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Introduction to Nuclear Fission
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Fission is triggered by Neutrons

Common fuel for a typical light water reactor:
U238 (96%) + U235 (4%) (Natural Uranium: U238(99.3%))

Fission Chain Reaction

Nucleus= P (red balls) + 
N (blue balls)
Neutrons are essential 
for fission. 

Energy + average 2.6 N
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Slow and Fast Neutrons in a Critical Reactor

This is a critical slow reactor
that uses slow neutrons for
fission. In a sub-critical
reactor, the number of
fissions and the number of
emitted neutrons decrease as
time. A reactor with no
moderator is called fast
reactor.
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ADS uses a sub-critical reactor

• Ordinary nuclear fission reactor is a critical reactor in which
nuclear fission is self-sustained. On the other hand, ADS uses
a sub-critical reactor in which nuclear fission is not self-
sustained.

• For stable operation of ADS, extra neutrons should be supplied
from outside just as many as to make the sub-critical reactor +
external neutron supply system critical again.
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Features of Accelerator Driven 
System (ADS) 
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What is ADS?
ADS = sub-critical reactor + [proton accelerator + heavy-metal    

target]
The extra neutrons required to make a sub-critical reactor critical is 
supplied by external spallation neutrons generated when protons hit 
heavy-metal target. 

• In general, ADS has no moderator and makes use of fast neutrons for 
fission -> fast reactor 
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Fast Reactor for Plutonium

Why ADS?
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Purpose of ADS: Power Generation + Transmutation (safely)

Long-lived (several hundred thousand years) nuclear waste (Actinides)
can be transmuted to short-lived waste (several hundred years) by fast
neutrons.

What is transmutation in a reactor?

Critical fast reactor (CR) can also perform power generation + transmutation.  
But, ADS is safer and more effective as will be shown.   
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Why is ADS safer?

In ADS, external neutrons from targets are delayed-
neutrons.
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Why is ADS safer?(2)

• ADS has higher ratio of delayed neutrons. This makes ADS 
safer than other scenarios: More delayed neutrons, larger 
safety margin.

Delayed-neutrons make a reactor more controllable.
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ADS has larger Safety Margin than CR
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Accelerators for ADS 
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Accelerator Requirements

ADS requires high proton beam energy (typically 1 GeV) and high 
power (10 MW or higher depending upon safety margin). 

Operational reliability: Accelerator operation should be very stable.
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Typical Proton Accelerator Types for ADS

Superconducting Linear Accelerator Cyclotron

Capable of high energy and power.
High cost and big size.

Limitation in energy and power.
Lower cost and smaller size.
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Current Status of ADS 
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Ideal ADS = Transmutation + Power Generation

Commercial Power Generation is more difficult than 
Transmutation.
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Ideal ADS is more difficult to achieve

Stability Requirement for Accelerator

Commercial Power Plant is difficult to realize with current technology 
mainly because of stability requirement.
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Dedicated Transmuter is more realistic
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Reprocessing is Required for ADS

Rokkasho Reprocessing 
Plant

Korea: pyro-processing?
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Comparison of ADS and Critical 
Fast Reactor (CR) for 

Transmutation

Critical Fast Reactor is also capable of transmutation



T.-Y. Lee

22

Advantage of ADS over CR

ADS can use Uranium-free fuel 
and be very effective in 

transmutation. 

Hence, ADS needs no U238 and can
burn more actinides than CR. Critical
reactor is difficult to use as a pure TRU
or MA burner because of U238 that
should be included in the fuel.

Subject materials of transmutation (actinides) emit very low percentage of
delayed neutrons as shown in the Table below. To compensate for the lacking
delayed neutrons, ADS can obtain extra delayed neutrons from the
accelerator but CR can obtain them only by adding extra U238 into the
fuel. But, then, this U238 generates additional Pu that should also be removed
by transmutation.
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Comparison of ADS and Critical Reactor
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Example: ADS Plan in Japan

This fuel composition 
would not be acceptable 
for critical reactor
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ADS: more suitable for dedicated transmuter
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ADS Projects in the World
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JPARC, Japan
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CIADS, China
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MYRRHA (Belgium)
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Thank You for your attention!!
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