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1. Introduction 
This is my third part in this series: The original “Nukes” was posted in October of 2018. 
In that paper we reviewed the various generations of reactors, and reviewed the 
economics of the large reactors currently being constructed (Generation III) versus the 
economics for other generation technologies. The conclusion was that the Gen. III 
nuclear power plants probably would not be viable in the future. This paper is linked 
below. 

https://www.energycentral.com/c/cp/nukes 

Nukes – Part 2 (Little Nukes) was posted in January, 2019. This specifically focused on 
small modular reactors (SMRs), and on the most promising for these designs for U.S. 
which is being produced by NuScale. In an extensive review of this design, we 
concluded that this design probably does have a future at least in locations where other 
greenhouse gas free or negative emissions technologies are not viable. This paper is 
linked below. 

https://www.energycentral.com/c/cp/nukes-part-2-little-nukes 

Recently in a periodic review of SMR technology, I discovered that at least one new 
player has decided to join the party, and the player is a new embodiment of one of my 
old employers: GE Hitachi (I worked for GE Nuclear in the late ‘70s). This post will 
review the GE Hitachi BWRX-300 SMR and any additional candidates that I discover 
while writing this paper. In the last section we will review the progress that NuScale has 
made toward deploying their SMR. 

2. GE Hitachi SMR 
The most advanced version of GE’s Boiling Water Reactor that has actually been 
deployed, the ABWR (Advanced BWR), is a Gen III reactor, and four units have been 
deployed in Japan. In 2006 GE’s nuclear business and Hitachi’s nuclear business were 
merged to create GE Hitachi.  

2.1. Step 1: Economic Simplified Boiling Water Reactor 
In a move to improve safety and simplify the ABWR design, GE Hitachi designed the 
Economic Simplified Boiling Water Reactor (ESBWR), a 1520 MWe Generation III+ 
boiling water reactor. Improvements and simplifications of this design included: 

 Two passive (gravity driven) cooling systems that assure the reactor core does 
not overheat under any reasonable condition.  

o One of these systems automatically cools the fuel using thermo-siphon 
circulation if the reactor vessel is intact.  

o The other system provides cooling water to the fuel elements via gravity-
flow and condenses steam in the containment building if the reactor 
vessel is beached. 

https://www.energycentral.com/c/cp/nukes
https://www.energycentral.com/c/cp/nukes-part-2-little-nukes
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 The ESBWR design's core damage frequency at power of 1.7 x 10-8/year is the 
absolute lowest of any advanced reactor design available in the industry today. 

The ESBWR design has been approved by the NRC. Several utilities started the process 
of preparing for construction, and all of these potential reactors have been put on hold. A 
diagram of the ESBWR is below. 

 

2.2. Step 2: BWRX-300 
The BWRX-300 is essentially a downsizing and simplification of the ESBWR. This can 
be readily seen in the diagram of the BWRX-300 below. 1 

Per the above reference: “Compared to the ESBWR, the BWRX-300 prides itself on 
achieving about a 90 percent volume deduction in plant layout. Notably, the innovative 
SMR is designed to reduce building volume by about 50 percent per MW, which should 
account for 50 percent less concrete per MW. The 1,520 MWe ESBWR has 
approximately 160,000 m3 of safety related concrete while the BWRX-300 has only 
15,500 m3.” 

The BWRX-300 leans heavily on the ESBWR and I’m sure GE Hitachi hopes that the 
prior licensing of this larger reactor will carry forward and accelerate the licensing 
process for the smaller reactor. Specifically, the referenced site indicates: “Deployable 
as early as 2028 thanks to proven know-how and construction techniques”. 

Several utility partners are investigating the deployment of the BWRX-300, and 
Dominion Energy has invested in the development of this reactor. 2 

                                                 
1 GE Hitachi, “Introducing the BWRX-300”, https://nuclear.gepower.com/build-a-plant/products/nuclear-

power-plants-overview/bwrx-300  
2 GE Hitachi, https://www.genewsroom.com/press-releases/ge-hitachi-announces-dominion-energy-

investor-bwrx-300-small-modular-reactor  

https://nuclear.gepower.com/build-a-plant/products/nuclear-power-plants-overview/bwrx-300
https://nuclear.gepower.com/build-a-plant/products/nuclear-power-plants-overview/bwrx-300
https://www.genewsroom.com/press-releases/ge-hitachi-announces-dominion-energy-investor-bwrx-300-small-modular-reactor
https://www.genewsroom.com/press-releases/ge-hitachi-announces-dominion-energy-investor-bwrx-300-small-modular-reactor
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3. Other Potential Applicants 
NuScale is well along in the NRC’s design certification process as described in the final 
section of this post. As described above, GE Hitachi is hoping for an accelerated 
certification since the BWRX-300 is derived from an already certified design.  

Other SMR designs have not even started the certification process. These designs are 
briefly described in the following subsections. 

3.1. Holtec SMR-160 
Holtec’s SMT Site is linked below. 

https://smrllc.com/  

The main feature of this design is that Holtec believes that it is an “… unconditionally 
safe reactor, which means it will not release radioactivity regardless of the severity of the 
natural or manmade disaster. Every conceivable catastrophic event – severe cyclones 
(hurricanes or typhoons), tsunamis, flood, fire and crashing aircraft – has been 
considered, with appropriate features incorporated in the design of SMR-160 to ensure 
that it will withstand these events without releasing radioactivity or pose any risk to public 
health and safety.” 

Also “Replacing motors and pumps (that make a nuclear plant a menagerie of piping 
loops and networks) with gravity driven fluid flow systems not only hardens the plant 
against disasters like those that befell Fukushima, Chernobyl and TMI, but leads to huge 
reductions in the plant’s overnight, operating and maintenance costs.” 

Other Features: 

 Core located deep underground 

https://smrllc.com/
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 A Passive Containment Cooling System integrates decay heat removal from the 
spent fuel pool and reactor core under off-normal conditions, including station 
blackout 

 The plant can be started without off-site power (i.e., it is “Black start” capable) 

 A large inventory of water available to the reactor core makes the scenario of an 
uncovered reactor core non-credible. 

 Easy access to critical components for in-service inspection and testing in 
compliance with codes. 

 No penetrations in the lower region of the Reactor Vessel; hence no pathway for 
inadvertent or accidental drainage of reactor water. 

 Absence of boric acid in the plant helps increase the plant’s service life 
(longevity) which is estimated to be well over 100 years. 

 On-site underground storage of used fuel in welded multi-purpose canisters. 

The last feature is particularly interesting: fuel rods are kept in a “Unitary Cartridge” 
(image below) before and during refueling, when the reactor is operating, in spent fuel 
storage and in dry casks. This feature is patented. 

 

This design seems to be well thought out, and has several unique features, but since 
NuScale and GE Hitachi are leading in the race to a completed plant, Holtec has a tough 
road. One other positive factor is that they seem to have several strong partners, 
including GE Hitachi (yes indeed – developing fuel and control rod drive). Other partners 
include the Department of Energy ($1.6 million grant to help with Validation of Passive 
Safety System Performance), and Mitsubishi Electric Power Products Inc. (developing 
the instrumentation and control systems for the SMR-160). 
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3.2. Very Long Shot 
There is a North American Company that goes by three names: Advanced Reactor 
Concepts, LLC (ARC), ARC Nuclear LLC, and ARC Nuclear Canada, Inc. The first two 
are in Maryland, and the last is in, New Brunswick, Canada. Almost all of their activity 
has been in Canada. That’s not the problem. The problem is the technology they are 
trying to develop: A liquid metal fast reactor (LMFR). The “metal” is sodium. In case you 
don’t know much about liquid sodium, when most materials (except specific grades of 
austenitic stainless steel) are exposed to liquid sodium, they either corrode, burn or 
explode. 

As I’ve mentioned previously, I spent the first five years after college graduation in the 
nuclear industry, and more than three years of that was working on the Clinch River 
Breeder Reactor Plant, a quixotic attempt by the US DOE to build the first US near-
commercial scale liquid metal fast breeder reactor (“metal” again is sodium). This was 
never built, and barely started, in spite of a huge amount of money being spent: The 
initial estimate of the project cost was $400 million in 1971. By 1981 $1 billion of public 
money had been spent on the project, and the estimated cost to completion had grown 
to $3.0-$3.2 billion, with another billion dollars needed for an associated spent nuclear 
fuel reprocessing facility. Before it was finally canceled in 1983, the General Accounting 
Office of the Congress estimated the total project cost at $8 billion. There was huge 
mismanagement, but the technology was very challenging, and the project was doomed 
in spite of many leading U.S. reactor manufacturers (GE, Westinghouse, etc.) being 
heavily involved. 

The chances of a tiny company being able to build an LMFR is vanishingly small. 

4. The Nuclear Environment 
In searching for the SMR manufacturers for the prior section, I came across a company 
that was no longer in this race, but still very much in the nuclear business: BWX 
Technologies. BWX traces its roots back to Babcock & Wilcox, a major manufacturer of 
Gen II reactors. “In 2015, The Babcock & Wilcox Company spun off its power generation 
business to allow BWXT to focus on government and nuclear operations.”3 In 2009 BWX 
Technologies begin design work on a 180 MW SMR. In 2017, they terminated this 
project.  

BWX is currently involved the following thriving nuclear businesses: 

 Naval Nuclear Propulsion: for the U.S. Government: “Today, our reactors 
power the Navy’s Ohio, Virginia, Seawolf and Los Angeles-class submarines, as 
well as the Nimitz and Ford-class aircraft carriers.” 

 Commercial Nuclear Components: “BWXT operates commercial nuclear 
manufacturing facilities in Mount Vernon, Indiana, and Cambridge, Ontario. The 
Cambridge facility is N-Stamp certified by the American Society of Mechanical 
Engineers… one of only a few domestic manufacturers of large, heavy-pressure 
vessels” 

 Commercial Nuclear Fuel: “BWXT has supplied nuclear fuel bundles to the 
growing family of CANDU® stations since the early 1950s. BWXT Nuclear Energy 

                                                 
3 BWX Technologies, Inc., History, https://www.bwxt.com/about/history  

https://www.bwxt.com/about/history
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Canada continues to actively participate in the design and development of 
CANDU® fuel and has supplied over half a million fuel bundles for reactors.” 

 Strategic Nuclear Materials, read: High Enriched Uranium (HEU): “BWXT 
possesses decades of experience down-blending HEU for both government and 
commercial use… BWXT owns and operates the only two NRC Category 1 
licensed commercial nuclear facilities authorized to handle and process HEU.” 

 Nuclear Services: “BWX Technologies, Inc. (BWXT) has a proven track record 
of providing maintenance, field service, inspection and plant refurbishment, 
assisting our customers in meeting their challenging business needs.” 

 Environmental Management: “We apply the knowledge and expertise gained 
over more than 30 years of providing decontamination and decommissioning 
services to the U.S. government to treat, store and dispose of high-consequence 
waste and perform facility closures.” 

 Medical Isotopes: “The need for medical isotopes used in modern diagnostic 
imaging is ever increasing… BWX Technologies, Inc. (BWXT) seeks to meet the 
demand for critical diagnostic imaging radionuclides, combining our innovative 
resources with strategic relationships.” 

 Nuclear Thermal Propulsion: “BWX Technologies is working with NASA in 
support of the agency’s Nuclear Thermal Propulsion Project. BWXT is 
responsible for initiating conceptual designs of an NTP reactor in hopes of 
powering a future manned mission to Mars.” 

And other businesses.4 

The key point is that there are probably many firms that are involved in developing and 
manufacturing nuclear technology. Even though they may not manufacture commercial 
power reactors, the businesses that form a foundation for the nuclear industry are 
thriving. 

5. The Latest from NuScale 
NuScale is still clearly the leader in the race to build the first economically viable SMR in 
the U.S. This firm has completed phase 4 of the U.S. Nuclear Regulatory Commission’s 
(NRC) design certification application (DCA).5 There are only two phases remaining for 
this review: 

“Phase 5 entails a review by the NRC’s Advisory Committee on Reactor Safeguards 
(ACRS). The ACRS is an independent advisor to the NRC that reviews and reports on 
safety studies and reactor facility license and license renewal applications. 

“ ‘We appreciate the NRC’s efforts to streamline Phase 5, and we expect that Phase 5 
will be completed on or ahead of the original schedule in June 2020,’ said NuScale Vice 
President of Regulatory Affairs Tom Bergman. ‘Phase 6 is preparation of the Final SER 

                                                 
44 BWX Technologies, What We Do, https://www.bwxt.com/what-we-do  
5 NuScale Press Release, “NuScale’s SMR Design Clears Phase 4 of Nuclear Regulatory Commission’s 

Review Process”, Dec 12, 2019, https://newsroom.nuscalepower.com/press-releases/news-

details/2019/NuScales-SMR-Design-Clears-Phase-4-of-Nuclear-Regulatory-Commissions-Review-

Process/default.aspx  

https://www.bwxt.com/what-we-do
https://newsroom.nuscalepower.com/press-releases/news-details/2019/NuScales-SMR-Design-Clears-Phase-4-of-Nuclear-Regulatory-Commissions-Review-Process/default.aspx
https://newsroom.nuscalepower.com/press-releases/news-details/2019/NuScales-SMR-Design-Clears-Phase-4-of-Nuclear-Regulatory-Commissions-Review-Process/default.aspx
https://newsroom.nuscalepower.com/press-releases/news-details/2019/NuScales-SMR-Design-Clears-Phase-4-of-Nuclear-Regulatory-Commissions-Review-Process/default.aspx
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(safety evaluation report), which will incorporate confirmatory items from the Phase 4 
advanced SER, and comments raised by ACRS in Phase 5.’ ” 

In other mews, NuScale has started the certification process in Canada. Also, NuScale 
“…signed a memorandum of understanding (MOU) with Ukraine’s State Scientific and 
Technical Center for Nuclear and Radiation Safety (SSTC NRS). NuScale hosted an 
MOU signing ceremony attended by Mr. Ihor Shevchenko, Director SSTC NRS, Hryhorii 
Plachkov, Chairman of the State Nuclear Regulatory Inspectorate (SNRIU), and 
members of the Ukrainian Delegation. 6 

The MOU states that the SSTC NRS and NuScale will collaborate on the regulatory and 
design gaps between the U.S. and Ukraine processes for the licensing, construction, 
and operation of a NuScale small modular reactor (SMR) power plant in Ukraine.” 

NuScale has recently stated that they still intend to complete their first reactor in “…the 
mid-2020s.” For other details on NuScale’s U.S. customers and design see “Nukes, Part 
2”, linked in the Introduction. 

                                                 
6 NuScale Press Release, “NuScale and Ukraine’s State Scientific and Technical Center for Nuclear and 

Radiation Safety Sign Memorandum of Understanding”, Feb 14, 2020, 

https://newsroom.nuscalepower.com/press-releases/news-details/2020/NuScale-and-Ukraines-State-

Scientific-and-Technical-Center-for-Nuclear-and-Radiation-Safety-Sign-Memorandum-of-

Understanding/default.aspx  

https://newsroom.nuscalepower.com/press-releases/news-details/2020/NuScale-and-Ukraines-State-Scientific-and-Technical-Center-for-Nuclear-and-Radiation-Safety-Sign-Memorandum-of-Understanding/default.aspx
https://newsroom.nuscalepower.com/press-releases/news-details/2020/NuScale-and-Ukraines-State-Scientific-and-Technical-Center-for-Nuclear-and-Radiation-Safety-Sign-Memorandum-of-Understanding/default.aspx
https://newsroom.nuscalepower.com/press-releases/news-details/2020/NuScale-and-Ukraines-State-Scientific-and-Technical-Center-for-Nuclear-and-Radiation-Safety-Sign-Memorandum-of-Understanding/default.aspx

