significant quantities of electricity, 
and employed thousands of workers. Modern enrichment facilities would likely be more 
compact, and more efficient in terms of electricity and staffing. The size of an enrichment 
facility is generally a compromise among criticality concerns (which govern the size of 
components), and desired enrichment and throughput. For example, multiple passes through 
enrichment stages can be used to increase the enrichment, subject to criticality constraints. The 
option of obtaining these enrichments by down-blending surplus highly enriched uranium (HEU) 
from the weapons complex may be available to satisfy some of the requirement.  
 
There are only two existing fuel fabrication facilities in the United States that are operational and 
have licenses to fabricate reactor fuels with uranium enrichments greater than 5 percent. These 
facilities produce fuels for the Naval Reactors Program, as well as research reactor fuels. 
Because the capacity of these fuel fabrication facilities would not be sufficient to produce all of 
the 12.2 percent and 19.9 percent enriched uranium fuel for the commercial industry, it is likely 
that one or more new fuel fabrication facilities would be constructed.  
 
Thorium Fuel Fabrication Requirements: Thorium fuels have been made in the past (see 
Appendix A, Section A.3.2). Thorium fuels would likely be fabricated in a manner similar to 
uranium oxide and MOX fuels, which are formed from pellets in tubular cladding. A separate 
plant may be needed to avoid cross contamination (or dedicated lines in existing facilities may be 
adequate), and the optimum conditions could well be rather different, but no serious difficulties 
seem likely for once-through applications. If interest develops in nitride or other less familiar 
fuel forms, then commercialization of the fuel production would likely require an appropriate 
development program. No special problems are expected in the manufacturing technology for 
MOX thorium-uranium pelletized fuel (IAEA 2002b). 
 
Fuels containing naturally occurring “fissile” U-235 in combination with “fertile” U-238 or 
Th-232, emitting only alpha particles of relatively low specific activity, can be manufactured by 
the so-called “contact operations” where the operator has direct contact with the fuel material. 
However, process operations that involve generation and handling of fine powders of U-235, 
U-238, or Th-232 bearing fuels are carried out in ventilated enclosures, such as gloveboxes, for 
minimizing radioactive aerosol (IAEA 2002b).  
 
Thorium-specific hazards (such as greater risks from inhalation) would need to be 
accommodated in the design of the fuel fabrication facility. These would likely not be present in 
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a facility designed for HEU fuels, and retrofitting would likely be undesirable due to cost and 
other considerations. 
 
Reactor Facilities and Operations: Although there would be changes in reactor operations for 
the thorium fuel cycle, it is expected that the design would ensure that all safety and operational 
parameters of existing nuclear plants would be preserved with the seed-blanket options 
(IAEA 2002b). Reactor-specific designs and operating procedures could also be employed to 
ensure margins are maintained. For example, the seed material could be replaced more often 
and/or reshuffled more frequently, similar to conventionally-fueled uranium reactors. Issues 
associated with the increased reactivity due to continuing production of U-233 from the decay of 
protactinium-233 (Pa-233) following shutdown need to be taken into consideration but should 
not be a practical concern. However, the additional U-233 that would be produced as Pa-233 
decays needs to be accounted for in satisfying potential nonproliferation concerns. In theory, 
longer refueling cycles and higher plant capacity factors could be achieved with thorium fuel 
because thorium fuel has a significantly higher thermal conductivity at LWR operating 
temperatures and a lower rate of fission gas release. Therefore, thorium fuel can be operated to 
higher burnup with less difficulty than uranium fuel (Todosow 2007b). This PEIS assumes that 
the thorium-fueled reactor would achieve higher burnups (149 GWd/MT for UO2 and 
75 GWd/MT for the ThO2) (Todosow 2003).  
 
In general, for a concept employing thorium-based fuel, the following plant parameters could 
change compared to conventionally-fueled uranium reactors; statements related to advantages 
due to the properties of thorium oxide, however, are only applicable to the blanket portion of 
seed-blanket configurations: 
 
Land Resources: Overall land use would not change appreciably, with the possible exception of 
expanded pool storage, which might be required to accommodate the longer cooling times of 
thorium fuels. Because SNF storage pools are a relatively small portion of a nuclear power 
plant’s total land area, this impact is not expected to be major. Once operational, a total of 
approximately 600,000 acres (243,000 ha) of land could be occupied by facilities, paved areas, 
and buffer zones. Most of this area would not be disturbed but would serve as a buffer between 
the actual facility and the outer facility boundary. The total site area would be determined by 
accident analyses and regulatory requirements, including safeguards and security. 
 
Visual Resources: With respect to visual characteristics, the visibility of any LWR (using 
thorium fuel) from publicly accessible locations would be dependent on the future site 
characteristics. For sites that use “wet” cooling tower systems, the water vapor plume from 
cooling tower operations may be visible for many miles from the plant.  
 
Air Resources: Impacts to air resources would be similar to the No Action Alternative presented 
in Section 4.2. 
 
Water Resources: Cooling water requirements are largely a function of reactor power and thus 
would not be affected by the thorium fuel cycle. Every operating reactor would use significant 
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quantities of water. A typical GWe of reactor capacity requires approximately 3 to 6 billion gal 
(11 to 23 billion L) of water yearly, mainly for heat dissipation53 (EPRI 2002).  
 
Socioeconomic Impacts: Socioeconomic impacts would occur in communities in the vicinity of 
any future facility. For each GWe of capacity, an LWR using thorium fuel would require 
approximately 500 to 1,000 workers. 
 
Human Health: Irradiated thorium-based fuels contain a significant amount of U-232, which 
has a half-life of 73.6 years and is associated with strong gamma emitting daughter products. As 
a result, there is significant buildup of radiation dose with the storage of spent thorium-based 
fuels. Therefore, operational doses could be higher for storage workers for the thorium fuel 
cycle. However, it is expected that operational procedures and ALARA exposure principles 
could be employed such that impacts to workers at an LWR fueled with thorium would not be 
expected to differ significantly from the impacts presented in Section 4.2.2 for a uranium-fueled 
LWR. 
 
With respect to potential doses to the public, because thorium-based fuels are expected to have 
superior thermo-physical properties, such as higher melting point and better thermal 
conductivity, they could be expected to release less fission gases as compared to uranium-based 
fuels. However, assuming no changes in the integrity of the fuel assembly cladding, radiation 
exposures to the public would be expected to be similar to those of uranium-fueled LWRs (see 
Section 4.2.2).  
 
Facility Accidents: Accident analyses for two heterogeneous “seed-blanket” implementation 
schemes for thorium fueled LWRs have been performed by Brookhaven National Laboratory and 
the Massachusetts Institute of Technology (see Todosow and Kazimi 2004). The two concepts 
are the seed-blanket-unit where the seed and blanket occupy the same space as a conventional 
assembly, and the whole-assembly-seed-blanket where the seed and blanket rods are located in 
distinct assemblies. Several “bounding” accidents were evaluated, for each concept: 1) large 
break loss-of-coolant; 2) loss of primary flow; and 3) loss of offsite power. The results for 
safety-related parameters were comparable to those for a conventional uranium-fueled LWR, and 
were well below limits (Todosow and Kazimi 2004). 
 
Spent Nuclear Fuel and Radioactive Wastes: As discussed in Section 4.2.2, typical nuclear 
power plants generate SNF and LLW, including GTCC LLW. SNF management is addressed 
below. Use of thorium fuel would not change the amount of LLW generated by a typical LWR. 
Because GTCC LLW from nuclear reactors is produced as a result of normal operations and 
becomes available for disposal during facility decommissioning, the use of thorium fuel would 
not change the amount of GTCC LLW generated by a typical LWR. Over a 50-year 
implementation period (2010 to 2060–2070), the Thorium Alternative would generate the 
radioactive wastes shown in Table 4.6-1.  
 

                                                 
53 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gal/yr (230 million L/yr). 
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TABLE 4.6-1—Total Spent Nuclear Fuel and Wastes Generated by  
the Thorium Alternative (50 Years of Implementation) 

Waste Category LWRs  
(200 GWe in 2060-2070) 

SNF (MTHM) 109,000 
LLW (solid) (cubic meters) LB: 150,000 

UB: 585,000a 
GTCC LLW (cubic meters) 2,500b 

LB = lower bound; UB = upper bound. 
a Derived from data for a typical LWR which would generate approximately 27 to 103 yd3 (21 to 79 m3) of 
LLW annually (NEI 2007). Based on constant growth from approximately 100 GWe in 2010 to 200 GWe 
by approximately 2060–2070.  
b GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available 
for disposal during facility decommissioning. The majority of GTCC LLW generated by nuclear reactors 
is activated metal. It has been estimated that approximately 813 m3 (1,060 yd3) of GTCC LLW would be 
generated when the existing 104 commercial LWRs undergo D&D (SNL 2007). Scaling those results to 
account for production of 200 GWe of electricity via nuclear reactors (and accounting for the D&D of 
existing LWRs), it is estimated that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from 
D&D. See Section 4.9 for a discussion of GTCC LLW from reactor decommissioning  
Note: all values except GTCC LLW rounded to nearest thousand. 

 
Spent Nuclear Fuel: The most noteworthy change associated with a thorium open fuel cycle 
would involve the management of SNF. Because both the discharged volume and mass of SNF 
would be reduced (by approximately 50 percent), there would be less SNF to be managed. For a 
nuclear electricity generating capacity of approximately 200 GWe in 2060–2070, the annual 
discharged SNF mass would be approximately 2,050 MTHM (see Table 4.8-1). Of this quantity, 
approximately 820 MTHM would be UO2 SNF and 1,230 MTHM would be ThO2 SNF 
(Schwartz 2008). Based on the assumption that all commercial reactors would transition to a 
thorium-based fuel cycle by approximately 2060–2070, the total amount of SNF generated by 
commercial LWRs by 2060–2070 would be approximately 109,000 MTHM.54  
 
The thorium fuel cycle offers several potential advantages relative to the conventional uranium 
fuel cycle, including: 1) reducing the quantity and quality of plutonium produced; 2) producing 
less transuranics, and 3) improving the long-term SNF waste characteristics (IAEA 2005a). 
These advantages are further explained below.  
 
Plutonium Produced: Table 4.6-2 presents the characteristics of the plutonium produced by a 
thorium-fuel reactor (assuming 149 GWd/MT for UO2 and 75 GWd/MT for the ThO2) versus a 
typical uranium-fueled PWR (51 GWd/MT). As can be seen from that table:  
 
− Total plutonium production is a factor of 3 to 4 less in thorium fuel than in uranium fuel 

due to the higher enrichment in the seed and the thorium in the blanket.  
− Pu-239 production is a factor of 4.2 less in thorium fuel than in uranium fuel.  
− The plutonium produced in the thorium fuel and in the seed is high in Pu-238, leading to 

a decay heat rate 3.7 times greater than that from plutonium derived from uranium fuel 
and 29 times greater than that from weapons grade plutonium.  

                                                 
54 Based on the following: first new LWR is constructed in 2015 and LWR capacity grows to 200 GWe by approximately 2060–2070. Each LWR 
fueled with uranium-oxide produces approximately 21.7 MTHM of SNF/GWe-yr. Use of thorium-based fuel begins in 2020 and all new LWRs 
use a thorium-based fuel. Existing LWRs are assumed to be replaced as they reach end-of-life between 2020 and 2060–2070. When replaced, 
these LWRs begin to use thorium-based fuel. Each LWR fueled with thorium-based fuel produces approximately 10 MTHM of SNF/GWe-yr. 
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TABLE 4.6-2—Plutonium Produced in Uranium-Fueled Light Water Reactor Versus 
Thorium-Fueled 

 Typical Present-Day 
Uranium-Fueled LWR 

Typical Thorium-Fueled 
LWR 

(SBU Seed + Blanket) 

Typical Thorium-Fueled 
LWR 

(WASB Seed + Blanket) 
Plutonium 

Isotope kg/GWe-yr Fraction of 
Pu (%) kg/GWe-yr Fraction of 

Pu (%) kg/GWe-yr Fraction of 
Pu (%) 

238 7.2 3 5 7 6 8 
239 148.8 55 38 47 42 49 
240 56.4 21 17 20.5 15 17 
241 40.8 15 12 15.5 14 17 
242 16.8 6 8 10 8 9 

Total 270 100 80 100 85 100 
Source: Todosow 2003 
Note: SBU = Seed blanket unit; WASB = whole-assembly-seed-blanket 

 
The higher burnups (149 GWd/MT for UO2 and 75 GWd/MT for the ThO2) of the Thorium 
Alternative would result in a reduction in the discharged SNF mass (about a 50 percent 
reduction) (IAEA 2002b, Todosow 2003). 
 
Producing Fewer Transuranics: Being a lighter element than uranium, thorium fuels produce 
fewer transuranics. The level of radiotoxicity of spent thorium fuel is initially lower than that of 
spent uranium fuel for the first 1,000 years where the radiotoxicity is dominated by Pu-238 and 
U-232. From 1,000 years to 50,000 years, the dominant isotopes are U-233, Am-241, and 
Th-229. At 50,000 years the dominant isotopes are Th-229 and Ra-225 and the radiotoxicity of 
spent thorium fuel is higher than that of spent uranium fuel (IAEA 2002b).  

 
Improving Long-Term Spent Nuclear Fuel Waste Characteristics: ThO2 is the highest oxide of 
thorium and does not depart significantly from its stoichiometric composition when exposed to 
air or water at temperatures up to 3140 °F (1,727 °C). Thus, the stability of the oxide form of 
thorium may help retard the migration of actinides in a geologic repository in case of failure of 
the clad and other engineered barriers (IAEA 2005a). By contrast, in case of exposure to water, 
uranium-based SNF fragments react and disintegrate relatively rapidly (about 1 percent per year) 
(IAEA 2002b). 
 
Transportation: Once generated at a commercial reactor, SNF from a thorium open fuel cycle 
would eventually need to be transported to a future geologic repository for disposal. The 
environmental impacts of transporting future SNF from commercial sites to a geologic repository 
were estimated using the methodology described in Appendix E. Table 4.6-3 presents the 
number of radiological shipments (broken down by material to be transported) that would be 
required for the Thorium Alternative for 1) all truck and 2) a combination of truck and rail. 
Because all shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”). As shown in that table, truck transport would require 
significantly more shipments than truck and rail.  
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TABLE 4.6-3—Total Number of Radiological Shipments for 50 Years of Operation,  
Thorium Alternative 

Material/Waste  
Truck Transport 

(Number of 
Shipments) 

Truck/Rail Transport 
(Number of 
Shipments) 

Fresh LWR fuel 22,800 22,800a 
Fresh Thorium fuel 155,000 155,000a 
LWR SNF [UO2] 50,500 4,040 
LWR Thorium SNF 
[ThO2] 

155,000 3,450 

GTCC LLW 3,200 630 
LLW 19,000 3,800 

Source: Appendix E 
a All shipment of fresh nuclear fuel is assumed to be via truck transport. 

 
The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.6-4 and 4.6-5) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.6-4 presents the handling impacts for truck transport and 
Table 4.6-5 presents the handling impacts for truck and rail transport. Handling operations 
(loadings and inspections) would not affect the public.  
 
The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other 
distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables).  

 
TABLE 4.6-4—Handling Impacts for 50 Years of Implementation,  

Thorium Alternative (Truck Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
Thorium 91,700 55 15,800 9 107,000 64 
Source: Appendix E 
Note: LCFs rounded to nearest whole number.  

 
TABLE 4.6-5—Handling Impacts for 50 Years of Implementation,  

Thorium Alternative (Truck and Rail Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
Thorium 27,000 16 784 0 27,700 17 
Source: Appendix E 
Note: LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.6-6 (truck transit) and 4.6-7 (truck and rail transit) 
for the Thorium Alternative. These impact estimates would vary based on a variety of factors, 
including the distance that the radiological material would be transported, the specific routes that 
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would be utilized, the population densities along those routes, and others. Of these factors, 
transport distance is the most significant. Because the locations of future reactors and future 
disposal facilities are unknown, DOE analyzed transportation impacts over five distances: 
150 mi (241 km), 500 mi (805 km), 1,500 mi (2,414 km), 2,100 mi (3,380 km), and 3,000 mi 
(4,828 km). In-transit impacts presented in Tables 4.6-6 and 4.6-7 are based on 2,100 mi 
(3,380 km) of transport. This distance was selected as a reference distance because it represents 
the average distance for all SNF shipments analyzed in the Yucca Mountain FEIS (DOE 2002i). 
Impacts associated with the other four distances are presented, on a per shipment basis, in 
Appendix E, which describes the transportation methodology and assumptions. Although the in-
transit impacts are not exactly “linear” (i.e., twice the impacts for twice the distance transported), 
that is a close approximation. Consequently, if the radiological material were transported 500 mi 
(805 km), all of the in-transit impacts presented in Tables 4.6-6 and 4.6-7 could be estimated by 
multiplying the values in those tables by 0.24 (500/2,100). 
 

TABLE 4.6-6—In-Transit Transportation Impacts for 50 Years of Implementation,  
Thorium Alternative (Truck Transit)—200 Gigawatts Electric 

In Transit Impacts  
Crew Public 

Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

Thorium 36,300 22 179,000 107 129 0.881 0 23 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
TABLE 4.6-7—In-Transit Transportation Impacts for 50 Years of Implementation,  

Thorium Alternative (Truck and Rail Transit)—200 Gigawatts Electric 
In Transit Impacts  

Crew Public 
Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

Thorium 550 0 1,740 1 1 0.0561 0 4 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, truck and rail transport 
would result in smaller impacts than truck transport. This is due to the fact that there would be 
many fewer transportation shipments for truck and rail compared to truck only. This would 
directly affect the distance traveled and exposures to both crews and the public. Additionally, the 
number of accident fatalities (collisions) would be smaller for the truck and rail transport.  
 
4.7 ONCE-THROUGH FUEL CYCLE ALTERNATIVE USING HEAVY WATER REACTORS 

OR HIGH TEMPERATURE GAS-COOLED REACTORS (HEAVY WATER 
REACTOR/HIGH TEMPERATURE GAS-COOLED REACTOR ALTERNATIVE) 

 
At the programmatic level, this PEIS assesses the potential environmental impacts associated 
with broad implementation of the HWR/HTGR Alternative to achieve a capacity of 200 GWe, 
based on a 1.3 percent growth rate for nuclear power. The analysis of this broad implementation 
assumes that the United States commercial reactors begin to transition to either all-HWRs 
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(Option 1) or all-HTGRs (Option 2) in approximately 2020, with full implementation 
accomplished by approximately 2060–2070. The analysis assesses the replacement of existing 
LWRs that reach end-of-life with either HWRs or HTGRs. The PEIS also provides information 
for a growth scenario of 2.5 percent, which would result in a capacity of approximately 400 GWe 
(see Table 4.8-2), a 0.7 percent growth rate, which would result in a capacity of approximately 
150 GWe (see Table 4.8-3), and a zero growth scenario, which would result in a capacity of 
approximately 100 GWe (see Table 4.8-4).  
 
4.7.1 All-Heavy Water Reactors (Option 1) 
 
Comparison of Light Water Reactor and Heavy Water Reactor Fuel Cycles 
 
The HWR has some significant differences from the commercial LWRs used extensively 
elsewhere in the world. Beginning at the front end of the fuel cycle, HWRs do not necessarily 
require enrichment of fuel, which could eliminate the environmental impacts discussed in 
Section 4.1.2. However, HWRs can also use slightly enriched uranium (SEU), which is enriched 
in U-235 to between approximately 0.9 and 1.2 percent. The benefits of using SEU fuel cycle in 
a HWR can be significant. With SEU, fuel cycle costs can be reduced by 20 to 30 percent 
relative to the natural uranium fuel cycle. This is due largely to the reduction in uranium 
feedstock requirements. SNF costs can potentially be reduced as well due to the higher burnups 
that can be achieved with SEU relative to natural uranium. This PEIS assesses the use of SEU in 
HWRs (see Table 4.8-1). At the back end of the HWR fuel cycle, the lower burnup of HWR fuel 
relative to LWR fuel translates to a lower heat load for a repository.  
 
Canada has significant experience with SNF handling and short term (pool) and medium term 
(dry canister) storage of SNF from HWRs. They also have performed over two decades of R&D 
on the permanent disposal of HWR SNF in a geologic repository. HWRs produce SNF that 
contains depleted uranium roughly equivalent to the depleted uranium tails from enrichment 
plants (approximately 0.2 percent). There is therefore no incentive to recycle uranium from 
HWR SNF. Plutonium produced in the HWR fuel cycle is also dilute—typically 2.6 grams of 
fissile plutonium per initial kilogram of uranium. LWR SNF has roughly twice that 
concentration. However, because the HWR fuel cycle would generate more than twice as much 
volume and mass of SNF, the quantities of SNF requiring geologic disposal would be 
significantly greater than for other fuel cycle alternatives.  
 
Implementation of All-Heavy Water Reactors (Option 1)  
 
Under this option, the U.S. nuclear fuel cycle would transition to an all-HWR once-through fuel 
cycle. It is acknowledged that such transition would take many decades to accomplish (as 
existing LWRs would continue operations until reaching end-of-life). This PEIS assesses 
transition to an all-HWR commercial fleet by approximately 2060–2070. This PEIS presents the 
environmental impacts of the all-HWR option of the HWR/HTGR Alternative as follows:  
 
Construction: The PEIS analysis in this section focuses on the 200 GWe end-state 
(approximately 200 GWe of HWR capacity and supporting infrastructure). From a construction 
standpoint, the all-HWR option would have similar impacts to the overall construction impacts 
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presented in Section 4.3 for the Fast Reactor Recycle Alternative, with the exception that no 
nuclear fuel recycling facilities would be required. Relative to reactor construction impacts, 
because the total reactor capacity would be 200 GWe, the overall impacts would be similar to the 
Fast Reactor Recycle Alternative.  
 
Supporting Infrastructure: Transition to an all-HWR commercial fleet would require one or 
more heavy water production facilities. Any such facility would be a large industrial facility with 
a capacity of producing thousand of tons of heavy water annually. Because a typical HWR 
requires at least 450 tons of heavy water (Miller 2001), tens of thousands of tons of heavy water 
would need to be produced to support approximately 200 HWRs. Historically, the world's largest 
heavy water production plant had a capacity of 700 tons/yr and required 340,000 tons 
(85 million gal [322 million L] based on 8 lbs/gal) of feed water to produce one ton of heavy 
water (FAS 1998). Consequently, any heavy water production plant would need to be sited in an 
area with significant water availability. A commercial fleet of 200 GWe of HWRs would require 
approximately 150,000 tons of heavy water (approximately 37 million gal [142 million L]) over 
the time period analyzed. To produce this much heavy water, approximately 12.5 trillion gal 
(47.5 trillion L) of water would be needed as feed. 
 
Operation: Most HWR operations would be similar to LWR operations previously discussed. 
Potential impacts are addressed below. 
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 2.1 percent, would be approximately 
42,800 MT/yr (see Table 4.8-1). The 42,800 MT of natural uranium would represent 
approximately 109 percent of the uranium that was mined in the world in 2006 and would be 
25 times more than the quantities currently mined in the United States annually (see  
Table 4.1-1). From this 42,800 MT, approximately 10,600 MT of slightly enriched uranium 
(2.1 percent) would be required. Approximately 20 million SWUs would be required annually to 
support a capacity of 200 GWe. The licensed capacity of Paducah, the American Centrifuge 
Plant, and the LES Facility is 17.8 million SWUs. Consequently, enrichment facilities in the 
United States could not meet this demand. Additionally, if Paducah shuts down in 2012, as 
planned, the United States enrichment capacity would be reduced to approximately 6.8 million 
SWUs. To support a 200 GWe capacity, enrichment capacities in the United States would need 
to be expanded by approximately 200 percent, or larger quantities of enriched uranium would 
need to be imported. 
 
Fuel Fabrication Requirements: The United States does not have any HWR fuel fabrication 
facilities. However, existing LWR fuel fabrication facilities could be modified to produce HWR 
fuel with minimal changes. For 200 GWe, approximately 10,600 MT of fresh HWR fuel 
assemblies would need to be produced annually. This would exceed the current LWR fuel 
fabrication capability (3,500 MT) by approximately 200 percent. Consequently, the fuel 
fabrication facilities in the United States would need to be expanded or fresh HWR fuel 
assemblies would need to be imported. 
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Land Resources: Once operational, a total of approximately 600,000 acres (243,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would serve as a buffer between the actual facility and the outer facility boundary.  
 
The total site area would be determined by accident analyses and regulatory requirements, 
including safeguards and security. 
 
Visual: With respect to visual characteristics, the visibility of any HWR from publicly accessible 
locations would be dependent on the future site characteristics. For sites that use “wet” cooling 
tower systems, the water vapor plume from cooling tower operations may be visible for many 
miles from the plant.  
 
Air Resources: Impacts to air resources would be similar to the No Action Alternative presented 
in Section 4.2. 
 
Water Resources: Every operating HWR would use significant quantities of water. A typical 
GWe of LWR capacity requires approximately 3 to 6 billion gal (11 to 23 billion L) of water 
yearly, mainly for heat dissipation55 (EPRI 2002). Because the amount of water required for heat 
dissipation is largely a function of the thermal output of a reactor, a typical GWe of HWR 
capacity would also require approximately 3 to 6 billion gal (11 to 23 billion L) of water yearly. 
 
Socioeconomic Impacts: Similar to construction, socioeconomic impacts would occur in 
communities in the vicinity of any future HWR. Although operations would generally employ 
fewer workers than peak construction, employment, population, economic measures, housing, 
and public services could all be affected. For each GWe of capacity, an HWR would require 
approximately 500 to 1,000 workers. 
 
Human Health: In addition to nonradiological hazards, workers would be subject to radiological 
hazards, including radiation exposure. These doses would not be expected to be significantly 
different than the doses workers receive from LWRs (see Section 4.2.2).56 
 
The public would also be subject to radiation exposure, primarily from airborne releases of 
radionuclides. Because HWRs use heavy water as both the moderator and coolant, more tritium 
is produced in a HWR than a typical LWR (IAEA 2004b). Nuclear power plants routinely and 
safely release dilute concentrations of tritiated water. These authorized releases are closely 
monitored by the utility, reported to the NRC, and information on releases is made available to 
the public (see www.reirs.com/effluent/). Most of the tritium released from an HWR occurs via 
gaseous emissions (see IAEA 2004b, Table 23). Because of the higher potential for HWRs to 
produce and release tritium, this PEIS assesses these potential impacts to the public. Doses were 
modeled for gaseous tritium releases at the six hypothetical sites (see Appendix D,  
Section D.1.6) and the results are presented in Table 4.7-1.  

                                                 
55 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gallons/yr (227 million gal/yr. 
56 According to a 2008 report from the Canadian Minister of Health, the average dose to the 18,922 workers/visitors monitored at Canadian 
nuclear power plants in 2007 was 114 mrem (Health Canada 2008). Annual doses for employees at power plants varied from 14 mrem for 
administrative personnel to 233-261 mrem for fuel handling and industrial radiographer personnel. The average dose to reactor operators used in 
this PEIS (190 mrem/year) falls within this range.  
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TABLE 4.7-1—Normal Operation Radiological Impacts to the Public from Tritium Releases 
for a Typical Heavy Water Reactor at Six Hypothetical Sites in the United States 

HWR (600 MWe) a  
MEI dose  
(mrem/yr) 

MEI  
LCFs 

50-Mile Population dose 
(person-rem/yr) 

50-Mile Population  
LCFs 

Site 1 1.0 5.8x10-7 3.3 2.0x10-3 
Site 2 0.3 1.9x10-7 4.0 2.4x10-3 
Site 3 0.2 1.1x10-7 29.2 1.8x10-2 
Site 4 1.7 1.0x10-6 14.9 8.9x10-3 
Site 5 0.6 3.8x10-7 17.3 1.0x10-2 
Site 6 0.5 2.7x10-7 135 8.1x10-2 

Source: IAEA 2004b 
a Based on average annual airborne tritium emissions (7.24 x103 Ci/yr) from a CANDU 600 MW(e) reactor (Point Lepreau 
nuclear power plant, Canada, 1984 to 1994). Doses are presented for a 600-MWe HWR.  

 
With respect to all radionuclide releases, any new commercial HWR would need to comply with 
NRC regulations. Under 10 CFR Part 20, each licensee is required to conduct operations so that 
the total effective dose equivalent to individual members of the public from the licensed 
operations does not exceed 100 mrem/yr. Furthermore, 10 CFR Part 20 requires that power 
reactor licensees comply with EPA’s environmental radiation standards contained in  
40 CFR Part 190 (i.e., 25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any 
other organ of any member of the public from the uranium fuel cycle).  
 
Facility Accidents: DOE has previously analyzed accidents associated with HWRs at a variety 
of locations (DOE 1995b). In this PEIS, DOE has re-analyzed the consequences of the accident 
scenarios presented in DOE 1995b (see Appendix D, Section D.2.5.1) at the six generic sites 
described in Appendix D, Section D.1.6.1.  
 
The internally initiated accident with the highest consequence to the onsite and offsite 
populations would be the “Core Melt with Early Containment Spray System and Containment 
Failure” scenario (see Appendix D, Section D.2.5.1 for information on this accident and others 
analyzed for the HWR). Using the dose-to-risk conversion factor of 6×10-4 per person-rem, these 
collective population doses would result in 5 to 100 additional LCFs in the surrounding 
population. For the MEI, this scenario would result in an increased likelihood of an LCF of 0.1 to 
0.8. For the noninvolved worker this scenario would result in an increased likelihood of an LCF 
of 1 and would result in prompt radiation health effects, up to death.  
 
Consequences do not account for the probability of an accident, and thus represent the impacts 
that could result if an accident were to occur. Another useful metric to consider in an accident 
analysis is risk. Risk takes into account the probability of an accident and is determined by 
multiplying the consequences of an accident by the probability of occurrence.  
 
The internally initiated accident with the highest risk to the onsite and offsite populations is the 
“Core Melt with Containment Spray System and Containment Functioning” scenario. The 
collective risk to the offsite population for this scenario would range from 2×10-6 in the Site 1 
offsite population to 7×10-5 expected in the Site 6 offsite population. For the MEI, that same 
scenario would result in an increased risk of an LCF of 2×10-8 per year of operation to 3×10-7 per 
year of operation. For the onsite noninvolved worker, this scenario would result in an increased 
risk of an LCF ranging from 5×10-7 to 3×10-6. 
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Spent Nuclear Fuel and Radioactive Wastes: HWRs generate significantly more SNF (both 
volume and mass) than LWRs. If the United States transitions to an all-HWR commercial fleet, 
the amount of SNF generated by LWRs (prior to the replacement by HWRs) would be 
approximately 68,000 MTHM.57 The amount of SNF generated by HWRs by approximately 
2060–2070 would be approximately 212,000 MTHM.58 By 2060–2070, approximately 
10,600 MTHM of SNF would be generated annually from HWRs, which would require disposal 
in a repository.  
 
The only wastes generated for the HWR option would be associated with HWR operations. As 
discussed in Section 4.2.2, typical nuclear power plants generate SNF and LLW, including 
GTCC LLW. SNF management is addressed below. For this analysis, it is assumed that HWRs 
would generate the same types and quantities of wastes as typical LWRs. Over a 50-year 
implementation period, the HWR option would generate the radioactive wastes shown in 
Table 4.7-2.  
 

TABLE 4.7-2—Total Spent Nuclear Fuel and Wastes Generated by the All-Heavy Water 
Reactors Option (50 Years of Implementation) 

Waste Category LWRs 
(prior to replacement) 

HWRs 
(200 GWe in 2060–2070) Total 

SNF (MTHM) 68,000 212,000 280,000 

LLW (solid) (cubic meters) LB: 65,000 
UB: 150,000 a 

LB: 85,000 
UB: 435,000a 

LB: 150,000 
UB: 585,000 

GTCC LLW (cubic meters) 800 b 1,700b 2,500b  
LB = lower bound, UB = upper bound. 
a Derived from data for a typical LWR which would generate approximately 27 to 103 yd3 (21 to 79 m3) of LLW annually (NEI 2007). 
Based on constant growth from approximately 100 GWe in 2010 to 200 GWe by approximately 2060–2070.  
b GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available for disposal during facility 
decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. It has been estimated that 
approximately 1,060 yd3 (813 m3) of GTCC LLW would be generated when the existing 104 commercial LWRs undergo D&D 
(SNL 2007). Scaling those results to account for production of 200 GWe of electricity via nuclear reactors (and the D&D of existing 
LWRs), it is estimated that approximately 2,500 m3 (3,270 yd3) of GTCC LLW could result from D&D. See Section 4.9 for a 
discussion of GTCC LLW from reactor decommissioning. 
Note: All quantities except GTCC LLW rounded to nearest thousand.  
 

Transportation: Once generated at a commercial reactor, SNF from the HWR open fuel cycle 
would eventually need to be transported to a geologic repository for disposal. Table 4.7-3 
presents the number of radiological shipments (broken down by material to be transported) that 
would be required for the all-HWR option for 1) all truck and 2) a combination of truck and rail. 
Because all shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 

                                                 
57 Based on the following assumptions: New LWRs would be constructed at a growth rate of 1.3 percent from 2015 to 2020; beginning in 2020, 
all new reactors are HWRs and total reactor capacity grows to 200 GWe by approximately 2060-2070; each HWR capacity produces 
approximately 53 MTHM of SNF/GWe-yr (note: in the HWR fuel cycle, HWRs produce approximately 53 MTHM/GWe-yr, based on a burnup 
of 21GWd/MTHM at discharge; this is higher than the 66 MTHM/GWe-yr for the HWRs that would be used for the DUPIC fuel cycle, which is 
based on a burnup of 15GWd/MTHM at discharge). LWRs are assumed to be replaced by HWRs as they reach end-of-life between 2020 and 
2060–2070; and by approximately 2060–2070, all LWRs would be replaced by HWRs. The full implementation scenario (complete transition to 
all HWRs) is described in this analysis. However, any new LWRs constructed between 2015-2020 would likely operate a full 60 years (40-year 
initial life with a 20-year life extension). In this case, in the 2060-2070 timeframe, there could be approximately 7 GWe of LWR capacity. In this 
case, the total SNF quantities presented in this section would decrease slightly (less than 1 percent) due to the fact that LWRs produce less SNF 
than HWRs.  
58 Assumes all new reactors are HWRs, beginning in approximately 2020, and added at a rate to keep pace with the 1.3 percent growth in nuclear 
electricity production until approximately 200 GWe is achieved. A total of 200 GWe of HWRs are built and each GWe from an HWR results in 
approximately 53 MTHM of SNF.  
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scenario is designated as “truck/rail”). As shown in that table, truck transport would require 
significantly more shipments than truck and rail.  

 
TABLE 4.7-3—Total Number of Radiological Shipments for 50 Years of Implementation, 

All-Heavy Water Reactors Option  

Material/Waste Truck Transport 
(Number of Shipments) 

Truck/Rail Transport  
(Number of Shipments) 

Fresh LWR fuel 11,300 11,300a 
Fresh HWR fuel 55,600 55,600a 
LWR SNF 34,000 2,720 
HWR SNF 110,000 2,500 
GTCC LLW 3,200 630 
LLW 19,000 3,800 

Source: Appendix E 
a All shipment of fresh nuclear fuel is assumed to be via truck transport 

 
The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.7-4 and 4.7-5) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.7-4 presents the handling impacts for truck transport and 
Table 4.7-5 presents the handling impacts for truck and rail transport. Handling operations 
(loadings and inspections) would not affect the public.  
 
The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other 
distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables). 

 
TABLE 4.7-4—Handling Impacts for 50 Years of Implementation,  

All-Heavy Water Reactors Option (Truck Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
HWR 67,500 40 11,700 7 79,100 47 
Source: Appendix E 
Note: LCFs rounded to nearest whole number.  

 
TABLE 4.7-5—Handling Impacts for 50 Years of Implementation, 

All-Heavy Water Reactors Option (Truck and Rail Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
HWR 20,000 12 722 0 20,700 12 
Source: Appendix E 
Note: LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.7-6 (truck transit) and 4.7-7 (truck and rail transit) 
for the HWR/HTGR Alternative (Option 1—HWR). These impact estimates would vary based 
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on a variety of factors, including the distance that the radiological material would be transported, 
the specific routes that would be utilized, the population densities along those routes, and others. 
Of these factors, transport distance is the most significant. Because the locations of future 
reactors and future disposal facilities are unknown, DOE analyzed transportation impacts over 
five distances: 150 mi (241 km), 500 mi (805 km), 1,500 mi (2,414 km), 2,100 mi (3,380 km), 
and 3,000 mi (4,828 km). In-transit impacts presented in Tables 4.7-6 and 4.7-7 are based on 
2,100 mi (3,380 km) of transport. This distance was selected as a reference distance because it 
represents the average distance for all SNF shipments analyzed in the Yucca Mountain FEIS 
(DOE 2002i). Impacts associated with the other four distances are presented, on a per shipment 
basis, in Appendix E, which describes the transportation methodology and assumptions. 
Although the in-transit impacts are not exactly “linear” (i.e., twice the impacts for twice the 
distance transported), that is a close approximation. Consequently, if the radiological material 
were transported 500 mi (805 km), all of the in-transit impacts presented in Tables 4.7-6 and 
4.7-7 could be estimated by multiplying the values in those tables by 0.24 (500/2,100). 

 
TABLE 4.7-6—In-Transit Transportation Impacts for 50 Years of Implementation,  

All-Heavy Water Reactors Option (Truck Transit)—200 Gigawatts Electric 
In Transit Impacts  

Crew Public Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

HWR 26,600 16 130,000 78 94 0.597 0 20 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
TABLE 4.7-7—In-Transit Transportation Impacts for 50 Years of Implementation,  

All-Heavy Water Reactors Option (Truck and Rail Transit)—200 Gigawatts Electric 
In Transit Impacts  

Crew Public Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

HWR 450 0 1,540 1 1 0.0407 0 6 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, truck and rail transport 
would result in smaller impacts than truck transport. This is due to the fact that there would be 
many fewer transportation shipments for truck and rail compared to truck only. This would 
directly affect the distance traveled and exposures to both crews and the public. Additionally, the 
number of accident fatalities (collisions) would be smaller for the truck and rail transport. 
 
4.7.2 All-High Temperature Gas-Cooled Reactors (Option 2) 
 
Comparison of Light Water Reactor and High Temperature Gas-Cooled Reactor Fuel 
Cycles 
 
Current HTGR technology with high fuel burnups (approximately 100 GWd/MT) could produce 
SNF with substantially less transuranic waste than existing LWRs. In general, on an equivalent 



GNEP Draft PEIS Chapter 4: Environmental Impacts of the Domestic Programmatic Alternatives 
 

4-110 
 

electricity production basis (see Table 4.8-1), the HTGR once-through fuel cycle and the existing 
LWR once-through fuel cycle compare as follows: 
 
− HTGRs require approximately 14 percent greater quantities of natural uranium. 
− HTGRs produce approximately one-half as much transuranics in SNF as LWRs. 
− HTGRs produce SNF with approximately one-third the thermal load on a repository as an 

LWR. 
− HTGRs generate approximately 35 percent as much SNF as LWRs in terms of heavy 

metal mass (Wigeland 2008a). 
 
Implementation of All-High Temperature Gas-Cooled Reactors (Option 2)  
 
Under this option, the United States would transition to an all-HTGR once-through fuel cycle. It 
is acknowledged that such transition would take many decades to accomplish (as existing LWRs 
would continue operations until reaching end-of-life). This PEIS assesses transition to an  
all-HTGR commercial fleet by approximately 2060-2070. This PEIS presents the environmental 
impacts of the all-HTGR option of the HWR/HTGR Alternative as follows:  
 
Construction: The PEIS analysis in this section focuses on the 200 GWe end-state 
(approximately 200 GWe of HTGR capacity and supporting infrastructure). From a construction 
standpoint, the all-HTGR option would have similar impacts to the overall construction impacts 
presented in Section 4.3 for the Fast Reactor Recycle Alternative, with the exception that no 
nuclear fuel recycling facilities would be required. Relative to reactor construction impacts, 
because the total reactor capacity would be 200 GWe, the overall impacts would not change 
compared to the Fast Reactor Recycle Alternative.  
 
Supporting Infrastructure: This alternative would utilize large quantities of nuclear grade 
graphite in the HTGR reactor cores. Graphite production is a basic industrial operation and the 
capability to produce nuclear grade graphite would be driven by the demand. Although there is 
currently little demand for this today, it is expected that the commercial industry would readily 
respond to meet an identified need without significant issues.  
 
Helium is the coolant of choice for HTGRs, due to its favorable neutronic and heat exchange 
properties, and also due to its chemical stability in the temperature range of interest. A typical 
HTGR requires an initial inventory of 5 to 10 tons of helium. The annual make-up, due to system 
losses, would be a small percent of that inventory. Natural gas contains trace amounts of helium 
which is extracted during natural gas refining. The United States is the largest producer of 
helium in the world, with an annual production exceeding 20,000 tons, and geological resources 
of more than 1 million tons (Finck 2007a). Consequently, there should be no adverse impacts 
associated with providing the required quantities of helium to support HTGRs. 
 
Operation: Most HTGR operations would be similar to LWR operations previously discussed. 
Potential impacts are addressed below. 
 
Uranium Requirements: The quantity of natural uranium needed to support a capacity of 
200 GWe, assuming an average enrichment of 14 percent would be approximately 45,600 MT/yr 
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(see Table 4.8-1). The 45,600 MT of natural uranium would represent approximately 116 percent 
of uranium that was mined in the world in 2006 and would be 28 times more than the quantities 
currently mined in the United States annually (see Table 4.1-1). From this 45,600 MT, 
approximately 1,540 MT of enriched uranium (14 percent) would be required. Approximately 
39 million SWUs would be required annually to support a capacity of 200 GWe. The licensed 
capacity of Paducah, the American Centrifuge Plant, and the LES Facility is 17.8 million SWUs. 
Consequently, enrichment facilities in the United States could not meet this demand. 
Additionally, if Paducah shuts down in 2012, as planned, the United States enrichment capacity 
would be reduced to approximately 6.8 million SWUs. To support a 200 GWe capacity, 
enrichment capacities in the United States would need to be expanded by more than 500 percent, 
or larger quantities of enriched uranium would need to be imported.  
 
The HTGR fuel cycle would require uranium enrichments of approximately 14 percent versus 
the 3 to 5 percent for the LWR fuel cycle. Enrichment facilities to support an HTGR fuel cycle 
would be large industrial facilities, similar in size to those discussed in Section 4.1.2, with the 
same types of environmental impacts (see NRC 2005b and NRC 2006b). In general, enriching 
uranium to higher than 5 percent does not produce different types of impacts, but requires more 
steps.  
 
Currently, there is no capacity in the United States to enrich uranium to 14 percent. The 
American Centrifuge Plant, once operational, would be capable of enriching uranium up to 
10 percent. While the technology exists and has been utilized in the past to produce uranium with 
enrichments of 14 percent (and higher), an existing enrichment facility would need to be 
retrofitted (with additional centrifuges connected in series or additional gaseous diffusion stages) 
or a new facility constructed. In the past, these facilities (such as the existing Paducah facility) 
required hundreds of acres, used significant quantities of electricity, and employed thousands of 
workers. Modern enrichment facilities would likely be more compact, and more efficient in 
terms of electricity and staffing. The size of an enrichment facility is generally a compromise 
among criticality concerns (which govern the size of components), and desired enrichment and 
throughput. For example, multiple passes through enrichment stages can be used to increase the 
enrichment, subject to criticality constraints. The option of obtaining these enrichments by  
down-blending surplus HEU from the weapons complex may be available to satisfy some of the 
requirement.  
 
Fuel Fabrication Requirements: The United States does not have any HTGR fuel fabrication 
facilities. There are only two existing fuel fabrication facilities in the United States that are 
operational and have licenses to fabricate reactor fuels with uranium enrichments greater than 
5 percent. These facilities produce fuels for the Naval Reactors Program, as well as research 
reactor fuels. Because the capacity of these fuel fabrication facilities would not be sufficient to 
produce all of the 14 percent enriched uranium fuel for the commercial industry, it is likely that 
one or more new fuel fabrication facilities would be constructed. For 200 GWe, approximately 
1,540 MT of fresh HTGR fuel assemblies would need to be produced annually.  
 
Land Resources: Once operational, a total of approximately 600,000 acres (243,000 ha) of land 
could be occupied by facilities, paved areas, and buffer zones. Most of this area would not be 
disturbed but would serve as a buffer between the actual facility and the outer facility boundary.  
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The total site area would be determined by accident analyses and regulatory requirements, 
including safeguards and security. 
 
Visual Resources: With respect to visual characteristics, the visibility of any HTGR from 
publicly accessible locations would be dependent on the future site characteristics. For sites that 
use “wet” cooling tower systems, the water vapor plume from cooling tower operations may be 
visible for many miles from the plant.  
 
Air Resources: Impacts would be similar to the No Action Alternative presented in Section 4.2. 
 
Water Resources: Every operating HTGR would use significant quantities of water. A typical 
GWe of HTGR capacity would require approximately 3 to 6 billion gal (11 to 23 billion L) of 
water yearly, mainly for heat dissipation59 (EPRI 2002).  
 
Socioeconomic Impacts: Similar to construction, socioeconomic impacts would occur in 
communities in the vicinity of any future HTGR. Although operations would generally employ 
fewer workers than peak construction, employment, population, economic measures, housing, 
and public services could all be affected. For each GWe of capacity, an HTGR would require 
approximately 500 to 1,000 workers. 
 
Human Health: In addition to nonradiological hazards, workers would be subject to radiological 
hazards, including radiation exposure. These doses would not be expected to be significantly 
different than the doses workers receive from LWRs. The public would also be subject to 
radiation exposure, primarily from airborne releases of radionuclides. Any new commercial 
HTGR would need to comply with NRC regulations. Under 10 CFR Part 20, each licensee is 
required to conduct operations so that the total effective dose equivalent to individual members 
of the public from the licensed operations does not exceed 100 mrem in a year. Furthermore, 
10 CFR Part 20 requires that power reactor licensees comply with EPA’s environmental 
radiation standards contained in 40 CFR Part 190 (i.e., 25 mrem to the whole body, 75 mrem to 
the thyroid, and 25 mrem to any other organ of any member of the public from the uranium fuel 
cycle). 
 
Facility Accidents: DOE has previously analyzed accidents associated with HTGRs at a variety 
of locations (DOE 1995b). In this PEIS, DOE has re-analyzed the consequences of the accident 
scenarios presented in DOE 1995b at the six generic sites described in Appendix D,  
Section D.1.6. The internally initiated accidents with the highest consequence to the onsite and 
offsite populations would be the “Depressurized Conduction Cooldown with Reactor Cavity 
Cooling System Functioning” and the “Air Ingress” scenario (see Appendix D, Section D.2.5 for 
information on this accident and others analyzed for the HTGR). Using the dose-to-risk 
conversion factor of 6×10-4 per person-rem, these collective population doses would result in 
0.05 to 2 additional LCFs in the surrounding population. For the MEI, these scenarios would 
result in a probability of 5×10-4 to 0.003 of an LCF. As described in Appendix D, Section D.1.6, 
the MEI would likely be further from the boundary than is assumed for this analysis and thus the 

                                                 
59 A typical 1 GWe reactor would withdraw 3 to 6 billion gal/yr (11 to 23 billion L/yr) for cooling (using “wet cooling”). Water consumption 
would be less than 60 million gallons/yr (227 million gal/yr. 
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consequences to the MEI likely would be less. For the noninvolved worker, these scenarios 
would result in a probability of 0.006 to 0.07 of an LCF. 

 
Consequences do not account for the probability of an accident, and thus represent the impacts 
that could result if an accident were to occur. Another useful metric to consider in an accident 
analysis is risk. Risk takes into account the probability of an accident and is determined by 
multiplying the consequences of an accident by the probability of occurrence.  
 
The internally initiated accident with the highest risk to the onsite and offsite populations is the 
“Depressurized Conduction Cooldown with Reactor Cavity Cooling System Functioning” 
scenario (see Appendix D, Section D.2.5). The collective risk to the offsite population for this 
scenario would range from 3×10-7 expected LCF per year of operation in the Site 1 offsite 
population to 1×10-5 expected LCF per year of operation in the Site 6 offsite population. For the 
MEI, this scenario would result in an increased risk of an LCF of 3×10-9 to 2×10-8 per year of 
operation. For the onsite noninvolved worker, this scenario would result in an increased risk of 
an LCF ranging from 4×10-8 to 4×10-7. 
 
Spent Nuclear Fuel and Radioactive Wastes: Due to their higher burnups, HTGRs generate 
significantly less mass of SNF than LWRs (approximately 35 percent as much). By 
approximately 2060–2070, the amount of SNF generated by LWRs (prior to the conversion to 
HTGRs) would be approximately 68,000 MTHM.60 The amount of SNF generated by HTGRs by 
approximately 2060–2070 would be approximately 31,000 MTHM.61 By 2060–2070, 
approximately 1,500 MTHM of SNF would be generated annually from HTGRs. However, 
compared to LWRs, HTGRs generate relatively high volumes of SNF. As shown in Table 4.8-1, 
for the same electrical production, HTGRs could generate up to 15 times more volume of SNF 
than LWRs, primarily due to the fuel compacts that are attached to the hexagonal prismatic 
blocks (Wigeland 2008a). 
 
The only wastes generated for the all-HTGR option would be associated with HTGR operations. 
As discussed in Section 4.2.2, typical nuclear power plants generate SNF and LLW, including 
GTCC LLW. SNF management is addressed below. For this analysis, it is assumed that HTGRs 
would generate the same types and quantities of LLW (from annual operations) and GTCC LLW 
(from D&D) as typical LWRs. Over a 50-year operational period, the HTGR option would 
generate the radioactive wastes shown in Table 4.7-8.  
 

                                                 
60 Based on the following: new LWRs are constructed at a growth rate of 1.3 percent from 2015 to 2020; beginning in 2020, all new reactors are 
HTGRs and total reactor capacity grows to 200 GWe by approximately 2060–2070; each HTGR produces approximately 7.7 MTHM of 
SNF/GWe-yr; LWRs are assumed to be replaced by HTGRs as they reach end-of-life; and by 2060-2070, this PEIS assumes that all LWRs would 
be replaced by HTGRs. The full implementation scenario (complete transition to all HWRs) is described in this analysis. However, any new 
LWRs constructed between 2015–2020 would likely operate a full 60 years (40-year initial life with a 20-year life extension). In this case, in the 
2060–2070 timeframe, there could be approximately 7 GWe of LWR capacity. In this case, the total SNF quantities presented in this section 
would increase slightly (less than 1 percent) due to the fact that LWRs produce more SNF than HTGRs. 
61 Assumes all new reactors are HTGRs, beginning in approximately 2020, and added at a rate to keep pace with the 1.3 percent growth in nuclear 
electricity production until approximately 200 GWe is achieved. A total of 200 GWe of HTGRs are built and each GWe from an HTGR results in 
approximately 7.7 MTHM of SNF.  
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TABLE 4.7-8—Total Spent Nuclear Fuel and Wastes Generated by the All-High Temperature 
Gas-Cooled Reactors Option (50 Years of Implementation) 

Waste Category 
LWRs 

(prior to 
replacement) 

HTGRs 
(200 GWe in 
2060–2070) 

Total 

SNF (MTHM) 68,000 31,000 99,000 

LLW (solid) (cubic meters) LB: 65,000 
UB: 150,000a 

LB: 85,000 
UB: 435,000a 

LB: 150,000 
UB: 585,000 

GTCC LLW (cubic meters) 800b 1,700b 2,500b 
LB = lower bound, UB = upper bound. 
a Derived from data for a typical LWR which would generate approximately 27 to 103 yd3 (21 to 79 m3) of LLW annually 
(NEI 2007). Based on constant growth from approximately 100 GWe in 2010 to 200 GWe by approximately 2060–2070.  
b GTCC LLW from nuclear reactors is produced as a result of normal operations and becomes available for disposal during 
facility decommissioning. The majority of GTCC LLW generated by nuclear reactors is activated metal. It has been 
estimated that approximately 813 m3 (1,060 yd3) of GTCC LLW would be generated when the existing 104 commercial 
LWRs undergo D&D (SNL 2007). Scaling those results to account for production of 200 GWe of electricity via nuclear 
reactors (and accounting for the D&D of existing LWRs), it is estimated that approximately 2,500 m3 (3,270 yd3) of GTCC 
LLW could result from D&D. See Section 4.9 for a discussion of GTCC LLW from reactor decommissioning 
Note: all values except GTCC LLW rounded to nearest thousand. 

 
Transportation: Once generated at a commercial reactor, SNF from the HTGR open fuel cycle 
would eventually need to be transported to a future geologic repository for disposal. Table 4.7-9 
presents the number of radiological shipments (broken down by material to be transported) that 
would be required for the all-HTGR option for 1) all truck and 2) a combination of truck and rail. 
Because all shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”). As shown in that table, truck transport would require 
significantly more shipments than truck and rail. The reason why the number of shipments for 
the all-HTGR option is so high relative to other fuel cycle alternatives is due to the large volume 
of SNF generated by the all-HTGR option (see Table 4.8-1).  
 

TABLE 4.7-9—Total Number of Radiological Shipments for 50 Years of Implementation, 
All-High Temperature Gas-Cooled Reactors Option  

Material/Waste  
Truck Transport 

(Number of 
Shipments) 

Truck/Rail Transport 
(Number of 
Shipments) 

Fresh LWR fuel 11,300 11,300 a 
Fresh HTGR fuel 105,000 105,000 a 
LWR SNF 34,000 2,720 
HTGR SNF 1,560,000 33,000 
GTCC LLW 3,200 630 
LLW 19,000 3,800 

Source: Appendix E 
a All shipment of fresh nuclear fuel is assumed to be via truck transport. 
 

The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.7-10 and 4.7-11) present the impacts associated with handling (loading and inspection) 
radiological material for the 200 GWe scenario. Impacts are presented in terms of radiological 
impacts (expressed in person-rem and converted to LCFs using a dose-to-risk conversion factor 
of 6×10-4 LCF per person-rem). Table 4.7-10 presents the handling impacts for truck transport 
and Table 4.7-11 presents the handling impacts for rail transport. Handling operations (loadings 
and inspections) would not affect the public.  
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The impacts of handling radiological material are independent of the distance that the material 
would be transported. As such, the handling impacts would be the same whether the radiological 
material is transported, for example, 500 mi (805 km), 2,100 mi (3,380 km), or any other 
distance. For this reason, these impacts are presented separately from the in-transit impacts 
(which are presented in the second set of tables). 
 

Table 4.7-10—Handling Impacts for 50 Years of Implementation,  
All-High Temperature Gas-Cooled Reactors Option (Truck Transit)—200 Gigawatts Electric 

Handling Impacts 
Loading Inspection Total 

 

person-rem LCFs person-rem LCFs person-rem  LCFs 
HTGR 693,000 416 119,000 71 812,000 487 

Source: Appendix E 
Note: All LCFs rounded to nearest whole number.  

 
Table 4.7-11—Handling Impacts for 50 Years of Implementation, All-High Temperature Gas-

Cooled Reactors Option (Truck and Rail Transit)—200 Gigawatts Electric 
Handling Impacts 

Loading Inspection Total 
 

person-rem LCFs person-rem LCFs person-rem  LCFs 
HTGR 122,000 73 3,160 2 126,000 75 

Source: Appendix E 
Note: LCFs rounded to nearest whole number.  

 
The in-transit impacts are shown in Tables 4.7-12 (truck transit) and 4.7-13 (truck and rail 
transit) for the HWR/HTGR Alternative (Option 2—HTGR). These impact estimates would vary 
based on a variety of factors, including the distance that the radiological material would be 
transported, the specific routes that would be utilized, the population densities along those routes, 
and others. Of these factors, transport distance is the most significant. Because the locations of 
future reactors and future disposal facilities are unknown, DOE analyzed transportation impacts 
over five distances: 150 mi (241 km), 500 mi (805 km), 1,500 mi (2,414 km), 2,100 mi 
(3,380 km), and 3,000 mi (4,828 km). In-transit impacts presented in Tables 4.3-6 and 4.3-7 are 
based on 2,100 mi (3,380 km) of transport. This distance was selected as a reference distance 
because it represents the average distance for all SNF shipments analyzed in the Yucca Mountain 
FEIS (DOE 2002i). Impacts associated with the other four distances are presented, on a per 
shipment basis, in Appendix E, which describes the transportation methodology and 
assumptions. Although the in-transit impacts are not exactly “linear” (i.e., twice the impacts for 
twice the distance transported), that is a close approximation. Consequently, if the radiological 
material were transported 500 mi (805 km), all of the in-transit impacts presented in  
Tables 4.7-12 and 4.7-13 could be estimated by multiplying the values in those tables by 0.24 
(500/2,100). 
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TABLE 4.7-12—In-Transit Transportation Impacts for 50 Years of Implementation,  
All-High Temperature Gas-Cooled Reactors Option (Truck Transit)—200 Gigawatts Electric 

In Transit Impacts  
Crew Public Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

HTGR 271,000 162 1,360,000 816 979 0.592 0 149 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
TABLE 4.7-13—In-Transit Transportation Impacts for 50 Years of Implementation, All-High 
Temperature Gas-Cooled Reactors Option (Truck and Rail Transit)—200 Gigawatts Electric 

In Transit Impacts  
Crew Public Accident Impacts  

person-
rem 

LCFs person-
rem 

LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem 

LCFs Collision 
Fatalities 

HTGR 2,250 1 6,470 4 5 0.0361 0 13 
Source: Appendix E 
Note: All LCFs rounded to nearest whole number 

 
There are potentially significant differences in impacts depending upon whether transportation 
occurs via truck or a combination of truck and rail. For all alternatives, truck and rail transport 
would result in smaller impacts than truck transport. This is due to the fact that there would be 
many fewer transportation shipments for truck and rail compared to truck only. This would 
directly affect the distance traveled and exposures to both crews and the public. Additionally, the 
number of accident fatalities (collisions) would be smaller for the truck and rail transport.  
 
4.8 COMPARATIVE SUMMARY OF DOMESTIC PROGRAMMATIC ALTERNATIVES 
 
This section presents a summary comparison of the domestic programmatic alternatives. The 
alternatives are compared and contrasted in the following areas: R&D needs; issues associated 
with transition and implementation; facility and resource requirements; quantities of SNF and 
wastes generated; transportation impacts; potential impacts on the development of a future 
repository; and decontamination and decommissioning. Table 4.8-1 (200 GWe, 1.3 percent 
annual growth rate in nuclear electricity production), Table 4.8-2 (400 GWe, 2.5 percent annual 
growth rate), Table 4.8-3 (150 GWe, 0.7 percent annual growth rate), and Table 4.8-4 (100 GWe, 
zero growth rate) are presented to support discussions related to: facility and resource 
requirements; quantities of SNF and wastes generated; transportation impacts; and potential 
impacts on development of a future repository. Tables 4.8-5 and 4.8-6 present a comparative 
summary of the impacts of the domestic fuel cycle alternatives. Table 4.8-5 presents the annual 
impacts once implementation is achieved in approximately 2060–2070. Table S.4.8-6 presents 
the cumulative impacts over the entire implementation period (2010 to approximately  
2060–2070).  
 
4.8.1  Research and Development Needs for the Alternatives  
 
Many of the alternatives require that additional R&D be completed before wide-scale 
deployment of the alternative could be accomplished. The R&D needs vary significantly among 
alternatives. All alternatives, including the no-action alternative, would benefit from R&D for 
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improvements to waste form processing and fuel fabrication. For the action alternatives, the 
R&D is necessary for successful demonstration of the fuel cycle selected. In the following 
discussion, the R&D needs are grouped by technical area for comparison among the alternatives. 
In preparing this section, DOE considered issues that were raised in reports prepared by external 
organizations (see Chapter 1, Section 1.4.6). 
 

− Fuel Development and Fabrication. The need for R&D of fuel fabrication technologies is 
considered from two perspectives, first, whether a fabrication technology exists, and 
second, whether the existing technology has been developed sufficiently to allow an 
alternative to be implemented. Most of the alternatives have candidate processes for 
fabrication of fuel; however, all but the No Action Alternative and the HWR/HTGR 
Alternative (Option 1—all-HWR) would require additional R&D to apply these 
technologies. The time frame to complete the necessary R&D would be similar among 
the alternatives and is estimated to require about 5 to 10 years. 

 
− Fuel Performance. R&D would be required to develop and demonstrate fuel performance 

in the reactor and in storage after discharge from the reactor (whether destined for 
processing or not) for each of the alternatives, except for the No Action Alternative and 
the HWR/HTGR Alternative (Option 1—all-HWR), which utilize proven fuel 
technologies. For most alternatives, relevant fuel performance experience is available, 
although for some of the reactor types this experience may be limited to experimental or 
testing conditions only. Even for reactor types for which there may be prior commercial 
experience, it is likely that testing and verification of fuel performance would be required 
as one of the licensing conditions, regardless of the alternative, prior to widespread use 
(with the exceptions of LWRs and HWRs). In contrast, however, it is also likely that each 
reactor type, whether commercially available or not, could begin operations using nuclear 
fuel that is within the existing experience base, and then move toward the required fuel 
composition as new experience is gained. 

 
Some of the alternatives would use reactor types that are not available in the United 
States, although either they have existed in the United States in the past as experimental 
or first-of-a-kind commercial plants, or they exist outside of the United States. For 
example, HWRs are used extensively in Canada, which would likely facilitate licensing 
in the United States. For alternatives involving fast reactors and HTGRs, no facility exists 
in the United States where fuel performance experience sufficient for licensing can be 
acquired. Even for those alternatives where LWRs would be used, it is likely that the 
licenses of existing LWRs would need to be amended to allow fuel performance tests, 
and this may not be possible. The time frame for achieving the required fuel performance 
information would depend on the availability of the appropriate irradiation facilities, but 
such development could be done as part of the ongoing operation of the facility.  
 

– Reactor Technology. Each of the reactor technologies associated with the domestic 
programmatic alternatives have different operating experience, which could affect the 
amount of R&D needed to implement that technology. For example, LWRs and HWRs 
are used throughout the world and would not necessarily require any new R&D. Other 
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reactor technologies (thorium-fueled reactors,62 fast reactors, and HTGRs) have been 
operated on much smaller scales than LWRs and HWRs, and therefore these reactor 
technologies would benefit the most from R&D. The HTGR, in particular, would require 
the most R&D, as the operating experience with this reactor technology at industry-scale 
(greater than 250 megawatts) has been limited.  

 
− Spent Fuel Reprocessing. Only the closed fuel cycle alternatives require reprocessing of 

spent nuclear fuel. For these alternatives, reprocessing technologies have been developed 
and tested that would meet separations requirements. Some of the new technologies are 
evolutions of technologies operated at commercial scale, and for those, implementation 
would expedite the required scale-up. There are many subsidiary issues associated with 
each new technology that would require R&D, especially with final treatment and 
consolidation of the wastes, and with ensuring that the new technologies are capable of 
limiting releases of radioactive materials from the reprocessing plant to allowable limits. 
The time frame for completing the required R&D is estimated to be 5 to 10 years for each 
of the closed fuel cycle alternatives.  

 
− Spent Fuel and High-Level Radioactive Waste Disposal. All fuel cycle alternatives would 

require disposal of spent nuclear fuel and/or high-level radioactive waste in a geologic 
repository. DOE has already conducted significant R&D related to such disposal at the 
proposed Yucca Mountain repository and has submitted a license application for 
construction authorization with the NRC. The need for R&D related to geologic disposal 
in any future geologic repository would depend on the characteristics of the future 
geologic repository as determined by a site-specific assessment of repository performance 
(i.e., how well the repository would contain radionuclides). Such a performance 
assessment would consider: the form of the materials to be disposed of; barriers to release 
(e.g., waste packages and engineered repository systems); characteristics of the geologic 
environment (e.g., presence of water, chemistry of water, temperature, rock stability); and 
exposure pathways. DOE estimates that it would take 5 to 10 years or longer to complete 
such a R&D review. Testing of the waste forms under accelerated repository-relevant 
conditions could be accomplished more quickly. However, experimenting with changes 
to the formulation of proposed waste forms to enhance performance, if deemed necessary 
for a particular repository concept, could add years to such an effort.  

 
The No Action Alternative and the HWR/HTGR Alternative (Option 1—all-HWR) would 
require the least amount of R&D. This conclusion is consistent with the fact that the technologies 
associated with these two alternatives are currently widely used around the world for electricity 
generation. The closed fuel cycle alternatives (particularly Fast Reactor Recycle and 
Thermal/Fast Reactor Recycle alternatives) would generally require the highest amount of R&D, 
especially in the area of fuel development, fuel fabrication, and fuel performance associated with 
fast reactor operations.  
 

                                                 
62 With respect to the use of thorium-fuel in LWRs, although the Thorium Alternative is characterized as a “new fuel design” rather than as a new 
reactor concept in this PEIS, the insertion of thorium fuel into an LWR may not be as simple as, for example, the substitution of MOX-U-Pu fuel 
assemblies for uranium fuel assemblies in an LWR.  
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4.8.2 Transition and Implementation 
 
All alternatives except the No Action Alternative would involve an evolution from the current 
system to one involving a new system. The environmental consequences during transition to the 
new system would be a mix of the No Action Alternative effects and the effects of the new 
system. 
 
The alternatives can be grouped into three types for transition analysis: 
 

– Alternatives that require new fuels with current reactor types—this includes the Thorium 
Fuel Cycle Alternative and the Thermal Reactor Recycle Alternative (Option 1). 

– Alternatives that require transition from the current reactor type (LWRs) to a single new 
reactor type (homogeneous system)—this includes both the HWR option and the HTGR 
option for the HWR/HTGR Alternative. 

– Alternatives that require transition to a system involving more than one reactor type in a 
balanced heterogeneous system—this includes the Fast Reactor Recycle Alternative, the 
Thermal/Fast Reactor Recycle Alternative, the Thermal Reactor Recycle Alternative 
(Option 2), and the Thermal Reactor Recycle Alternative (Option 3). 

 
For purposes of consistency in analysis, it has been assumed for all alternatives that there would 
be a gradual transition period beginning around 2020 from the current LWR uranium oxide 
(UOX) once-through nuclear energy system to an alternative system that would be fully 
implemented in the 2060–2070 timeframe. This approach was used because the future is too 
uncertain to predict the actual transition time for any alternative and using the same transition 
schedule facilitates comparisons among the alternatives. This section provides qualitative 
information on the constraints which may impact actual transition timing. 
 
Initially, only the current system would be in deployment while development and licensing is 
completed for the technologies and infrastructure necessary for a new system. Once the  
pre-transition activities are in place, the new system can be deployed. The minimum time to start 
the transition for each alternative depends on the amount of development required. The transition 
rate for each alternative would depend on a number of constraints, as discussed below. The 
impact during transition would depend on both the time to transition and the transition rate. 
 
Transition for the first group of alternatives (the Thorium Alternative and the Thermal Reactor 

Recycle Alternative (Option 1)) would be less complex and could start sooner than other 
alternatives because it would primarily require development and licensing of a new fuel type and 
development of facilities to provide feedstock63 for the fuel. For the Thermal Reactor Recycle 
Alternative (Option 1), the MOX-U-Pu fuel has already been developed and is in use in Europe. 
Thorium fuel has been used in the past but larger scale use of thorium would require some 
reactor R&D and new data for licensing. The Thermal Reactor Recycle Alternative (Option 1) 
would require separations of UOX SNF to provide feedstock material for the new fuel. The same 
separations technology (likely with different equipment) could then support the recycle of  
MOX-U-Pu SNF as it becomes available. Complete transition for the Thermal Reactor Recycle 

                                                 
63 Feedstock refers to the materials used to fuel a reactor.  
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Alternative (Option 1) would require adequate separations facilities in order to support the 
equilibrium level of recycling. 
 
Thorium fuel would obtain its feedstock of uranium and thorium from mining and from 
stockpiles; adequate uranium mining exists and reliable reserves of thorium are available both in 
the United States and around the world. The level of enrichment of the uranium for the thorium 
fuel is also much higher, and would require new or modified enrichment facilities that are 
appropriately designed, for increased levels of enrichment, and licensed. Both alternatives would 
require construction or modification of fuel fabrication facilities.  
 
All of the needed technologies and facilities are straightforward and transition from the current 
system could begin within approximately 10 to 15 years. During such a transition, the new fuel 
could be used as a replacement during refueling and any specific reactor could switch over to the 
new system during a period of 5 to 6 years. Equilibrium for the Thermal Reactor Recycle 
Alternative (Option 1) would also require recycle of the MOX-U-Pu SNF, which could begin 
roughly 5 years after it is discharged from the reactors. Thus, transition from the current LWR 
uranium oxide system to the new system could be completed in 20 to 25 years from a decision to 
proceed for both alternatives. Actual transition may occur at a much slower pace due to 
economics or other factors. The major constraint for the Thermal Reactor Recycle Alternative 
(Option 1) would be separations capacity, while the major constraint for the Thorium Alternative 
would be fresh fuel infrastructure, including facilities to enrich uranium to 19.9 percent.  
 
The second group of alternatives (the HWR/HTGR Alternative (Options 1 and 2) could be 
deployed once these reactor types were developed and licensed by the NRC. HWRs are available 
commercially internationally and would only require U.S. licensing, while HTGRs would require 
development of both the reactor and the fuel, which could take 10 to 15 years or longer. 
Feedstock would not be a constraint, because both options would depend on the existing uranium 
fuel infrastructure. Complete transition would require early construction of production facilities, 
including heavy water production plants for HWRs and reactor-grade graphite production plants 
for HTGRs. The completion of transition would occur once all current (legacy) reactors were 
retired. Based on licensing and license extension considerations, DOE expects that reactors in the 
existing LWR fleet would be operated for 60 years, with retirements beginning in 2029 and 
completing in 2053. Construction of new LWRs now under consideration could extend the 
transition period.  
 
Transition for the final group of alternatives (the Fast Reactor Recycle Alternative, the 
Thermal/Fast Reactor Recycle Alternative, the Thermal Reactor Recycle Alternative (Option 2), 
and the Thermal Reactor Recycle Alternative (Option 3)) would be more complex. The start of 
transition would involve both new reactors and fuels, and the new fuels would require 
separations to provide feedstock. Transition could begin in 15-20 years, but the rate of transition 
would be slower than the other groups of alternatives. This would be due to the feedstock 
required for startup of the new reactors—a full core of fuel would be needed to start each new 
reactor. The feedstock would initially come from LWR SNF separations, and therefore, would be 
tied to the separations capacity. While this would not affect deployment of HWRs associated 
with the Thermal Reactor Recycle Alternative (Option 2)64, it could significantly constrain the 
                                                 
64 The HWR fresh fuel does not depend on dissolving and separating LWR spent fuel but only on dry thermal/mechanical processes. 
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rate of fast reactor or HTGR deployment, each of which would require a significant quantity of 
transuranics in the transmutation fuel (more than 5 MT/GWe, based on a thermal efficiency of 
approximately 40 percent). The amount of transuranics needed to start up a new fast reactor 
would also depend on whether the fast reactor spent nuclear fuel would be recycled on-site or at 
a central facility. Centralized recycling would require longer storage of the fast reactor spent 
nuclear fuel so it could cool prior to transport. This could result in greater delay before any of the 
residual transuranics from the fast reactor spent fuel could become available, so more 
transuranics would be required from separated uranium oxide before any would be available 
from the fast reactor spent fuel. The result would be that transition would not be completed for 
several decades. The Thermal/Fast Reactor Recycle Alternative could have an additional delay of 
10 or more years because of the potential time required to accumulate feedstock for the fast 
reactor fuel from spent MOX-U-Pu fuel or spent LWR fuel. The MOX-U-Pu fuel would spend 
approximately 5 years in the reactor, then would have to cool for at least 5 years before it could 
be separated, and the transuranics extracted and made available for fast reactor fuel fabrication.  
 
For the closed fuel cycle alternatives, the analysis in this PEIS assumes that implementation 
would be “highly successful” (e.g., no delays would be encountered in developing advanced 
fuels or new reactors; reactors would become operational “on-schedule”; and reactor capacities 
would be optimally matched to the availability of transuranic product from LWR SNF 
separations). This section addresses some of the potential implementation challenges.  
 
For example, for the Fast Reactor Recycle Alternative, it is possible that the separation capacity 
of LWR SNF would not expand as needed to support the desired percentage of fast reactors 
(40 percent of production) compared to LWRs (60 percent of production). If not enough LWR 
separations capacity were constructed, only a limited number of “second tier” reactors could be 
constructed due to the limited availability of feed material (e.g., transuranic radionuclides) that 
would be needed.65 This would result in a high percentage of total reactors being LWRs. In such 
a situation, LWR separations capacity would be insufficient to keep up with LWR SNF 
discharges, and excess LWR SNF would require storage. These impacts would be similar to 
those presented for the No Action Alternative.  
 
It is also possible that fast reactor capacity could be delayed. For example, the process of lead 
test assembly irradiation, post-irradiation examination, and fuel certification could take longer 
than expected. If this were to occur, there could be an excess of separations capacity. Until 
additional fast reactor capacity could be brought on-line, there would be an excess of transuranic 
radionuclides that would require storage (see Section 4.3.3) or disposal. Any stored transuranic 
radionuclides would be used when fast reactors were brought on-line. 
 
4.8.3  Facility and Resource Requirements 
 
This PEIS assumes that all reactor fuel cycles could be implemented to achieve a capacity of 
approximately 200 GWe. As shown on Table 4.8-1, the reactor types would be different for each 
of the programmatic alternatives. For example, the No Action Alternative would produce 

                                                 
65 For example, the amount of fuel required to support 1 GWe (based on a thermal efficiency of 40 percent) of fast reactor capacity is 
approximately 28 MT of uranium and 5 MT of transuranics (TRU) in start-up fuel and approximately 5.0 to 6.8 MT of uranium and 1.9 MT of 
TRU as make-up fuel over the 4- to 5-year cycle. 
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electricity using LWRs in a once-through fuel cycle, while the Fast Reactor Recycle Alternative 
would produce electricity using a mix of LWRs and fast reactors in a closed fuel cycle in which 
the separated LWR SNF provides the transmutation fuel for the fast reactors.  
 
The number of reactors that would ultimately be required to support any fuel cycle alternative 
would be a function of reactor size, thermal efficiency, and capacity factor. This PEIS assumes 
that approximately 1 GWe of capacity would be located at any future site.66 Consequently, each 
fuel cycle alternative would require approximately 200 reactor sites. Based on an average size of 
approximately 3,000 acres (1200 ha) per site, the total land occupied by the 200 nuclear power 
plant sites would be about 600,000 acres (243,000 ha). Other potential support facilities (such as 
fuel fabrication facilities, nuclear fuel recycling centers, heavy water production facilities) would 
not significantly change this land requirement for any of the alternatives).  
 
Although material requirements for nuclear power plants and recycling centers would vary by 
design and site location, the requirements for a major nuclear facility (i.e., a 1,000 MWe LWR) 
would include approximately 150,000 MT of steel and 850,000 MT of concrete 
(CEEDATA 2006). Constructing 200 major new nuclear facilities over approximately 50 years 
would result in an average of 4 new major nuclear facilities, annually. On an annual basis, these 
new nuclear facilities would use approximately 0.6 million MT of steel and 3.4 million MT of 
concrete.  
 
All fuel cycle alternatives would require significant quantities of natural uranium feed. In all 
cases, the open fuel cycle alternatives (No Action Alternative, Thorium Alternative, 
HWR/HTGR Alternative) would require the highest quantities of natural uranium feed. At the 
upper end of the requirement, the HTGR Option (for the HWR/HTGR Alternative) would 
require the highest natural uranium feed (approximately 45,600 MT/yr), which would be 
16 percent higher than the No Action Alternative. This amount of natural uranium feed is 
approximately four times higher than current domestic uranium feed requirements. The closed 
fuel cycle alternatives would require natural uranium feed quantities that could be approximately 
one-half as much as the open fuel cycle alternatives. This illustrates one of the benefits of 
recycling SNF—to recover usable materials. The closed fuel cycle alternatives would recover 
significant quantities of uranium (2,460 to 4,500 MT/yr) and transuranics (approximately 26 to 
56 MT/yr, depending upon the closed fuel cycle alternative) for potential future use. In terms of 
using the least amount of natural uranium feed, the Fast Reactor Recycle Alternative would be 
the most efficient fuel cycle, requiring approximately 24,400 MT/yr to produce 200 GWe.  
 
All alternatives would require various types of new facilities, including fuel enrichment and fuel 
fabrication facilities to support a capacity of 200 GWe. In addition to increased uranium fuel 
fabrication capacity, the Thorium Alternative would also require a fuel fabrication facility for 
thorium. The closed fuel cycle alternatives (Fast Reactor Recycle Alternative, Thermal/Fast 
Reactor Recycle Alternative, and the Thermal Reactor Recycle Alternative [all options]) would 
require LWR separation facilities/fuel fabrication facilities. The Thermal Reactor Recycle 
Alternative (Option 2) and the HWR/HTGR Alternative (Option 1—all-HWR) would require 
                                                 
66 This assumption is conservative, as the existing nuclear infrastructure in the United States consists of approximately 100 GWe of capacity at 
approximately 64 sites, or approximately 1.5 GWe/site. If the PEIS assumed 1.5 GWe/site, each fuel cycle alternative would require 
approximately 133 reactor sites. Based on an average size of approximately 3,000 acres per site, the total land occupied by the 133 nuclear power 
plant sites would be about 400,000 acres. 
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one or more facilities to produce heavy water. Finally, the Thermal Reactor Recycle Alternative 
(Option 3) and the HWR/HTGR Alternative (Option 2—all-HTGR) would significantly affect 
the demand for graphite and helium.  
 
During operations, the facilities could use significant quantities of water for domestic needs, 
process support, and to cool the reactor (primary and secondary cooling). Most of this water 
would not be consumed but would be used for cooling and then discharged. Each LWR 
separation facility with an approximate 800 MTHM/yr capacity would require approximately 
330 million gal/yr (1.3 billion L/yr). Each GWe of reactor output could use approximately 3 to 
6 billion gal/yr (11 to 23 billion L/yr), mainly for heat dissipation. In arid environments, “dry” 
cooling towers could be utilized to reduce water requirements to approximately 
195 million gal/yr (740 million L/yr). The heat dissipation system selected would be dependent 
on site characteristics and regulatory requirements. 
 
4.8.4  Spent Nuclear Fuel and Radioactive Wastes  
 
All fuel cycle alternatives would generate SNF and/or HLW that would ultimately require 
disposal in a geologic repository. The most radiotoxic contents of SNF and HLW are generally 
the actinide elements (heavy metals, especially the transuranic elements) and to a lesser extent 
certain fission products. The amount of SNF and HLW created per year would vary from one 
alternative to another. In addition, all fuel cycle alternatives would generate LLW during 
operations and LLW and GTCC LLW during decontamination and decommissioning (D&D) 
following plant shutdown. The Fast Reactor Recycle Alternative, Thermal/Fast Reactor Recycle 
Alternative, and Thermal Reactor Recycle Alternative (Options 1 and 3) would generate GTCC 
LLW during SNF recycling operations. Under the closed fuel cycle alternatives, it is also 
possible that cesium and strontium could be separated from other fission products, creating an 
additional waste stream.  
 
The following SNF and waste streams do not have a clear path to disposal at this point:  
 

– SNF quantities generated beyond the Yucca Mountain statutory limit 
– HLW generated under any of the alternatives 
– GTCC LLW generated under any of the alternatives 
– LLW that exceeds disposal capacities 
– Separated cesium and strontium (if applicable) 
 

The impact on SNF and HLW management for each alternative is evaluated by assessing the 
mass/volume of SNF and/or HLW that would be sent to geologic disposal, the amount of fission 
product and transuranic elements requiring consolidation in waste forms that would be sent to 
geologic disposal, the radiotoxicity of the emplaced SNF and/or HLW, and the decay heat that 
would have to be accommodated by the repository design.  
 
The relative importance of the waste management metrics (e.g., volume, radiotoxicity, and heat 
load) would be affected by the repository environment and the design of the engineered 
emplacement system. This has the potential to decrease the regulatory uncertainty involved in 
predicting the long-term performance of such a repository, or to increase the public acceptability 
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of geologic disposal for these waste management measures, so that adequate disposal capacity 
can be found for future commercial nuclear waste inventories. Because no repository has yet 
been licensed for the disposal of either SNF or HLW, all of the metrics have been included in 
Table 4.8-1 for comparison of the alternatives. 
 
Amount of Spent Nuclear Fuel Requiring Repository Disposal: All alternatives would require 
a geologic repository. Even if nuclear electricity generation continues throughout this century at 
a zero growth rate, the cumulative amount of SNF created between the years 2010 and 
approximately 2060–2070 (approximately 110,000 MTHM) would require a repository more 
than 1.5 times larger than the statutory capacity limit of 
the Yucca Mountain repository, which would have 
reached its statutory capacity limit.67 This increase would 
need to be met by physical expansion of the first 
repository or by siting an additional repository. For the 
1.3 percent growth rate, the No Action Alternative would 
generate approximately 158,000 MTHM of SNF from 
2010 to approximately 2060–2070, which would be 
approximately 2.2 times that of the Yucca Mountain 
statutory capacity limit. 
 
For alternatives other than the No Action Alternative, which also assume a nuclear energy 
growth rate of 1.3 percent for the 200 GWe scenario, the cumulative amount of SNF generated 
between 2010 and approximately 2060–2070 requiring geologic disposal would be as shown on 
Figure 4.8-1. As shown on that figure, only the Fast Reactor Recycle Alternative, Thermal/Fast 
Reactor Recycle Alternative, and the Thermal Reactor Recycle Alternative (Option 1) would 
avoid this SNF accumulation; however, these alternatives would produce HLW as part of the 
recycling of SNF.  
 
On an annual basis, at the state of full implementation (approximately 2060–2070), the 
HWR/HTGR Alternative (Option 1—all HWR) would generate the highest mass of SNF 
requiring geologic disposal (10,600 MTHM/yr for 200 GWe), while the Fast Reactor Recycle 
Alternative, Thermal/Fast Reactor Recycle Alternative, and Thermal Reactor Recycle 
Alternative—Option 1 would generate no SNF requiring geologic disposal. For the once-through 
fuel cycles, the HWR/HTGR Alternative (Option 2—all HTGR) could generate the least mass of 
SNF requiring geologic disposal (1,540 MTHM/yr for 200 GWe). This reflects the higher burnup 
of HTGRs compared to the lower burnup of HWRs. However, while the mass of SNF can be 
relatively smaller with the HTGR fuel, if the compacts are not removed from the graphite blocks, 
the volume of SNF can be substantial. The Thorium Alternative would generate approximately 
2,050 MTHM/yr of SNF. As a point of comparison, the No Action Alternative would generate 
approximately 4,340 MTHM/yr for 200 GWe. The total quantities generated between 2010 and 
approximately 2060–2070 for each alternative, as shown in Table 4.8-1, reflect the time-phased 
implementation of the alternative. For example, the all-HWR option would generate no HWR 
SNF until after the initial facilities begin operation in the early 2020s, and the annual HWR SNF 
generation then gradually increases up to 10,600 MTHM/yr when full implementation is reached 
(approximately 2060–2070). 
                                                 
67 These numbers relate to the status quo - current types of fuel, current uranium enrichment, and current burnup.  

Yucca Mountain Statutory Capacity 
Limit 

 
Under Section 114(d) of the Nuclear 
Waste Policy Act of 1982, as amended, 
the Yucca Mountain repository can not 
accept more than 70,000 metric tons of 
heavy metal of spent nuclear fuel and 
high-level radioactive waste until such 
time as a second repository is in 
operation. 
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Source: Table 4.8-6 
Note: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data 
 

FIGURE 4.8-1—Cumulative Spent Nuclear Fuel Quantities Requiring Geologic Disposal for 
the 200 Gigawatts Electric Scenario (2010 to 2060–2070) 

 
Amount of Processing Wastes Classified as High-Level Radioactive Waste Requiring 
Repository Disposal. The Fast Reactor Recycle Alternative, Thermal/Fast Reactor Recycle 
Alternative, and the Thermal Reactor Recycle Alternatives (all options) would be the only 
alternatives that generate processing wastes that would be classified as HLW. For a capacity of 
200 GWe, the amount of HLW generated by these alternatives would be approximately 50 to 
1,840 m3/yr (65 to 2400 yd3/yr). From the SNF generated from 2010 to approximately 
2060-2070, these alternatives could generate more than 50,000 m3 (71,500 yd3) of HLW between 
2010 and approximately 2060-2070 (Figure 4.8-2). There are several existing options for 
encapsulating these materials in waste forms suitable for geologic disposal, including 
borosilicate glass, as is planned for some DOE defense-related wastes.  
 
The volume of the HLW would depend on the loading density of the waste form(s), with higher 
loading densities resulting in lower total volumes of waste. Whether this volume is relevant for 
geologic disposal would depend on the constraints that may exist for repository design, such as 
the space available within the repository and thermal limits, and the potential for mitigation of 
HLW volumes that are larger than desired by the repository design changes. Such considerations 
are beyond the scope of these comparisons and are not considered in this PEIS. The values listed 



GNEP Draft PEIS Chapter 4: Environmental Impacts of the Domestic Programmatic Alternatives 
 

4-126 
 

in Table 4.8-1 are estimates based on existing technology and the best available information for 
encapsulating both transuranics and fission products for the purposes of comparison 
(Wigeland 2008a). 
 

 
 

Source: Table 4.8-6 
Notes: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data. 
A range, represented by the dark green band, is presented for the Thermal Recycle Alternative (Option 2) due to the uncertainty related to 
the upper bound data for HLW associated with this alternative. This alternative is a South Korean program, in a research stage, with only 
open literature publications available. 

 
FIGURE 4.8-2—Cumulative Quantities of High-Level Waste Requiring Geologic Disposal for 

the 200 Gigawatts Electric Scenario (Based on Recycling Spent Nuclear Fuel Generated 
Between 2010 and 2060–2070) 

 
The amount of transuranic radionuclides in the HLW and SNF varies from one alternative to 
another. The mass of transuranic radionuclides in the HLW or SNF, or both, is a measure of the 
amount of the potentially hazardous material that would be accommodated in a repository, 
although not all isotopes of the transuranic radionuclides are equally hazardous (the hazard is 
expressed by the radiotoxicity, which is covered in Section 4.8.6). In general, the potential 
hazard from the repository grows as the amount of transuranic radionuclides grows. As shown on 
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Table 4.8-1, for 200 GWe, the Fast Reactor Recycle Alternative and Thermal/Fast Reactor 

Recycle Alternative would generate the least amount of transuranic radionuclides which would 
have to be sent to a geologic repository (0.2 to 0.22 MT/yr). These transuranic radionuclides 
would result from process losses during recycling, with the transuranic radionuclides contained 
in a waste form for processing wastes. The Thorium Alternative (15.6 MT/yr), Thermal Reactor 

Recycle Alternative (Option 1) (16.6 MT/yr), Thermal Reactor Recycle Alternative (Option 2) 
(30 MT/yr), and the HWR/HTGR Alternative (Option 2—all-HTGR) (32 MT/yr) are the next 
lowest generators of transuranic radionuclides (either in HLW and/or in SNF) that would have to 
be sent to a geologic repository The No Action Alternative and the HWR/HTGR Alternative 
(Option 1—all-HWR) produce relatively large quantities of transuranic radionuclides (56 and 
76 MT/yr, respectively) in spent fuel that would have to be sent to a geologic repository.  
 
Other Wastes: Compared to the open fuel cycle alternatives, recycling SNF creates much higher 
quantities of other wastes that would require management. For example, as shown in Table 4.8-1, 
the closed fuel cycle alternatives would create separate wastes streams consisting of GTCC LLW 
and, potentially, cesium and strontium. If cesium and strontium wastes are stored for 
approximately 300 years, their radioactivity levels would have decayed sufficiently so that these 
wastes potentially could be disposed of as LLW. Another option would be to send these wastes 
to an off-site HLW storage or disposal facility after they are separated from the SNF. About 
24 metric tons per year of cesium and strontium wastes could be generated for the Fast Reactor 
Recycle Alternative, Thermal/Fast Reactor Recycle Alternative, and Thermal Reactor Recycle 
Alternative (Options 1 and 3) in the peak year of operation for 200 GWe. The Fast Reactor 
Recycle Alternative, Thermal/Fast Reactor Recycle Alternative, and Thermal Reactor Recycle 
Alternative (Option 1) would generate (considering the upper bound estimates) relatively large 
quantities of GTCC LLW (more than 13,000 m3/yr of GTCC LLW in the peak year of operation) 
that would also need to be managed annually for the 200 GWe capacity. From reprocessing the 
SNF generated between 2010 and approximately 2060–2070, each of these alternatives would 
cumulatively generate more than approximately 400,000 m3 (520,000 yd3) of GTCC LLW 
(Figure 4.8-3). The cladding and assembly hardware recovered at the separations facility have 
been included in the estimated quantity of GTCC LLW. Non-radioactive wastes (e.g., hazardous, 
sanitary, and industrial) would also be generated, but should be similar for all programmatic 
domestic alternatives.  
 

 



GNEP Draft PEIS Chapter 4: Environmental Impacts of the Domestic Programmatic Alternatives 
 

4-128 
 

 
 

Source: Table 4.8-6 
Note: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data.  
 

FIGURE 4.8-3—Cumulative Quantities of Greater-Than-Class-C Low-Level Radioactive Waste 
Generated for the 200 Gigawatts Electric Scenario (Based on Recycling Spent Nuclear Fuel 

Generated Between 2010 and 2060–2070)  
 
The Low-Level Radioactive Waste Policy Amendments Act of 1985 assigns the responsibility for 
the disposal of GTCC LLW from activities licensed by the NRC to the Federal government 
(DOE), and specifies that such GTCC LLW must be disposed of in a facility licensed by the 
NRC. There are no facilities currently licensed by the NRC for the disposal of GTCC LLW, and 
therefore this waste would remain in storage until a disposal facility can be developed.68  
 
The programmatic alternatives that recycle SNF would also generate relatively large quantities of 
LLW compared to open fuel cycle alternatives. As shown on Figure 4.8-4, the Fast Reactor 
Recycle Alternative, Thermal/Fast Reactor Recycle Alternative, and Thermal Reactor Recycle 
Alternative (Option 1) would cumulatively generate approximately 1.7 million to 2.9 million m3 
(2.2 to 3.8 million yd3) of LLW from 2010 to approximately 2060–2070.  
 
 

                                                 
68 DOE is currently preparing an Environmental Impact Statement to evaluate a range of reasonable alternatives for disposal of Greater-than-
Class-C low-level radioactive waste (see Section 1.3.7). 
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Source: Table 4.8-6 
Note: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data 

 

FIGURE 4.8-4—Cumulative Quantities of Low-Level Waste Generated for the 200 Gigawatts 
Electric Scenario (Based on Recycling Spent Nuclear Fuel Generated Between 2010 and  

2060–2070) 
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4.8.5  Human Health 
 
In this PEIS, DOE estimates the health and safety impacts to workers and the public that could 
occur during construction and operation of facilities under each domestic alternative. These 
impacts include those that could occur: 1) to workers from hazards common to similar industrial 
settings and excavation operations, such as falling or tripping (referred to as industrial hazards); 
2) to workers as a result of radiation exposure during their work activities; and 3) to the public 
from airborne releases of radionuclides. Based on previous experience, DOE concluded that 
adverse occupational impacts from industrial hazards would be expected to be low, do not offer a 
means to discriminate among the alternatives, and therefore are not discussed further in this 
section. 
 
To estimate potential radiological impacts, DOE used actual information from commercial 
nuclear plants and preliminary design information for other reactors and SNF recycling facilities. 
Using this data, DOE was able to estimate the total dose to workers and calculate the potential 
health impacts (expressed in terms of LCFs). For public exposures, DOE used the CAP-88 
computer program to model the radiological releases from the facilities and estimate impacts. 
Because the location of any new facility is unknown, DOE developed six hypothetical sites, 
based on existing commercial reactor facilities, that provide a range of values for two key 
parameters—offsite (50-mi [80-km]) population and meteorological conditions—that directly 
affect the offsite consequences of any release. The health effects identified in this PEIS analysis 
are for the operational period (2010 through approximately 2060–2070) only. By reducing the 
volume, thermal output, or radiotoxicity of SNF and HLW requiring geologic disposal, there is 
also a potential to reduce long-term health impacts from such disposal. The potential magnitude 
of the reduction in health impacts would be dependent upon site-specific factors and facility 
design. 

4.8.5.1  Impacts to Workers 

All domestic programmatic alternatives could affect worker health through direct radiation 
exposure. Table 4.8-7 presents annual impacts to the involved workers for each of the domestic 
programmatic alternatives. As shown in that table, reactor operation doses were assumed to not 
vary among reactor technologies.69 As shown, there would be slightly higher impacts to workers 
for the closed fuel cycle alternatives than the open fuel cycle alternatives. These higher impacts 
are due to the additional worker doses associated with recycling. Additionally, the closed fuel 
cycle alternatives that recycle the highest quantities of spent fuel would result in the highest 
worker doses.  
 
There also would be impacts to workers due to the storage of spent fuel and/or radioactive 
wastes. For the No Action Alternative, doses from storing the cumulative quantity of spent fuel 
that would be generated during the implementation period (approximately 158,000 MTHM of 
spent fuel) for 50 years at the reactor sites prior to geologic disposal was estimated at 
140 person-rem, or less than 3 person-rem per year. Doses from the other open fuel cycle 

                                                 
69 In 2006, the average dose to a radiation worker at a Light Water Reactor in the United States was approximately 190 mrem (NRC 2007l). This 
average dose to a radiation worker falls within the range of doses to radiation workers at Heavy Water Reactors in Canada (Health Canada 2008). 
This average dose represents the best estimate of the dose to a radiation worker for the other reactor technologies. 
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alternatives would be expected to vary according to the quantity of spent fuel in storage, and to 
range from approximately 90 person-rem to 250 person-rem. For the closed fuel cycle 
alternatives, the doses from the recycling facilities would include storage of radioactive wastes. 
Doses from such storage were not estimated for the cumulative quantities of wastes that would 
be generated, but these impacts are expected to be less than or similar to the spent fuel storage 
impacts, as these wastes would generally produce smaller radiation doses. Therefore, worker 
doses due to storage are not expected to vary significantly among alternatives, and are expected 
to be much lower than doses due to reactor operations or recycling facility operations. 
 

TABLE 4.8-7—Annual Impacts to Workers for Domestic Programmatic Alternatives 

a Doses from recycling facility operations differ because of worker differences among the closed fuel cycle alternatives.  

4.8.5.2  Impacts to the Public 

All domestic programmatic alternatives could affect public health through the release of 
radiological materials to the environment. These radiological materials, which could be ingested 
through air, water, and food, could cause radiation exposures to the public. The PEIS analyzes 
the impacts to both the maximally exposed individual (MEI), as well as the 50-mile population 
surrounding a facility. The PEIS analysis indicates that all of the facilities associated with the 
programmatic alternatives would be expected to meet all regulatory dose requirements. The 
analysis indicates that the doses from nuclear fuel recycling facilities would generally cause the 
highest doses. As a result, the alternatives that involve SNF recycling would be expected to 
result in the highest doses to the public. However, the PEIS analysis indicates that all alternatives 
would result in less than 1 LCF per year to the population surrounding the six hypothetical sites. 
 

Alternative Annual Dose from Reactor 
Operations (person-rem) 

Annual Dose from Recycling 
Facility Operations a  

(person-rem) 

Annual Latent 
Cancer Fatalities 
from All Facility 

Operations 
No Action  20,900 0 13 
Fast Reactor Recycle  20,900 4,600 15 
Thermal/Fast Reactor 
Recycle  20,900 4,400 15 
Thermal Reactor Recycle 
(Option 1) 20,900 3,300 14 
Thermal Reactor Recycle 
(Option 2)  20,900 4,600 15 
Thermal Reactor Recycle 
(Option 3)  No Data No Data No Data 
Thorium  20,900 0 13 
All-Heavy Water 
Reactor Option 20,900 0 13 
All-High Temperature 
Gas-Cooled Reactor 
Option  

20,900 0 13 
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Accident 
An unplanned event or sequence of events 
that results in undesirable consequences. 

4.8.6  Facility Accident Impacts  
 
Each of the domestic programmatic alternatives could impact public and worker health in the 
event of an accident. An accident can be initiated by 
external or internal events. External initiators originate 
outside a facility and affect the facility’s ability to 
confine radioactive material. The PEIS presents the 
impacts for a range of accidents, at six hypothetical sites, which are expected to be representative 
of the types of accidents that could occur in future domestic fuel cycle facilities. Analyses of 
accidents associated with different reactor types (e.g., LWRs, advanced LWRs, advanced 
recycling reactors, HWRs and HTGRs), different fuel sources (e.g., uranium-oxide, MOX-U-Pu, 
and thorium-uranium-oxide), and at nuclear fuel recycling facilities are included. For each 
accident scenario, the PEIS includes the likelihood (frequency) of that accident occurring during 
each year of reactor or facility operation, the potential consequences to the population and a MEI 
if the accident were to occur (expressed as LCFs), and the increased risk (frequency multiplied 
by consequences) of those LCFs. 
 
Table 4.8-8 presents a summary comparison of the estimated frequencies, consequences, and 
risks for internally initiated accidents for the various fuel cycle facilities. That table includes 
facility internally initiated accidents with both the highest consequences and the highest risks.  
 
For existing LEU fueled LWRs, the internally initiated accident with the highest consequences to 
the onsite and offsite populations is the “Interfacing System LOCA” scenario, which is also the 
highest risk internally initiated accident.  
 
For the MOX-U-Pu LWR, the highest consequence internally initiated accident is the 
“Interfacing System LOCA,” which is also the highest risk internally initiated accident.  
 
For the LEU or MOX-U-Pu fueled ALWR, the highest consequence internally initiated accident 
is the “Low Pressure Core Melt with Loss of Long-Term Coolant Makeup and Containment 
Vessel” and the highest risk internally initiated accident is the “Failure of Small Primary Coolant 
Line Outside Containment.” 
 
For the advanced recycling reactor, the highest consequence internally initiated accident is the 
“Radioactive Argon Processing System Cold Box Rupture,” which is also the highest risk 
internally initiated accident.  
 
For the HWR, the highest consequence internally initiated accident is the “Core Melt with Early 
Containment Spray System and Containment Failure.” The internally initiated HWR accident 
with the highest risk is the “Core Melt with Containment Spray System and Containment 
Functioning.”  
 
For the HTGR, the highest consequence internally initiated accident is the “Depressurized 
Conduction Cooldown with Reactor Cavity Cooling System Functioning,” which is also the 
highest risk accident. 
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For the nuclear fuel recycling center, the highest consequence internally initiated accident is the 
“Explosion and Fire in Aqueous Separations,” which is also the highest risk internally initiated 
accident. 
 
Risk values shown in Table 4.8-8 are roughly comparable for most facilities evaluated. However, 
the off-site population risk for the LEU fueled and MOX-U-Pu fueled LWR facility is relatively 
high. This is because the risk-dominant event for an LWR facility (as compared to an advanced 
LWR) is an “Interfacing System LOCA” that has a high consequence because of the unmitigated 
release. DOE estimates that this accident, which has a probability of occurrence of about 7 in 
100 million per year (i.e., frequency of about 7×10-8/yr), would result in an estimated 40,000 
additional latent cancer fatalities to the surrounding population of 8.2 million. These 
consequences are consistent with the results of the NRC’s Severe Accident Risks: An Assessment 
for Five U.S. Nuclear Power Plants, NUREG-1150 (NRC 1990) and the Surplus Plutonium 
Disposition Final Environmental Impact Statement, DOE/EIS-0283 (DOE 1999d) when the high 
population and least favorable meteorological conditions used in this analysis are considered. 
The higher consequences for this accident are not the result of differences in the fuels relative to 
other reactors, but are instead the result of the use of high release parameters and an assumption 
that all containment and filter systems would fail. Therefore, although the consequences of such 
an accident could be large, to put such an accident into perspective, the probability of the 
accident should be considered. When probability is taken into account, the collective risk to the 
offsite population from this accident is about 2×10-3 to 3×10-3 latent cancer fatalities per year of 
operation. For the maximally exposed individual, this accident would result in an increased risk 
of contracting a fatal cancer of about 7×10-8 per year of reactor operation. 
 
The highest consequence, internally-initiated accident involving advanced light water (MOX-U-
Pu or LEU fueled) reactors is a scenario in which a relief value is opened inadvertently, thereby 
allowing the reactor to depressurize and the nuclear fuel rods to melt causing a release of 
radionuclides to the environment. DOE estimated that this accident would result in 
approximately 200 additional latent cancer fatalities in a population of about 8.2 million. The 
probability that such an accident would occur is about 1 in 100 million per year (i.e., frequency 
of 1.1×10-8/yr). Another useful metric is risk, which takes into account the probability of an 
accident, and is determined by multiplying the consequences of an accident by the probability of 
occurrence. The internally-initiated advanced light water reactor accident with the highest risk to 
the public is a small loss of coolant that would occur outside of the containment structure and 
would be released into the reactor building. The collective risk to the offsite population for this 
accident is 6×10-6 latent cancer fatalities per year of operation. For the maximally exposed 
individual, this accident would result in an increased risk of contracting a fatal cancer of 1×10-8 
per year of reactor operation. 
 
The accident impacts for the thorium fueled LWR and ALWR are estimated to be the same as 
the low enriched uranium fueled LWR and ALWR, respectively. 
 
This GNEP PEIS also includes an assessment of externally initiated events and natural 
phenomena events (see Appendix D). For these accidents, the reactor accident with the highest 
risk is always the “Unmitigated Beyond Design Basis Earthquake” and the events with the 
highest consequence are generally the “Unmitigated Beyond Design Basis Earthquake” and 
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“Unmitigated Aircraft Crash”, which have the same consequences. However, for the LWR, both 
LEU fueled and MOX-U-Pu fueled, the “Interfacing System Loss of Coolant Accident” 
consequences are greater than the “Unmitigated Beyond Design Basis Earthquake” or 
“Unmitigated Aircraft Crash” event consequences. Compared to internal events, risk values 
shown for external events are relatively high. This reflects the conservative analysis used for this 
type of event that posits large source terms with no credit for holdup by the containment. 
Appendix D contains details of the consequence and risk analysis performed for each facility. 
 



C
ha

pt
er

 4
: E

nv
ir

on
m

en
ta

l I
m

pa
ct

s o
f t

he
 D

om
es

tic
 P

ro
gr

am
m

at
ic

 A
lte

rn
at

iv
es

  
G

N
EP

 D
ra

ft 
PE

IS
 

 

4-
14

5 
 

T
A

B
L

E
 4

.8
-8

—
H

ig
he

st
 In

te
rn

al
ly

 In
iti

at
ed

 A
cc

id
en

t C
on

se
qu

en
ce

s a
nd

 R
is

ks
 fo

r F
ac

ili
tie

s A
ss

es
se

d 
(S

ite
 6

) 
H

ig
he

st
 C

on
se

qu
en

ce
 A

cc
id

en
t 

H
ig

he
st

 R
is

k 
A

cc
id

en
t 

C
on

se
qu

en
ce

 
(L

C
Fs

) 
R

is
ka  

C
on

se
qu

en
ce

 (L
C

Fs
) 

R
is

ka  
 

Fr
eq

ue
nc

y 
(/y

r)
 

Po
pu

la
tio

nb  
M

E
Ic  

Po
pu

la
tio

nb  
M

E
Ic  

Fr
eq

ue
nc

y 
(/y

r)
 

Po
pu

la
tio

nb  
M

E
Ic  

Po
pu

la
tio

nb  
M

E
Ic  

LE
U

 fu
el

ed
 L

W
R

h , L
EU

 
6.

9 
x 

10
-8

 
4 

x1
04 

(N
ot

e 
2)

 
1 

0.
00

2 
7 

x1
0-8

 
6.

9 
x 

10
-8

 
4 

x1
04 

(N
ot

e 
2)

 
1 

0.
00

2 
7 

x1
0-8

 

M
O

X
-U

-P
u 

fu
el

ed
 L

W
R

h  
6.

9 
x 

10
-8

 
4 

x1
04 

(N
ot

e 
2)

 
1 

0.
00

3 
7 

x1
0-8

 
6.

9 
x 

10
-8

 
4 

x1
04 

(N
ot

e 
2)

 
1 

0.
00

3 
7 

x1
0-8

 

LE
U

 o
r M

O
X

-U
-P

u 
fu

el
ed

 
A

LW
R

d ,  
1.

1×
10

-8
 

20
0 

0.
9 

2x
10

-6
 

1 
x1

0-8
 

0.
00

1 
0.

00
6 

1x
10

-5
 

6x
10

-6
 

1x
10

-8
 

M
O

X
-U

-P
u 

fu
el

ed
 A

LW
R

d  
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

1 
N

ot
e 

3 
A

dv
an

ce
d 

R
ec

yc
lin

g 
R

ea
ct

or
e  

0.
00

1 
0.

00
4 

8x
10

-6
 

4 
x1

0-6
 

8 
x1

0-9
 

0.
00

1 
0.

00
4 

8x
10

-6
 

4 
x1

0-6
 

8 
x1

0-9
 

H
W

R
f  

1 
x 

10
-7

 
10

0 
0.

8 
1 

x1
0-5

 
8 

x1
0-8

 
5 

x 
10

-6
 

10
 

0.
06

 
7 

x 
10

-5
 

3 
x 

10
-7

 
H

TG
R

g  
6.

0 
x 

10
-6

 
2 

0.
00

4 
1 

x1
0-5

 
2 

x1
0-8

 
6.

0 
x 

10
-6

 
2 

0.
00

4 
1 

x 
10

-5
 

2 
x 

10
-8

 
Th

or
iu

m
 fu

el
ed

 L
W

R
i  

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
ot

e 
3 

N
uc

. F
ue

l R
ec

yc
le

 F
ac

ili
ty

j  
0.

00
1 

0.
9 

8 
x1

0-4
 

9 
x1

0-4
 

8 
x1

0-7
 

0.
00

1 
0.

9 
8 

x 
10

-4
9 

x 
10

-4
 

8 
x 

10
-7

 
a 
In

cr
ea

se
d 

ris
k 

of
 a

n 
LC

F.
 R

is
k 

is
 o

bt
ai

ne
d 

by
 m

ul
tip

ly
in

g 
th

e 
po

te
nt

ia
l c

on
se

qu
en

ce
s o

f a
n 

ac
ci

de
nt

 w
ith

 th
e 

pr
ob

ab
ili

ty
 o

f t
ha

t a
cc

id
en

t. 
 

b  “
Po

pu
la

tio
n”

 re
fe

rs
 to

 th
e 

50
-m

i (
80

-k
m

) p
op

ul
at

io
n 

su
rr

ou
nd

in
g 

th
e 

fa
ci

lit
y.

  

c  “
M

EI
” 

re
fe

rs
 to

 th
e 

m
ax

im
al

ly
 e

xp
os

ed
 in

di
vi

du
al

. T
he

 M
EI

 is
 d

ef
in

ed
 a

s 
a 

hy
po

th
et

ic
al

 in
di

vi
du

al
 w

ho
, b

ec
au

se
 o

f p
ro

xi
m

ity
, a

ct
iv

iti
es

, o
r l

iv
in

g 
ha

bi
ts

, c
ou

ld
 p

ot
en

tia
lly

 re
ce

iv
e 

th
e 

m
ax

im
um

 p
os

si
bl

e 
do

se
 

of
 ra

di
at

io
n 

fr
om

 a
 g

iv
en

 e
ve

nt
 o

r a
cc

id
en

t. 
d 
LE

U
 fu

el
ed

 a
nd

 M
O

X
-U

-P
u 

fu
el

ed
 A

LW
R

s a
re

 a
pp

lic
ab

le
 to

 N
o 

A
ct

io
n 

A
lte

rn
at

iv
e,

 F
as

t R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e,

 T
he

rm
al

/F
as

t R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e,

 a
nd

 T
he

rm
al

 R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e.

 
e 
A

dv
an

ce
d 

re
cy

cl
in

g 
re

ac
to

r i
s a

pp
lic

ab
le

 to
 F

as
t R

ea
ct

or
 R

ec
yc

le
 A

lte
rn

at
iv

e 
an

d 
Th

er
m

al
/F

as
t R

ea
ct

or
 R

ec
yc

le
 A

lte
rn

at
iv

e.
 

f H
W

R
 is

 a
pp

lic
ab

le
 to

 T
he

rm
al

 R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e 

(O
pt

io
n 

2)
 a

nd
 H

W
R

/H
TG

R
 A

lte
rn

at
iv

e 
(O

pt
io

n 
1)

.  
g 
H

TG
R

 is
 a

pp
lic

ab
le

 to
 T

he
rm

al
 R

ea
ct

or
 R

ec
yc

le
 A

lte
rn

at
iv

e 
(O

pt
io

n 
3)

 a
nd

 H
W

R
/H

TG
R

 A
lte

rn
at

iv
e 

(O
pt

io
n 

2)
. 

h 
LE

U
 f

ue
le

d 
an

d 
M

O
X

-U
-P

u 
fu

el
ed

 L
W

R
s 

ar
e 

ap
pl

ic
ab

le
 to

 N
o 

A
ct

io
n 

A
lte

rn
at

iv
e,

 T
he

rm
al

/F
as

t R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e 

an
d 

Th
er

m
al

 R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e 

(O
pt

io
n 

1)
. T

he
 o

nl
y 

LW
R

s 
us

in
g 

M
O

X
-U

-P
u 

fu
el

 in
 th

e 
N

o 
A

ct
io

n 
A

lte
rn

at
iv

e 
w

ou
ld

 b
e 

th
os

e 
re

ac
to

rs
 p

ar
tic

ip
at

in
g 

in
 th

e 
D

O
E/

N
N

SA
 S

ur
pl

us
 P

lu
to

ni
um

 D
is

po
si

tio
n 

Pr
og

ra
m

.  
i Th

or
iu

m
 L

W
R

 is
 a

pp
lic

ab
le

 to
 T

ho
riu

m
 A

lte
rn

at
iv

e.
  

j N
uc

le
ar

 F
ue

l R
ec

yc
lin

g 
Fa

ci
lit

y 
is

 a
pp

lic
ab

le
 to

 F
as

t R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e,

 T
he

rm
al

/F
as

t R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e,

 a
nd

 T
he

rm
al

 R
ea

ct
or

 R
ec

yc
le

 A
lte

rn
at

iv
e 

(a
ll 

op
tio

ns
). 

N
ot

e 
1:

 T
he

 s
ce

na
rio

s, 
co

ns
eq

ue
nc

es
, a

nd
 ri

sk
s 

fo
r a

 M
O

X
-U

-P
u 

fu
el

ed
 A

LW
R

 a
re

 e
xp

ec
te

d 
to

 b
e 

si
m

ila
r t

o 
th

os
e 

of
 th

e 
LE

U
 fu

el
ed

 A
LW

R
. T

he
 S

ur
pl

us
 P

lu
to

ni
um

 D
is

po
si

tio
n 

EI
S 

(S
PD

 E
IS

) (
D

O
E 

19
99

d)
 

co
nc

lu
de

d 
th

at
 u

se
 o

f M
O

X
-U

-P
u 

fu
el

 in
 a

n 
LW

R
 ra

th
er

 th
an

 L
EU

 fu
el

 w
ou

ld
 re

su
lt 

in
 a

n 
av

er
ag

e 
of

 a
bo

ut
 a

 5
 pe

rc
en

t i
nc

re
as

e 
in

 c
on

se
qu

en
ce

s. 
Th

is
 c

on
cl

us
io

n 
is

 c
on

si
de

re
d 

ap
pl

ic
ab

le
 to

 a
n 

A
LW

R
 a

s w
el

l. 
N

ot
e 

2:
 T

he
 L

EU
- a

nd
 M

O
X

-U
-P

u-
fu

el
ed

 L
W

R
 in

te
rn

al
ly

 in
iti

at
ed

 a
cc

id
en

t p
op

ul
at

io
n 

co
ns

eq
ue

nc
es

 a
nd

 ri
sk

s a
re

 tw
o 

or
 m

or
e 

or
de

rs
 o

f m
ag

ni
tu

de
 g

re
at

er
 th

an
 th

e 
co

rr
es

po
nd

in
g 

va
lu

es
 fo

r o
th

er
 re

ac
to

rs
. T

he
 

hi
gh

er
 c

on
se

qu
en

ce
 a

nd
 ri

sk
 fo

r t
he

 L
W

R
 c

as
es

 is
 d

ue
 to

 d
iff

er
en

ce
s i

n 
th

e 
as

su
m

ed
 d

es
ig

ns
 o

f t
he

 re
ac

to
rs

, n
ot

 fu
el

 d
iff

er
en

ce
s. 

Th
e 

SP
D

 F
in

al
 E

IS
 fo

un
d 

th
at

 th
e 

M
O

X
-U

-P
u 

fu
el

 in
cr

ea
se

d 
ris

k 
an

 a
ve

ra
ge

 o
f 5

 
pe

rc
en

t w
ith

 a
 m

ax
im

um
 in

cr
ea

se
 o

f 2
2 

pe
rc

en
t (

D
O

E 
19

99
d,

 p
ag

es
 6

8 
to

 7
4)

. T
he

 A
LW

R
 d

es
ig

n 
us

ed
 a

s t
he

 b
as

is
 fo

r t
hi

s P
EI

S 
in

cl
ud

es
 a

dv
an

ce
d 

ac
tiv

e 
sa

fe
ty

 fe
at

ur
es

 th
at

 a
re

 n
ot

 p
re

se
nt

 o
n 

th
e 

ex
is

tin
g 

LW
R

 
de

si
gn

 u
se

d 
as

 th
e 

ba
si

s 
fo

r t
he

 M
O

X
-U

-P
u 

an
al

ys
is

. T
he

 in
te

rn
al

ly
 in

iti
at

ed
 a

cc
id

en
t w

ith
 th

e 
gr

ea
te

st
 c

on
se

qu
en

ce
 a

nd
 ri

sk
 fo

r t
he

 L
W

R
 is

 a
n 

“I
nt

er
fa

ci
ng

 S
ys

te
m

 L
O

C
A

”,
 a

s 
sh

ow
n 

in
 A

pp
en

di
x 

D
, S

ec
tio

n 
D

.2
.1

. T
hi

s 
sc

en
ar

io
 r

es
ul

ts
 in

 a
 d

ire
ct

 r
el

ea
se

 o
f 

ra
di

oa
ct

iv
e 

m
at

er
ia

l f
ro

m
 c

on
ta

in
m

en
t (

se
e 

pa
ge

 K
-6

2 
of

 D
O

E 
19

99
d)

. T
he

 in
te

rn
al

ly
 in

iti
at

ed
 a

cc
id

en
t w

ith
 th

e 
gr

ea
te

st
 c

on
se

qu
en

ce
 a

nd
 r

is
k 

fo
r 

th
e 

LE
U

 
fu

el
ed

 A
LW

R
 i

s 
a 

“L
ow

 P
re

ss
ur

e 
C

or
e 

M
el

t 
w

ith
 L

os
s 

of
 L

on
g-

Te
rm

 C
oo

la
nt

 M
ak

eu
p 

an
d 

C
on

ta
in

m
en

t 
V

es
se

l”
 (

D
O

E 
19

95
b)

. T
hi

s 
ac

ci
de

nt
 i

nv
ol

ve
s 

co
nt

ai
nm

en
t 

ve
nt

in
g 

th
ro

ug
h 

a 
sc

ru
bb

er
, w

hi
ch

 i
s 

ex
pe

ct
ed

 to
 re

du
ce

 p
ar

tic
ul

at
e 

re
le

as
es

 b
y 

ro
ug

hl
y 

tw
o 

or
de

rs
 o

f m
ag

ni
tu

de
. A

s 
w

ith
 th

e 
A

LW
R

, t
he

 o
th

er
 a

dv
an

ce
 re

ac
to

rs
 d

es
ig

ns
 c

on
si

de
re

d 
in

 th
is

 P
EI

S 
in

cl
ud

e 
in

he
re

nt
 p

as
si

ve
 a

nd
/o

r a
dv

an
ce

 a
ct

iv
e 

sa
fe

ty
 

fe
at

ur
es

 th
at

 p
re

ve
nt

 r
el

ea
se

s. 
Th

e 
co

nc
lu

si
on

 th
at

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

M
O

X
-U

-P
u 

in
te

rn
al

ly
 in

iti
at

ed
 a

cc
id

en
t r

es
ul

ts
 a

nd
 th

e 
re

su
lts

 f
or

 th
e 

ot
he

r 
re

ac
to

rs
 is

 d
ue

 to
 d

iff
er

en
ce

s 
in

 th
e 

as
su

m
ed

 r
ea

ct
or

 
de

si
gn

s 
is

 s
up

po
rte

d 
by

 th
e 

re
su

lts
 fo

r t
he

 e
xt

er
na

lly
 in

iti
at

ed
 a

nd
 n

at
ur

al
 p

he
no

m
en

a 
ac

ci
de

nt
s. 

Fo
r t

he
se

 a
cc

id
en

ts
 (i

.e
., 

th
e 

“B
ey

on
d 

D
es

ig
n 

B
as

is
 E

ar
th

qu
ak

e”
 a

nd
 “

A
irc

ra
ft 

C
ra

sh
”)

, t
he

 re
ac

to
r d

es
ig

ns
 w

er
e 

no
t c

on
si

de
re

d 
an

d 
co

m
m

on
 re

le
as

e 
pa

ra
m

et
er

s w
er

e 
ap

pl
ie

d 
to

 th
e 

co
re

 in
ve

nt
or

ie
s f

or
 a

ll 
re

ac
to

rs
. T

he
se

 re
su

lts
 (s

ee
 A

pp
en

di
x 

D
) s

ho
w

 th
e 

M
O

X
-U

-P
u 

fu
el

ed
 L

W
R

 a
nd

 L
EU

 fu
el

ed
 A

LW
R

 re
su

lts
 a

re
 si

m
ila

r. 
Th

e 
di

ff
er

en
ce

 in
 th

e 
as

su
m

ed
 p

ow
er

 le
ve

ls
 fo

r t
he

 o
th

er
 re

ac
to

rs
, r

an
gi

ng
 fr

om
 ro

ug
hl

y 
3,

40
0 

M
W

th
 fo

r t
he

 la
rg

es
t M

O
X

-U
-P

u 
LW

R
 (s

ee
 S

ec
tio

n 
K

-7
 o

f D
O

E 
19

99
d)

 to
 3

50
 M

W
th

 fo
r t

he
 H

TG
R

 (B
ow

m
an

. 
19

91
) a

cc
ou

nt
s f

or
 m

uc
h 

of
 th

e 
di

ff
er

en
ce

s. 
N

ot
e 

3:
 T

he
 a

cc
id

en
t i

m
pa

ct
s f

or
 th

e 
Th

or
iu

m
 L

W
R

 a
lte

rn
at

iv
e 

ar
e 

es
tim

at
ed

 to
 b

e 
th

e 
sa

m
e 

as
 th

e 
LE

U
 L

W
R

. S
ee

 A
pp

en
di

x 
D

. 



GNEP Draft PEIS Chapter 4: Environmental Impacts of the Domestic Programmatic Alternatives 

4-146 
 

Intentional Destructive Acts 
 
Whether acts of sabotage or terrorism would occur, and the exact nature and location of the 
events or the magnitude of the consequences of such acts if they were to occur, are inherently 
uncertain. Nevertheless, DOE estimated the consequences of intentional destructive acts, such as 
terrorism events. The analysis of intentional destructive acts differs from the accident analysis 
presented above in that this analysis is intended to provide an estimate of the consequences of 
such events, without attempting to determine a frequency associated with intentional destructive 
acts (DOE assumes an intentional destructive act would occur; i.e., with a probability of 1.0). 
Table 4.8-8a summarizes the results of the analysis. 
 

Table 4.8-8a—Summary of Bounding Intentional Destructive Acts Scenarios 

a Increased number of Latent Cancer Fatalities.  
b Increased likelihood of a Latent Cancer Fatality.  
Note: MEI = maximally exposed individual 
 
The offsite population impacts in Table 4.8-8a differ among the various reactors due in part to 
the differences in the amount of electricity produced (power levels) by the reactors. For example, 
the power level of an LWR is nearly ten times greater than the power level of an HTGR. When 
power level is considered, offsite population impacts are consistent among the reactors, with the 
exception of the LWR. 
 
Even after considering differences in power levels, the low enriched uranium and MOX-U-Pu 
fueled LWR offsite population impacts are still greater than the offsite population impacts for the 
other reactors. This is because the LWR results are based on an internally-initiated, intentional 
event in which coolant is lost, whereas the impacts for all other reactors are based on an aircraft 
crash event. The advanced LWR design includes safety features that make the probability of 
internal events, such as a catastrophic loss of coolant, remote, but the LWR analyzed does not 
include these safety features. As a result of the different events and higher release parameters, 
the LWR offsite population impacts are greater than the impacts for the ALWR. All future 
reactors are expected to have advanced designs that would make scenarios, such as the 
catastrophic loss of coolant, remote. 
 

Facility Offsite Populationa  MEIb Noninvolved 
Workerb  

 Dose  
(person-rem)

Latent 
Cancer 
Fatality 

Dose  
(rem) 

Latent 
Cancer 
Fatality 

Dose 
(rem) 

Latent 
Cancer 
Fatality

Light Water Reactor– Low Enriched 
Uranium, MOX-U-Pu, thorium 6x107 4x104 1x105 1 5x105 1 

Advanced Light Water Reactor– Low 
Enriched Uranium or MOX-U-Pu, thorium 8x106 5,000 

2x104 1 
2x105 1 

Advanced Recycling Reactor 2x107 1x104 5x104 1 4x105 1 
Heavy Water Reactor 3x106 2,000 7,000 1 6x104 1 
High Temperature Gas-Cooled Reactor 1x106 800 3,000 1 3x104 1 
       
Nuclear Fuel Recycling Center 2x105 100 70 0.09 500 0.6 
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4.8.7 Transportation Impacts 
 
Transportation of SNF and/or HLW and other radiological materials would be required for all 
alternatives. Once generated at a commercial reactor, SNF would eventually need to be 
transported to a repository (for the open fuel cycle alternatives) or to a recycling facility (for the 
closed fuel cycle alternatives). Reusable materials from recycling would be fabricated into new 
reactor fuel for further use, and non-reusable materials would be transported for disposal as 
appropriate. Tables 4.8-9 and 4.8-10 identify the number of shipments associated with the 
programmatic domestic alternatives for 1) all truck and 2) a combination of truck and rail. 
Because all shipments of fresh nuclear fuel are assumed to occur via truck transport, there is no 
transportation scenario in which all transportation would occur via rail only. Consequently, the 
PEIS presents transportation impacts for a combined truck and rail scenario (in tables this 
scenario is designated as “truck/rail”) for the 200 GWe scenario. As shown on those tables, the 
number of shipments would vary significantly among the alternatives depending upon whether 
shipments are made via truck (highest number of shipments) or a combination of truck and rail 
(lowest number of shipments). 
 
The results of the transportation analysis are presented in two sets of tables. The first set of tables 
(Tables 4.8-11 and 4.8-12) present the impacts associated with handling (loading and inspection) 
SNF and/or HLW and other radiological materials for the 200 GWe scenario. Impacts are 
presented in terms of radiological impacts (expressed in person-rem and converted to LCFs using 
a dose-to-risk conversion factor of 6×10-4 LCF per person-rem). Table 4.8-11 presents the 
handling impacts for truck transport and Table 4.8-12 present the handling impacts for truck and 
rail transport. The impacts of handling radiological material are independent of the distance that 
the material would be transported. As such, the handling impacts would be the same whether the 
material is transported 500 mi (805 km), 2,100 mi (3,380 km), or any other distance. For this 
reason, these impacts are presented separately from the in-transit impacts (which are presented in 
the second set of tables).  
 
The handling of spent fuel and other radiological materials at the various facilities could result in 
health and safety impacts to workers. The estimated latent cancer fatalities from the handling of 
truck casks (under the open fuel cycle alternatives) would range from about 26 (No Action 
Alternative) to 487 (HWR/HTGR Alternative [Option 2—all HTGR]); under the closed fuel 
cycle alternatives from about 47 (Thermal Reactor Recycle [Option 2]) to about 133 (Thermal 
Reactor Recycle [Option 1]) (Table 4.8-11). The estimated LCFs from the handling of casks for 
the combination of truck and rail transport under the open fuel cycle alternatives would range 
from about 12 (HWR/HTGR Alternative [Option 1—all HWR]) to 75 (HWR/HTGR Alternative 
[Option 2—all HTGR]), and under the closed fuel cycle alternatives would range from about 25 
(Thermal Reactor Recycle [Option 2]) to 136 (Fast Reactor Recycle Alternative) (Table 4.8-12). 
The estimated number of LCFs would occur in a worker population of several hundred thousand 
who would be involved in these operations every year.  
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TABLE 4.8-9—Total Number of Shipments (50 Years of Implementation),  
Truck Transit (200 Gigawatts Electric) 

Material/Waste No 
Action 

Fast 
Reactor 
Recycle 

Thermal/ 
Fast 

Reactor 
Recycle 

Thermal 
Reactor 
Recycle 
Option 1 

Thermal 
Reactor 
Recycle 
Option 2 

Thorium 
Cycle 

All-
HWR All-HTGR 

LWR SNF 79,000 59,000 63,000 11,000 70,500 50,500 34,000 34,000 
Fast Reactor SNF  35,000 27,500      
Cs/Sr waste  10,800 10,800 10,800     
HLW  53,600 52,700 50,700 31,000    
GTCC LLW 3,200 524,000 504,000 513,000 10,000 3,200 3,200 3,200 
LLW 19,000 93,400 83,200 84,000 23,000 19,000 19,000 19,000 
Recovered 
Uranium 
(Aqueous) 

 16,400 18,300 2,920 19,000    

Recovered 
Uranium (Metal)  7,580 5,960      

MOX SNF   8,000 195,000     
Thorium SNF      155,000   
HWR SNF     44,840  114,000  
HTGR SNF        1,560,000 
Fresh LWR fuel 26,300 19,700 21,000 3,670 23,500 16,800 11,300 11,300 
Transmutation 
fuel  35,000 27,500      

Fresh MOX fuel a   4,380 107,000     
Fresh Thorium 
fuel      22,800   

Fresh HWR fuel     21,900  55,600  
Fresh HTGR fuel        105,000 
Total Shipments 
(Note 2) 

128,000 854,000 826,000 978,000 244,000 267,000 237,000 1,730,000 

Source: Appendix E 
a The MOX spent fuel was assumed to be transported in DOE spent fuel canisters, with a capacity of 0.75 MTHM per container. Fresh MOX fuel was 
assumed to be transported in Class B containers as described in NRC 2005c. These containers have a capacity of 1.37 MTHM per shipment and are not 
appropriate for the shipment of spent fuel. Considering this, there would be approximately 83 percent more spent fuel shipments than fresh for the 
same amount of fuel. 
Note 1: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data.  
Note 2: Total shipments rounded to nearest thousand.  
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TABLE 4.8-10—Total Number of Shipments (50 Years of Implementation),  
Truck and Rail Transporta (200 Gigawatts Electric) 

Material/Waste No 
Action 

Fast 
Reactor 
Recycle 

Thermal/F
ast 

Reactor 
Recycle 

Thermal 
Reactor 
Recycle 
Option 1 

Thermal 
Reactor 
Recycle 
Option 2 

Thorium 
Cycle 

All-
HWR 

All-
HTGR 

LWR SNF 6,320 4,720 5,280 880 5,640 4,040 2,720 2,720 
Fast Reactor SNF  7,000 5,500      
Cs/Sr waste  2,150 2,150 2,150     
HLW  10,700 10,540 10,100 6,200    
GTCC LLW 630 103,000 101,000 101,000 2,000 630 630 630 
LLW 3,800 18,900 16,600 17,000 4,500 3,800 3,800 3,800 
Recovered 
Uranium 
(Aqueous) 

 3,200 3,660 584 3,800    

Recovered 
Uranium (Metal)  1,520 1,190      

MOX SNF   178 4,330     
Thorium SNF      3,450   
HWR SNF     996  2,500  
HTGR SNF        33,000 
Total Rail 
Shipments 10,800 151,000 146,000 136,000 23,000 11,900 9,650 40,200 

Fresh LWR  
fuel a 

26,300 19,700 21,000 3,670 23,500 16,800 11,300 11,300 

Transmutation 
fuel a  35,000 27,500      

Fresh MOX fuel a   4,380 107,000     
Fresh Thorium 
fuel a      22,800   

Fresh HWR fuel a     21,900  55,600  
Fresh HTGR fuel a        105,000 
Total Truck 
Shipments 26,300 54,700 52,900 110,000 45,400 39,600 66,900 116,000 

Total Shipments 
(Rail + Truck)  
(Note 2) 

37,000 206,000 199,000 246,000 68,500 51,500 76,600 156,000 

Source: Appendix E 
a All shipment of fresh nuclear fuel is assumed to be via truck transport. 
Note 1: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data 
Note 2: Total shipments rounded to three significant figures. 
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TABLE 4.8-11—Summary of Handling Impacts for 50 Years of Implementation,  
All Programmatic Domestic Alternatives (Truck Transit)—200 Gigawatts Electric 

 Handling Impacts 
 Loading Inspection Total 
 person-rem LCFs person-rem  LCFs person-rem  LCFs 
No Action 36,700 22 6,430 4 43,200 26 
Fast Reactor Recycle 160,000 96 17,900 11 177,000 106 
Thermal/Fast Reactor 
Recycle 155,000 93 17,200 10 172,000 103 

Thermal Reactor 
Recycle, Option 1 198,000 119 23,800 14 222,000 133 

Thermal Reactor 
Recycle, Option 2 67,100 40 11,100 7 78,100 47 

Thorium 91,700 55 15,800 9 107,000 64 
HWR 67,500 40 11,700 7 79,100 47 
HTGR 693,000 416 119,000 71 812,000 487 
Source: Appendix E  
Note 1: LCFs rounded to nearest whole number.  
Note 2: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data. 
 

TABLE 4.8-12—Summary of Handling Impacts for 50 Years of Implementation,  
All Programmatic Domestic Alternatives (Truck and Rail Transit)—200 Gigawatts Electric 

Source: Appendix E  
Note 1: All LCFs rounded to nearest whole number.  
Note 2: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data  

  Handling Impacts 
  Loading Inspection Total 
  person-rem LCFs person-rem  LCFs person-rem  LCFs 

Rail 22,200 13 546 0 22,700 14 
Truck 592 0 101 0 693 0 No Action 

Total 22,800 14 647 0 23,400 14 
Rail 197,000 119 10,600 6 208,000 125 
Truck 15,600 9 2,660 2 18,200 11 Fast Recycle  
Total 213,000 128 13,300 8 226,000 136 
Rail 192,000 116 10,500 6 202,000 122 
Truck 12,800 8 2,190 1 15,000 9 Thermal/Fast Recycle  
Total 205,000 123 12,700 8 217,000 131 
Rail 169,000 102 8,700 5 178,000 107 
Truck 11,700 7 2,000 1 13,700 8 Thermal Recycle, 

Option 1 
Total 181,000 109 10,700 6 192,000 116 
Rail 36,900 22 2,780 2 39,700 24 
Truck 1,020 1 175 0 1,200 1 Thermal Recycle, 

Option 2 
Total 37,900 23 2,950 2 40,900 25 
Rail 26,100 16 632 0 26,700 16 
Truck 891 1 152 0 1,040 1 Thorium 
Total 27,000 16 784 0 27,700 17 
Rail 18,500 11 464 0 19,000 11 
Truck 1,500 1 257 0 1,760 1 HWR 
Total 20,000 12 722 0 20,700 12 
Rail 120,000 72 2,700 2 122,000 73 
Truck 2,620 2 447 0 3,060 2 HTGR 
Total 122,000 73 3,160 2 126,000 75 
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The in-transit impacts are shown in Tables 4.8-13 (truck transit) and 4.8-14 (truck and rail 
transit) for the programmatic domestic fuel cycle alternatives. Unlike handling impacts, the in-
transit impacts are dependent on the distance that material would be transported. For each 
radiological shipment, the in-transit impacts presented in Tables 4.8-13 and 4.8-14 are assumed 
to be 2,100 mi (3,380 km) of transport. The impacts presented in Tables 4.8-13 and 4.8-14 would 
vary based on a variety of factors, including the distance that the radiological material would be 
transported, the specific routes that would be utilized, the population densities along those routes, 
and others. Of these factors, the transport distance is considered to be the most significant factor. 
DOE has analyzed how the impacts would change as a function of distance traveled. Although 
the in-transit impacts are not exactly “linear” (i.e., twice the impacts for twice the distance 
transported), that is a close approximation. Consequently, if the radiological material were 
transported 500 mi (805 km), all of the in-transit impacts presented in Tables 4.8-13 and 4.8-14 
could be estimated by multiplying the values in those tables by 0.24 (500/2,100). 
 

TABLE 4.8-13—Summary of In-Transit Transportation Impacts for 50 Years of 
Implementation, All Programmatic Domestic Alternatives (Truck Transit)— 

200 Gigawatts Electric 
In Transit Impacts (Note 1) Accident Impacts 
Crew Public  person-

rem LCFs person-
rem LCFs 

Total 
Incident-Free 

LCFs 
person-

rem LCFs Collision 
Fatalities 

No Action 14,900 9 71,300 42 52 1.37 0 11 
Fast Reactor 
Recycle  151,000 90 371,000 222 313 51.6 0 73 
Thermal/Fast 
Reactor Recycle  146,000 87 360,000 216 303 41.0 0 71 
Thermal Reactor 
Recycle, Option 1 157,000 94 441,000 265 359 2.97 0 84 
Thermal Reactor 
Recycle, Option 2 31,000 19 137,000 82 101 1.23 0 21 
Thorium 36,300 22 179,000 107 129 0.881 0 23 
HWR 26,600 16 130,000 78 94 0.597 0 20 
HTGR 271,000 162 1,360,000 816 979 0.592 0 149 
Source: Appendix E 
Note 1: LCFs rounded to nearest whole number.  
Note 2: Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data  
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TABLE 4.8-14—Summary of In-Transit Transportation Impacts for 50 Years of 
Implementation, All Programmatic Domestic Alternatives (Truck and Rail Transit)— 

200 Gigawatts Electric 
In Transit Impacts (Note 1) Accident Impacts 
Crew Public 

 

person-
rem LCFs person-

rem LCFs 

Total 
Incident-

Free 
LCFs 

person-
rem LCFs Collision 

Fatalities 

Rail 420 0 1,240 1 1 0.0828 0 1 
Truck 36.3 0 183 0 0 0 0 2 No Action 
Total 456 0 1,430 1 1 0.0828 0 3 
Rail 4,670 3 24,100 14 17 10.4 0 10 
Truck 5,940 4 29,990 18 22 0.487 0 5 Fast Recycle 
Total 10,600 6 54,100 32 39 10.9 0 15 
Rail 4,540 3 23,500 14 17 8.26 0 10 
Truck 4,710 3 24,400 15 17 0.382 0 5 Thermal/Fast 

Recycle 
Total 9,250 6 42,300 25 34 8.64 0 15 
Rail 4,070 2 22,200 13 16 0.345 0 10 
Truck 855 1 20,100 12 13 0 0 9 

Thermal 
Recycle, 
Option 1 Total 4,920 3 42,300 25 28 0.345 0 19 

Rail 940 1 4,950 3 4 0.130 0 2 
Truck 62.7 0 316 0 0 0 0 4 

Thermal 
Recycle, 
Option 2 Total 1,010 1 5,260 3 4 0 0 6 

Rail 487 0 1,420 1 1 0.0561 0 1 
Truck 62.9 0 317 0 0 0 0 3 Thorium 
Total 550 0 1,740 1 1 0.0561 0 4 
Rail 358 0 1,080 1 1 0.0407 0 0 
Truck 92.3 0 466 0 0 0 0 6 HWR 
Total 450 0 1,540 1 1 0.0407 0 6 
Rail 2,090 1 5,660 3 5 0.0361 0 3 
Truck 160 0 809 0 1 0 0 10 HTGR 
Total 2,250 1 6,470 4 5 0.0361 0 13 

Source: Appendix E 
Note 1) LCFs rounded to nearest whole number.  
Note 2) Thermal Reactor Recycle Alternative (Option 3) not included due to unavailability of data.  

 
As shown on Tables 4.8-13 and 4.8-14, there are potentially significant differences in impacts 
depending upon whether transportation occurs via truck or a combination of truck and rail. For 
all alternatives, truck and rail transport would result in smaller impacts than truck transport. This 
is due to the fact that there would be many fewer transportation shipments for truck and rail 
compared to truck only. This would directly affect the distance traveled and exposures to both 
crews and the public. Additionally, the number of accident fatalities (collisions) would be 
smaller for the truck and rail transport.  
 
For truck transport, the HWR/HTGR Alternative (Option 2—all HTGR) would have the highest 
transportation impacts (incident-free and traffic fatalities), primarily due to the large number of 
shipments of spent fuel (more than 1.7 million shipments, as shown in Table 4.8-9). This 
relatively large number of shipments is caused primarily by the large volume of spent fuel 
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associated with the graphite blocks in HTGRs. The Fast Reactor Recycle Alternative, 
Thermal/Fast Reactor Recycle Alternative and Thermal Reactor Recycle Alternative (Option 1) 
would have the next highest impacts. 
 
As shown on Table 4.8-14, for truck and rail transport, the Fast Reactor Recycle Alternative, 
Thermal/Fast Reactor Recycle Alternative, and Thermal Reactor Recycle Alternative (Option 1) 
would have the highest expected transportation impacts. For truck and rail transport, these closed 
fuel cycle alternatives would have the most shipments, the highest handling impacts, and the 
highest in-transit impacts.  
 
The reason why the HWR/HTGR Alternative (Option 2—all HTGR) would not have the highest 
transportation impacts for truck and rail transport is because the packaging of spent nuclear fuel 
potentially could allow for a reduction in the number of spent fuel shipments by a factor of 
approximately 45 (from 1,560,000 truck shipments of spent fuel to 33,000 rail shipments of 
spent fuel). By contrast, the transportation impacts of the closed fuel cycle alternatives (with the 
exception of the Thermal Reactor Recycle Alternative—Option 2) are dominated by Greater-
than-Class-C low-level radioactive waste shipments. When packaged for rail transportation, 
these waste shipments, while reduced compared to truck transport, would remain large. 
 
4.8.8 Potential Impacts on Design or Operation of a Future Geologic Repository 
 
The GNEP PEIS alternatives could have an impact on the design or operation of a future 
geologic repository by reducing the radiotoxicity, heat load, or volume of SNF and HLW. These 
reductions have the potential to decrease the regulatory uncertainty involved in predicting the 
long-term performance of such a repository, or to increase the public acceptability of geologic 
disposal, so that adequate disposal capacity can be found for future commercial nuclear waste 
inventories. These three areas are discussed below.  
 
Potential Reduction in Radiotoxicity: SNF and HLW are toxic, primarily due to the presence 
of radioactive isotopes. A common way to describe the hazard of SNF and HLW is through the 
concept of “radiotoxicity,” which is a measure of the adverse health effects caused by a 
radionuclide due to its radioactivity. Radiotoxicity varies greatly from one isotope to another 
because radiotoxicity is determined by the type and energy of radiation emitted during 
radioactive decay. In general, the radiotoxicity from a given isotope is a function of the nature of 
its radioactive decay and the amount (mass) of the isotope present in the SNF or HLW. 
Radiotoxicity is a function of time, in part, because the radiotoxicity from any isotope will be 
reduced to negligible levels as radioactive materials decay over time, although the decay process 
can require millions of years for some isotopes. One measure of the potential hazard of SNF and 
HLW is to compare the time required for the radiotoxicity of these radioactive materials to be 
reduced to that of the natural uranium ore70 used as the source material for the nuclear fuel. Such 
comparisons should not be construed to indicate that such wastes would not need to continue to 
be isolated in a geologic repository once the radiotoxicity of the wastes is comparable to natural 
uranium ore. Although such a comparison is informative, it should be noted that radiotoxicity is 
not a regulatory standard relevant to the disposal of SNF and HLW. Current U.S. regulatory 

                                                 
70 Natural uranium is not without its own health hazards (see Section 4.1.1). 
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standards that apply to SNF and HLW disposal are based on the estimated peak dose rate for the 
maximally reasonably exposed individual for the applicable time period. This estimated peak 
dose rate is based upon a site-specific performance assessment that takes into account the 
characteristics of the materials to be disposed, the repository characteristics, and the geologic 
setting. 
 
Figure 4.8-5 shows the radiotoxicity of the various types of spent nuclear fuel and/or high-level 
radioactive waste relative to uranium ore as a function of time. Table 4.8-1 includes the time 
required for the spent nuclear fuel and high-level radioactive waste to decay to the radiotoxicity 
of natural uranium ore for each programmatic alternative.  
 

 
Source: Modified from Wigeland 2008a 
FIGURE 4.8-5—Radiotoxicity of Spent Nuclear Fuel and/or High-Level Waste Over Time 

 
As shown, SNF from LWRs remains more radiotoxic than uranium ore for about 240,000 years. 
Alternatives that do not recycle SNF and transmute the long-lived actinides (with either fast 
reactors or thermal reactors) would generate waste that would remain more radiotoxic than the 
original natural uranium ore for approximately 85,000 to 525,000 years (Wigeland 2008a). 
Implementation of the Thermal Reactor Recycle Alternative (Option 1) could reduce the time 
period for which the radiotoxicity of the radioactive materials exceeds that of uranium ore to 
approximately 55,000 years, while implementation of the Fast Reactor Recycle Alternative or the 
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Thermal/Fast Reactor Recycle Alternative could further reduce the longer-lived transuranic 
isotopes remaining in the radioactive wastes. Removal of uranium and transuranic elements via 
recycling could reduce the time period for which the radiotoxicity of the waste exceeds that of 
uranium ore from between approximately 85,000 and 525,000 years to perhaps less than one 
thousand years, depending on the amount of uranium and transuranic loss from all processes that 
eventually becomes part of the wastes destined for disposal.  
 
Potential Reduction in Thermal Load: The thermal load from the SNF and HLW is caused by 
decay heat. Thermal load is a potentially relevant measure for geologic disposal because a 
repository would have thermal limits on both the engineered structures and the repository 
environment. For purposes of analysis in the PEIS, the thermal load reduction factor on a 
repository is 1.0 for the No Action Alternative, and the relative thermal load reduction of the 
action alternatives is compared to this value. For example, the high-level radioactive waste 
associated with the Fast Reactor Recycle Alternative and the Thermal/Fast Reactor Recycle 
Alternative would reduce the thermal loading on a repository by a factor of approximately 235 
for the same total electricity generation (i.e., these alternatives could generate 235 times as much 
electricity as the No Action Alternative before producing the same thermal loading on a 
repository) (Table 4.8-1). However, other factors, including the specific geologic conditions of 
the repository, could affect the total amount of SNF and/or HLW that could be disposed of in the 
repository. With respect to the other action alternatives, DOE estimates that thermal load 
reduction factors would range between 0.9 and 2.0. While most alternatives show an 
improvement compared to the No Action Alternative, recycling light water reactor and fast 
reactor spent fuel would achieve the most significant improvements in repository thermal 
loading. 
 
Potential Reduction in Volume: The volume of radioactive materials requiring geologic 
disposal can be determined by the mass of material to be disposed, times the concentration of 
waste in the final waste form, adjusted to reflect the volume of surrounding waste packaging. For 
example, one potential waste form is borosilicate glass, for which there is a maximum 
radionuclide concentration that would dissolve into the glass, which in turn would determine the 
maximum waste loading. The glass would then be put into a waste package, the design of which 
is yet to be determined for a future geologic repository.  
 
As shown in Table 4.8-1, the annual volume of spent nuclear fuel generated by the open fuel 
cycle alternatives (e.g., No Action Alternative, HWR/HTGR Alternative) is much greater than 
that of the closed fuel cycle alternatives (e.g., Fast Recycle Alternative, Thermal/Fast Recycle 
Alternative) in which the spent fuel is recycled. In contrast, the closed fuel cycle alternatives 
would generate HLW requiring geologic disposal, and GTCC LLW, neither of which is 
generated by operations related to the open fuel cycle alternatives. The Department recognizes 
that the volume of high-level radioactive waste could be reduced by employing advanced 
methods to separate long-lived fission products (such as technetium and iodine) from potentially 
useful products (such as uranium and transuranic elements) and potentially from cesium and 
strontium.  
 
Sensitivity of Analysis to Assumptions Related to Separations and Recovery Efficiency: In 
this PEIS analysis, the assumption has been made that for cases where SNF is recycled, the loss 
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of desired materials into the waste streams is 0.1 percent. The losses can occur in a separations 
plant or during fuel fabrication. The sensitivity of the waste management metrics to a higher loss 
rate was evaluated (see Wigeland 2008b for details on this evaluation). A summary of that 
analysis is as follows: 
 

– The volume of HLW is dominated by the fission products. The addition of a small 
amount of plutonium, such as would occur if the loss rate were 1 percent instead of 
0.1 percent, would make little difference. This would also be true for GTCC LLW, as this 
is dominated by the cladding and assembly hardware from the SNF, along with other 
wastes from processing and operations. If the loss of transuranics was included in waste 
streams that would be designated LLW, such loss could increase the volume and/or 
activity of LLW, and could also increase the volume of GTCC LLW. This is because 
LLW requires very low concentrations of alpha radiation emitters, including plutonium 
(10 CFR 61.55). Higher concentrations of alpha radiation emitters would result in the 
waste being reclassified as GTCC LLW. 

– Additional transuranic loss to the waste stream would increase the decay heat and have a 
negative impact on the thermal load.  

– Higher losses to the HLW would significantly affect the radiotoxicity, since the reduction 
in radiotoxicity is mainly due to the much lower transuranic content. It can be estimated 
that if the loss of transuranics to the HLW were 1.0 percent instead of 0.1 percent, the 
increased radiotoxicity would delay the time at which the waste would decay to natural 
uranium ore (Wigeland 2008b). 

 
4.8.9 Major Differences in Impacts for Other Growth Scenarios  
 
For purposes of assessing environmental impacts, a 1.3 percent growth rate (approximately 
200 GWe of nuclear electricity capacity in approximately 2060–2070) was used as the reference 
scenario for this PEIS. This section discusses the major differences in environmental impacts for 
other growth rates (zero, 0.7, and 2.5 percent), which are included in this PEIS. Both 
construction and operation impacts are discussed below compared to the reference scenario.  
 
Construction: Construction impacts would vary in direct proportion to any change in growth 
rate compared to the reference scenario. For example, in order to achieve a capacity of 400 GWe, 
twice as much capacity would need to be constructed for all fuel cycle alternatives. This would 
disturb twice as much land, produce twice the socioeconomic impacts, and use twice the amount 
of water. For the closed fuel cycle alternatives, twice as much recycling capacity would be 
required. 
 
Operation: On a strictly annual basis, operational impacts would also vary in direct proportion 
to any change in the growth rate. At steady-state, operating twice as much capacity would 
produce twice as much electricity; would generate twice as much SNF; produce twice as much 
waste; and use twice as much water. However, cumulative, non-linear differences would occur 
over time as each alternative is implemented. This is due to the fact that the alternatives would 
all ramp-up from the same starting point (approximately 100 GWe in 2010). Consequently, the 
cumulative impacts of growth annualized at 2.5 percent annually until 2060–2070 would be less 
than twice as much.  



Chapter 4: Environmental Impacts of the Domestic Programmatic Alternatives  GNEP Draft PEIS 
 

4-157 
 

4.9 DECONTAMINATION AND DECOMMISSIONING IMPACTS 
 
Following the ROD for this PEIS, any facilities that might be constructed and operated would 
undergo decontamination and decommissioning (D&D) at the end of their useful life. Because 
such D&D is not likely to occur for many decades, there are many external factors (such as 
regulatory requirements and technology developments) that could affect the ultimate impacts 
associated with D&D. The analysis that follows is based on an extrapolation of the 
environmental impacts that resulted from the recent D&D of the 900-MWe Maine Yankee PWR 
plant. That nuclear power plant underwent a successful decommissioning from 1997 to 2005 
with all plant structures removed to 3 feet below grade and the site restored to stringent clean-up 
standards. Maine Yankee was one of the first large U.S. commercial power reactors to complete 
decommissioning.  
 
4.9.1   Decontamination and Decommissioning of the Maine Yankee Reactor Plant 
 
As a point of reference, this section presents a summary of the impacts that resulted from the 
D&D of the Maine Yankee reactor plant. This information was summarized from the Maine 
Yankee Decommissioning Experience Report, prepared by New Horizon Scientific, LLC for the 
Electric Power Research Institute and Maine Yankee in 2005 (Maine Yankee 2005). 
 
Cleanup Level: Release criteria of 10 mrem/yr through all pathways and 4 mrem/yr through the 
groundwater pathway were the required clean-up levels. At these levels, the equipment, 
structures and portions of the facility and site containing radioactive contaminants would be 
removed or decontaminated to a level that would permit the property to be released for 
unrestricted use once the removal/cleanup work was finished. The site was cleaned-up to a level 
significantly lower than these criteria.  

Area: Yankee Maine was located on an 820-acre (332-ha) site in Wiscasset, Maine. 
Approximately 179 acres (72 ha) were licensed by the NRC. Following D&D, 200 acres (80 ha) 
of plant property were donated for conservation and environmental education, and 400 acres 
(160 ha) of plant property were transferred for economic development. Following D&D, the 
NRC amended Maine Yankee's license, reducing the land under the license from approximately 
179 acres (72ha) to the 12-acre (5-ha) Independent Spent Fuel Storage Installation, located on 
Bailey Point Peninsula.  

Employment: Peak employment during D&D was approximately 300 persons. 

Radiological impacts to workers: The total radiation dose was estimated to be approximately 
525 person-rem, which is less than 50 percent of the exposure limit in the decommissioning 
Generic EIS.  

Nonradiological impacts to workers: The project completed over 2 million safe work hours 
without a lost time accident. Overall, the project completed approximately 5.4 million hours with 
a recordable incident rate of approximately 2.3 per 200,000 hours worked. 
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Wastes: Approximately 198 tons of waste total. 
 

– Approximately 75 tons of non-radioactive waste were generated as a result of the D&D 
process. The largest component of this waste stream was concrete, with the remaining 
waste in the form of metals, recyclables, and construction and demolition debris. These 
non-radioactive wastes were shipped to appropriate state landfill site for disposal, in a 
manner similar to any other industrial site demolition. Approximately 80,000 cubic feet 
of asbestos waste was also removed.  

– Approximately 123 tons of LLW were generated as a result of the D&D of this facility. 
LLW at Maine Yankee included contaminated metal, concrete, dry active waste, soil and 
components of the Nuclear Steam Supply System (reactor vessel, steam generators, 
pressurizer, and reactor coolant pumps). This waste was packaged on-site and then 
shipped out-of-state to the EnergySolutions/Barnwell disposal site, a waste processor, for 
sorting and ultimate disposition. Of this, approximately 72 tons was concrete, 36 tons was 
soil, and 15 tons was components and commodities. Approximately 90 percent of the 
LLW was classified as “Class A,” which has the lowest amount of radioactivity. Class C 
includes irradiated metal and some of the reactor vessel internals. Class C is the highest 
classification that can go into a licensed near-surface disposal facility. Maine Yankee has 
a small amount of GTCC LLW. This waste mainly consists of internal parts of the reactor 
vessel that will be segmented and removed. The plant’s SNF, as well as its GTCC 
LLW (irradiated steel removed from the plant’s reactor vessel), are stored in dry cask 
storage units at Maine Yankee’s Independent Spent Fuel Storage Installation (ISFSI). The 
ISFSI was constructed during the decommissioning project.  

 
Transportation: 
 

– Number of truck shipments (nonradiological): 1,900 
– Number of truck shipments (radiological): 330 
– Number of train shipments (nonradiological): 80 
– Number of train shipments (radiological): 160 
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Source: Maine Yankee 2005 

FIGURE 4.9-1—Maine Yankee Before Decontamination and Decommissioning 
 

 
Source: Maine Yankee 2005 

FIGURE 4.9-2—Maine Yankee After Decontamination and Decommissioning 
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4.9.2 Decontamination and Decommissioning Impacts Related to the 
Programmatic Environmental Impact Statement Alternatives  

 
D&D is not expected to be a major discriminator among the PEIS alternatives because, on a 
national level, each of the alternatives would require similar resource commitments to achieve 
D&D. This conclusion is based on the fact that D&D impacts would largely be a function of the 
size of the facility associated with each alternative. In determining square footages of these 
facilities, the reactor facilities needed to produce 200 GWe are expected to dominate the 
outcome. Although there are likely to be differences in the various reactor designs (i.e., LWRs, 
HWRs, advanced recycling reactors, and HTGRs), producing 200 GWe with any of the reactor 
technologies should not significantly change the total square footage requirements for D&D. 
Moreover, the fact that several of the alternatives (namely the Thermal/Fast Reactor Recycle 
Alternative and the Thermal Reactor Recycle Alternative [Options 1, 2, and 3]) would require 
SNF separation facilities should not change the overall conclusion, as the square footage of these 
facilities would be insignificant compared to the total square footage associated with reactor 
plant electricity production. This section presents a broad analysis of the D&D impacts that 
would be applicable to each of the alternatives.  
 
Land Use: D&D activities should result in clean-up to applicable regulatory limits.  

Employment: Peak employment during each D&D job71 would be localized and could employ 
approximately 300 persons. On a national level, the D&D employment would be less than 
construction employment and would be insignificant.  

Radiological impacts to workers: The total radiation dose is estimated to be less than 
1,000 person-rem for each D&D job. Statistically, this worker dose would translate into an LCF 
risk of 0.6 for each D&D job, meaning that 1 LCF would be incurred for every 1.6 D&D jobs. 
Assuming approximately 200 D&D jobs, approximately 120 LCFs could result from all D&D 
jobs.  

Wastes: Assuming approximately 198 tons of waste would be generated from each D&D job, 
approximately 59,400 tons of waste would be generated from all D&D activities (for D&D of 
200 GWe of new capacity and 100 GWe of existing capacity). Of this, approximately 
36,000 tons would be LLW. Most of this waste could likely be disposed of in a licensed shallow 
land burial facility. A small percentage of the LLW could be GTCC LLW. GTCC LLW from 
nuclear reactors is produced as a result of normal operations and becomes available for disposal 
during facility decommissioning. The majority of GTCC LLW generated by nuclear reactors is 
activated metal. This waste consists of components internal to the reactor that have become 
radioactive from exposure to a neutron flux, resulting in neutron absorption. It has been 
estimated that approximately 28,711 ft3 (813 m3) of GTCC LLW would be generated when the 
existing 104 commercial LWRs undergo D&D (SNL 2007). Scaling those results to account for 
production of 200 GWe of electricity via nuclear reactors, it is estimated that approximately 
88,287 ft3 (2,500 m3) of GTCC LLW could result from D&D of new and existing reactors. 
Disposal of GTCC LLW would occur at a facility yet to be determined by the DOE.  

                                                 
71 As a point of reference and for purposes of the discussions in this section, a “D&D job” is assumed to be similar in size, scope, and complexity 
to the D&D of the Maine Yankee Reactor Plant (Section 4.9.1). D&D of any major nuclear facility is considered a D&D job. 
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In addition to the wastes discussed above for reactors, D&D of the facilities associated with a 
nuclear fuel recycling center would produce the following wastes: 

 
− Demolition debris/Sanitary Waste (concrete, asphalt, wood, etc.) 
− Recoverable Metals (steel, iron, etc.) 
− LLW  
− GTCC LLW  
− Hazardous Waste 
− Mixed Waste (small amounts) 

 
HLW would not be anticipated unless a SNF separation facility could not successfully remove 
the HLW from equipment and other items used in the treatment and packaging of HLW or had 
not shipped all packaged HLW. Fuel fabrication facilities would not generate any HLW. These 
waste types are based on the assumption that all product and waste material would have been 
removed (e.g., SNF, product, packaged HLW wastes, etc.). With this assumption, there is no 
obvious difference in the types of waste that would result from D&D of an LWR SNF separation 
facility, fuel fabrication facility, or fast reactor SNF separation facility (NRC 2008d, NEA 2002).  
 
Transportation: Transportation activities could range from approximately 300 radiological 
material truck shipments per D&D job to almost 2,000 non-radioactive material truck shipments. 
Train shipment would be less. On a national level, these shipments would be insignificant.  
 
4.10  UNAVOIDABLE ADVERSE IMPACTS 
 
As presented earlier in this chapter, all of the alternatives would result in unavoidable adverse 
impacts. Based on the continued use, and potential growth, of nuclear power, all alternatives 
would impact land (approximately 600,000 acres [243,000 ha] could be disturbed to support new 
facilities for 200 GWe); use water (approximately 3 to 6 billion gal [12 to 24 billion L] annually 
per GWe of capacity); impact human health through normal releases of radiation, direct exposure 
to radiation, and potential accidents; cause visual impacts from facility construction and 
operation (e.g., cooling tower plumes); and generate SNF and radioactive and nonradioactive 
wastes that could require transportation and could necessitate continued management for 
thousands of years, including the construction and operation of additional geologic repositories 
for ultimate disposal. 
 
4.11 RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT AND THE 

MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 
 
Each of the domestic programmatic alternatives would require additional land for the 
construction and operation of new reactors and the disposal of wastes. The closed fuel cycle 
alternatives would also require land for nuclear fuel recycling facilities. This land would no 
longer be available for other activities. However, based on the assumption that new electricity 
generating capacity would be needed in the United States in the future, whether via nuclear 
power or other means, land use would generally be required regardless of the means by which 
electricity is generated. The use of nuclear power to produce electricity would avoid the 
production of significant quantities of greenhouse gases, such as carbon dioxide, that would be 
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produced by many other electricity generating technologies. However, the domestic 
programmatic alternatives would also increase the amount of radioactive wastes that would need 
to be managed. Some of these wastes would require management for thousands of years, and 
would need to have land devoted to this purpose. Each of the domestic programmatic alternatives 
would also commit resources such as concrete, steel, water, uranium, and thorium (for the 
Thorium Alternative) to produce electricity. Other technologies used to produce electricity would 
require many of these same types of resources, but would use a different energy source than 
uranium or thorium. The domestic programmatic closed fuel cycle alternatives would recycle 
SNF and improve the use of uranium, which would extend the supply of this resource.  
 
4.12 IRREVERSIBLE AND IRRETRIEVABLE RESOURCE COMMITMENTS  
 
Under all alternatives there would be construction and operation of new facilities that would 
cause short-term commitments of resources (e.g., concrete, steel, and water) and would 
permanently commit certain other resources such as land. Losses of terrestrial and aquatic 
habitats from natural productivity to accommodate new facilities and temporary disturbances 
required during construction would occur. Land clearing and construction activities resulting in 
large numbers of personnel and equipment moving about an area would disperse wildlife and 
temporarily eliminate habitats. Although some destruction would be inevitable during and after 
construction, these losses would be minimized by selection of mitigation measures developed 
through environmental reviews at the site-specific level.  
 
4.12.1 Land 
 
Any land, once committed to host a facility, would be irretrievable for the lifetime of the project. 
At the end of useful life of each facility, the land could be returned to open space uses once the 
buildings, roads, and other structures were removed, areas cleaned up, and the land re-vegetated. 
Section 4.9 discusses D&D. Alternatively, the facilities could be modified for use in other 
nuclear programs. Therefore, the commitment of this land may not be completely irreversible for 
all sites. Land would also be committed for the construction of one or more geologic repositories 
to dispose of SNF and HLW. 
 
4.12.2 Energy 
 
Energy expended would generally be in the form of fuel for equipment and vehicles, electricity 
for facility operations, and either coal or natural gas for steam generation used for heating. 
However, because the facilities constructed would be net electricity producers, all alternatives 
would expand energy resources. 
 
4.12.3 Material 
 
The irreversible and irretrievable commitment of material resources during the entire lifecycle of 
the alternatives includes construction materials that cannot be recovered or recycled, materials 
that are rendered radioactive but cannot be decontaminated, and materials consumed or reduced 
to unrecoverable forms of waste. Significant quantities of steel, concrete and other building 
materials would be committed by expanding nuclear electricity production (see Chapter 5 for a 
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discussion of these cumulative quantities). Materials such as uranium that would be consumed or 
reduced to unrecoverable forms of waste would also be irretrievably lost. The quantity of natural 
uranium needed to support a capacity of 200 GWe would be a maximum of approximately 
45,600 MT/yr (see Table 4.8-1). The 45,600 MT of natural uranium would represent 
approximately the amount of uranium that was mined in the world in 2006, and would be 
28 times more than the quantities currently mined in the United States annually. The closed fuel 
cycle alternatives involve recycling certain materials (uranium and certain transuranic elements) 
that would extend the use of material resources. 
 
4.12.4 Water 
 
Water is a scarce resource in many parts of the United States. New construction and new 
electricity production would have large water requirements, even though they would use existing 
conservation technology and production practices to minimize water needs. The quantity of 
water needed to support a capacity of 200 GWe would be approximately 600 to 1,200 billion 
gal/yr (2,400 to 4,800 billion L/yr), based on the use of approximately 3 to 6 billion gal/yr (12 to 
24 billion L/yr) for each GWe of energy capacity. Cooling water technologies would be selected 
based on the local water availability and regulatory requirements. To the extent water could be 
recycled, this would be designed into the facility during the planning process. 
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