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Introduction and Summary 
 

According to the IAEA (International Atomic Energy Agency), there are around 440 commercial 

nuclear reactors in operation in the world in 39 countries; 93 are in the United States.  Nuclear 

reactors produce roughly 20% of electric power in the US, and 10% worldwide.  All of the US 

commercial reactors and most of the commercial reactors worldwide are LWR’s (Light Water 

Reactors), a genre that originated with naval submarine reactors in the early 1950s.  One author 

projects that if no new reactors come online, the US fleet will begin to decline in 2050, and be 

nearly completely retired by 2070 (See Kim 2022  p. 8). There are some new LWR reactors 

under construction and a number of non-LWR research, experimental, and special purpose 

reactors of various types in operation both in the US and worldwide. While the looming losses 

due to retirement of the existing fleet of LWR reactors could be replaced with new LWR 

reactors, new technological developments hold promise to eliminate many of the disadvantages 

of the old LWR technology. Eighteen nations have active programs to develop advanced nuclear 

reactors based on these new technologies.   

 

The continued growth in the atmosphere of greenhouse gases, largely due to the burning and 

leakage of fossil fuels, and the consequential changes in the earth’s climate, have led to the 

development of alternate renewable sources of energy to produce electric power.  These mostly 

solar- and wind-powered technologies share the disadvantage that they are intermittent and must 

be backed up by other generating and storage technologies, including battery, liquid salt, hydro, 

geothermal, pumped water, and nuclear.  

In a 2018 IPCC (International Panel on Climate Change) report reviewing studies of mixes of 

electric energy sources and sinks (“pathways”) that could limit global warming to 1.5 C by 2050, 

nuclear was included in the global mix in most of the models at levels that ranged from ~ 2% to 

~10% (IPCC SR1.5C p 131).  The IPCC is not relying heavily on expanding nuclear power to 

combat climate change; although it acknowledges its potential for carbon free electric power, it 

cites uncertainties in cost and construction time, lack of public acceptance, lack of permanent 

waste disposal, and proliferation potential (IPCC 2022-III, pp 438-439, and 639-641).  This 

contrasts with the self-image of the nuclear industry, which presents itself as an essential part of 

the global warming solution. 
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 Advanced Nuclear Reactors (ANR’s, defined in Section 2002 of the Energy Act of 2020) are 

seen by proponents as solutions to the problem of meeting the demand for backup electric power 

as well as production of hydrogen, desalination of water, and other heat-intensive industrial 

processes (process heat).  Engineering studies suggest that by replacing the well-developed but 

dated LWR technology with new technologies, the thermal and fuel efficiencies, production and 

storage of waste, operational characteristics, proliferation resistance, and safety of an expanded 

nuclear reactor fleet will be greatly improved.  In addition, regulatory reform made possible by 

simpler designs should reduce construction time and cost overruns.  The Energy Act includes 

fusion reactors in its definition of ANR’s, but we restrict our analysis here to fission reactors. 

 

Advanced Nuclear Reactor Program in the US 
 

To facilitate and coordinate the worldwide development of new reactor types, the US DOE-NE 

(Department of Energy Office of Nuclear Energy, or DOE for short) in 2001 initiated a study of 

Advanced Nuclear Reactors (designated Generation IV, or GEN IV).  The Generation IV 

International Forum, or GIF committee, representing 13 nations, reviewed nearly 100 proposed 

designs and agreed to recommend and collaborate in the development of six.  Three of these are 

being pursued in the EU. (See WNA-GENIV). DOE, which already was supporting some new 

reactor proposals, is now promoting five of the six GEN IV proposals as well. In addition, the 

US Military is supporting the development of fieldable mobile designs (microreactors) and a 

number of private efforts have sprung up.    

 

Congress has helped to fund most of these development efforts through a series of appropriations 

supporting several programs directed at the development of different aspects of nuclear 

technology.  Any given project may be supported by one or more of these programs and/or by 

private investment, and may provide data on several new ideas for functional aspects of nuclear 

reactors. (For a nice review of current US ANR efforts, see AIP-9-21-22.  For details of 

congressional funding for ANR, see CRS Holt). 
 

Understanding the ANR Program 
 

To more easily comprehend the mix of projects, the reader may consider that each project 

combines different sets of elements from lists of possible solutions or attributes for each 

particular functional aspect of a nuclear reactor.   

 

Appendix Table 1 is a list of advanced nuclear reactor types (“technologies”) under development 

in the US; it includes some of the attributes or functional aspects of each and the names of the 

corporate entities developing versions of these technologies. Some of these are not in the GIF list 

of six technologies, but have been selected by the DOE or by private industries for support.  

Most are in a conceptual or design stage. 

 

NRC (Nuclear Regulatory Commission) regulations require operational data to develop 

standards for any reactor design being considered for certification for commercial use. Few of 

the new concepts being developed have been tested extensively enough to provide the data 



3 

necessary to set NRC standards.  Every aspect of nuclear reactor design and certification is done 

with elaborate computer models that collectively require accurate and precise values of 

thousands of physical parameters. As an example, see NRC-NDA, a 4-phase study done at Oak 

Ridge National Laboratory to determine the parameters of various proposed ANR fuels that need 

to be determined experimentally to validate the computer models that will calculate the operating 

characteristics of ANR technologies.   

 

As we cannot at this time say which, if any, of these new designs will eventually show suitability 

for commercial use, it is necessary to operate each project at a research or experimental level to 

collect this necessary data (NASEM-Found p. 29).  In addition, DOE funds so-called Test Bed 

Reactors, generic reactors that provide an environment in which data on some aspects of new 

reactor concepts may be collected without building a whole new reactor. 

 

The water-cooled technologies in Table 1 (LWR, BWR) recently evolved from the venerable 

water-cooled reactor fleet and potentially may come online much more quickly than the others 

because of 70 plus years of operational data and experience with water-cooled reactors.  There is 

some operational data on the sodium- and lead-cooled reactors, but little on the other 

technologies.  

 

Criteria For ANR Development (Energy Act Of 2020, Sec 2002) 

“Inherent Safety” -  in accident scenarios, the reactor passively stops generating heat and 

radiation – sometimes called “walk-away safe.” 

“Lower waste yields” – burns more of the fuel and recycles unburned fuel. 

“Tolerance to loss of fuel cooling.”  

“Enhanced reliability or improved resilience.” 

“Increased proliferation resistance” – achieved by improved security or by manipulating the fuel 

cycle. 

“Increased thermal efficiency” – the reason for the high operating temperatures of the proposed 

designs.  Using water as the coolant places severe limits on the operating temperature, except for 

one design that uses “supercritical” water. 

“Reduced consumption of cooling water and other environmental impacts.” 

“The ability to integrate into electric and non-electric applications” – high operating and outlet 

temperature makes “process heat” usable for industrial applications, including production of 

hydrogen and desalination of water.  

“Modular sizes to allow for deployment that corresponds with the demand for electricity or 

process heat” – many ANR designs will be demonstrated at a size that meets the definition of a 

small modular reactor [300 MWe (megawatt electrical) or less]. Even smaller Microreactors are 

small enough to be transported whole by truck or rail.  
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“Operational flexibility to respond to changes in demand for electricity or process heat and to 

complement integration with intermittent renewable energy or energy storage” – also known as 

“load following.” 

 

Evaluating The Program 
 

The scope of the set of projects being pursued in the US is broad and includes most of the 

technologies that have been promoted for decades by advocates of nuclear power to replace the 

extant water-cooled technologies.  The National Academies of Science, Engineering, and 

Medicine (NASEM) has just this year (2023) published two studies, one analyzing the merits and 

viability of the different fuel cycles under study (See NASEM Merits) and the other the 

necessary foundation or infrastructure for the development of the new Nuclear Reactor universe 

(See NASEM Found).  These thorough and well-documented studies by experts in the field have 

made our evaluation easier. We don’t have the resources to repeat their analyses or challenge 

their detailed findings and recommendations. We draw several broad conclusions.  

1) The US has fallen behind the world in several necessary areas of nuclear infrastructure 

that will support all the projects.  For example, we are heavily dependent on Russia for 

our supplies of enriched uranium because we have only one operational enrichment 

facility, which at this time only produces LEU (Low Enriched Uranium).  Almost all the 

ANR designs anticipate using HALEU (High Assay Low Enriched Uranium) fuel and the 

fast neutron spectrum to achieve their goals of efficiency and high burnup. The DOE is 

developing a new facility to produce HALEU by downblending limited surplus stocks of 

weapons grade HEU, but this will only support some of the development effort and a 

production facility or facilities must be built to produce HALEU from domestic sources 

of natural uranium to supply fuel for a new fleet of commercial reactors and reduce our 

dependence on hostile nations for a critical resource. 

 

2) The perennial problem of a permanent underground storage facility for nuclear waste is 

beyond the crisis stage.  It is a political problem rooted in residual public resistance to 

nuclear power - that may be dissipating, but as mentioned above the IPCC seems to 

consider it to disqualify nuclear power as a solution to climate change.  We believe it 

makes no sense for Congress to support the development of these ANR projects while 

failing to muster the political will to resolve the biggest obstacle to nuclear power. The 

new technologies hold promise of reducing the quantity and radiotoxicity of waste, and 

even burning some of the existing waste to produce useful power and further reduce the 

volume of waste, but even so there will be huge amounts of waste that we have the 

technology to dispose of safely – if we will only do it. 

 

3) There is a lack of reprocessing in the US. To achieve the high burnup that supports the 

efficient use of fuel and reduction of waste, we must have the capability to reprocess 

spent fuel to recover unused fissile materials and produce new fuel on a scale greater than 

ever.  While LEU fuel is cheap and plentiful today worldwide, if this program evolves as 
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hoped, demand will likely soon outstrip supply and the efficient use of uranium and 

thorium resources will demand breeding from U238 and Th232 and subsequent 

reprocessing. 

 

4) Like the NASEM committees, we do not select any winners from the field of ANR 

technologies because the set of projects in development will determine the winners. We 

are confident that there is sufficient cause to believe that one or more commercially 

viable technologies will eventually emerge from this field and begin to fill the gap left by 

retiring reactors. The current demonstration projects (Terra Power’s Natrium, X-Energy’s 

X-100 HTGR, and NuScale’s SMR) are expected by DOE-NE to come online in 2028 – 

2030, followed by two more demonstration projects around 2035.  (See DOE–Strat.  P. 

12).  Another DOE-NE document (DOE-NE Path) assesses the “pathway” for the US to 

meet the goal of zero greenhouse gas emissions by 2050: nuclear must supply 200 

GigaWatts-electric (GWe) of new generating capacity.  The document concludes this is 

possible, but only if several high barriers are overcome – including those identified 

above, and in addition learning from  a succession of failures that occurred during the 

construction of the VOGTLE 3 and 4 reactors in Georgia, causing spectacular cost and 

schedule overruns.  The DOE-NE document concludes that construction on a large scale 

(13 GWe per year, or 7 - 15 units per year) of a new fleet of ANR commercial reactors 

must begin by 2030.  If it is delayed until 2035, 20+ GWe/yr would be required or the 

2050 goal would not be met.  Without a significantly larger commitment to nuclear power 

by the US government and US industry, ANR generating power is not likely to be 

available to have a widespread impact on the electricity supply before 2050 – and not 

even then, if the US fails to address the issues 1- 3 described above and to overcome the 

public antipathy to nuclear power. 

 

Appendix Table 1 

Reactor 

Type/ 

Technol

ogy 

Core 

Outlet 

Ther

mal 

Fuel Burnup 

Neutron 

Nuclear 

Fuel 
Coolant 

Example Reactor 
  

Temperat

ure and 

Effici

ency 
Spectrum Designs 

  

Pressure         

Small 

modular 

~560–590 

K 

~31–

33% 

5–6 atom% 

using shorter 

Thermal UO2 Water 

NuScale, Holtec, 

  
light 

water 

reactor 

(LWR) 

~70–140 

bar 

length LWR 

fuel rods 

GEH–

BWRX,Westinghouse 

  
Liquid 

metal 

Fast 

Reactor 

~750–850 

K 

~35–

40% 

7–10 atom% 

using 
Fast 

Uranium

-metal 
Sodium GE–Prism, 
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(SFR) ~ Few bars 
metallic fuel 
with 

TerraPower-GEH– 
  

    
recycle; 

>40% 

oncethrough 

Natrium 

  
    

with fuel Westinghouse W-LFR 

  
    

shuffling Gen4Energy-G4M 
  

High-

temperat

ure 

~1000–

1100 K 
~43–

50% 

10–20 atom% 

using 

Thermal 
TRISO 

UCO 
Helium X-Energy–Xe-100 

  

gas 

reactor 

~ 70–100 

bar 
TRISO fuel 

  

(HTGR)       

Gas fast 

reactor 

~1000–

1100 K ~43–

50% 

14 atom% 

using UC or 
Fast UO2, UC Helium GA–EM2, FMR   

(GFR) 
~ 70–100 

bar 

UO2 fuel in 

SiC clad   

Fluoride-

salt-

cooled 

~900–950 

K 

~42% 

Similar to 

HTGR using 

Thermal 
TRISO 

UCO 
Flibe Kairos–Hermes 

  

Reactor ~Few bars 
TRISO fuel 

with similar 
  

(MSR)   burnup   

Molten-

salt-fuel-

cooled 

~900–950 

K 

~40–

42% 

High fissile 

burnup with 

Thermal 

or Fast 

UF or 

UCl salt 

Same as 

Fuel 

Terrestrial Energy– 

  

Reactor 

(MSR) 
~Few bars 

dissolved fuel 

in coolant; 
IMSR, Moltex, 

  
    burnup limits 

by 
TerraPower 

  
    reactivity 

issues 

  

  

Heat-

pipe-

cooled 

~750–800 

K 

~30% 

5–20 atom% 

using 

Thermal 

or Fast 

TRISO 

or UO2 

Heat 

Pipe 

Westinghouse– 

  

reactor 
Low 

pressures 
TRISO fuel eVinci, Oklo– 

  
      

Aurora,c BWXT– 
  

      BANR   
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Liquid 

Fluoride 

Thorium 

Reactor 

(LFTR) 

      Fast 

Th in 

molten 

salt 

fuel Flibe Energy 

  

Liquid 

Metal 

Fast 

Reactor 

(LFR) 

650C, ~1 

Bar;  
    Fast 

UO2 or 

MOX,  

Lead, 

Lead-

Bismuth 

Westinghouse W-LFR 

  

Gen4Energy-G4M 
  

Steam 

cycle 

High 

Tempera

ture Gas 

Reactor 

(SC-

HTGR) 

      Thermal 

HALEU 

(14.5%) 

water Fromatome 

  
UC/TRIS

O/cylindr

ical 

compacts

/ 

prismatic 

block   

                  
This table combines  Tables 2.1 and 2.2 in NASEM-Found, pp 24 – 25, data from Table 3.1 in NASEM-

Merits, pp 60-61, and IAEA-ARIS. 

Glossary 

Fissile – U235, Pu239, U233 – isotopes of actinides that can be split by absorbing a neutron, 

releasing more neutrons and usable energy. The number represents the sum of the protons and 

neutrons in the nucleus.   

Fertile - U238, Th232 – can be converted to fissile isotopes (Pu239 & U233, respectively) by 

neutron irradiation (breeding). 

Actinides – Elements with atomic numbers 89 – 103, representing the number of protons in the 

nucleus.  In reactors, 90(Th), 91(Pa), 92(U), 93(Np), 94(Pu), 95(Am), 96(Cm) are of interest 

Minor actinides – Am, Cm, Np – present in reactor waste and can be burned if recycled 

Isotope – U235 and U238 are two isotopes of uranium: the nuclei have the same number of 

protons but different numbers of neutrons 

Reactor Design Characteristics  

o fuel cycle – open (once through), closed (reprocessed, reformed), partially closed) 

• fuel – U233, U235, Pu239, waste containing any of these,  MOX (mixed 

oxides of U235 and Pu239 usually from military surplus). 

• fuel form (cylindrical pellets in tubing, TRISO, dissolved in coolant, prismatic 

matrix, metal, ceramic (C, N, O), TRISO, pellets) 

• enrichment – increases the fissile content of fuel (U235/U238) (LEU, 

HALEU) 
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• waste – fission products, radioactive actinides, irradiated non-nuclear 

materials 

• reprocessing strategy 

• fuel manufacture 

• fuel source – mining, surplus military 

• burnup – the percentage of fissile fuel consumed 

o Output power – both the thermal power and the electric power ratings are usually 

specified.  MWt means MegaWatts thermal, GWe means GigaWatts electric. Mega = 

one million, Giga = one billion, etc.   

o Safety considerations – passive or inherently safe, accident scenarios 

o Proliferation resistance – prevention of the diversion of nuclear materials for weapons 

use 

o Core outlet temperature and pressure 

o coolant – water, molten salt (fluoride, FLIBE, liquid metal (lead, sodium, lead bismuth 

eutectic, Helium, CO2) 

o moderator -  water, graphite, heavy water, 

o neutron spectrum (thermal or fast) 

o reactor technology (Gas, Fast, Molten Salt, LWR, HWR, PWR,BWR, liquid metal, 

etc.) 

o Decommissioning – disposing of reactors and clearing their sites at the end of their 

lives. 

Radiotoxicity: A measure of the danger to humans from exposure to a radioactive isotope. 

Acronyms 

HALEU High Assay Low Enriched Uranium (5% < enrichment < 20%) 

LEU Low Enriched Uranium (< 5 % U235) 

TRISO Tristructural Isotopic Coated Particle Fuel – the ultimate inherently safe fuel form 

LWR Light Water Reactor 

PWR  Pressurized Water Reactor 

HWR Heavy Water Reactor 

BWR  Boiling Water Reactor 

NRC Nuclear Regulatory Commission 

DOE-NE  Department of Energy Office of Nuclear Energy 

FLiBe mixed fluorides of Beryllium and Lithium - a molten salt coolant 

 

Citations 

ANS 6-23:  SMR Awareness and Acceptance, June 19 2023.  ANS Nuclear Newswires Blog, 

https://www.ans.org/news/source-cafe/    Accessed July 24, 2023 

CRS Holt: Mark Holt, Congressional Research Service , Advanced Nuclear Reactors : 

Technology Overview and Current Issues, Feb 17, 2023, R45706. 

https://www.ans.org/news/source-cafe/


9 

file:///D:/Documents/League%20of%20WV/Adv%20Nuc%20Reactors/congressional%20researc

h%20service/2-17-23%20adv%20nuc%20rctrs.pdf . Accessed 7-11-23. 

DOE FactS: DOE Fact Sheets https://www.energy.gov/ne/advanced-reactor-technologies  

DOE-NE Path: Pathways to Commercial Liftoff: Advanced Nuclear, DOE NE, March 2023  

(publication and a separate video) https://liftoff.energy.gov/advanced-nuclear/ . Accessed 9-18 23 

DOE-NE Strat: Baranwal, Rita, Ass’t Secretary of DOE,  Office of Nuclear Energy Strategic 

Vision, Jan 8, 2021 https://www.energy.gov/sites/prod/files/2021/01/f82/DOE-

NE%20Strategic%20Vision%20-Web%20-%2001.08.2021.pdf  Accessed 9-18-23 

AIP-9-21-22 William Thomas, Efforts to Transform US Nuclear Industry Entering Full Bloom,  

Science Policy News, Sept 21, 2022, American Institute of Physics. 

https://ww2.aip.org/fyi/2022/efforts-transform-us-nuclear-industry-entering-full-bloom  

Energy Act of 2020 https://www.directives.doe.gov/ipt_members_area/doe-o-436-1-

departmental-sustainability-ipt/background-documents/energy-act-of-2020/view  

EPRI 7-23:  EPRI, NEI Release Roadmap for Advanced Reactor Deployment, Press Release.  

Link to Roadmap is embedded in the press release. https://www.epri.com/about/media-

resources/press-release/73SPk7KsrJeMom5sQ5sFLJ  Accessed July 24, 2023. 

IAEA ARIS interactive searchable data table with all ANR concepts worldwide.  

https://aris.iaea.org/sites/overview.html   and https://cnpp.iaea.org/countryprofiles    

IPCC 2022 – III. Climate Change 2022: Mitigation of Climate Change 

Working Group III Contribution to the Sixth Assessment Report of the Intergovernmental Panel 

on Climate Change, pp 438 – 439, and 639 – 641.  https://www.ipcc.ch/report/ar6/wg2/  

 

IPCC SR1.5C  Rogelji et al, 2018: Mitigation Pathways Compatible with 1.5°C in the Context of 

Sustainable Development. In: Global Warming of 1.5°C, IPCC Special Report, Cambridge 

University Press, Cambridge, UK and New York, NY, USA, pp. 93-174. 

https://doi.org/10.1017/9781009157940.004 . 

 

KIM 2022:  Kim, S.H. 2022,  Scenarios of Nuclear Energy Use in the United States for the 21st 

Century,  Nuclear Technology Research and Development, PNNL Technical Report: PNNL-

33234, August 31, 2022, Pacific Northwest National Laboratory, Richland WA. 

https://www.pnnl.gov/publications/scenarios-nuclear-energy-use-united-states-21st-century , 

Accessed 7-11-23. 

NASEM-Merits:  Merits and Viability of Different Nuclear Fuel Cycles and Technology Options 

and the Waste Aspects of Advanced Nuclear Reactors (2023).  The National Academies Press, 

https://doi.org/10.17226/26500 .  Review of technical aspects of the US ANR programs.  

Accessed Sept. 4, 2023. 

NASEM-Found:  Laying the Foundation for New and Advanced Nuclear Reactors in the United 

States (2023), Washington DC, the National Academies Press.  https://doi.org/10.17226/26630 .  

file:///D:/Documents/League%20of%20WV/Adv%20Nuc%20Reactors/congressional%20research%20service/2-17-23%20adv%20nuc%20rctrs.pdf
file:///D:/Documents/League%20of%20WV/Adv%20Nuc%20Reactors/congressional%20research%20service/2-17-23%20adv%20nuc%20rctrs.pdf
https://www.energy.gov/ne/advanced-reactor-technologies
https://liftoff.energy.gov/advanced-nuclear/
https://www.energy.gov/sites/prod/files/2021/01/f82/DOE-NE%20Strategic%20Vision%20-Web%20-%2001.08.2021.pdf
https://www.energy.gov/sites/prod/files/2021/01/f82/DOE-NE%20Strategic%20Vision%20-Web%20-%2001.08.2021.pdf
https://ww2.aip.org/fyi/2022/efforts-transform-us-nuclear-industry-entering-full-bloom
https://www.directives.doe.gov/ipt_members_area/doe-o-436-1-departmental-sustainability-ipt/background-documents/energy-act-of-2020/view
https://www.directives.doe.gov/ipt_members_area/doe-o-436-1-departmental-sustainability-ipt/background-documents/energy-act-of-2020/view
https://www.epri.com/about/media-resources/press-release/73SPk7KsrJeMom5sQ5sFLJ
https://www.epri.com/about/media-resources/press-release/73SPk7KsrJeMom5sQ5sFLJ
https://aris.iaea.org/sites/overview.html
https://cnpp.iaea.org/countryprofiles
https://www.ipcc.ch/report/ar6/wg2/
https://doi.org/10.1017/9781009157940.004
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-33234.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-33234.pdf
https://www.pnnl.gov/publications/scenarios-nuclear-energy-use-united-states-21st-century
https://doi.org/10.17226/26500
https://doi.org/10.17226/26630


10 

Thorough study of the economics, supply chain, and social aspects of bringing ANR’s into the 

US economy.  Prepublication copy accessed Sept 4, 2023. 

NRC-NDA: https://www.nrc.gov/reactors/new-reactors/advanced.html  Reference Materials on 

Advanced Reactors: white papers and reports on ANR’s.  

Nuclear Data Assessment for Advanced Reactors, NUREG/CR-7289 ORNL/TM-

2021/2002 (Phase 4) March 2022, Office of Nuclear Reactor Regulation, U.S.NRC,  

F.Bostelmann G.Ilas C.Celik A.M. Holcomb W. A. Wieselquist Oak Ridge National 

Laboratory Oak Ridge, TN 37831-6283 Timothy Drzewiecki, NRC Project Manager 

Relevant Advanced Reactor Benchmarks for Nuclear Data Assessment (Phase 3), 

ML21125A256    ORNL/SPR-2020/1665   Sept. 2020,  Friederike Bostelmann, Erik D. 

Walker, Steve E. Skutnik, Germina Ilas, William A. Wieselquist 

KEY NUCLEAR DATA IMPACTING REACTIVITY IN ADVANCED REACTORS, 

ORNL/TM-2020/1557 (Phases 1 & 2?),    Friederike Bostelmann, Germina Ilas, William 

A. Wieselquist June 2020  

WNA-GENIV https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-

reactors/generation-iv-nuclear-reactors.aspx  ACCESSED 9/10/23 

IAEA ARIS interactive searchable data table with all ANR concepts worldwide.  

https://aris.iaea.org/sites/overview.html  and https://cnpp.iaea.org/countryprofiles    

 

References Including Sources Cited In The Text 

IAEA – International Atomic Energy Agency 

IAEA ARIS interactive searchable data table with all ANR concepts worldwide.  

https://aris.iaea.org/sites/overview.html  and https://cnpp.iaea.org/countryprofiles    

[IAEA Advanced Reactor Information Systems (ARIS) http://aris.iaea.org .  Thorough database 

with technical data.  There are 9 major players (2 or more reactors) and 8 “other” nations with 

reactor systems in stages from conceptual design to operational to on hold or shut down.  Only 6 

are operational, all LWR or HWR.   Many frequently updated publications.] 

[PRIS:  Power Reactor Information Systems https://pris.iaea.org/  .  Free registration and 

institutional affiliation required for access.] [410 NPR’s in operation 368.6 GWe 27 suspended 

57 under construction.  31 countries have NPR’s in operation, 3 more are constructing their first.] 

IAEA Safety Standards  Fundamental Safety Principles for Protecting People and the 

Environment , Safety Fundamentals No. SF-1, Pub 1273, 2006.  

https://www.iaea.org/publications/search/topics/nuclear-safety-and-security/type/safety-

fundamentals available for purchase but not free download. 

LWV Impact on Issues, A Guide to Public Policy Positions of the League of Women Voters 2022 

– 2024, pp 100 – 108.  https://www.lwv.org/impact-issues   Accessed July 24, 2023.   

https://www.nrc.gov/reactors/new-reactors/advanced.html
https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/generation-iv-nuclear-reactors.aspx
https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/generation-iv-nuclear-reactors.aspx
https://aris.iaea.org/sites/overview.html
https://cnpp.iaea.org/countryprofiles
https://aris.iaea.org/sites/overview.html
https://cnpp.iaea.org/countryprofiles
http://aris.iaea.org/
https://pris.iaea.org/
https://www.iaea.org/publications/search/topics/nuclear-safety-and-security/type/safety-fundamentals
https://www.iaea.org/publications/search/topics/nuclear-safety-and-security/type/safety-fundamentals
https://www.lwv.org/impact-issues%20Accessed%20July%2024


11 

Advanced Nuclear Reactor Technology, A Primer, March 2023 Update,  Nuclear Innovation 

Alliance.  https://nuclearinnovationalliance.org/advanced-nuclear-reactor-technology-primer . 

Accessed July 24 2023.  Helpful brief review. 

 

World Nuclear Association (WNA) 

 
https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-

reactors/generation-iv-nuclear-reactors.aspx  Gen IV Nuclear Reactors  ACCESSED 9/10/23 

 

Advanced Nuclear Power Reactors April (updated 2021) Information library with info on lots of 

nuclear stuff worldwide 

https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-

reactors/advanced-nuclear-power-reactors.aspx  ACCESSED 9/10/23 

US Nuclear Policy:  https://world-nuclear.org/information-library/country-profiles/countries-t-

z/usa-nuclear-power-policy.aspx Accessed 9/10/23  View of US policy from abroad. 

Safety of Nuclear Power Reactors (updated March 2022) https://www.world-

nuclear.org/information-library/safety-and-security/safety-of-plants/safety-of-nuclear-power-

reactors.aspx p. 37  Accessed July 26, 2023.  Interesting read. 

DOE-NE  Department of Energy, Office of Nuclear Energy 

Energy Act of 2020 https://www.directives.doe.gov/ipt_members_area/doe-o-436-1-

departmental-sustainability-ipt/background-documents/energy-act-of-2020/view .  Background.  

This Act set a lot of work in motion on ANR and other technologies as well. 

DOE Fact Sheets https://www.energy.gov/ne/advanced-reactor-technologies .  Browseable for 

brief synopses of various DOE project. 

Advanced Reactor Development Program https://www.energy.gov/ne/advanced-reactor-

technologies.  More brief reviews. 

DOE Office of Nuclear Energy, Presentation to the Nuclear Energy Advisory Committee Aug. 9, 

2023,  Briefing on the Nuclear Energy Liftoff Reports, Julie Kozeracki, Sr. Advisor, Loan 

Programs Office, slides 5 – 22, https://www.energy.gov/ne/articles/neac-meeting-august-9-2023-

0  .  Accessed 9-18 23.  These power point presentations to an oversight committee give more 

insight into the DOE NE Programs than their web stuff. 

Pathways to Commercial Liftoff: Advanced Nuclear, DOE NE, March 2023  (publication and a 

separate video) https://liftoff.energy.gov/advanced-nuclear/ . Accessed 9-18 23.  Again, useful for 

getting the latest info on progress and expectations with a little less of the DOE fog. 

Baranwal, Rita, Ass’t Secretary of DOE,  Office of Nuclear Energy Strategic Vision, Jan 8, 2021 

https://www.energy.gov/sites/prod/files/2021/01/f82/DOE-NE%20Strategic%20Vision%20-

Web%20-%2001.08.2021.pdf  Accessed 9-18-23 
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CRS Congressional Research Service 

Mark Holt, Congressional Research Service , Advanced Nuclear Reactors : Technology 

Overview and Current Issues, Feb 17, 2023, R45706. 

file:///D:/Documents/League%20of%20WV/Adv%20Nuc%20Reactors/congressional%20researc

h%20service/2-17-23%20adv%20nuc%20rctrs.pdf . Accessed 7-11-23.  An excellent and 

through review of the whole US program.  Highly recommended. 

NASEM National Academies of Sciences, Engineering, and Medicine 

 Merits and Viability of Different Nuclear Fuel Cycles and Technology Options and the Waste 

Aspects of Advanced Nuclear Reactors (2023).  The National Academies Press, 

https://doi.org/10.17226/26500 .  Review of technical aspects of the US ANR programs.  

Accessed Sept. 4, 2023.  Excellent and tohrough. 

Laying the Foundation for New and Advanced Nuclear Reactors in the United States (2023), 

Washington DC, the National Academies Press.  https://doi.org/10.17226/26630 .  Thorough 

study of the economics, supply chain, and social aspects of bringing ANR’s into the US 

economy.  Prepublication copy accessed Sept 4, 2023.  Excellent and thorough. 

AIP American Institute of Physics 

AIP-9-21-22 William Thomas, Efforts to Transform US Nuclear Industry Entering Full Bloom,  

Science Policy News, Sept 21, 2022, American Institute of Physics. 

https://ww2.aip.org/fyi/2022/efforts-transform-us-nuclear-industry-entering-full-bloom .  Good 

summary for the physicist. 

NRC  Nuclear Regulatory Commission 

https://www.nrc.gov/docs/ML2235/ML22353A284.html . SECY-23-0022 ML2235A198 3-1-23 

Advanced Reactor Program Status.  Links. 

https://www.nrc.gov/reactors/new-reactors/advanced.html  Reference Materials on Advanced 

Reactors: white papers and reports on ANR’s.  

Nuclear Data Assessment for Advanced Reactors, NUREG/CR-7289 ORNL/TM-

2021/2002 (Phase 4) March 2022, Office of Nuclear Reactor Regulation, U.S.NRC,  

F.Bostelmann G.Ilas C.Celik A.M. Holcomb W. A. Wieselquist Oak Ridge National 

Laboratory Oak Ridge, TN 37831-6283 Timothy Drzewiecki, NRC Project Manager 

 Relevant Advanced Reactor Benchmarks for Nuclear Data Assessment (Phase 3), 

ML21125A256    ORNL/SPR-2020/1665   Sept. 2020,  Friederike Bostelmann, Erik D. 

Walker, Steve E. Skutnik, Germina Ilas, William A. Wieselquist 
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KEY NUCLEAR DATA IMPACTING REACTIVITY IN ADVANCED REACTORS, 

ORNL/TM-2020/1557 (Phases 1 & 2?),    Friederike Bostelmann, Germina Ilas, William 

A. Wieselquist June 2020  

[• Phase 1: Identify key nuclear data impacting reactivity in non-LWRs, • Phase 2: Assess 

key nuclear data impacting reactivity in non-LWRs, • Phase 3: Assess relevant 

benchmarks applicable to the nuclear data identified in Phases 1 and 2, and • Phase 4: 

Assess the impact of nuclear data uncertainty through propagation to key figures of merit 

associated with reactor safety.] 

Highly technical, this series of four studies illustrates the complexity of just one aspect of 

developing the technologies for the ANR effort.  Not bedtime reading. 

https://www.nrc.gov/reactors/new-reactors/advanced/nuclear-power-reactor-source-term.html  

Nuclear Power Reactor Source Term – outlines the procedures for determining the source terms 

for LWR and non-LWR analyses. 

International Panel On Climate Change IPCC) 

 
Rogelji et al, 2018: Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable 

Development. In: Global Warming of 1.5°C, IPCC Special Report, Cambridge University Press, 

Cambridge, UK and New York, NY, USA, pp. 93-174. 

https://doi.org/10.1017/9781009157940.004 . Buried in the thousands of pages of the latest IPCC 

report.  There is a lot of info here but it’s hard to locate particular data if you’re just looking for a 

cite. 

 

 Climate Change 2022: Mitigation of Climate Change 

Working Group III Contribution to the Sixth Assessment Report of the Intergovernmental Panel 

on Climate Change, pp 438 – 439, and 639 – 641.  https://www.ipcc.ch/report/ar6/wg2/ .  See 

comment above! 

Press and Miscellaneous 

Kim, S.H. 2022,  Scenarios of Nuclear Energy Use in the United States for the 21st Century,  

Nuclear Technology Research and Development, PNNL Technical Report: PNNL-33234, August 

31, 2022, Pacific Northwest National Laboratory, Richland WA. 

https://www.pnnl.gov/publications/scenarios-nuclear-energy-use-united-states-21st-century , 

Accessed 7-11-23. 

The Economics of Small Modular Reactors, March 2021.  http://smrstart.org/wp-

content/uploads/2021/03/SMR-Start-Economic-Analysis-2021-APPROVED-2021-03-22.pdf 

Accessed July 24, 2023. 

The Allure of TRISO Nuclear Fuel Explained, Sonal Patel, Power Magazine, March 1, 2021.  

https://www.powermag.com/the-allure-of-triso-nuclear-fuel-

explained/?oly_enc_id=6322G0683790C4Z Accessed Sept 11, 2023.  Well done review of the 

virtues of TRISO.  Sonal Patel id an expert journalist and well connected in the industry. 
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BLOOM 6-23:  Mini Reactor Cost Surge Threatens Nuclear’s Next Big Thing, Jonathon Tirone, 

Bloomberg News, 6-20-2023,  https://www.bloomberg.com/news/articles/2023-06-30/mini-

reactor-cost-surge-threatens-nuclear-s-next-big-thing#xj4y7vzkg,   Accessed 7-11-23.  Available 

by subscription.  Cited in Build Nuclear Now Newsletter, June 22, 2023, 

https://www.buildnuclearnow.org/newsletter .  Ongoing controversy over the cost estimates to 

develop new commercial reactor concepts. 

BNN 6-23:  The Long Road to HALEU, Chapter 2, Build Nuclear Now Newsletter, June 2023, 

HALEU for Advanced Reactors 6-23-23.  https://mailchi.mp/buildnuclearnow/nuclear-notes-

2023-1-15522616 Accessed July 24, 2023. 

CEN 6-23:  Centrus Completes Operational Readiness Review for HALEU Production and 

Receives NRC Authorization to Introduce Uranium Into Centrifuge Cascade, press release, 

Centrus Energy Corp, 6-15-2023. https://www.centrusenergy.com/news/centrus-completes-

operational-readiness-review-for-haleu-production-and-receives-nrc-authorization-to-introduce-

uranium-into-centrifuge-

cascade/?utm_source=Breakthrough+Newsletters&utm_campaign=9c93bd05ca-

EMAIL_CAMPAIGN_2022_12_21_07_35_COPY_01&utm_medium=email&utm_term=0_-

8bfad4ac7f-%5BLIST_EMAIL_ID%5D , Accessed 7-11-23.  Cited in Build Nuclear Now 

Newsletter, June 22, 2023, https://www.buildnuclearnow.org/newsletter .  Accessed 7-11-2023. 

Article describing recent progress in the new facility for producing HALEU by downblending 

stocks of surplus military HEU. 

CHEN 6-23:  Stephen Chen, China Gives Green Light to Nuclear Reactor that Burns Thorium – 

A Fuel that Could Power the Country for 20,000 Years, South China Morning Post Jun 15, 2023.  

https://www.scmp.com/news/china/science/article/3224183/china-gives-green-light-nuclear-

reactor-burns-thorium-fuel-could-power-country-20000-

years?utm_source=Breakthrough%20Newsletters&utm_campaign=9c93bd05ca-

EMAIL_CAMPAIGN_2022_12_21_07_35_COPY_01&utm_medium=email&utm_term=0_-

8bfad4ac7f-%5BLIST_EMAIL_ID%5D .  Cited in Build Nuclear Now Newsletter, June 22, 

2023, https://www.buildnuclearnow.org/newsletter .  Accessed 7-11-2023.  Thorium is popular in 

some circles as a cheaper and more abundant way to produce fissile material, and China is on the 

march. 

A Brief History of Nuclear Accidents Worldwide   Union of Concerned Scientists, Oct. 1, 2013. 

https://www.ucsusa.org/resources/brief-history-nuclear-accidents-worldwide Accessed July 26, 

2023 

List of Nuclear Power Accidents by Country, Wikipedia 

https://en.wikipedia.org/wiki/List_of_nuclear_power_accidents_by_country , Accessed July 26, 

2023 

Detailed list of nuclear reactor and radiation incidents reported by national nuclear regulatory 

agencies to the IAEA since 1990, kept by the anti-nuclear organization Laka Documentation and 

Research Centre on Nuclear Energy, at https://www.laka.org/docu/ines/  .  Accessed July 27, 

2023. 
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JAFFE 2018:  The Physics of Energy, Jaffe, R. L., and Taylor, W., Cambridge University Press 

2018, Chapters 10 – 13 for energy extraction thermodynamics and 16 – 19 for nuclear reactor 

physics. 

EPRI, NEI Release Roadmap for Advanced Reactor Deployment, Press Release.  Link to 

Roadmap is embedded in the press release. https://www.epri.com/about/media-resources/press-
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