NUCLEAR-POWERED AIRCRAFT
FEASIBILITY & RESEARCH HISTORY

Step 1: Determine Power Requirement of a Commercial Airliner

« Atypical large commercial airliner (e.g., Boeing 777 or Airbus A350) use
s two high-bypass turbofan engines.

« Each engine produces roughly 70,000 to 115,000 pounds of thrust,
which corresponds approximately to 50 to 100 MW of shaft power per
engine during cruise.

. Total propulsion power needed is roughly on the order of 100 to 200 M
W mechanical power during cruise.

« Considering propulsive efficiency(~40-50%)
equivalent thermal power required to generate this much shaft power
would be higher, approximately 200 to 400 MW thermal.

. To provide a safety margin and cover accessory loads, a realistic power
requirement for a commercial airliner propulsion system is on the order
of several hundred megawatts thermal input.

Step 2: Compare with Existing Microreactor Power Capabilities
« From the provided sources:

« Microreactors produce up to 20 MW thermal (typically less).

. Current developmental microreactors like Project Pele aim for
1 to 5 MWe (approximately 3-15 MW thermal assuming
efficiency).

. The MARVEL microreactor generates around 85 kW thermal, far
below airliner needs.

« Microreactors are sized to serve small grids, remote communities,
or specialized military bases, not large continuous loads like
airliner propulsion.

Step 3: Scaling to Commercial Airliner Requirements
« If a microreactor produces up to 20 MW thermal and a commercial airlin
er requires about 200-400 MW thermal output
microreactor must be magnified by a factor of roughly 10 to 20.
. Conventional microreactors weigh a few tons and fit inside semi-
trailers; scaling power output by an order of magnitude implies:
« Areactor core 10-20 times larger in power
« Increased reactor vessel size, shielding, and cooling system
proportionally larger
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. Traditional large commercial reactors produce upwards of 3000 MW
thermal but weigh hundreds of tons with containment buildings;
however, for an aircraft, extreme size and weight are impractical.

Step 4: Feasibility and Physical Size Implications

« The current microreactor designs (few megawatts thermal) are far too
small in output for direct aircraft propulsion.

. To power a commercial airliner, a nuclear reactor would need to be:

« Much larger than existing microreactors, probably approaching
the size and complexity of a small submarine or aircraft carrier nu
clear propulsion reactor.

« Such reactors (e.g., naval propulsion reactors) range from several
megawatts to hundreds of megawatts thermal and weigh multiple
tons, typically several cubic meters in volume, with substantial
shielding.

« Current naval nuclear reactors, which power submarines and aircraft car
riers, have power outputs of hundreds to thousands of megawatts
thermal.

« For example, the S9G reactor on Virginia-
class submarines outputs ~210 MW thermal with an approximate
core size on the order of several cubic meters, but also includes
heavy shielding and complex coolant systems.

Step 5: Summary and Quantitative Estimate of Reactor Size
« Microreactors (~1-
20 MW thermal) are roughly the size of a small truck or shipping
container (a few cubic meters, several tons).
« Areactor to power a commercial airliner (~200-400 MW thermal) would
need to be about 10 to 20 times more powerful, which typically implies:
. Atleast an order of magnitude increase in reactor core volume
and associated systems.
. Potentially on the scale of a large industrial nuclear reactor core
or naval propulsion system, roughly on the order of 10-50
cubic meters volume and dozens of tons or more.
« Such a size is not easily miniaturized to a portable, lightweight package
suitable for aircraft.
« Therefore, the microreactor would have to be approximately 10—
20 times larger in thermal power capacity, and correspondingly larger
in physical size and mass, making it unsuitable for integration directly in
to an airliner without revolutionary advances in miniaturization and react
or materials.



Final Conclusion

To power a commercial airliner, a "microreactor” would no longer be a micror
eactor in the current technological sense. It would need to be at least an order
of magnitude larger than current microreactor designs, producing on the
order of 200—400 MW thermal, which translates to an approximate physical
size several times larger than existing microreactors—likely tens of cubic
meters in volume and many tons in mass.

This scale corresponds more closely with naval nuclear propulsion reactors
than with microreactors designed to fit in a truck trailer. Currently developed
microreactors are designed for up to 20 MW thermal, powered compactly with
in a few cubic meters. Hence, a reactor sufficiently powerful for a commercial
airliner would be roughly 10-20 times larger and heavier, making it too large
and heavy to be called a microreactor or be embedded in an aircraft using curr
ent technology.

Summary Table

arameter Microreactor (Current) Airliner Power Requirement Scale-Up Factor Estimated Size for Airliner Reac
hermal Power Output <20 MW ~200-400 MW 10-20x ~10-20x larger than microreact
hysical Size Few cubic meters Tens of cubic meters ~10-20x volume Volume ~10-50 m3

lass Few tons Tens of tons or more ~10-20x weight Comparable to naval propulsion

Thus, powering a commercial airliner with a "microreactor” would require
enlarging it well beyond the microreactor scale, resulting in a compact nucle
ar reactor on the scale of naval propulsion reactors rather than current trans
portable microreactors.



DESIGN CHALLENGES

Final Answer:

The primary design challenges for nuclear-powered aircraft in the 1950s and
1960s centered around managing the immense weight and volume of
radiation shielding required to protect crew and environment, integrating bulky
and heavy reactor systems into airframes, ensuring safety amidst the risk of
crashes and radiation leaks, developing viable nuclear jet engine concepts,
and contending with the obsolescence imposed by competing technologies
such as ICBMs and nuclear submarines. These factors collectively rendered
nuclear-powered aircraft impractical and led to program cancellations.

Detailed Breakdown of Design Challenges:
1. Radiation Shielding Requirements

. The need to shield flight crews and ground populations from
intense nuclear radiation necessitated large volumes of dense
materials (lead, steel, beryllium oxide, paraffin wax, rubber)
weighing many tons.

. For example, the NB-36H test aircraft’s lead-lined crew
compartment alone weighed about 11 tons, with additional heavy
shielding components placed near the reactor itself.

. This shielding drastically increased overall aircraft weight and
spatial requirements, forcing use of very large airframes such as
the B-36 Peacemaker.

. Shielding design had to balance protection with minimizing
weight; concepts like shadow shielding attempted to distribute
shielding between the reactor and crew cabin but did not
sufficiently reduce mass.

2. Reactor Size, Weight, and Integration

. Reactors capable of powering aircraft engines weighed dozens of

tons; the 1950s large air-cooled reactors weighed roughly
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18 tons, and fully operational engines would require even heavier
reactors (designs suggested up to 82.5 tons).

. Limited technology for compact, lightweight reactors constrained
airframe and propulsion options.

. Reactor cores had to operate at extremely high temperatures and
reliably withstand dynamic flight conditions.

. Complex systems to transfer heat from the reactor to jet engines
had to be designed—especially direct-cycle vs. indirect-
cycle concepts—each with trade-offs in efficiency and safety.

3. Engine Technology and Heat Transfer

« Two main nuclear jet engine designs were pursued:

. Direct Air Cycle engines: Air compressed by the engine was
routed directly through the reactor core for heating before
exhaust.

« Pros: Simpler design and better performance.
. Cons: Radioactive exhaust released, safety and
environmental hazard.

- Indirect Air Cycle engines: Air heated via a heat exchanger
with an intermediate coolant (liquid metal or pressurized wa
ter).

« Pros: Reduced radioactive contamination.
« Cons: More complex, heavier, and challenging build.
= Adapting jet engines to operate on nuclear heat
instead of combustion was uncharted territory,
requiring extensive research and testing such as
HTRE (Heat Transfer Reactor Experiments).
4. Safety Risks and Environmental Concerns
. The potential catastrophic consequences of aircraft crashes
involving nuclear reactors posed a grave design challenge.
. Safety measures included restricting reactor operation to high



altitudes, remote control reactor shutdown, and evacuating flights
over sparsely populated areas for tests.

. Remote maintenance systems and closed-circuit TV were
envisioned to protect personnel from radiation during servicing.

. Fears of radioactive fallout from crashes contributed significantly
to political and public opposition.

5. Size and Performance Limitations

. The heavy shielding and reactor increased aircraft size and weight
, reducing payload, range, speed, and maneuverability.

. Large airframes required extremely long runways for takeoff and
landing.

. Thrust-to-weight ratios suffered, limiting flight envelope and
operational effectiveness.

. The eventual goal of sustained supersonic flight was not
achievable with nuclear propulsion given the design constraints.

6. Technological Obsolescence and Strategic Factors

« During the 1960s, the rapid development of Intercontinental
Ballistic Missiles (ICBMs) and nuclear-powered submarines
rendered nuclear-powered bombers strategically less attractive.

. Conventional jet engines steadily improved in range and reliability,
reducing the incentive to pursue complex nuclear-powered
systems.

. Budgetary constraints and shifting priorities led to program cance
llations, including the US ANP program terminated by 1961 and
Soviet efforts winding down by the late 1960s.

Supporting Evidence and Historical Examples:
« The Convair NB-36H flew 47 test flights (1955-57) with an onboard
nuclear reactor solely to test shielding effectiveness; reactor never
powered the engines due to insurmountable technical challenges.



The U.S. Air Force’s Aircraft Nuclear Propulsion (ANP) program spent
over $1 billion but never produced a practical nuclear-powered bomber.
Soviet programs, such as the Tupolev Tu-95LAL nuclear testbed

and proposed Tu-119 bomber, suffered from similar shielding

and integration difficulties and were ultimately canceled.

Safety protocols prevented reactor operation during takeoff and landing
to mitigate accident risks.

Massive hangars and long runways were planned but never fully
realized to accommodate such heavy aircraft.

Summary

In essence, the key design challenges of nuclear-powered aircraft in the
1950s and 1960s were:

Excessive shielding weight and volume required to protect crews and
environment, leading to impractically large, heavy airframes.

Reactor and engine integration difficulties, including problems with
heat transfer, reactor size, and contamination.

Severe safety risks linked to radiation exposure accidents.

Insufficient propulsion and aircraft performance under the burden of
nuclear systems.

Emerging alternate strategic technologies (ICBMs, submarines) quickly
rendered nuclear aircraft programs obsolete.

These challenges combined resulted in nuclear-powered aircraft remaining
experimental concepts without operational deployment.




NUCLEAR-POWERED AIRCRAFT
RESEARCH HISTORY 1950s

During the 1950s, both the United States and the Soviet Union explored nuclea
r-powered aircraft as a strategic means to create long-endurance bombers

without the need of refueling. The key designs and concepts centered around

integrating nuclear reactors with jet propulsion systems, overcoming massive
shielding challenges, and developing specially configured airframes.

1. United States Programs and Aircraft Designs
a. NEPA and ANP Programs
« NEPA (Nuclear Energy for the Propulsion of Aircraft) began in 1946,
evolving into the ANP (Aircraft Nuclear Propulsion) program by 1951.
. The goal was to develop jet engines using nuclear reactors that would

heat air for propulsion instead of burning fuel.
b. Direct-Air-Cycle vs. Indirect-Air-Cycle Concepts

. Direct-Air-Cycle: Air is compressed and sent directly through the
reactor core to be heated and then exhausted through the turbine for
thrust.

. Preferred by General Electric (GE) for its simplicity and
adaptability.

« Indirect-Air-Cycle: Reactor heats a liquid (metal or water), which then
transfers heat to the air via a heat exchanger.

. Explored by Pratt & Whitney (P&W) but progressed slower and

was eventually abandoned.
c. Convair NB-36H

« A modified version of the Convair B-36 Peacemaker bomber,
designated as NB-
36H, was the only aircraft to actually carry an operating nuclear reactor
8
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in flight (1955-1957).

The reactor was not connected to the engines; instead, the aircraft was
a testbed for shielding and radiation effects.

Modifications included:

A 1 MW (later 3 MW air-cooled) air-cooled reactor installed
in the bomb bay.
Massive shielding in the cockpit (lead and rubber, weighing
around 11 tons).
External protective measures to protect ground personnel.

Flew 47 test flights with the reactor operating but normal chemical

propulsion.
d. Heat Transfer Reactor Experiments (HTRE)

Experimental nuclear-powered jet engines were developed by GE:

HTRE-1, HTRE-2, HTRE-

3 reactors coupled to modified J47 turbojet engines.

HTRE-3 achieved powering two jet engines for

over 64 hours continuously, demonstrating the basic feasibility of
nuclear-powered engines.

Despite tests, no flight of reactor-powered engines in an

actual plane was completed.

e. Planned Nuclear-Powered Bombers

The X-6, a planned nuclear-powered version of the B-36, never flew.
The WS-125A was a later conceptual strategic bomber designed
to cruise at subsonic speeds with nuclear engines and supersonic
speeds with chemical engines — canceled by 1961.

f. Other US Concepts
Engineered designs based on existing large bombers (B-36 derivatives)

or proposed supersonic designs like the XB-70 Valkyrie, initially
considered for nuclear propulsion but ultimately powered
conventionally.

Experimental facilities (e.g., Test Area North in Idaho) were built to
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support construction, maintenance, and handling of nuclear-
powered aircraft.

2. Soviet Designs and Developments
a. Tu-95LAL ("Flying Nuclear Laboratory")

« Derived from the Tu-95 strategic bomber.

. Fitted with a nuclear reactor in the bomb bay to test radiation shielding
and operational parameters.

« Flew about 40 times between 1961 and 1969.

. The reactor powered no engines; mainly a flying testbed for nuclear

reactor airborne operations.
b. Tu-119

« Planned to combine two conventional turboprops with two nuclear-
powered direct-cycle jet engines.

« Never completed beyond design stages.
c. Other Soviet Concepts

« The Tu-120, a supersonic nuclear-powered bomber, only reached
design phases.

« The Soviet Union also considered nuclear-powered versions of the
Tu-95 ("Bear") bomber.

« A Soviet project (codenamed "Lastochka") proposed nuclear power for a
Tu-20/Tu-95 bomber, but the radiation hazard caused its abandonment.

3. Design Challenges and General Features of Nuclear Aircraft
Concepts

. Reactor and shielding mass: Reactors and shielding were extremely
heavy (reactors often weighing tens of tons, shielding several tons), req
uiring massive large airframes (B-36-sized or bigger).

. Radiation protection: Massive shielding and cockpit isolation ("shadow
shielding") were critical to protect, yet shielding weight severely
hindered performance.
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Aircraft/Program

Convair NB-36H

Engine cycle types:

« Direct cycle engines risked radioactive exhaust.

. Indirect cycle engines were safer but more complex and heavier.
Flight endurance: Nuclear power promised potentially weeks or months
of continuous flight without refueling.

Takeoff and landing: Usually planned to start with conventional jet
engines, switching to nuclear heating only after safe takeoff.

Safety and environmental hazards: Risks of radioactive contamination
from crashes or exhaust trails were major concerns.

Country Year(s) Description Outcome

USA

HTRE reactors (1,2,3) USA

X-6

WS-125A bomber

Tu-95LAL

USA

USA

USSR

1955-1957 B- Flew 47 reactor flights; reac

36 modified to carry operating reactor (for shielding/radiation tests); engines not nuclear-

powered
Mid to late 1950s Reactor-jet engine combinations tested on ground for nuclear propulsion Demonstrated feasibility; nc
powered propulsion
1950s- Proposed nuclear-powered B-36 variant, experimental bomber Canceled before flight
early 1960s
Late 1950s Strategic nuclear-powered bomber design combining nuclear and chemical engines Canceled early 1960s
1961-1969 Tu-95 fitted with nuclear reactor for in-flight shielding tests Flew 40+ times; reactor did

4. Notable Aircraft and Concepts Summarized

+ 3 more rows

5. Reasons for Program Cancellation

Technical challenges: Excessive weight, reactor shielding issues, and
radioactive exhaust hazards.

Strategic shifts: Emergence of ICBMs and nuclear submarines reduced
the strategic need for nuclear-powered bombers.

Environmental and safety concerns: Potential radioactive
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contamination in crashes or emissions posed significant risks.

« Cost and complexity: Programs consumed billions of dollars (in 1950s
terms) without operational success.

. Political and budget decisions: Programs cut in the late 1950s and

. early 1960s under the Eisenhower and Kennedy administrations.

Summary

The 1950s saw ambitious and pioneering designs for nuclear aircraft, largely
centered on adapting very large bombers (such as the Convair B-36 and the
Soviet Tu-95) with nuclear reactors for propulsion or power testing.

Designs fell into two main nuclear propulsion concepts: direct-air-cycle
(heating air directly via the reactor) and indirect-air-cycle systems

(using heat exchangers). While several ground tests and reactor operation
flights were successful in principle, no nuclear-powered aircraft ever achieved
full-powered flight due to immense technical, safety, and strategic barriers.
By the early 1960s, the programs were largely cancelled, leaving a
fascinating but unrealized chapters in aviation history.

In essence:

« Nuclear aircraft designs in the 1950s included modified bombers with o
nboard reactors (NB-36H, Tu-95LAL).

. Direct-cycle and indirect-cycle nuclear jet propulsion systems
were experimented upon, mainly by GE and Pratt & Whitney.

« Actual nuclear-powered propulsion in flight was never realized.

. Programs ended due to technical difficulty, high cost, and strategic
obsolescence related to missiles and submarines.

References
. Manned Nuclear Aircraft Propulsion - U.S. Department of Defense
- History in Two: Manned Nuclear Aircraft Program - USAF
. Atomic-Powered Aircraft - Naval History Magazine, 2024
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- Nuclear-powered aircraft - Wikipedia

. The Nuclear Powered Aircraft of the Atomic Age - Flite Test
- WHEN NUCLEAR POWER WAS FLYING - leehite.org

. America’s Atomic-Powered Aircraft - Never Was

NUCLEAR-POWERED AIRCRAFT
RESEARCH HISTORY 1960s

During the Cold War era, especially in the late 1940s through the 1960s, both
the United States and the Soviet Union explored ambitious concepts aircraft.
These projects aimed to leverage nuclear fission as a propulsion source to
create aircraft with unprecedented endurance, capable of staying aloft for
weeks or even months, thus enhancing strategic deterrence. Below is a
detailed summary of the key concepts, programs, and challenges from this
period.

1. Conceptual Motivation

. The goal was to develop aircraft powered by nuclear reactors instead of
conventional fossil fuels, potentially allowing extreme range and
endurance without refueling.

« Such aircraft were primarily envisioned as strategic bombers for

. continuous airborne alert and penetration missions during the Cold War.

« A major hoped-for advantage: the ability to loiter near enemy territory
indefinitely, providing a constant nuclear deterrent presence.

2. United States Nuclear Aircraft Programs
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a. Nuclear Energy for the Propulsion of Aircraft (NEPA) and Aircraft N
uclear Propulsion (ANP) Program

NEPA (1946) launched initial studies to develop compact airborne
nuclear reactors.

Replaced by ANP (1951), the ANP program focused on concrete reactor
designs, shielding, and propulsion integration.

The Convair B-36 bomber was chosen as a test platform, with two

key experimental aircraft:

« NB-36H: Modified B-36 carrying an onboard nuclear reactor

. for shielding and radiation tests; it flew 47 times between 1955
and 1957.

« X-6: Planned nuclear-powered B-36 variant; never completed
or flown.

Reactor-powered turbojet engines were developed and tested on
the ground; General Electric's X-39 and HTRE

(Heat Transfer Reactor Experiment) reactors reached up to 35 MW
power and drove turbojets.

Direct-cycle and indirect-cycle nuclear jet engines were studied:

. Direct-cycle: Air passes through the reactor core, where it is

. heated directly to produce thrust.

« Indirect-cycle: Reactor heats a secondary coolant , which
transfers heat to air via a heat exchanger, reducing radioactive co
ntamination of exhaust.

Massive shielding challenges due to reactor radiation endangered crew
safety; "shadow shielding" was developed, distributing protection
between reactor and cockpit.

A nuclear-powered bomber (WS-125) design was conceptualized

but canceled in early 1960s primarily due to technical, safety, and
strategic feasibility concerns.

The overall program was canceled by President Kennedy in 1961 due to:
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. Therrise of Intercontinental Ballistic Missiles (ICBMs) and nuclear
submarines made long-endurance bombers less critical.
. Persistent difficulties in developing adequate shielding and fear of

catastrophic radiation release in crashes.
b. Project Pluto (Nuclear-Powered Ramjet Cruise Missile)

. Separate from manned aircraft, Project Pluto aimed to develop a
nuclear-powered ramjet engine for a supersonic low altitude missile
(SLAM).

« Successful ground tests of the Tory-llA and Tory IIC reactors were

. conducted, but the project was canceled in 1964 due to strategic shifts

and the advent of ICBMs.
c. Other US Concepts

. Studies and proposals existed for nuclear-powered airships
(e.g., Goodyear's 1959 proposal), but none progressed beyond
concepts.

. Boeing B-52G was later modified to serve as a testbed for nuclear-
powered jet engines in the early 1960s but the tests were limited.

« Work spent over $469 million (1950s-60s dollars) but ended without

. operational nuclear-powered aircraft.

3. Soviet Nuclear Aircraft Programs
a. Tupolev Tu-95LAL and Tu-119 The Soviets fitted a Tu-95 (Bear)
strategic bomber with a reactor in its bomb bay (Tu-95LAL, "Flying Nuclear
Laboratory", conducting approximately 40 flights from 1961-1969 to
evaluate shielding and flight characteristics.
« The Tu-119 was a nuclear-powered version planned with two
. conventional turboprops and two nuclear jet engines; never completed.
« Other designs (Tu-120, Tu-132) remained on the drawing board or

design stage, including supersonic nuclear-powered bombers.
b. Myasishchev M-50 (“Bounder”) and M-60 Program
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The Myasishchev Design Bureau undertook nuclear bomber projects (M-
60, M-30, M-62) in the mid-1950s, aiming for supersonic speeds

aided by nuclear propulsion.

These projects remained conceptual or preliminary design phases,
canceled in the 1960s due to technical difficulties, huge shielding
requirements, cost, and shifting strategic priorities.

c. Program Cancellation

By the late 1960s, the Soviets abandoned manned nuclear aircraft devel
opment, largely because of advances in submarine-launched

ballistic missiles and ICBMs, changing military doctrines, and
environmental/safety concerns related to nuclear accidents.

4. Key Technical Challenges

Radiation shielding: The need for massive, heavy shielding to protect
crew, avionics, and ground populations from reactor radiation was a
persistent barrier.

Reactor size and weight: Early reactors were massive (e.g., 82.5 tons es
timated for a power plant), requiring very large airframes.
Environmental and safety risks: Crashes or accidents risked
widespread radioactive contamination.

Air contamination (with direct-cycle engines): Air passing through

the core would become irradiated, resulting in radioactive exhaust trails.
Cost and complexity: Billions were spent, often with uncertain objective
s and indecision; program management challenges slowed progress.

5. Legacy and Later Developments

While no nuclear-powered aircraft became operational, the

program advanced knowledge of compact reactors, materials science,
shielding, and nuclear propulsion concepts.

Interest persists with modern small modular reactors and fusion
concepts aimed at aviation, but major hurdles remain.
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« Recent announcements (e.g., Russia’s nuclear cruise missile "9M730
Burevestnik") suggest continuing interest in nuclear propulsion for unm
anned vehicles, not manned aircraft.

. Fusion-powered commercial aircraft concepts are occasionally
proposed but remain in the speculative realm.

ram / Concept Country Period Key Features Status

A/ ANP USA 1946-1961 Nuclear reactor carried on B-36 (NB-36H), HTRE reactors Canceled 1961

ct Pluto USA 1957-1964 Nuclear-powered ramjet engine for a cruise missile Canceled 1964

/air X-6 concept USA 1950s Nuclear-powered B-36 bomber (design only) Unbuilt

ng B-52G Testbed USA Early 1960s Nuclear jet engine testing on B-52G Test completed

lev Tu-95LAL & Tu-119 USSR 1961-1969 Nuclear flying laboratory & nuclear-engine bomber concept Canceled late 1960s
Summary:

+ 2 more rows

Final Note

The 1960s nuclear aircraft concepts represented a technological frontier of th
eir era, focusing on overcoming the fundamental challenges of nuclear
propulsion in aviation. Although these efforts culminated in experimental fligh
ts (carrying reactors but not powered by them), no nuclear-powered manned
aircraft took to the skies. Advances in missile technology, safety risks,

and practical issues led to program terminations by the late 1960s. Interest in

the concept remains mostly theoretical or unmanned in the modern era.
References:

« Wikipedia, Nuclear-powered aircraft
(https://en.wikipedia.org/wiki/Nuclear-powered_aircraft)

. Lee Hite, When Nuclear Power Was Flying (PDF)

« USNI, Atomic-Powered Aircraft, April 2024
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« Aviation-History.com, Flying on Nuclear: The American Effort

. FliteTest, The Nuclear Powered Aircraft of the Atomic Age

. Defense and technical archives on Aircraft Nuclear Propulsion program

S

In concise terms:
The 1960s saw experimental programs like the USA's NB-36H nuclear t
estbed and the Soviet Tu-95LAL flying nuclear laboratory, concept designs
for nuclear-powered bombers (e.g., X-6, Tu-119), and nuclear-powered
cruise missiles (Project Pluto). Despite extensive research, major technical,
safety, and strategic concerns led to cancellation by the late 1960s without
operational nuclear-powered aircraft.

SAFETY CONCERNS

Summary Answer:

The primary safety concerns related to nuclear-

powered aircraft during the 1950s and 1960s centered on radiation exposure
risks to crew, passengers, and people on the ground, the weight and practical
ity of required shielding, and environmental hazards in case of accidents or
crashes. Additional worries included the technical challenges of reactor i
ntegration, the potential for radioactive contamination from leaks or crashes,
and security risks associated with radioactive material, such as sabotage or
terrorism.

Detailed Analysis:
1. Radiation Exposure to Crew and Passengers:
« Nuclear reactors emit ionizing radiation harmful to humans,
raising concerns about safely shielding the flight crew.
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The reactor needed heavy shielding to reduce radiation dose to ac
ceptable limits; shielding materials (lead, rubber, water barriers) a
dded significant weight.

The NB-36H test aircraft carried up to 12 tons of shielding

in the cockpit and water barriers behind to protect the crew.

Even with shielding, concerns remained about long-term

cancer risks and genetic damage from cumulative radiation
exposure.

Exposure was not only a risk during normal operation but also in
case of accidental leaks or cracks in the reactor containment.

2. Technical and Weight Challenges:

The reactor and shielding together were extremely heavy, often
exceeding current aircraft structural and performance limits.
For example, a reactor capable of powering a bomber was
estimated to weigh over 80 tons, more than an entire B-36
bomber.

The heavy shielding requirements conflicted with the aircraft's
capability to take off, maintain flight, and carry ordnance or
payload.

Efforts to reduce weight via composite and dual-shielding
systems were not completely successful.

The weight also necessitated very large aircraft and long runways,
which were impractical.

3. Environmental and Ground Safety Risks:

In case of a crash, radioactive materials could be released,
causing severe contamination and long-term health hazards to
populations downwind and the environment.

Radioactive contamination from nuclear-powered aircraft
accidents posed unique safety risks not associated with conventi
onal aircraft.
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Special procedures were developed for crash response and
containment, including parachutist teams ready to secure crash
sites.

Flights were often limited to remote or sparsely populated regions
to minimize fallout risk in case of accidents.

4. Operational Safety and Security Concerns:

Risk of nuclear accidents during flight, takeoff, and landing was a
major deterrent.

Monitoring radiation emissions in flight required escort aircraft
and specialized detection instrumentation to warn of leaks.

The aircraft would be attractive targets for terrorist attacks or
sabotage, raising the possibility of deliberate radioactive
contamination or nuclear material theft.

Managing and handling nuclear fuel and reactors on airbases
exposed personnel to radiation risk and required extensive safety
protocols.

5. Technological and Political Factors:

Despite technological optimism, the complexity of integrating
nuclear reactors into jet engines was formidable.

Air-cooled direct cycle engines created radioactive

exhaust hazards.

Indirect cycle engines required even more complex heat
exchangers and systems.

The advent of ICBMs, nuclear submarines, and aerial refueling red
uced the strategic need for nuclear-powered bombers.

Political reluctance grew due to environmental, safety, and cost
considerations, leading to program cancellations by the early
1960s.

References and Verification
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- The Convair NB-
36H program involved flying a nuclear reactor on test flights primarily to
study radiation shielding but the reactor never powered the engines.

- The need for heavy shielding (lead, water) and the large weight penalty
made practical nuclear aircraft design very difficult or impossible.

- Therisk of radioactive contamination from crashes or leaks, as well as
cumulative radiation exposure risks, was a continuous source of concer
n.

- Project Pluto and other programs were canceled over safety, technical,
and environmental concerns.

Final Conclusion:

The core safety concerns of nuclear-powered aircraft in the 1950s and 1960s
stemmed from severe radiation hazards to crew and civilians, critical weight
limitations due to shielding, and large-scale environmental consequences

in the event of accidents. Combined with complex engineering challenges and
emerging alternative technologies, these concerns led to the cancellation of
nuclear aircraft programs before practical operational models emerged.

In brief:

The major safety concerns with nuclear-powered aircraft during the 1950s
and 1960s were radiation exposure risks requiring heavy shielding that
compromised aircraft performance, dangers of radioactive contamination
from crashes or accidents, cumulative health hazards from ionizing radiation
and environmental and security threats. These challenges, alongside
technological and political factors prevented the operational deployment of
nuclear-powered aircraft.
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PRIMARY TRADITIONAL USES

SMRs typically produce up to 300 megawatts electric (MWe),
designed mostly for stationary power generation such as

electric grids, industrial sites, or remote communities.
Microreactors are even smaller, generally producing up to 20 MW
thermal, intended for niche applications like military bases or
remote microgrids, with designs emphasizing portability but still
on the scale of tens of megawatts.

2. Physical Size and Weight Considerations:

Even the smallest SMRs or microreactors are far too large and
heavy to be feasibly installed on commercial airliners.
Factory-built SMRs require significant shielding, coolant systems,

robust containment vessels and safety controls, occupying

space on the order of thousands of square meters—orders of
magnitude beyond what an airliner can accommodate.

3. Power Requirements for Commercial Airliners:

Modern jet airliners require tens of megawatts of power delivered
in a highly dynamic and transient manner—for thrust via

jet engines.

Nuclear reactors generate thermal power converted to electricity
and steam at relatively slow ramp rates, unsuited to the rapid
throttle changes required for flight propulsion.

4. Technical and Safety Challenges:

Nuclear reactors require heavy shielding to protect against
radiation, which would add unacceptable mass for aircraft.

The risk profile (e.g., failure, meltdown, radiation release in
crashes) is incompatible with commercial passenger aviation
safety norms.

Current SMRs rely on water or gas cooling systems and complex
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turbines that are not adapted to airborne environments or variable
altitude pressures.
5. Regulatory and Development Status:

« SMRs are still in early deployment stages for terrestrial uses, with
the first commercial units expected in the early 2030s.

« Microreactors targeted for portable or remote energy applications
by the mid-2020s remain orders of magnitude too large and
heavy for aviation use.

« No credible engineering designs or regulatory frameworks exist
for airborne nuclear reactors powering commercial airliners.

6. Historical and Military Nuclear Propulsion:

« Nuclear propulsion has been used in naval vessels (submarines,

. aircraft carriers), yet these are large ships capable of supporting
massive reactors (~hundreds of MW thermal) with heavy
shielding and support infrastructure.

. Attempts at nuclear-powered aircraft in the 1950s-60s
(e.g., the US program with nuclear-powered bomber concepts)
were abandoned due to overwhelming technical and safety
challenges.

Conclusion
Small modular reactors (SMRs) and microreactors cannot be miniaturized
sufficiently to power commercial airliners. The size, weight, safety
requirements, power delivery characteristics, and regulatory constraints make
the concept infeasible with current and foreseeable nuclear technology.
. SMRs are designed for static or remote site power generation, not
mobile, high-dynamic-load transportation propulsion.
. Even microreactors remain far too large and heavy for aviation
applications.
. The massive shielding and safety systems alone make airborne reactor
integration impossible with current materials and designs.
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« Alternative propulsion technologies (advanced batteries, sustainable
aviation fuels, hydrogen fuel cells, or synthetic fuels) are realistic routes

for low-carbon aviation, not airborne nuclear reactors.
Summary

Status/Fact

Up to 300 MWEe, large stationary installations

Up to ~20 MW thermal, intended for small-scale ground deployment
Hundreds to thousands of cubic meters; too large for aircraft

Several tens to hundreds of tons (including shielding)

Requires extensive containment, incompatible with flight safety standards

+2 more rows

Final answer:

No, small modular reactors cannot be miniaturized to power commercial
airliners given current nuclear technology, physics, safety, and engineering
constraints.
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How The U.S. Navy Remains
The Masters Of Modular

NHCleaf R@ﬂCtOfS By James Conca,

You might be aware of the 98 or so commercial nuclear power reactors that
produce about 20% of our electricity. But there are another hundred nuclear
reactors that power 86 submarines and aircraft carriers, producing electricity,
heat and propulsion.

We think of small modular nuclear reactors as something new that will take
nuclear power to a new level, and even marvel at the rollout of new iterations, like
Russia’s new floating nuclear power plant. But in truth, the U.S. Navy has been
operating and perfecting SMRs for 75 years. Work on nuclear marine propulsion
started in the 1940s. In 1955, the first nuclear-powered submarine, the USS
Nautilus, put to sea. This changed submarines from slow underwater cigar tubes

to warships capable of sustaining 20-25 knots submerged for weeks or months on
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end. By 1962, the U.S. Navy had 26 operational nuclear-powered

submarines with 30 more under construction.

More and different classes of nuclear submarines followed, along with nuclear
aircraft carriers and other ships. The first nuclear-powered carriers, the USS
Enterprise completed in 1960, was powered by eight Westinghouse reactors.
The USS Long Beach followed in 1961 as the first nuclear-powered cruiser with

two reactors.

The Enterprise continued in service to the end of 2012, even serving in the most
recent Iraq War, a truly amazing record.

The nuclear navy technology was shared with Britain. But the French, Russian
and Chinese nuclear navies developed on their own. Russia actually developed
fast-reactors for some of their submarines, their Alpha attack subs, which made
them the fastest in the sea, although they were a bit noisier.

According to Lloyd's, about 700 nuclear reactors have been used at sea since the
1950s, and there are about 200 reactors at sea today. Most are submarines and
all use highly-enriched uranium as fuel, allowing them to stay underwater for

longer periods, years if necessary.

Of the submarines, the United States has 70, Russia 40, China 19, Britain 10,
France 9 and India has 3, including those being commissioned. China has the
fastest-growing nuclear navy which should more than double in the next ten
years. Japan and Germany each built a nuclear-powered ship but

decommissioned them years ago.
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Nuclear-powered non-combat and commercial ships have been built but most
were considered too expensive to operate. Lately, Russia and China have
developed floating nuclear reactors for remote or emergency use, and for use in

super-large icebreakers.

As Harry Degenaar pointed out yesterday, the floating nuclear power plant
Akademik Lomonosov was connected to the grid, generating electricity for the
first time in the remote Chaun-Bilibino network in Pevek, in Russia’s Far East.

America’s Nuclear Navy is one of the oldest and largest nuclear organizations in
the world, and has the world’s best safety record of any industry of any kind. In
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terms of work hazards apart from combat, it is safer to work on a U.S. nuclear
submarine or aircraft carrier than it is to sit at a desk trading stocks.

Thousands upon thousands of people, 22,000 people at any one time, have lived,
worked, eaten and slept within a stone’s throw of these nuclear reactors for 60
years with no adverse effects from radiation at all.

Annual radiation doses to Navy personnel have averaged only 0.005 rem/year (5
mrem/year; 0.05 mSv/year), a thousand times less than the federal 5 rem/year
allowed for radworkers. Normal background radiation in the United States varies
from 100 mrem/year to over 1,000 mrem/year.

The Nuclear Navy has logged over 5,400 reactor years of accident-free
operations and travelled over 130 million miles on nuclear energy, enough to

circle the earth 3,500 times.

From the time of the USS Nautilus in 1954, to the present, no civilian or military
personnel on these ships has ever exceeded any Federal radiation limit. And none
of those more than a hundred thousand people has ever been harmed by

radiation from reactors or facilities with which they were so intimately in contact.

Numerous reports from the Naval Nuclear Propulsion Program Office provide
detailed information of personnel exposures from living and working in nuclear
submarines and on nuclear ships, as well as working in the on-shore facilities that
produced fuel and materials for the Nuclear Navy such as nuclear propulsion

plants and nuclear component engineering plants.

Their findings supported past studies that indicated no civilian or military
personnel on these ships, which number over 22,000 thousand people at any one
time today, has ever exceeded any Federal radiation limit. And none of those
hundreds of thousands of people has ever been harmed by the radiation from

reactors or facilities with which they were so intimately in contact for so long.
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The report also reviewed the history of radiation health effects in the general
public which indicated no observable health effects from low levels of radiation:

“It is fair to say that we have more scientific evidence on the hazards of ionizing
radiation than on most, if not all, environmental agents that affect the general
public.”

“Cancer-causing effects of radiation...have been observed only at high doses and
high dose rates. Studies of populations chronically exposed to low-level radiation
have not shown consistent or conclusive evidence upon which to determine the
risk of cancer. Attempts to observe increased cancer in a human population

exposed to low doses of radiation have been difficult.”

Actually, they’ve been impossible. We never have found any and we’ve been
looking really, really hard for almost a hundred years.

While ordinary accidents occasionally occur as with any military operation, none
have been related to nuclear or radiation, and no radiation health effects or

reportable radiological accidents have ever happened in U.S. Navy history.

This is different than Russia. The Soviet Union/Russia has had 22 accidents
involving naval nuclear-powered vessels from 1960 to 2003. The United States
has had just 2, both occurring in the 1960s, for reasons unrelated to their nuclear

reactors.

It is highly likely that, going forward, our Nuclear Navy will make sure things sail

along as safely as ever.
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