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Abstract: The proposed Global Nuclear Energy Partnership (GNEP) Program, which is part of the 
President’s Advanced Energy Initiative, is intended to support a safe, secure, and sustainable expansion of 
nuclear energy, both domestically and internationally. Domestically, the GNEP Program would promote 
technologies that support economic, sustained production of nuclear-generated electricity, while reducing 
the impacts associated with spent nuclear fuel disposal and reducing proliferation risks. The Department 
of Energy (DOE) proposed action envisions changing the United States nuclear energy fuel cycle from an 
open (or once-through) fuel cycle—in which nuclear fuel is used in a power plant one time and the 
resulting spent nuclear fuel is stored for eventual disposal in a geologic repository—to a closed fuel cycle 
in which spent nuclear fuel would be recycled to recover energy-bearing components for use in new 
nuclear fuel. At this time, DOE has no specific proposed actions for the international component of the 
GNEP Program. Rather, the United States, through the GNEP Program, is considering various initiatives 
to work cooperatively with other nations. Such initiatives include the development of grid-appropriate 
reactors and the development of reliable fuel services (to provide an assured supply of fresh nuclear fuel 
and assist with the management of the used fuel) for nations who agree to employ nuclear energy only for 
peaceful purposes, such as electricity generation. 
 
DOE’s Office of Nuclear Energy is preparing this programmatic environmental impact statement (PEIS) 
to assess the potential environmental impacts of expanding nuclear power in the United States using 
either the existing fuel cycle or various alternative closed and open fuel cycles. Six programmatic 
alternatives are assessed: No Action Alternative; Fast Reactor Recycle Alternative; Thermal/Fast Reactor 
Recycle Alternative; Thermal Reactor Recycle Alternative; Thorium Alternative; and Heavy Water 
Reactor/High Temperature Gas-Cooled Reactor Alternative. DOE has not selected a specific preferred 
alternative in this Draft PEIS, but DOE’s preference is to close the fuel cycle.  
 

Public Comments: A 60-day comment period on this document begins with the publication of the 
Environmental Protection Agency’s Notice of Availability in the Federal Register. DOE will consider 
comments received after the 60-day period to the extent practicable. DOE will hold public hearings to 
receive comments on this document at the times and locations announced in local media and the DOE 
Notice of Availability. Comments may also be submitted to Mr. Francis Schwartz by mail at the above 
address or electronically at http://www.regulations.gov/. This document and related information are 
available on the Internet at www.gnep.energy.gov.  
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Inch 
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Feet 
Yard 
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2.54 
30.48 
0.3048 
0.9144 
1.60934 

Centimeter 
Centimeter 
Meter 
Meter 
Kilometer 

Centimeter 
Centimeter 
Meter 
Meter 
Kilometer 

0.3937 
0.0328 
3.281 
1.0936 
0.62414 

Inch 
Feet 
Feet 
Yard 
Mile  

Area 
Square Inch 
Square Feet 
Square Yard 
Acre 
Square Mile 

6.4516 
0.092903 
0.8361 
0.40469 
2.58999 

Square Centimeter 
Square Meter 
Square Meter 
Hectare 
Square Kilometer 

Square Centimeter 
Square Meter 
Square Meter 
Hectare 
Square Kilometer 

0.155 
10.7639 
1.196 
2.471 
0.3861 

Square Inch 
Square Feet 
Square Yard 
Acre 
Square Mile 

Volume 
Fluid Ounce 
Gallon 
Cubic Feet 
Cubic Yard 

29.574 
3.7854 
0.028317 
0.76455 

Milliliter 
Liter 
Cubic Meter 
Cubic Meter 

Milliliter 
Liter 
Cubic Meter 
Cubic Meter 

0.0338 
0.26417 
35.315 
1.308 

Fluid Ounce 
Gallon 
Cubic Feet 
Cubic Yard 

Weight 
Ounce 
Pound 
Short Ton 

28.3495 
0.45360 
0.90718 

Gram 
Kilogram 
Metric Ton 

Gram 
Kilogram 
Metric Ton 

0.03527 
2.2046 
1.1023 

Ounce 
Pound 
Short Ton 

Force 
Dyne 0.00001 Newton  Newton  100,000 Dyne 

Temperature 
Fahrenheit Subtract 32 

Then 
Multiply By 
5/9ths 

Celsius Celsius Multiply By 
9/5ths, Then 
Add 32 

Fahrenheit 
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tera- T 1 000 000 000 000 = 1012 

giga- G 1 000 000 000 = 109 
mega- M 1 000 000 = 106 
kilo- k 1 000 = 103 

hecto- h l00 = 102 

deka- da l0 = 101 
deci- d 0.1 = 10-1 

centi- c 0.01 = 10-2 

milli- m 0.001 = 10-3 

micro- μ 0.000 001 = 10-6 
nano- n 0.000 000 001 = 10-9 
pico- p 0.000 000 000 001 = 10-12 

femto- f 0.000 000 000 000 001 = 10-15 
atto- a 0.000 000 000 000 000 001 = 10-18 

 

 



CHAPTER 1 
 
 

INTRODUCTION  
AND PURPOSE AND NEED  

FOR AGENCY ACTION 





Chapter 1: Introduction and Purpose and Need for Agency Action  GNEP Draft PEIS 

1-1 
 

Note to Readers 
 
This PEIS involves a technically 
complex subject matter with unique 
concepts and terminology. To aid the 
readers’ understanding of this PEIS, a 
background discussion of nuclear power 
concepts, technologies, and terminology 
is provided in Appendix A.  

Nuclear Energy Fuel Cycle  
 
A nuclear energy fuel cycle is the series 
of steps from mining to waste disposal 
involved in the production of electricity 
from nuclear fuel.  

Spent Nuclear Fuel  
 
Spent nuclear fuel consists of nuclear 
fuel that has been withdrawn from a 
nuclear reactor following irradiation. 
Typically, no more than five percent of 
the fuel has been used before the nuclear 
fuel is considered used, or “spent,” and 
must be replaced with fresh fuel. 

CHAPTER 1 
INTRODUCTION AND  

PURPOSE AND NEED FOR AGENCY ACTION  

 
This Programmatic Environmental Impact Statement (PEIS) provides an analysis of the potential 
environmental impacts of the proposed Global Nuclear Energy Partnership (GNEP) program, 
which is a United States (U.S.) Department of Energy (DOE) program intended to support a safe, 
secure, and sustainable expansion of nuclear energy, both 
domestically and internationally. Domestically, the 
GNEP Program would promote technologies that support 
economic, sustained production of nuclear-generated 
electricity, while reducing the impacts associated with 
spent nuclear fuel1 (SNF) disposal and reducing 
proliferation risks. DOE envisions changing the U.S. 
nuclear energy fuel cycle from an open (or once-
through) fuel cycle—in which nuclear fuel is used in a 
power plant one time and the resulting SNF is stored for 
eventual disposal in a geologic repository—to a closed 
fuel cycle in which SNF would be recycled2 to recover 
energy-bearing components for use in new nuclear fuel. 
Recycling would be accomplished by separating SNF 
into usable components and waste. The usable 
components would be available for use as new nuclear 
fuel to produce electricity and the waste components would be put into stable waste forms for 
storage and disposal. Internationally, the GNEP Program framework would help to ensure that 
nuclear power electricity generation can be expanded with reduced nuclear proliferation risk.3 
 
1.1 BACKGROUND 
 
1.1.1 Global Nuclear Energy Partnership 

Program 
 
Electricity use in the U.S. is expected to continue to 
grow. In its most recent Energy Outlook Report, issued in 
June 2008, the Energy Information Administration (EIA), 
an independent organization within DOE, estimates that 

                                                 
1 Text boxes provide additional information on words that are bold-faced. 
2 In this PEIS, the term “recycled” is used to describe the process of reuse of portions of SNF as new reactor fuel. The process, in most cases, 
involves “reprocessing” SNF and recovering and using the portions of the SNF that can be used in new nuclear fuel. 
3 Proliferation risk relates to the potential use of the nuclear materials and technologies from the civil nuclear fuel cycle to make a nuclear 
weapon. 

Chapter 1 presents an overview of this Global Nuclear Energy Partnership (GNEP) Programmatic 
Environmental Impact Statement (PEIS). This chapter discusses the background and the need for 
agency action, and explains the relationship of GNEP to other programs. The chapter concludes with 
an overview of the public involvement process and the organization of this PEIS.  
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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). This Draft PEIS utilizes the higher 
1.3 percent growth rate; however, in the Final PEIS, DOE will consider whether any changes to 
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. World electricity 
demand is projected to grow by 2.4 percent per year from 2000 to 2030, nearly doubling total 
electricity consumption compared to 20044 (EIA 2007e, EIA 2008b).  
 
Nuclear energy is part of the diverse portfolio of power-generating systems that meet national 
and international energy demand. The use and availability of nuclear power generating systems 
domestically and internationally is projected to increase, causing an increase in nuclear material 
use, the amount of SNF, and potential proliferation risks.  
 
As part of the President’s Advanced Energy Initiative (AEI)5, the United States would work with 
other nations through the GNEP Program to develop and deploy advanced nuclear recycling and 
reactor technologies. The Initiative would help provide reliable, emission-free energy with less 
of the waste impact of older technologies and without making available separated plutonium that 
could be used by rogue states or terrorists for nuclear weapons. These new technologies would 
make possible a dramatic expansion of safe, clean nuclear energy to help meet the growing 
global energy demand (Bush 2006).  
 
The National Environmental Policy Act (NEPA) requires that an Environmental Impact 
Statement be prepared in order to inform the public and the decision makers of the potential 
environmental impacts of proposed major Federal actions and the reasonable alternatives prior to 
making decisions on any such proposals. For a broad program such as GNEP, which could 
involve many actions with far-reaching consequences over a long period of time, a program-level 
EIS (referred to as a PEIS), is the appropriate document because it is relevant to policy-level 
decisions and is timed to coincide with meaningful points in agency planning and decision 
making (40 Code of Federal Regulations [CFR] Section 1502.4(b)). 
 
While a change to a closed fuel cycle represents DOE’s preferred approach, this PEIS analyzes 
several alternatives for accomplishing the GNEP objectives, including open fuel cycle 
alternatives. DOE will not make any decision regarding which alternative(s) to pursue before 
completing this PEIS. These alternatives, which are described below and in Chapter 2, are the 
result of the evolution of the programmatic analysis of the GNEP program, including public 
comment as part of the NEPA process. As discussed in Section 1.4, DOE initially proposed 
facilities to demonstrate three elements of a closed fuel cycle. DOE later revised the proposal to 
include both a programmatic analysis of the broad implementation of alternative nuclear fuel 
cycles and a project-specific analysis to construct and operate three particular facilities—a 

                                                 
4 Both the early release 2008 International Energy Outlook (EIA 2007e), published in December 2007 and the 2008 International Energy Outlook 
(EIA 2008b), published in June 2008, project world electricity demand to grow by 2.4 percent per year until 2030.  
5 The AEI includes, in part, a combination of initiatives intended to accelerate research and development in three areas of power generation:  
1) National and international nuclear energy activities, such as the GNEP Program; 2) Coal-based clean power and carbon sequestration; and 
3) Renewable resources such as solar, wind and geothermal power. 
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Enrichment. The process of increasing the 
proportion (or ratio) of uranium-235 atoms 
to uranium-238 atoms to make the mixture 
more usable as nuclear fuel.  
 
Reprocessing. The process of separating 
the usable and unusable constituents of 
spent nuclear fuel.  

nuclear fuel recycling center, an advanced recycling reactor, and a DOE-owned advanced fuel 
cycle research facility. The GNEP Program has since further evolved so that this PEIS only 
addresses programmatic alternatives for broad implementation of alternative nuclear fuel cycles. 
This GNEP PEIS does not analyze any project-specific proposals. DOE may make project-
specific proposals following completion of this PEIS and would prepare appropriate NEPA 
analysis for any such proposal. 
 
This GNEP Program also has an international component (referred to as international initiatives) 
pursuant to which the U.S. would cooperate with other fuel cycle nations (i.e., those already 
recycling SNF) to develop and deploy advanced nuclear recycling and reactor technologies in 
those countries in order to move away from producing 
separated pure plutonium. Further, GNEP would work 
to put in place a framework for nuclear fuel services in 
order to remove the need for a country to develop its 
own enrichment or reprocessing facilities. This PEIS 
identifies two international initiatives and discusses 
how these initiatives could produce environmental 
impacts within the U.S. and the global commons 
(defined as the environment outside the jurisdiction of 
any nation, such as the oceans or Antarctica). 
 
1.1.2 Brief History of Spent Nuclear Fuel Reprocessing in the United States 
 
Essential to recycling SNF is separating fissionable material from the SNF in order to make new 
nuclear reactor fuel. This separations process is commonly referred to as reprocessing. Nuclear 
fuel reprocessing technology was developed during the Manhattan Project while working to 
build the first atomic bomb. The first large-scale reprocessing plants in the United States were 
located at nuclear weapons production sites in Washington (Hanford, built in the 1940s) and 
South Carolina (Savannah River Site, built in the 1950s). 
 
As commercial nuclear power evolved in the mid-1950s, reprocessing was considered necessary 
because of the belief at the time that uranium was a very scarce material. In 1956, the Atomic 
Energy Commission (AEC), predecessor agency of DOE and the Nuclear Regulatory 
Commission (NRC), announced a program to encourage private industry to begin reprocessing 
SNF, and by 1959 the Davison Chemical Company (later called Nuclear Fuel Services) began 
extensive discussions with AEC on commercial reprocessing. In 1963, the AEC-sponsored 
Experimental Breeder Reactor (EBR-II) began operations in Idaho, and included a reprocessing 
facility using “melt-refining.” In 1964, Congress gave the AEC the authority to authorize private 
companies holding appropriate AEC licenses to own special nuclear material. 
 
In 1966, the AEC granted an operating permit for commercial reprocessing to Nuclear Fuel 
Services at its West Valley plant near Buffalo, NY. The plant operated from 1966 to 1972, 
reprocessing approximately 705 tons (640 metric tons [MT]) of SNF from commercial nuclear 
power plants and DOE sites. This reprocessing generated approximately 600,000 gallons 
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(2.3 million liters) of liquid high-level radioactive waste (HLW)6. Nuclear Fuel Services stopped 
operations initially to increase the plant’s capacity and make other improvements. However, 
Nuclear Fuel Services determined in 1976 not to restart the plant because of the cost of the 
improvements plus the cost to address changes to regulatory requirements (DOE 2004f). Under 
the 1980 West Valley Demonstration Project Act, DOE has completed vitrification of the liquid 
HLW in preparation for disposal in a geologic repository. 
 
In 1967, the AEC authorized the General Electric Company to construct a commercial SNF 
reprocessing facility in Morris, Illinois. In 1970, Allied-General Nuclear Services began 
construction of a large commercial nuclear reprocessing facility near Barnwell, South Carolina. 
The Morris plant never reprocessed spent fuel, and the Barnwell plant was never completed. 
Plans for both these facilities were affected by U.S. policy changes that halted commercial 
recycling (described below) and by economic factors. 
 
In 1974, India conducted a nuclear test (which it stated was a peaceful nuclear explosion). This 
test used plutonium separated from SNF from the CIRUS7 civil research reactor. On October 28, 
1976, President Ford announced his decision that reprocessing should not proceed unless the 
associated proliferation risks could be overcome. On April 7, 1977, President Carter announced 
that the United States would defer commercial reprocessing indefinitely. Although President 
Reagan lifted the indefinite ban on commercial reprocessing in the United States on October 8, 
1981, the U.S. commercial nuclear power industry has continued to operate using a “once-
through” open fuel cycle. This has been, in large part, because of the availability of uranium, 
which has kept the price of new fuel relatively low, and the capital cost associated with 
constructing a reprocessing plant. As a result, commercial power plants in the United States have 
been generating SNF and storing it on-site until it can be disposed of in a geologic repository.8  
 
President Carter’s 1977 announcement also established the policy to discourage civilian 
reprocessing internationally. The Nuclear Nonproliferation Act of 1978 established export 
licensing criteria, including a requirement for prior U.S. consent before any recipient country 
could reprocess SNF produced through the use of nuclear material exported by the U.S.  
(Public Law 95-242). That Act also required renegotiation of existing U.S. Agreements for 
Peaceful Nuclear Cooperation to incorporate this and other new requirements. However, the 
European Atomic Energy Community (Euratom) and Japan had already committed to civil 
reprocessing programs. The United States eventually decided not to oppose these established 
programs and to grant consent, first on a case-by-case basis and later on a long-term 
programmatic basis for reprocessing in these countries of SNF over which the U.S. exercises fuel 
consent rights. 
 
Past reprocessing in the United States—at the West Valley plant in New York and at DOE 
facilities in Idaho, South Carolina, and Washington—generated millions of gallons of highly 
radioactive liquid waste. In South Carolina and Washington, spills from storage tanks have 
                                                 
6 HLW is defined as: 1) the highly radioactive material resulting from the reprocessing of SNF, including liquid waste produced directly in 
reprocessing and any solid material derived from such liquid waste that contains fission products in sufficient concentrations; and 2) other highly 
radioactive material that the NRC, consistent with existing law, determines by rule requires permanent isolation. 
7 CIRUS, which stands for Canada India Research U.S., is a research reactor at the Bhabha Atomic Research Center near Mumbai, India. CIRUS 
was supplied by Canada in 1954, but used heavy water supplied by the United States. 
8 Although this section presents a brief history of SNF reprocessing in the United States, it is worth noting that France, Russia, Japan and the 
United Kingdom have been reprocessing SNF for many years.  
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Radiotoxicity 
 
Radiotoxicity is a measure of the hazard 
posed by radioactive material. 
Radiotoxicity is an inherent property of the 
radioactive material, and represents the 
source of the potential hazard associated 
with exposure. It is a measure of the 
adverse health effects caused by a 
radionuclide due to its radioactivity. 
Because different radionuclides give 
different biological effects, the total 
radiotoxicity from a group of radionuclides 
is the sum of the radiotoxicity of each 
radionuclide. Since the radionuclides are 
also decaying with time, the radiotoxicity 
also changes with time.  

resulted in localized soil contamination. Preparing these liquid wastes for disposal will cost tens 
of billions of dollars. Some alternatives analyzed in this GNEP PEIS would produce similar 
liquid radioactive wastes. To avoid repeating problems associated with past reprocessing 
operations, DOE would support prompt conversion of such liquid HLW to solid forms, and 
would not support any long-term storage of such waste. 
 
1.2 PURPOSE AND NEED FOR AGENCY 

ACTION 
 
DOE’s underlying purpose and need is to support 
expansion of domestic and international nuclear energy 
production, while reducing the risks of nuclear 
proliferation and reducing the impacts associated with 
the disposal of future spent nuclear fuel (e.g., by 
reducing the volume, thermal output, or radiotoxicity 
of waste requiring geologic disposal). To meet its 
nonproliferation goals with regard to spent nuclear fuel 
recycling, DOE will assess, as reasonable alternatives, 
only those technologies that do not separate or use pure 
plutonium.  
 
1.2.1 Energy/Electricity  
 
Since 1950, electricity use in the United States has grown from 300 billion kilowatts to 
3,800 billion kilowatts (EIA 2007b). This equates to an annual compounded growth rate of 
approximately 5 percent. Electricity use in the United States is expected to continue to grow, 
driven primarily by population increases and economic growth. The EIA has developed 
projections for U.S. electricity generation through 2030 to meet future demands (EIA 2007a, 
EIA 2008a). According to the most recent estimate, electricity use could increase by 
approximately 1.1 percent annually (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). As discussed above, this Draft PEIS utilizes the higher 1.3 percent growth rate. 
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. The EIA has also developed projections for nuclear 
electricity generation through 2030. For nuclear electricity generation, which currently supplies 
approximately 19 percent of the United States’ electricity needs, the EIA currently projects an 
increase of approximately 0.6 percent annually (EIA 2008a). When compared to either a 
1.1 percent or a 1.3 percent growth in the overall electricity generation market, nuclear 
production would lose market share over the period of 2005 through 2030.  
 
Consistent with the President’s 2006 Advanced Energy Initiative DOE seeks to develop ways to 
support the expanded use of nuclear energy to meet growing electricity demand. DOE policies 
and actions resulting from decisions in response to this PEIS could affect subsequent decisions 
made by the U.S. commercial utility industry, which ultimately would determine how to meet the 
future increased demands for electricity. 
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Metric Tons of Heavy Metal  
 
Quantities of spent fuel are 
traditionally expressed in terms of 
metric tons of heavy metal 
(typically uranium), without the 
inclusion of other materials such as 
cladding (the tubes containing the 
fuel) and structural materials. One 
metric ton of heavy metal disposed 
of as spent nuclear fuel would fill a 
space approximately the size of the 
refrigerated storage area in a typical 
household refrigerator. 

1.2.2 Reduction of Spent Nuclear Fuel and/or Waste Requiring Geologic Disposal  
 
The Nuclear Waste Policy Act of 1982, as amended 
(NWPA), provides for the disposal of commercial SNF and 
DOE SNF and HLW in the Nation’s first proposed geologic 
repository to be located at Yucca Mountain, Nevada. Yucca 
Mountain is located in a remote desert on Federal land on 
and adjacent to the secure boundaries of the Nevada Test Site 
in Nye County, Nevada (DOE 2008f).9 Pursuant to the 
NWPA and by contract, the Federal government has 
responsibility for the disposal of commercial SNF currently 
being stored onsite at commercial reactor facilities. DOE 
filed a license application with the Nuclear Regulatory 
Commission for the repository at Yucca Mountain on June 3, 
2008 (73 FR 34348, June 17, 2008). 
 
Under the NWPA, the statutory capacity limit for the Yucca Mountain repository is 70,00010 
metric tons of heavy metal (MTHM) of SNF and HLW. DOE estimates that the limit for the 
Yucca Mountain repository will be reached by approximately 2010. Regardless of any DOE 
decision related to the GNEP PEIS, the Nation requires a permanent geologic repository for the 
disposal of SNF and HLW. The GNEP Program has been proposed in addition to the Yucca 
Mountain repository mandated by the NWPA, and does not change the planning for the Yucca 
Mountain repository. Any decisions pursuant to the GNEP PEIS would not, in any way, diminish 
the need for the nuclear waste disposal program at a permanent geologic repository, and under all 
alternatives SNF and/or HLW would continue to be produced and require disposal.11  
 
The GNEP PEIS assesses alternatives that would reduce the volume, thermal output, and/or 
radiotoxicity of SNF and wastes requiring geologic disposal for quantities in excess of the 
70,000 MTHM that DOE has proposed for disposal in the repository at Yucca Mountain. 
Reducing the volume, thermal output, and/or radiotoxicity could expand the number of 

                                                 
9 The potential environmental impacts of the construction, operation, and closure of the Yucca Mountain repository are addressed in the 
Environmental Impact Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca 
Mountain, Nye County, Nevada (DOE/EIS-0250, February 2002) (DOE 2002i) and the Final Supplemental Environmental Impact Statement for a 
Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada 
(DOE/EIS-0250F-S1) (Yucca Mountain SEIS) (DOE 2008f).  
10 The 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). 
11 All reprocessing technologies under consideration as part of the GNEP initiative would produce wastes requiring disposal in a repository and 
moreover, deployment of reprocessing technologies would have little, if any, effect on the quantity of DOE SNF and HLW. 
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acceptable sites for future geologic repositories, and could reduce both the cost and difficulty of 
siting and operating a geologic repository.12 
 
1.2.3  Proliferation Risk Reduction 
 
It is a long-standing U.S. national security policy objective to reduce proliferation risks 
throughout the nuclear fuel cycle via systematic and comprehensive efforts to prevent the spread 
of nuclear weapons materials and sensitive technologies. The United States has also long been 
concerned about the spread of enrichment and reprocessing technologies. In recent times, 
proliferation concerns about the nuclear fuel cycle have focused on the spread of centrifuge 
enrichment technology, first to Pakistan and then to Libya, Iran, and North Korea. On 
February 11, 2004, President Bush announced an initiative to prevent the further spread of both 
enrichment and reprocessing (Bush 2004). A key aspect of that initiative is to create a safe, 
orderly system to support civilian nuclear power without adding to the danger of weapons 
proliferation. This is one of the main purposes that the GNEP Program is intended to address.  
 
Specific statutes and provisions in the CFR provide requirements for safeguards, security, and 
export controls, as do international treaties and arrangements to which the United States is 
party.13 In order for the United States to support nuclear energy in an expanded role in the global 
energy market, the risk of proliferation needs to be addressed. Proliferation risk begins with the 
ability to acquire the necessary nuclear materials for making nuclear weapons. Key measures for 
reducing proliferation risks are international safeguards, which seek to detect and thereby help 
prevent proliferation by other states, physical protection, which aims to protect nuclear materials 
and technologies against threats from non-state actors, including terrorists, and export control, 
which seeks to control or limit access to the materials, equipment and technology necessary to 
produce weapons-usable material. Safeguards are a basic building block of the international 
nuclear nonproliferation regime. They include inspections and other measures to verify 
compliance with international agreements and obligations regarding the peaceful use of nuclear 
energy, and rely on accounting for nuclear materials, monitoring nuclear facilities, and measures 
to detect clandestine nuclear activity. Physical protection includes measures to detect and defeat 
efforts to obtain unauthorized access to materials or facilities. Export control includes measures 
to limit access to materials, facilities, equipment, and technology that could be used for nuclear 
weapons production. 
 
The GNEP PEIS assesses alternatives that aim to reduce the proliferation potential associated 
with the weapons-usable materials inherent in the nuclear fuel cycle. As a significant 
proliferation risk reduction activity, the GNEP Program is exploring a Reliable Fuel Services 
Program (ISAB 2008) to enable other nations to acquire nuclear energy economically while 
limiting the spread of sensitive fuel cycle technologies, particularly enrichment and reprocessing. 
                                                 
12 The health and safety effects from a repository on members of the public currently are evaluated by projecting the reasonably expected 
radiation doses to the maximally exposed individual that lives in the vicinity of the repository. These projections are made through probabilistic 
performance assessments that take into account a number of factors, including the waste form, engineered barriers, physical barriers and 
lifestyles, some of which might be affected by reductions in volume, thermal output, and/or radiotoxicity. 
13 These statutes include the Atomic Energy Act, of 1954 (42 U.S.C. 2011 et seq.) the Nuclear Non-Proliferation Act, of 1978 (Public Law  
95-242) and the Arms Control Act (22 U.S.C. 2778). Regulations implementing safeguards, security and export controls are published in the Code 
of Federal Regulations and are issued by the Departments of Commerce, Energy, State as well as the Nuclear Regulatory Commission. Article III 
of the Treaty on the Non-Proliferation of Nuclear Weapons (DOS 1970) (the U.S. is a signatory to this Treaty) addresses export control of nuclear 
material and equipment. Many international arrangements entered into by the U.S. address these issues including U.S. membership in the Nuclear 
Suppliers Group under the International Atomic Energy Agency (ECO 2008).  
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In this program, existing holders of these sensitive technologies would make those fuel cycle 
services available to other countries that refrain from developing such capabilities on their own. 
By participating in this program, nations could pursue nuclear power while both minimizing 
proliferation concerns and minimizing the need for expensive fuel cycle infrastructure 
investments. 
 
As another significant proliferation risk reduction activity, the GNEP Program is exploring an 
expanded program to design and deploy nuclear reactors with less proliferation potential that are 
both cost effective and well suited to infrastructure conditions in developing nations. Under the 
GNEP Program, the United States would seek agreement on key safety, security, 
nonproliferation, and safeguards standards for such reactors. The GNEP Program is also 
exploring the development of a grid-appropriate reactor14 that has enhanced nonproliferation 
characteristics, such as one that can keep the same nuclear fuel for the lifetime of the reactor, 
eliminating the need for refueling.  
 
Separate from the GNEP PEIS, the National Nuclear Security Administration (NNSA), a 
separately organized 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 assessment framework is based on a qualitative evaluation of U.S. 
government policy factors and on internationally-accepted Proliferation Resistance and Physical 
Protection methodology (GIF 2006). This framework addresses: 1) the ability of the alternative 
nuclear fuel cycles to support established nuclear nonproliferation policy objectives, and 2) a 
technical evaluation of the nonproliferation features of the alternative processes and 
technologies. NNSA intends to make a draft of the NPIA publicly available in the same time 
frame as this Draft GNEP PEIS. The final NPIA will be publicly available prior to the Record of 
Decision (ROD) for this GNEP PEIS, and will be considered by DOE in decisions regarding the 
GNEP Program. 
 
1.2.4 Decisions to Be Made 
 
Following completion of this PEIS, DOE could make decisions related to the domestic 
programmatic alternatives (described in Chapter 2), including the alternative of continuing the 
status quo (i.e., the No Action Alternative). This PEIS also discusses international aspects of the 
GNEP Program (Chapter 7), but does not evaluate any proposed actions or alternatives. 
Consequently, DOE would not make any decisions related to international activities based on 
this PEIS. 
 
This PEIS evaluates six domestic programmatic alternatives, which represent different nuclear 
fuel cycles. DOE could decide to support the demonstration and deployment of any of these 
alternatives or combinations thereof:  
 

- Current uranium-based light water reactor (LWR) fuel cycle activities described under 
the No Action Alternative 

                                                 
14 See Chapter 7 for a discussion of grid-appropriate reactors. Grid-appropriate reactors, which would be well suited to the capabilities and needs 
of developing countries, would be designed to achieve high standards of safety and security and would be sized to suit those countries’ smaller 
and less developed power grids. 
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- Advanced SNF separations and fast reactor transmutation technologies 
- SNF separation with potential for both thermal and fast reactor transmutation 
- Recycle of SNF through a dry thermal/mechanical separation process in which spent 

LWR fuel is used in a heavy water reactor (HWR) 
- Thorium open fuel cycle 
- Uranium-based once-through high temperature gas-cooled reactor (HTGR) or HWR fuel 

cycles 
 
At this time, DOE is not proposing project-specific or site-specific actions to support the 
demonstration and deployment of any of these alternative fuel cycles. If DOE does make such 
proposals after completion of this PEIS, DOE will determine the appropriate steps to comply 
with NEPA and other applicable requirements. For example, additional NEPA review(s) would 
be conducted for the siting, construction, operation, and decommissioning of individual facilities 
that would be required to support demonstration or deployment of a different open fuel cycle or 
any of the closed fuel cycle options outlined above. Also, NRC, as part of its licensing process 
for a nuclear facility, would be responsible for complying with NEPA. 
 
1.3 RELEVANT NATIONAL ENVIRONMENTAL POLICY ACT DOCUMENTS 
 
DOE and other Federal agencies have prepared, or are currently preparing, other NEPA 
documents that are related to the scope of this GNEP PEIS. These documents, and their 
relationship to the GNEP PEIS, are discussed below. 
 
1.3.1 Liquid Metal Breeder Reactor Environmental Statements 
 
In the 1970s, the Energy Research and Development Administration (ERDA), a predecessor 
agency of DOE, proposed the Liquid Metal Fast Breeder Reactor Program. As part of this 
program, the Clinch River Breeder Reactor Plant was a proposed liquid-sodium cooled fast 
breeder reactor to be constructed and operated in East Tennessee. The reactor would have 
produced up to about 439 megawatts electric (MWe) and used, for its initial core, a uranium and 
plutonium Mixed Oxide Fuel (MOX), similar to the fast reactors described in this PEIS. 
 
An Environmental Statement was prepared by the NRC in connection with its licensing process 
(NUREG-0139, February 1977; Supplemented October 1982) (NRC 1977a, NRC 1982). ERDA 
also prepared a PEIS on the Liquid Metal Fast Breeder Reactor Program (ERDA-1535, 1975), 
DOE prepared a supplement to that document (the Liquid Metal Fast Breeder Reactor Program 
EIS [DOE/EIS-0085-FS, May 1982]), and ERDA prepared an EIS on Expansion of the U.S. 
Breeder Reactor Program (ERDA-1541, June 1976) (DOE 1975, DOE 1976, and DOE 1982). 
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1.3.2 DOE Programmatic Spent Nuclear Fuel Management (SNF Management 
PEIS) and Idaho National Engineering Laboratory Environmental Restoration 
and Waste Management Programs Environmental Impact Statement 
(DOE/EIS-0203) (DOE 1995e) 

 
In 1995, this EIS analyzed, at a programmatic level, the potential environmental consequences 
over a 40-year period of alternatives related to the transportation, receipt, processing, and storage 
of SNF under the responsibility of DOE. It also addressed the site-wide actions anticipated to 
occur at Idaho National Laboratory (INL) for waste and SNF management over a 10-year period. 
Many of the issues addressed in this EIS are similar to the issues addressed in the GNEP PEIS 
including SNF management, technologies for SNF management, and transportation of SNF and 
other nuclear materials, including nuclear waste.  
 
1.3.3 Environmental Impact Statement for a Geologic Repository for the Disposal of 

Spent Nuclear Fuel and High-Level Radioactive Waste at  
Yucca Mountain, Nye County, Nevada (DOE/EIS-0250) (hereafter, Yucca 
Mountain FEIS) (DOE 2002i) 

 
The NWPA requires that a final EIS accompany any Secretarial recommendation to approve the 
Yucca Mountain site to the President. The Yucca Mountain FEIS assesses the potential 
environmental impacts from construction, operation, and closure of a NRC-licensed geologic 
repository for disposal of 70,000 MTHM of SNF and HLW. The FEIS was completed in 
February 2002.  
 
1.3.4 Supplemental Environmental Impact Statement for a Geologic Repository for 

the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca 
Mountain, Nye County, Nevada (DOE/EIS-0250F-S1) (hereafter, Yucca 
Mountain Final Supplemental EIS) (DOE 2008f)  

 
Since publication of the Yucca Mountain FEIS, DOE has continued to develop the repository 
design and associated plans. As now planned, the proposed surface and subsurface facilities 
would allow DOE to operate the repository following a primarily canistered approach in which 
most commercial SNF would be packaged at the commercial sites in transportation, aging and 
disposal canisters, and all DOE materials would be packaged in disposable canisters at DOE 
sites. Waste packages would be arrayed in the repository underground. Most SNF and HLW 
would arrive at the repository by rail. The Yucca Mountain Final Supplemental EIS updates the 
analysis of the environmental effects associated with the proposed action to construct, operate, 
monitor, and eventually close a geologic repository for the disposal of 70,000 MTHM of SNF 
and HLW at Yucca Mountain, including the impacts associated with transportation of the SNF 
and HLW from the generator sites to the repository.  
 
The Final Supplemental EIS, issued in June 2008, recognizes that the GNEP initiative has been 
proposed and that a GNEP PEIS is being prepared. The Final Supplemental EIS states that the 
proposed action15 of constructing and operating a repository for 70,000 MTHM will not change 

                                                 
15 The proposed action is disposal of the 70,000 MTHM permitted under existing law. This 70,000 MTHM consists of 63,000 MTHM of 
commercial spent nuclear fuel and 7,000 MTHM of DOE spent nuclear fuel and high-level radioactive waste. 
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because of the GNEP Program. Under all nuclear fuel cycles, the United States requires a 
permanent geologic repository to dispose of SNF and/or HLW. All of the programmatic 
alternatives included in the GNEP PEIS, including the No Action Alternative, would produce 
materials and wastes that would need to be isolated in a geologic repository as a means of final 
disposition. In addition, none of the programmatic alternatives would affect the current statutory 
mandate and need to develop a repository for the disposal of existing inventories of SNF and/or 
HLW.  
 
Given the current uncertainties associated with the timelines, potential capacities, technological 
developments, and other matters related to the GNEP programmatic alternatives, the Final 
Supplemental EIS did not supplement the analysis of the proposed action to take into account the 
potential recycling of commercial SNF. The Final Supplemental EIS did, however, supplement 
the analysis of the cumulative impacts associated with commercial SNF generated by existing 
power plants after 2010 (that is, the commercial SNF from existing power plants in excess of the 
63,000 MTHM included in the Proposed Action) to evaluate the potential effects of the GNEP 
Program on the impacts of the repository. Specifically, the Final Supplemental EIS evaluated 
two disposal cases (A and B). Case A assumed the Department would dispose of the estimated 
130,000 MTHM of existing and future commercial spent nuclear fuel from existing power plants 
as spent nuclear fuel. Case B assumed the Department would dispose of 63,000 MTHM of 
commercial spent nuclear fuel as spent nuclear fuel, while recycling the remaining estimated 
67,000 MTHM and then transporting the resultant commercial HLW to Yucca Mountain for 
disposal. 
 
1.3.5 Environmental Impact Statement for a Rail Alignment for the Construction and 

Operation of a Railroad in Nevada to a Geologic Repository at Yucca 
Mountain, Nye County, Nevada (DOE/EIS-0369) (hereafter, Rail Alignment 
Final EIS) (DOE 2008g) 

 
The Rail Alignment Final EIS assesses the construction and operation of a rail line to connect the 
repository site at Yucca Mountain to an existing rail line in the State of Nevada for the shipment 
of SNF and HLW, in the event that the NRC authorizes construction of the repository and receipt 
and possession of these materials at Yucca Mountain. The Rail Alignment Final EIS analyzes the 
potential impacts of constructing and operating a railroad to connect the Yucca Mountain 
repository site to an existing rail line near Wabuska, Nevada (in the Mina rail corridor). The Rail 
Alignment Final EIS also analyzes the potential impacts of constructing and operating support 
facilities. 
 
The Rail Alignment Final EIS, issued in June 2008, recognizes that the GNEP initiative has been 
proposed and that a GNEP PEIS is being prepared. GNEP does not eliminate the need for Yucca 
Mountain, and it is necessary for DOE to proceed with the repository and rail facilities as 
planned. The Rail Alignment Final EIS focuses on the initial 70,000 MTHM of SNF and HLW 
that would require transportation to a geologic repository, while the GNEP PEIS focuses on 
future SNF and HLW that would require transportation to a geologic repository.  
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1.3.6 Surplus Plutonium Disposition Final Environmental Impact Statement 
(DOE/EIS-0283) (DOE 1999d), Supplement Analysis (DOE/EIS-0283-SA1) 
(DOE 2003g), and Surplus Plutonium Disposition Supplemental 
Environmental Impact Statement (DOE/EIS-0283-S2) (See 72 FR 14543) 

 
In 1999, DOE proposed in this EIS a dual strategy for disposing of surplus weapons grade 
plutonium by using some of the plutonium to fabricate MOX fuel and irradiating it in 
commercial power reactors, and immobilizing the rest of the plutonium. A supplement analysis 
was prepared in 2003 that supported the decision to proceed only with the MOX alternative. 
DOE is constructing a MOX plant at DOE’s Savannah River Site (SRS) which is expected to 
become operational in 2017. This facility will dispose of 34 MT of surplus weapons-grade 
plutonium by converting it to MOX fuel to be irradiated in commercial reactors. LWRs can use 
MOX fuels in lieu of enriched uranium fuels and some of the plutonium in the MOX fuel will be 
consumed in the process in a manner similar to the consumption of transuranic elements in the 
thermal recycle reactors described in this PEIS. DOE is currently preparing a Surplus Plutonium 
Disposition Supplemental EIS, which, among other things, analyzes the potential environmental 
impacts of dispositioning additional surplus weapons-grade plutonium as MOX fuel. 
 
1.3.7 Disposal of Greater-than-Class-C Low-Level Radioactive Waste Environmental 

Impact Statement (DOE/EIS-0375) (See 72 FR 40135) 
 
Through legislation enacted in 1985 (the Low-Level Radioactive Waste Policy Amendments Act 
of 1985, Public Law 99-240 [42 U.S.C. 2021b et seq.]), DOE is responsible for the disposal of 
Greater-than-Class-C (GTCC) low-level waste (LLW) that results from activities licensed by the 
NRC. GTCC LLW is defined in NRC regulations at 10 CFR 72.3 as LLW that exceeds the 
concentration limits or radionuclides established for Class C waste in 10 CFR Part 61. The 1985 
legislation specified that GTCC LLW that results from activities licensed by the NRC is to be 
disposed of in a facility licensed by the NRC. Currently, no facilities are licensed by NRC for 
disposal of GTCC LLW.  
 
DOE will evaluate a range of reasonable alternatives for disposal of GTCC LLW in the 
GTCC EIS. The GTCC EIS will also include DOE owned or generated LLW and transuranic 
waste having characteristics similar to GTCC LLW and which may not have an identified path to 
disposal. The scoping period for the GTCC EIS ended in late September 2007, and DOE is 
currently preparing a draft EIS. DOE plans to issue the draft EIS in 2009. The GTCC EIS will 
evaluate potential impacts from the construction and operation of a new facility or facilities, or 
the use of existing facilities, 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. The DOE 
sites under consideration in the GTCC EIS are Hanford, INL, Los Alamos National Laboratory 
(LANL), Nevada Test Site, Oak Ridge Reservation (ORR), SRS, the Waste Isolation Pilot Plant 
and vicinity, and the proposed Yucca Mountain Repository (72 FR 40135). Alternatives analyzed 
in this GNEP PEIS would generate GTCC LLW. Disposal of that waste will be evaluated 
qualitatively among cumulative impacts in the GTCC EIS. 
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1.3.8 Generic Environmental Impact Statement for In-Situ Leach Uranium Milling 
Facilities (NUREG-1910, Draft) (NRC 2008f) 

 
The NRC issued this draft generic EIS in July 2008 that addresses the potential environmental 
impacts associated with the construction, operation, aquifer restoration, and decommissioning of 
in-situ leach uranium recovery facilities for four uranium milling regions in the western United 
States. Two of the four regions are in Wyoming (the Wyoming West and Wyoming East 
Uranium Milling Regions), one covers parts of northeastern Wyoming, southwestern South 
Dakota, and a small part of northwestern Nebraska (the South Dakota-Nebraska Uranium 
Milling Region), and the fourth is the New Mexico Uranium Milling Region, located in western-
central New Mexico. 
 
The NRC is the licensing authority for in-situ leach facilities and as such is preparing this generic 
EIS to use as a starting point for its future NEPA analyses for site-specific license applications 
for new in-situ leach facilities. These facilities are expected to be located within the four 
identified uranium milling regions as these are the areas with uranium deposits and past, existing, 
or expected future milling operations. Since the facilities analyzed in this PEIS would use new 
sources of uranium, these operations are related to the scope of this PEIS. 
 
1.3.9 Commercial Nuclear Fuel Cycle National Environmental Policy Act 

Documents 
 
All U.S. commercial nuclear fuel cycle facilities must be licensed by the NRC prior to operating. 
In support of these license applications and renewals, the NRC prepares a NEPA document 
(generally an EIS) to support its licensing decision. Accordingly, NEPA documents have been 
prepared for all U.S. commercial nuclear fuel cycle facilities, and information found in 
applicable documents has been used in the programmatic analysis conducted for this PEIS. 
Generally, these NEPA documents include an analysis of reactor operations, enrichment 
facilities, SNF management, and depending on the specific reactor facility, may or may not have 
included an analysis of modular dry storage facilities.  
 
1.4 PUBLIC PARTICIPATION 
 
Regulations of the Council on Environmental Quality (CEQ) require “an early and open process 
for determining the scope of issues related to a proposed action” as part of NEPA compliance 
(40 CFR 1501.7). This activity is known as the public scoping process. The purpose of this 
scoping process is to inform the public about a proposed action and the alternatives being 
evaluated, and to solicit public comments on the range of reasonable alternatives and potential 
environmental impacts.  
 
1.4.1 Advance Notice of Intent Public Comments 
 
On March 22, 2006, DOE published an Advance Notice of Intent (ANOI) for the Global Nuclear 
Energy Partnership Technology Demonstration Program Environmental Impact Statement 
(GNEP TDP EIS) in the Federal Register (71 FR 14505). That ANOI explained the goals of 
GNEP, the three major elements of the then-proposed GNEP Technology Demonstration 
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Program, the purpose and need for action, and presented a list of potential environmental issues 
for analysis. The ANOI also invited comments on the proposed scope, alternatives, and 
environmental issues to be analyzed in the GNEP TDP EIS. The comment period for the ANOI 
ended on May 8, 2006. 
 
DOE received more than 800 comment documents related to the GNEP Technology 
Demonstration Program in response to the ANOI. More than 750 of these were part of a 
campaign letter template and contained similar substantive comments. The major issues 
identified focused on the following topics: 
 

– DOE should prepare a programmatic EIS (PEIS) of the entire GNEP Program proposal, 
not just the GNEP Technology Demonstration Program 

– The proposed technologies are not sufficiently advanced to proceed with engineering-
scale demonstrations 

– DOE should pursue alternatives to nuclear power and GNEP 
– DOE is proceeding with Federal actions related to GNEP before conducting the required 

NEPA analyses 
 
Appendix H, Section H.1 provides a summary of the comments received on the ANOI. As a 
result of the comments received on the ANOI and other considerations, DOE decided to prepare 
this PEIS.  
 
1.4.2 Funding Opportunity Announcement for Site Characterization Reports 
 
On August 3, 2006, DOE issued a Financial Assistance Funding Opportunity Announcement 
(FOA) of $20 million for public or commercial entities interested in hosting GNEP Program 
facilities to conduct detailed siting studies (DOE 2006n). Applications for these financial 
assistance grants were received by DOE by September 7, 2006. DOE reviewed these applications 
and on January 30, 2007, issued financial assistance grants to 11 commercial and public 
consortia to conduct detailed siting studies for hosting an advanced nuclear fuel recycling center 
and/or an advanced recycling reactor (DOE 2007aa) at: Atomic City, ID; Idaho National 
Laboratory, ID; Morris, IL; Paducah, KY; Hobbs, NM; Roswell, NM; Portsmouth, OH; 
Barnwell, SC; Savannah River Site, SC; Oak Ridge Reservation, TN; and Hanford, WA. 
Recipients completed these siting studies and submitted Site Characterization Reports to DOE by 
May 1, 2007 (DOE 2007b). The results of these site studies were reviewed by DOE and are 
included in the Administrative Record for this PEIS, and certain information from those site 
studies is summarized in Appendix J of this PEIS. However, DOE no longer proposes to pursue 
construction of either an advanced nuclear fuel recycling center or an advanced recycling reactor 
at this time, and this PEIS does not analyze the construction and operation of either facility. 
 
1.4.3 Request for Expressions of Interest 
 
Also in August 2006, in addition to the FOA described in Section 1.4.2, DOE requested 
Expressions of Interest (EOI) from domestic and international industry in building a 
Consolidated Fuel Treatment Center (CFTC) and an advance burner reactor (ABR). In issuing 
the EOIs, DOE sought to define industry interest in demonstrating SNF recycling technologies. 
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DOE explained in the EOIs that the responses to them would aid DOE in identifying the issues 
that industry, and potential host sites, consider key in making feasible the construction of 
sustainable, commercial-scale SNF recycling technologies. If DOE makes a programmatic 
decision based on this PEIS to pursue such SNF recycling technologies, DOE may use the 
information gained from EOIs to create Requests for Proposals (RFPs) for the two facilities. If 
so, DOE also would prepare appropriate NEPA analyses as part of the decision making process.  
 
Two EOIs were issued: one for a CFTC that would contain facilities for SNF recycling and 
transmutation fuel fabrication, and one to construct an ABR (referred to in this PEIS as an 
advanced recycling reactor) to consume transuranic elements within the fuel and generate 
electricity. A total of 18 responses were received by DOE on the two EOIs. Most of the 
information submitted was identified by the submitters as proprietary or business sensitive, and 
DOE is required by law to protect this information from unauthorized disclosure. Thirteen of the 
18 respondents granted DOE permission to identify them as a submitter. Those names and 
additional information related to these two EOIs are available at 
www.gnep.energy.gov/gnepParticipation.html.  
 
1.4.4 Funding Opportunity Announcement—Industry Engagement 
 
DOE has solicited input from the nuclear industry regarding approaches to achieve the GNEP 
Program goals as outlined in the GNEP Strategic Plan (DOE 2007l). In May 2007, DOE issued 
an FOA to industry to investigate the business and technical parameters that would support the 
GNEP Program, and to share their recommendations for potential deployment of fuel cycle 
facilities as described above in Section 1.2. Information in the areas of business planning, 
technology development roadmaps, and a communications plan for disseminating scientific, 
technical and practical information relating to closing the fuel cycle was sought. The requested 
plans (business plan, technology development roadmap and communications plan) would be 
developed to address approaches to achieve GNEP goals and to inform the public and key 
stakeholders regarding proposed options for successful GNEP implementation.  
 
In addition to the plans, DOE also requested conceptual design studies for potential GNEP 
Program facilities that are to focus on providing scope, cost and schedule information for an 
initial nuclear fuel recycling center and advanced recycling reactor. Three capabilities were 
specified: 1) separating LWR SNF into its reusable components and waste components; 
2) reducing the volume, heat load, and radiotoxicity of waste requiring geologic repository 
disposal; and 3) generating electricity with an advanced reactor that consumes transuranic 
elements as part of its fuel. 
 
In September 2007, DOE funded four cooperative agreements with the nuclear industry to 
provide the analysis, plans, and designs described above. The agreements reflect that the GNEP 
Program is in the “conceptual design phase” with multiple technical and programmatic 
approaches under consideration.  
 
An important element of these cooperative agreements is that they provide an opportunity for 
nuclear industry participants to provide input and recommendations on how to effectively and 
efficiently implement the GNEP Program goals. The inputs from industry, in conjunction with 
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other data, will be used to inform the Secretary of Energy’s decision on the path forward for the 
GNEP Program and to educate and inform the public as to the potential approaches for 
implementation and achieving the overall long-term GNEP Program goals.  
 
Final reports were provided by the four industry teams in the spring of 2008. These reports 
outlined approaches to separations and reactors with respect to business planning, technology 
development roadmaps, and conceptual design studies for fuel cycle facilities. The conceptual 
design studies for these facilities focused on providing scope, cost, and schedule information for 
an initial nuclear fuel recycling center and advanced recycling reactor, with capabilities of: 
1) separating LWR SNF into its reusable components and waste components; 2) reducing the 
volume, heat load, and radiotoxicity of waste requiring geologic repository disposal; and 
3) generating electricity with an advanced reactor that consumes transuranic elements as part of 
its fuel. The business plan and technology development roadmap address approaches to achieve 
the overall long-term GNEP goals. The releasable summaries of these reports are available at: 
www.gnep.energy.gov/gnepParticipation.html. 
 
1.4.5 Public Scoping Comments 
 
On January 4, 2007, DOE published a Notice of Intent (NOI) to prepare this GNEP PEIS in the 
Federal Register (72 FR 331) (see Appendix G). That NOI explained the scope of the revised 
GNEP Program, identified the alternatives that were then proposed for evaluation, described the 
purpose and need for action, identified potential sites that could host GNEP Program facilities, 
and listed potential environmental issues for analysis. The NOI also invited comments on the 
proposed scope, alternatives, and environmental issues to be analyzed in the GNEP PEIS, and 
announced the schedule for public scoping meetings.  
 
Subsequent to the NOI, DOE held public scoping meetings at 13 locations (see Figure 1.4.5-1). 
A neutral facilitator conducted the meetings to direct and clarify discussions and comments. 
Court reporters were present to provide a verbatim transcript of oral comments. Based on  
sign-ins, approximately 2,450 persons attended the meetings. Attendance varied from a high of 
approximately 600 at the meeting in Idaho Falls, ID, to a low of approximately 50 at the meeting 
in Los Alamos, NM. Average attendance was approximately 200. Approximately 550 persons 
provided oral comments at the meetings (see Appendix H, Section H.2).  
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FIGURE 1.4.5-1—Global Nuclear Energy Partnership Public Scoping Meetings 
 
The scoping comment period for the NOI was originally scheduled to end on April 4, 2007. In 
response to requests from the public, the scoping comment period was extended by 61 days, 
through June 4, 2007. A notice of this extension was published in the Federal Register 
(72 FR 15871). 
 
In addition to the public scoping meetings, the public was encouraged to provide comments via 
mail, e-mail, phone, and fax. All comments received during the public scoping period, as well as 
late comments, were systematically reviewed by DOE in preparing this GNEP PEIS. Where 
possible, comments on similar or related topics were grouped under comment issue categories as 
a means of summarizing the comments. The comment issue categories were used to identify 
specific issues of public concern. After the issues were identified, they were considered in 
developing the scope of this GNEP PEIS.  
 
During the public scoping process, DOE received more than 14,000 comment letters/e-mails and 
oral comments. Of the comment letters/e-mails, more than 12,400 were part of various campaign 
letters associated with one of 28 different form letters/e-mail campaigns. 
 
In the NOI, DOE proposed to analyze in this PEIS the construction and operation of three 
facilities: an advanced nuclear fuel recycling center, an advanced recycling reactor, and the 
Advanced Fuel Cycle Facility (AFCF). Scoping comments addressed these facilities, including 
potential locations for them. DOE has since decided not to propose construction and operation of 
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any of these facilities at this time. Because site selection will not be completed at this time, no 
determination has been made regarding the sites suggested through the FOA and public scoping 
processes as potential locations for any of these three facilities. 
 
In response to public comments and as the programmatic analysis developed, DOE determined 
that to make project-specific or site-specific decisions regarding any of the three originally 
proposed facilities would be premature. The programmatic decisions to be made would influence 
the size and type of facilities required for implementing an alternative fuel cycle (the originally 
proposed nuclear fuel recycling center and advanced recycling reactor), as well as the facility 
needed to support the program with research, development, and deployment (an Advanced Fuel 
Cycle Facility). As a result, no project-specific or site-specific proposals are being made at this 
time. Based on the proposed programmatic decisions, DOE might make future proposals for 
particular actions. Any such proposals would be subject to appropriate NEPA review.  
 
A summary of the additional major comments received during the public scoping process are 
provided below. (Italics indicate where the comments are addressed in this PEIS).  
 
Commentors stated that the purpose and need is excessively narrow and leads to a unique answer 
to the issue at hand. Commentors stated that combining the programmatic analysis with project-
specific proposed actions prejudices the PEIS and presumes a certain programmatic outcome. 
Commentors identified a broad range of possible alternatives for evaluation in the PEIS. These 
included different reactor and fuel types (e.g., reactor technologies, coolants [gas, sodium], 
mixed-oxide [MOX] recycle in thermal reactors, and thorium fuel).  
 
DOE has modified its statement of Purpose and Need to clarify that DOE did not intend to 
unduly limit the range of reasonable alternatives. DOE reviewed the scoping comments and 
other available information carefully and, as a result, added both closed and open fuel cycle 
technologies to the range of reasonable programmatic alternatives. Chapter 1 of the PEIS 
provides a discussion of the Purpose and Need. Chapter 2 provides a description of the 
additional programmatic alternatives that have been added for consideration.  
 
Commentors recommended a demonstration program to ensure both that the fuel recycling 
technology is feasible and that it will not cause more waste than current technologies. 
Commentors stated that the PEIS should assess timing issues such as building fast reactors 
before a reprocessing plant and, conversely, assess impacts of reprocessing without fast reactors.  
 
The GNEP PEIS identifies the major research and development (R&D) needs associated with 
each programmatic alternative (Chapter 4, Section 4.8.1) and discusses how these needs could 
affect implementation of the technologies analyzed and associated environmental impacts 
(Chapter 4, Section 4.8.2).  
 
Commentors stated that the PEIS should analyze a wide range of potential environmental 
impacts associated with each alternative, and they provided specific comments regarding public 
and worker health and safety, accidents and intentional destructive acts, transportation, land use, 
cultural impacts, waste management issues, water quality/water availability issues, air quality, 
socioeconomics, environmental justice, and other potential impacts.  
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The GNEP PEIS discusses each of these types of impacts based on the best available 
information. The potential environmental impacts of programmatic alternatives are discussed in 
Chapters 4 and 5.  
 
Commentors stated that the PEIS should assess nonproliferation issues. Commentors stated that 
GNEP involves a major departure from U.S. policy on SNF and may affect agreements and 
treaties with other nations. 
 
Separate from the GNEP PEIS, the National Nuclear Security Administration (NNSA), a 
separately organized 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.  
 
Commentors would like all technology information to be presented and include a history and 
evaluation of past performance of reactors and reprocessing facilities.  
 
Chapter 2 and Appendix A include a discussion of reactor technologies being considered in the 
PEIS, and Chapter 1 includes a history of reprocessing.  
 
Commentors stated that the PEIS should propose and assess specific international aspects of the 
GNEP Program and include reasonably foreseeable scales of global action.  
 
Chapter 7 of the PEIS describes the international implications of the domestic programmatic 
alternatives, as well as the types of environmental impacts that could occur from international 
activities.  
 
Commentors stated that GNEP is fundamentally inconsistent with DOE’s objective of disposing 
of SNF deep underground where it would be as inaccessible as possible.  
 
As explained in Chapter 4, Section 4.1.5, a geologic repository would be needed under any 
programmatic alternative. Each fuel cycle technology generates some quantity of SNF and/or 
HLW, although the forms and quantities differ among alternatives.  
 
Appendix H of this PEIS contains a more detailed accounting of all comments received. 
Table H.2-1 lists the comment issue categories. 
 
1.4.6 Global Nuclear Energy Partnership-Related Reports from External 

Organizations 
 
In addition to public scoping comments and the other information sources referred to above, 
DOE reviewed several reports prepared by external organizations in the preparation of this Draft 
GNEP PEIS. Some of these reports provided useful, albeit critical, analysis regarding the 
proposed GNEP Program. These reports are briefly summarized below and many of the points 
raised are addressed at appropriate points throughout the PEIS.  
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Global Nuclear Energy Partnership, DOE Should Reassess Its Approach to Designing and 
Building Spent Nuclear Fuel Recycling Facilities—The Government Accountability Office 
(GAO) criticized the GNEP Program for its lack of early industry participation, and for 
proposing to build reprocessing and reactor facilities at commercial scale (bypassing engineering 
scale) and for scheduling the completion of a reprocessing facility before completion of the R&D 
facility needed to determine the former’s design requirements. The report expressed concern as 
to DOE’s readiness to select its preferred reprocessing technology prior to conducting additional 
R&D at the dedicated facility, and criticized DOE’s ability to manage large design and 
construction projects, particularly those that utilize new technologies. The report concluded that 
the GNEP Program should work closer with industry, start with engineering scale approaches to 
reprocessing, and conduct sufficient testing in an R&D facility and advanced reactor to assure 
the suitability of an eventual commercial-sized recycling plant to the selected recycling 
technology. The report also expressed skepticism that any of the claims or arguments advanced 
in support of developing MOX technology for fuel recycle in thermal reactors showed sufficient 
promise to warrant the necessary investment (GAO 2008a). 
 
Review of DOE’s Nuclear Energy Research and Development Program—The National Academy 
of Science’s National Research Council devoted Chapter 4 of its 2008 Review of DOE’s Nuclear 
Energy Research and Development Plan to the GNEP Program. The investigating committee 
took the view that the GNEP Program offered exclusively long-term benefits (i.e., it disputed 
GNEP claims of nearer-term benefits). Working from this premise, the committee’s overriding 
conclusion was that the rationale for the GNEP Program, as expressed through the stated goals, 
objectives and criteria, was unpersuasive and unable to support an accelerated deployment 
strategy that would create significant technical and financial risks by prematurely narrowing (or, 
in some cases, predetermining) the technical options. Among the options that the committee 
believed warranted further exploration was electrochemical separation of SNF. They also 
questioned GNEP’s selection of a sodium-cooled reactor as the reactor of choice, and challenged 
DOE’s claim that the accelerated deployment would save nearly a decade of time and a 
substantial amount of money. The report stressed that all committee members agreed that the 
GNEP Program should not go forward as outlined in the GNEP Strategic Plan and that it should 
be replaced by a less aggressive research program. The report emphasized the high political risk 
of the program, which would need to survive successive administrations. All of these factors led 
the committee to conclude that the “safest, most effective, least risky course” by which to move 
forward would be an engineering-scale demonstration of the relevant technologies, and that 
“DOE should commit to the construction of a major demonstration or facility only when there is 
a clear economic, national security, or environmental policy reason for doing so” (NAS 2008). 
 
Radioactive Wastes and the Global Nuclear Energy Partnership—The Institute of Policy Studies 
published a report stating that the GNEP Program is too costly, would take 150 years to 
accomplish, poses a health and safety risk to the public through the storage of dangerous 
materials, and lacks a credible plan for the safe management and disposal of radioactive wastes 
stemming from the GNEP Program (IPS 2007). 
 
Risky Appropriations: Gambling on the Global Nuclear Energy Partnership—This report, 
written by David A. Schlissel, concluded that: 1) The GNEP Program lacks important details 
about technical viability, proliferation risks, waste streams, and ultimate life-cycle costs;  
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2) The administration has presented no economic analysis of the costs and benefits of the GNEP 
Program and has not compared GNEP to other technically feasible and cost-effective 
alternatives, and such an economic justification should be provided before significant funds are 
appropriated for GNEP; 3) Full implementation of GNEP would represent a significant 
expansion and redirection of the nuclear industry; 4) The reference technologies and processes 
for GNEP have already been selected by the DOE, none of these technologies and processes 
currently exists in commercially viable applications, and few of them have even been shown to 
be viable in large, engineering-scale demonstration projects; 5) The contemplated schedule for 
deployment of GNEP is not feasible—the technologies that would be required to implement 
GNEP successfully would take decades to develop if, in fact, they can be made technically and 
commercially viable; 6) The plan for GNEP would lock the United States into decisions to 
deploy certain nuclear technologies and processes well before R&D is completed, demonstration 
projects are tested and operated, and the chosen technologies and processes are shown to be 
feasible and cost-effective; 7) Developing and deploying the facilities required for GNEP would 
likely be prohibitively expensive; 8) GNEP would be an unreasonably expensive and slow option 
for addressing global climate change; 9) GNEP would reverse the U.S. practice of not 
reprocessing reactor wastes; 10) It is unclear whether GNEP would eliminate the need for 
additional geologic waste repositories; 11) GNEP is unlikely to reduce the risk of proliferation of 
nuclear materials; 12) Deployment of the facilities that would be required in GNEP might entail 
significant risks to the public health and safety; and 13) Successful implementation of GNEP 
would require overcoming a number of significant political challenges. (Schlissel 2008).  
 
Nuclear Power Joint Fact-Finding—The purpose of this report issued by the Keystone Center, 
was to develop a joint understanding of the facts regarding nuclear power and provide an 
objective interpretation of the most credible information in areas where uncertainty persists. 
With respect to GNEP specifically, the report concluded that, from a waste management 
perspective, there are many potential problems with the GNEP concept including cost, 
technology choice, and waste streams. While generally agreeing with the GNEP concept, the 
report stated that GNEP was not a strategy for resolving either the radioactive waste problem or 
the weapons proliferation problem. The report also concluded that critical elements of the GNEP 
Program are unlikely to succeed. These critical elements included the deployment of 
commercial-scale reprocessing plants and the reliance on unproven (particularly from an 
economic standpoint) fast reactors. Additionally, the GNEP Program could encourage activities 
which pose a grave proliferation risk (i.e., by encouraging the development of hot cells and 
reprocessing technology in non-weapons states). The report also challenged the  
cost-effectiveness of reprocessing technology (KC 2007).  

Nuclear Fuel Recycling: More Trouble Than It's Worth—This report written by Dr. Frank von 
Hippel, concluded that SNF reprocessing was not a proper strategy for managing SNF. The 
author stated that reprocessing costs much more than the new fuel is worth, and that recycling 
plutonium reduces the waste problem only minimally, while significantly introducing 
proliferation risks if the separated plutonium gets into the wrong hands. The author also stated 
that sodium-cooled reactors proved to be much more costly to build and troublesome to operate 
than expected, and most countries abandoned their efforts to commercialize them. Additionally, 
the author stated that keeping older SNF produced by the once-through system in dry storage 
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casks represents a negligible addition to the existing nuclear hazard to the surrounding 
population (von Hippel 2008).  

Nuclear Power in a Warming World, Assessing the Risks, Addressing the Challenges—A Union 
of Concerned Scientists report assessed the nuclear power industry’s key problems and offered 
recommendations to strengthen nuclear plant safety, better protect facilities against sabotage and 
attack, ensure the safe disposal of nuclear waste, and minimize the risk that nuclear power would 
help more nations and terrorists acquire nuclear weapons. With respect to GNEP specifically, the 
report stated that the GNEP Program offered no waste disposal benefits and would increase the 
risks of nuclear proliferation and terrorism. The report stated that GNEP would require a 
complex system of dangerous facilities that must be operated and repeatedly rebuilt for centuries. 
These facilities include those that potentially allow above-ground “decay storage” of short-lived 
fission products, and a host of added facilities needed to reprocess and fission highly radioactive 
actinides. In the view of the report, this system clearly would fail to meet fundamental criteria for 
responsible waste management. The report went on to state that the GNEP Program “should be 
dropped” (UCS 2007).  
 
1.5 ORGANIZATION OF THIS GLOBAL NUCLEAR ENERGY PARTNERSHIP 

PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT 
 
This PEIS consists of a summary and the main body of the PEIS with appendices. The specific 
topics of each chapter are presented below. 
 
Chapter 1—Introduction and Purpose and Need for Agency Action. An overview of the 
GNEP PEIS, the relationship of GNEP to other programs, and an overview of the public 
involvement process. 
 
Chapter 2—Domestic Programmatic Alternatives. An explanation of the reasonable 
alternatives and description of facilities related to domestic programmatic alternatives. 
 
Chapter 3―Affected Environment for Domestic Programmatic Alternatives. Presents 
information regarding the environments that might be affected by implementing the GNEP PEIS 
domestic programmatic alternatives. 
 
Chapter 4―Environmental Impacts of Domestic Programmatic Alternatives. Analyses of 
the potential impacts on the environment from the domestic programmatic alternatives. Impacts 
are compared to the projected environmental conditions that would be expected if no action were 
taken. This includes an analysis of unavoidable adverse environmental impacts, the relationship 
between short-term uses of the environment and long-term productivity, and irreversible and 
irretrievable commitments of resources associated with the programmatic alternatives. 
 
Chapter 5―Cumulative Environmental Impacts of the Domestic Programmatic 
Alternatives. Analyses of the cumulative impacts of the domestic programmatic alternatives in 
conjunction with other past, present, and reasonably foreseeable projects and activities.  
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Chapter 6―Compliance, Regulatory Requirements, and Permits for Domestic 
Programmatic Alternatives. Environmental, safety, and health requirements that would apply 
for the PEIS alternatives and agencies consulted for their expertise. 
 
Chapter 7―International Initiatives and Impacts of the Programmatic Alternatives. 
Describes the international initiatives, as well as the type of impacts that could occur from 
international activities. 
 
Chapters 8–11. An index; glossary; list of preparers; and list of agencies, organizations, and 
persons to whom copies of this PEIS were sent. 
 
In addition to Chapters 1 through 11, this volume contains 10 appendices of information that 
supports the environmental analyses presented in the main text. These appendices contain the 
following information: details of the SNF processing technologies, advanced fuel fabrication 
technologies, and reactor technologies; intentional destructive acts analysis; human health and 
worker safety; accidents; transportation; methodology; project studies and notices; scoping 
comment summaries and DOE responses; FOA site summaries; and contractor disclosure. 
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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 
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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. 
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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. 
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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 
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− 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. 



Chapter 2: Domestic Programmatic Alternatives GNEP Draft PEIS 
 

2-35 
 

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). 
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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. 

 



GNEP Draft PEIS Chapter 2: Domestic Programmatic Alternatives 

2-44 
 

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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CHAPTER 3 
AFFECTED ENVIRONMENT FOR 

DOMESTIC PROGRAMMATIC ALTERNATIVES 
 
Chapter 3, the affected environment for the domestic programmatic alternatives, provides the context to 
understand the environmental impacts described in Chapter 4. The affected environment serves as a 
baseline from which environmental impacts caused by implementation of the domestic programmatic 
alternatives can be evaluated. The baseline conditions are the currently existing conditions. 
 
This section describes the affected environment with respect to nuclear electric power 
generation, including nuclear power plants and related nuclear infrastructure and their effects on 
the resource areas of air quality, land use, water resources, socioeconomics, radiological waste 
management, and transportation. The region of interest is the entire United States because 
facilities associated with the programmatic alternatives could be deployed anywhere in the 
country. However, emphasis is placed on the contiguous 48 states because they represent the vast 
majority of population and land area and allow for more effective transportation of materials and 
wastes. There are no existing or proposed commercial nuclear power reactors in Alaska or 
Hawaii. 
 
3.1 NUCLEAR POWER PLANTS AND INFRASTRUCTURE 
 
Nuclear power facilities include both generation plants and the associated infrastructure 
necessary to provide fuel and dispose of wastes. The main structures at a nuclear power plant 
include the reactor facility, cooling systems, and waste storage facilities. The land where these 
structures are sited, as well as surrounding resources and communities, is considered part of the 
affected environment of the power plant. There are currently 104 commercial nuclear power 
reactors in operation at 65 sites in the United States (NRC 2007e). 
 
Current U.S. nuclear infrastructure supports uranium mining and milling, uranium enrichment, 
fuel fabrication, and management of spent nuclear fuel (SNF). As with any commercial power 
plant, transmission line infrastructure for connection to the power grid is also required. These 
components of the nuclear infrastructure involve numerous sites and facilities, and like the 
generation plants, each has surrounding land, resources, and communities that constitute the 
affected environment. Brief descriptions of these components are provided below, and more 
details are found in Chapter 4, Section 4.1 (NRC 2007d). 
 
Uranium is mined in the United States and numerous countries around the world, including 
Canada, Australia, and Kazakhstan (WNA 2008e). Three principal methods are used to mine 
uranium: surface (open pit), underground, and in-situ leaching (solution mining). The method of 
extraction is dependent on the grade, size, location, and geology of the deposit, and is generally 
selected to maximize ore recovery within economic constraints. A low-grade cutoff point is 
established on a site-specific basis and depends on recovery costs at the site, the market price of 
the ore, and feed requirements at the mill (IAEA 1998). According to the Energy Information 
Administration, there were 10 operating uranium mines in the United States in 2006 
(5 underground mines and 5 in-situ leaching mines) (EIA 2007n).  
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Uranium ore deposits in the United States are generally rich in radium and vanadium. Radium 
has some commercial use, mainly in the medical industry, and vanadium is used as a hardener in 
the steel production industry. The isotopic content of uranium metal, as found naturally in ore 
deposits, is mostly uranium-238. Uranium-235 (U-235) generally represents around 0.72 percent 
of natural uranium ore, by weight. This percentage is far less than the 3 to 5 percent U-235 
required by current U.S. nuclear power plants as fuel for electricity generation. Therefore, 
uranium must be enriched so it can be used in commercial nuclear power plants. Enrichment is 
the process applied to increase the percentage of the fissile U-235 isotope and decrease the 
percentage of U-238 (NRC 2007b). 
 
Fuel fabrication is the final step in the process used to produce uranium fuel for commercial light 
water nuclear power reactors (NRC 2007c). During fabrication, enriched uranium hexafluoride 
(UF6) is converted to uranium dioxide (UO2) powder that is then ground, pressed, sintered 
(i.e., fused together), and loaded into prefabricated zirconium alloy clad tubes. The tubes are then 
filled with an inert gas and welded shut. These tubes, or pins, are bundled together and made into 
a fuel assembly (NRC 2007c). 
 
Use of uranium as fuel in a reactor produces SNF. Management of SNF is required for the 
operation of nuclear power plants. SNF is stored by the nuclear power plants until an approved 
disposal facility is made available. The disposal of commercial SNF and U.S. Department of 
Energy (DOE) SNF and high-level waste (HLW) is planned for a geologic repository at Yucca 
Mountain in Nevada (DOE 2008g). SNF could be transported to the repository by rail or truck, 
or both. On April 8, 2004, DOE issued a Notice of a Record of Decision in the Federal Register 
(69 FR 18557), stating the preference to transport HLW and SNF to Yucca Mountain mainly by 
rail with a smaller portion of the SNF transported by truck. Also on April 8, 2004, DOE issued a 
Notice of Intent to Prepare an EIS for the Alignment, Construction, and Operation of a Rail Line 
for Shipments of SNF, HLW, and Other Materials from a Site Near Caliente, Lincoln County, 
Nevada, to a Geologic Repository at Yucca Mountain, Nye County, Nevada (69 FR 18565).  
 
3.2 BASELINE ENVIRONMENTAL CONDITIONS OF THE NUCLEAR POWER INDUSTRY 
 
The subsections below describe the nuclear power industry with respect to air quality, land use, 
water resources, socioeconomics, radiological waste management, and transportation. 
 
3.2.1 Air Quality 
 
In administering the Clean Air Act, the U.S. Environmental Protection Agency (EPA) has 
identified seven air pollutants that have well-known adverse effects on human health and 
welfare. These seven pollutants are called criteria pollutants, and they include carbon monoxide 
(CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (O3), lead (Pb), particulate matter with 
a diameter of less than 10 micrometers (PM10), and particulate matter with a diameter less than 
2.5 micrometers (PM2.5). The EPA has established National Ambient Air Quality Standards 
(NAAQS) that limit the concentration levels for these pollutants in the ambient air (40 Code of 
Federal Regulations [CFR] Part 50). Regulations also are established for other harmful 
pollutants, such as mercury, asbestos, radionuclides, and the 188 hazardous air pollutants (HAPs) 
listed at 40 CFR Part 61. However, the concentration levels in ambient air for these pollutants are 
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generally not regulated; rather, these pollutants are regulated on the basis of emission rates. In 
addition, there are pollutants that are presently unregulated, such as certain greenhouse gases 
(e.g., carbon dioxide), that also may have harmful environmental effects. 
 
Nitrogen and sulfur compounds can react with the air to form acid compounds. Precipitation 
such as rain or snow causes these compounds to fall to the earth (acid rain). Some pollutants 
react with the air and erode the ozone layer that blocks harmful radiation from the sun. Ozone 
layer reductions allow higher levels of B-type ultraviolet radiation (UVB) to reach the surface of 
the earth. Ozone reductions cause a variety of adverse conditions with respect to plant growth, 
marine ecosystems, and terrestrial and biogeochemical cycles, and have been linked to increased 
incidences of skin cancer in humans (EPA 2006e). 
 
Regional air quality is primarily a function of pollutant emission levels in the area. For this 
reason, air quality is generally much lower in urban and highly industrialized areas where a large 
number of pollutant emission sources are present in a relatively small area. To a lesser extent, 
weather patterns, topography and vegetation cover, and state air quality standards can affect 
regional air quality. Regions of the United States that currently fail to satisfy the NAAQS 
(i.e., nonattainment regions) are illustrated in Figure 3.2.1-1 (EPA 2007b). A more detailed 
discussion of air quality concepts is provided in Chapter 9. 
 
Nuclear power plants have a relatively low impact on air quality because they do not involve the 
chemical combustion of fossil fuels. Auxiliary equipment and processes are the principal direct 
sources of nonradiological emissions from a nuclear power plant. Other nonradiological 
emissions are generated by trains and trucks that transport materials to and from the plant, and 
from plant worker vehicles. 
 
Activities and processes that support the nuclear power industry also generate nonradiological 
and/or radiological emissions. For example, emissions are produced by equipment and activities 
at the uranium mines where raw uranium ore is extracted, by processes applied to convert 
uranium ore into enriched reactor grade fuel, and by transportation systems that transfer material 
between destinations.  
 
Underground uranium mines produce exhaust which typically includes radon-222 (Rn-222) in 
measurable concentrations. Rn-222 is present in the exhaust because it emanates from the ore. 
The concentration of Rn-222 in mine exhaust varies and depends on the ventilation rate, mine 
volume, mine age, grade of exposed ore, size of active work areas, moisture content and porosity 
of the rock, barometric pressure, and mining practices. “A previous EPA study indicates that 
higher Rn-222 emission rates occur at older mines, probably because there are larger surface 
areas of exposed ore and sub-ore” (EPA 1983). 
 
Small levels of radiological emissions may be released at a nuclear power plant from routine 
operations; however, these emissions are continuously monitored and are subject to strict Federal 
regulations under the aegis of the U.S. Nuclear Regulatory Commission (NRC). Radiation dose 
exposures are small relative to doses from natural radioactivity.  
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Source: EPA 2007b 

FIGURE 3.2.1-1—Nonattainment Areas of the United States  
 
3.2.2 Land Use 
 
Land area of the continental United States covers about 1.94 billion acres (785 million hectares 
[ha]). Allocation of these lands (by major river basin) is illustrated in Figure 3.2.2-1. Cropland, 
pasture, open range, and forest land comprise the majority of U.S. land resources. The condition 
of these lands directly or indirectly influences the environment. The ability to meet national 
objectives for natural resources and environmental quality depends on how these lands are used 
and conserved (NRCS 2007).  
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Land is required to accommodate the various aspects of a nuclear power plant, such as the 
reactor facility, cooling systems, waste storage facilities, and other support infrastructure. 
Additional land is required to mine uranium ore, process the ore into metallic uranium, enrich the 
uranium, and fabricate the fuel assemblies. Land is also required for disposal of low-level waste 
(LLW), HLW, hazardous waste, Greater-than-Class-C (GTCC) waste, transuranic waste, and 
SNF. There is currently no long-term repository available for HLW and SNF (DOE 2008g). In 
addition, there is currently no disposal capability for GTCC waste (72 FR 40135). 
 
The land area controlled by individual commercial nuclear power plants in the United States 
ranges from 84 acres (34 ha) to 30,000 acres (12,100 ha); however, the exclusion zones range 
from 58 acres (23 ha) to 3,192 acres (1,292 ha), with an average exclusion zone area of 742 acres 
(300 ha). This includes land and facilities to store SNF onsite (NRC 1996). Using the actual size 
of reactor sites identified in NUREG-1437, the average footprint of existing reactor sites is about 
3,000 acres (1,214 ha) (NRC 1996). The land area required for a new reactor would be 
dependent on factors such as location, reactor design, and cooling water availability. 
 
3.2.3 Water Resources 
 
With respect to this discussion on water resources, there are two important terms to define. 
“Water withdrawal” is the amount of water collected for an activity or process. “Water 
consumption” is the amount of water that is somehow lost or consumed by the activity or process 
(e.g., evaporation or leakage), and is therefore not directly returned to the source where it was 
withdrawn (USGS 2004a). The terms “water use” and “water demand” are used generically to 
describe either water withdrawal or water consumption. 
 
The U.S. Geological Survey (USGS) estimated that the average amount of water withdrawn 
daily for all uses in the United States for 2000 was about 405 billion gallons (gal) 
(1,532 billion liters [L]). Daily withdrawal sources included 83 billion gal (312 billion L) of 
fresh groundwater, 1.3 billion gal (4.9 billion L) of saline groundwater, 262 billion gal 
(992 billion L) of fresh surface water, and 58.7 billion gal (221 billion L) of saline surface water 
(USGS 2004a). 
 
The U.S. Department of Agriculture (USDA) reports water use in the United States by major 
categories, such as thermoelectric power (i.e., electrical power generated by a thermal conversion 
process such as a coal-fired boiler or nuclear plant), irrigation, public supply, industrial, 
agriculture, domestic use, mining, and livestock. Figure 3.2.3-1 illustrates the relative percentage 
of each category for 2000. Thermoelectric power generation represented the largest share, 
followed by agriculture and public supply. All other categories represent about 8 percent of total 
water consumption (USGS 2004a). 
 
Thermoelectric power generation accounted for roughly 192.9 billion gal/day (730 billion 
L/day), or 48 percent of all withdrawals in 2000. Large amounts of water are needed for cooling. 
For this reason, thermoelectric power plants are located near an abundant water supply. More 
than 99 percent of total thermoelectric power withdrawals were from surface waters 
(USGS 2004a); however, water consumption (evaporative loss to the atmosphere) was only 
about 2.2 percent of withdrawals. 
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There are two principal methods of heat rejection at thermoelectric power plants—once through 
(open-loop) and recirculation (closed-loop). In an open-loop system, the steam is cooled by 
water that is pumped from an outside source through a condenser and then discharged; usually 
back into the water body from which it was withdrawn. In a closed-loop system, the steam is 
cooled in towers and the water that is not lost to evaporation is recycled through the plant with 
periodic discharges to reduce the concentration of minerals in the circulation water. Open-loop 
systems have a much higher withdrawal rate than closed-loop systems; however, closed-loop 
systems lose more water to evaporation, and thus have a higher overall rate of consumption 
(USGS 2004a). 
 

 
Source: USGS 2004a 

FIGURE 3.2.3-1—United States Water Consumption by Use Category 
 
Although open-loop systems have a higher withdrawal rate than closed-loop systems, the USGS 
report shows that closed-loop power plants accounted for 91 percent of all thermoelectric power 
withdrawals, and open-loop power systems accounted for 9 percent of the withdrawals. Average 
water demand (withdrawal and consumption) for each method is listed in Table 3.2.3-1 based on 
a report from the National Energy Technology Laboratory (NETL). The rates of water 
withdrawal and consumption required to cool a nuclear power plant are typically higher than for 
a fossil-fired power plant, because nuclear power plants are designed to operate at lower 
temperatures and pressures. Operation at a lower temperature and pressure reduces the 
thermodynamic efficiencies and thus requires more water to reject the heat (NETL 2006b, 
USGS 2004a). 
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TABLE 3.2.3-1—Average Water Demand for a Nuclear Power Generation Plant 
Heat Rejection Method Withdrawal Rate  

(gal/kWh) 
Consumption Rate  

(gal/kWh) 
Once Through 31.5 0.137 
Recirculation 1.10 0.624 

Source: NETL 2006b  
Note: kWh = kilowatt-hour 

 
About 44 percent of nuclear power plants use a recirculation system for heat rejection. Daily 
water withdrawal for U.S. nuclear power generation is around 42.9 billion gal (182.4 billion L). 
Daily water consumption for uranium mine operations ranges from 0.07 to 0.26 billion gal 
(0.26 to 0.98 billion L) (NETL 2006b, POA 2006). 
 
3.2.4 Socioeconomics 
 
This section provides an overview of the affected environment for the domestic power 
generation industry with respect to socioeconomics. It includes a discussion of historical 
population trends and projected population growth; a description of major industrial activities 
and employment totals; a description of employment totals associated with power generation and 
distribution, and the mine activities needed to provide nuclear fuels; a discussion of projected 
demand growth in the power generation industry; nationwide employment data for the heavy 
construction industry; and an estimate of the major material requirements for nuclear power 
plants. 
 
3.2.4.1 Historical Population Growth  
 
The current U.S. population is around 303 million, which represents 4.58 percent of the world’s 
population (USDOC 2007a). Between 1900 and 2000, the combined increase of 135 million 
people in the South and the West represented 66 percent of the U.S. population increase of 
205 million people (Figure 3.2.4.1-1). Figure 3.2.4.1-2 shows the population growth by region 
(USDOC 2002a). Figure 3.2.4.1-3 shows the population density of the United States based on 
Census 2000 data (USCB 2000b). 
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Source: USDOC 2002a 
FIGURE 3.2.4.1-1—United States Population Trend from 1900 to 2000 (Millions) 
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Source: USDOC 2002a 
FIGURE 3.2.4.1-2—Population Growth by Region Between 1900 and 2000 

 

 
Source: USCB 2000b 

FIGURE 3.2.4.1-3—Population Density of the United States for 2000 
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3.2.4.2 The United States Labor Force 
 
The Bureau of Labor Statistics (BLS) tracks labor economics and statistics for the Department of 
Labor. Since 1970, the unemployment rate in the United States has ranged from a low of 
4.0 percent in 2000 to a high of 9.7 percent in 1982. The average rate was around 6.2 percent. 
The recent trend documents a steady decline each year from 6.0 percent in 2003 to 4.6 percent in 
2007 (BLS 2008).  
 
3.2.4.3 Economic Census Data for United States Industry 
 
Every 5 years the U.S. Census Bureau provides a detailed portrait of the U.S. economy that 
categorizes economic activity based on the principal activity in which U.S. industry is engaged, 
consistent with the 2002 North American Industry Classification System (NAICS) that covers 
1,179 industry categories (USDOC 2005a). 
 
The most recently available U.S. Economic Census was completed in 2002 and covers 1,070 of 
the 1,179 industries listed in the 2002 NAICS. The industries included in the 2002 Economic 
Census are organized into 18 major industrial sectors (Table 3.2.4.3-1). Total employment for 
these sectors was nearly 109 million; however, this total excludes employment in government 
and other non-industrial sectors. The total labor force is the number of people age 16 or older 
who are employed or seek to be employed. The BLS reports that the total labor force in 2002 
was about 145 million (BLS 2004). 
 

TABLE 3.2.4.3-1—Employment by Industrial Sector for 2002 
Industrial Sector Employment 

Educational services 430,164 
Mining  477,840 
Utilities  663,044 
Arts, entertainment, & recreation  1,848,674 
Real estate, rental & leasing  1,948,657 
Management of companies & enterprises  2,605,292 
Other services (except public administration)  3,475,310 
Transportation & warehousing  3,650,859 
Information  3,736,061 
Wholesale trade  5,878,405 
Finance & insurance  6,578,817 
Construction  7,193,069 
Professional, scientific, & technical services  7,243,505 
Administrative & support & waste management & remediation service  8,741,854 
Accommodation & food services  10,120,951 
Retail trade  14,647,675 
Manufacturing  14,699,536 
Health care & social assistance  15,052,255 
TOTAL 108,991,968 

 Source: USDOC 2005b 
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3.2.4.4 National Employment for the Electric Power Industry 
 
An estimated 535,675 people were employed in the electric power generation, transmission, and 
distribution industry in 2002. This included 122,875 employees for power generation and 
412,890 for power transmission, control, and distribution. The number of employees associated 
with the nuclear power generation industry was around 31,400 based on 62 employees per 
million megawatt-hours (MWh) and an annual consumption of 507 million MWh (EIA 2007k, 
USDOC 2005c). 
 
3.2.4.5 National Employment for the Uranium Mining Industry 
 
In 2002, an estimated 3,264 people worked directly in the uranium/radium/vanadium mines that 
support the nuclear power generation industry. This estimate does not include employees who 
worked in central administrative offices, warehouses, or other establishments that served mining 
establishments within the same organization (USDOC 2005d). 
 
3.2.4.6 Projected Growth in Population and Energy Demand 
 
The U.S. population is projected to increase by 23.2 percent between 2005 and 2030 
(USDOC 2004). Over that same time span, total electricity generation is projected to grow by 
43.4 percent, and the per capita rate of energy generation is projected to increase by 13.5 percent, 
from 13.3 MWh per person in 2005 to 15.1 MWh per person in 2030 (EIA 2007a). 
 
3.2.4.7 Heavy Industrial Construction Industry 
 
Based on data from the 2002 Economic Census, the construction industry employed nearly 
7.2 million workers. As shown in Table 3.2.4.7-1, a total of about 6.65 million workers were 
involved in heavy industrial and civil construction activities including specialty trade contractors 
(USDOC 2005e). 

 
TABLE 3.2.4.7-1—Employment Data for Heavy Industrial 

 and Civil Construction Activities 
Description of Construction Activity Employment 

Nonresidential buildings 791,186 
Utility system construction 539,615 
Oil and gas pipeline construction 94,323 
Power and communication system construction 246,669 
Land subdivision 52,607 
Highway, street, and bridge construction 410,822 
Other heavy construction 140,202 
Specialty trade contractors 4,380,432 
TOTAL 6,655,856 

Source: USDOC 2005e 
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3.2.4.8 Major Construction Materials 
 
Principal construction materials for a nuclear power plant include steel and cement. Worldwide 
demand for these materials has increased rapidly over the past several years. Recent worldwide 
and domestic consumption data for these commodities are shown in Table 3.2.4.8-1. 
 

TABLE 3.2.4.8-1—United States and World Consumption  
of Steel and Cement  

Commodity World Consumption U.S. Consumption 

Steel 1.2 billion MTa 120 million MTb 
Cement 2.45 billion MTc 120 million MTd 

a Penton 2007  
b IISI 2007 
c OSC 2006  
d MSNBC 2007  
Note: MT = metric tons 

 
Material requirements for a nuclear power generation plant vary by design and site location, but 
requirements for a typical 1-gigawatt electric (GWe) nuclear plant include 165,000 tons  
(150,000 metric tons [MT]) of steel and 937,000 tons (850,000 MT) of cement 
(CEEDATA 2006). 
 
3.2.5 Radiological Waste Management and Transportation 
 
The major sources of radioactive waste generation in the United States include the nuclear fuel 
cycle, DOE operations, industry, medical institutions, and research facilities. Nuclear fuel cycle 
operations and DOE operations represent the majority of radioactive waste generation each year. 
 
As part of the nuclear fuel cycle, radioactive wastes are generated at the uranium mine, the 
conversion mill, the enrichment plant, the fuel fabrication plant, and the power plant. The bullets 
below provide a quantitative description of the nuclear fuel cycle material balance for a full year 
of operation (8,760 hours) for a nominal 1-gigawatt electric (GWe) commercial nuclear power 
plant (WISE 2006). 
 

− Uranium mine operations generate 542,000 tons (492,000 MT) of waste rock to produce 
108,000 tons (98,400 MT) of uranium ore that contains around 217 tons (197 MT) of 
uranium metal (WISE 2006). 

− Uranium mill operations generate slightly less than 108,000 tons (98,200 MT) of mill 
tailings to produce 245 tons (222 MT) of uranium oxide in the form of triuranium 
octaoxide (U3O8) (WISE 2006). 

− Conversion plant operations generate around 145 tons (131 MT) of solid waste and 
47,500 cubic feet (ft3) (1,340 cubic meters [m3]) of liquid waste to yield 306 tons 
(277 MT) of uranium hexafluoride (WISE 2006). 

− Enrichment plant operations generate around 268 tons (243 MT) of depleted uranium 
hexafluoride to produce 38 tons (34.5 MT) of enriched uranium hexafluoride 
(WISE 2006). 
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− Fuel fabrication operations generate around 372 ft3 (10.6 m3) of solid waste and 6,718 ft3 
(190 m3) of liquid waste to produce roughly 23.9 tons (21.7 MT) of uranium oxide in the 
form of UO2. This quantity of UO2 contains around 21.1 tons (19.1 MT) of uranium 
metal (derived from WISE 2006). 

− Nuclear power plant operations generate approximately 23.9 tons (21.7 MT) of SNF per 
GWe-year of production (Wigeland 2008a). Collectively, U.S. nuclear power plants 
currently generate approximately 2,390 tons (2,170 MT) of SNF each year (EPA 2006a). 
In addition, a typical LWR generates approximately 740 to 2,790 ft3 (21 to 79 m3) of 
LLW annually (NEI 2007).   

 
In addition to current waste generation volumes, there are significant quantities of legacy HLW 
that will ultimately require transport to a geologic repository. Figure 3.2.5-1 shows the location 
of U.S. sites that currently store SNF or HLW destined for geologic disposal (DOE 2008f).  
 
The LLW generated at nuclear power plants is transferred to domestic, permitted, commercial 
treatment and/or disposal facilities. Treatment facilities process the LLW by various methods to 
reduce toxicity, reduce volume, and immobilize the waste prior to transferring the waste to a 
permitted disposal facility. Currently, the United States is served by three commercial disposal 
facilities which are located in South Carolina, Utah, and Washington (NRC 2007m). The volume 
and radioactivity of LLW processed varies from year to year based on the types and quantities of 
waste. In 2005 these facilities collectively disposed of 4 million ft3 (113,000 m3) and 
530,000 curies (Ci) of LLW (NRC 2007g). Disposal capacity of these facilities is established in 
licenses with the NRC. Depleted UF6 is the responsibility of DOE and is currently being stored 
for further processing at Portsmouth and Paducah Gaseous Diffusion Plants (DOE 2007gg). SNF 
is currently being stored pending the opening of a geologic repository at Yucca Mountain. 
 
Between 1971 and 2000, more than 2,700 deliveries of SNF traveled over 1.7 million miles 
(2.7 million kilometers). SNF containers used to transport nuclear waste are the most robust in 
the transportation industry. Transport containers use several layers of protection and consist of 
nearly 4 tons (3.6 MT) of structural and shield material for every ton of SNF (DOE 2001g). 
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Source: DOE 2008f 
FIGURE 3.2.5-1—Sites that Currently Store Spent Nuclear Fuel and High-Level Radioactive 

Waste Destined for Geologic Disposal 
 
The environmental impacts associated with the transport and disposal of SNF and HLW in 
Yucca Mountain geologic repository have been assessed in the Yucca Mountain Supplemental 
EIS (DOE 2008f). 
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