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CHAPTER 2 
DOMESTIC PROGRAMMATIC ALTERNATIVES 

 
Chapter 2 describes the domestic programmatic alternatives that are assessed in this Global Nuclear 
Energy Partnership (GNEP) Programmatic Environmental Impact Statement (PEIS). The majority of 
Chapter 2 is a description of each domestic programmatic alternative. Chapter 2 also discusses domestic 
programmatic alternatives that were considered and subsequently eliminated from detailed evaluation. 
The chapter concludes with a discussion of the major planning assumptions and implementation 
scenarios for the domestic programmatic alternatives. 
 
This Global Nuclear Energy Partnership (GNEP) Programmatic Environmental Impact 
Statement (PEIS) assesses domestic fuel cycle alternatives that may support the expansion of 
nuclear electricity production by reducing the risks associated with nuclear proliferation and by 
reducing the volume, heat load, or radiotoxicity of spent nuclear fuel (SNF) or wastes requiring 
geologic disposal. This GNEP PEIS provides relevant environmental information to the 
Secretary of Energy on whether to pursue changes to the current domestic once-through uranium 
fuel cycle. Based on such a programmatic decision, the U.S. Department of Energy (DOE) might 
make future proposals for particular actions. Any such proposals would be subject to appropriate 
National Environmental Policy Act (NEPA) review. 
 
2.1 DEVELOPMENT OF REASONABLE ALTERNATIVES 
 
Chapter 1 of this PEIS describes the background information and sequence of events that led to 
the development of this GNEP PEIS. In the Notice of Intent (NOI) to prepare this PEIS, DOE 
identified the following two programmatic alternatives for analysis: 
 
− Programmatic Alternative 1, No Action Alternative: Continue to rely upon a “once-

through” or open fuel cycle, in which commercial reactors generate and store SNF until 
DOE can dispose of the SNF in a geologic repository, while continuing DOE’s ongoing 
nuclear fuel cycle research and development (R&D) activities, including those activities 
associated with DOE’s Advanced Fuel Cycle Initiative (AFCI). 

− Programmatic Alternative 2, Proposed Action: Pursue the GNEP closed fuel cycle in a 
system that would process light water reactor (LWR) SNF in one or more nuclear fuel 
recycling centers and that would repeatedly recycle some of the recovered materials in 
one or more advanced recycling reactors. 

 
During the scoping process, the public suggested that DOE evaluate additional alternatives. 
(See Chapter 1, Section 1.4 and Appendix H for a description of the scoping process, a summary 
of the comments received, and DOE’s consideration of these comments.) In response to these 
suggestions, DOE added four domestic programmatic alternatives to those alternatives that it had 
identified in the NOI. Based on the purpose and need, DOE determined that the other suggested 
alternatives are not reasonable; these alternatives are briefly discussed in Section 2.8. 
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To meet the purpose and need described in Chapter 1, DOE’s proposed action is to close the 
nuclear fuel cycle. In a closed fuel cycle, SNF would be recycled, and some of the usable 
constituents would be made into new reactor fuel. This PEIS assesses the domestic programmatic 
alternatives that could achieve a closed fuel cycle. Additionally, this PEIS includes an 
assessment of domestic programmatic alternatives that would meet the purpose and need with an 
open fuel cycle. In an open fuel cycle (also known as a “once-through fuel cycle”), reactor fuel is 
used in a nuclear power plant only once. Under each of the domestic programmatic alternatives, 
DOE would continue its ongoing nuclear fuel cycle R&D activities, including those activities 
associated with the AFCI. 
 
As shown in the first three columns of Figure 2.1-1, this PEIS assesses the following six 
domestic programmatic actions/alternatives, which include both closed and open fuel cycles:  
 
− No Action Alternative—Existing Once-Through Uranium Fuel Cycle (hereafter 

referred to as the “No Action Alternative”): The United States would continue to rely 
upon a once-through or “open” fuel cycle, in which commercial LWRs generate and store 
SNF until DOE could accept the SNF for disposal in a geologic repository.1 

 
− Fast Reactor Recycle Fuel Cycle Alternative (formerly referred to as the “GNEP 

Closed Fuel Cycle;” hereafter referred to as the “Fast Reactor Recycle Alternative”): The 
United States would pursue a domestic closed fuel cycle in a system that processes LWR 
SNF in one or more nuclear fuel recycling centers and would recycle some of the 
recovered materials in one or more fast reactors. The SNF from the advanced recycling 
reactors would also be processed to recover materials for repeated recycle in advanced 
recycling reactors. High-level wastes (HLW) from separations would be disposed of in a 
geologic repository. 

 
− Thermal/Fast Reactor Recycle Fuel Cycle Alternative (hereafter referred to as the 

“Thermal/Fast Reactor Recycle Alternative”): This alternative would be similar to the 
Fast Reactor Recycle Alternative, but it would recycle some of the recovered materials in 
a thermal reactor prior to recycling in advanced recycling reactors. HLW from 
separations would be disposed of in a geologic repository. 

 
− Thermal Reactor Recycle Fuel Cycle Alternative (hereafter referred to as the “Thermal 

Reactor Recycle Alternative”): The United States would pursue a domestic fuel cycle that 
processes LWR SNF and recycles some of the recovered materials in thermal reactors. 
The following three options are assessed: Option 1—Recycle LWR SNF to produce a 
mixed oxide uranium plutonium (MOX-U-Pu) fuel for use in LWRs; Option 2—Recycle 
LWR SNF to produce fuel for use in heavy water reactors (HWR); and Option 3—
Recycle LWR SNF to produce a transuranic fuel for use in high temperature gas-cooled 
reactors (HTGR). Option 1 would be a closed fuel cycle, in which HLW would be 
disposed of in a geologic repository. Options 2 and 3, which include recycling of LWR 
SNF, would dispose of HLW and SNF in a geologic repository. 

 
                                                 
1 As discussed in Section 2.9.1, future repository capacity could be either an expansion of the Yucca Mountain geologic repository or a separate 
geologic repository. 
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− Once-Through Fuel Cycle Alternative Using Thorium (hereafter referred to as the 
“Thorium Alternative”): The United States would pursue a thorium once-through fuel 
cycle, in which commercial reactors would be fueled with thorium/uranium-based fuels. 
Because thorium-based fuels would be compatible with existing LWRs, the Thorium 
Alternative could also be characterized as representing a “new fuel design.” The SNF 
would be stored until DOE could accept it for disposal in a geologic repository. 

 
− Once-Through Fuel Cycle Alternative using Heavy Water Reactors (HWRs) or 

High Temperature Gas-Cooled Reactors (HTGRs) (hereafter referred to as the 
“HWR/HTGR Alternative”): The United States would pursue a domestic once-through 
fuel cycle that uses either HWRs or HTGRs. For the HWR/HTGR Alternative, two 
options are assessed: Option 1—Use HWRs only; and Option 2—Use HTGRs only. In 
either case, the SNF would be stored until DOE could accept it for disposal in a geologic 
repository. 

 
These domestic programmatic alternatives are not mutually exclusive. That is, DOE could decide 
to pursue implementation of one or more domestic programmatic alternatives. Market forces, 
coupled with government incentives and other factors, would determine which technologies are 
deployed, as well as the manner and degree of implementation. 
 
Sections 2.2 through 2.7 describe the six domestic programmatic alternatives that are assessed in 
this PEIS. Section 2.2 discusses the No Action Alternative, an open fuel cycle. Sections 2.3 
through 2.5 discuss the fuel cycle alternatives that would achieve a closed fuel cycle. Some 
alternatives would achieve a completely closed fuel cycle (recycling of all SNF), while others 
would only achieve a partially closed fuel cycle (some SNF recycled, and some SNF disposed of 
in a geologic repository). For example, Section 2.3 discusses the Fast Reactor Recycle 
Alternative, which would recycle the SNF from LWRs to produce fuel for advanced recycling 
reactors. Because this alternative would also recycle the SNF from the advanced recycling 
reactors, all of the SNF from this fuel cycle would be recycled. In contrast, Section 2.5.2 
discusses the Thermal Reactor Recycle Alternative (Option 2), which would recycle the SNF 
from LWRs to produce fuel for HWRs. This alternative, however, would not recycle the SNF 
from the HWRs, and, thus, would only achieve a partially closed fuel cycle. Section 2.6 
(Thorium Alternative) and Section 2.7 (HWR/HTGR Alternative) discuss open fuel cycle 
alternatives that would not recycle SNF, but that could reduce the volume, heat load, and/or 
radiotoxicity of the SNF requiring geologic disposal consistent with DOE’s underlying purpose 
and need. Section 2.8 describes the alternatives not selected for detailed evaluation. Section 2.9 
provides the assumptions used for analyzing the domestic programmatic alternatives. Section 
2.10 discusses implementation of the domestic programmatic alternatives. 
 
2.2 NO ACTION ALTERNATIVE—ONCE-THROUGH URANIUM FUEL CYCLE 
 
The No Action Alternative, which is required in an EIS, provides a baseline from which to 
compare the environmental impacts of the action alternatives. Under the No Action Alternative, 
DOE would continue to support a once-through fuel cycle (Figure 2.2-1) in which nuclear fuel 
would be used one time to generate electricity, and the resulting spent nuclear fuel would be 
stored for eventual disposal in a geologic repository. In this alternative, commercial LWRs 
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would generate and store SNF until DOE could accept it for disposal in a geologic repository. 
DOE would also continue its ongoing nuclear fuel cycle R&D activities, including those 
activities associated with the AFCI. This alternative assumes that future commercial reactors 
would be similar to the reactors currently licensed by the U.S. Nuclear Regulatory Commission 
(NRC) and those reactors under consideration for licensing by the NRC (i.e., LWR and 
Advanced LWR [ALWR] designs). In addition, this alternative assumes continued performance 
improvements in reactor operation (e.g., higher fuel burnup2 at discharge from the reactor). The 
environmental impacts of the No Action Alternative are presented in Chapter 4, Section 4.2. 
 

 
FIGURE 2.2-1—No Action Alternative Once-Through Uranium Fuel Cycle 

 
The statutory capacity limit for the Yucca Mountain repository is 70,0003 metric tons of heavy 
metal (MTHM) of spent nuclear fuel and high-level radioactive waste. DOE estimates that this 
statutory capacity limit will be reached by approximately 2010. Quantities of SNF beyond the 

                                                 
2 Burnup refers to the amount of energy generated per unit mass of fuel. Higher burn-up fuels can reduce the total amount of spent nuclear fuel 
generated by providing more energy per fuel assembly. Improved performance as a result of higher fuel burn-up would be pursued under all 
domestic programmatic alternatives. Burnup is normally quoted in either megawatt-days per kilogram (MWd/kg) or in gigawatt-days per metric 
ton of heavy metal (GWd/MTHM) (typically, uranium or its equivalent). Historical U.S. commercial reactor operations show a steady trend 
toward higher burnup. The average improvement over the last 20 years is about 1 GWd/MTHM per year. The development work necessary to 
reach these higher burnup levels has been successfully handled primarily by the commercial sector. Due to a number of practical limits, this trend 
in increasing burnup is expected to slow down in the future. These include licensing and design limits on commercial enrichment plants, physical 
limits of fuel cladding, and operational cycle limits at the power plants to support preventative maintenance activities. 
3 The Nuclear Waste Policy Act of 1982 (NWPA) limits the initial capacity of Yucca Mountain, the first proposed geologic repository, to 70,000 
MTHM of SNF and HLW (DOE has allocated this capacity between 63,000 MTHM of commercial SNF and 7,000 MTHM of DOE SNF and 
HLW) until such time as a second repository is in operation. In its cumulative impacts analysis, the Yucca Mountain SEIS, issued in June 2008, 
evaluated the disposal of up to approximately 130,000 MTHM of SNF, equivalent to the amount projected from all existing commercial power 
reactors during all of their projected lifetimes. Disposal of more than 70,000 MTHM of SNF and HLW at the Yucca Mountain site prior to 
completion of a second repository would require a legislative change. DOE believes that if the statutory capacity limit is eliminated, then the 
Yucca Mountain geologic repository would have sufficient capacity to receive at least all of the SNF that has been or will be generated by the 
current fleet of nuclear power reactors.   
Also, the current 70,000 MTHM statutory limit as defined in the NWPA pertains to the heavy metal content of the original fuel.  As a result, from 
the standpoint of the Yucca Mountain geologic repository statutory capacity limit, it does not matter if SNF is emplaced as the original spent fuel 
rods or SNF is reprocessed and only the resulting HLW is emplaced. While recycling SNF could significantly reduce the volume, radiotoxicity, 
and/or heat load in a future repository, recycling would have no impact on the initial Yucca Mountain repository capacity, because under current 
law its statutory capacity limit is based on initial MTHM (not volume, radiotoxicity, or heat load). 
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Yucca Mountain statutory capacity limit would be stored at commercial LWR sites until they 
could be disposed of in one or more permanent geologic repositories.4 
 
Under the No Action Alternative, and all of the action alternatives, DOE would continue the 
activities associated with the AFCI (described below) including programs that address safety, 
safeguards and security requirements for advanced fuel cycle technologies. Appendix A, Section 
A.8 includes a more detailed discussion of the AFCI, including a discussion of the major 
facilities associated with the AFCI. 
 
Advanced Fuel Cycle Initiative and Other Department of Energy Programs  
 
The objective of the AFCI is to develop the technologies needed to: reduce the environmental 
consequences associated with spent nuclear fuel management, reduce the proliferation risk from 
the use of nuclear power, and extend uranium resources. Key elements of the initiative include 
the following: 
 

− An Integration task, which is focused on providing overall consistency for the program 
and on directing modeling and simulation and regulatory efforts for all tasks. 

−  A Systems Analysis task, which is focused on investigating the interactions between 
program elements, evaluating deployment scenarios for various technical options, and 
identifying criteria that technologies must meet to allow the overall system to function 
effectively. 

− A Separations task, which develops and demonstrates advanced separations technologies 
for processing SNF, with an emphasis on LWR SNF. AFCI Separations research would 
continue at various radiological facilities and analytical laboratories, including the 
following: 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). 

− A Fuels task, which develops and demonstrates transmutation fuels (i.e., fuels containing 
recovered materials from processing SNF), including clad materials, that will be used to 
destroy transuranic elements. Essentially, this task is aimed at gathering empirical data  
and relies on fabrication facilities, irradiation facilities, and examination facilities. The 
following sites are involved in AFCI Fuels research: INL, LANL, and the French Phenix 
reactor.5 

− A Waste Forms task, which verifies the long-term behavior of existing waste forms and 
develops new waste forms that would be appropriate for future use. The following sites 
are involved in AFCI Waste Forms research: ANL, INL, LANL, PNNL, SNL, and the 
SRNL. 

− A Safeguards task, which develops and demonstrates new radiation detection 
technologies and integrates them into high-sensitivity nuclear protection systems. The 

                                                 
4 The analysis of SNF disposition is generic and non-site-specific (i.e., this PEIS does not identify how a future repository could be designed or 
where it could be located). The PEIS analysis quantifies how much SNF would need to be stored, pending disposal. Transportation impacts to the 
hypothetical repository are calculated for several different distances to a hypothetical repository (see Appendix E). 
5 In the absence of appropriate irradiation facilities in the United States, fuels irradiations for fast reactor fuels are currently being performed in 
the French reactor, and there are plans to use Russian (BOR60, BN-600) and Japanese reactors (JOYO, MONJU) in the future. 
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following facilities are involved in AFCI Safeguards research: ANL, INL, LANL, 
ORNL, and SRNL. 

− A Grid Appropriate Reactor task, which develops small-to-medium-sized reactors that 
could be used in foreign countries with limited infrastructures. This task is an analytical 
activity that will eventually require the use of experimental facilities. 

− A Reactor task, which develops and demonstrates sodium-cooled fast reactor 
technologies that could be used for transmutation6 of nuclear wastes. The following sites 
are involved in AFCI Sodium Fast Reactor research: ANL, INL, LANL, and SNL. 

 
The AFCI would be expected to evolve as needed to support any programmatic decisions made 
as a result of this PEIS.  
 
The No Action Alternative also includes the continuation of other ongoing programs associated 
with nuclear power deployment within DOE. These programs include the following: the Nuclear 
Power 2010 (NP-2010) program, the Next Generation Nuclear Plant (NGNP) project, and the 
Generation-IV Initiative. Similar to the AFCI, these ongoing programs would continue 
regardless of any decision made as a result of this PEIS. 
 
The NP-2010 program is focused on reducing the technical, regulatory, and institutional barriers 
to deployment of new nuclear power plants, based on expert recommendations documented in 
A Roadmap to Deploy New Nuclear Power Plants in the United States by 2010 (DOE 2001b). 
The technology focus of NP-2010 is on Generation III+ ALWR, designs which offer 
advancements in safety and economics over current U.S. reactors and are now being deployed 
internationally. To enable the domestic deployment of new Generation III+ plants in the near-
term, it is essential to demonstrate the new NRC regulatory and licensing processes for the siting, 
construction, and operation of new nuclear plants. This includes the NRC’s early site permit 
process and its combined construction and operating license (COL) process. As of April 2008, 
four early site permit applications have been filed, and the NRC has issued three permits  
(the other one is undergoing NRC review). Seven COL applications have been submitted to the 
NRC; through 2010, the NRC expects to receive another 15 COL applications (NRC 2008a). The 
NGNP project is part of the Generation IV Nuclear Energy Systems Initiative, which is focused 
on developing and demonstrating the next generation of nuclear plants. While the goals of the 
Generation IV Initiative are to continue advances in the safety, reliability, economics, and 
sustainability of nuclear power, the objectives of the NGNP project, in particular, include the 
demonstration of a reactor with operating temperatures higher than standard LWRs. This would 
significantly improve plant thermal efficiency for producing electricity, while also enabling a 
number of direct heat applications (such as the generation of hydrogen and other chemical 
manufacturing processes). The NGNP project proposes to demonstrate both the high temperature 
reactor and associated fuels, and the generation of both electricity and hydrogen using the high 
temperature steam. The demonstration facilities would be constructed in the next 10 to 15 years. 
This PEIS does not provide a NEPA analysis for the NGNP. 

                                                 
6 “Transmutation” is the conversion of one isotope to another by changing its structure. Changing one isotope to another changes its nuclear 
properties and, if the chemical element is changed, changes its chemical properties. Transmutation can be used to destroy long-term hazardous 
elements, such as transuranic elements, while creating energy. 
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Fast Reactor 
 
A fast reactor is a reactor in which the 
chain reaction is sustained by fast 
neutrons. These higher energy neutrons 
can fission all types of uranium and 
transuranic elements, rather than only 
the fissile isotopes split in thermal 
reactors. This allows the fast reactor to 
transmute (consume) the transuranics. 
Thus, fast reactors can extract energy 
from both uranium and transuranic 
elements. 

Greater-than-Class-C Low-Level 
Radioactive Waste 

 
As defined by the Nuclear Regulatory 
Commission in 10 CFR 72.3, low-level 
radioactive waste that exceeds the 
concentration limits of radionuclides 
established for Class C waste in 10 CFR 
61.55.  

Transuranic Elements 
 
These are man-made elements that are 
heavier (i.e., have a higher atomic 
number) than uranium, and include, for 
example, neptunium, plutonium, 
americium, and curium.  
 
Transuranic elements are created in 
nuclear power plants when uranium 
absorbs or captures neutrons. 
Transuranic elements are generally long-
lived and radiotoxic, and certain 
transuranic elements can be used in 
nuclear weapons. 

CLOSED FUEL CYCLE ALTERNATIVES 
 
2.3 FAST REACTOR RECYCLE ALTERNATIVE 

 
Under this alternative, DOE would support a domestic 
closed fuel cycle in a system that would process LWR 
SNF in a nuclear fuel recycling center and would recycle 
some of the recovered materials in advanced recycling 
reactors, i.e., fast reactors. The SNF from the fast 
reactors also would be processed to recover materials for 
repeated recycle in advanced recycling reactors.  
 
The Fast Reactor Recycle Alternative is shown in Figure 
2.3-1. The uranium mining, uranium enrichment, LWR 
fuel fabrication, and use of LWRs would be the same as for the No Action Alternative. Instead of 
disposing of LWR SNF in a geologic repository, 
however, the LWR SNF would be recycled at a nuclear 
fuel recycling center. Recycling the LWR SNF would 
create an opportunity to reuse uranium in LWRs and 
advanced recycling reactors. Other recovered material 
(transuranic [TRU] elements—neptunium [Np], 
plutonium [Pu], americium [Am], and curium [Cm]) 
would be fabricated into fuel, along with uranium, for 
advanced recycling reactors. SNF from advanced 
recycling reactors would also be recycled.  
 
The processing of spent nuclear fuel would result in HLW 
requiring eventual disposal in a geologic repository. The 
advanced separations technology could include the 
capability to separate cesium and strontium, which could be stored for about 300 years until they 
have become less radioactive, and then potentially disposed of as low-level radioactive waste, 
depending upon the regulatory framework. Alternatively, cesium and strontium could be 
disposed of as high-level radioactive waste in a geologic 
repository. In addition, implementation of this alternative 
would result in the generation of Greater-than-Class-C 
low-level radioactive waste (GTCC LLW), and low-
level radioactive waste (LLW), both of which would 
require disposal. The analysis of the environmental 
impacts of the Fast Reactor Recycle Alternative is 
presented in Chapter 4, Section 4.3. 
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FIGURE 2.3-1—Fast Reactor Recycle Alternative 

 
The Fast Reactor Recycle Alternative would require R&D primarily in the following areas: fast 
reactor fuel fabrication and fuel performance; increasing fast reactor capacity to commercial 
scale; and scaling up fuel recycling (see Chapter 4, Section 4.8.1 for more details). Because 
transition to this fuel cycle would involve both new reactors and fuels, and the new fuels would 
require separations to provide feedstock, transition is expected to be more complex than most 
other fuel cycle alternatives (see Chapter 4, Section 4.8.2 for more details).  
 
With the Fast Reactor Recycle Alternative, a balanced system could be achieved, in which the 
amount of transuranics produced in LWRs approximates the amount consumed in the advanced 
recycling reactors. Based on a transuranic conversion ratio (CR)7 of 0.5, a balance could be 
achieved when the domestic nuclear industry consists of approximately 60 percent LWRs and 
40 percent fast reactors (Wigeland 2008a). Such a balanced system would avoid the 
accumulation of separated transuranics.  It is important to note, however, that starting up a fast 
reactor takes considerably more transuranic material than does the yearly refueling. This fact 
means that during the transition to a “balanced system,” there may be fewer than the equilibrium 
value of fast reactors, and it may take many decades before the fraction of fast reactors is close to 
the equilibrium value (which would only be reached in a steady-state system).  
 
Although not shown on Figure 2.3-1, the processing of the SNF from the advanced recycling 
reactor and the fabrication of the fuel for the advanced recycling reactor would not have to be 

                                                 
7 As used in this PEIS, the CR of a fast reactor is the ratio of the amount of transuranic elements produced to the amount that is 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. The PEIS also 
includes a sensitivity analysis in Chapter 4 of changing the CR. 
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Advanced Separations 
 
This PEIS considers the use of technologies that could separate spent nuclear fuel into usable and non-usable 
constituents. The objective of advanced separations is to allow options for management of particular elements in 
the spent fuel and reduce the wastes requiring geologic disposal. 
 
Advanced separations technologies could provide the capability to selectively remove certain fission products 
(e.g., technetium, cesium, and strontium) and minor actinides (e.g., neptunium, americium and curium) from the 
high level waste stream. The minor actinides could be recycled in reactors, while the fission products could be 
managed and disposed appropriate to their hazard. 

Variations to existing separations technologies that have been developed and could be implemented in the near 
term would target the co-extraction of uranium and plutonium (and possibly neptunium) but would leave the 
other minor actinides and fission products in the high level waste. Existing separations technology with 
variations could be deployed at commercial scale with confidence in its readiness. However, advanced 
separations technologies require research, development and demonstration prior to deploying at commercial 
scale.  

Separating out minor actinides (and destroying them in a reactor) and select fission products would allow 
tailored management of the wastes streams and could significantly reduce the heat load and radiotoxicity of 
wastes requiring disposal in a geologic repository. 

done at the same location as the processing of the LWR SNF. The location(s) for all of these 
processes would be influenced by a number of considerations, including transportation. 
 
Under the Fast Reactor Recycle Alternative, processing methods would be needed that meet the 
separations requirements for the system, for LWR SNF and for advanced recycling reactor SNF. 
Typically, processing goals include the recovery of one or more of the actinide elements, 
determined by which elements are desired for recycle (see Chapter 4, Section 4.3 for a discussion 
of the advanced separation options and an analysis of how environmental impacts would vary 
depending upon the separation technology employed). A number of advanced separations 
technologies have been developed as part of the DOE AFCI program and elsewhere, and they are 
discussed in Appendix A. In principle, one of these methods could be considered for 
implementation, or an alternative method that meets the separations requirements could be used. 
For nonproliferation reasons, DOE is not considering separations processes that produce a pure 
plutonium stream. 
 

 
The advanced recycling reactor must be able to effectively recycle materials such as the TRU 
elements until they are transmuted and/or fissioned into less hazardous fission products. 
Although it may be possible in principle to use other reactor types, DOE studies have shown that 
the fast neutron reactor is most suitable for this role (DOE 2006t, DOE 2006u). This finding is 
discussed in more detail in Appendix A. 
 
There are also options for how the recycled materials could be arranged in the fuel of the 
advanced recycling reactor. In one option, all of the fuel could contain the recycled materials, so 
that the contents of the reactor core would be essentially “homogeneous.” Alternatively, one or 
more of the recycled materials could be placed in the fuel in either separate fuel pins or separate 



Chapter 2: Domestic Programmatic Alternatives GNEP Draft PEIS 
 

2-11 
 

Thermal Reactors 
 
In a thermal reactor, the neutrons 
created by fission are slowed down, 
or moderated, before they cause 
more fission reactions. Typically, 
thermal reactors are fueled with 
uranium that is enriched in the 
isotope uranium-235 (U-235), 
which can fission when struck by 
slow energy neutrons. Most of the 
world’s operating nuclear power 
plants are thermal reactors. 

fuel assemblies, with the remainder of the core being composed of more traditional fuel. This 
approach is referred to as a “heterogeneous” reactor core. Depending on the attributes of the fuel 
and the performance needs, one or the other approach may be superior, but either could be used 
in principle. The essential aspect of the Fast Reactor Recycle Alternative is that all SNF would 
be processed, and only the HLW would require geologic disposal. In general, the content of the 
processing wastes would be mainly fission products and process loss amounts of the actinide 
elements (including the TRU), although it is possible to decide to not recover one or more of the 
TRU elements for recycling, in which case they would also be part of the waste contents. 
 
2.4 THERMAL/FAST REACTOR RECYCLE 

ALTERNATIVE 
 
Under this alternative, DOE would support a domestic closed 
fuel cycle in a system that would process LWR SNF in a 
nuclear fuel recycling center, and would recycle some of the 
recovered materials in both thermal reactors, such as LWRs, 
and fast reactors. This alternative would be similar to the Fast 
Reactor Recycle Alternative described in Section 2.3, with 
the following difference: the LWR SNF would be separated 
into a uranium plus plutonium constituent that would be 
fabricated into a mixed oxide-uranium-plutonium fuel 
(referred to hereafter as MOX-U-Pu8 fuel) for use in a 
thermal reactor. Following use in a thermal reactor, the MOX-U-Pu SNF would be recycled, and 
the recovered materials would be fabricated into fuel for advanced recycling reactors (see 
Figure 2.4-1). Such an approach would lower the number of fast reactors required to balance the 
amount of TRU being generated in the LWRs. For example, based on a CR of 0.5, a balance 
could be achieved when the domestic nuclear industry consists of approximately 70 percent 
LWRs (of these, approximately 90 percent would use a traditional uranium dioxide (UO2) fuel 
and 10 percent would use a MOX-U-Pu fuel) and 30 percent fast reactors. (As discussed in 
Section 2.3, during the transition period, the fraction of fast reactors would be less than in the 
“balanced” system). Spent nuclear fuel would be processed to create new nuclear fuel, but the 
process would result in the same waste types (i.e., HLW, GTCC LLW, and LLW) as the Fast 
Reactor Recycle Alternative, but in different quantities and with different characteristics.  
 
Under the Thermal/Fast Reactor Recycle Alternative, there are many variations that could be 
proposed, including which of the TRU elements would be recovered, which would be recycled in 
reactors as fuel or targets, and which would be sent to the waste stream.  
 

                                                 
8 The use of a MOX-U-Pu fuel is analyzed as the baseline approach for this alternative. It would, however, be conceptually possible to use a 
MOX-TRU fuel, particularly for the stabilization of the total transuranics, rather than disposing of the minor actinides in a repository. Chapter 4 
discusses the major differences between the use of MOX-U-Pu fuel and MOX-TRU fuel. 
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Feedstock refers to the nuclear materials 
used to produce fuel for a reactor.  

 
FIGURE 2.4-1—Thermal/Fast Reactor Recycle Alternative 

 
The Thermal/Fast Reactor Recycle Alternative would require R&D in the same areas as the Fast 
Reactor Recycle Alternative (see Chapter 4, Section 4.8.1). However, because the initial 
recycling would be performed in thermal reactors, near-term deployment of the Thermal/Fast 
Reactor Recycle Alternative is possible with variations to existing separations technologies, fuel, 
and reactor technologies. For example, for the initial recycle in thermal reactors, a MOX-U-Pu 
fuel has already been developed and is in use in Europe. From an implementation standpoint, 
because the Thermal/Fast Reactor Recycle Alternative would require limited development and 
licensing of a new fuel type and the development of 
facilities to provide feedstock for the fuel, this alternative 
could start transition relatively quickly, compared to some 
of the other action alternatives (see Chapter 4, Section 4.8.2). This alternative differs from the 
Fast Reactor Recycle Alternative in that the Thermal/Fast Reactor Recycle Alternative could be 
implemented more quickly by use of existing thermal reactors and variations to existing 
separations technologies as the first step in this fuel cycle. The Thermal/Fast Reactor Recycle 
Alternative differs from the Thermal Reactor Recycle Alternative because, in the longer term, 
this alternative would transition to advanced separations technologies and fast reactors resulting 
in a greater reduction in the radiotoxicity and heat load of remaining spent nuclear fuel. Both the 
Thermal/Fast Reactor Recycle Alternative and the Fast Reactor Recycle Alternative have the 
potential for much greater reductions in radiotoxicity and heat load for materials requiring 
geologic disposal than any other closed or open fuel cycles. 
 
The analysis of the environmental impacts of the Thermal/Fast Reactor Recycle Alternative is 
presented in Chapter 4, Section 4.4. 



Chapter 2: Domestic Programmatic Alternatives GNEP Draft PEIS 
 

2-13 
 

2.5 THERMAL REACTOR RECYCLE ALTERNATIVE 
 
This alternative would recycle LWR SNF and use the recovered material to fuel thermal reactors. 
For this Alternative, the following three options are assessed: 
 

− 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. 

 
Unlike the Fast Reactor Recycle Alternative, which would require comparably more R&D 
(related to transmutation fuel development and fast reactor fuel separation), Option 1 could use 
existing thermal reactor technologies and fuel fabrication technologies. Consequently, this 
Option may be implemented more quickly (although it is acknowledged that the Thermal/Fast 
Reactor Recycle Alternative could be initiated in the same timeframe). In contrast to the Fast 
Reactor Recycle Alternative and the Thermal/Fast Reactor Recycle Alternative, however, only 
the partial consumption of the transuranics would occur, and the minor actinides in the SNF that 
are not recovered for recycle would have to be disposed of in a geologic repository. 
 
For Option 1, only processing wastes (HLW containing the minor actinides, in addition to fission 
products) would be disposed of in a geologic repository. In contrast, for Options 2 and 3, both 
HLW and SNF would require disposal in a geologic repository. Consequently, Option 1 would 
achieve a completely closed fuel cycle, while Options 2 and 3 would only achieve a partially 
closed fuel cycle. All three options would include GTCC LLW and LLW as part of the wastes 
from reprocessing. Since these three options are significantly different from one another, in 
terms of the facilities required and performance, they are addressed separately below. The 
environmental impacts of the Thermal Reactor Recycle Alternative are presented in Chapter 4, 
Section 4.5. 
 
2.5.1 Thermal Reactor Recycle Alternative (Option 1—Thermal Recycle in Light 

Water Reactors) 
 
Under Option 1, DOE would support a domestic closed fuel cycle in a system that would process 
LWR SNF at a nuclear fuel recycling center and recycle some of the recovered materials as new 
fuel for use in LWRs. This option would involve the recycle of uranium and plutonium for reuse 
in LWRs using a fuel assembly concept that combines traditional UO2 and MOX-U-Pu fuels. 
This approach is shown in Figure 2.5.1-1. 
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FIGURE 2.5.1-1—Thermal Reactor Recycle Alternative: 
Option 1 (Mixed Oxide Uranium Plutonium Recycle) 

 
Multiple recycle of the plutonium would make it possible to stabilize the total plutonium 
inventory. Stabilization of the plutonium inventory in the LWR fuel cycle implies no growth in 
the plutonium inventory in the quantities of SNF being generated and processed. Multiple 
recycle of plutonium in LWRs could, therefore, slow down the accumulation of plutonium in the 
waste destined for disposal in a geologic repository. Under this option, all of the MOX-U-Pu 
SNF would be recycled to recover the U-Pu in the assembly. During the separation, most U-Pu 
would be recycled, while all fission products and the minor actinides (Np, Am, Cm, and higher) 
would be separated during fuel reprocessing between recycle passes and sent to waste storage 
and eventual disposal in a repository. The reusable material would then be used for fabricating 
the fuel for the next stage of the multi-recycle operation (ANL 2002a). 
 
This option would require facilities to recycle LWR SNF (using variations to existing separations 
technologies) and to fabricate MOX-U-Pu fuel. During SNF recycling, this option would 
generate the same waste types as the Fast Reactor Recycle Alternative, but in different quantities 
and with different characteristics.  
 
The Thermal Reactor Recycle Alternative (Option 1) would require R&D related to fuel 
development and fabrication, and large-scale recycling (see Chapter 4, Section 4.8.1). However, 
this alternative could start transition sooner, and proceed through transition more quickly, than 
many fuel cycle alternatives because it would only require development and licensing of a new 
fuel type and development of facilities to provide feedstock for the fuel (see Chapter 4,  
Section 4.8.2). 
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Heavy water reactors are thermal 
reactors that use deuterium oxide (heavy 
water) as a moderator and coolant for the 
reactor core. Natural (non-enriched) 
uranium typically is used as fuel, although 
other fuels consisting of slightly enriched 
uranium, mixed oxides of plutonium and 
uranium, or mixed oxides of plutonium 
and thorium, can be used. 

The baseline approach analyzed in this PEIS for this option would be to use a MOX-U-Pu fuel.9 
In theory, however, it would be possible to use a MOX-TRU fuel, particularly for the 
stabilization of the total transuranics, rather than disposing of the minor actinides in a repository. 
Analyses have shown that such complete TRU transmutation in LWRs is difficult in practice 
(Salvatores et al. 2003). With each successive recycle in the early recycle passes, the TRU 
content in the MOX-TRU pins would increase as more TRU is produced in the UO2 pins than is 
consumed in the MOX-TRU pins (although the rate of increase slows as the equilibrium state is 
approached). Multi-recycling of the TRU would lead to a significant increase in the higher 
actinide content of the fuel assembly, which would complicate fuel handling, as compared to 
standard UO2 or MOX assemblies, due to the much higher radiation from the transuranics in the 
transmutation fuel (ANL 2004). 
 
Another heterogeneous approach (sometimes referred to as using “targets”) could also be 
pursued. Previous studies performed in the AFCI program (Salvatores et al. 2003 and 
Collins et al. 2007) concluded that the recycle of Am and Cm in separate “target” pins was 
technically feasible from a nuclear physics viewpoint, and that such a recycle approach could 
result in effective fission and/or transmutation of transuranics. Practically, in LWRs using 
targets, the driver and target pins are located in the same assembly. This situation is due to the 
need to provide neutrons for the irradiation of the predominantly fertile target pins. The target 
pins are neutron absorbers and, consequently, their use requires an increase of the fissile content 
of the fuel (higher enrichment uranium fuel or higher plutonium-content MOX fuel) to meet 
specified cycle length and burnup requirements. In this regard, using target pins with MOX pins 
in an LWR core would require enriched uranium to support the fission process, if multiple 
recycle of the MOX pin is envisaged. Chapter 4, Section 4.3 discusses the use of targets in more 
detail and explains how the environmental impacts could change, compared to the baseline 
homogeneous approach. 
 
2.5.2 Thermal Reactor Recycle Alternative (Option 2—Thermal Recycle in Heavy 

Water Reactors) 
 
Under Option 2, DOE would support a domestic closed fuel cycle in a system in which light 
water reactor spent nuclear fuel would be used as a 
source of fissile material to fuel heavy water reactors 
(HWRs). Due to the fundamental characteristics of 
LWRs and HWRs, a synergistic fuel cycle could be 
developed to accomplish the objectives described in 
Chapter 1. This option would be possible because 
HWRs require no or low initial fuel enrichment, which 
can be provided by LWR SNF, which has a relatively 
high end-of-cycle fissile content (approximately 
0.9 percent U-235 and 0.6 percent Pu-239, depending on the initial LWR fuel enrichment and 
discharge burnup). For this PEIS, this fuel cycle will also be referred to as the “Direct Use of 

                                                 
9 MOX-U-Pu fuel could potentially include neptunium. The addition of minor actinides (such as neptunium) to the MOX fuel would reduce the 
quantity of transuranics in the HLW stream, thus also providing some further reduction in long-term radiotoxicity and thermal output  
(see Table 4.8.1). From the standpoint of potential impacts or difficulties in fuel fabrication and reactor operations, MOX-U-Pu fuel and  
MOX-U-Pu-Np fuel are expected to be similar. 
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Spent PWR10 Fuel in CANDU”11 (or DUPIC) fuel cycle. The DUPIC fuel cycle is particularly 
attractive in Korea, which is the only country in the world that has HWR (CANDU) and PWR 
reactors. As such, much of the research involving DUPIC has involved South Korean and 
Canadian researchers. 
 
The basic concept of the DUPIC fuel cycle is to fabricate the HWR nuclear fuel from PWR12 
SNF, principally by use of dry thermal/mechanical processes. The advantages of using the 
DUPIC fuel cycle are as follows: 1) to eliminate the PWR SNF, which would be re-fabricated 
into HWR fuel; 2) to save natural uranium resources that would have been required to produce 
HWR fuel; and 3) to reduce SNF accumulation (Yang and Park 2006). 
 
The DUPIC fuel cycle (Figure 2.5.2-1) would be relatively simple and would require the 
following: 1) one or more facilities to receive LWR SNF and then directly fabricate HWR fuel 
bundles by thermal and mechanical processes (hereafter, such a facility will be referred to as a 
DUPIC Fuel Fabrication Facility); and 2) a mix of LWRs and HWRs. By utilizing LWR SNF as 
an energy source for HWRs, approximately 50 percent more energy can be derived from the 
LWR fuel. A steady-state material balance for the DUPIC fuel cycle would require 
approximately 73 percent LWRs and 27 percent HWRs13 (Yang and Park 2006). Recycling the 
LWR SNF would generate the same waste types as the other recycle alternatives but in different 
quantities and with different characteristics. This option would also generate HWR SNF that 
would require disposal in a geologic repository.  
 

                                                 
10 A pressurized water reactor (PWR) is a type of LWR. 
11 The acronym “CANDU,” a registered trademark of Atomic Energy of Canada Limited (AECL), stands for “CANada Deuterium Uranium.” 
This is a reference to its deuterium-oxide (heavy water) moderator and its use of natural uranium fuel. All current power reactors in Canada are of 
the CANDU type. 
12 In principle, either PWR or boiling water reactor (BWR) SNF could be used, as long as the content of the SNF is appropriate for use in the 
HWR. 
13 In the Summary, this ratio is rounded to 75 percent LWRs and 25 percent HWRs.  
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FIGURE 2.5.2-1—Thermal Reactor Recycle Alternative: Option 2 (DUPIC Fuel Cycle) 

 
The Thermal Reactor Recycle Alternative (Option 2) would require R&D related to fuel 
development and fabrication, and large-scale recycling (see Chapter 4, Section 4.8.1). Because 
both LWRs and HWRs are widely used commercially, most transition issues would be related to 
spent fuel treatment to provide feedstock for the HWRs (see Chapter 4, Section 4.8.2). 
Additionally, the development and deployment of heavy water production facilities would be 
required.  
 
Depending upon the process employed to produce fuel assemblies for a HWR, the DUPIC 
recycling process has the potential to be simpler than the separation processes assessed for the 
Fast Reactor Recycle Alternative and the Thermal Reactor Recycle Alternative (Option 1). In 
fact, the transfer from LWR to CANDU might be literally “direct,” involving only the cutting of 
spent LWR fuel rods to CANDU length (approximately 50 centimeters), resealing (or double-
sheathing), and reengineering into cylindrical bundles suitable for CANDU geometry (Yang et 
al. 2005). Alternatively, a dry recycling technology that could provide more optimal reactivity 
and, therefore, higher burnup for the CANDU core is being developed and demonstrated. This 
technology includes mechanical removal of the cladding, followed by a thermal process to 
reduce the spent LWR fuel to powder. The powder is then sintered and pressed into 
CANDU sized pellets. This fuel fabrication process has been termed the Oxidation and 
Reduction of Oxide Fuel (OREOX) process (Yang et al. 2005). In this PEIS, the OREOX 
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High temperature gas-cooled reactors 
are thermal reactors that use graphite as a 
moderator to slow down neutrons and gas 
(such as helium) to remove heat from the 
reactor core. Thorium, uranium or 
transuranic elements can be used as fuel. 
 
Deep-burn refers to the relatively high 
amount of transuranics that would be 
consumed in the high temperature gas 
reactor. For transuranic consumption of 
60 percent, the burn-up could be about 6-
10 times greater than other reactor 
technologies. 

process is assessed.14 Waste streams from the OREOX process would include HLW, 
GTCC LLW, and LLW. 

 
The Korea Atomic Energy Research Institute (KAERI) has fabricated DUPIC fuel elements in a 
laboratory-scale remote fuel fabrication facility. KAERI has demonstrated the fuel performance 
in the research reactor, and it has confirmed the operational feasibility and safety of a CANDU 
reactor loaded with the DUPIC fuel using conventional design and analysis tools, which will be 
the foundation of the future practical and commercial uses of DUPIC fuel (Yang et al. 2005). 
 
2.5.3 Thermal Reactor Recycle Alternative (Option 3—Thermal Recycle in High 

Temperature Gas-Cooled Reactors) 
 
Under Option 3, DOE would support a domestic closed 
fuel cycle in a system that would recycle light water 
reactor spent nuclear fuel using advanced separations 
and use the recovered transuranic materials in high 
temperature gas-cooled reactors (HTGRs) to achieve 
deep-burn. A representative system of this alternative is 
the deep-burn modular helium reactor (DB-MHR) 
concept, which is being developed by General Atomics 
(Kim et al. 2006, Hong et al. 2007).  
 
The essential feature of the concept is the use of HTGR-
coated fuel particles that are considered strong and 
highly resistant to irradiation and, therefore, potentially 
a durable waste form for the permanent disposal of SNF. Recent evaluations have indicated that 
a TRU consumption level as high as approximately 60 percent is attainable in a single-pass in the 
DB-MHR system (Kim et al. 2006). 
 
Thermal Recycle in HTGRs (Figure 2.5.3-1) would require one or more facilities to recycle 
LWR SNF (using the same advanced separation options as the Fast Reactor Recycle Alternative) 
and to fabricate HTGR fuel made up of transuranic elements. Recycling the light water reactor 
spent fuel would generate the same waste types as other recycle alternatives, but likely in 
different quantities and with different characteristics.15 This option would also generate HTGR 
SNF that would require disposal in a geologic repository. Based on a steady-state material 
balance for transuranic consumption, this alternative would require approximately 82 percent 
LWRs and 18 percent HTGRs16 (Goldner and Versluis 2006), although, as explained below, 
there are uncertainties with data related to the Thermal Reactor Recycle Alternative (Option 3). 
 
The Thermal Reactor Recycle Alternative (Option 3) is the least developed domestic 
programmatic alternative, with only limited data available. Many key data (such as the amount of 
                                                 
14 In 1992, AECL, the Korea Atomic Energy Research Institute (KAERI), and the U.S. Department of State completed Phase I of an assessment 
of the DUPIC cycle. All of the options were assessed against a set of selection criteria, which included: retrofitability to CANDU and to PWR, 
safeguardability, licensability, reactor physics, fuel performance, fuel handling, fuel fabrication, and waste management. It was concluded that 
OREOX is the most promising option, largely because of the homogeneity of the resultant powder and pellets. 
15 Because the Thermal Reactor Recycle Alternative (Option 3) is the least developed domestic programmatic alternative, with only limited data 
available, it is not possible to quantify the specific differences in quantities and characteristics.  
16 In the Summary, this ratio is rounded to 80 percent LWRs and 20 percent HTGRs. 
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LWR SNF that would be processed, the amount of transuranics to be recovered, and the deep-
burn fuel composition) have not been determined. Much of that data that has been quantified has 
been from one of the principal HTGR vendors. Data from the vendor indicates that a 70 percent 
reduction in transuranic waste and a 2-3 time reduction in thermal heat load are possible 
(Goldner and Versluis 2006). The use of these data would indicate an improvement in meeting 
the purpose and need objectives compared to the No Action Alternative. While DOE has 
reviewed the information available, there is currently insufficient research available to verify that 
these data are correct. The available information for the deep burn alternative can best be 
characterized as initial estimates due to the approximations made and the requirements placed on 
the analyses, and only provides a rough estimate of the number of HTGRs that would be required 
to support the light water reactors. However, DOE believes that these data represent an initial 
estimate that can be used to reach some general conclusions that are not sensitive to the potential 
inaccuracies associated with such estimates. Consequently, any quantifications presented in this 
section for this option are only preliminary estimates, and do not have the same level of 
confidence as the data for other alternatives. DOE has recently funded additional research 
through the Generation IV program, which will result in information that will increase DOE’s 
knowledge base regarding this alternative, but this research will not be available for use in this 
PEIS. 
 
The Thermal Reactor Recycle Alternative (Option 3) would require significant R&D related to: 
fuel development and fabrication; large scale high temperature gas-cooled reactors that utilize a 
non-uranium fuel; and large-scale recycling of light water reactor spent fuel (see Chapter 4, 
Section 4.8.1). This alternative would also require one or more reactor-grade graphite production 
plants, which currently do not exist in the United States. Transition to this alternative is 
considered complex (see Chapter 4, Section 4.8.2).  
 

 
FIGURE 2.5.3-1—Thermal Reactor Recycle Alternative: Option 3 (Thermal Recycle in High 

Temperature Gas-Cooled Reactors) 
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OPEN FUEL CYCLE ALTERNATIVES 
 
2.6 THORIUM ALTERNATIVE 
 
The Thorium Alternative, a once-through fuel cycle, has the potential to reduce the volume and 
heat load of SNF requiring disposal in a geologic repository, which makes this fuel cycle a 
reasonable alternative for consideration in this PEIS. The environmental impacts of the Thorium 
Alternative are presented in Chapter 4, Section 4.6. 
 
Currently, almost all reactors use uranium and/or plutonium derived from uranium as their fuel. 
Thorium, however, can also be used to breed uranium-233 (U-233) to fuel nuclear reactors. 
Thorium is about three times as abundant as uranium in nature, but it cannot, by itself, create or 
sustain the nuclear chain reaction (“criticality”) needed to produce the heat in a nuclear reactor to 
generate electricity, as natural thorium occurs mainly as the fertile thorium-232 (Th-232) isotope. 
If, however, Th-232 absorbs a neutron, it can become fissile U-233. The U-233 created in the 
reactor is a more effective fuel than either U-235 or Pu-239 in a thermal neutron spectrum and, 
therefore, relatively small amounts of it can provide a significant contribution to sustaining a 
reactor’s operation. 
 
Thorium is a lighter element than either uranium or plutonium. As such, when thorium is used as 
a major component of reactor fuel, the production of transuranics (Np, Pu, Am, and Cm), which 
are the primary contributors to long-term waste radiotoxicity and heat load in geologic 
repositories, is reduced relative to conventional uranium-based fuels (IAEA 2002b). Although 
fewer transuranics are produced, they are replaced with shorter half-life uranium isotopes (such 
as U-232 and U-233). As these uranium isotopes decay, they produce isotopes with a 
radiotoxicity that is higher than with uranium-based fuels. (See Chapter 4, Figure 4.6-2, which 
shows that the radiotoxicity of thorium SNF would be higher than uranium SNF after 
approximately 50,000 years.) 
 
Between the mid 1960s and the 1980s, several experimental and prototype power reactors were 
successfully operated using thorium fuels. In addition, the Indian Point-2 commercial PWR 
successfully used thorium-based fuel, and thorium-based fuel was also used in several 
commercial HTGRs. Despite the generally positive experience with these fuels, however, so far, 
thorium fuels have not been introduced commercially on a large scale, mainly because the 
estimated uranium resources have turned out to be sufficient to support the existing reactor fleets 
in a cost-effective manner. 
 
Because it would be compatible with existing or future thermal reactors (e.g., LWRs, HWRs, and 
HTGRs), the Thorium Alternative (shown in Figure 2.6-1) can be characterized as a “new fuel 
design,” rather than as a new reactor concept, though it is different in many respects from the 
existing uranium once-through fuel cycle. In fact, based on recent studies, albeit generally not 
involving detailed designs, the Thorium Alternative would be feasible for implementation in 
most existing commercial nuclear power plants without major modifications to the engineered 
systems (e.g., control rods and soluble boron control systems) (IAEA 2005a). 
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For purposes of this PEIS, the Thorium Alternative as implemented in an LWR is assessed. 
While it is technically possible to recycle the SNF from a thorium-based fuel cycle to  
recover the actinides for reuse, this alternative is not assessed in this PEIS as a reasonable one, 
for the reasons explained in Section 2.8. Thorium SNF would be sent to a geologic repository. 
 

 
FIGURE 2.6-1—Thorium Alternative 

 
The Thorium Alternative would require R&D related to fuel development and fabrication, and 
increasing reactor capacity to commercial scale. Transition could proceed relatively quickly 
because development and licensing of a new fuel type would be less complex than issues related 
to many of the other fuel cycle alternatives.  

 
2.7 HEAVY WATER REACTOR/HIGH TEMPERATURE GAS-COOLED REACTOR 

ONCE-THROUGH FUEL CYCLE ALTERNATIVE (HWR/HTGR ALTERNATIVE) 
 
This alternative would involve a once-through fuel cycle that uses either HWRs or HTGRs. 
Because the HWR/HTGR Alternative has the potential to reduce the volume, heat load, and/or 
radiotoxicity of SNF requiring disposal in a geologic repository, it is being assessed as a 
reasonable alternative in this PEIS. For the HWR/HTGR Alternative, the following two options 
are assessed: Option 1—Use HWRs only (Section 2.7.1); and Option 2—Use HTGRs only 
(Section 2.7.2). In either case, the SNF would be stored until DOE can accept the SNF for 
disposal in one or more permanent geologic repositories. This is the only domestic programmatic 
alternative that would completely phase-out LWRs in the United States. For this alternative, this 
PEIS assumes that full implementation would occur by approximately 2060–2070, meaning that 
all LWRs would be phased-out by that time. However, because it is possible that some LWRs 
could continue to operate past 2060-2070, the PEIS also discusses how impacts would change if 
that were to occur. The environmental impacts of the HWR/HTGR Alternative are presented in 
Chapter 4, Section 4.7. 
 
 



GNEP Draft PEIS Chapter 2: Domestic Programmatic Alternatives 

2-22 
 

2.7.1 HWR/HTGR Alternative (Option 1—Heavy Water Reactor) 
 
For their reactor cores, HWRs use deuterium oxide (heavy water) as a moderator and coolant. 
Deuterium is a stable but rare isotope of hydrogen containing one proton and one neutron in its 
nucleus. Common hydrogen has only one proton in its nucleus. Chemically, the additional 
neutron in heavy water changes its characteristics only slightly, but in nuclear terms, the 
difference is significant. The role of water as the moderator in a thermal reactor is to slow 
neutrons down to an energy level where they will cause fissions to occur in uranium atoms in the 
fuel. Since the natural water used in LWRs absorbs more neutrons than heavy water, LWR fuel 
must be enriched to increase the amount of fissionable U-235 content needed to maintain a 
nuclear reaction. With fewer neutrons absorbed by heavy water (600 times fewer), more neutrons 
are available to fission the uranium atoms in the fuel and, therefore, enrichment is not required. 
This enables even natural uranium rather than enriched uranium to be used for fuel in a HWR. 
 
There has been a great deal of experience internationally with HWRs. Canada has been the 
principal developer of HWRs for commercial power production, and Canada has several in 
operation and under continued development. In the 1950s, Canada began development of the 
CANDU power reactor concept. CANDU is a pressurized heavy water reactor using natural 
uranium fuel. The selection of this concept built upon the Canadians’ previous experience and 
allowed them to use indigenous uranium reserves. The use of natural uranium avoids the 
requirement for uranium enrichment capability and eliminates the creation of depleted uranium 
enrichment plant tails (Canada 2007, Whitlock 2000, Boczar et al. 2002). 
 
While natural uranium fuel is used in Canada, a variety of enrichments and fissile loadings can 
be accommodated in existing CANDU designs. These include slightly enriched uranium (SEU), 
mixed oxides of plutonium/uranium or plutonium/thorium, and fuels containing no fertile 
material. Unlike PWRs and boiling water reactors (BWRs), the CANDU reactors can also be 
refueled while the reactor is operating at full power (“online”), a capability created by the 
subdivision of the core into hundreds of separate pressure tubes that contain fuel.  
 
This alternative would require R&D related to fuel development and fabrication (see Chapter 4, 
Section 4.8.1). Because HWRs are widely used commercially in other countries, transition issues 
would be less complex than for some other fuel cycle alternatives (see Chapter 4, Section 4.8.2). 
However, because HWRs are not used commercially in the United States and commercial scale 
heavy water production facilities do not exist domestically, the development and deployment of 
heavy water production facilities would be required.  
 
Under this option, for analysis purposes, it is assumed that the U.S. nuclear fuel cycle would 
fully transition to an all-HWR once-through fuel cycle (Figure 2.7.1-1). It is acknowledged that 
such transition would take many decades to accomplish (as existing LWRs would continue 
operations until reaching end-of-life).  
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FIGURE 2.7.1-1—Heavy Water Reactor Open Fuel Cycle 

 
2.7.2 HWR/HTGR Alternative (Option 2—High Temperature Gas-Cooled 

Reactor) 
 
HTGRs use graphite as a moderator to slow down neutrons and gas circulation to remove heat 
from the reactor core. While other gases had been used earlier, the development of helium-cooled 
gas reactors began in the 1960s, with prototype power plants constructed in the United States, 
Great Britain, and Germany. Helium coolant allowed the gas reactor to achieve higher operating 
temperatures and, therefore, higher efficiencies for producing electricity. The 13 MWe AVR in 
Germany operated successfully for 21 years, demonstrating the application of HTGR technology 
for electric power production (WNA 2008f). The 300 MWe Thorium High Temperature Reactor 
(THTR-300) was another plant built and operated in Germany, which helped demonstrate the 
HTGR concept. Both were pebble bed reactors that used U-235 and Th-232 fuel. Pebble bed 
reactors are fueled by spheres of graphite moderator with small particles of fuel dispersed 
throughout. These spheres are stacked in a close-packed lattice and cooled by helium. The heated 
helium may then be used to create steam for electricity or drive a turbine generator directly. 
 
HTGRs can also be built using hexagonal (prismatic) graphite blocks. The fuel in a prismatic 
core is made of small particles pressed into graphite compacts that are placed into the graphite 
blocks. Fort St. Vrain (now shut down) had a hexagonal (prismatic), graphite block core with 
thorium and uranium fuel. Internationally, there are several active programs directed at 
developing the HTGR concept for commercial power production (e.g., the High Temperature 
Engineering Test Reactor (HTTR) in Japan; the HTGR (HTR-10) in China; and the Pebble Bed 
Modular Reactor (PBMR) being developed for commercial use by an international conglomerate 
that includes South African-based ESKOM). The hexagonal block and pebble bed approaches 
continue to be explored, along with alternate power production cycle options, as capabilities to 
generate electricity and, possibly, hydrogen, and various module power ratings. 
 
Over the past decade, DOE has also focused substantial resources on the Generation IV Nuclear 
Energy Systems Initiative, wherein new reactor systems are being developed for deployment 
over the next 20 years. The NGNP, a part of the Generation IV Nuclear Energy Systems 
Initiative, is planned to be an advanced nuclear reactor design that can improve upon the current 
generation of operating commercial nuclear power plants. In addition to producing electricity 
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safely and economically, the NGNP will focus on establishing the feasibility of producing 
electricity and hydrogen from a nuclear reactor. DOE is considering the very high temperature 
reactor (VHTR), which is an HTGR, as a potential technology for the NGNP. 
 
The key building block of most HTGR concepts is a coated fuel particle that is less than 
approximately 1,000 microns in diameter, and that contains a central fuel “kernel” (e.g., 
UO2, UCO, etc.) and layers of pyrolytic carbon and silicon carbide/zirconium carbide. These 
layers protect the central fuel kernel, serve as a barrier to fission product release, and provide the 
potential for achieving high burnups. The particles can be placed in fuel compacts which are then 
inserted into either prismatic graphite blocks or coated graphite pebbles (which are 
approximately 2 in (6 cm) in diameter). 
 
This alternative would require R&D related to fuel development and fabrication, and increasing 
the capacity of HTGRs to commercial scale (see Chapter 4, Section 4.8.1). This alternative 
would also require one or more reactor-grade graphite production plants, which currently do not 
exist in the United States. Transition to this alternative could be deployed once a new reactor 
type is available (see Chapter 4, Section 4.8.2). 
 
Under this option, for analysis purposes, it is assumed that the U.S. nuclear fuel cycle would 
transition to an all-HTGR once-through fuel cycle (Figure 2.7.2-1). It is acknowledged that such 
transition would take many decades to accomplish, as existing LWRs would continue operations 
until reaching end-of-life. 
 

 
FIGURE 2.7.2-1—High Temperature Gas-Cooled Open Fuel Cycle 

 
2.8 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED STUDY 
 
In preparing this PEIS, DOE considered many alternatives for meeting the underlying purpose 
and need for agency action. Some of these alternatives were identified by DOE through internal 
discussion, while others were identified by the public during the public scoping process (see 
Appendix H). The following alternatives were considered but eliminated from detailed study: 
 

A. Institute Interim Storage of LWR SNF 
B. Increase Burnup of Light Water Reactor Fuels 
C. Terminate the Advanced Fuel Cycle Initiative 
D. Recycle SNF Now Planned for the Yucca Mountain Repository 
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E. Use the Plutonium and Uranium Recovery by Extraction (PUREX) SNF Separation 
Process 

F. Use Fast Reactor Types Other than Sodium-Cooled Reactors for the Initial Fast 
Reactor 

G. Assess Fuel Cycle Alternatives with Other Reactor Technologies: 
1. Supercritical Water-Cooled Reactor; and 
2. Molten Salt Reactors 

H. Use Accelerators for Transmutation 
I. Use Thorium Closed Fuel Cycle 
J. Recycle Spent HTGR Fuel 
K. Use MOX-U-Pu Open Fuel Cycle 
L. Use Breeder Reactors  
M. Switch to Non-Nuclear Electricity Production, Including Renewable Energy and 

Conservation 
 
DOE reviewed each of these alternatives in light of their ability to meet the purpose and need to 
support the expansion of domestic and international nuclear energy production, while also 
reducing the risks of nuclear proliferation and reducing the impacts associated with disposal of 
future SNF (e.g., by reducing the volume, thermal output, or radiotoxicity of waste requiring 
geologic disposal). 
 
A. Institute Interim Storage of Light Water Reactor Spent Nuclear Fuel. The concept of 
interim storage contemplates gathering the commercial SNF that now resides at each nuclear 
power plant and consolidating it for centralized storage at one or more sites until ultimate 
disposal in a geologic repository is available.17  
 
Proponents of interim storage offer the advantages of this strategy described below. This strategy 
arguably might support growth in nuclear electricity production by providing some added 
assurance to the commercial nuclear industry that SNF would not continue to require on-site 
storage at the commercial sites. Removing SNF from reactor sites would relieve the SNF buildup 
at commercial reactor sites, reduce the amount of dry storage capability required at these sites, 
and support continued reactor operations. Interim storage without separation would leave the 
SNF in a form that would require significant processing to extract weapon-usable material; the 
volume, mass, and high level of radiation associated with SNF make it difficult to steal or divert 
to other purposes. Centralized storage could also make the fuel easier and more efficient to 
protect.18 
 
DOE does not have the authority under law to accept commercial spent nuclear fuel for interim 
storage at this time. Furthermore, consolidating spent fuel would not reduce its volume and 
would have a limited effect on the use of space in a geologic repository from the standpoint of 
thermal output since the longer-term thermal contribution is driven by the decay of the long-lived 
actinides, not the short-lived fission products that would decay more quickly during interim 
storage. Furthermore, this limited benefit can be achieved simply by continuing on-site storage at 

                                                 
17 In this context, “interim storage” is distinguished from “process storage,” which is the storage of a quantity of SNF as feedstock that is 
reasonably related to a facility’s processing throughput (e.g., a nuclear fuel recycling facility). 
18 For example, centralized storage could use hardened storage technology that would provide better protection against terrorist attacks. 
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commercial sites, without incurring the impacts associated with construction of an interim 
storage site and transportation of SNF to an interim storage site. Finally, interim storage does not 
address the long-term radiotoxicity of SNF (see Chapter 4, Figure 4.8-5). 
 
In certain respects, interim storage would be analogous to the No Action Alternative but would 
defer a decision of what to do with spent nuclear fuel to the future. Further, even if current law 
were modified and interim storage was authorized and pursued, there would be additional costs 
and risks associated with handling and transport of the spent fuel from the utilities to the interim 
storage sites, and then again to a repository for disposal or to a recycling facility for processing 
and additional transport. 
 
Interim storage facilities present significant problems and would fail to meet DOE’s purpose and 
need here. In light of the forgoing, DOE has concluded that interim storage (even for periods of 
100 to 300 years) does not satisfy DOE’s purpose and need to reduce impacts associated with the 
disposal of SNF and, therefore, is not considered to be a reasonable alternative. 
 
B. Increase Burnup of Light Water Reactor Fuels. DOE considered a scenario in which LWR 
operations would significantly increase the burnup of LWR fuels. Burnup refers to the amount of 
energy generated per unit mass of fuel. Because fuel assemblies are of approximately equal 
mass, higher burnup fuels can reduce the total amount of SNF generated by providing more 
energy per fuel assembly. Historical U.S. commercial reactor operations show a steady trend 
toward higher burnup (see Figure 2.8-1); this is considered part of the No Action Alternative. 
Scenarios were considered in which burnup would be doubled, which could cut the mass of 
future SNF in half for the same total energy generation. 
 
However, any benefit from this volume reduction would be off-set by a larger quantity of fission 
products in the SNF, which would increase the radiotoxicity and thermal loading. In addition, 
higher burnup requires higher enrichment (i.e., more fissile material in the fresh fuel) and, 
therefore, more natural uranium. Thus, while more energy can be produced per unit of fuel, the 
natural uranium resources needed stay roughly constant per unit of energy. As a result, increased 
burnup of LWR fuels was not analyzed as a discrete alternative. 
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Source: Finck 2007b 

FIGURE 2.8-1—Historical Fuel Burnup Levels for United States Commercial 
Boiling Water Reactors and Pressurized Water Reactors 

 
C. Terminate the Advanced Fuel Cycle Initiative. One of the missions of DOE’s Office of 
Nuclear Energy is to undertake R&D activities in support of civilian nuclear energy programs. 
The objective of the AFCI is to provide technology options that would enable long-term growth 
of nuclear power, to improve environmental sustainability, and to improve energy security. AFCI 
technology development focuses on reducing the long-term environmental impacts of nuclear 
waste, improving proliferation resistance, and enhancing the use of nuclear fuel resources. 
During the scoping period, some commentors suggested that DOE consider terminating the 
ongoing AFCI program as an alternative. DOE has determined that this alternative is 
inappropriate; it would do nothing to advance the purpose and need and would inhibit the 
nation’s ability to conduct research necessary for its energy future. 
 
D. Recycle Spent Nuclear Fuel Now Planned for the Yucca Mountain Repository. During 
the scoping period, some commentors suggested that DOE should recycle the SNF that is now 
planned for disposal at the Yucca Mountain repository. Some commentors stated that recycling 
this SNF could eliminate the need for the Yucca Mountain repository. Under all nuclear fuel 
cycles, however, the United States will need a permanent geologic repository to dispose of SNF 
and/or HLW from the operation of commercial nuclear power plants and defense-related 
activities. All programmatic alternatives analyzed in this PEIS, including the No Action 
Alternative, would require at least one geologic repository, and the GNEP PEIS would have no 
effect on the ongoing planning for that initial repository. GNEP PEIS alternatives are at a stage 
of initial proposal, and DOE has not made any decisions to proceed with any specific alternative. 
Given the many uncertainties associated with the timing and the scope of the implementation of 
any action alternative that might be selected here, the present pressing need for disposal capacity 
that the Yucca Mountain repository is intended to address, and current statutory mandates, it is 
reasonable and necessary to go forward with the Yucca Mountain repository as planned. 
Consequently, the GNEP PEIS does not address the recycle of SNF currently planned for 
disposal at the Yucca Mountain geologic repository (i.e., up to the statutory capacity limit). On 
the other hand, to ensure comparability among all closed fuel cycle alternatives, the GNEP PEIS 
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assumes that all commercial SNF generated in excess of the Yucca Mountain geologic repository 
statutory capacity limit would be recycled.   
 
E. Use the Plutonium and Uranium Recovery by Extraction (PUREX) Spent Nuclear Fuel 
Separation Process. During the scoping period, some commentors suggested that DOE utilize 
the PUREX process to separate LWR SNF. PUREX is an aqueous separation process that is used 
to extract uranium and plutonium, independently of each other, from the fission products in SNF. 
This process was used during the Cold War at DOE’s Hanford Site and Savannah River Site to 
separate weapons-grade plutonium for the U.S. nuclear weapons program and has been used 
since at the Savannah River Site for stabilization and disposition of nuclear materials. One 
element of the purpose and need is to reduce the risks associated with nuclear proliferation, and 
DOE will assess as reasonable alternatives only those technologies that do not separate or use 
pure plutonium. The PUREX process, which separates pure plutonium, fails to meet this 
criterion. As such, the PUREX process was eliminated from detailed study. Separate from the 
GNEP PEIS, the National Nuclear Security Administration (NNSA), a semiautonomous agency 
within DOE, is preparing a Nonproliferation Impact Assessment (NPIA) that will analyze the 
nonproliferation aspects of the programmatic alternatives evaluated in this GNEP PEIS. The 
NPIA will assess the programmatic alternatives and technologies against major U.S. 
nonproliferation policy objectives (see Chapter 1, Section 1.2.1.3). 
 
F. Use Fast Reactor Types Other than Sodium-Cooled Fast Reactors for the Initial Fast 
Reactor. There are a number of potential fast reactor technologies that could eventually be used 
to generate electricity by consuming transuranic elements. The reactor technology being 
analyzed for the initial fast recycling reactor is a liquid metal (sodium)-cooled fast reactor, which 
is referred to as an advanced recycling reactor in this PEIS. DOE judged that the sodium-cooled 
fast reactor possesses the “most viable technical maturity” for achieving effective transmutation 
in the near-term19 (DOE 2006t). As such, the sodium-cooled fast reactor is the reference reactor 
technology considered in this PEIS for the Fast Reactor Recycle Alternative and the 
Thermal/Fast Reactor Recycle Alternative. 
 
Additionally, because this PEIS is not supporting a specific reactor technology decision, the 
purpose of the reference reactor technology is to provide a reasonable basis for analyzing the 
environmental impacts of the Fast Reactor Recycle Alternative and the Thermal/Fast Reactor 
Recycle Alternative. A fast reactor is used to reflect the transuranic destruction that could be 
achieved to compare against the other alternatives. Design, construction, and operational 
information is available for this fast reactor type. Future proposals could involve other reactor 
types; any actual proposal to deploy a reactor would include a further NEPA analysis. 
 
G. Assess Fuel Cycle Alternatives with Other Reactor Technologies. In addition to the 
HWR/HTGR Alternative, DOE considered fuel cycle alternatives that could use other reactor 
technologies, including supercritical water-cooled reactors and molten salt reactors. As discussed 
below, neither of these reactors was considered to be technically mature enough to consider as a 

                                                 
19 DOE concluded that a demonstration reactor could be pursued today with sodium-cooled fast reactor technology, in roughly 5 to 10 years with 
a lead-cooled fast reactor, and in roughly 20 years with a gas-cooled fast reactor. DOE stated that “the challenges for sodium-cooled fast reactor 
technology are well understood” (The United States Generation IV Fast Reactor Strategy, December 2006 [DOE 2006t]). 
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reasonable alternative in this PEIS. These other reactor types could be considered by DOE for 
further development through the AFCI or other R&D program. 
 

1. Supercritical Water-Cooled Reactor. Supercritical water-cooled reactors (SCWR) 
are promising advanced nuclear systems to generate electricity, both because of their high 
thermal efficiency (i.e., about 45 percent versus about 33 percent efficiency for current 
LWRs) and because of the considerable plant simplification. Basically, SCWRs are 
LWRs operating at higher pressure and temperatures, with a direct, once-through cycle. 
Operation above the critical pressure eliminates coolant boiling, so the coolant remains 
single-phase throughout the system. Thus, the need for recirculation and jet pumps, 
pressurizers, steam generators, and steam separators and dryers in current LWRs is 
eliminated. 

 
The SCWR begins with a thermal neutron spectrum and once-through fuel cycle, but, 
ultimately, it may be able to achieve a fast-spectrum with recycle. It is built upon two 
proven technologies: LWRs, which are the most commonly deployed power-generating 
reactors in the world, and supercritical fossil-fired boilers, a large number of which are 
also in use around the world. 
 
For any SCWR design, materials for reactor internals and fuel cladding would need to be 
evaluated and identified. Zirconium-based alloys, which are commonly used in 
conventional water-cooled reactors, would not be a viable material for most of the 
proposed SCWR core designs without a thermal and/or corrosion-resistant barrier. Based 
on the available data for other alloy classes, no alloy has received sufficient study to 
unequivocally ensure its viability in an SCWR. A variety of potential materials have been 
identified for both fuel cladding and core internal components (Finck 2007d). 
 
2. Molten Salt Reactors. Molten salt reactors (MSR) are liquid-fueled reactors that can 
be used for production of electricity, burning of actinides, production of hydrogen, and 
production of fissile fuels. Fissile, fertile, and fission isotopes are dissolved in a high 
temperature molten fluoride salt with a very high boiling point (2,552°F [1,400°C]), 
which is the reactor fuel and the coolant. The near-atmospheric-pressure molten fuel salt 
flows through the reactor core. Traditional MSR designs have a graphite core that would 
operate with thermal neutrons of slightly higher energy levels than those in many current 
thermal reactors. Alternative designs are now being explored with no reactor internals 
and a fast neutron spectrum. In the core, fission occurs within the flowing fuel salt that is 
heated to approximately 1,292°F (700°C), which then flows into a primary heat 
exchanger, where the heat is transferred to a secondary molten salt coolant. The fuel salt 
then flows back to the reactor core. The clean salt in the secondary heat transport system 
transfers the heat from the primary heat exchanger to a high temperature Brayton cycle 
that converts the heat to electricity. The Brayton cycle (with or without a steam-
bottoming cycle) may use either nitrogen or helium as a working gas. 
 
Development of an MSR involves multiple fuel cycle challenges. Specifically, because 
the system is a molten fluoride salt system, there are unique chemical issues not 
associated with other reactors. There is a need to develop a fluoride HLW form and an 
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integrated fuel recycle strategy. The current regulatory structure was developed with the 
concept of solid-fuel reactors, but liquid fueled reactors use different approaches to 
reactor safety than do solid-fueled reactors. The comparable regulatory requirements for 
this system must be defined. Appropriate safety analysis is required, followed by 
appropriate research on the key safety issues. 
 
The major challenges in materials R&D are to identify and qualify materials with 
properties appropriate for MSR operating conditions, including corrosion resistance, 
mechanical performance, and radiation performance. The primary materials of interest 
are the moderator (graphite) and the reactor vessel/primary loop alloy (presently a nickel-
based alloy). It is also necessary to develop corrosion control and coolant monitoring 
strategies for protecting the reactor vessel and primary piping alloys (Finck 2007d). 

 
H. Use Accelerators for Transmutation. The use of accelerators to transmute the transuranic 
radionuclides in SNF was extensively studied via the Accelerator-based Transmutation of Waste 
(ATW) Program, which DOE initiated in 1999. The 1999 ATW Program focused primarily on 
one technology option (accelerator-driven fast neutron spectrum transmutation systems) and one 
implementation scenario (burn-down of the SNF from all past and existing U.S. power reactors) 
(Van Tuyle 2001). The research results from the ATW program and its successor, the Advanced 
Accelerator Applications Program, led to the conclusion that stand-alone accelerator-driven 
systems were not a viable solution to dealing with large amounts of SNF, because the mission 
time was long, and because the technical and economic challenges were formidable 
(DOE 2006u). 
 
I. Use Thorium Closed Fuel Cycle. As described in Section 2.6, this PEIS assesses in detail a 
once-through Thorium Alternative. A closed cycle for thorium was also considered, and, while 
technically possible, it was eliminated from detailed study for the following reasons: 

 
− Highly penetrating radioactive materials (thallium-208 and bismuth-212) are unavoidably 

created in thorium-based SNF. These are very high-energy gamma emitters, which 
complicate all handling operations (i.e., recycling, manufacture, transport, and disposal) 
and, thus, shielded and remote lines must be used. 

− Thorium dioxide (ThO2) fuel is relatively inert and, unlike uranium dioxide (UO2), does 
not dissolve easily in concentrated nitric acid. Addition of small quantities of hydrogen 
fluoride (HF) in concentrated nitric acid (HNO3) is needed to dissolve ThO2, which 
would cause corrosion of stainless steel equipment and piping in reprocessing plants. 
Perhaps more importantly, while the technology for reprocessing and recycling thorium-
based fuels (THOREX) is viable, it is significantly less developed at this stage than the 
technology for reprocessing and recycling other candidate fuel options, especially if 
separate streams of elements are desired (e.g., uranium and minor actinides). 

− Though viable, the process of separating uranium and transuranics from spent ThO2 fuel 
is yet to be developed (IAEA 2002b). 

 
J. Recycle Spent High Temperature Gas-Cooled Reactor Fuel. As described in Section 2.7.2, 
this PEIS assesses in detail a once-through HTGR Alternative. A closed cycle for HGTR fuel 
was also considered and, while technically possible, it was eliminated from detailed study. The 
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nature of the fuel makes reprocessing more difficult due to the need to first separate the particles 
from the rest of the block or pebble, open the particles via mechanical processes 
(cracking/grinding/crushing), and then chemically dissolve the fuel. While an approach for 
reprocessing and recycling particle-based fuels exists in concept, substantial development and 
demonstration of a fuel cycle using these technologies would be required to bring this technology 
to the same level of maturity as other candidate fuel cycles. 
 
K. Use MOX-U-Pu Open Fuel Cycle. This PEIS assesses the potential use of MOX-U-Pu fuel 
in closed fuel cycles (see Section 2.4, which would use MOX-U-Pu in LWRs prior to fast reactor 
recycle, and Section 2.5.1 for a description of continuous recycle using LWRs fueled with MOX-
U-Pu). DOE also considered an open fuel cycle that would use MOX-U-Pu fuel. For example, 
MOX-U-Pu fuel is being pursued for use in the Catawba and McGuire commercial power 
reactors as part of DOE’s plutonium disposition program. There would be no reprocessing or 
subsequent reuse of this SNF. Once the cycle is completed, the spent MOX fuel would ultimately 
be disposed of in a geologic repository (NRC 2008b). The alternative to use MOX-U-Pu fuel in 
an open fuel cycle would produce SNF not amenable to substantially reducing the impacts of 
disposal; that is, it would not reduce volume, thermal output, or radiotoxicity.  

L. Use Breeder Reactors. Breeder reactors are used to produce more fissile material than they 
consume, which could be needed if sufficient uranium resources are no longer available to 
support nuclear power based on uranium enrichment. The breeder reactor is a variation of the 
fast reactor evaluated in detail as part of the Fast Reactor Recycle Alternative and the Thermal/ 
Reactor Recycle Alternative. One objective addressed in this PEIS is to reduce quantities of 
plutonium and minor actinides, in order to reduce the environmental impacts and proliferation 
risks from SNF. Breeder reactors would be inconsistent with the nonproliferation goal to reduce 
quantities of plutonium and other potential weapons-usable materials from the civil fuel cycle. 
The long-term sustainability of nuclear energy may require breeders at some time in the future, if 
uranium and thorium resources become scarce or uneconomical to extract. The long-term 
sustainability of nuclear energy is, however, a mission of the Generation-IV Initiative, not the 
GNEP Program (DOE 2006t). While the fast reactor technology is capable of being designed and 
operated as a breeder reactor, this PEIS analyzes fast reactors that would be designed, built, and 
operated as net users of fissile material. 
 
M. Switch to Non-Nuclear Electricity Production, Including Renewable Energy and 
Conservation. Some commentors suggested that the United States should meet future electricity 
demands through conservation and increased use of renewable energy sources, rather than 
through increased use of nuclear energy. While DOE agrees that conservation and increased use 
of renewable energy resources are desirable, it is clear that the United States needs significant 
power to sustain and advance its productivity. DOE does not consider the alternatives in this 
PEIS to be “either/or” alternatives, with respect to meeting future electricity demands by non-
nuclear means or conservation. The alternatives in this PEIS are consistent with either 
conservation or the use of new and significant renewable energy resources. The alternatives in 
this PEIS relate to nuclear fuel cycles. Other DOE programs address other means of energy 
production, as well as conservation. Indeed, DOE is presently addressing new and novel means 
of producing energy through its basic and applied research, as well as the development funding 
of new technologies. 
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2.9 GLOBAL NUCLEAR ENERGY PARTNERSHIP PROGRAMMATIC ENVIRONMENTAL 
IMPACT STATEMENT ANALYSIS ASSUMPTIONS 

 
In support of the programmatic analysis, DOE has identified a number of relevant issues (such as 
technologies, capacities, and timing) that should be factored into the assessment, in order to 
inform the decision maker of the environmental impacts of the programmatic alternatives. 
 
2.9.1 Global Nuclear Energy Partnership Programmatic Environmental Impact 

Statement Planning Assumptions/Considerations/Basis for Analysis 
 
This section discusses some of the more specific assumptions and considerations that form the 
basis of the analyses and impact assessments that are the subject of this PEIS. Section 2.9.2 
explains the assumptions related to the issue of future electricity projections in detail. 
 
Yucca Mountain Repository. Under all nuclear fuel cycles, the United States requires a 
permanent geologic repository to dispose of SNF and/or HLW. All of the GNEP programmatic 
alternatives, including the No Action Alternative, would produce materials that would need to be 
isolated in a deep geologic repository as a means of final disposition. In addition, none of the 
GNEP programmatic alternatives would affect the current statutory mandate and the need to 
develop a repository for the disposal of existing inventories of SNF and/or HLW. Therefore, the 
ongoing planning, engineering design, and licensing activities for the Yucca Mountain repository 
are proceeding. 
 
In the Nuclear Waste Policy Act of 1982, as amended, 42 U.S.C. 10101 et seq. (NWPA), the U.S. 
Congress has recognized that “a national problem has been created by the accumulation 
of…spent nuclear fuel from nuclear reactors; and…radioactive waste from (i) reprocessing of 
spent nuclear fuel; (ii) activities related to medical research, diagnosis, and treatment; and 
(iii) other sources.” The NWPA requires that DOE submit an application to the NRC for 
construction authorization for a geologic repository at Yucca Mountain. DOE has finished that 
application and submitted it to the NRC on June 3, 2008. Further, the NWPA requires DOE to 
submit to the President and Congress a report on the need for a second repository after January 1, 
2007, but no later than January 1, 2010, and prohibits DOE from engaging in site-specific 
activities with respect to a second repository without specific Congressional authorization and 
funding. 
 
In addition to the existing legislative mandate, the purpose and need addressed by the GNEP 
Program is consistent with, and is not adversely affected by, the ongoing planning, engineering 
design, and licensing activities for the repository. The GNEP Program seeks to develop ways to 
support expanded use of nuclear energy to meet growing electricity needs. However, given the 
current uncertainties associated with the timeframes, potential capacities, and technological 
development needs of, and private industry support for, the facilities evaluated in the GNEP 
programmatic alternatives, it would not be reasonable or consistent with the GNEP Program 
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goals to defer or delay current activities for the planning and development of the Yucca 
Mountain repository for the disposal of commercial SNF.20  
 
Demonstrating that a repository can be licensed and operated for the disposal of SNF would allay 
concerns that SNF and HLW storage or processing sites would become permanent, and it would 
facilitate design of advanced fuel cycle facilities. It would also provide a basis for assurance that 
reactor sites will not be long-term waste repositories by default. On the other hand, delaying 
repository development to await the resolution of questions about the fate of commercial SNF 
could continue to add substantial costs to the taxpayer for the interim management of such fuel, 
including the costs of delayed closure of the facilities in which it is now stored. Using the figures 
in this PEIS as a basis for projection, there conceivably could be more than 200,000 MTHM of 
commercial SNF in storage by 2100, if a repository were not operational by that time. 
 
Since the Carter Administration, the policy of the United States has espoused the principle that 
the responsibility for the disposal of radioactive waste should be shouldered by the generation 
that created it, and that it not be passed on to future generations. This principle is consistent with 
the principle enumerated by the International Atomic Energy Agency (IAEA) that the 
“generations that produce the waste have to seek and apply safe, practicable and environmentally 
acceptable solutions for its long term management” (IAEA 2006b). Leaving HLW and SNF in 
storage while awaiting the potential development of new recycling technologies is inconsistent 
with these principles. 
 
Future Repository Capacity. For the purposes of analysis, this PEIS assumes that any SNF or 
HLW exceeding the statutory capacity limit of the first repository could be ultimately disposed 
of in one or more permanent geologic repositories. Such future repository capacity could either 
be an expansion of the Yucca Mountain geologic repository, if the statutory capacity limit is 
amended, or a separate geologic repository at a site to be determined. 
 
Capacities, Implementation Scenarios, and Timeframe Analyzed. The GNEP PEIS includes 
an evaluation of the domestic programmatic alternatives at four different capacity levels, based  
on the electricity demand scenarios and timeframes discussed in Section 2.9.2. The alternatives 
were evaluated for the following four assumed nuclear electricity capacities by approximately 
2060–207021: 
                                                 
20 The Yucca Mountain geologic repository is intended for the disposal of DOE SNF and HLW, as well as commercial SNF. DOE (and Navy) 
SNF contains a number of characteristics that would make it ill-suited for recycling.  Furthermore, the commercial fuel cycle technologies 
considered in this PEIS are not intended to recycle HLW.  
21 The analysis of the domestic programmatic alternatives in this PEIS is broad and long-term. For each of the action alternatives, transition and 
full implementation could not be achieved for many decades. The term “approximately 2060–2070” is used to define a reasonable endpoint 
during which transition and full implementation could potentially be achieved. The endpoint is not meant to be definitive as to when full 
implementation could be achieved, and this date should not be construed as absolute. The term reflects the mathematical endpoint at which the 
growth rates of 0.7 percent, 1.3 percent, and 2.5 percent would reach the values of 150 gigawatts electric (GWe), 200 GWe, and 400 GWe, 
respectively, as projected from the year 2006. For example, the baseline scenario analyzed in greatest detail in this PEIS uses the early release 
electricity projections that estimate an average annual growth rate of 1.3 percent for the period from 2006 to 2030 (see Section 2.9.2) 
(EIA 2007a). Starting with 100 GWe in 2006, a 1.3 percent growth rate would result in 200 GWe of capacity by approximately 2060–2070. 
(Note: 100 GWe of capacity would grow to 200 GWe in 54 years at a rate of 1.3 percent per year.) During this 54-year timeframe, there will 
likely be periods of annual growth that are higher and lower than the 1.3 percent average. For example, over the next two decades or so (until 
2030), EIA projects that nuclear production will only grow by approximately 0.7 percent annually. When compared to the 1.3 percent growth 
expected in the overall electricity generation market, nuclear production would lose market share over this period (EIA 2007a). Similarly this 
PEIS assumes that nuclear power is expected to remain constant (zero growth rate) until 2015, given the fact that no new nuclear plants are 
currently under construction. After 2015, new LWRs are expected to begin coming online, and the PEIS assumes a 1.3 percent growth rate until 
approximately 2020. After 2020, this PEIS assumes that a higher growth rate than average would occur in order to achieve 200 GWe by 
approximately 2060–2070. Although many factors (e.g, economics, demand, national policies, etc.) would affect the year-to-year nuclear power 



GNEP Draft PEIS Chapter 2: Domestic Programmatic Alternatives 

2-34 
 

− 100 GWe (which represents the current nuclear electricity capacity) 
− 150 GWe (which is based on a 0.7 percent growth rate in nuclear electricity capacity) 
− 200 GWe (which is based on a 1.3 percent growth rate in nuclear electricity capacity) 
− 400 GWe (which is based on a 2.5 percent growth rate in nuclear electricity capacity) 

 
It is not possible to predict with confidence when any of the action alternatives would be fully 
implemented. Many factors would affect the success of implementing any alternative, including 
market forces, public policy, and regulatory issues. Consequently, there could be considerable 
uncertainty as to when successful implementation would be considered to have been achieved. 
While it is recognized that there are other potential combinations, the scenarios analyzed are 
considered to provide a reasonably foreseeable range of future conditions. For the purposes of 
this PEIS, the analysis focuses on the overall environmental impacts of achieving and operating a 
fully operational system for each of the alternatives. By evaluating each alternative at the various 
electric generating capacities, a consistent comparison of environmental impacts (e.g., SNF, 
wastes, transportation, etc.) can be made among the alternatives. There could be differences in 
implementation of the alternatives compared to what is presented in this PEIS. To the extent 
possible, the PEIS discusses these issues and attempts to explain how these differences could 
affect the impacts presented. 
 
Phase-out of Light Water Reactors. LWRs are the only reactor technology used for electricity 
production in the United States today. This PEIS assumes that current LWRs begin retirement in 
2029 and are replaced at retirement by the same amount of nuclear generating capacity. By 
approximately 2060, all existing LWRs would have been retired/replaced. As discussed in 
Section 2.2, new LWRs are currently being pursued by the commercial nuclear power industry, 
independent of this PEIS, and could be constructed during the PEIS analysis timeframe. 
Consequently, this PEIS assumes that new LWRs would be constructed during the planning 
timeframe used in this PEIS and could be operated beyond 2060. (Assuming that new LWRs are 
constructed in approximately 2015 and are granted a 40-year operating license, these LWRs 
would be expected to operate until at least 2055. Because it is also reasonable to assume that 
some or all of these future LWRs could receive life-extensions for an additional 20 years of 
operation, these LWRs could operate beyond 2060). Except for the HWR/HTGR Alternative, 
each of the domestic programmatic alternatives would continue to need/utilize LWRs. For the 
HWR/HTGR Alternative, this PEIS assumes that full implementation would occur by 
approximately 2060–2070, but also discusses how impacts would change if this were not to 
occur.  
 
Domestic Fuel Cycle Facility Ownership, Control, and Regulatory Status. For the 
programmatic alternatives analyzed in this PEIS, DOE is not proposing or deciding whether any 
nuclear reactors or nuclear fuel recycling centers to be demonstrated or deployed under the 
GNEP Program would be commercial or government owned or controlled facilities. For the 
purposes of this PEIS, DOE addresses the environmental impacts from such facilities regardless 
of such factors, and under the assumption that the facilities could be regulated either by the NRC 
or DOE. Further, for the purposes of this PEIS, DOE analyzes LLW as either Class A, B, or C 

                                                                                                                                                             
growth, the PEIS assumes that the growth rate after 2020 is constant. Overall, this would result in an average annual growth rate of 1.3 percent 
over the entire PEIS timeframe. This approach is consistent with current events, consistent with the Energy Information Administration’s 
approach for projecting electricity growth, and provides a basis for analyzing the differences between the domestic programmatic alternatives. 
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waste, or Greater-than-Class-C (GTCC) LLW, in accordance with NRC classification criteria, 
and without regard to whether the LLW is owned or controlled by DOE. 
 
Facility Locations. This PEIS is not intended to support siting decisions for the programmatic 
alternatives. Instead, tiered, project-specific NEPA reviews would be required to make any such 
decisions. For example, if one of the closed fuel cycle alternatives were selected in a Record of 
Decision (ROD), a nuclear fuel recycling center could not be constructed without a project-
specific NEPA review. That review would include a consideration of reasonable site alternatives. 
 
Future Reactors. For any of the fuel cycle alternatives, there could be a large number of reactor 
scenarios that could be employed to achieve a capacity of 200 GWe, including the following: 
1) 200 reactors, each with a nominal capacity of 1,000 MWe; 2) 400 reactors, each with a 
nominal capacity of 500 MWe; and 3) 500 reactors, each with a nominal capacity of 400 MWe. 
Historically, when new types of reactors have been introduced, the initial reactors are small, and 
later reactors are much larger. For this PEIS, environmental impacts are based on electrical 
production, rather than on the number of reactors, because reactors vary considerably in size. 
 
However, because of potential differences among the alternatives with respect to the number of 
new reactors that would be needed to implement each programmatic alternative, the PEIS 
includes such information. The information below is generally based on Energy Information 
Administration estimates of future reactor designs for each reactor type (EIA 2006d), as follows: 
 

− LWR: Current LWRs in the United States vary in generating capacity from less than 
500 MWe to over 1.3 GWe. The capacity of future reactors may or may not fall within 
this range. This PEIS assumes that future LWRs would produce an average of 
approximately 1 GWe. 

− HWR: Two models of the CANDU reactor have been marketed internationally: the 
CANDU-6, which has a capacity of approximately 700 MWe, and the CANDU-9, with a 
capacity of approximately 900 MWe. A larger CANDU design (approximately 1.2 GWe) 
has been proposed. The capacity of future reactors may or may not fall within this range. 
In estimating the number of future reactors, this PEIS assumes that future HWRs would 
produce an average of approximately 800 MWe. 

− Fast Reactor: Advanced recycling reactors (i.e., fast reactors) are currently being studied 
across a large capacity range. Initial industry responses to a GNEP Program technology 
funding opportunity indicate that fast reactors in the range of 300 MWe to more than 
1 GWe are being considered for future development. Initial fast reactors could be on the 
lower end of the range, while later reactors could be much larger. In estimating the 
number of future fast reactors for a particular system power level, this PEIS assumes that 
the future fast reactors would produce an average of approximately 800 MWe.22 

                                                 
22 EIA 2006d only provides information related to the Toshiba 4S fast reactor concept, which is intended for use in remote locations. Other 
domestic and international fast reactor concepts and systems, however, range from about 300 MWe (liquid metal reactor program modular type 
concept) to 1.5 GWe (Japan Atomic Energy Agency Sodium-cooled Fast Reactor [JSFR]). More specifically, the Phenix and MONJU reactors 
(built and operated) are about 250 MWe and 280 MWe, respectively, and the Clinch River Breeder Reactor design was about 350 MWe. India is 
constructing a prototype fast breeder reactor at about 500 MWe. Russia has also operated BN-600 (600 MWe) and is constructing the BN-800 
(800 MWe). The French have built and operated Superphenix at approximately 1200 MWe, and the Japanese are pursuing the JSFR  
(at 1500 MWe). Thus, a capacity of 800 MWe for future fast reactors is not unreasonable. 
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− HTGR: According to the Energy Information Administration, HTGRs are currently being 
studied in the power range of 180 MWe to 325 MWe (EIA 2006d). Within DOE, HTGRs 
are being studied in the range of approximately 300 megawatts thermal (MWth) to 
600 MWth.23 This PEIS assesses the HTGR at an average of 300 MWe output. 

 
For all reactor technologies, it is likely that future siting decisions would consider the potential 
advantages that could be realized by co-locating more than one reactor facility at a given site. 
While relevant to all reactor technologies, this consideration is most important for the smaller 
capacity reactors. For example, it is likely to be more economical to site six modular HTGRs at 
one site than to locate six HTGRs at six sites. Thus, for the same total generating capacity, 
although the number of reactors may be increased with the use of smaller reactors, the number of 
power-generating stations may be comparable to that based on use of higher power reactor 
concepts (e.g., two 1 GWe LWRs at one site or six 300 GWe HTGRs at one site). 
 
Future Spent Nuclear Fuel Separation Facilities. Each of the closed fuel cycle alternatives 
would require LWR SNF separation facilities. Additionally, the Fast Reactor Recycle Alternative 
and the Thermal/Fast Reactor Recycle Alternative would require fast reactor SNF separation 
facilities and associated fast reactor fuel fabrication facilities. For this PEIS, the following two 
SNF separation facilities are assessed: 
 

− LWR SNF separation facility with a capacity of 800 MTHM/yr 
− Fast reactor SNF separation facility with a capacity of 100 MTHM/yr. (It also is assumed 

that the facility for the fabrication of fuel for recycling (regardless of the nature of that 
fuel) will have a capacity of 100 MTHM/yr.) 

 
These facilities are described in Appendix A, Section A.3. 
 
Construction and Operation. Both construction and operational impacts are considered. 
Construction impacts are generally short-term (e.g., would occur over the construction period). 
In contrast, operational impacts are expected to be long-term (e.g., would occur annually as long 
as the facility operates and could extend beyond operations, depending on the status of waste 
storage or other considerations). 
 
Source of Spent Nuclear Fuel to be Recycled. For those alternatives that recycle SNF, this 
PEIS assesses the recycling of commercial LWR SNF that is generated above the statutory 
capacity limit discussed above with regard to the Yucca Mountain geologic repository. 
 
Transportation of Spent Nuclear Fuel to be Recycled. This PEIS analyzes the impacts of 
transporting SNF from U.S. reactors to either a recycling facility or a geologic repository, as 
appropriate for each alternative. The PEIS assesses both truck and railway transport of SNF. 
Details regarding specific assumptions used for the transportation analysis are contained in 
Appendix E. 
 

                                                 
23 One concept being considered by DOE-Office of Nuclear Energy (NE) for an NGNP is a 300 MWth–600 MWth HTGR (600 MWth being 
commercial size). The electrical output of the 600 MWth unit operating at close to 50 percent thermal efficiency is approximately 300 MWe. 
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Disposition of High-Level Waste from Recycling Spent Nuclear Fuel. Not all alternatives 
would produce HLW. Any facilities that produce HLW would, however, store HLW until there 
is a disposal path for this HLW. This PEIS assesses the impacts of the following: 1) storing 
HLW on-site at any recycling facility; and 2) transporting HLW to a geologic repository for 
ultimate disposal. The impacts from disposal of HLW at a geologic repository are not analyzed 
in this PEIS. 
 
Disposition of Greater-than-Class-C Low-Level Waste. All of the alternatives would generate 
GTCC LLW, either during normal operations or during decontamination and decommissioning. 
The Low Level Radioactive Waste Policy Amendments Act of 1985 assigns the responsibility for 
the disposal of GTCC LLW to the Federal Government (DOE) (42 U.S.C. 2021b). This 
legislation specified that the GTCC LLW that results from NRC-licensed activities is to be 
disposed of in a facility licensed by the NRC. There are no facilities currently licensed by the 
NRC for disposal of GTCC LLW. DOE is preparing a separate EIS to evaluate a range of 
reasonable alternatives for disposal of GTCC LLW. That EIS is expected to evaluate potential 
impacts from the construction and operation of new facilities, or use of an existing facility, for 
the disposal of this waste at potential DOE sites or at generic commercial locations. The disposal 
methods to be analyzed include enhanced near-surface disposal, intermediate-depth borehole 
disposal, and disposal in a geologic repository. This PEIS assesses the impacts of transporting 
GTCC LLW to a hypothetical disposal site. 
 
Disposition of Uranium from Recycling Spent Nuclear Fuel. Not all alternatives would 
require disposition of uranium from recycling SNF. As applicable to the alternatives, uranium 
from SNF recycling could either be considered LLW and disposed of, or considered a fuel source 
for reuse, dependent upon economic viability. This PEIS assesses both possibilities. This PEIS 
assesses disposal in accordance with current law, policies, and disposal practices. This PEIS also 
assesses the transportation of the uranium to an enrichment facility, such as the USEC, Inc. 
American Centrifuge Plant, or the Louisiana Energy Services National Enrichment Center (both 
under construction), or to Canada for use in a CANDU reactor. 
 
Cesium and Strontium Storage from Recycling Spent Nuclear Fuel. If separated from LWR 
SNF, cesium (Cs) and strontium (Sr) could either be transported to a geologic repository or 
stored, possibly for extended timeframes up to approximately 10 “half-lives”24 following recycle 
(approximately 300 years). If stored, institutional controls to safeguard this material would be 
required during this time period. No design presently exists for a Cs/Sr storage facility. 
Additionally, the regulatory requirements are not defined for the storage design, waste form, 
packaging, and operation of a facility for Cs/Sr storage. It is possible that a storage facility 
design could be adequate for up to 300 years of storage. In the event the Cs/Sr storage facility 
design life is less than the needed storage period, new storage construction would be required 
during the storage period, and the material would be moved from the original storage facility to 
the new facility. Impacts from construction, material handling, and operation would be similar to 
those for the original facility. 
 

                                                 
24 Radioactive materials decay over time. “Half-life” refers to the time required for the quantity of a radioactive material to decay to half of its 
initial value. After approximately 10 half-lives, there would be approximately a 99.9 percent reduction (or a factor of 1,000 reduction) in the 
amount of the isotope present. 
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Gaseous Emissions. Process gas streams containing radiological and nonradiological 
constituents would be treated as necessary to meet state and Federal air emission standards. Any 
solid wastes resulting from these treatment processes would meet applicable waste acceptance 
criteria prior to leaving a facility. 
 
Liquid Radiological Wastes. Liquid radioactive waste streams would be treated and solidified, 
as appropriate, as part of a facility process (i.e., a facility would not generate any liquid 
radioactive waste that requires long-term storage prior to ultimate disposition). Prior to leaving a 
facility, the solidified waste forms would meet applicable waste acceptance criteria. To address 
concerns prompted by historical releases from liquid radioactive waste tanks, DOE would not 
support any long-term storage of such liquid wastes.  
 
Storage of Processing Products. Depending on the choices for recycled materials, or for issues 
associated with the timing of implementation for facilities, it may be necessary to plan for 
storage of one or more of the processing products, such as minor actinides. The environmental 
impact of such storage is considered in the analysis of the reasonable alternatives. 
 
2.9.2 Planning Assumptions—Future Electricity Growth, Generation,  

and Nuclear Share 
 
Assumptions have been made regarding future electricity demand/growth and the nuclear power 
share of the market. These assumptions would affect the potential quantities of SNF that would 
be generated and need to be managed. This is an important parameter, as it drives, among other 
factors, the amount of transportation, the potential demand for future SNF recycling facilities, 
and the requirements for future geologic repository capacity. 
 
To assess the alternatives relative to projected growth in electricity generation, DOE developed a 
planning baseline related to future electricity demand/growth. Several approaches were 
considered by DOE in developing this baseline, including the use of projections from the Energy 
Information Administration. The Energy Information Administration is an autonomous statistical 
and analytical agency within DOE and is charged with providing objective, timely, and relevant 
data, analysis, and projections for the use of DOE, other government agencies, the U.S. 
Congress, and the public. Each year, the Energy Information Administration publishes the 
Annual Energy Outlook, which provides projections and analyses of domestic energy 
consumption, supply, prices, and carbon emissions. As the Energy Information Administration 
acknowledges, these projections are not meant to be exact predictions of the future but, instead, 
represent a likely future, assuming known trends in demographics and technology improvements 
and also assuming no change in current laws, regulations, and policies (EIA 2007b). 
 
Electricity use in the United States is expected to continue to grow, driven primarily by 
population increases and economic growth. In its most recent Energy Outlook Report, issued in 
June 2008, the Energy Information Administration estimates that demand for electricity will 
increase by approximately 1.1 percent annually through 2030 (EIA 2008a). An early release of 
that report, issued in December 2007, estimated U.S. electricity growth at 1.3 percent annually 
through 2030 (EIA 2007a). For most detailed analyses, this Draft PEIS utilizes the higher 
1.3 percent growth rate; however, in the Final PEIS, DOE will consider whether any changes to 
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the document are warranted to account for the 1.1 percent growth rate or other relevant 
information that becomes available. Based on an annual growth rate of 1.3 percent, electricity 
use could increase by approximately 40 percent by 2030, and if that annual rate were to continue, 
electricity use could double (relative to use in 2004) by approximately 2060.  
 
With respect to the generation of electricity by nuclear power, which currently supplies 
approximately 19 percent of United States electricity needs, the Energy Information 
Administration estimated an annual growth of 0.6 percent in the June 2008 Energy Outlook 
Report and 0.7 percent in the December 2007 report (EIA 2008a, EIA 2007a). This Draft PEIS 
utilizes the higher 0.7 percent growth rate. When compared to the 1.3 percent annual growth in 
overall electricity use, nuclear energy’s contribution to U.S. needs (its market share) would 
decline.  
 
In addition to the 1.3 percent annual growth rate, this GNEP PEIS considers a range of electricity 
growth rates, including the following: a zero growth scenario, a 0.7 percent annual growth 
scenario, and a 2.5 percent annual growth scenario. Based on all of the growth rates considered, 
the domestic programmatic alternatives are evaluated for 100 GWe, 150 GWe, 200 GWe, and 
400 GWe by approximately 2060–2070. 
 
The PEIS uses the 1.3 percent growth rate as the reference basis, and the environmental impact 
analysis in Chapter 4 is based on this 1.3 percent growth scenario (which would equate to 
approximately 200 GWe by approximately 2060–2070). At the program 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 approximately twice 
as much as for the corresponding 400 GWe scenario. Many other factors (such as the annual 
amount of SNF generated, the annual quantities of wastes generated, and the annual radiological 
emissions from facilities) could be scaled in a similar manner. Where there are non-linear 
differences, they are discussed in Chapter 4, Section 4.8.8. 
 
2.10 IMPLEMENTATION SCENARIOS FOR THE GLOBAL NUCLEAR ENERGY 

PARTNERSHIP PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT 
DOMESTIC PROGRAMMATIC ALTERNATIVES 

 
In all likelihood, the deployment of any of the domestic programmatic alternatives would occur 
due to actions of private industry, and they would primarily be driven by future economics. 
Future policy and regulatory issues might also influence future deployment. In order to prepare 
this PEIS analysis, it is assumed that these factors would not be barriers to the widespread 
implementation of any reasonable domestic programmatic alternative. As such, this PEIS 
assumes that widespread implementation could occur for each of the alternatives. Assuming  
success, transition to any new fuel cycle would take many decades to complete. This section 
discusses the implementation of each domestic programmatic alternative. 
 
For all programmatic alternatives, implementation actions use the following common simplified 
approach: 
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– Existing U.S. nuclear electrical capacity is approximately 100 GWe. 
– Nuclear electricity capacity grows to approximately 200 GWe by approximately  

2060–2070.25 
– The first new LWR would come on-line in approximately 2015. 
– Conversion to new fuel types, if applicable, would begin in approximately 2020. New 

reactors are assumed to operate on the new fuel, while the 104 currently existing reactors 
continue to operate on standard uranium-dioxide fuel until their retirement. 

− Retirement of current LWR reactors would begin in 2029 and current LWRs would be 
replaced at retirement by the same amount of nuclear generating capacity. By 
approximately 2060–2070, all existing LWRs would have been retired/replaced. 

– New LWRs, which are being pursued by the commercial nuclear power industry 
independently of DOE, could be constructed during the PEIS analysis timeframe. Except 
for the HWR/HTGR Alternative, each of the domestic programmatic alternatives would 
continue to need and use LWRs. As such, for these alternatives, it is likely that any newly 
constructed LWRs would continue to operate in the 2060–2070 timeframe. For the 
HWR/HTGR Alternative, this PEIS assumes that full implementation would occur by 
approximately 2060–2070, meaning that all LWRs would be phased-out by that time. 
However, because it is possible that some LWRs could continue to operate past 
2060-2070, for the HWR/HTGR Alternative, the PEIS also discusses how impacts would 
change if that were to occur.  

– SNF totals are based on generation from approximately 2010 through approximately 
2060–2070. 

 
This section presents information for each of the domestic programmatic alternatives relative to 
achieving the four electrical generating capacities discussed in Section 2.9. Implementation of 
the programmatic action alternatives could begin slowly, and, initially, it might include the 
construction and operation of a “demonstration capacity.” Long-term, this PEIS assesses the 
alternatives at capacities of 200 GWe (Section 2.10.1), 400 GWe (Section 2.10.2), 150 GWe 
(Section 2.10.3), and 100 GWe (Section 2.10.4). Chapter 4, Section 4.8.2 discusses the 
implementation issues associated with the domestic programmatic alternatives. 
 
2.10.1 1.3 Percent Growth Scenario (200 Gigawatts Electric by Approximately 

2060–2070) 
 
For this scenario, under all alternatives, nuclear electricity capacity is assumed to increase from 
the current 100 GWe to approximately 200 GWe. This would be equivalent to constructing 
approximately 100 new GWe of reactor capacity and replacing the existing 100 GWe of LWR 
capacity when the existing LWRs reach their end-of-life. The types and numbers of facilities 
(i.e., reactors and recycling facilities) would vary depending on the particular domestic 
programmatic alternative (see Table 2.10.1-1). 

                                                 
25 As previously discussed, the PEIS also assesses a zero growth scenario (100 GWe), a 0.7 percent growth scenario (150 GWe by approximately 
2060–2070), and a 2.5 percent growth scenario (400 GWe by approximately 2060–2070). 



Chapter 2: Domestic Programmatic Alternatives GNEP Draft PEIS 
 

2-41 
 

TABLE 2.10.1-1—Capacity/Facility Information for Programmatic Alternatives 
(200 Gigawatts Electric) 

 Replacement of Existing 
LWRs New Capacity/Reactors New Recycling Facilities  

 

Reactor 
Type/ 

Capacity 
(GWe) 

Type/ 
Number 

of 
Reactorsa 

Reactor 
Type/ 

Capacity 
(GWe)a 

Type/ 
Number of 
Reactorsa 

Maximum 
Annual 

Capacity—
LWR SNF 

(MTHM/yr) 

Maximum 
Annual 

Capacity—
Fast 

Reactor 
SNF 

(MTHM/yr) 

Recycling Facilities 

No Action LWR/100 LWR/100 LWR/100 LWR/100 0 0 0 

Fast Reactor 
Recycle LWR/100 LWR/100 LWR/20 

Fast/80 
LWR/20 
Fast/100 2,600 720 

3 LWR separation 
facilities b 
7 transmutation fuel 
fabrication facilities c 
7 fast reactor SNF 
separations facilities d 

Thermal/Fast 
Reactor 
Recycle 

LWR/100 LWR/100 LWR/40 
Fast/60 

LWR/40 
Fast/75 3,080 540 

4 LWR separation 
facilities b 
5 transmutation fuel 
fabrication facilities c 
5 fast reactor SNF 
separations facilities d 

Thermal 
Reactor 
Recycle 
(Option 1) 

LWR/100 LWR/100 LWR/100 LWR/100 5,000 0 

6 LWR separation 
facilities b 
Modified/new fuel 
fabrication facilities to 
fabricate 5,000 MTHM 
of MOX-U-Pu fuel 

Thermal 
Reactor 
Recycle 
(Option 2) 

LWR/100 LWR/100 LWR/46 
HWR/54 

LWR/46 
HWR/68 3,600 0 

4 DUPIC recycling  
and fuel fabrication 
facilities b 

Thermal 
Reactor 
Recycle 
(Option 3) 

LWR/100 LWR/100 LWR/64 
HTGR/36 

LWR/64 
HTGR/120 3,600 0 4 recycling and fuel 

fabrication facilities b 

Thorium LWR/100 LWR/100 LWR/100 LWR/100 0 0 0 

HWR/HTGR 
(Option 1- 
HWR) 

HWR/100 HWR/125 HWR/100 HWR/125 0 0 0 

HWR/HTGR 
(Option 2- 
HTGR) 

HTGR/100 HTGR/333 HTGR/100 HTGR/333 0 0 0 

a Number of reactors based on following output: LWR: 1 GWe; HWR: 800 MWe; Fast Reactor: 800 MWe; HTGR: 300 MWe.  
b Each facility with a capacity to separate 800 MTHM/yr of LWR SNF. 
c Each facility with a capacity to fabricate 100 MTHM/yr of fuel. 
d Each facility with a capacity to separate 100 MTHM/yr of fast reactor SNF. 
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2.10.2 2.5 Percent Growth Scenario (400 Gigawatts Electric by Approximately 
2060–2070) 

 
For this scenario, under all alternatives, nuclear electricity capacity is assumed to increase from 
the current 100 GWe to approximately 400 GWe. This would be equivalent to constructing 
approximately 300 new GWe of reactor capacity, and replacing the existing 100 GWe of LWR 
capacity when the existing LWRs reach their end-of-life. The types and numbers of facilities 
(i.e., reactors and recycling facilities) would vary depending on the particular domestic 
programmatic alternative (see Table 2.10.2-1). 
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TABLE 2.10.2-1—Capacity/Facility Information for Programmatic Alternatives  
(400 Gigawatts Electric) 

 Replacement of Existing 
LWRs New Capacity/Reactors New Recycling Facilities 

 

Reactor 
Type/ 

Capacity 
(GWe) 

Type/ 
Number 

of 
Reactorsa 

Reactor 
Type/ 

Capacity 
(GWe)a 

Type/ 
Number of 
Reactorsa 

Maximum 
Annual 

Capacity—
LWR SNF 

(MTHM/yr) 

Maximum 
Annual 

Capacity—
Fast 

Reactor 
SNF 

(MTHM/yr) 

Recycling Facilities 

No Action LWR/100 LWR/100 LWR/300 LWR/300 0 0 0 

Fast Reactor 
Recycle LWR/100 LWR/100 LWR/140 

Fast/160 
LWR/140 
Fast/200 5,200 1,440 

6 LWR separation 
facilities b 
14 transmutation fuel 
fabrication facilities c 
14 fast reactor SNF 
separations facilities d 

Thermal/Fast 
Reactor 
Recycle 

LWR/100 LWR/100 LWR/180 
Fast/120 

LWR/180 
Fast/150 6,160 1,080 

4 LWR separation 
facilities b 
10 transmutation fuel 
fabrication facilities c 
10 fast reactor SNF 
separations facilities d 

Thermal 
Reactor 
Recycle 
(Option 1) 

LWR/100 LWR/100 LWR/300 LWR/300 10,000 0 

12 LWR separation 
facilities b 
Modified/new fuel 
fabrication facilities to 
fabricate 10,000 MTHM 
of MOX-U-Pu fuel 

Thermal 
Reactor 
Recycle 
(Option 2) 

LWR/100 LWR/100 LWR/192 
HWR/108 

LWR/192 
HWR/135 7,200 0 

9 DUPIC recycling  
and fuel fabrication 
facilities b 

Thermal 
Reactor 
Recycle 
(Option 3) 

LWR/100 LWR/100 LWR/228 
HTGR/72 

LWR/228 
HTGR/240 7,200 0 9 recycling and fuel 

fabrication facilities b 

Thorium LWR/100 LWR/100 LWR/300 LWR/300 0 0 0 

HWR/HTGR 
(Option 1- 
HWR) 

HWR/100 HWR/125 HWR/300 HWR/375 0 0 0 

HWR/HTGR 
(Option 2- 
HTGR) 

HTGR/100 HTGR/333 HTGR/300 HTGR/1,000 0 0 0 

a Number of reactors based on following output: LWR: 1 GWe; HWR: 800 MWe; Fast Reactor: 800 MWe; HTGR: 300 MWe.  
b Each facility with a capacity to separate 800 MTHM/yr of LWR SNF. 
c Each facility with a capacity to fabricate 100 MTHM/yr of fuel. 
d Each facility with a capacity to separate 100 MTHM/yr of fast reactor SNF. 
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2.10.3 0.7 Percent Growth Scenario (150 Gigawatts Electric by Approximately 
2060–2070) 

 
For this scenario, under all alternatives, nuclear electricity capacity is assumed to increase from 
the current 100 GWe to approximately 150 GWe. This would be equivalent to constructing 
approximately 50 new GWe of reactor capacity, and replacing the existing 100 GWe of LWR 
capacity when the existing LWRs reach their end-of-life. The types and numbers of facilities 
(i.e., reactors and recycling facilities) would vary depending on the particular domestic 
programmatic alternative (see Table 2.10.3-1). 
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TABLE 2.10.3-1—Capacity/Facility Information for Programmatic Alternatives 
(150 Gigawatts Electric) 

 Replacement of Existing 
LWRs New Capacity/Reactors New Recycling Facilities 

 
Reactor 
Type/ 

Capacity 
(GWe) 

Type/ 
Number 

of 
Reactorsa 

Reactor 
Type/ 

Capacity 
(GWe)a 

Type/ 
Number of 
Reactorsa 

Maximum 
Annual 

Capacity—
LWR SNF 

(MTHM/yr) 

Maximum 
Annual 

Capacity—
Fast Reactor 

SNF 
(MTHM/yr) 

Recycling Facilities 

No Action LWR/100 LWR/100 LWR/50 LWR/50 0 0 0 

Fast Reactor 
Recycle 

LWR/90 
Fast/10 

LWR/90 
Fast/12 

 
Fast/50 

 
Fast/63 2,000 540 

2 LWR separation 
facilities b 
5 transmutation fuel 
fabrication facilities c 
5 fast reactor SNF 
separations facilities d 

Thermal/Fast 
Reactor 
Recycle 

LWR/100 LWR/100 LWR/5 
Fast/45 

LWR/5 
Fast/56 2,300 400 

3 LWR separation 
facilities b 
4 transmutation fuel 
fabrication facilities c 
4 fast reactor SNF 
separations facilities d 

Thermal 
Reactor 
Recycle 
(Option 1) 

LWR/100 LWR/100 LWR/50 LWR/50 3,800 0 

3 LWR separation 
facilities b 
Modified/new fuel 
fabrication facilities to 
fabricate 3,800 MTHM 
of MOX-U-Pu fuel 

Thermal 
Reactor 
Recycle 
(Option 2) 

LWR/100 LWR/100 LWR/10 
HWR/40 

LWR/10 
HWR/50 2,700 0 

3 DUPIC recycling  
and fuel fabrication 
facilities b 

Thermal 
Reactor 
Recycle 
(Option 3) 

LWR/100 LWR/100 LWR/23 
HTGR/27 

LWR/23 
HTGR/90 2,700 0 3 recycling and fuel 

fabrication facilities b 

Thorium LWR/100 LWR/100 LWR/50 LWR/50 0 0 0 

HWR/HTGR 
(Option 1- 
HWR) 

HWR/100 HWR/125 HWR/50 HWR/63 0 0 0 

HWR/HTGR 
(Option 2- 
HTGR) 

HTGR/100 HTGR/333 HTGR/50 HTGR/167 0 0 0 

a Number of reactors based on following output: LWR: 1 GWe; HWR: 800 MWe; Fast Reactor: 800 MWe; HTGR: 300 MWe.  
b Each facility with a capacity to separate 800 MTHM/yr of LWR SNF. 
c Each facility with a capacity to fabricate 100 MTHM/yr of fuel. 
d Each facility with a capacity to separate 100 MTHM/yr of fast reactor SNF.  
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2.10.4 Zero Growth Scenario (100 Gigawatts Electric by Approximately 2060–2070) 
 
For this scenario, under all alternatives, nuclear electricity capacity is assumed to remain at the 
current 100 GWe. This is not meant to imply that the existing commercial fuel cycle would 
remain the same. In fact, the fuel cycle (and the associated facilities) could change, based on 
transitioning to, and implementing, each domestic programmatic alternative. To implement any 
of the programmatic alternatives, the existing 100 GWe of LWR capacity would be replaced 
when the existing LWRs reach their end-of-life. The types and numbers of facilities 
(i.e., reactors, recycling facilities) would vary depending on the particular domestic 
programmatic alternative (see Table 2.10.4-1). 
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TABLE 2.10.4-1—Capacity/Facility Information for Programmatic Alternative 
(100 Gigawatts Electric) 

 Replacement of Existing 
LWRs New Recycling Facilities 

 
Reactor 
Type/ 

Capacity 
(GWe) 

Type/ 
Number of 
Reactorsa 

Maximum 
Annual 

Capacity—LWR 
SNF (MTHM/yr) 

Maximum 
Annual 

Capacity— 
Fast Reactor 

SNF 

(MTHM/yr) 

Recycling Facilities 

No Action LWR/100 LWR/100 0 0 0 

Fast Reactor 
Recycle 

LWR/60 
Fast/40 

LWR/60 
Fast/50 1,300 360 

2 LWR separation facilities b 
4 transmutation fuel fabrication 
facilities c 
4 fast reactor SNF separations 
facilities d 

Thermal/Fast 
Reactor 
Recycle 

LWR/70 
Fast/30 

LWR/70 
Fast/38 1,540 270 

2 LWR separation facilities b 
3 transmutation fuel fabrication 
facilities c 
3 fast reactor SNF separations 
facilities d 

Thermal 
Reactor 
Recycle 
(Option 1) 

LWR/100 LWR/100 2,500 0 

3 LWR separation facilities b 
Modified/new fuel fabrication 
facilities to fabricate 2,500 
MTHM of MOX-U-Pu fuel 

Thermal 
Reactor 
Recycle 
(Option 2) 

LWR/73 
HWR/27 

LWR/73 
HWR/90 1,800 0 2 DUPIC recycling and fuel 

fabrication facilities b 

Thermal 
Reactor 
Recycle 
(Option 3) 

LWR/82 
HTGR/18 

LWR/82 
HTGR/60 1,800 0 2 recycling and fuel fabrication 

facilities b 

Thorium LWR/100 LWR/100 0 0 0 

HWR/HTGR 
(Option 1- 
HWR) 

HWR/100 HWR/125 0 0 0 

HWR/HTGR 
(Option 2- 
HTGR) 

HTGR/100 HTGR/333 0 0 0 

a Number of reactors based on following output: LWR: 1 GWe; HWR: 800 MWe; Fast Reactor: 800 MWe; HTGR: 300 MWe.  
b Each facility with a capacity to separate 800 MTHM/yr of LWR SNF. 
c Each facility with a capacity to fabricate 100 MTHM/yr of fuel. 
d Each facility with a capacity to separate 100 MTHM/yr of fast reactor SNF. 
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2.11 PREFERRED ALTERNATIVE 
 
The Council on Environmental Quality regulations require an agency to identify its preferred 
alternative or alternatives, if one or more exists, in a draft EIS (40 CFR 1502.14(e)). For this 
Draft GNEP PEIS, DOE’s preference is to close the fuel cycle, which would recycle SNF. DOE 
has not identified which of the specific closed fuel cycle alternatives is preferred. DOE will 
identify one or more preferred alternatives in the Final PEIS.  
 
Recycling SNF could include the destruction and use of the transuranic materials in the SNF, 
thereby significantly reducing the thermal output and radiotoxicity of wastes requiring geologic 
disposal. The analysis shows that recycling SNF could reduce the time period required for the 
radiotoxicity of the wastes to fall to that of natural uranium ore from approximately 240,000 
years (for the No Action Alternative) to 1,000 years or less (for the Fast Reactor Recycle and 
Thermal/Fast Reactor Recycle Alternatives) or to 55,000 years (for the Thermal Reactor Recycle 
Alternative—Option 1). Moreover, recycling has the potential to significantly reduce the thermal 
loading on any geologic repository (in the best case, up to a factor of 235 relative to the No 
Action Alternative). This could be a substantial reduction in heat load. Finally, the reprocessing 
of the spent fuel would be designed to meet nonproliferation objectives and would avoid 
separation of pure plutonium. 

 
The closed fuel cycle offers the potential for near-term deployment with variations to existing 
separations, fuel, and reactor technologies. Commercial SNF reprocessing is presently being 
done in other countries, while the recovered material is recycled in mixed-oxide fuel for existing 
light water reactors. Consequently, the near-term deployment (by approximately 2020) could 
allow the recycle of SNF generated in amounts beyond the Yucca Mountain geologic repository 
statutory capacity limit, rather than storing it pending development of the additional geologic 
disposal capacity. Recycling SNF could also delay the need for, and decrease the magnitude of, 
additional geologic repository capacity compared to direct disposal of SNF. A longer-term 
strategy could include the use of advanced separations and reactor technologies. The potential to 
use variations to existing separations technology in the near-term could allow time, where 
necessary, to complete additional research, development, and demonstration on advanced 
separations and reactor technologies, if pursued. The closed fuel cycle also supports expansion of 
nuclear energy by making better use of uranium resources. 
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