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CANDU® reactors offer a high degree of defence-in-depth to protect against upsets and accidents.
A significant part of this defence-in-depth relies on inherent features of the CANDU system or features
that have been implemented as part of the system for a long time and can therefore be regarded as proven.
Some aspects of the design meet the defined requirements for passive systems. Noteworthy features are
mentioned below.

The CANDU reactor possesses a number of intrinsic safety features owing to its particular design
characteristics. Firstly, CANDU reactors are based on a pressure-tube design rather than a pressure-vessel
design. Thus, the pressurized portion of the reactor is limited to the fuel channels, which are of relatively
small diameter. This helps to ensure that containment integrity and sufficient fuel cooling are not
jeopardized following a pressure-boundary failure. Secondly, since components in the primary heat
transport system are located above the reactor core, thermosyphoning of the primary coolant is possible in
the event that pump power is lost. That is, the CANDU reactor can passively remove decay heat. Thirdly,
the fuel channels are immersed in a cool, low-pressure heavy-water moderator, which is circulated
through heat exchangers by pumps. The moderator serves as an emergency heat sink capable of removing
decay heat if delivery of emergency core coolant fails. As a result, the likelihood of severe core damage is
inherently low. In addition, the moderator conditions facilitate access to the reactor for reactivity control
devices, detectors, and shutdown systems.

There are certain inherent safety features of the CANDU reactor that are attributable to the
reactor physics. The reactivity state of the core is relatively constant with time due to the use of on-power
refuelling and the fact that reactivity coefficients are all small in magnitude. Reactivity fluctuations can
be easily controlled; the excess reactivity available from the fuel is small and the relatively long lifetime
of prompt neutrons in the reactor precludes rapid changes in power levels. Furthermore, the fuel-channel
lattice is optimized for maximum reactivity. Hence, an event that results in relocation of fuel causes a
reduction in reactivity.

The CANDU reactor is equipped with two, independent, redundant, and diverse shutdown
systems. Each shutdown system is fully capable and is not dependent on the reactor regulating system.
The shutdown systems are fail-safe and passive. The first shutdown system consists of shutoff rods which
are vertically oriented above the reactor core and are gravity-driven with spring assistance. The second
shutdown system uses liquid poison injection into the moderator. This system is horizontally configured,
and the liquid poison injection is accomplished using fast-acting valves between a high-pressure helium
tank and the poison tanks. The probability of a power transient without reactor shutdown has been shown
to be extremely small.

The CANDU reactor features various systems to safely mitigate a loss-of-coolant accident
(LOCA). Emergency core coolant (ECC) can be injected into the primary heat transport system. The ECC
is passively supplied from water tanks connected to a high-pressure gas tank; additional ECC supply is
available from an elevated water reservoir referred to as the dousing tank. The dousing tank also provides
containment cooling and depressurization through a gravity-driven water spray system that condenses
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escaped steam. Hydrogen levels in containment are controlled with the aid of igniters or passive
recombiners. As mentioned previously, the moderator acts as an emergency heat sink if ECC injection
fails, thereby preventing severe core damage. Moreover, the tank containing the moderator (known as the
calandria vessel), is itself surrounded by a large water-filled shield tank. Consequently, if there was a
LOCA coincident with a loss of ECC and moderator cooling (i.e. a triple failure), a severe core damage
accident would progress very slowly. Moderator heatup and boiloff would require several hours. The
water in the shield tank could retain debris inside the calandria and hence prevent melt-through of the fuel
to the containment internal structures, for a period of about one day. This would allow a long time for
accident management, restoration of emergency systems, and public emergency plan execution. Lastly,
the CANDU system design is such that the containment building would at most be subjected to a modest
challenge, even for severe core damage events. The configuration of the fuel and the core pressure
boundary inherently precludes direct containment heating or high-pressure melt ejection, which could fail
a containment structure.
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