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CHAPTER 8

Nuclear Plant Systems
prepared by

Dr. Robin Chaplin

Summary:

This chapter deals with the main components of a CANDU nuclear power plant. It follows the
general path of energy production from the nuclear reactor to the electrical generator with
descriptions of the systems and equipment essential for the purpose of generating thermal
energy, transferring heat and converting heat into mechanical and then electrical energy. Some
key auxiliary systems are included where these are an essential part of the energy processes as
are the basic control systems which maintain stable operational conditions and ensure safety of
the plant. This chapter leads into Chapter 9 which describes how a typical CANDU plant oper-
ates.
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1 Introduction

1.1 General Configuration
Specific units in a typical CANDU nuclear plant include a nuclear reactor in which heat is generated
by nuclear fission, a heat transport system to convey this heat from the reactor to the steam cycle,
a steam generator in which steam is generated, a steam system to convey steam from the steam
generator to the steam turbine, a steam turbine where available heat energy is converted into
mechanical energy, a condenser where unavailable heat energy is rejected to the cooling water
system, a steam reheating and feedwater heating system to improve cycle efficiency, an electrical
generator to convert mechanical energy into electrical energy, and an electrical system to generate
electrical energy for distribution to consumers. To balance the flow of energy through these
components and to regulate plant output, a control system is required. Each of these major
systems will be described in this chapter.

All thermal reactors have four important components: fuel, moderator, coolant, and control
elements. The moderator is that part of the nuclear reactor where neutrons are reduced in energy
to increase the probability of fission when they re-enter the fuel. Spacing of the fuel assemblies
within the moderator is therefore of key importance. Heat must be removed by the coolant from
the fuel assemblies at a high rate without making the fuel sustain excessive temperatures. This is
achieved by having multiple small diameter fuel rods (elements) in one fuel assembly. These two
requirements dictate the general reactor configuration. A unique aspect of the CANDU reactor is
the horizontal arrangement of fuel channels within the reactor calandria. These channels contain
the fuel bundles and are surrounded by the heavy water moderator, whereas heavy water coolant
flows through the channels.

Heat is generated in the nuclear reactor, and electricity is produced by the electrical generator. The
production and discharge of this energy must be perfectly balanced. The steam generator is the
key component for maintaining this balance, that is, the rate of steam generation must match the
rate of steam flow to the steam turbine, or vice versa. Any change in these two energy flows will
immediately be reflected as a change in steam pressure in the steam generator. Therefore, steam
pressure is a key control parameter for the entire plant under all operating conditions.

2 Nuclear Reactor

2.1 General Arrangement
For all CANDU reactors, the horizontal fuel channels are arranged in a square array across the
reactor face, as shown in Figure 1. The calandria, which contains the moderator at essentially
atmospheric pressure, contains axial tubes in a similar square array to accommodate the
pressurized fuel channels or pressure tubes, which in turn contain the fuel bundles and the
primary system coolant. Figure 2 shows a close-up view of the feeder pipes conveying coolant
to and from the pressure tubes at one end of the reactor.
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Figure 1 Reactor vault and assembly



Nuclear Plant Systems

©UNENE, all rights reserved. For educational use only, no assumed liability. Nuclear Plant Systems – July 2016

7

Figure 2 Feeder tube assembly on reactor face

2.2 Calandria Arrangement
The calandria contains the moderator for the reactor. It consists essentially of a horizontally
mounted cylindrical tank containing many horizontal tubes in a square array. Pressure tubes
containing fuel and coolant are fitted inside the calandria tubes, with a small annular gas filled
space to provide heat insulation. This annular space is maintained by garter springs which resist
sagging of the pressure tubes and thus minimize the risk of contact with the calandria tubes.
The gas used is carbon dioxide because it has low thermal conductivity, shows little tendency to
promote corrosion, and does not produce significant activation products. The carbon dioxide is
circulated in the annular space to cool it and to monitor it for any leakage from the calandria
and pressure tubes. The calandria contains heavy water as moderator, which fills the space
between the calandria tubes. The spacing of the calandria tubes and hence the fuel channels is
greater than optimum with respect to neutron moderation, with the result that the reactor is
over-moderated.

2.3 Moderator Temperature Control
Heat is generated in the heavy water moderator by the neutron moderating process, where the
kinetic energy of the neutrons is converted into heat energy, and by absorption of gamma
radiation. Both these processes intensify with a rise in reactor power. Heat is also transferred
to the moderator through the carbon dioxide in the annular space between the pressure tubes
and calandria tubes. This process is largely independent of reactor power because the fuel
channel temperature is fairly constant at all power levels. The total amount of heat generated
in and transferred to the moderator is approximately 5% of total reactor heat production. This
heat must be removed to maintain the desired temperature in the moderator.

The moderator temperature is maintained between 60°C and 65°C by an external cooling
system, as illustrated in Figure 3. This system includes circulating pumps and heat exchangers,
which reject heat to the service water system. Although the relatively large temperature
difference between the reactor coolant and the moderator induces some heat loss, the rela-
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tively cool moderator can provide some measure of cooling to the fuel in the event of a loss of
coolant accident and the coincident failure of the emergency coolant injection system. Because
the reactor’s configuration makes it over-moderated, any void formation within the moderator
would cause an increase in reactivity, leading to unstable reactivity conditions. Hence, it is
desirable to maintain an adequate margin below boiling conditions.

Figure 3 Moderator cooling and purification system

The moderator temperature has an effect on the reactivity of the reactor as its temperature
rises from ambient conditions to operating conditions during reactor warm-up. For equilibrium
fuel conditions, that is, a mix of used and new fuel that arises after several months of continu-
ous refuelling, the temperature coefficient of reactivity is positive, meaning that the reactivity
increases by about 4 mk as the temperature goes from 30°C to 70°C. This phenomenon is due
mainly to two factors. One is the lower density of the moderator at higher temperatures,
resulting in less neutron absorption. The other is the increased fission cross section of pluto-
nium as the increase in temperature takes the neutron energy into a resonance peak of Pu-239.

2.4 Moderator Reactivity Control
To control moderator reactivity, soluble poisons are added to the heavy water at appropriate
concentrations under certain operating conditions through a moderator liquid poison addition
system. This system consists of mixing tanks for boron and gadolinium, also shown in Figure 3,
where the solutions are formulated, as well as flow transmitters at the circulating pump inlet to
measure the amount entering the moderator system.
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Both gadolinium and boron have strong neutron absorbing isotopes, namely Gd-155, Gd-157,
and B-10. They gradually lose their ability to absorb neutrons as neutrons are absorbed to form
a heavier isotope. The burnout rate for boron is slower than that of gadolinium, making it more
suitable for longer term operations such as compensation for reactivity loss due to fuel burnup.
When a reactor is charged with new fuel, the excess reactivity from the fuel can be balanced by
a certain concentration of boron. As the fuel burns up and neutron absorbing fission products
are produced, the effectiveness of the boron decreases, making it possible to maintain reasona-
bly constant reactivity with naturally small adjustments. The burnout rate for gadolinium is
faster than that of boron, and therefore it is more suitable for short term reactivity adjustments
such as those necessary during xenon transients. The xenon concentration in the fuel is lower
during periods of low load and builds up following a large power increase. Gadolinium can
compensate for this and burns out at a rate roughly corresponding to xenon buildup. Gadolin-
ium can also be used to compensate for a lack of xenon in the reactor during an outage to
ensure that the reactor will remain subcritical.

The shutdown system, which will be described later, injects liquid poison directly into the
moderator in the event of certain reactor trips. Gadolinium is used at sufficient concentration
to ensure an immediate reduction in reactivity to well below critical conditions. Upon reactor
restart, it must be removed by the moderator purification system. Gadolinium is easily removed
by ion exchange resins, whereas boron, being a weaker ion, is not easily removed. This makes
gadolinium better suited for use in the shutdown system, but it still takes several hours to
remove it and almost as long as the ensuing outage due to xenon poisoning.

A moderator purification system, also shown in Figure 3, is connected to the moderator cooling
system to maintain heavy water purity and to remove or adjust the concentration of soluble
poisons such as gadolinium or boron which may have been introduced for shutdown purposes
or to assist in reactivity control. The non-active soluble poison (after neutron absorption) must
be removed to maintain the general purity of the moderator. The purification system has
strainers to remove particulate material such as resin fines from the system, followed by mixed
bed ion exchange columns to remove dissolved material in the form of positive and negative
ions.

2.5 Core Shielding
The reactor core is shielded at the ends by end shields and around the periphery by a thermal
shield to absorb neutron and gamma radiation which would otherwise create excessive radia-
tion fields at the reactor faces and high temperatures in the calandria structure. The shields
contain water which is circulated and cooled. The end shields contain steel balls as well to
ensure sufficiently low radiation fields during routine maintenance shutdowns. The combina-
tion of water and steel balls is very effective in attenuating both neutron and gamma radiation.

2.6 Reactor Control Systems and Devices
Heavy water is a very weak neutron absorber, which is advantageous with regard to fuel utiliza-
tion. To compensate for reactivity changes in the fuel, the absorption properties of the modera-
tor can be modified by adding a soluble neutron absorber in small concentrations. Gadolinium
and boron both have strong neutron absorbing isotopes, namely Gd-155, Gd-157, and B-10.
These can be added through the liquid poison system and removed through the moderator
purification system using ion exchangers. Light water is a stronger neutron absorber than heavy
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Figure 4 CANDU 6 reactor assembly
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Figure 5 Reactor cross section
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Figure 6 Reactor longitudinal section
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Figure 7 Reactor plan view
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2.6.1 Moderator Poison Addition System

Liquid poison such as boron or gadolinium can be added to the moderator to adjust reactor
reactivity. Because these are both neutron absorbers, they reduce neutron efficiency and hence
adversely affect fuel utilization. However, as described earlier, their use is necessary under
certain transient conditions to maintain reactivity within regular control limits. Such conditions
arise when a reactor is started with a new charge of fresh fuel, when a significant amount of
fresh fuel is added, and during large increases in load when xenon transients need to be
accommodated.

2.6.2 Liquid zone control absorbers

Critical reactivity balance is mostly and predominantly maintained by the six liquid zone control
absorbers located vertically within the reactor core interspersed among the mechanical control
absorbers, adjuster rods, and shut-off rods. These liquid zone absorbers contain light water in
two or three separate sections, forming a total of fourteen compartments. These separate and
independent absorbers enable spatial control of neutron flux. Light water absorbs neutrons
more strongly than heavy water and acts like a control rod as light water is added or removed
through inlet and outlet pipes, where a difference in flow rate will vary the level. Helium gas is
maintained above the light water, and the difference in pressure between the inlet and outlet,
at the bottom and top of the water column respectively, indicates the level of light water. The
quantity of water in each compartment is controlled by automated valves receiving signals from
the flux detectors through the control computers of the reactor regulating system.

2.6.3 Mechanical rod control absorbers

Besides the liquid zone control absorbers, there are also four mechanical control absorbers
made from a variety of alloys, predominantly cadmium encased in stainless steel. These
absorbers adjust the flux level when a greater reactivity rate or depth than can be provided with
the liquid zone control absorbers is required. They can bring about a fast reactor power
reduction such as a reactor stepback. They may be driven in or out of the core at variable speed
or dropped into the core by the release of a clutch. The design of these solid control absorbers
is virtually identical to that of the shut-off rods described below.

2.6.4 Mechanical rod adjusters

Adjuster rods are used in the reactor to optimize the neutron flux profile for reactor power,
compensate for fuel burnup, and provide excess reactivity to overcome Xenon-135 surges
following a power reduction. CANDU reactors are designed to develop full power when these
adjuster rods are fully inserted into the reactor core. There are 21 adjuster rods arranged in
three rows vertically between the other control devices. The adjuster elements are raised or
lowered individually by winching drives similar to those described for the shut-off rods, except
that these adjusters do not fall into the reactor in the event of a shutdown signal from the flux
detectors because they would normally be fully inserted during normal operation. When the
adjusters are fully withdrawn, the reactivity gain is about 16 mk, which is sufficient to overcome
minor xenon transients during power manoeuvering.
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2.6.5 Mechanical rod shut-off absorbers

The signals received from the flux detectors or other plant indicators, which are routed to
Shutdown System 1 (SDS1), control a system of 28 vertical shut-off rods. These shut-off rods are
composed of cadmium and stainless steel absorber elements and are used to shut the reactor
down under normal and emergency conditions. When these rods are inserted into the core,
they are aided by perforated guide tubes made of zirconium alloy that are open to the pressure
of the moderator. These shut-off rods are inserted into or withdrawn from the core by means
of a stainless steel cable which is wound on a drum in the rod drive mechanism. This drum is
driven by an electric motor with an electromagnetic friction clutch. When a shut-off signal is
received, the clutch de-energizes, and the shut-off rods fall into the reactor core inside the
zirconium alloy guide tubes under the influence of gravity. While the clutch is energized, the
shut-off rods can be driven into or out of the reactor core by the electric drive motor.

2.6.6 Liquid poison injection system

This system, unlike the Moderator Poison Addition System, is a safety system as opposed to a
control system. It injects a large quantity of soluble poison into the moderator to reduce
reactivity drastically rather than adding a controlled amount to maintain reactivity at the
required level.

Shutdown System 2 (SDS2), as illustrated diagrammatically in Figure 8, is activated based on
information received from the three horizontal in-core flux detectors or other plant indicators.
The poison that is injected into the core is gadolinium nitrate dissolved in heavy water. This
poison is contained in six tanks outside the reactor vault in an accessible area for routine
maintenance. Each of the six poison tanks is connected to a nozzle pipe in the calandria by
stainless steel pipes. These nozzle pipes are oriented horizontally in the reactor core, each with
several orifice holes situated to provide maximum negative reactivity changes when the poison
is injected. The nozzle pipes themselves are made of zirconium alloy.

The gadolinium nitrate poison is injected into the core by helium under pressure. Pressurized
helium in this tank is isolated from the poison tanks by triplicated quick-acting valves. When
these valves are opened, the pressure forces the poison into the moderator very quickly. A ball
in the poison tanks prevents blowthrough of helium gas and ensures that calandria pressure
does not exceed its design value.

SDS2 is typically capable of supplying at least 50 mk of negative reactivity worth, although a
negative reactivity of 30 mk is considered adequate to bring about complete and rapid
shutdown. This system acts as a backup to SDS1 and should be activated only in the event of a
failure of SDS1 or if the initiating event is so severe or so fast that SDS1 has not arrested the
transient. Because liquid poison is injected into the moderator, quick recovery from such a trip
is not possible.

In the original CANDU design concept, it was decided that there should be two independent and
different shutdown systems operated from different sources and configured differently. To
achieve this objective, the SDS1 and SDS2 systems inject negative reactivity in different ways
and even in different orientations within the reactor, that is, one vertically and one horizontally.
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Figure 8 Shutdown System 2 (SDS2)

2.7 Fuel Configuration
In most CANDU reactors, the individual fuel bundles have 37 fuel elements, each containing a
stack of natural uranium dioxide fuel pellets. Within each fuel element are approximately 30
fuel pellets, giving an effective stack length of 480 mm. The fuel elements are held in place by
end plates which are perforated to enable coolant to flow axially and are prevented from
contacting one another or the pressure tube by spacers. The element sheaths are made of
zircaloy to minimize neutron absorption. There are 12 fuel bundles in each fuel channel of the
CANDU 6 reactor. The configuration of the reactor with horizontal fuel channels enables the
reactor to be refuelled while on load and also facilitates partial refuelling of a single channel
because the fuel bundles do not have to be linked together as in a vertical channel. A 37-
element fuel bundle is shown in Figure 9, while Table 1 gives details of a 37-element fuel
bundle.
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Figure 9 37-element fuel bundle

Table 1 CANDU fuel characteristics

Fuel Type

Pellets

Number in Elements

Elements per Bundle

Bundles per Fuel Channel

Pellet Diameter

Pellet Stack Length

Cladding

Cladding Outside Diameter

Bundle Outside Diameter

Bundle Overall Length

Sintered natural uranium dioxide

Cylindrical with concave dished ends

30

37

12

12.16 mm

480 mm

Zircaloy-4

13.08 mm

102.4 mm

495 mm

2.8 Fuel Channel Conditions
A temperature rise takes place along the fuel channel from the inlet to the outlet until satura-
tion conditions are reached, after which the temperature remains approximately constant. This
temperature rise is not linear because the rate of temperature rise depends upon the local rate
of heat release and hence on the neutron flux, which drops off towards both the inlet and
outlet of the channel. The most severe fuel conditions occur where both the heat flux and
coolant temperature are high. This occurs normally somewhat downstream of the channel
midpoint. Typical fuel channel conditions are given in Table 2.
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Table 2 Fuel channel parameters (CANDU 6)

Fuel Channel Material

Inside Diameter

Wall Thickness

Inlet Pressure

Outlet Pressure

Inlet Temperature

Outlet Temperature

Maximum Coolant Flow

Average Coolant Flow

Zirconium-Niobium Alloy

103.38 mm

4.19 mm

11.04 MPa (a)

10.30 MPa (a)

267°C

312°C

24 kg/s

20 kg/s

2.9 Fuel Handling
Short term reactivity changes occur continuously during normal operation due to load changes
or to minor transient conditions. Short term reactivity control is maintained in the reactor core
by liquid zone control absorbers (for load changes) and adjuster rods (for transients). Long term
reactivity changes occur slowly as fuel is used up and fission products accumulate in the fuel.
Long term reactivity control is achieved through on-line refuelling to maintain constant reactiv-
ity while fuel is burned. By varying the frequency of refuelling in different areas of the reactor
core, the flux and hence the power distribution can be very effectively and accurately con-
trolled.

The CANDU reactor with its horizontal fuel channels has a reactor face at each end, onto which
two fuelling machines must attach while maintaining pressure and flow in the channel. Figure
10 shows a typical reactor face with a fuelling machine. This is a larger reactor with 480 fuel
channels (Darlington) with a later design of fuelling machine than the one illustrated in Figure
11 and Figure 12.

Fuel is inserted into and removed from the fuel channels by two remotely controlled fuelling
machines which attach to the ends of a selected fuel channel. A general view of a typical
fuelling machine (Pickering) as seen from the reactor side is shown in Figure 11. These fuelling
machines are fully automatic and remotely controlled. The equipment itself consists of a
fuelling machine mounted on a suspended carriage. The carriage travels on a track which can
be raised or lowered by a gantry so that the fuelling machines can reach any fuel channel.
Heavy water and electricity supplies are provided by a flexible catenary which connects the
machine to the stationary auxiliary systems.
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Figure 10 Reactor face with fuelling machine

Figure 11 Typical fuelling machine and bridge

The arrangement with respect to the reactor face is shown in Figure 12. By raising or lowering
the gantry and traversing the carriage, the fuelling machine can reach any channel. When the
gantry is at its lowest point, the machine can turn 90° in the horizontal plane, as shown by the
dotted image, to receive new fuel or to discharge spent fuel in the service area. After
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attachment to the reactor, the fuelling machines open the fuel channel and remove the shield
plug. One fuelling machine carries the new fuel in its magazine, while the other machine at the
opposite end of the fuel channel receives and stores spent fuel in its own magazine. Each
magazine can revolve and has several slots, each of which can store two fuel bundles. Two new
fuel bundles from the fuelling machine are inserted at the coolant inlet end, while two used
bundles are removed at the coolant outlet end. Normally, depending on the particular CANDU
design, eight bundles are changed during one channel refuelling. In this way, the two bundles at
each end where the neutron flux is low spend twice as long in the reactor than those in the high
flux zone in the middle. Flow through the channel is maintained, and the pressure difference so
derived is used to move the bundles into the channel and to provide a driving force to facilitate
their removal. Spent fuel is later transferred to the irradiated fuel bay, where it is stored under
water. The average time taken to refuel one fuel channel is about two and one half hours,
meaning that the refuelling process is almost continuous during normal working hours.

Figure 12 Orientation of fuelling machine with respect to reactor

New fuel is loaded directly into the magazine of the fuelling machine, but irradiated fuel must
be remotely handled and transferred under shielded conditions to the irradiated fuel bay for
interim storage during its initial cooldown period.

3 Heat Transport System

3.1 General Arrangement
The fundamental function of the primary coolant circuit or heat transport system is to circulate the
heavy water coolant and transport heat from the fuel elements to the steam system. The entire
circuit consists of pumps, headers, feeder pipes, pressure tubes, and steam generators, as shown in
Figure 13. In addition, there is a single pressurizer in the circuit. The coolant used in CANDU
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reactors is heavy water to minimize neutron absorption. In the pressure tubes, the coolant flows
are in opposite directions in adjacent tubes. Thus the coolant passes from the steam generators at
one end of the reactor through half the tubes to the steam generators at the other end of the
reactor and back again through the adjacent tubes.

There are two steam generators and two heat transport pumps at each end of the reactor, and
therefore the entire system is divided into two independent loops, with each serving half the
reactor. They are linked by a balance pipe with restricting orifices so that the same pressure is
maintained in each loop and only one pressurizer is required. This arrangement is illustrated
diagrammatically in Figure 14. The advantage of this arrangement is that, in the event of a serious
loss of coolant accident, only half the reactor will be affected initially, with minimum subsequent
loss of coolant from the other half.

Figure 13 Simplified heat transport and moderator circuits
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Figure 14 Diagrammatic arrangement of figure-of-eight heat transport system

As coolant leaves the reactor, it passes through the outlet feeder tubes on each reactor face and
then to the respective headers. From here, it enters the U-tube steam generators situated at
opposite ends of the reactor. In the steam generator, the pressurized heavy water exchanges
heat with the light water on the steam side of the steam generator. The now cooled heavy
water passes to the heat transport pumps, one for each steam generator, and returns to the
reactor core through headers and inlet feeder tubes at each end of the reactor.

The heat transport system serves to remove heat from the reactor under both power producing
and shutdown conditions. The flow is maintained by the heat transport pumps under most
conditions, but with the steam generators located above the reactor, natural circulation is
possible under shutdown conditions.

Pressure in the fuel channels is maintained at about 10 MPa at the outlet end, and the coolant
is generally subcooled, although above about 90% full load power, some boiling occurs in the
most highly rated fuel channels. At full power, the steam exit quality is typically 3% to 5%,
which gives a voidage of 26% to 37% at 10 MPa. This steam is subsequently mixed with sub-
cooled coolant from the lower rated channels to give conditions very close to saturation at the
steam generator inlet though the flow to the lower rated channels is somewhat reduced to
minimize the difference in exit quality.

The heat transport pumps are driven by electrical motors. Should power supply to the motors
fail, forcing a reactor trip, the pumps have sufficient built-in inertia to run down over a period of
two to three minutes. This allows sufficient time for natural circulation or thermosiphoning to
be established.

Pressure in the heat transport circuit is maintained by a pressurizer in most CANDU reactors.
This operates at saturation conditions and is approximately half filled with liquid, with the
remaining space containing vapour. It is connected to the heat transport system by a pipe
which is long enough to maintain its temperature independently of the heat transport system.
This enables the reactor outlet header pressure to be controlled regardless of the heat trans-
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port system temperature.

There is a feed-and-bleed system to inject or extract heavy water from the heat transport
system. This enables the correct inventory to be maintained under transient conditions such as
start-up and shutdown and to compensate for leakage. It also enables external clean-up and
chemical treatment of coolant under lower pressure and temperature conditions, as well as
recovery of leakage and upgrading of heavy water.

3.2 Heat Transport Pumps
Four heat transport pumps circulate heavy water coolant around the system. They are vertical
single stage centrifugal pumps driven by induction motors. Mechanical seals prevent leakage of
reactor coolant. These seals are supplied with cooled heavy water, some of which leaks out-
wards and some into the pump, thus maintaining the correct operating temperature at the
pump seals and preventing loss of reactor coolant. In the CANDU 6, the pumps each draw
approximately 5 MW of electrical power, giving a total of 17 MW of energy input to the heat
transport system. This input is used to raise the temperature and pressure of the reactor
coolant system during warm-up from cold shutdown conditions.

3.3 Pressurizer
The pressurizer maintains pressure in the heat transport system by maintaining a cushion of
vapour above the heavy water in the lower half. Pressure can be reduced by venting vapour at
the top or by spraying water into the vapour space and can be increased by heating the water
with electric heaters at the bottom. During normal operation, the heaters generally operate
periodically because the pressurizer loses heat naturally to its surroundings. Some plants rely
on venting vapour only to reduce pressure and do not have water sprays. Level in the pressur-
izer is ramped up as the temperature of the heat transport system increases to accommodate
partially the thermal expansion of the reactor coolant during power raising. Under cold shut-
down conditions, the pressurizer is normally isolated from the heat transport system to main-
tain an elevated temperature in it.

During warm-up, the pressurizer is isolated from the heat transport system, meaning that the
system is in the so-called solid mode of operation as opposed to the normal mode of operation
where the pressurizer is connected to the system. In this solid mode, pressure control is by feed
and bleed action where the flow rate of heavy water in and out of the system is adjusted to
maintain the correct pressure. In the normal mode, the feed and bleed action of the inventory
control system adjusts the coolant inventory by maintaining the pressurizer level at its set-point.

To avoid over-pressure conditions in the heat transport system, pressure relief valves on the
reactor outlet headers discharge excess coolant to the degasser condenser of the inventory
control system. If this action is insufficient to alleviate the over-pressure condition, the control
system will step back the reactor to a lower power level, and if this still does not reduce pres-
sure sufficiently, it will trip the reactor.

Note that the steam generators serve as a heat sink for the heat transport system, and therefore
reducing pressure and hence temperature in the steam generators will have the effect of
reducing temperature in the heat transport system, with a resulting reduction in pressure as
well.
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3.4 Inventory Control System
The inventory control system serves to maintain pressure in the heat transport system when the
pressurizer is isolated and to maintain level in the pressurizer under normal operating condi-
tions. It also serves as a reserve source of heavy water to compensate for minor leakage and to
maintain heavy water purity by means of the purification system. This requires continuous
bleeding and feeding of heavy water so that it can be treated appropriately. Figure 15 shows a
diagrammatic arrangement of a typical inventory control system for purification and feeding of
coolant to the heat transport system. The heavy water is at high temperature and pressure
upon leaving the system. Therefore, it must be treated under either high pressure or low
pressure conditions. Figure 15 shows a system with high pressure purification to minimize
pressure reduction and pumping back to pressure, but the feed and bleed operation and heavy
water storage are at lower pressure, with the coolant initially passing through a degasser before
being pumped back into the system. Furthermore, the ion exchange resins cannot withstand
high temperatures, and therefore cooling to about 50°C is required before purification. It is
advantageous to use the heat removed from the bleed flow to heat the feed flow before it is
returned to the heat transport system. Therefore, the system includes interchangers as well as
service water coolers.

Figure 15 Heat transport purification and feed system

3.5 Shutdown Cooling System
When the reactor is shut down, decay heat is removed through the steam generators and the


