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riven. 

. Dam Failures - Site-specific infommtion on potential 
dam failuns. 

. Probable Maximum Surge mdSciche Flooding - Site- 
specific information on probable maximum surge and 
seiche flooding. 

. Probable Maximum Tsunami Loading - Site-specific 
information on pmbable maximum tsunami loading. 

. Flood Protection Requirements - Site-specific 
information on flood protection requirements or 
verification that flood protection is not required to meet 
the site parameter for flood level. 

No funher action is required for sites within the bounds of the site parameter for 
flood level. 

2.4-3 Cooling Water Supply 2.4.1.3 

Combined License applicants will address the water supply sources to provide 
m*eup water to the selvicc water system coaling tower. 

2.4-4 Groundwater 2.4.1.4 

Combined License applicants referencing the APL000 certified design will 
address sitespecific information on groundwater. No funher action is required 
for sites within the bounds of the site parameter for ground water. 

2.4-5 Site Effects of Accidental Release of Liquid 
Effluents in Ground and Surface Water 

2.4.1.5 

Combined License applican& referencing the API000 certified design will 
address site-specific information on the ability of the gnxmd and surface water to 
disperse, dilute, or concentrate accidental releaws of liquid effluents. Effects of 
these releases on existing and known future use of surface water nsmuce~ will 
also be ad&seed. 

2.4-6 Flood Protection Emergency Operation Procedures 2.4.1.6 

Combined License applicants referencing the API000 certified design will 
address any flood protection emergency pmceduns required to meet the site 
parameter for flood level. 

2.5-l Basic Geologic and Seismic Information 2.5.1 
Combined License applicants referencing the API000 certified design will 
address the following site-specific geologic and seismic information: 

. Regional and site physiography 

. Ckomorphology 

. Sbatigraphy 

. LithOlOgy 
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. Structural geology 

. Tectonics 

Seismichy 

2.5-2 Site Seismic and Tectonic Characteristic 
Information 

Combined License applicants referencing the API000 certified design will 
address the following site-specific information related to seismic and tectonic 
characteristics ofthe site and region: 

Correlation ofetiquake activity with geologic structure or 
tectonic provinces 

Maximum earthquake potential 

Safe shutdown earthquake (SSE) ground response spectra 

The Combined License applicant mmf demonstrate that the proposed site 
meets the following requirements: 

The free field peak ground acceleration at the foundation level is 
less than or equal to a 0.3Og safe shutdom earthquake. 

The site design response spectra at the foundation level in tic free- 
field are less than or equal to those given in Figures 3.7.1-l and 
3.7.1-Z. 

2.5.2.1 

2.5-3 Surface Faulting 2.5.3 

Combined License applicants referencing the API000 certified designwill 
address surface and subsurface geological and geophysical infomwtion including 
the potential for surface in near-surface faulting afkcting the site. 

2.5-4 Site and Structures 2.5.4.6.1 

Site and Structures-Site-specific information regarding the underlying site 
conditions and geologic features will be addressed. This information will 
include site topagnphical features, BF well as the locations of seismic 
category I sbuuchues. 

2.5-5 Properties of Underlying Materials 
‘lk Combined License applicant will establish the propelties oftbe foundation 
soils to be within the range considered for design ofthe nuclear island basemat. 

Pmpenies of Underlying Materials-A determination of the static and dynamic 
engineering properties of foundation soils and rocks in the site area will be 
addnssed. This information will include a discussion of the type, quantity, extent, 
and purpose of field explorations, as well as logs of borings and test pits. Resultr 
ofiield plate load tests, field permeability test% and other special field tests (e.g., 
bore-holeextensometer orpresswemeter tests) will also be provided. Results of 
geophysical surveys will be presented in tables and pmfiles. Data will be 
provided pertaining to site-specific soil layers (including theitiiclmesses, 
densities, moduli, and Poisson’s ratios) between the bavmat and tie underlying 
rock stmlum. Plot plans and profiles of site explomtions will be provided. 

2.5.4.6.2 
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2.5-6 

2.5-l 

2.5-8 

2.5-9 

2.5-10 

2.5-l 1 

Labamtory Investigations of Underlying Materials - Information about the 
number and type of laboramy tests and the location of samples used to 
investigate underlying materials will bc provided. Discussion ofthe results of 
labaatmy tests on disturbed and undisbvbed soil and mck samples obtained fmm 
iield investigations will be provided. 

Excavation and Backfill 2.5.4.6.3 

Excavation and Backfill - Infomntion concerning the extent (borironti and 
vertical) of seismic Category I excavations, tills, and slopes, if any will be 
addressed. The sources, quantities, and static and dynamic engineering 
propertics ofbmmw materials will be described in the site-specific application. 
Tbe compaction requirements, results of field compaction tests, and till 
material pmpcrties (such as moisture conten< density, permeability, 
compressibility, and gradation) will also be provided. Information will be 
provided concerning the specific soil retention system, for example, the soil 
nailing system, including the length and sire oftbe soil nails, which is based on 
actual soil conditions and applied construction surcharge loads. Information 
will also be provided on the waterproofing system along the vertical face and 
the mudmat. 

Ground Water Conditions 

Ground Water Conditions - Groundwater conditions will be described relative 
to the foundation stability oftbe safety-related structures at the site. Tbe soil 
properties of the various layers under possible gmundwater conditions during 
the life of the plant will be compared to the range ofvalues assumed in the 
standard design in TablcZ-I ofthe DCD. 

Response of Soil and Rock to Dynamic Loading 2.5.4.6.5 

Response of Soil and Rock to Dynamic Loading-The Combined License 
applicant will establish the dynamic characteristics ofthe soil and rock to be 
used in the soil sbucture interaction analyses and the foundation design for soil 
sites. For rock sites the dynamic characteristics will be compared to the 
assumptions made in the standard design regarding the variation of shear wave 
velocity and material damping. 

Liquifaction Potential 2.5.4.6.6 

Liqucfection Potential - Soils under and mound seismic Category I s~ctures 
will be evaluated for liquefaction potential for the site specific SSE ground 
motion. This should include justification of the selection of tie soil pmperties, 
BS well BS the magnitude, duration, and number ofexcitation cycles oftbe 
eanhquake used in the liquefaction potential evaluation (e.g., laboratory tests, 
field tests, and published data). Liquefaction potential will also be evaluated to 
address seismic margin. 

Bearing Capacity 2.5.4.6.7 

Bearing Capacity - Tbe Combined License applicant will verify that the site- 
specific soil static bearing capacity is equal to cn greater than the value 
documented in Tahle2.1 oftbe DCD. The Combined License applicant will 
verify that the dynamic site-specific bearing capacity is equal or greater than 
the seismic bearing demand. 

Earth Pressures 

Earth Pressures-The Camhined License applicant will describe tie design for 
static and dynamic lateral cartb pressures and hydrostatic groundwater 
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2.5-12 Static and Dynamic Stability of Facilities 2.5.4.6.10 

Static and Dynamic Stability of Facilities-Soil characteristics tiecting the 
stiility of the nuclear inland will be addressed including foundation rebound, 
settlement, and differential settlement. 

2.5-14 Stability of Slopes 2.5.5 

Combined License applicanll referencing the API000 design will address site- 
specific information about the static and dynamic stability of soil and mck slopes, 
the failure of which could adversely effect the nuclear island. 

2.5-15 Embankments and Dams 2.5.6 

Combined License applicants nfenncing the APL000 design will address site- 
specific infomntion about the static and dynamic stability ofembankmenb and 
dams, the failure ofwhich could adversely tiect the nuclear island. 

3.3-l Wind and Tornado Site Interface Criteria 

Combined Lieense applicants referencing the Apt000 certified design will 
address site interface criteria for wind and tornado. 

3.4-l Site-Specific Flooding Hazards Protective Measures 

3.3.3 

3.4.3 

The Combined License applicmf will demonstrate that the site satisfies the 
interface requirements as described in Section 2.4 ofthe DCD. Ifthese criteria 
cannot he satisfied because of site-specific flooding hazards, the Combined 
License applicant may propose protective measures BS discussed in Section 2.4 
of tile DCD. 

3.5-l External Missile Protection Requirements 3.5.4 

The Combined License applicant will demonstrate that the site satisfies the 
interface requiremen@ provided in Section 2.2 ofthe DCD. This requires an 
evaluation for those external events that produce missiles that are more 
energetic than the tornado missiles postulated for design of the APIOOO, or 
additional analyses oftbe API000 capability to handle the specific hazard. 

3.7-l Seismic Analysis of Dams 3.7.5.1 

Combined License applicants referencing the Apt000 cenitied design will 
evaluate dams whose faihre could affect the site interface flood level specified 
in subsection 2.4.1.2 ofthc DCD. The evaluation ofthe safety ofexisting and 
new dams will use the site-specific safe shutdown earthquake. 

6.4-l Local Toxic Gas Service and Monitoring 6.4.7 

pressures acting on plant safety-related facilities using soil parameters as 
evaluated in previous subsections. 

Combined License applicantv referencing tie API000 certified design are 
responsible fortbe amount and location ofpossible sources oftoxic chemicals 
in or near the plant and for seismic Categoty I Class IE toxic gas monitoring, 
as required. Regulatory Guides 1.78 and 1.95 address contml mom protection 
for toxic chemicals, and for evaluating offsite toxic relea.ses (including the 
potential for mxie releases beyond 72 hours) in accordance with the guidelines 
ofRegulatory Guides I.78 and I.95 in order to meet the requirements ofTMl 
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8.2-l Offsite Electrical Power 
Combined License applicants referencing the API000 cenified design will 
address the design of the ac pawer trammission system and its testing and 
inspection plan. 

8.2-2 Plant/Site Technical Interfaces 

8.3-l 

9.5-2 

Action Plan Item III.D.3.4 and GDC 19. 

Combined License applicants referencing the Apt000 cerdtied design are 
responsible for verifying that procedures and training for contml room 
habitability are consistent with tie intent of Generic Issue 83 (see Section L.9 
of the DCD). 

The Combined License applicant will address the technical interfaces for this 
nonsafety-related system listed in Table 1.8-l and subsection 8.2.2. these 
technical interfaces include those for ac power requirements from offsite and 
the analysis oftbe offsite transmission system and the setting of protective 
devices. 

Onsite (Grounding and Lightning) Electrical Power 
Combined License applicants referencing the API000 ceniiied design will 
address the design of grounding and lightning pmtection. 
The Combined License applicant will establish plant procedures BF required 
for: 

. Clearing ground fault on the Class IE dc system 

. Checking sulfated battery plates or other anomalous 
conditions through periodic inspections 

. Battery maintenance and surveillance (for battery 
surveillance requirements, refer to DCD Chapter 16, 
Section 3.8) 

. Periodic testing ofpenetration protective devices 

8.2.5 

8.2.5 

8.3.3 

Diesel generator operation, inspection, and maintenance 
in accordance with manufacturers’ recommendations. 

Fire Protection Analysis Information on Adjacent 
Structures 

9.5.1.8 

The Combined License applicant will address qualification requirements for 
individuals responsible for development of the tire protection program, training 
of tire&Ming personnel, administrative pmcedures and controls governing the 
fire protection program during plant operation, and fire protection system 
maintenance. 

The Combined License applicant will provide site-specific tire protection 
analysis infomntion for the yard are& the administration building, and for 
other outlying buildings consistent with Appendix 9A of the DCD. 

The Combined License applicant will address BTP CMEB 951 issues 
identified in Table 9.5.L-1 ofthe DCD by the acronym “WA.” 

The Combined License applicant will address updating the list ofNFPA 
exceptions after design certification, if necessluy. 

The Combined License applicant will provide M analysis that demonstrates 
that operator actions which minimire the probability oftbe potential for 
spurious ADS actuation as a result of a tire can be accomplished within 30 
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minutes following detection ofthe fin. 

9.5-9 

10.4-l 

10.4-3 

11.2-l 

11.2-2 Cost Benefit Analysis of Population Doses (Liquid) 11.2.5.2 

11.2-4 

Cathodic Protection of External Tanks 
Combined License applicants referencing the AN000 certified design will 
address the site-specific need for cathodic protection in accordance with NACE 
Standard Rp-Ol-69 for external metal sorfsces of metal tanks in contact with 
the ground. 

Combined License applicants referencing the API000 certified design will 
address site-specific factors in the foe1 oil storage tank installation specification 
to reduce the effects of sun heat input into the stored fuel, the diesel fuel 
specifications grade and the fuel pmpenies consistent with manufactorers’ 
recommendations, and will address tnea~ores to protect against fuel 
degradation by a program of fuel sampling and testing. 

Circulating Water Supply 
Tbe Combined License applicant will address the final configuration ofthe 
plant circulating water system including piping design pressure, the cooling 
tower or other site-specific heat sink. 

As applicable, the Combined License applicant will address the acceptable 
Langelier or Stability Index range, the specific chemical selected for use in the 
CWS water chemistry control, pH adjwtet, corrosion inhibitor, scale inhibitor, 
dispersaot, algicids and biocide applications reflecting potential variations in 
site water chemisuy and in micm macro biological lifeforms. A biocide such 
BS sodium hypochlorite is recommended. Toxic gases such as chlorine are not 
recommended. Tbe impact of toxic gases oo the main wntrol mom 
compatibility is addressed in Section 6.4 ofthe DCD. 

Potable Water Biocide 

9.5.4.7 

10.4.12.1 

The Combined License applicant will address the specific biocide. A biocide 
such as sodium hypochlorite is recommended. Toxic gases such as chlorine are 
not recommended. The impact of toxic gases on the main control room 
compatibility is addressed in Section 6.4 ofthe DCD. 

Liquid Radwaste Processing by Mobile Equipment 11.2.5.1 

The Combined License applicant will discuss how any mobile or temporary 
equipment ured for storing or procasing liquid radwaste conforms to 
Regulatory Guide 1.143. For example, this includes discussion of equipment 
containing radioactive liquid tadwaste in the nonseismic R&waste Building. 

The analysis performed to determine offsite dose doe to liquid effluents is 
based upon the API000 generic site parameters included in Chapter 1 and 
Tables 1 I J-5 and t 1.2-6 ofthe DCD. The Combined License applicant will 
provide a site specific cost-benefit analysis to address the requirements of 10 
CFR 50, Appendix I, regarding population doses due to liquid effluents. 

Dilution and Control of Boric Acid Discharge 11.2.5.4 
The Combined License applicant will determine the rate of discharge and the 
required dilution to maintain acceptable concentrations. Refer to Section 1 I .5 
oftbe DCD for a discussion oftbe program to control releases. 

The Combined Liceose applicant will discuss the planned discharge flow rate 
for baaed wastes and controls for limiting the boric acid concentration in the 
circulating water system blowdown. 
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11.3-1 

11.5-2 

11.5-3 

13.3-2 

13.6-I 

Cost Benefit Analysis of Population Doses (Gas) 11.3.5.1 

The analysis performed to determine offsite dose doe to gaseous et%uenU is 
based upon the API000 generic site pammeters included in Chapter 1 and 
Tables 11.3-l. 11.3-2 and 11.3-4 of the DCD. The Combined License applicant 
will pmvide a Site specific cost-benefit analysis to demonshate compliance 
with IO CFR 50, Appendix I, regarding population doses due to gaseous 
effluents. 

Effluent Monitoring and Sampling 11.5.7 
Tix Combined License applicant will develop an otTsite dose calculation 
manual that contains the methodology and paraneten wed for calculation of 
offsite doses resulting from gaseous and liquid eftloents. The Combined 
License applicant will address operational setpoints for the radiation monitors 
and address programs for monitoring and conkoIling the release of radioactive 
material to tbe cnvirontnen~ which eliminates the potential for unmonitored 
and uncontmlled telease. The offsite dose calculation manual will include 
planned discharge flow rates. 

The Combined License applicant is responsible for the site-specific and 
ptogtam aspects ofthe process and efilocnt monitoring and sampling per ANSI 
N13.1 and Regulatory Guides 1.21 and 4.15. 

10 CFR 50, Appendix 1 11.5.7 

The Combined License applicant is responsible for addressing the LO CFR 50, 
Appendix I guidelines for maximally exposed offsite individual doses and 
population doses via liquid and gaseous eftluent% 

Activation of Emergency Operations Facility 13.3.1 
Combined License applicants referencing the API000 certified design will 
address emergency planning including post-72 boor actions and its 
communication interface. 
Combined License applicants referencing the API000 certified design will 
address the activation oftbe emergency operations facility consistent with 
current operating practice and NUREG-0654/FEMA-REP-I except for a loss 
of offsite power and loss of all onsite AC paver. For this initiating condition, 
the Combined L&se applicant shall immediately activate the emergency 
operations facility rather than bringing it to a staodby sk%tos. 

To initially and continuously assess the course of an accident for emergency 
response purposes, Combined License applicanu referencing the API000 
certified design will address the capability for promptly obtaining and 
analyzing grab samples of reactor coolant and containment atmosphere and 
sump in accordance with the guidance of Item II.B.3 of NUREG-0737. 

Security Plans, Organization and Testing 

Combined License applicants refetencing the API000 certified design will 
address site-specific information related to the security, contingency, and guard 
training plans. ‘kse plans will include descriptions of the tests planned to 
show operational statw, maintenance ofthe plant security systent, the security 
organization, communication, and response requirements. 

The Combined License applicant will develop the comprehensive physical 
sccority program which includes the security plan, contingency plan, and guard 
training plan Each COL applicant will describe in its physical security plan 
how the requirements of 10 CFR Part 26 will be met. At least 60 days before 
loading t&l, the Combined License applicant will confirm that the security 
systems and programs described in its physical security plan, safeguards 
contingency plan, and training and qualification plan have achieved operational 
status and are available for the SWS inspection. Operational status means that 
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the security systems and programs are functioning. Tbe determination that 
operational status has been achieved will be based on tests conducted under 
dirtic operating conditions of sut?icient duration to demonstrate that: 

the equipment is pmperly operating; 

procedures have been developed, approved, and implemented; and 

personnel responsibility for xcurity operations and maintenance 
have been appropriately wined and have demonstrated their 
capability to perform their assigned duties and responsibilities. 

13.6-3 

14.4-5 Testing Interface Requirements 

Site-Specific Security System 13.6.13.3 

Combined License applicants referencing the API 000 certified design will 
address site-specific information related to the maintenance and testing ofthe 
plant security system including the intrusion detection and assessment system, 
the access control features specified in subsections 13.6.6, 13.6.7.2. and 
13.6.7.3 of tie DCD, and tie vehicle barrier system. The Combined License 
applicant will address in its safeguards plans how the physical pmtection 
system will provide the protection stated in subsection 13.6.3.2 ofthe DCD. 

14.4.5 
The combined license applicant is responsible for testing that may be required 
of stmctures and systems which are outside the scope of this design 
cenification. Test Specifications and acceptance criteria are pmvided by the 
responsible design organizations as idcntitied in subsection 14.2.3. The 
interfacing systems to bc considexd for testing are taken from Tablel.S-1 and 
include BS a minimum, the following: 

. storm drains 

. site specific seismic sensors 

. offsite ac power systems 

. circulating water heat sink 

. raw and sanitary water systems 

. individual equipment associated with the tire brigade 

. portable personnel monitors and radiation survey 
instruments 

. equipment associated with the physical security plan 

Page 51 of51 



SN
C

-L
A

VA
LI

N
 N

uc
le

ar
 - 

R
ES

TR
IC

TE
D

 

SLN Document Number  Revision 

017759-0000-45RA-0001  01
Customer Document Number  Page 

N/A  R-1 of R-28
Document Type  DCP/DCN Number 

 

Report  N/A
 
Title 

NUCLEAR ENERGY OPTIONS EVALUATION REPORT 
Project 

Oil Sands Phase I Energy Options Feasibility Study 
 

© SNC-Lavalin Nuclear Inc.   PROPRIETARY 

D
R

A
FT

 –
 F

or
 R

ev
ie

w
 &

 C
om

m
en

t 

Appendix R: The Global Nuclear Energy Partnership 
Information about the Global Nuclear Energy Partnership (GNEP) is provided in the following 
pages (extracted from ref. [36]). 
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 The Global Nuclear Energy Partnership 
GNEP is a federal research and development program headed by DOE that is 
designed to “effectively address two of the great concerns that have historically been 
associated with nuclear power” and which have limited the growth of nuclear power: 
disposal of spent fuel and nuclear weapons proliferation (DOE 2006a). The vision for 
GNEP is that both of these challenges would be addressed by the development of 
“proliferation-resistant” nuclear fuel reprocessing technologies that will minimize 
nuclear waste streams (DOE 2006j, p.61). In addition, the U.S. and other members 
of the global partnership would launch a fuel leasing program to allow countries to 
access nuclear power without developing their own uranium enrichment and 
reprocessing facilities. As described by DOE, the key objectives of GNEP are as 
follows (GNEP 2007): 

• Recycle nuclear fuel using new proliferation-resistant technologies to recover 
more energy and reduce waste 

• Apply advanced technologies to the nuclear fuel cycle in order to reduce the risk 
of nuclear proliferation worldwide 

• Encourage global economic prosperity and sustainable development by 
developing and promoting reliable, environmentally friendly energy supplies 

• Reduce the use of fossil fuels 
 
Achieving these goals will require a significant effort both domestically and 
internationally. The domestic components of GNEP will be initiated first, with the 
international components introduced only after the success of GNEP’s domestic 
reprocessing vision has been proven. 

Domestic Components of GNEP 
The domestic goal of GNEP is to move from the once-through fuel cycle currently 
used throughout the U.S. to a closed fuel cycle that incorporates repeated 
reprocessing of spent fuel. According to the GNEP plan, spent fuel from current 
reactors would be sent to a reprocessing and recycling facility, where the uranium 
and plutonium would be separated out. These components would then be sent to a 
fuel fabrication facility, where they would be recycled into fuel for a new type of 
reactor, called an advanced burner reactor or a fast reactor. The fast reactor would 
be used to generate electricity and to convert (transmute) long-lived transuranic 
elements in the spent fuel into less radioactive elements, thereby reducing the need 
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for disposal at an underground geological repository.42 Spent fuel from the fast 
reactor would be reprocessed and recycled into additional fast reactor fuel, which 
would then be reprocessed and recycled into additional fast reactor fuel. Unlike the 
reprocessing currently being done in Europe, under the GNEP plan spent fuel would 
be repeatedly recycled until nearly all the transuranic elements are destroyed (DOE 
2006l, p.8). (See Figure 11.) 
 

Figure 11: Domestic Components of GNEP 

 

 
Source: (DOE 2007h, p.23) 
 
The GNEP program plans to develop new reprocessing technologies instead of 
relying on the PUREX technology already available and in use in Europe. The 
primary reason for not using the existing PUREX technology is that it is seen as a 
potential proliferation threat. New technologies that DOE is exploring may provide 
some measure of proliferation resistance. They may also provide other benefits, 
such as the easing of fuel repository requirements and the facilitation of advanced 
reactor fuel reprocessing. DOE’s preferred technologies are shown in Table 11. The 
reprocessing technologies are further described in Figure 12 and Figure 13 and in 
Appendix A. 

                                            
42 DOE has expressed preference for the sodium-cooled fast reactor, and a pre-conceptual design 
has been completed for a 250 MW test reactor. 
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Table 11: New Technologies Required for GNEP 

Technology Needed Preferred Candidate 
Proliferation-resistant technology to 
reprocess spent fuel from LWR reactors  

UREX+; COEX also being considered 
(See Figure 12.)  

Advanced burner reactor  Sodium cooled fast reactor 
Fuel for the advanced burner reactor 
(transmutation fuel) 

Initially, metal or oxide fuels 

Technology to reprocess spent fuel from 
the advanced burner reactor  

Pyrochemical processing 
(“pyroprocessing”—see Figure 13) 

Source: (DOE 2006d, p.10; DOE 2007h. p.28) 
 
DOE has moved forward with planning for these new technologies on two parallel 
fronts: 1) identifying potential locations to host a fuel reprocessing center and/or an 
advanced reactor facility, and 2) soliciting early input from industry, government 
laboratories, and research centers on how best to develop the needed technologies 
to make GNEP possible. Table 12 identifies 13 locations that have expressed an 
interest in hosting one or more of the facilities planned under GNEP. 
 

Table 12: Possible Locations for GNEP Facilities 

DOE Sites Non-DOE Sites 
Argonne National Laboratory (IL) Atomic City, ID 
Hanford (WA) Barnwell, SC 
Idaho National Laboratory (ID ) Hobbs, NM 
Oak Ridge National Laboratory (TN ) Roswell, NM  
Paducah Gaseous Diffusion Plant (KY) Morris, IL 
Portsmouth Gaseous Diffusion Plant (OH)  
Savannah River National Laboratory (SC)  
Los Alamos National Lab (N.M.)  

Source: (DOE 2007h, p.39) 
 
DOE is currently in the process of developing a programmatic environmental impact 
statement for the domestic component of GNEP; a final environmental impact 
statement may be released in late spring 2008.  
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Figure 12: PUREX, UREX+, and COEX 

 
 

The PUREX process is currently the only commercially viable method for reprocessing. 
The process separates spent fuel into uranium, plutonium, and a nitric acid waste 
solution containing highly radioactive fission products and other isotopes. A variety of 
low-level and intermediate-level wastes also result from the process. 
 
The UREX+ (Uranium Extraction plus) reprocessing method is similar to the PUREX 
process in that it extracts explicit elements from the spent fuel rods via chemical 
reactions in an aqueous solution. UREX+ differs from PUREX in that more radiotoxic 
materials are extracted and plutonium is kept mixed with transuranic elements and is not 
extracted in a pure form. Also, UREX+ reprocessing can be used in conjunction with a 
fast reactor to allow for repeated reprocessing cycles. 
 
One benefit of the UREX+ process relative to the PUREX process is the extraction of 
cesium and strontium from the waste stream. Cesium and strontium are initially highly 
radioactive, and their presence in the waste stream increases the volume requirements 
for a waste repository. Separating these elements from the waste stream would thus 
allow for the storage of a much larger volume of spent fuel in a repository. As cesium and 
strontium lose their radioactivity relatively quickly (after about 300 years), they could 
theoretically be stored aboveground in a monitored facility until they no longer presented 
a health concern. 
 
Another benefit of the UREX+ method is that it is more proliferation-resistant than the 
PUREX method, since plutonium is never isolated. However, as discussed below in the 
section GNEP and Nuclear Weapons Proliferation, there is debate over the proliferation-
resistance of UREX+. Some fear that the combination of plutonium and transuranic 
elements that would be extracted using UREX+ would not be sufficiently radioactive to 
prevent handling and transport, while it would remain sufficiently radioactive to fuel a 
nuclear bomb. (UCS 2007a) 
 
The UREX+ process has been demonstrated only in a laboratory environment at 
Argonne National Laboratory. Preparations for a “scale-up demonstration” are reported to 
be underway. (ANL 2007b) DOE estimates that the technology could be fully developed 
as early as 2012 and commercialized in the 2012-2025 timeframe. (DOE 2005a, p.24) 
NEI is less optimistic, estimating that commercialization could require at least 50 years. 
(NEI 2006a)  
 
The COEX process is currently under development by AREVA, and it is an intermediate 
step between PUREX and UREX+. The COEX process co-extracts equal amounts of 
uranium and plutonium. This adds a measure of proliferation resistance, since pure 
plutonium is not extracted. However, it does not provide as much proliferation resistance 
as UREX+. (DOE 2006d, p.8; DOE 2005a) (See further discussion below in the section 
GNEP and Nuclear Weapons Proliferation.) 
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Figure 13: Pyroprocessing 

 

Global Components of GNEP 
A key goal of GNEP is to create an international framework that will allow developing 
countries and other countries without nuclear infrastructure to harness nuclear 
power while minimizing proliferation concerns. There are two parts to this 
framework: an international partnership whereby supplier nations would lease 
nuclear fuel to countries that agree not to pursue enrichment or reprocessing 
capabilities, and the deployment of nuclear reactors appropriately sized for the 
electricity grids and industrial needs of smaller, more rural, and less industrialized 
regions. 
 

Pyrochemical processing, also known as pyroprocessing, is an alternative to aqueous 
processing such as PUREX and UREX+. (The prefix “pyro” indicates that the process 
happens at relatively high temperatures of around 500oC; there is no flame and no 
combustion occurs.) The process is primarily being developed to reprocess spent fuel 
from Generation IV reactors. These reactors, as discussed in Chapter 12, are advanced 
reactors that are in early stages of research and development. It is currently expected 
that they will not be LWRs and that their fuel will not be compatible with conventional 
aqueous processing (DOE 2005a). 
 
A simplified version of pyroprocessing has been demonstrated at Argonne National 
Laboratory to treat wastes from its experimental breeder reactor (UIC 2005). However, 
critics question the success of the demonstration. According to Edwin Lyman of the 
Nuclear Control Institute, “DOE was only able to claim that the demonstration program 
met or exceeded all key performance criteria by changing the original criteria, in other 
words, it was only by moving the goal posts that [DOE] was able claim success” (NCI 
2000). 
 
Pyroprocessing technology has also been demonstrated in laboratories in Europe and 
Japan (Venneri 1999). However, the IAEA states that pyroprocessing is “still very much 
at the R&D stage” and that it would require on the order of 10 to 15 years of additional 
development before it would be ready for a full pilot-scale demonstration (IAEA 2004, 
p.109). Other experts estimate that advanced reprocessing technologies, such as 
pyroprocessing, will not be available for 50 to 60 years (DOE 2006a; Washington Post 
2006; DOS 2006). 
 
The IAEA notes that a key non-proliferation feature of pyroprocessing is that it results in 
impure plutonium, containing a highly radioactive mix of uranium, transuranic elements, 
and some fission product contamination (IAEA 2004, p.32). However, critics respond that 
the high radioactivity of the separated product is relatively short lived (on the order of 
years), after which it loses its nonproliferation benefit (SGS 2005). Another drawback to 
pyroprocessing is that it does not extract cesium and strontium from the waste stream, 
which UREX+ does (DOE 2003a). 
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Under the fuel-leasing program, fuel-supplier states would provide fuel enrichment 
and reprocessing services to fuel recipient countries. Supplier countries would have 
three primary responsibilities:  

1. To offer fuel services at competitive rates in order to provide incentives for 
fuel recipient countries to lease fuel rather than invest in nuclear 
infrastructure. 

2. To accept spent fuel from fuel recipient countries and reprocess or otherwise 
dispose of it. This may require facing domestic concerns that land is being 
used as a nuclear waste dump for other countries’ energy production.43 

3. To continue diplomacy with countries that have been excluded from the 
partnership and that wish to develop enrichment and reprocessing 
technologies. 

 
The U.S., the United Kingdom, France, Russia, China, and Japan comprise the 
initial set of global fuel supplier partners (DOE 2006a). 
 
The goal of the GNEP small-scale reactor research program is to deploy nuclear 
reactors of 50-350 MW capacities with simple operations, fully passive safety 
systems, capabilities for remote monitoring by the International Atomic Energy 
Agency (IAEA), and long-life fuel loads, possibly not requiring any refueling over the 
reactor’s lifetime. The U.S. has done only minimal research on reactors that would 
have these features, but other countries have been actively researching and 
developing such technologies. The IAEA leads an International Project on Innovative 
Nuclear Reactors and Fuel Cycles, which supports development of small-scale 
reactors for developing countries.44 (IAEA 2003, p.2) The U.S. role, as currently 
envisioned under GNEP, is to help form international partnerships to accelerate the 
commercialization of these technologies (DOE 2007j). 

GNEP Timeline 
In the near term, DOE is focusing on compiling information and gathering public and 
industry input to support a decision by the Energy Secretary as to whether to move 
forward with GNEP. This decision, which may also determine where to locate these 
facilities, and which technologies to use, is expected to be made in June 2008 (DOE 
2007h, p.40). If the Energy Secretary supports moving forward with GNEP, DOE 
would “build and operate [the] nuclear fuel recycling center and advanced recycling 
reactor facilities using the latest commercial technology available” as soon as 

                                            
43 Current U.S. policy is not to repatriate foreign spent fuel that originated in the U.S. This foreign 
spent fuel is termed U.S.-obligated, meaning that the countries in possession of the fuel are obligated 
to follow regulations that the U.S. has imposed with regard to fuel handling. For instance, countries 
must seek U.S. approval before reprocessing this fuel or transferring it to another country, and the 
U.S. does retain the right to repatriate it. 
44 Members of the IAEA project include the European Commission, Argentina, Pakistan, Russia, and 
a dozen other entities. The U.S. has not joined this project. 
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possible (DOE 2007i, pp.9-10). At the same time, DOE would move forward with an 
R&D program into advanced reprocessing and transmutation technologies.  
 
If DOE follows this phased approach, using the latest commercial technologies as 
they become available, limited reprocessing in a LWR could begin before 
transmutation fuels are available. In addition, reprocessing could begin with the 
COEX process, rather than the preferred UREX+ process. Indeed, members of 
academia and industry estimate that achieving the complete domestic GNEP goal 
could take 50 to 60 years, whereas DOE’s goal is to commercialize an advanced 
reprocessing system and a fast reactor in the U.S. by 2025.45 The implications of 
using transitional reprocessing technologies in the near term are discussed below in 
the sections GNEP and Spent Fuel Disposal and GNEP and Nuclear Weapons 
Proliferation. 
 
The global components of GNEP are considered late-stage components. That is, 
they will only be feasible once a reprocessing technology has been proven that is 
both proliferation-resistant and effective at minimizing the spent fuel waste problem. 
Moreover, according to John Deutch, Institute Professor at MIT, the key to GNEP is 
large-scale global deployment of nuclear power, which he does not anticipate in the 
near-term. Deutch expects that GNEP will not be fully deployed until about 2150, "a 
very, very, very, very, very long time in the future” (Greenwire 2007a). 
 
Marvin Fertel, NEI senior vice president and chief nuclear officer, also sees a linkage 
between GNEP and new reactor deployment. Fertel recommended that key 
decisions on GNEP wait until 2020 or 2030, at which point industry will have a better 
idea of the extent of new reactor construction in the U.S. and abroad. By 2020, he 
said, "we'll have a reasonable idea of deployment" of new reactors, which will 
indicate whether there will be a market for GNEP's international fuel services portion 
and whether a tight uranium supply will require the use of reprocessed fuel 
(Greenwire 2007b). 

GNEP and Spent Fuel Disposal 
As discussed above, a primary objective of GNEP is to address some of the 
problems of disposing of nuclear waste in a geologic repository by introducing 
reprocessing into the fuel cycle. In fact, DOE has predicted that “[technological] 
advancements through GNEP could reduce the volume, thermal output, and 
radiotoxicity of waste requiring permanent disposal at the Yucca Mountain geologic 
repository” (DOE 2007k). These goals and the advancements that will be required to 
meet them are discussed in this section. 

                                            
45 For example, according to a DOE advisory group, it will likely be necessary to fuel a fast reactor 
initially with a uranium-plutonium fuel (such as MOX fuel or COEX fuel), rather than with fuel that 
contains transuranic elements, such UREX+ fuel (DOE 2006d, p.2). 
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Volume 
The technologies proposed for the GNEP program are not intended to replace the 
planned geologic repository for Yucca Mountain. However, GNEP is attempting to 
address the looming conflict between the statutory limits on the volume of spent fuel 
that can stored at Yucca Mountain and the actual and projected volumes of spent 
fuel accumulating around the country at nuclear power plants. 
 
The Nuclear Waste Policy Act (NWPA) of 1982 limits the amount of spent fuel that 
can be stored at Yucca Mountain to 70,000 MTHM.46 Of that amount, 63,000 MTHM 
is reserved for spent fuel from or commercial reactors. As of the end of 2005, the 
United States had accumulated about 53,000 metric tons (MT) of waste from civilian 
reactors, with an additional 2,100 MT accruing each year (DOE 2006l, p.7). At this 
rate of accumulation, the statutory limits of Yucca Mountain will be met by 2010. 
With the licenses of many of the country’s nuclear reactors being renewed for up to 
another 20 years, spent fuel stockpiles could reach a total of 120,000-130,000 
MTHM by around 2040 (APS 2005c, p.17). (License renewal is discussed in Chapter 
12.) 
 
Reprocessing spent fuel can reduce the volume of high-level wastes, but it also 
produces a greater amount of intermediate-level waste and low-level waste.47 The 
operators of the British and French reprocessing facilities have reported that, using 
current technology, reprocessing spent fuel results in four times less volume of high 
level wastes than the volume of the original spent fuel (Harvard 2003, p.61).48 But 
intermediate-level wastes may require storage in a geologic repository just like high-
level waste does. If high- and intermediate-level wastes are combined, current 
reprocessing does not yield a smaller volume of waste when compared to a once-
through fuel cycle (Harvard 2003, p.62). 
 
DOE studied the role of different fuel cycle strategies for several different nuclear 
growth scenarios and considered the implications of these different strategies and 
growth scenarios on the need for additional geological repositories. DOE found that 
if all existing nuclear power plants are retired at the end of their original 40-year 
licenses and the fuel cycle does not include reprocessing, then an additional 
repository will be required simply to store the fuel from current nuclear power plants. 
Under DOE’s highest growth scenario, where nuclear power accounts for a greater 
share of the electricity supply and reprocessing is not used, the U.S. could need as 
many as 20 repositories by 2100. However, under the three highest nuclear growth 
                                            
46 Federal legislation has been introduced that would reexamine the capacity limit on the repository 
planned for Yucca Mountain. (See Chapter 3.) The theoretical maximum capacity is estimated by 
DOE to be about 120,000 MTHM (DOE 2003c, pp.1-3). 
47 Intermediate-level waste from reprocessing typically needs to be disposed of in geologic 
repositories along with high-level waste. In the U.S., this waste is referred to as transuranic waste 
(Harvard 2003, p.61). Low-level and high-level wastes are defined in Chapter 3. 
48Note that this figure does not include the waste container that would encapsulate the high-level 
waste. 
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scenarios, the number of repositories could be cut in half by reprocessing and 
recycling fuel in current reactors. Additionally, using the new transmutation 
technologies envisioned under the full GNEP plan, a single repository would be 
sufficient even in DOE’s highest growth scenario (DOE 2007e, p.13). Under all 
scenarios there would remain a need for long-term geological disposal of radioactive 
isotopes, and in the reprocessing scenarios there would be significant additional 
need for low- and intermediate-level radioactive waste disposal (AIADA). 

Heat Output 
Many of the technical standards established for the proposed repository at Yucca 
Mountain take the form of temperature limits applied to the overall repository as well 
as to individual waste packages. By reducing the heat output of nuclear waste, the 
capacity of a geological repository such as Yucca Mountain could be increased.  
 
In theory, a fast reactor-based fuel cycle would reduce the long-term heat load of a 
repository by 20 percent 10 years after discharge and by 99 percent 300 years after 
discharge when compared to storage of spent fuel from a once-through cycle 
(National Academies 1996, pp.31-34, 100). However, reprocessing spent fuel and 
using the recycled plutonium in a LWR rather than a fast reactor, as might be done 
during early phases of GNEP, would actually yield a greater total heat output from 
the waste than if the same amount of electricity was generated using a once-through 
fuel cycle. In other words, the GNEP goal of limiting the needed capacity in a 
geologic repository can only be achieved if “the [reprocessing] soon switches [from 
limited recycling] to fast-neutron reactors or more complete separation and 
transmutation of the wastes” (Harvard 2003, p.39). 

Radiotoxicity 
Another important goal of GNEP is to reduce the duration of radiotoxicity of spent 
fuel from about 300,000 years to several hundred years, greatly easing the licensing 
requirements for a geologic repository.49 DOE investigated the impact of four 
different fuel cycles on the radiotoxicity of spent fuel: the current once through cycle; 
a limited recycle scenario, in which enriched uranium and recycled plutonium are 
used as fuel for existing LWRs and, after a few cycles, the spent fuel is disposed; a 
transitional recycle scenario, in which spent fuel is recycled continuously using fast 
reactors until transuranic components are essentially eliminated; and a sustained 
recycle scenario, in which depleted and recycled uranium are converted into fuel and 
spent fuel is recycled through fast reactors (DOE 2005a, pp.8-11). 
 
DOE found that limited recycling has no impact on the duration of spent fuel’s 
radiotoxicity, because the long-term radiotoxicity of spent fuel is derived almost 
                                            
49 Radiotoxicity is a measure of the hazard inherent in the waste. Different indices can be used to 
measure radiotoxicity, for instance: activity per volume, total activity, number of annual limits of intake 
contained in the material, etc. The duration of radiotoxicity is defined as the amount of time during 
which the spent fuel radiotoxicity exceeds the radiotoxicity of the source material (uranium ore) (IAEA 
1994, p.25 ; DOE 2005a, p.13). 
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exclusively from the transuranic elements in the waste, and limited recycling leaves 
these elements intact. However, transitional and sustained recycling in fast reactors 
would transmute the transuranic elements into shorter-lived or less radiotoxic 
elements.  

GNEP and Nuclear Weapons Proliferation 
The U.S. ended efforts to develop commercial reprocessing capabilities in the 1970s 
when it became evident that reprocessing, if developed by countries or organizations 
with non-peaceful intentions, could lead to the proliferation of nuclear weapons. 
GNEP is a reversal of that long-standing U.S. policy against reprocessing. However, 
GNEP seeks to build in safeguards against weapons proliferation by developing 
proliferation-resistant fuel cycles and creating a fuel-leasing program that keeps 
reprocessing facilities in a limited number of countries. 
 
Plutonium extracted from spent fuel via reprocessing can currently be used in one of 
two ways: as MOX fuel for a nuclear reactor or as fuel for a nuclear weapon. 
Globally, little of the plutonium that has already been extracted through reprocessing 
has been made into MOX fuel, and most of the plutonium remains stockpiled. As of 
the end of 2003, there was approximately 265 MT of plutonium in global military 
stockpiles and 240 MT of separated plutonium in civil stockpiles. There was an 
additional 1,300 MT of plutonium within civil stocks of (non-reprocessed) spent fuel 
(See Table 13.) (ISIS 2005, Tables 1, 3; ISIS 2007). Just 2 to 4 kg of weapons-grade 
plutonium or about 5 kg of reactor-grade plutonium can produce a 10 to 20 kiloton 
explosion, similar to the scale of the Hiroshima and Nagasaki bombs (CFR 1998; 
Greenpeace 2007). 
 
GNEP would eliminate over time these stockpiles of separated plutonium by 
converting the plutonium into reactor fuel. In addition, the reprocessing technology 
envisioned under GNEP will be “proliferation-resistant,” meaning that it “would make 
more difficult, time-consuming, and transparent the diversion by states or sub-
national groups of civilian nuclear fuel cycles to weapons purposes” (FAS 2001). 
 
The initial idea under GNEP for achieving a proliferation-resistant fuel cycle was to 
mix plutonium with other transuranic elements, as is done with the UREX+ process 
that is under development. According to DOE, “as long as the fissile materials [i.e., 
plutonium and uranium] remain combined with sufficient quantities of non-fissile 
materials the product is not directly useable as a nuclear weapon.” However, the 
UREX+ technology is not expected to be commercially available until after 2020, and 
it is now expected that DOE would use an alternate process, called the COEX 
process, at least until UREX+ is available (DOE 2006d, p.8; DOE 2005a). The COEX 
process keeps plutonium mixed with an equal amount of uranium, but not with other 
transuranic elements. (See Figure 12.) 
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Table 13: Worldwide Stockpiles of Plutonium in 2003 

Country 
of Origin 

Military Stocks
metric tons 

Civil Stocks 
in spent fuel
metric tons 

Civil Stocks 
separated 

metric tons 
Belgium  23.1 .4-1.4 
China 4.8 5.1  
France 5 183 48.1 
Germany  67-70 26 
India .38 12.5-13 1-1.5 
Israel .58   
Italy  4.0 2.5 
Japan  111-113 40.6 
Netherlands  1-1.4 2-2.5 
North Korea .015-.04   
Pakistan .04   
Russia 145 88 38.2 
Spain  26.6 0.3 
Sweden  41 .83 
Switzerland  16-17 1.5-3 
United Kingdom 7.6 18.5-24.6 74.6 
United States 99.5 403  
Other  324-327 2-6 
Total 263 1,327-1,337 242 

Source: (ISIS 2005, Tables 1, 3; ISIS 2007) 
 
Many experts are concerned that the UREX+ process would not be proliferation 
resistant. For example, Jungmin Kang and Frank von Hippel investigated whether 
mixing plutonium with transuranic elements (as done in UREX+) would yield greater 
proliferation resistance than pure plutonium. They found insufficient improvements in 
four key areas (SGS 2005): 

• A plutonium-transuranic mix would have a higher neutron emission rate than 
reactor-grade plutonium alone, leading some observers to “conclude that these 
materials are unusable in nuclear weapons.” Kang and von Hippel countered 
that although a high-neutron emission rate reduces the expected “yield” from a 
Nagasaki-type weapon from about 20 kilotons to as low as 1 kiloton, the 
plutonium-transuranic mix could still be used in a weapon since even a 1 kiloton 
explosion would be devastating.50 

• Most explosives become unstable at temperatures above 200° C. For this 
reason, nuclear warheads, which use heat-emitting plutonium, may require a 

                                            
50 A plutonium-transuranic mix has a neutron emission rate about twice as fast as the emission rate 
from reactor-grade plutonium, which is about 10 times as fast as the emission rate from weapons-
grade plutonium. Thus, the plutonium-transuranic mix would be less desirable than pure plutonium as 
a weapons material. 
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cooling system of some kind. Although reactor-grade plutonium has a rate of 
heat release significantly higher than weapon-grade plutonium, the IAEA and 
weapons experts believe that it is possible to use reactor-grade plutonium in 
combination with a cooling system to make a nuclear warhead. Kang and von 
Hippel estimated that a plutonium-transuranic mix would have a rate of heat 
emission only about twice that of reactor-grade plutonium. Thus, if the 
appropriate cooling system were employed, a weapon could be made using a 
plutonium-transuranic mix. 

• The amount of material required to initiate a chain reaction is greater for the 
plutonium-transuranic mix (17.9 kg) than for reactor-grade (14.4 kg) or weapons-
grade (10.7 kg) plutonium. However, these differences are not significant to 
prohibit weapons construction. 

• The radiation dose for a pure transuranic mix is more than three orders of 
magnitude lower than the threshold for self-protection.51 Advanced reprocessing 
as envisioned under GNEP would increase the radiation dose above the 
threshold for self-protection by mixing cerium together with the transuranic 
elements. However, this cerium protection is short-lived. Since the half-life of 
cerium is less than a year, the radiation dose would remain above the threshold 
for just over two years. 

 
There are similar (and even stronger) concerns over the proliferation-resistance of 
the plutonium-uranium mixture from the COEX process. In testimony to Congress, 
Matthew Bunn of Harvard noted that it would not be difficult to separate out the 
plutonium from the plutonium-uranium mixture.52 Moreover, it would not be 
necessary to do so, since nuclear explosives could be made directly from this 
mixture. Furthermore, the NRC reviewed this approach 30 years ago and found it to 
be not significantly more proliferation resistant than pure plutonium.  
 
A Massachusetts Institute of Technology (MIT) study determined that the once-
through fuel cycle “defines the baseline for adequate proliferation-resistance,” while 
advanced closed fuel cycles that mix plutonium with other transuranic elements 
“need strong process safeguards against misuse or diversion” (MIT 2003, p.67). 
Moreover, “the development and eventual deployment of closed fuel cycles in non-
nuclear weapons states is a particular risk both from the viewpoint of detecting 
misuse of fuel cycle facilities, and spreading practical know-how in actinide science 
and engineering” (MIT 2003, p.67). Indeed, a Harvard study questioned the need for 
reprocessing when there is minimal legitimate demand for plutonium and concluded 
that “the burden of proof clearly rests on those in favor of investing in reprocessing in 

                                            
51 The threshold for self-protection is the radiation dose (100 rads per hour at one meter) above which 
even short exposures to the material would be very hazardous to human health. 
52 However, the quantity of material that would be required to make a bomb out of the uranium-
plutonium mixture is significantly greater than what would be required to make a bomb out of pure 
plutonium (Bunn 2006). 
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the near term,” due in part to proliferation concerns with respect to separated 
plutonium (Harvard 2003). 
 
It is debatable whether a plutonium-transuranic mix would be attractive to terrorists 
seeking to make a nuclear weapon. According to many weapons-design experts, 
“there is no proliferation-proof nuclear power cycle” because most of the transuranic 
elements and their oxides are explosive fissionable material (LLNL 1999, p.14). 
Moreover, as "nuclear weapons design and engineering expertise combined with 
sufficient technical capability become more common in the world, it becomes 
possible to make nuclear weapons out of an increasing number of technically 
challenging explosive fissionable materials" (LLNL 1999, p.14). 
 
Concerns over these reprocessing technologies were echoed by representatives of 
arms control, consumer, environmental, and public health organizations who wrote 
in a letter to Congress in January 2006 that the “‘proliferation-resistant’ reprocessing 
technologies currently being researched by DOE are not sufficient to prevent theft by 
terrorists, while the plutonium mix that results from these technologies could be used 
to make a nuclear weapon” (ANA 2006). However, Dr. Per Peterson of the 
University of California, Berkeley believes this concern is misplaced. He argues that 
a plutonium-transuranic mix would not be attractive to terrorists since it is more 
difficult to develop weapons materials out of reprocessed fuel than out of virgin 
uranium (NY Times 2006). 
 
The National Commission on Energy Policy (NCEP) reviewed U.S. policy on 
reprocessing in 2004 and found that reprocessing continues to pose a proliferation 
risk. It recommended that “the United States do everything it can to minimize access 
to uranium-enrichment and fuel-reprocessing technologies by countries other than 
the five de jure nuclear-weapon states” and “that it defer—at least for the next few 
decades—plutonium separation in its own commercial nuclear-energy operations” 
(NCEP 2004, p.59). NCEP made this recommendation based on its finding that 
weapons proliferation concerns were a substantial barrier to the expansion of 
nuclear energy in the U.S. (NCEP 2004, p.61). 

GNEP and Reprocessing: Issues to Consider 
If GNEP is pursued, it will substantially change the way that nuclear power is 
produced and consumed. It will also have a number of other local and national 
impacts. This section discusses the economic, environmental, and safety 
implications of the domestic reprocessing component of GNEP, as well as the 
implications that a large federal reprocessing program could have on competing 
federal energy programs. The implications of the global component of GNEP are not 
considered, as this is considered to be a late-stage component and too speculative 
at this time. 
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Economics of the Reprocessing Fuel Cycle 
There are three major cost categories to the reprocessing fuel cycle: transportation 
of spent fuel from the reactor to the reprocessing facility, reprocessing, and final 
disposal of reprocessing waste by-products. A number of studies have compared the 
cost of the reprocessing fuel cycle using commercially available reprocessing 
technologies with the cost of the once-through fuel cycle currently in use in the U.S.  

• The OECD compared the costs of nuclear power generated with a once-through 
fuel cycle to the costs of a fuel cycle that includes reprocessing and a one-time 
recycling of recovered plutonium into MOX fuel for a pressurized water reactor. 
The study found the reprocessing fuel cycle to be 14 percent more expensive 
than the once-through fuel cycle (OECD 1994, pp.40, 53, 115). 

• A 2003 study by Harvard University found that the cost of reprocessing using the 
PUREX technology would be between $1,350 and $3,100 per kgHM.53 They also 
found that even if the cost of reprocessing was reduced to $1,000 per kgHM, 
nuclear power-generated electricity costs would increase by at least 0.13 cents 
per kWh (Harvard 2003, p.28). 

• Researchers at MIT concluded that reprocessing would increase the cost of 
electricity by 0.28 cents per kWh compared with electricity costs in a once-
through fuel cycle scenario (MIT 2003, p.148). 

• A study by the National Academies concluded that the cost of reprocessing the 
63,000 MTHM of civilian spent fuel intended for Yucca Mountain using existing 
technologies would be about $2,100 per kilogram of heavy metal (kgHM) in 1992 
dollars, which is equivalent to a total cost of $180 billion in 2006 dollars (National 
Academies 1996, p.7). 

• In a study for AREVA, the Boston Consulting Group concluded that “the overall 
cost of recycling used fuel is in the order of $520 per kg, comparable to the cost 
of a once-through strategy,” which is estimated to be around $500 per kg of 
spent fuel (BCG 2006, p.12). 

 
The cost of the reprocessing fuel cycle using advanced reprocessing technologies 
remains highly uncertain at this time. DOE expects that UREX+ will be less costly to 
implement than PUREX because the amount of liquid waste requiring solidification is 
less and the scale of processing equipment that must be included in the plant design 
is smaller (DOE 2005a). DOE estimates that a plant capable of reprocessing 2,000 
MT of spent fuel per year using UREX+ technology could cost $6 billion to construct 
with an annual operating cost of $280 per kilogram of material treated (DOE 2003a). 
However, the National Academies found that the cost to reprocess and transmute 

                                            
53 The variation in estimated cost is due to financing costs for a reprocessing facility. A government-
owned reprocessing facility would be able to access very low-cost financing whereas a private entity 
would face higher financing costs. (The reprocessing facilities built in France, Great Britain, and 
Japan all relied on some level of government funding.) 
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the spent fuel sufficiently to affect the need for a second repository would cost about 
$500 billion (in 1992 dollars) over 150 years (National Academies 1996, p.82). 

Opportunity Costs of GNEP 
President Bush’s 2008 budget proposal requested $405 million in funding for GNEP, 
an increase of $155 million above the 2007 budget request54 (DOE 2007a). 55 DOE 
anticipates that $2 billion will be spent on the program through FY 2009, at which 
point a determination will be made on whether or not to proceed with the program 
(E&ETV 2006). If the program is pursued, its lifetime federal funding is projected to 
total $20-$100 billion. This level of funding raises three concerns: 

1. Other DOE programs that support renewable energy, energy efficiency, and 
demand side management may receive less funding if the “pie” remains the 
same size overall. 

2. DOE may be underestimating the true cost of the complete GNEP program 
over its expected lifetime. 

3. If funding is focused on GNEP, the efforts to license and operate a geologic 
repository at Yucca Mountain may suffer. 

 
The first concern raises the issue of whether the concentration of energy funds on 
advanced fuel cycle technologies may result in fewer funds for energy efficiency, 
renewable technology, demand side management, and other competing programs 
that may more directly benefit California and the nation as a whole. This type of fund 
shifting may be seen in DOE’s FY 2008 budget request for energy supply and 
conservation R&D: DOE counterbalances requested funding increases of 10 percent 
or more for hydrogen and nuclear technologies with requested funding decreases for 
all other renewable energy and energy efficiency technologies (AAAS 2007). 
 
The second concern reflects criticisms of GNEP cost estimates. For example, 
Thomas Cochran and Christopher Paine of the Natural Resources Defense Council 
(NRDC) have pointed out that GNEP cost estimates do not include the cost to build 
the new fast reactors that are a critical component of the GNEP closed fuel cycle 
vision. They have estimated that building enough new fast reactors to transmute the 
fuel discharged from existing U.S. power reactors could cost between $80 and $100 
billion (NRDC 2006, p.6). In testimony before Congress, Matthew Bunn of Harvard 
University urged legislators to consider whether DOE projects of comparable scale 
and complexity have remained within initial cost estimates (Bunn 2006). Finally, 
                                            
54 The House Appropriations Committee’s fiscal year 2008 Appropriations Bill, released June 6, 2007, 
allocates just $120 million to GNEP. The committee explained: “It is unnecessary to rush into a plan 
that continues to raise concerns among scientists and has only weak support from industry given that 
there are reasonable options available for short term storage of nuclear waste and that this project 
will cost tens of billions of dollars and last for decades.” This bill had not been voted on by the full 
House of Representatives as of the release of this draft report (Congress 2007c). 
55 It should be noted that legislators failed to complete an appropriations bill for DOE’s 2007 budget. 
GNEP funding for 2007 was $167.5 million under a continuing resolution. 
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John Deutch of MIT said that while he believes it is essential to make nuclear power 
as affordable as possible, "all these fancy closed-cycle systems will add to the cost 
of nuclear power. It's not a cost-saver" (Greenwire 2007a). Japan’s experience with 
developing reprocessing capacity may add to these concerns. (See Figure 14.)  
 

Figure 14: Japan’s Experience Developing Reprocessing 
Infrastructure 

 
Source: (Harvard 2001; FEPC Japan 2003; FEPC Japan 2006; Global Security 2005; Japan METI 
2007, p.11; Japan NCDI 2001; AIADA 2006; UIC 2006) 
 

In the 1980s, Japan embarked on a project to develop domestic reprocessing 
capabilities. Japan planned to construct its first large-scale reprocessing plant by the mid-
1990s, with an additional reprocessing plant to be completed in 2010. It also planned on 
developing breeder reactors that would be able to burn plutonium recovered from spent 
nuclear fuel. However, lengthy delays and massive cost overruns ensued. The first plant, 
called Rokkashomura, is now expected to become commercially available in November 
2007 at a cost of $17-$25 billion, and a decision on whether or not to construct the 
second plant will not be made until 2010. The plans to build breeder reactors have been 
all but abandoned in favor of a program to develop MOX fuel that will fuel LWRs. 
 
The delays in developing a large-scale reprocessing plant and breeder reactors have led 
to large and growing stockpiles of spent nuclear fuel in Japan. Stockpiles of recovered 
plutonium (from Japanese spent fuel that was reprocessed in Europe) are also growing. 
The accumulation of spent nuclear fuel and recovered plutonium has led to concerns 
over domestic nuclear safety as well as concerns that Japan may use stockpiled 
plutonium in a nuclear weapons program. China in particular has expressed concerns 
about Japan’s accumulation of plutonium stockpiles. In 1987 the government addressed 
the spent nuclear fuel stockpiles with a “partial reprocessing” policy that recognized that 
interim storage facilities would be needed due to delays in constructing a reprocessing 
facility. Interim storage of spent nuclear fuel will add to the lifecycle cost of nuclear 
power.  
 
Meanwhile, public confidence in nuclear power has eroded over the past two decades 
due to a series of accidents and cover-ups at other Japanese nuclear facilities. One 
notable accident occurred at a site with a reprocessing plant but did not directly involve 
the reprocessing plant. The erosion of public confidence has created difficulties for the 
government in licensing storage and waste facilities and even shipping routes, and it may 
influence the government’s future decisions on nuclear infrastructure research and 
development. 
 
Japan’s vision of a closed fuel cycle was similar to, but much less ambitious than, the 
vision put forth in GNEP. Twenty years into the process, they have scaled back their 
near-term plans to one reprocessing facility, which will cost as much as the lower 
estimates for the entire GNEP plan. While the Japanese government remains committed 
to reprocessing, given its difficulties with the Rokkashomura plant and growing public 
dissent, it is unlikely to endeavor on large nuclear infrastructure projects in the near 
future. The U.S. cannot rely on Japan to be an early adopter of advanced reactor designs 
or reprocessing technologies.
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The third concern reflects the fear that the GNEP program will divert resources from 
the continuing effort to develop and license Yucca Mountain to an effort to develop 
reprocessing technologies that are unlikely to be available for several decades 
(Washington Post 2006). For example, Representative Boucher said in a September 
2006 hearing that he is ”somewhat skeptical about the ability of DOE simultaneously 
to fund and staff [GNEP and centralized interim storage projects] while continuing to 
meet the new schedule for opening Yucca Mountain” (Congress 2006c, p.4).Initial 
reactions to the GNEP proposal from some members of Congress support this 
concern. Senator Burr of North Carolina called for a “pause” on spending on Yucca 
Mountain in order to explore whether reprocessing may be a better route. Senator 
Pete Domenici of New Mexico suggested that the $20 billion Yucca Mountain fund 
be partially redirected for research on reprocessing (LVRJ 2006c). 

Reliability and Safety Issues 
Because reprocessing spent fuel involves handling highly radioactive wastes, the 
safety of any reprocessing facility is of critical importance.56 Unfortunately, the safety 
record of reprocessing facilities is not stellar. A recent MIT study noted that “the 
historical accident frequency [i.e., accidents per year] of reprocessing plants is much 
larger than reactors… Furthermore, the number of reprocessing plant-years of 
operation is many fewer than in the case of reactors. Therefore the accident 
frequency [i.e., accidents per plant] of reprocessing plants is much higher” (MIT 
2003, p.51). 
 
The higher accident rate at reprocessing facilities than at reactors may in part be 
due to the difference in safety measures at these facilities. At a reprocessing facility, 
“fissile materials and waste are handled, processed, treated and stored in easily 
dispersible forms…using chemicals which can be toxic, corrosive or combustible” 
(IAEA 2005, p.9).As a result, human intervention and administrative policies, which 
are prone to human error, play a significant role in safety. At a nuclear power plant, 
on the other hand, active and passive engineered controls provide most of the safety 
support. 
 
A recent safety violation at a modern reprocessing facility occurred in January 2005, 
when about 20 MTHM of uranium and plutonium dissolved in concentrated nitric acid 
internally leaked at the Sellafield facility in Great Britain. The leak occurred in a 
contained area, and no radiation was released into the atmosphere. However, the 
leak continued for three months before being discovered. Repairing the pipes and 
recovering the spilled liquids is expected to take months and may need special 

                                            
56 Although a country’s government has ultimate jurisdiction and control of safety regulations for a 
reprocessing facility located within its borders, international safety standards are under development. 
In 1997 a number of countries agreed to a Joint Convention related to safety standards at 
reprocessing facilities. The Joint Convention, which went into force in 2001 and which currently has 
42 signatories, is legally binding under international law. The U.S. ratified the Joint Convention in 
2003. 
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robots, which will have to be built. Other significant safety events at commercial 
reprocessing facilities are described in Table 14.57 
 

Table 14: Significant Safety Events at Commercial Reprocessing 
Facilities 

Location and Year Description of Event 
Chelyabinsk, Former Soviet Union, 1957 Chemical explosion in concrete waste 

storage tank; 20 million curies58 of 
radioactivity were released59 

Tokai, Japan, 1999* Uncontrolled chain reaction during fuel 
fabrication causing the deaths of two 
workers 

* The criticality event that occurred in 1999 at the Tokai complex in Japan, in which worker error 
caused an uncontrolled chain reaction in a solution containing enriched uranium, was not associated 
with the reprocessing facility. Rather, it was associated with the experimental fast reactor also located 
on the site (UIC 2000). 
Source: (NWMO 2003, p.35) 
 
In addition to process-based safety concerns, a reprocessing program would 
necessitate a significant high-level waste transportation program, which could have 
a variety of security and environmental impacts. The GNEP program would require 
an international high-level waste transportation program as well. In a letter to DOE, 
the Western Interstate Energy Board (WIEB) raised concerns about the impacts on 
these shipments of potential malevolent acts or transportation accidents involving 
long-duration high temperature fires. WIEB also outlined a series of transportation-
related impacts warranting investigation (WIEB 2007). For example, WIEB called for 
an assessment of the number and type of shipments that would be expected both 
domestically and internationally and an examination of origin and destination points 
and estimated shipment routes. 
 
Another safety issue raised by GNEP is the potential need for longer interim storage 
of spent fuel. The GNEP facility would have a planned capacity of 2,500 to 3,000 MT 
per year and handle all the spent fuel from commercial nuclear power plants. With 
such a facility, it would require 30 to 40 years to reprocess the 63,000-105,000 MT 
of spent fuel from current reactors. Since this reprocessing is not expected to begin 
until at least the 2020s, some of the spent fuel would not be reprocessed for another 
half century or more. This spent fuel would likely remain in interim storage, which 
could be located at reactor sites, at several regional locations, or at the reprocessing 

                                            
57 Additional safety events have occurred at defense reprocessing plants in the U.S. 
58 The original unit for measuring the amount of radioactivity was the curie (Ci), first defined to 
correspond to one gram of radium-226 and more recently defined as: 1 curie = 3.7x1010 radioactive 
decays per second (LBL 2000). 
59 By comparison, the Chernobyl reactor accident released about 50 million curies of radioactive 
matter. 
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site. Alternatively, the spent fuel could be buried in a repository in a manner that 
allows it to be retrieved for reprocessing. 

Environmental Impacts 
The environmental impacts of reprocessing are much greater than the impacts of 
spent fuel storage. Reprocessing creates multiple waste streams and releases 
radioactive isotopes, such as carbon-14, krypton-85, iodine-129, tritium, and 
technetium-99, from spent fuel into the atmosphere (Schneider 2001, p.23). In a 
conventional PUREX reprocessing plant, these elements are released to the 
atmosphere.60 The proposed UREX+ process would capture some of the radioactive 
off-gases for disposal (IPS 2007). 
 
Historically, these radioactive releases have been significant. DOE found that the 
radiation dose within 50 miles of the Savannah River military reprocessing site in 
South Carolina is “four to five million times greater from reprocessing than from 
interim storage” (IEER 1996; DOE 1995b).The Institute for Policy Studies found that 
radionuclides stored at the Hanford reprocessing facility “pose potentially significant 
risks to health and natural resources for 300 to more than 200,000 years” (IPS 2007, 
p.10). 
 
Significant releases of radioactivity have also been identified from European 
reprocessing facilities. In a report to the European Parliament, Mycle Schneider of 
World Information Service on Energy -Paris noted that “reprocessing operations 
release considerably larger volumes of radioactivity than other nuclear activities, 
typically by factors of several 1,000 compared with nuclear reactors,” with 
radioactive discharges from the Sellafield and LaHague reprocessing facilities 
ranking “among the largest anthropogenic sources of radioactivity to the world” 
(Schneider 2001, pp.2-3).Impacts of the Sellafield discharges include “significant 
concentrations of radionuclides in foodstuffs, sediments and biota” in the Irish Sea, 
“very large” volumes of contaminated lands, significant contamination of 
groundwater, tritium levels in drinking waters exceeding World Health Organization 
limits, and contaminated sediments for hundreds of kilometers along the Irish Sea 
coast (NDA 2007; Schneider 2001, pp.5-6). Local residents and opponents of 
Sellafield suspect that these discharges are responsible for the increased incidence 
of cancer along the eastern coast of Ireland and the western coast of England (TED 
2007). 
 
Reprocessing waste also contaminated the waters in the vicinity of some U.S. 
reprocessing facilities. Waste disposal practices at the Savannah River military 
reprocessing site led to severe contamination of portions of the surface and 
groundwater. Operation of the West Valley commercial reprocessing facility led to a 
plume of groundwater contamination beneath the reprocessing building, as well as 
extensive infrastructure contamination (GAO 2001, p.7). Many of the tanks storing 
                                            
60 Scrubbers capture about 90 percent of the iodine-129 that is produced, but none of the other 
gases. 
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high-level radioactive waste at the Hanford military reprocessing facility have been 
found to leak (IEER 2004, p.8; DOE 1995a).  
 
Cleanup efforts at these sites have been difficult. Cleanups of the Savannah River 
and Hanford sites have been bogged down for decades by technical and 
management issues and have not yet been completed. Cleanup has been similarly 
difficult at West Valley, which generated over 600,000 gallons of liquid high-level 
waste during just six years of operation. Cleanup was originally expected to be 
completed by 1990; however, there have been numerous delays, and significant 
cleanup efforts remain to be completed (GAO 2001, p.1; NRC 2007ai). 

Conclusions 
The advanced reprocessing fuel cycle envisioned under GNEP would prevent the 
need for a second repository for the foreseeable future, even if the use of nuclear 
power significantly increases. However, many are skeptical about whether this goal 
is achievable over the coming decades and are concerned that a limited 
reprocessing fuel cycle using readily available technologies could be instituted 
instead. Depending on the technologies used, such a fuel cycle could result in an 
increase in combined high- and intermediate-level nuclear waste, an increase in the 
risk of nuclear weapons proliferation, and an increase in the cost of nuclear power.  
 
Even with the advanced GNEP technologies, environmental and safety impacts of a 
reprocessing fuel cycle could be significant. Reprocessing releases radioactive 
emissions during routine operations, has a higher accident rate than spent fuel 
storage does, and in some cases has generated significant contamination. A 
reprocessing fuel cycle also could require the long-term interim storage of large 
amounts of spent fuel at reprocessing facilities. These concentrated interim storage 
sites could present security hazards. 
 
Accordingly, there is substantial opposition to the GNEP program. However, the 
program remains undefined in key respects, and it is far from certain that the 
proposal will be sustained over the next several years or, if it were, that it would 
ultimately be successful.  
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APPENDIX A: COMPARISON OF 
REPROCESSING TECHNOLOGIES 
 PUREX COEX UREX+ Pyroprocessing 
Product streams Uranium;  

Plutonium; 
Waste stream of 
minor transuranic 
elements and 
fission products 

Uranium and 
Plutonium; 
Waste stream of 
minor 
transuranic 
elements and 
fission products  

Uranium; 
Technetium; 
Strontium and 
Cesium; Plutonium 
and neptunium; 
Americium and 
curium (together) 
Waste stream of 
remaining fission 
products 

Uranium, 
Plutonium, and 
other transuranic 
elements; 
Waste stream of 
strontium, cesium, 
and remaining 
fission products 
 

High-level waste, 
kg, per kg spent 
fuel input 

0.25 kg per kg 
glass logs; 
0.95 kg per kg U 

N/A 0.12 kg per kg 
glass logs 

0.25 kg per kg 
ceramic form 
waste 

Weapons-grade 
plutonium 
created? 

Yes Uranium-
plutonium mix 
could be used 
directly in a 
nuclear weapon  

No149 No 

Short-lived fission 
products 
separated from 
long-lived 
transuranic 
elements? 

No No Yes No 

Useful in LWR Yes, to create 
MOX fuel 

Yes, to create 
MOX fuel 

Yes, to create 
MOX 

No 

Technology 
maturity 

Commercially 
available 

Under 
development; 
could be 
commercially 
available in the 
near term 

Demonstrated on a 
Laboratory scale; 
Potentially 
commercially 
available in the 
2020-2030 
timeframe 

Demonstrated on a 
engineering scale; 
Potentially 
commercially 
available between 
2025 and 2055 

Can be used for 
repeated 
reprocessing? 

No No Yes Yes 

Estimated 
construction 
cost150 

$8 billion N/A $6 billion $7 billion  
(highly uncertain) 

Estimated 
operating cost 

$400 per kg 
material 

N/A $280 per kg 
material 

$280 per kg 
material (highly 
uncertain) 

Source: (Bunn 2006; DOE 2006d, p.8; DOE 2003a; DOE 2005a) 

                                            
149 Some experts argue that it is technically feasible to create bomb material from the plutonium-
neptunium mixture coming from a UREX+ reprocessor. 
150 Plant capable of processing 2,000 metric tons per year. 
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Appendix S: MIT Economic Analysis 
An economic analysis for the integration of nuclear energy with Oil Sands projects for 
reduced greenhouse gas emissions and natural gas consumption (Massachusetts Institute of 
Technology, June 2000) is provided in the following pages (ref. [10]).



 
 

51

a
  8 Economic Analysis 
 
Economic analysis is performed for two scenarios in detail in this section: electricity and 
steam production.  Hydrogen was not included since it was deemed that the best option 
was to continue to use steam methane reforming in the short term with the future 
possibility of using nuclear heat in that process but it was not evaluated for cost 
effectiveness. 
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8.1 Electricity Production 

A comparison is made among the three nuclear reactors considered in this report and a 
combined cycle natural gas plant (100 MWe) for the purpose of supplying electricity to 
the oil sands industry.  The levelized cost of each option was calculated, and sensitivity 
analysis was performed on the natural gas price and the capital costs of the nuclear plants.  
The assumptions made in this analysis are detailed in Tables 14 through 19.  All dollars 
are in Canadian dollars unless stated otherwise, and where an exchange rate was used to 
convert from US dollars, the rate of $0.90 USD per CAD was used.  For simplicity, 
construction for any project was assumed to start in 2010 in the Edmonton area where it 
is most likely such a plant might be built.  Regional labor adjustments were made to the 
base costs for overnight capital and for operations and maintenance.  Overnight capital 
was assumed to be 40% labor-related, and for the location of an electric plant in 
Edmonton, the labor rates were assumed to be 50% above the base rate provided for a site 
in Ontario for CANDUs and at a coastal location for the PBMR.  Thus, the overnight 
capital costs were increased by 20%.  Similarly, O&M was assumed to be 50% labor, and 
so was increased 25% over the base cost. 
 
 
  

Table 14: Assumptions Made in Calculating the Capital Charge Rate  
for the Nuclear Plants 

 
  
General Inflation 2.00% 
Term, years 40 
Federal Tax Rate 22.1% 
Provincial Tax Rate 8.00% 
Debt Ratio 50% 
Loan Term, yrs 40 
Interest Rate 8.00% 
Equity Return 14.75% 
Prop Tax & Insurance 1.50% 
Tax Credit Rate 0.00% 
Tax Life, Years 20 
Declining Balance Rate 100% 
Real Return 12.50% 
  
Resulting Capital Charge Rate 0.144 in current dollars (Canadian) 
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Table 15: Assumptions Made in Calculating the Capital Charge Rate  
for the Natural Gas Electric Plant 

 
  
General Inflation 2.00% 
Term, years 20 
Federal Tax Rate 22.1% 
Provincial Tax Rate 8.00% 
Debt Ratio 50% 
Loan Term, yrs 20 
Interest Rate 8.00% 
Equity Return 12.71 
Prop Tax & Insurance 1.50% 
Tax Credit Rate 0.00% 
Tax Life, Years 20 
Real Return 10.50% 
  
Resulting Capital Charge Rate 0.152 in current CAD 
 

 
 

Table 16: Assumptions Specified for the Combined Cycle Natural Gas Plant  
 
  
Generation (MWe) 100 
Overnight $/kWe in Ontario 900 
Overnight $/kWe in Edmonton, Alberta2 1080 
Construction Period 2 years 
Construction Interest 12.71% on ½ of construction period 

escalation of overnight costs 
O&M in Ontario $8 million per year1 
O&M in Edmonton3 $10 million per year 
Heat Rate (btu/kWh) 6800 
Natural Gas Price Varies 
Natural Gas Price Nominal Escalation  2% above inflation 
1 Source: “Electricity Generation Technologies: Performance and Cost Characteristics” Prepared for the 
Ontario Power Authority by the Canadian Energy Research Institute, August 2005. 
2A 20% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 40% of overnight costs, and labor rates are 50% higher in 
Edmonton than Ontario 
3A 25% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 50% of O&M costs, and labor rates are 50% higher in Edmonton 
than Ontario. 
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Table 17: Assumptions Specified for the Enhanced CANDU 6  
Nuclear Electric Plant 

 
  
Generation (MWe) 728 
Overnight $/kWe in Ontario 33751  
Overnight $/kWe in Edmonton, Alberta2 4050 
Construction Period 6 years1 
Construction Interest 14.75% on construction capital outlay 

sequence - yr1: 8%, yr2: 21% yr3: 27.1%, 
yr4: 19.6%, yr5: 12%, yr6: 7.2%, yr7: 
5.1%1 

O&M in Ontario $90 million per year 1 
O&M in Edmonton3 $112.5 million per year 
Nuclear Fuel Cost 3.75 $/MWh 1 
Nuclear Fuel Price Nominal Escalation 0.5% above inflation 
1Source: “Electricity Generation Technologies: Performance and Cost Characteristics” Prepared for the 
Ontario Power Authority by the Canadian Energy Research Institute, August 2005. 
2A 20% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 40% of overnight costs, and labor rates are 50% higher in 
Edmonton than Ontario. 
3A 25% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 50% of O&M costs, and labor rates are 50% higher in Edmonton 
than Ontario. 
 

Table 18: Assumptions Specified for the ACR-700 Nuclear Electric Plant 
 
  
Generation (MWe) 703 
Overnight $/kWe 2740 (CERI) 1 
Overnight $/kWe in Edmonton, Alberta2 3288 
Construction Period 6 years1 
Construction Interest 14.75% on construction capital outlay 

sequence - yr1: 8%, yr2: 21% yr3: 27.1%, 
yr4: 19.6%, yr5: 12%, yr6: 7.2%, yr7: 
5.1%1 

O&M in Ontario $100 million per year1 
O&M in Edmonton3 $125 million per year 
Nuclear Fuel Cost 5.45 $/MWh1 
Nuclear Fuel Price Nominal Escalation 0.5% above inflation 
1 Source: “Electricity Generation Technologies: Performance and Cost Characteristics” Prepared for the 
Ontario Power Authority by the Canadian Energy Research Institute, August 2005. 
2A 20% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 40% of overnight costs, and labor rates are 50% higher in 
Edmonton than Ontario. 
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3A 25% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 50% of O&M costs, and labor rates are 50% higher in Edmonton 
than Ontario. 

 
Table 19: Assumptions Specified for the PBMR Nuclear Electric Plant 

 
  
Generation (MWe) 1 172 
Overnight $/kWe for a 4-module plant 3333 
Overnight $/kWe for a single module plant2 4000 
Overnight $/kWe in Edmonton, Alberta3 
(single module) 

4800 

Construction Period 3 years 
Construction Interest 12.71% on ½ of construction period 

escalation of overnight costs 
O&M at the Base Labor Rate $10.5 million per year1 
O&M in Edmonton4 $13.13 million per year 
Nuclear Fuel Cost $21.25 million year1 
Nuclear Fuel Price Nominal Escalation 0.5% above inflation 
1 Source: Pebble Bed Modular Reactor (Pty) Ltd. 
2A 20% penalty is applied to account for the increase in costs for a single-module plant over a 4-module 
plant.  This penalty is due to the loss of economies of shared systems. 
3A 20% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 40% of overnight costs, and labor rates are 50% higher in 
Edmonton than in the base case. 
4A 25% penalty is applied to account for the increase in labor rates for Edmonton.  This is based on the 
assumption that labor costs account for 50% of O&M costs, and labor rates are 50% higher in Edmonton 
than Ontario. 
 
 
 
The reader may note that the operating and maintenance costs for the PBMR are 
unusually low for a nuclear power plant.  Low O&M cost is a design objective for the 
PBMR and for Generation IV systems, and is based on the reduction in the number of 
systems needed to run the reactor safely.   
 
Given the assumptions detailed above, the analysis showed that the breakeven natural gas 
prices where each of the nuclear plants are competitive with the combined cycle natural 
gas plant are at approximately $10.15, $12.10, and $12.65 for the ACR-700, CANDU 6, 
and PBMR, respectively.  This analysis assumes that natural gas prices are assumed to 
escalate at 2.0% above inflation over the life of these projects.  These results are 
illustrated graphically in Figure 17. 
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Figure 17: Levelized Cost of Electricity Comparison 

 
 
 
A sensitivity analysis was also performed on the overnight capital costs of the nuclear 
power plants since there is much speculation as to what the capital costs might actually 
be.  While the cost of the natural gas plant and all other factors were kept constant, the 
overnight costs of the nuclear plants were all raised by 20%, 30%, 40%, and 60% in turn.  
This was done to show the impact of a cost overrun on the ultimate cost of the electricity 
produced.  The analysis was performed first at $5/MMBtu natural gas, and then at 
$11/MMBtu natural gas, and the results are shown below in Figure 18 and Figure 19. 
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Levelized Electricity Cost Comparison with Nuclear Capital Cost 
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Figure 18: Levelized Cost of Electricity with Varying Nuclear Capital Costs  

at $5/MMBtu Natural Gas 
 
In the $5 gas case, none of the nuclear plants were found to be competitive at the baseline 
capital cost. 
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Figure 19: Levelized Cost of Electricity with Varying Nuclear Capital Costs  

at $11/MMBtu Natural Gas 
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In the $11 gas case, the ACR-700 was found to be competitive at the baseline capital 
costs, but at a 20% overrun it was slightly more expensive than natural gas.  
 
It should be noted that other sensitivities should be considered in the economic 
evaluation.  The cost of capital is a significant parameter affecting the cost of nuclear and 
other capital intensive projects.  Alternative financing mechanisms that reduce the cost of 
capital will have a dramatic impact on the levelized cost.  Should public or government 
support in the form of loan guarantees, low interest loans, or low interest environmental 
bonds be made available, the cost of the nuclear option would be greatly reduced.  In 
addition, the future rate of natural gas price growth is also a very important parameter for 
which sensitivity studies need to be made to fully appreciate the economics of 
alternatives.  

8.2 Steam Production 

Estimating the costs of the steam production plants was difficult because the data 
available publicly is generally applicable to electric plants. Adjustments were made to 
account for two effects.  First, the movement from Edmonton (for an electric plant) to 
Fort McMurray (for a steam plant) was predicted to increase labor rates from 50% over 
base rates to 100% over base rates.  Additionally, the conversion from an electric power 
plant to a steam plant eliminates a number of expensive systems, reducing the overall 
cost of the plant. For the sake of consistency, in each nuclear plant case it was assumed 
that the costs associated with the electricity generation accounted for 1/3 of the overnight 
capital costs of the nuclear plants.  The cost of that equipment is dominated by the 
turbine-generator, moisture separators and reheaters, oil lubrication systems, and the 
electrical switchyard.  The basis for that assumption is that the typical light water reator 
has approximately a 60/40 division between the steam plant and the electricity generating 
plant, as illustrated in Table 20.  Thus, the assumption that the nuclear heat plant has a 
cost two-thirds that of the nuclear electric plant is conservative, since it is less favorable 
to the economics of the steam plant than a 60/40 split.  The cost adjustments made to the 
nuclear plants are shown in Table 21. 
 

Table 20: Typical Allocation of Costs for an LWR 
 
Project Cost Component Percentage of Overnight 

Project Costs 
Overall Percentage 
Allocated to the Steam 
Plant 

Reactor Equipment 30 30 
Balance of Plant Equipment 24 4 
Structures and Construction 20 13 
Owner’s and other Indirects 26 13 
Total 100 60 
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Table 21: Cost Adjustments for the Nuclear Steam Plant 
 
 Enhanced CANDU 6 ACR-700 PBMR 
Overnight $/kWe 
(equivalent) 1 

3150 2557 3733 

O&M $135 million/yr $150 million/yr $15.75 million/yr 
1 Equivalent represents the ‘would-be’ electric power of the plant using the actual MWth and the efficiency 
of that plant’s conversion cycle in the electric case.  This notation is chosen so that the relative cost can be 
compared with that of the nuclear electric plant. 
 
The steam production assumed for each plant is given in Table 22 below.  The plants are 
rated in this case based on their thermal capacity, but the thermal capacity used was the 
net capacity after providing the heat needed for the house load.  The cost of the steam 
generated from a natural gas boiler was approximated from a reference and is shown in 
Figure 20 [59]. 
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Figure 20: Cost of Steam Production from a Natural Gas Fired Boiler  
 
 

Table 22: Levels of Steam Production for each Generation Option 
 
Plant Type Steam Production (bpd) 
2030 MWth Enhanced CANDU 6 653,000 
1895 MWth ACR-700 697,000 
500 MWth PBMR 130,000 
 
The baseline cost to produce one barrel of steam (Cold Water Equivalent, or CWE) from 
the nuclear reactors was $3.02 for the Enhanced CANDU 6, $2.49 for the ACR-700, and 
$2.97 for the PBMR.  For the natural gas plant, at $5/MMBtu gas, the cost found was 
$2.20.  The breakeven natural gas prices were $6.85/MMBtu for the Enhanced CANDU 
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6, $5.65/MMBtu for the ACR-700, and $6.75/MMBtu for the PBMR.  These results are 
shown in Figure 21 below. For reference, the June 2007 average NYMEX natural gas 
price was approximately $ 7/MMBtu. 
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Figure 21: Levelized Cost per Barrel of Steam 

 
A sensitivity analysis was again performed on the overnight capital costs of the nuclear 
power plants.  While the cost of the natural gas plant and all other factors were kept 
constant, the overnight costs of the nuclear plants were all raised by 20%, 30%, 40%, and 
60% in turn.  This was done to show the impact of a cost overrun on the ultimate cost of 
the steam produced.  The analysis was performed for $5/MMBtu natural gas and for 
$11/MMBtu natural gas, and the results are shown below in Figure 22 and Figure 23. 
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Figure 22: Levelized Cost of Steam Production  
with Varying Nuclear Capital Costs ($5 NG) 
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Figure 23: Levelized Cost of Steam Production  
with Varying Nuclear Capital Costs ($11 NG) 

 
In the $5 gas case, none of the nuclear plants proved to be more economic than a natural 
gas plant.  In the $11 gas case, the results showed that the costs for producing steam with 
a nuclear plant were much less expensive than natural gas fired production, even when 
the capital costs were overrun by 60%.  It is clear that nuclear steam can be competitive 
with natural gas at foreseeable gas prices, even when great risks are assumed in the 
capital costs.  Nuclear generation at the assumed costs is not shown to be competitive 
with natural gas for production of electricity until gas prices are as high as $ 10 /MMBtu. 
The likely reasons for this distinction lie in the very high efficiencies of the natural gas 
combined cycle electric plant versus the lower efficiencies and wasted heat associated 
with a nuclear electric power plant.  In the steam case, however, it is much simpler to 
utilize the full heat output of the nuclear plant, and the comparison with a one-through 
natural gas boiler is favorable. 
 
This economic analysis has been based on firm foundations with capital costs that are 
believed to be accurate given the commodity prices at the time of their estimation.  
However, the recent surge in materials costs affects all large construction projects, and 
will likely raise the costs of any project, including coal and natural gas plants.  When 
Duke Energy began planning for the construction of two 800 MW coal plants in North 
Carolina (2004), the cost estimate was for $2 billion.  In 2006 it was $3 billion, and in 
2007 one unit was canceled and the price for a single unit was projected to be $1.83 
billion.  This is indicative of the general trend of escalating prices on materials costs 
throughout North America.  When combined with the elevated labor costs of the Fort 
McMurray area, the resulting project will tend to be much more expensive now than may 
have been expected ten years ago. 
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Appendix T: ManTurbo Steam Compressor Information 

Overview 

Initial evaluation by ManTurbo has been focused on the 1,000,000 lbs/hr turbine steam 
compressor, which is an appropriate size for meeting 30,000 barrels per day SAGD 
operational requirements. This evaluation assumes that steam is being compressed from 5.8 
MPa to 10.0 MPa.  

From an application standpoint, this service is more demanding than most units that are built 
by ManTurbo. However, from a component, rating and size standpoint, the unit is well within 
our range of experience with existing machines.  

In our opinion, the most logical unit would be an integrally geared compressor consisting of 
two (2) stages mounted on one (1) pinion shaft each, and entrained by the central bull gear 
(see Figures T-1 to T-3). The reason for this selection is to limit the concentration of power on 
each pinion shaft. The unit being described is essentially the ManTurbo model RG 63-2. For 
performance curves, see Figures T-4 and T-5. 

Our engineering group is confident that a machine with the above configuration is feasible 
and consistent with our current technology base. ManTurbo is prepared to work with SLN in 
order to refine and optimize the selection, and to undertake the design and demonstration 
unit construction and performance testing. 

As a budgetary cost estimate, the machine described above is valued at US$ 5.5M, including 
the support structure and lube-oil system, but excluding the steam turbine driver. Note that 
standard designs for steam turbine drivers are also available.  
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Figure T-1, ManTurbo Integrally Geared Compressor Design: General Design
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Figure T-2, ManTurbo Integrally Geared Compressor Design: General Arrangement 
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5 Stage Integrally Geared Compressor 
(Dry Air) for Air Separation

Steam Turbine Driver: Type RG 53-5

Flow: 29,500 m³/h
Pressure: 6.4 bar - 76 bar
Power: 16,000 kW
ST-Power: 52,000 kW

 

Figure T-3, ManTurbo 5 Stage Integrally Geared Compressor 
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Figure T-4, ManTurbo Centrifugal Compressor Type RG 63-2: Predicted Performance Curves
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Figure T-5, ManTurbo Integral Gear Compressor Type RG 63-2: Design Estimate Data)
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Appendix U: Levelized Unit Energy Cost Details 
Detailed LUEC cost information for the NPPs considered in this evaluation is contained in the 
Excel worksheets listed below. These worksheets are provided together with the report 
package as separate attachments.  

OilSands_LUECfile1.xls 

1) ABWR (Single Unit); 

2) ACR-1000 (Twin Unit); 

3) ACR-1000 (Single Unit); 

4) AP1000 (Twin Unit); 

5) AP1000 (Single Unit); 

6) CANDU 6E (Twin Unit); 

7) CANDU 6E (Single Unit).  

OilSands_LUECfile2.xls 

1) EPR (Single Unit); 

2) ESBWR (Single Unit); 

3) GA-HTR (Four Unit); 

4) GA-HTR (Twin Unit); 

5) PBMR (Four Unit); 

6) PBMR (Twin Unit).  

 




