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by Mr. Lukas Trakimavičius 

INTRODUCTION

T he splitting of the atom is without a doubt 
one of humanity’s greatest technological 
achievements. Regardless if one is a fan 
or foe of nuclear fission, the fact that sci-

entists have found a way for this tiny speck of 
matter to generate large amounts of heat and 
power is nothing short of spectacular. Even more 
remarkably, in just seventy years nuclear power 
became a major source of energy for many coun-
tries across the globe. Nowadays, it accounts for 
some 10 percent of the world’s electricity sup-
ply, it is a key source of power for countries such 
France or Ukraine, and some of the militaries also 
use it to propel their ships, submarines and air-
craft carriers. 

Given the versatility of this source of energy, it 
is hardly surprising that some countries have de-
cided to take it further and came up with even 
more innovative ways of harnessing the atom. 
The most notable example of this is Russia, 
whose President Vladimir Putin announced back 
in 2018 the development of a flurry of so-called 
“doomsday weapons”.1 Some of them will use 

nuclear energy as their primary source of propul-
sion. These include: an autonomous, submarine-
launched, nuclear-powered and nuclear-capable 
underwater vehicle, called Poseidon, and a nucle-
ar-powered, nuclear-armed cruise missile, called 
the Burevestnik. I

In the West, this announcement was met 
with mixed reactions. There were those who 
claimed that these weapons – provided they 
would ever leave the testing grounds and be-
come deployment-ready – could have a signifi-
cant impact on the global security landscape 
and somewhat tilt the balance of power in Rus-
sia’s favor.2 Others claimed the opposite and 
argued that these weapons are unlikely to bring 
anything particularly useful to the table.3 Then 
there were also those who stressed that these 
technologies were neither as new nor as inno-
vative as they may have initially appeared. This 
was done by highlighting the fact that both the 
United States and the Soviet Union had toyed 
around with similar ideas at the height of the 
Cold War.4 
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I  While these weapons were introduced to the public at large during the address to the Federal Assembly in March 2018, they were anything but new. First public 
evidence about the development of the Poseidon surfaced back in 2015 and first glimpses of the development of the Burevestnik missile appeared in 2016.
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Regardless of what one thinks about these 
“doomsday weapons”, it is eminently clear that, 
if anything, Moscow has succeeded in drawing 
everyone’s attention. Therefore, it is only rea-
sonable to assume that as Russia continues to 
develop these weapon systems, some security 
analysts or media pundits will eventually start 
raising questions if Western powers should follow 
in Moscow’s footsteps? In other words, should 
the West – in a bid to fill some perceived military 
technology gap (a theme all too common in his-
tory) – revisit long-abandoned, Cold War-esque 
plans for nuclear propulsion? Or, as small and 
micro modular reactor technology makes nuclear 
energy more accessible, the atom could finally be 
used to power land vehicles, small surface ships 
or even airplanes?II And, if so, would there be any 
operational advantages for Western militaries to 
gain from these developments? Questions about 
the future of nuclear propulsion might also be 
asked in light of the growing pressure for the 
military to tackle climate change and decrease 
its acute reliance on fossil fuels.

This is where this article comes into play. It will 
review existing nuclear propulsion systems and 
examine if the development of nuclear-powered 
vehicles and weapon delivery systems would ben-
efit Western militaries. However, instead of fo-
cusing on the potential impact of this technology 
on strategic stability and nuclear deterrence, this 
article will shift its attention to the more techni-
cal, political and operational issues related to the 
development of nuclear propulsion systems. 

This article will be broadly divided into three 
parts. First, it will provide a brief history of the 
use of nuclear propulsion in the military. Sec-
ond, it will review the existing nuclear propulsion 
technologies and plans for future development.III  
Third and finally, it will review the potential pros 

and cons of developing new nuclear propulsion-
based military vehicles and weapon delivery sys-
tems in the air, land and sea domains.IV 

HISTORY OF NUCLEAR PROPULSION IN 
THE MILITARY

Earliest records suggest that serious thinking 
about nuclear propulsion began even before the 
end of World War 2. Once the secrets of the atom 
were cracked and controlled fission was achieved, 
both the United States and the Soviet Union 
quickly realized the untapped military potential 
of this source of energy. The atom promised a 
seemingly endless supply of power and, at the 
time, it seemed that the prospects of long-range 
flight could prove to be a decisive factor in the 
Cold War rivalry that was slowly taking shape.

In the US, research on nuclear propulsion began 
in 1946 when the Air Force initiated the Nuclear 
Energy for the Propulsion of Aircraft project, later 
known as the Aircraft Nuclear Propulsion (ANP) 
program. In one of the research projects, the sci-
entists decided to place a small nuclear reactor 
within a converted Convair B-36 “Peacemaker” 
bomber and see if the airplane could fly with a 
functioning nuclear engine on board (though it 
did not actually power the aircraft). In total, the 
Convair NB-36H (the name of the experimental 
aircraft) completed some 47 test flights (with the 
reactor being switched on during most of them) 
between 1955 and 1957, and it was proven that 
it is technically possible to mount an operational 
nuclear reactor on a flying aircraft. However, the 
ANP program was eventually scrapped in 1961 
as the development of nuclear-powered aircraft 
proved to be far more difficult than initially ex-
pected.5 The program was also plagued by a num-
ber of problems, including difficulties of shielding 
the aircraft crew from deadly doses of nuclear 

II  For a discussion about small modular nuclear reactors and their potential use in the military see: Lukas Trakimavičius, “The future role of small modular 
nuclear reactors (SMRs) in the military“, Energy Highlights, 2 December 2020, https://www.enseccoe.org/data/public/uploads/2020/11/02.-solo-article-
lukas-smr-eh-15-web-version-final.pdf 
III  This article will only focus on more or less mature technology. It will omit the discussion of such futuristic technologies as nuclear fusion, because, as the 
joke goes, nuclear fusion is 30 years away...and always will be. On a more serious note, even if nuclear fusion would somehow manage to achieve significant 
technological breakthroughs over the next decades, it is rather unlikely that nuclear fusion reactors could somehow be used by the military anytime soon.
IV  While space is becoming increasingly viewed as an operational domain by militaries and international organizations alike, it is still unclear when, and if at 
all, it will become as militarily important as the three traditional military domains. Therefore, for practical purposes, this article will not include any broader 
discussions about the militarization of space. 
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radiation, high development costs, and public 
concerns about the dangers of a nuclear reactor 
flying overhead.6  

In 1957, the Air Force also initiated a program 
called Project Pluto, which sought to develop 
nuclear-powered engines for use in cruise mis-
siles. The project was somewhat more successful 
than the ANP program, but in 1964 it was also 
cancelled.7 By that time, the emergence of inter-

continental ballistic missiles (ICBMs) such as the 
Atlas, Minuteman and Titan, and the introduction 
of heavy payload bombers like the B-52 “Stratofor-
tress” reduced the need for nuclear-powered cruise 
missiles. Moreover, there were serious concerns 
that the unshielded reactor core of these cruise 
missiles would emit copious amounts of radio-
active exhaust along its flight path, endangering 
everyone between the launch site and the target.8

Meanwhile, in parallel to the Air force, in 1948, 
the US Navy also began research on nuclear-
propelled vessels, from submarines to aircraft 
carriers. Its research program proved to be vastly 
more successful than that of the Air Force and, in 
1954, it built the USS Nautilus, the world’s first 
nuclear-powered submarine. In 1959, the Navy 
launched USS Long Beach, the world’s first nucle-
ar-powered missile cruiser, and, one year later, it 
launched the USS Enterprise — the world’s first 
nuclear-powered aircraft carrier. 

Given the enormous potential of this technol-

Figure 1. Engines used for Project Pluto (Tory II-A, Tory II-C), left to right. (Credit: Wikipedia Commons)

ogy, it is not surprising that right from the start 
of the Cold War, the Soviet Union was also busy 
developing an extensive naval nuclear propulsion 
programme. In a bid not to fall behind in the arms 
and technology race against the US, the Soviets 
initiated work on a nuclear-powered submarine 
in 1952.9 Despite a series of setbacks, including 
radiation leaks and engine problems, the first So-
viet submarine, the K-3 Leninsky Komsomol, en-
tered service in 1958.10 Much later, in 1977, the 

Soviet Navy launched its first nuclear-powered 
missile cruiser, named Kirov. Finally, in 1988, the 
Soviets started working on the Ulyanovsk — the 
country’s first nuclear-powered aircraft carrier. 
However, after the collapse of the Soviet Union 
the project was cancelled in 1991.

Back in 1955, the Soviet government also started 
work on a nuclear-powered aircraft. Following 
years of research, the designers inserted a small 
nuclear reactor within the bomb bay of a retrofit-
ted Tupolev Tu-95 bomber, which began its test 
flights in 1961 (see Figure 2.). In total, the Tupolev 
Tu-95LAL (Letayushchaya Atomnaya Laboratoriya 
or “flying nuclear laboratory” in English) made 
some 40 missions with the reactor switched on 
only on a few of the flights.11 As it was the case 
with the US-built Convair NB-36H, the reactor 
did not actually power the aircraft and the main 
goal of these flights was to test radiation shield-
ing. However, the project was scrapped in 1969 
as the idea of nuclear-powered aircraft proved to 
be far too impractical. It was challenging to shield 
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the crew from nuclear radiation, the emergence 
of ICBMs made the high costs of nuclear-pow-
ered aircraft unwarranted and there also were 
concerns that the crash of such a plane would 
lead to catastrophic consequences.12 

At around the similar time, the Soviets were also 
considering the development of cutting-edge nu-
clear engines for airplanes. For this reason they 
designed a prototype of the M-60 long-range 
bomber, which, it was planned, would rely on 
four turbojet nuclear engines.13 The bomber was 
supposed to take off and land using conventional 
engines, but, once in the air, it would turn on the 
nuclear reactors. In theory, these nuclear turbo-
jet engines should have provided the M-60 with 
an estimated range of at least 25,000 kilome-
tres and maximum speed of 3,200 kilometres 
per hour. However, the M-60 did not make it out 
of the planning stage and, because of reasons 
similar to those of the ill-fated Tupolev Tu-95LAL 
(and the US-built Convair NB-36H), the program 
was shelved in 1959.14 

Overall, during the Cold War the militaries of the 
US and the Soviet Union had by far the most ad-
vanced and extensive nuclear propulsion research 

programs. Due to a number of reasons, including 
cost and utility, other countries had fairly little 
interest in nuclear propulsion beyond the realms 
of naval engineering.V

THE SCIENCE BEHIND NUCLEAR 
PROPULSION

In most cases, at least in the naval domain, 
the concept of nuclear propulsion is relatively 
straightforward. Nuclear reactors are basically 
heat engines, which drive the propulsion plant 
of a ship or submarine. The heat comes from 
the fissioning of nuclear fuel (mostly uranium) 
contained within the reactor. Since the fission-
ing process also produces radiation, shields are 
placed around the reactor so that the crew is pro-
tected. In fact, it is estimated that on some ships 
well over 100 tons of lead shielding is used for 
the reactors.15

To date, virtually all militaries have relied on pres-
surized water reactors (PWRs) to power their ves-
sels. PWRs are the most common type of nuclear 
reactors and around two-thirds of all reactors in 
the world are of this type. These reactors make 
use of light water (basically, ordinary tap water) 

Figure 2. Tupolev Tu-95LAL blueprint. (Credit: Tu-95.net; translation from Russian to English: Lukas 
Trakimavičius)

V  The first British nuclear submarine, the HMS Dreadnought, was commissioned in 1963, and the first French nuclear submarine, Le Redoutable, was com-
missioned in 1971. The first Chinese nuclear submarine, the Changzheng 1, went into service in 1974.
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as their coolant and neutron moderator, as op-
posed to other reactors that use heavy water (a 
type of water that contains high amounts of the 
hydrogen isotope deuterium), or gasses (such as 
helium) or liquid metals (sodium, lead, etc.). A 
notable exception to this rule is the Soviet Union, 
which during the Cold War operated a number of 
lead-bismuth cooled nuclear reactors on its sub-
marines. The US military also entertained idea of 
using sodium-cooled nuclear reactors (it tempo-
rarily had one on board the 1955-built USS Sea-
wolf), but eventually it dropped this design (due 
to technical and budgetary reasons) in favour of 
using PWRs on all of its ships.16 

In general, PWR-based naval propulsion systems 
use two basic circuits – a primary and a second-
ary one (see Figure 3.). In the primary circuit, the 
coolant (in this case water) is pumped under high 
pressure to the reactor core, where it is heated 
by the energy released from the fission of atoms. 
The heated, high pressure water then flows to a 
steam generator, where it transfers its thermal 
energy to lower pressure water of a secondary 
circuit. Subsequently, in the secondary circuit, 
the steam flows from the steam generators to 
drive the turbine generators, which supply the 
ship with electricity, and to the main propulsion 
turbines, which drive the propeller.17

Though PWRs can reliably power surface ships 
and submarines, due to a number of technical 
difficulties (mostly related to weight), this tech-
nology is wholly unsuitable for flight. As a result, 
most experimental nuclear reactors that were 
designed to power either aircraft or missiles used 
other types of reactors. For example, the ANP 
program that was developed by the US Air Force 
used a molten-salt reactor on board the Convair 
NB-36H, which employed molten fluoride salts 
as the primary coolant. This type of reactor was 
smaller and lighter than a PWR, but, for all in-
tents and purposes, it was still too unwieldy to 
be used for flight. 

Meanwhile, an honourable mention should be 
made of the scientists behind the US Air Force’s 
Project Pluto who decided to opt for an even 
more radical engine design for its nuclear-pow-
ered cruise missile. They created the world’s first 
nuclear ramjet — an air-breathing jet engine that 
operated with no major moving parts (regular jet 
engines rely on either axial or centrifugal com-
pressors). This engine had a fairly simple design: 
the missile pushed air in through the front of the 
missile, an unshielded nuclear reactor heated 
the air and then the hot air was expanded at a 
high speed through a nozzle at the back, provid-
ing thrust. If deployed, it is believed, the Project 

Figure 3. Pressurized-water naval nuclear propulsion system. (Credit: World-nuclear.org)
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Pluto missile would have flown at three times the 
speed of sound, while the red-hot reactor would 
produce a deafening roar of 150 decibels and in-
cinerate everything in its path.18 

ALTERNATIVE NUCLEAR SOURCES OF 
ENERGY

Though unrelated to military vehicles, weapon 
delivery systems or nuclear propulsion per se, 
there are other ways how radioactive materials 
have been used to power various equipment. For 
example, satellites and spacecraft such as the 
Voyager and the Cassini probes, or the most re-
cent Perseverance rover, just to name a few, use 
radioisotope thermoelectric generators (RTGs) to 
power their systems.VI Thought technically they 
could not be classified as nuclear reactors be-
cause there is no fission involved, they still draw 
energy from either the same or similar materials 
as nuclear reactors. Highly radioactive materials, 
such as plutonium, give off heat as they decay, 
which in turn can be converted into electricity.

At first glance, RTGs may seem as ideal sources 
of power for the military, but at closer inspec-
tion, nothing could be further from the truth. 
One of the advantages of RTGs is that they are 
simple, compact and relatively robust. They have 
no moving parts and there is not much that can 
break down. However, the main problem with 
RTGs is that thermoelectric modules have a very 
low conversion efficiency, and, therefore, they 

cannot generate much power compared to other 
sources of energy. Therefore, most RTGs are only 
suitable to power equipment that requires a few 
hundred watts or even less. For instance, the Cas-
sini space probe used three RTGs that each pro-
duced some 292 watts of electricity at the begin-
ning of its mission.19  

On top of that, there is also the issue of cost. Plu-
tonium (Pu-238 in particular) is one of the most 
expensive substances known by weight, with 
some sources giving a price estimate of around 
€4,000 per gram.20 Hence, hypothetically speak-
ing, the sheer amount of plutonium that would 
be needed to power a small land vehicle would 
inevitably result in a price tag that would run into 
the tens of millions, if not much more.

There are also alternatives that sit between low-
power RTGs and full-blown nuclear fission reac-
tors, which are called Stirling radioisotope gen-
erators, or SRGs in short. They tend to produce 
power more efficiently than RTGs and require 
significantly less radioactive fuel, but come with 
a downside of having some moving parts that 
may break down over time.21 Still, considering 
their relatively low energy output (if compared 
to combustion engines), potential fuel costs and 
safety and security matters, it is very unlikely 
that SRGs could see any meaningful use on mili-
tary vehicles or weapon delivery systems. As a 
result, it is fair to conclude that if the military 
would decide to significantly expand the use of 

Figure 4. Red hot pellet of Pu-238; blueprint of a basic RTG, left to right. (Credit: Wikipedia Commons)

VI  Countries like the US and the Soviet Union also used RTGs to power various remotely-located equipment on the Arctic coast, including lighthouses, 
navigation beacons, etc.
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nuclear propulsion anytime soon, the technology 
most likely would have to involve some degree 
of fission. 

MILITARY INTEREST IN NUCLEAR 
PROPULSION

As it was the case during the Cold War, out of 
all the military branches, the navies are still the 
only users of nuclear propulsion. Currently, there 
are over 160 vessels, which are powered by more 
than 200 nuclear reactors.22 Most of them are 
submarines, but they also include aircraft car-
riers.VII These are driven by PWRs with power 
ranges everywhere between 48 megawatts (MW) 
(French Rubis-class submarines) to around 700 
MW (US Gerald Ford-class aircraft carriers). The 
vast majority of all the nuclear-propelled vessels 
belong either to the US or Russia. Countries such 
as China, the United Kingdom, France and India 
also maintain vessels that rely on nuclear power. 
As things stand right now, it seems that over 
the next decades all of these countries seem to 
be planning to either expand or modernize their 
nuclear-powered fleets.23

Out of all the countries, Russia is the only one 
that has future plans for nuclear propulsion that 
goes beyond the naval domain.VIII Over the com-
ing years it not only plans to receive a number of 
new Yasen-M class nuclear submarines, upgrade 
its nuclear-powered Kirov class battlecruiser, but 
also develop an array of so-called “doomsday 
weapons”, some of which will use nuclear energy 
as their primary source of power.24

  

POSEIDON 

One of these “doomsday weapons” is the auton-
omous, nuclear-powered and nuclear-capable 
underwater vehicle, called Poseidon.IX Though 
there is relatively little reliable information about 
this weapon delivery system on the public do-
main, media sources describe Poseidon as a giant 
nuclear-powered torpedo, which might become 
operational in 2027.25 It reportedly measures 
around 1.6 meters in diameter, about 24 meters 
in length, and relies on a tiny nuclear reactor 
to power a pump-jet propulsion system.26 The 
torpedo is also believed to have an operational 
speed of up to 70 knots (around 130 kilometres 
per hour) and is rumoured to be able to dive as 
deep as 1,000 meters.27 It is claimed that this 
weapon will be carried on specially equipped 
Belgorod-class nuclear submarines, which would 
operate in both Northern and Pacific fleets. Me-
dia reports also suggest that each of these sub-
marines would be capable of carrying up to six of 
these torpedoes.28 In turn, these torpedoes could 
reportedly deliver either a conventional payload 
or a nuclear warhead with a yield of around two 
megatons.X 

Based on publicly available sources, it is believed 
that the Poseidon torpedo would likely be used 
as a second strike weapon. It not only would 
avoid missile defence systems, but it could also 
inflict damage against enemies, even if a first 
nuclear strike seriously degrades Russia’s ability 
to retaliate with ICBMs. In fact, back in in 2015, 
a leaked Kremlin briefing slide stated that the 

Figure 5. Snapshot of the Poseidon/Kanyon nuclear-powered torpedo. (Credit: Russian MOD)

VII  Russia also operates the world’s only nuclear-powered icebreaker fleet. However, it’s operated by FSUE Atomflot (a subsidiary of ROSATOM) and these 
ships are generally used for civilian purposes (cargo transportation, tourism, etc.).
VIII  One exception to this rule is the Defense Advanced Research Projects Agency (DARPA), the Pentagon’s research and development arm, which is funding 
the construction of the world’s first nuclear thermal propulsion system for spacecraft. However, even if successful, this technology could not be used for 
military mobility needs i.e. for powering aircraft or land vehicles. 
IX  Formerly this weapon was known as Status-6 Oceanic Multipurpose System. Its NATO reporting name is Kanyon. 
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torpedo was aimed at “damaging the important 
components of the adversary’s economy in a 
coastal area and inflicting unacceptable damage 
to a country’s territory by creating areas of wide 
radioactive contamination that would be unsuit-
able for military, economic, or other activity for 
long periods of time.”29 However, in practice it is 
somewhat unclear to what extent this weapon 
would be capable of causing this much havoc. 
This is because upon the detonation of an under-
water bomb, most of the explosive energy would 
be lost and only a small part of it would go into 
a wave.30

BUREVESTNIK 

The Burevestnik (“announcer of the storm” in 
English) is another of Russia’s nuclear-powered 
weapon delivery systems, which is currently un-
der development.XI In terms of concept and de-
sign, this cruise missile looks as if it was taken 
straight from a Cold War-era playbook and is 
rather similar to the US Air Force’s Project Pluto 
weapon concept. To date, the Burevestnik has 
been shrouded in secrecy and only limited infor-
mation about this missile is publicly available. 
Still, based on the imagery provided by the Rus-
sian military, it can be assumed that the missile 

is likely around 12 metres in length and up to 
1.5 metres in diameter.31 It has been speculated 
that the Burevestnik has a booster engine (that 
likely uses solid fuel) to lift the missile into flight 
speed and that it has a small nuclear reactor, 
which then carries the missile to its target. Some 
sources claim that the missile employs a nuclear 
ramjet, others claim that it uses a nuclear turbo-
jet engine.32 Regardless of what the engine is, it is 
thought that Burevestnik could fly at a subsonic 
speed, maintain an altitude of 50-100 metres 
throughout most of its flight and cover distances 
as long as 20,000 km.33 To date, there has been 
no indication about the yield of this missile and 
it is unclear when it would become deployment-
ready.XII

According to open source data, Burevestnik is in-
tended to be a second-strike, retaliatory weap-
on. It is claimed by the Kremlin that this missile 
was developed in response to the US withdrawal 
from the Anti-Ballistic Missile Treaty and its ad-
vancements in missile defense systems.34 More 
specifically, it is believed by some that the main 
rationale for the Burevestnik stems from Russia’s 
general fears that Washington’s missile defense 
systems could neutralize Moscow’s nuclear arse-
nal (and, by extension pose a threat to its great 

X  Initial estimates and media reports put the nuclear yield of the Poseidon torpedo to around 100 MT. This would have meant that it would have been twice 
as powerful as the Soviet Tsar Bomba (50 MT yield), the most powerful nuclear explosive that was ever created. However, more recent estimates greatly 
reduced this initial number, which was likely deliberately overinflated for political purposes. See: Amy Woolf, “Russia’s Nuclear Weapons: Doctrine, Forces, 
and Modernization”, Congressional Research Service, 20 July 2020, https://fas.org/sgp/crs/nuke/R45861.pdf 
XI  Its NATO reporting name is SSC-X-9 Skyfall.
XII   In 2019, reports have surfaced that the Burevestnik may become deployment-ready in 2025. However, realistically, its deployment could be a decade 
away, if ever. See: Jill Hruby, “Russia’s New Nuclear Weapon Delivery Systems: An Open-Source Technical Review”, Nuclear Threat Initiative, 13 November 
2019, https://www.nti.org/analysis/reports/russias-new-nuclear-weapon-delivery-systems-open-source-technical-review/

Figure 6. Snapshot of the Burevestnik/SSC-X-9 Skyfall nuclear-powered cruise missile. (Credit: Russian MOD)
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power status). Though, admittedly, few West-
ern security analysts have this much faith in the 
effectiveness of missile defense systems.XIII Or, 
alternatively, Burevestnik could be used as a bar-
gaining chip in future arms control negotiations.25 
Regardless, when President Putin announced the 
development of his “doomsday weapons”, he 
emphasized how the missile “can reach any point 
in the world” and how it is “invincible against 
all existing and prospective missile defence and 
counter-air defence systems.”26

 
THE FUTURE POTENTIAL OF NUCLEAR 
PROPULSION IN THE MILITARY 

As things stand right now, it is very unlikely that, 
with the exception of Russia, nuclear propulsion 
would see any military use outside the navy. Evi-
dence clearly suggests that all other countries 
are only interested in developing either nuclear-
powered aircraft carriers, nuclear submarines or 
both. 

However, it does not necessarily mean that it will 
always remain so. It is only fair to assume that, 
as Russia continues to develop (and eventually 
might even deploy) its “doomsday weapons”, 
some militaries in the West might feel the pres-
sure to follow a similar path. The fear of falling 
behind in this new arms race, coupled with the 
necessity to maintain a competitive edge against 
other strategic rivals, can force some of the mili-
taries to reassess the potential utility of nuclear 
propulsion for vehicles or weapon delivery sys-
tems.

Yet, before starting the commissioning of feasi-
bility studies and delving too deep into the mat-
ter, it would be wise to examine the potential of 
this technology at a more general policy level. 
Granted, it is important to note that even such a 
broad analysis is no easy task. This is because one 
has to heavily rely on incomplete and speculative 

data, and do a lot of guesswork. As a result, any 
conclusions reached about the advantages and 
the disadvantages of nuclear propulsion should 
be taken with a hefty grain of salt. Still, based on 
the historical experience from the Cold War, the 
lessons (indirectly) learned from Russia’s ongoing 
experiments with its “doomsday weapons”, and 
some rough scientific estimates, it is possible to 
make at least a number of fairly educated guesses 
about what might and might not work, and why. 

SEA

Out of all three military domains, sea has argu-
ably the greatest potential of seeing nuclear 
propulsion being used much more frequently in 
the decades to home. This is not surprising, as 
some Western countries have hundreds if not 
thousands of accident-free reactor years under 
their belts, and nuclear submarines and aircraft 
carriers have long been the staple of their naval 
might. Also, unlike land vehicles or planes, war-
ships – even as small and lightweight as corvettes 
or frigates – could be reasonably well suited to 
accommodate heavy nuclear reactors and their 
components.XIV

At first glance, the reasons for installing nucle-
ar reactors on relatively small surface ships can 
seem rather compelling. First, nuclear propulsion 
could significantly expand their operational ca-
pabilities. For example, nuclear-powered aircraft 
carriers can go around 20 years without refuelling 
(though they still need to stop for water, food 
and other provisions), and, by some estimates, 
nuclear-powered ships can go about 50 percent 
faster than petroleum-fired ships of the same 
size.37 Second, nuclear propulsion could play an 
important role in reducing the greenhouse gas 
(GHG) emissions of the navy. Unlike petroleum-
fired engines, nuclear reactors produce electric-
ity via fission rather than combustion. As a re-
sult, nuclear-powered ships would not produce 

XIII   It is generally believed that Russia’s existing nuclear arsenal is too large and too diversified to be successfully intercepted by the US missile defense 
system. At the same time, the current track record of US missile defence system against short- and medium-range ballistic missiles, not to mention ICBMs, 
does not inspire great confidence. See: Jeffrey Lewis and Shea Cotton, “The Global Missile Defense Race: Strong Test Records and Poor Operational Per-
formance”, Nuclear Threat Initiative, 16 September 2020, https://www.nti.org/analysis/articles/global-missile-defense-race-strong-test-records-and-poor-
operational-performance/ 
XIV   Icebreakers can also accommodate nuclear reactors. Thanks to global warming, the Arctic will increasingly become ice-free in the summer and it is likely 
that this area will become a geopolitical flashpoint by the mid-21st century. Yet, as it is the case with Russia’s nuclear-powered icebreakers, these vessels 
would likely be owned by and operated by civilians, and, therefore, they will not be included in this analysis.
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any GHGs while operating and could seriously 
decrease the navy’s consumption of fossil fuels. 
This is particularly important as the bulk of the 
military’s petroleum is used for operational pur-
poses i.e. the actual use of planes, ships and land 
vehicles.38 Last, but not least, nuclear propulsion 
could make the vessels more future proof. Nucle-
ar reactors could allow surface ships to meet the 
energy demands of even the most power-hun-
gry equipment, such as advanced radars, energy 
weapons and other high-tech systems, which 
otherwise could not be installed on smaller ships 
without some negative trade-offs.

While all this sounds great, there are also major 
drawbacks to deploying nuclear reactors on some 
of the smaller surface ships. By far the greatest 
problem is the price tag. Nuclear reactors are 
incredibly expensive to build, and, by most ac-
counts, the life-cycle costs of a nuclear-powered 
ship are significantly higher than those of a pe-
troleum-powered ship.39 For example, a 2011 US 
Congress Budget Office study concluded that 
the acquisition-cost premium for a nuclear-pow-
ered destroyer type of warship, would be about 
€900 million per unit, and that for such ships 
to be cost-effective, oil prices should over time 
increase to well over €200 per barrel.40 While 
in other countries the construction costs might 
somewhat differ, given the soaring costs of nu-
clear technologies, there are no doubts that the 
acquisition-cost premiums of nuclear-powered 
vessels are still very great.41 Therefore, even if the 
development of small modular nuclear reactors 
(or similar technological advances) could trim 
the average reactor costs by a considerable mar-
gin, it is still unclear if it would make much sense 
to install nuclear reactors on warships other than 
very large and heavy ones.XV

Then there is also the issue of nuclear waste. If, 
hypothetically speaking, over the coming decades 
we would see a development surge of hundreds 
of new nuclear warships, then, at some point, 
there would be a lot of nuclear waste in the form 

of spent fuel and contaminated equipmentXVI 
This would seriously aggravate the existing prob-
lem of the global nuclear spent fuel stockpile, 
which, according to the Stimson Centre, a US 
think-tank, currently totals some 400,000 tons 
(and is poised to grow some 11,000 tons annu-
ally).42 Also, more vessels would eventually have 
to be retired and undergo a time-consuming and 
costly decommissioning process, thereby further 
reducing their economic appeal. The decommis-
sioning of a nuclear-powered vessel can take up 
to a couple of decades, and, according to some 
estimates, it could cost more than €100 million 
to scrap a single nuclear submarine.43 

 
Figure 7. Retired nuclear submarines await decom-
missioning at Plymouth, United Kingdom (Credit: 
Google Earth)

Nuclear-powered torpedoes or unmanned un-
derwater vehicles, however one puts it, like the 
Russian-built Poseidon is also a technology that 
is worth to be mentioned. However, it should 
be viewed as an example of what should not be 
done for several reasons.

Despite the seemingly impressive features of tor-
pedoes like the Poseidon (near-unlimited range, 
stealth, etc.), the military utility of such water 
vehicles would actually be pretty low. To be-
gin with, even at 70 knot speeds (the presumed 
top speed of Poseidon), it would likely take up 
to a day or more before a torpedo could reach 
the shores of a strategic rival, if launched from 

XV  By some estimates, petroleum-powered submarines and aircraft carriers are significantly more expensive to build and operate than their nuclear-powered 
counterparts. However, it is generally believed that nuclear-powered submarines and aircraft carriers have a clear strategic and operational advantage over 
non-nuclear ones, which justifies their costs. 
XVI  The average lifespan of a nuclear submarine is some 20-30 years.
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Western coastal waters.44 By contrast, it would 
take an ICBM like the Minuteman III under an 
hour to reach a major target of a strategic ri-
val, if launched from the US mainland. In addi-
tion, because a nuclear-powered torpedo would 
likely be faster than a regular torpedo, it would 
create more noise and could likely be easier de-
tected by sonars.45 Though this does not mean 
that these torpedoes could be easier to intercept, 
it does mean that the country that is being tar-
geted could make timely adjustments to their 
second strike capabilities. Ultimately, there is 
little sense in resorting to the use of underwater 
nuclear bombs to shower radioactive waste upon 
coastal towns or naval facilities. Such wanton de-
struction and killing of (mostly) civilians not only 
rests on dubious morality, but also is unlikely to 
achieve any strategic objectives, which could not 
otherwise be met without crossing the nuclear 
threshold.

AIR

The idea of nuclear-powered flight has long 
been a dream for aircraft enthusiasts and mili-
tary planners alike. And rightly so. In theory, 
the atom holds the promise of unlimited flight, 
which would allow planes to circle the globe and 
operate without refuelling for days, weeks, if not 
more. Moreover, such planes would not emit any 
GHG emissions, which would help the military to 
slash its reliance on fossil fuels. 

Yet, this is where the advantages end and the 
problems with nuclear-powered airplanes begin. 
Just as it was the case some sixty years ago, the 
issue of reactor shielding remains the main rea-
son why these planes are not going to fly anytime 
soon, if ever. Nuclear fission reactors emit high 
amounts of radiation (alpha, beta, gamma and 
neutron), which can relatively easily go through 
less dense materials and might pose a threat to 
the airplane crew. Therefore, nuclear reactor de-
signers have to use large amounts of dense (and 
usually very heavy) materials such as steel, lead, 
concrete, cadmium or tungsten (or a combina-
tion of them) to block the radioactive rays. By 
contrast, in order to be able to take off, airplanes 
have to be as light as possible. All of this means 
that planes with adequate reactor shielding 

would either become too heavy to fly, or, if the 
shielding would be somewhat thinner, the crew 
would be at risk of being exposed to dangerous 
levels of radiation, especially if there would be a 
reactor malfunction. 

Figure 8. Penetration power of different types of 
radiation. (Credit: Wikipedia Commons)

Moreover, if, theoretically speaking, due to some 
breakthroughs in reactor shielding technology it 
would be possible to safely install a nuclear reac-
tor on an airplane, it is still rather unlikely that 
such a plane would be ever approved to leave 
the testing grounds. Even if the odds of plane 
accidents are quite low, it is almost certain that 
no nuclear reactor shielding would survive a fall 
from a cruising altitude of some 10 kilometres 
and a head-on collision with the ground. This 
means that virtually every single nuclear airplane 
accident, however infrequent, would result in a 
mini-Chernobyl disaster, which would spew large 
amounts of radioactive materials across of the 
crash site. Considering that nearly every airplane 
crash would result in a nuclear catastrophe, it is 
also rather inconceivable that any government 
would allow such an airplane to get anywhere 
near a place where it could be at risk of being shot 
down. 

Now, some may argue that in this day and age it 
is no longer necessary to have people on board 
of a nuclear-powered aircraft, and that such ve-
hicles could easily be controlled from a distance. 
This, by extension, would mean that it would be 
possible to reduce if not completely eliminate 
the need for heavy reactor shielding. While tech-
nically this may be true, it still would be a pretty 
bad idea to develop either nuclear-powered un-
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manned aerial vehicles (UAVs) or cruise missiles. 
There are plenty of reasons for this, but one of 
the most obvious is that it is rather unlikely that 
any democratic government, nuclear regulator, 
international body or the public at large would 
be willing to accept the idea of nuclear reactors 
whizzing over or even anywhere near any popu-
lated areas. For instance, it is worth mentioning 
that, according to media reports, in 2012, a US 
research facility seemed interested in exploring 
the prospects of nuclear-powered UAVs. These 
UAVs would have reportedly been developed 
by Sandia National Laboratories and the de-
fence contractor Northrop Grumman. However, 
the whole idea of nuclear-powered UAVs was 
extremely short-lived because it was nearly im-
mediately shut down due to worries that public 
opinion would not accept the idea of such a po-
tentially hazardous technology.46

Moreover, in the unlikely event that the military 
would somehow get a go-ahead from the gov-
ernment to proceed with the development of a 
nuclear-powered UAV or a cruise missile, it still 
would be incredibly dangerous and irresponsible 
— even in a test environment — to send a virtual-
ly unshielded nuclear reactor into the air. In fact, 
back in August 2019, five Russian nuclear scien-
tists were killed due to likely radiation poisoning 
during a failed test of the Burevestnik missile at 
the Nenoksa testing facility.47

Finally, if a UAV or, more likely, a nuclear-pow-
ered cruise missile would rely on a ramjet engine 
for thrust, there is the very real risk that it would 
spew radioactive exhaust wherever it goes and 
endanger everyone and everything in its path. 
This is one of the main reasons why the US’s Pro-

ject Pluto was abandoned in the 1960s and the 
probably the primary explanation why no one in 
the West wanted to continue work on nuclear-
powered cruise missiles ever since. Besides, this 
explains why the Burevestnik missile, which pre-
sumably uses a ramjet engine, has frequently 
been referred to as a “flying Chernobyl” by West-
ern and Russian media alike.48

LAND 

While at first glance, the prospects of near un-
limited range and zero GHG emissions might 
pique some interest in the development of nu-
clear-powered land vehicles (either transport or 
combat), it would generally be unwise to pin any 
greater hopes on this technology. The reasons for 
that are legion, but for all intents and purposes, 
they could be boiled down to three basic catego-
ries: safety, security and economics.

First and foremost, the idea of installing nuclear 
reactors on land vehicles is a pretty risky one. 
Even if, in the extremely unlikely event, engineers 
would somehow manage to squeeze a nuclear re-
actor into a Unimog truck or a Humvee, it would 
still be rather dangerous to have these vehicles 
on the roads, hurling at speeds of around 100 kil-
ometres per hour. More likely than not, a head-
on collision with another vehicle or some static 
object would obliterate the (presumably thin) 
reactor shielding and spread nuclear waste. On 
top of that, as it would be the case with nuclear 
airplane crashes, there is the likelihood that such 
a vehicle accident could cause a criticality event 
(basically an uncontrolled nuclear fission chain 
reaction within the reactor), which could kill eve-
ryone that has not been directly involved in the 

Figure 9. The Chrysler TV-8 was supposed to be world’s first nuclear-powered tank. Predictably, it did not 
go beyond the drawing-board stage. (Credit: Wikipedia Commons)
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collision, and shower the area in deadly radiation. 
Similarly, it goes without saying that it would be 
an even worse idea to install a nuclear reactor on 
a battle tank or some other vehicle, which could 
be exposed to enemy fire. In the event that such 
a vehicle would suffer critical damage, it is fairly 
likely that its reactor would quickly become un-
stable and engulf the whole area in a cloud of nu-
clear waste, killing friend and foe alike, and con-
taminating the land for decades if not centuries 
to come.
 
Furthermore, a nuclear-powered land vehicle 
could be a serious nuclear proliferation liability. 
From a security perspective, it is vastly more dif-
ficult to protect a small and moving vehicle than 
a large, well-protected nuclear power plant or 
a 100,000 ton nuclear aircraft carrier, closely 
guarded by an entire carrier battle group that may 
include fighter aircraft, frigates, destroyers, anti-
submarine and anti-aircraft ships. Therefore, if a 
nuclear-powered land vehicle would somehow 
end up being captured by a terrorist organisation 
or a pariah state, then they could use the radio-
active fuel from the reactor for the construction 
of a “dirty bomb”. Alternatively, there is also the 
theoretical possibility that the adversaries could 
convert some of the captured nuclear reactors 
from the land vehicles into fast breeder reactors, 
which could then be used to produce weapons-
grade fissile material.49 Granted, the likelihood of 
such an event is very slim as not that many coun-
tries (not to mention non-state actors) have the 
technological know-how for such a conversion. 
Yet, there is still the risk that a stolen nuclear re-
actor could one way or the other inadvertently 
contribute to nuclear proliferation. 

Ultimately, nuclear-powered land vehicles would 
make even less economic sense than small sur-
face ships. While it is unclear if it would even be 
possible to install a miniaturized nuclear reactor 
on a truck or a battle tank, the costs of such a 
vehicle would be astronomical. Even in the most 
optimistic scenario, it is reasonable to assume 
that it would cost tens of millions of euros to 
fit a nuclear reactor into a truck or a tank (the 
economics of adding a nuclear reactor on a light 
transport vehicle like a Humvee do not even war-
rant consideration). By contrast, the most ex-

pensive main battle tank in the world, the South 
Korean K2 Black Panther, carries a price tag of 
around €7 million, and the one of the most ex-
pensive military trucks, the German-built Man 
HX81, costs some €1 million.50 All of this means 
that with existing technology it is almost in-
conceivable to come up with a scenario where it 
would be cost-effective to install a nuclear reac-
tor on a land vehicle. 

On the whole, nuclear propulsion seems to offer 
rather interesting opportunities for the military 
across the sea, air and land domains. However, 
the keyword here is “interesting”. While it impos-
sible to deny that nuclear reactors might offer 
some theoretical advantages over conventional 
combustion engines, in most cases, the cons far 
outweigh the pros. Nuclear reactors are extreme-
ly expensive to build and maintain, they could 
become serious security liabilities if not handled 
carefully and they would also result in a lot of ra-
dioactive waste that would have to be dealt with.

CONCLUSION

The splitting of the atom and the dawn of nuclear 
propulsion were arguably some of the most im-
portant military technological developments of 
the 20th century. They gave rise to nuclear sub-
marines that can navigate the oceans without 
refuelling for months and those mammoth-sized 
nuclear aircraft carriers that have become al-
most mystical symbols of naval strength. Owing 
to their immense success at revolutionizing na-
val warfare, it is unsurprising that there had also 
been attempts to develop nuclear-powered mis-
siles and planes. These, it was believed, could also 
have a game-changing effect on the Cold War 
balance of power.

Much has changed since the first experiments 
with nuclear propulsion took place, and, thanks 
to a number of technological advances, hitherto 
science fiction-like ideas like nuclear-powered 
flight are not as impossible as they were before. 
After all, some fifty or sixty years ago it was al-
most inconceivable that it would be possible to 
control an aircraft from the safe confines of a mil-
itary base thousands of kilometres away. How-
ever, this does not mean that it would be wise for 
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Western militaries to re-visit some of these Cold 
War-esque ideas or emulate countries like Russia 
by developing exotic weapon delivery systems 
like the Burevestnik or Poseidon. 

In general terms, there are hardly any good rea-
sons why nuclear reactors should be installed on 
mobile military equipment, other than subma-
rines, large warships or aircraft carriers. There are 
some merits to the arguments that nuclear pro-
pulsion could significantly reduce the military’s 
acute reliance on fossil fuels, cut its greenhouse 
gas emissions, and offer some operational ad-
vantages. However, the benefits are clearly out-
weighed by the drawbacks. 

In terms of naval capabilities, nuclear-powered 
ships tend to have much greater lifecycle costs 
than those with combustion engines and, over 
time, they also produce significant amounts of 
nuclear waste. Meanwhile, nuclear-powered tor-
pedoes are unlikely to bring any operational ad-
vantages that would justify their costs. When it 
comes to aircraft or missiles the situation is even 
more lopsided. Nuclear-powered airplanes are 
not only difficult (if not impossible) to build, and 
would be too dangerous to operate. Moreover, 
nuclear-powered cruise missiles are not only way 
too risky to be developed, but it is also unclear 
if they would provide any significant advantages 
over existing missile systems, ballistic or oth-
erwise. Finally, nuclear-powered land vehicles 
would pretty much always be a terrible idea. 
Not only would they create more problems than 
solve, could contribute to nuclear proliferation, 
but they also would make zero economic sense. 

There are perfectly good reasons why Western 
researchers have long abandoned plans for ex-
otic nuclear-powered vehicles or weapon deliv-
ery systems and have never looked back. Briefly 
put: nuclear fission is a dangerous and unstable 
process, if not handled properly, and it is gener-
ally always a bad idea to install fragile nuclear 
reactors — which emit copious amounts of ra-
diation — on equipment that may crash into a 
wall or would be flung into the air with minimal 
protection. Therefore, Western militaries should 
not be swayed by Russia’s development of its 
“doomsday weapons”, or any calls from external 

observers to mirror its moves, as these weapon 
delivery systems would likely prove to be greater 
liabilities than assets.

Instead, Moscow’s current posturing should be 
understood for what it really is: a desperate at-
tempt to cling to the past and its great power 
status, a bid to impress domestic audiences and 
a general inability to adjust to the realities of the 
post-Cold War era. 
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