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DISPOSITIFS DE SURETE DU REACTEUR MAPLE-X10

par

A.G. Lee, W.E. Bishop et W. Heeds

RESUME

Le réacteur MAPLE-X10 est un réacteur piscine à reflection par

D2Û, refroidissement et modération par H20, en construction aux Labora-

toires Nucléaires de Chalk River. Ce réacteur de 10 MW produira des radio-

isotopes médicaux et industriels clés tels que le Mo, lr I et 1' Ir.

Comme prototype du concept de réacteur de recherches MAPLE, il,.comporte

divers dispositifs de sûreté inhérents à la conception et aux systèmes

technologiques additionnels. Les conditions de sûreté sont analogues à

celles du réacteur de puissance CANDU canadien du fait que l'autorité com-

pétente canadienne en matière de délivrance d'autorisations n'a pas encore

établi les normes d'autorisation de construction des réacteurs de re-

cherches nouveaux.
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SAFETY FEATURES OF THE MAPLE-X1.0 REACTOR DESIGN

by
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ABSTRACT

The MAPLE-X10 reactor is a D2O-reflected, H20-cooled and -modera-

ted pool-type reactor under construction at the Chalk River Nuclear Labora-

tories. This 10-MW reactor will produce key medical and industrial radio-
9& 125 192

isotopes such as Mo, I, and Ir. As the prototype for the MAPLE

research reactor concept, the reactor Incorporates diverse safety features

both inherent in the design and in the added engineered systems. The safe-

ty requirements are analogous to those of the Canadian CANDU power reactor

since standards for the licensing of new research reactors have not been

developed yet by the licensing authority In Canada.
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1. INTRODUCTION

Atomic Energy of Canada Limited (AECL) is developing the MAPLE
reactor (1,2) to meet contemporary Canadian and international requirements
for modest-cost, multipurpose neutron sources. The basic MAPLE design is a
D2O-reflee ted, H20-cooled and -moderated pool-type reactor that efficiently
produces tailored neutron fluxes at a variety of irradiation facilities. A
MAPLE reactor assembly may be installed within a custom-built facility to
suit varied applications, including radioisotope production, materials
analysis, small-scale materials testing, and scientific, medical and com-
mercial utilization of extracted neutron beams. The 10-MW prototype
MAPLE-X10, under construction at the Chalk River Nuclear Laboratories, will
produce key medical and industrial radioisotopes such as Mo, Jl, and

Ir in addition to demonstrating the MAPLE technology.

This report discusses the inherent and added engineered safety
features incorporated in the design of the MAPLE-X10 reactor, which would
be included in other MAPLE reactors. These safety measures serve to reduce
the probability of conceivable accidents and to mitigate the consequences
of accidents that would otherwise pose a radiological hazard to operating
staff and members of the public.

2. BUILDINGS AND STRUCTURES

The MAPLE-X10 building (Figure 1) incorporates the reactor hall,
the reactor and service pools, a main floor service area, shielded process
system rooms, control room and auxiliary system rooms. Their design and
analysis are in accordance with CSA N289.3 for the reactor hall, pool
structure and reactor structure. The National Building Code of Canada
applies to the remaining structures, with added provisions to ensure that
the structures do not collapse on the reactor hall in the event of a
design-basis earthquake.

2.1 REACTOR HALL

The reactor hall is a reinforced concrete structure (Figure 1)
approximately 8 m by 8.5 m and 8 m high, and encloses the top of the reac-
tor pool. This structure has been designed to withstand all identified
external events, e.g., seismic and tornado events. The reactor hall is
contained within the main building. The reactor hall defines a vented
confinement area but .iot a shielded containment. The hall is vented to an
emergency filtration system. There is no crane in the hall, and all fuel-
ling is carried out manually. These features ensure that heavy objects
cannot be dropped and damaging forces cannot be exerted on the reactor
structure and the safety systems in the reactor pool.

2.2 REACTOR POOL

The reactor pool is a 3 m by 3.5 m by 10 m deep rectangular
stainless-steel-lined concrete structure. Part of the reactor pool struc-
ture is below the elevation of the basement floor. There is a secondary
leak detection system to monitor losses from the pool.
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MAPLE -XIO Reactor

FIGURE 1: MAPLE-X10 Reactor Building

The rock excavation is first lined with lean concrete. A
crushed-stone bed containing a perforated piping system is then laid on the
base and covered with a layer of lean concrete. This shell is then covered
with a waterproof membrane, and the heavy concrete pool structure is com-
pleted. Vertical pipes are embedded in the lean concrete and are connected
to the perforated piping to provide a sampling system to detect possible
pool leaks.

A trench 0.6 m wide with a gate connects the reactor pool to the
2.5 x 4 m by 5 m deep service pool. This ensures thai spent fuel in the
service pool remains below the water shielding in the unlikely event of
either the primary cooling system failing or the water level in the reactor
pool dropping. The water-tight gate is normally closed, except during the
transfer of fuel or other irradiated assembly.

An alarm is sounded after a time delay to ensure that the gate is
closed. The gate seals with the overhead door to preserve the ventilation
confinement.



The reactor, trench and service pool walls are lined with 9-mm-
thick 304L stainless steel while the floor liner is 12 mm thick. The pre-
assembled liners serve as the integral formwork for the placement of the
pool concrete. Studs and special assemblies embed the liner into the con-
crete. The liner sections are welded assemblies, and all the corners are
rounded to allow full-penetration butt welds.

All piping penetrations through the liner occur above the eleva-
tion of the reactor chimney, as shown in Figure 1. Embedded parts and seal
plates ensure that all piping loads are transferred to the concrete, and a
double water seal is provided against penetration leakage. The location
and design of the penetrations prevent rapid loss of water from the pool,
and it is not considered credible that the core would be uncovered.

The large pool of unpressurized light water provides transparent
shielding and easy access to the core and out-of-core irradiation facil-
ities. In addition to the reactor structure, the pool contains fuel stor-
age racks and components of the primary cooling reflector cooling systems.

2.3 PROCESS SYSTEMS ROOMS

The primary cooling, reflector cooling, water purification and
process water systems are located in shielded rooms adjacent to one side of
the reactor pool. The primary cooling room is watertight, and the floor
elevation has been chosen so that the reactor pool level would fall no
further than 4 m above the core in the event a leak develops in the system.
Leak detectors in the rooms warn the operator to take remedial action, but
no automatic reactor trip is initiated.

Two full-capacity vertical pumps, one operating and one on stand-
by, provide primary coolant flow to the core through a single plate-type
heat exchanger. The exchanger is elevated to allow natural circulation
through the core to remove decay heat.

2.4 VENTILATION SYSTEM

The building ventilation system is designed according to the
following principles.

(1) Zones are established such that air flows towards rooms with
an increasing probability of contamination.

(2) Exhaust air from the reactor hall and the process rooms is
normally directed to the NRX/NRU stack. Should this exhaust
contain radioactive sources, the flow is directed through
full-capacity HEPA (high-efficiency particulate air) and char-
coal filters before release to the stack. This Emergency
Filtration System is shared with the NRU and NRX reactors.

(3) The control room is pressurized by its own air supply equipped
with HEPA and adsorber filters so that it can remain function-
al during a site stay-in emergency.
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3. REACTOR ASSEMBLY

The reactor assembly consists of five parts: the inlet plenum,
the grid plate structure, the core structure, the reflector tank and the
chimney (Figure 2).

3.1 INLET PLENUM

The inlet plenum is an open-top cylindrical vessel fabricated
from 304L stainless steel. It is the support for the reactor structure and
is bolted to embeddments in the pool-liner bottom support structure. It
has a single nozzle for connection of the primary cooling system piping and
three pressure taps to detect low plenum pressure.

3.2 GRID PLATE

The grid plate structure is also made of type 304L stainless
steel and consists of two round plates separated by stiffener plates 0.3 m
high. An inner shell directs coolant from the plenum through the core
structure. Inside the shell, the top plate contain receptacles into which
the flow tubes containing the fuel assemblies are mounted. Holes in the
upper plate outside the shell location match with vertical through tubes in
the reflector tank, serving as irradiation sites. These sites are cooled by
natural circulation. The grid plate structure is bolted to the top flange
of the plenum and supports the reflector tank bolted to it. The grid plate
and reflector tank can be removed as a unit for replacement.

3.3 REFLECTOR TANK

The reflector tank is an annular cylindrical, zirconium-alloy
vessel (Figures 2 and 3) filled with heavy water. The inner wall of the
tank follows the fluted boundary created by the edges of the hexagonal flow
tube sites to define two separate regions, a central H20-cooled, H20-moder-
ated core region, and an outer D20-filled reflector region.

The reflector tank contains twelve 60-mm diameter vertical
through tubes approximately 50 mm from the inner wall, and another six
150 mm from the wall. Four 237-mm diameter tubes are located symmetrically
around the periphery of the tank. These sites contain isotope targets and
irradiation devices.

3.4 CHIMNEY

The chimney assembly consists of a hollow aluminum alloy cylinder
2.6 m high with a minimum inside dimension of 0.42 m (see Figures 2 and 3).
Six lobes are located in the sides; support brackets are attached along the
lobes in the chimney for guiding and locating the reactivity control and
shutdown mechanisms.

Two nozzles located near the bottom of the chimney are provided
for the connection of the primary coolant piping. The chimney confines the
upward flow of coolant that contains activation products from the core,
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collects the downflow (which is equivalent to the core bypass flow), and
directs the mixture to the primary cooling system for heat removal and
purification.

3.5 CORE STRUCTURE

The core consists of 19 vertical flow tubes containing fuel as-
semblies (Figure 3). These Zircaloy tubes are of two types, cylindrical
and hexagonal, and one is interchangeable except for the six cylindrical
ones on the periphery. Adjacent flow tubes are separated by a 2.5-mtn gap
filled with light water. MAPLE fuel assemblies contain 36 U;Si-Al rods in
a hexagonal array for use in standard lattice sites and 18 such rods in a
circular array for use in reactivity-control sites. The core accommodates
six reactivity-control assemblies plus up to 13 standard assemblies, which
limit the fissile loading in the core to maximum of 6.7 kg U. The first
power core loading contains approximately 5.5 kg " U and consists of six
cylindrical assemblies, ten hexagonal assemblies and three dummy assemblies
(Figure 3).
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The MAPLE-X10 reactor will be used for commercial production of
the fission product Mo. Once the reactor is fully operational, target
9'JMo assemblies containing 93 vt% 235U will replace the six reactivity-
control assemblies and the dummy assemblies.

The core is deliberately undermoderated so that the fuel-tempera-
ture coefficient, the coolant-temperature coefficient and the coolant-void
coefficient are all negative. The negative reactivity coefficients for the
first power core loading of the MAPLE-X10 reactor are given in Table 1.

3.6

235,
MAPLE fuel comprises lov-enrichment (about 19.7 wt% """U in total

uranium) U3Si particles dispersed in an aluminum matrix; the fuel is extru-
ded and then coextrusion clad with aluminum to form finned rods. AECL has
developed this fuel as part of the international RERTR (Reduced Enrichment
for Research and Test Reactors) program, for use in the NRU, MAPLE-X10 and
other MAPLE reactors [3-5]. Table 2 summarizes the operating experience
with this dispersion fuel in the NRU reactor and the expected operating
conditions for the MAPLE-X10 fuel. The fuel cores with U3Si particles
dispersed in aluminum have proven performance with regard to thermal con-
ductivity, aqueous corrosion, strength, ductility and thermal stability
below 200°C.

3.7 HAFNIUM ABSORBERS

Cylinders of hafnium surround the flow tubes holding the reacti-
vity-control fuel assemblies, and provide reactivity control and reactor
shut down. The reactivity worths for the hafnium absorbers are listed in
Table 3 for the first power core loading of the MAPLE-X10 reactor. Three
cylinders are connected to Safety System One. The other three are connec-
ted to the reactor regulating system and Safety System Two.

TABLE 1

SUMMARY OF REACTIVITY COEFFICIENTS FOR THE MAPLE-X10 INITIAL CORE

Fuel Temperature Coefficient

Coolant Temperature Coefficient

Total H20 Temperature Coefficient

Coolant Void Coefficient

Total H20 Void Coefficient

FRESH FIRST
POWER

-0.0144

-0.0543

-0.0143

-2.04

-2.75

CORE

mk/°C
@50°C
mk/°C
<a20°C
mk/°C
@20°C
mk/ZV
(3202V
mk/ZV
@20%V

1 TO 4
POWER

-0.0136

-0.0664

-0.0287

-1.76

-2.36

DAYS
CORE

mk/°C
@130°C
mk/°C
@30°C
mk/°C
@30°C
mk/ZV
Q20ZV
mk/ZV
@20%V
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TABLE 2

FUEL OPERATING CONDITIONS

Parameters

Temperature
- Inlet (°C)
- Outlet (°C)

Pressure
- Inlet (MPa(g))
- Outlet (MPa(g))

Linear Power
- Average (kW/m)
- Maximum (kW/m)

NRU

Mini-Elements

30-37
40-45

0.52
0.38

69.5 to 93.0
95.0 to 112.8

Full-Length
Elements

30-37
60-70

0.55
0.21

24.8 to 50.4
28.6 to 82.0

MAPLE-X10

35
45

0.33
0.18

55.8 (Driver Fuel)

TABLE 3

REACTIVITY WORTHS FOR THE FIRST POWER CORE FOR THE MAPLE-X10 REACTOR

Core reactivity with all absorbers
withdrawn
Reactivity worth of three control
absorbers
Reactivity worth of two least
effective shutdown absorbers

FRESH FIRST
POWER CORE

(ink)

68.2

-158.8

-83.7

1 TO 4 DAYS
POWER CORE

(mk)

25.4

-164.9

-87.0

The control and shutdown mechanisms are located in recesses in
the chimney wall- Straight down, end-on fuelling is used for the reacti-
vity-control sites so these sites can be Lefueled without disabling or
disconnecting the safety systems. During refueling operations, Safety
System One absorbers are maintained in a poised position as a safety bank,
and the reactor regulating system absorbers are fully inserted. When a
fuel assembly in a shutdown site is replaced, that absorber is inserted
into the core and only two absorbers are maintained in a poised position.



- 9 -

The shutdown and control absorbers are placed symmetrically in
the core with a shutdown absorber location alternating with a control ab-
sorber location. Hence the reactivity worth of each set of absorbers is
the same in the first power core.

Since both safety systems are equivalent in the MAPLE-X10 first
power core, eithar safety system can maintain the reactoi worth of
-158.8 mk and either safety system can separately maintain the reactor in a
shutdown state. Also, any two absorbers from Safety System One or Safety
System Two in this core can maintain the reactor in a shutdown state.

4. SAFETY SYSTEMS

Two independent, fast-acting safety systems (SSI and SS2) are
incorporated in the design to protect against significant fuel failures
which could lead to fission product releases when operating limits are
exceeded.

A reactivity-initiated accident might result in damage to the
reactor hall, leading to larger on-site doses than would be caused by a
fuel-cooling impairment accident. Therefore, two safety systems are pro-
vided to reduce the risk of this type of accident to a low enough level as
to be considered not credible.

4.1 SAFETY SYSTEM ONE (SSI)

This system incorporates fission chambers and process sensing
with two-out-of-three general co-incident trip logic. A trip results in
three hafnium absorbers, held above the core by hydraulic cylinders, drop-
ping into the core under gravity. Each absorber cylinder is pressurized by
a pump drawing water from the pool, and parallel solenoid valves vent the
pump discharge when the valves are de-energized. Drawing water from the
pool offers a fail-safe way to drop the absorbers when the pool water is
lowered without initiating the trip logic.

The hydraulic cylinders incorporate a labyrinth, leaky seal on
the piston and the piston rod cylinder penetration. On release, the piston
enters a hydraulic dampener over its last 100 mm of travel to arrest its
fall. Orifices incorporated into the cylinder provide pressure sensor
connections with which to determine the up and down position of the ab-
sorber.

The absorber drops fully into the core within one second of the
trip being activated. The venting solenoid valves are sized to depressur-
ize the cylinders even with the pump operating. The power to the solenoid
and pump is supplied from the Class IV power supply resulting in a trip on
loss of power.

Safety System One has been designed to have an unavailability of
less than 10 years/year.
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4. 2 SAFETY SYSTEM TWO (Si

The functic- of SS2 is to halt an unanticipated removal or up-
drive of the control absorbers due to a fault in the reactor regulating
system. SS2 also provides a shutdown capability.

SS2 uses the three hafnium control rods of the reactor regulating
system and incorporates ion chambers and process signals in a two-out-of-
three general co-incident trip logic. On a trip, electromagnets holding
tne absorbers to their drives are de-energ.'zed and the absorbers fall into
the core. As with SSI, SS2 is functionally separate from the reactor con-
trol system and is therefore credited with reducing the risk of reactivity-
initiated accidents. The power for SS2 is supplied from the Class IV bus,
resulting in fail-safe operation on loss of power.

SS2 has a design unavailability of l^ss than 10" years/year.

5. PRIMARY COOLING SYSTEM

The purpose of the primary cooling system (PCS) is to remove the
fission heat from the core, to provide purification and chemistry control
of the water and to ensure that activation products are circulated through
the cooling circuit and do not reach the top of the pool.

Water circulated by the PCS pump enters the inlet plenum and then
flows vertically upward through the grid plate inner shell and into the
fuel channels. It exits from the fuel channels into the chimney and rises
vertically to the discharge nozzles, one on each side of the chimney. This
upward flow mixes with the pool water downflow in the chimney before exit-
ing through the nozzles to the circulating pump suction. The pump dis-
charges to a plate-type heat exchanger where the heat is transferred to the
process water system. The coolant flow passes from the heat exchanger to
the inlet plenum. An orifice in the inlet to the plenum directs about 10%
of the flow into the bottom of the pool. This bypass flow cools the bottom
of the pool and slowly rises around the outside of the reactor structure.
This flow is then drawn into the chimney to supply the downflow described
above.

The PCS operates at low inlet (35°C) and outlet (45°C) temper-
atures and low pressure, with a maximum pressure of 0.5 MPa(g).

The design of the PCS and reactor assembly provides two natural
circulation paths for decay heat removal, one through the primary cooling
circuit and the other within the pool.

6. PURIFICATION SYSTEM

The reactor pool and service pools each have a purification sys-
tem consisting of ion exchange columns and filters. The supply to the
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reactor pool system is from the discharge of the primary coolant pump when
the reactor is operating and by a standby pump when the main pump is shut
down. The service pool system has its own pump. Provision is made to use
either system on either pool, which makes it possible to have on-power
change-out of each system.

7. SKIMMING SYSTEM

A continuously operating skimming system is provided to maintain
water clarity and to remove surface debris and films. Tanks in this system
accommodate pool level changes due to shielding flask transfers in the
pool. The pool level is controlled through these tanks.

8. REFLECTOR COOLING SYSTEM

The reflector cooling system cools and maintains the purity of
the heavy water that acts as the reflector in the annular reflector tank.
The reflector cooling system also controls the amount of D2 in the helium
gas space of the surge tank and allows for chemical sampling.

The system circulates the D20 at a normal flow of about 4.6 L/s,
dissipating up to 0.2 MW of heat to the heat exchanger. The maximum oper-
ating temperatures upstream and downstream of the heat exchanger are 50°C
and 10°C, respectively; the normal reflector Lemperature at the outlet from
the heat exchanger is 30°C. A throttling valve is provided to reduce the
flow if less heat rejection is required. The reflector tank is completely
filled with D20 during operation since the outlet nozzle is located at the
top of the tank.

A surge tank with a total volume of 150 L can accommodate the
total volumetric increase of D20 from its initial cold fill up to the de-
sign temperature. The normal helium cover gas pressure is 0.02 MPa(g), and
venting is done at 0.027 MPa(g). The cover gas is also sampled period-
ically to measure the D2 concentration; if the concentration in the reflec-
tor reaches 2% by volume, the operator vents the cover gas to the ventil-
ation system. The cover gas pressure is maintained automatically by a
solenoid valve that supplies helium to the tank. A rupture disc will burst
at a pressure of 0.035 MPa(g) to provide overpressure protection for the
tank.

9. REACTOR REGULATING SYSTEM

The safety philosophy for the MAPLE-X10 reactor regulating system
is to prevent unsafe events arising from operator error, equipment fail-
ures, design errors and maintenance errors. Unsafe events in the context
of the control system are parameter deviations that would induce the actu-
ation of a safety system.
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The system is designed to prevent incorrect operator inputs from
driving the reactor towards an unsafe state. This will minimize the possi-
bility of operator error contributing to unsafe events. The implementation
of this concept is achieved by placing interlocks on all safety-critical
control signals. The interlocks are programmed into the programmable con-
troller, thereby eliminating the need for complex electrical/electronic
circui try.

The reactor regulating system has been designed to achieve a
safety target of less than one unsafe failure per ten years. This will
limit the possibility of equipment and software failures leading to unsafe
events. A reliability analysis has been carried out as an integral part of
the design activity in order to assess whether the safety target is being
met. Due to the diverse nature of the equipment in the reactor regulating
system, a number of different reliability design techniques are being used.
These techniques include:

(1) Fail-safe design.
(2) Redundancy.
(3) Automatic fault detection and shutdown.
(4) Selection of high-reliability components.
(5) Software safety and quality assurance.

In most instances, more than one technique is used to protect
against the failure of any particular equipment or software element. In
addition, proven technologies and equipment are used wherever practical in
order to reduce the risk associated with reduced reliability.

9.1 DIGITAL CONTROL COMPUTER

The MAPLE-X10 reactor is controlled by a digital computer with
dual commercially-available programmable controllers for redundancy- This
redundancy also includes redundant I/O, multiple independent power sup-
plies, and data bases resident in both the primary and backup controllers.
Each controller executes identical computer programs. If a single control-
ler fails, the digital control computer will continue to operate without
interruption. The failed controller can be repaired and returned to ser-
vice while the other controller remains on line.

The programmable controllers have an extensive built-in test de-
signed to detect element failures rapidly if they would assess a malfunc-
tion. If the failure is such that it would cause a malfunction of the
primary controller, then control is switched to the backup controller. If
the backup controller is out of service, or also has a malfunction, then
the system watchdog will drive the control rods in and provide a failure
alarm.

The operator interacts with the digital control computer to ad-
just setpoints, select control modes, and monitor the status of systems and
equipment. This interaction is via the Control/Display system. The con-
trol/display system consists of one console and a reactor shutdown key
switch. The console consists of a keyboard for command inputs, and a col-
our Cathode Ray Tube (CRT) display for status and alarm information. The
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reactor cannot be started up unless the key switch is in the enable posi-
tion. If the key switch is set to the lockout position, the reactor is
shut down irrespective of what commands are input via the console.

The digital control computer performs three basic functions:
power regulation, process control, and data collection. These functions
are interdependent, and are implemented in a single integrated computer
program. The power regulation function controls the reactor power level by
adjusting the vertical position of control absorbers. The process control
function controls the Primary cooling System (PCS), the Reflector Cooling
System, and the Process Water System (PWS). This control is accomplished
by turning pumps on and off, adjusting throttling valves, and opening and
closing isolating valves. The data collection function consists of relay-
ing data from field instruments and control algorithms to the consoles,
which log the data on magnetic storage diskettes.

Separate sequence-of-event recorders are provided to log Safety
System One, Safety System Two and process system happenings.

The power regulation and process control functions contain the
following four control loops:

(1) Reactor power control.
(2) Primary coolant pump control.
(3) Primary coolant temperature control.
(4) Reflector coolant temperature control.

Each control loop can be controlled in either an automatic or a
manual control mode. When the control loop is in the automatic control
mode, the reactor power, primary coolant temperature, and reflector temper-
ature control loops function as independent closed-loop controllers. When
the primary coolant pump control loop is in the automatic mode, it is
"slaved" to the reactor power control loop so the pump is turned on and off
based on the reactor power level. When all control loops are in the auto-
matic mode, the operator needs only to enter the operate command and raise
the setpoint to start the reactor. To shut the reactor down, the operator
enters the shutdown command. This causes the control absorbers to insert
and the power setpoint is reduced to zero. When a control loop is in the
manual mode, the operator has control over the signal output to the control
elements (control absorber drives, pumps, throttling valves).

Interlocks are provided in both automatic and manual modes to
prevent the reactor from being driven into an unsafe state as a result of
operator error or equipment failure. During normal operation, all operator
control actions are via a console and the programmable controller.

An emergency control panel is provided to operate safety critical
pumps and valves in the primary cooling system and process water system.
This control panel allows equipment to be controlled independently from the
programmable controller. The control panel is locked, and can only be
opened with the reactor shutdown key. Since this requires that the shut-
down key be removed from its key switch, the emergency control panel can
only be used when the reactor is shut down. The emergency control panel is
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provided to allow the operator to change pumps and valves from their de-
fault state in the event of a dual programmable controller failure.

This has been provided because the default states at the time of
the failure may not be the safest condition. A maintenance panel is pro-
vided to allow the operator to operate valves and pumps when the controller
is not available.

11. SUMMARY

The MAPLE-X10 reactor has been designed to meet current licensing
requirements of the Canadian Atomic Energy Control Board. The design pro-
cess used by AECL to design the MAPLE-X10 reactor involves close interac-
tion between the design engineers, safety analysts, reactor physicists and
thermalhydraulics analysts and Reactor Operations personnel. A comprehen-
sive research and development program to test components and to verify
thermal and hydraulic behaviour is in progress to support the engineering
design.
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