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INTRODUCTION

This nuclear reactor has been designed for radioisotope
production, basic and aplied rsearch in reactor physics and
nuclear engineering, neutron-beam experimentation. irradiation of
various materials and training of scientific and technical
personnel. It ii5 located in the "Production Area" of the Nuclear
Technology Center.

It is equipped with the necessary facilities for large-scale
production of radioisotopes to be used in medicine as well as for
other scientific and industrial purposes. In addition, it has a
Neutronography Facility and the required equipment to perform
Neutron-Activation Analysis.

It is an open pool-type reactor, moderated and cooled with
light water, fuelled with 2Z enriched uranium. Its reflector are
graphite and water. It has plate-type fuel elements clad in
aluminium.

The reactor core is located near the bottom of the
demineralized water pool. It includes fuel elements, reflector
and sample-holding devices for materials to be irradiated.

This kind of configuration, which is widely used in research
reactors, provides a high degree of safety since it prevents the
core from becoming exposed under any circumstance and des not
require any cooling system during reactor shutdown.

Power output is between 0.5 to 3 Me,, with a minimum thermal
neutron flux of aprox. 104- n1cm--.sec, at irradiation zone. Its
design can be upgraded to 5 MW,,, almost with no modifications.

Heat extraction is achieved by means of a cooling circuit
which comprises two circulation pumps and a plate-type heat
exchanger. Final heat dissipation to the atmosphere is performed
through another cooling circuit which includes two circulation
pumps and a cooling tower.

Reactor control is accomplished with five neutron-absor-bing
rods positioned by means of especially designed elements and
governed by the reactor's instrumentation and control system.
Should an abnormal stuation arise, gravity causes the rds to
fall automatically, thus xtinguishing the nuclear eaction.

The reactor building has a ventilation system which, apart
from providing a comfortable working environment for reactor
personnel, is capable o confining any accidental radioactive
leakage. To this effect, the bilding is maintained at a slight
depression. Absolute and activated-charcoal filters are used to
keep the air clean.
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Reactor safety is complemented with a network of radiation
detectors located in contamination-risk areas, plus a fire-
detection and automatic fire-extinguishing system.

The reactor also features;

- a hot-cell to manipulate irradiated materials.
- a Pneumatic tube.
- five neutron-beam xtraction channels, and
- a thermal column.

Additional labs are also contemplated to study and manipulate
irradiated materials.

Auxiliary services such as water supply, compressed air,
electrical energy system, communications system, workshops and
labs have also been considered.

A Cowputerize System aids Control Room personnel during
reactor operations. It provides overall visual plant control
while maintaining a detailed record of all actions undertaken.

All this is housed in a large, antiseismic containment
building divided into two zones: the Reactor Bilding and the
Auxiliary Building. The former contains the reactor pool and its
associated systems. The latter contains the auxiliary systems and
administrative facilities.

Accordino to their radioactive-contamination risk, areas can
be defined as "controlled" and 'supervised" or "non-controlled".
Pursuant to this definition, the reactor building contains the
reactor and associated systems within the controlled area, and
the auxiliary building contains the associated systems and the
active labs in the supervised area. The non-active labs, and
administrative facilities are in the non-controlled area.

A bridge crane spans the reactor hall thus allowing equipment
to be positioned inside and extracted from the pools.

A receiving cll is located at hall level of the Reactor
Building for transference of irradiated material to the
Radioisotope Production Plant. Irradiated materials are sent to
the Radioisotope Production Plant through a sluice which connects
the circulation passage between the reactor hall and the Plant.
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REAC TOR POOL

The pool consists of a cylindrical watertight stainless-steel
tank. vertically positions, held in place by a heavy reinforced
concrete walls which act as biological shielding. I ts nner
dimensions are 3 m in diameter and 9,6 m high.

The inside of the tank houses;
- the core assembly.,
- associated coolant piping,
- nuclear detectors,
- compartments for temporary storage of spent fuel,
- a mechanism for transportation of irradiated samples; and
- channels for neutron beam extraction.

An aluminium core grid is affixed to a supporting structure
inside the reactor pool. It has a rectangular- shape with 1 x 
positions. It serves as a centering device for:

- fuel elements,
- reflectors,
- irradiation head of the neumatic system, and
- irradiation boxes containing sample-holding dvices for

materials to b irradiated.

MECHANISM BRIDSE

This structure spans diametrically across the reactor tank at
top-of-the-pool level. Control rods and fission counter drives
are positioned on this structure. By regulating their
positioning, it is possible to rach any given point on the core
grid.

C17NTR17L ROD DRIVES

These action mechanisms are designed to transmit upward and
downward movements of the reactor control elements, thus
producing the reactor's gross regulation, fine regulation, slow
shutdown and fast shutdown (SCRAM).

A magnetic coupling provokes the instant fall of safety ds
during fast reactor shutdown (SCRAM).
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FISSION C17UNTER DRIVES

The Fission Counters have movement mechanisms to regulate
their height inside the reactor core. Each mechanism has an
electric motor for automatic actioning and may also be operated
manually by means of a crank, uncoupling the electric motor with
a latch.

REACTOR COOLINS SYSTEM

The eactor's cooling system guarantees that the care remains
permanently cooled under whatever circumstances: ether- hil in
operation, during shutdown or in an emergency. Furthermore, the
system ensures that radiological activity at the top of the pool
is kept below acceptable limits.

In order to safeguard the integrity of fuel elements and to
avoid any release of fission products, fuel elements must be
appropriately cooled. It must also be avoided that thermal fluxes
and fuel wall temperature may endanger their integrity.

Cooling can be achieved by natural convection (generally for
power outputs less than 500 kw), or by using forced cooling (a
pump-propelled flow). In view of the reactor maximum power output
(3 MW*_m), forced cooling is applied.

Coolant flow enters the tank above.the core, passes through
it and is sucked away toward the lower plenum. It'is then sent to
a decay tank 14 m-5). Then. it divides itself into two circuits
with two pumps and a plate-type heat exchanger. The outlet of the
heat exchanger returns to the reactor pool.

Cooling of the core during shutdown occurs as a result of
inducing the pool water to circulate by natural circulation. This
is achieved by means of a flap valve. When the pumps stop,
gravity causes the valve to open up, thus creating an upwards
flow of pool water driven by convection forces. The pool water
circulates through the core, moving upwards and returning to the
pool.

DEMINERALIZED WATER SUPPLY

This system provides demineralized water for the reactor and
it is composed of: a demineralization unit, a storage tank, pmps
and accessories for water distribution.

1-44ky



11 - - -- -- - -Isom



Z"W4qF 0= MUaL.MAn _rM0"MaLaM14r I_M"_rMn

IN�A=IWAKf RR=+-=r-

This system is responsible for maintaining water in the
reactor Pool, spent fuel pool and orimary cooling system
adequately clean while eliminating impurities caused by

corrosion, fission or radioactive impurities.

REAC TOR CORE

The reactor core consists of plate-type fuel elements with
2O eichment and graphite reflectors positioned at a 9 x 8
positions grid.

Fuel elements are MTR-type with plane fuel plates in U-TOe-Al
cermet clad in aluminium. Regular fuel elements have 19 fuel
plates while control fuel elements have 14.

Feedback coefficients for tempera ture and vacuum are
inherently negative.

Shutdown margins, the total value of the safety and control
system and the reactivity addition rate are all in compliance
with IAEA-recommended levels (Safety Series N35).

In order to optimize fuel burn-up, fuel elements are
individually placed, moved to other areas and extracted from th4
core in accordance with a fuel management program.

For a typical equilibrium core configuration MW"
Reactor), with 23 regular fuel elements and control rods, fuel
consumption rate would be as follows 24 hr operation per day):

- Replacement fquency: I every 4 days
- Annual regular Fuel Element replacement: 8.6
- Annual Control Rod element replacement: 2.2

IRRADIATION FACILITIES

Standard irradiation facilities are:
- Irradiation boxes.
- Channels for neutron-beam extraction.
- Neutron-beam extraction for neutron radiography.
- Pneumatic transfer system.

Samples can be irradiated in a variety of neutron fluxes in
the core 'region and in the graphite ref lector. The pneumatic
rabbit system allow the rapid insertion and removal of samples.
Irradiation rigs provide longer term capsule irradiation
facilities.
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A uniform irradiation facility for crystalline materials
(silicon doping) can be installed adjacent to the core wall A
cold Neutron Source. a Time-of-Flight Facility and Neutron
Diffractometers can also be supplied. Together with a cold
neutron source, a rotating crystal spectrometer represents a very
valuable experimental tool for research in the field of solid
state physics by neutron inelastic scattering Optical and
acoustic lattice vibrations, phase transitions and diffusive
motions in ferroelectric, liquid, crystals and biological
samples). The reactor can also be used to determine Uranium and
Thorium contents in mineral samples; carry out Neutron-Activation
Analysis; and carry out Gamma Scanning of fuel elements.

RWIGISOMPES PRODUCTION

This system comprises all installations needed for carrying
the material to be irradiated through the reactor, up to the
point hre irradiated material is shipped to the Radioisotope
Production Plant,

The material to be irradiated is prepared outside and sent to
the reactor where it is placed in sample-holding boxes located
inside the Transference Cell. These boxes are taken to the pool
of the reactor by means of an elevator which deposits them at a
certain position in the grid. Once a predetermined radiation
period has 'elapsed, samples are removed by means of the elevator
and transported to the transference cell. The boxes are opened
and capsules are sent to the Receiving Cell.

The Transference Cell. located at top-of-the-pool level,
serves to provide radiological shielding for handling irradiated
samples. An elevator runs through the channel bearing the sample-
holding boxes between the transference cell and the reactor pool.
Inside the cell, the boxes are opened and irradiated capsules are
sent by gravity to the Receiving Cell located in the ground
floor.

There are two ReceptIon Cells located by the reactor block at
reactor hall level. Irradiated samples from the Transference Cell
can be placed into shielded containers for easy removal when
required. The first is used for reception of irradiated uranium
(Mo""P production), while the other is a multipurpose irradiated
samples" reception cell. Each of them is independently connected
with the transference cell at the top-of-the-pool level.
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VENTIL,4TION SYSTEMS

The two main ventilation systems are:

- Nuclear (or Non-Conventional) Ventilation System, applied
to controlled and supervised (from the viewpoint of
radiological protection areas).

- Cnventional Ventilation System, applicable to zones which
do not require radiological protection.

The Nuclear Ventilation System includes:

- External air-1nject-ion system. Its function is to inject
outside air into the building under adequately clean and
climatized conditions.

- Recirculation system. It is responsible for climatizing
and filtering the air in the building under emergency
conditions.

- Extraction system. Its function is to extract air in order
to maintain adequate depression levels, to etract air
from the water-level of the reactor pool, and to filter
the air expelled through the stack. It ventilates the air
in the Transference Cell while maintaining an appropriate
depression level. In case of an emergency, the hermetic
injection valves in the ventilation system will close up,
the extraction system will maintain depression levels and
the air will be recirculated through absolute and
activated-charcoal filters. Should activity be detected in
the stack, the hermetic valves in the injection and
extraction system wll close up and stop the functioning
of both systems. 17nly the recirculation system will
continue to operate through absolute and activated-
charcoal lters.

MANAGEMENT OF FUEL ELEMENTS

Fresh fuel elements are stored in a special closet which
guarantees a subcr-it-fcal array under any circumstance. When
required, fuel elements are taken manually from there to the
reactor.

Spent fuel elements are extracted from the core with a
special tool and placed on temporary storage at the reactor pool.
After a certain decay period, fuel elements are conveyed into
shielded casks with the aid of the bridge-crane to the spent-fuel
pool, where they are stored at the spent-fuel elements storage.
The spent-fuel pool has sufficient capacity to store spent fuel
elements during the entire fe-span of the reactor.
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RADIOACTIVE WASTE REATMENT SYSTEM

Waste treatment philosophy is basically simple: Nothing must
leave the site in any form (solid, iquid or gas), unless it has
been properly monitored and the method of disposal specified.
Thus regulations are always observed.

The functions of the Water Treatment System are to ensure
that:

- only high purity non radioactive water exists in the
reactor system; and

- from the reactor bilding, only water with a specific
activity lower than the maximum permissible concentration
will oet into the utility sewage system.

Solid astes are temporarily stored at an appropriate place
under the basement and then are taken to the Waste-Processing
Plant for final storage.

Active Gaseous Effluents are collected and filtered by the
ventilation system.

The Drainage and Active Effluents System is made up of
reservoirs for low-activity effluents, plus a reservoir for
intermediate activity which collects liquids from grids in
washbasins, labs, hot showers. hot laundry and installations'
leaks.

NUCLEAR INSTRUMENTATION AND SAFETY SYSTEMS

Redundancy and diversification are used as basic criteria for
the conformation of neutron and safety channels while
simultaneously striving to maximize availability without
endangering the safety of the reactor.

The Neutronic flux measuring system comprises two independent
measuring systems: start-up and power ange channels, which are
based on fission cunters and compensated ionization chambers
which enable to keep track of neutronic flux for over 10 decades
of measuring below maximum power output. There is overlapping
between both systems.

In order to comply with safety requirements, each system is
constituted by several entirely independent asuring channels.
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Should a failure occur in one channel, the resulting signal
at the end of that channel is coincidental with the corresponding
signal requiring a protective action in order to reduce as much
as possible the required coincidence over the rest of the system
(Fail Safe).

The Start-Up Channel measures the evolution of neutronic flux
from the earliest stages of reactor operation to less than 
decades below maximum power output. Fission Counters are used as
detectors in start-up channels. They are lodged on the fuel
elements supporting grid at the bottom of the reactor tank.

The Power System measures the reactor's neutronic flux at
medium and high power output. Its function is to monitor reactor
operations under operating conditions as of 10-L maximum power
output to accidental conditions 10 times maximum power output.
Compensated Ionization Chambers, with BL'l as converter and gamma
compensation, are used in power channels. They have good
neutronic sensibility and low sensibility to high gamma levels.
This is achieved by electrical compensation within the chamber
itself (about to 2.

REACHN CONTROL

The reactor control system enables to maintain stable the
reactor-core neutronic flux with respect to pre-set values within
the last 3 power decades as well as its variations, following a
limited evolution in its increasing or decreasing power rate.

If advisable from the standpoint of reactor state variables,
the automatic control system will take the installation to a
reduced power-output condition, adapting a new set-point
approximately 5Z lower than the starting level.

Based on neutronic flux measurements performed by a
compensated ionization chamber - independent from -those of the
power system, the fine control rod moves appropriately.

SEISMIC SAFETY INSTRUMENTATION

This instrumentation enables to detect possible seismic
events by means of remote sensors installed at various places in
the reactor building. When certain pset levels a exceeded,
it provokes reactor shutdown.

Ill 4R y 1. -P
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RADIOLOGICAL PROTECTION INSTRUMENTATION

This instrumentation monitors the radiological protection
parameters of the plant. Radiological protection instrumentation
has been designed to remain operative both under normal working
conditions and in case of accidents. The information is
transmitted to the Control Room.

The area monitoring system comprises an assembly of fixed
detector heads. When the intensity of radiation measured by a
detector either exceeds or fails to reach pre-set levels an alarm
is generated in the Control Room.

Portable radiation monitors measure radiation and/or
superficial contamination. This enables personnel to take "in
situ" measurements to carry out tasks in non-monitored areas,
estimate exposure periods, calculate risks, etc.

Radioactive Effluents Equipment monitor effluents to alert
and/or adopt measures preventing release of radioactive materials
to the atmosphere, thus reducing potential risks to operation
personnel, public in general and the environment. This system
includes the following chains: Iodine 11 detector, monitoring of
aerosols and monitoring of noble gses._

The Radioactive Lquid Mnitoring includes three systems:
active-effluents sampling system, detection of fission
products, monitoring water in the scondary loop.

CONTROL ROOMS

A Main Control Room's desk has the essential conventional
observation and control instruments to manually take the reactor
to safe condition in the hypothetical case that the whole
observation system based an the computer should fall out of
service.

A control desk at the Eergency Control Room displays the
information needed to survey the reactor in the theoretical case
that unexpected conditions should force personnel to evacuate the
Main Control Room. There is a monitor which provides the operator
with complete information for the efficient follow-up of the
reactor's evolution under post-accident conditions. This room is
located at the Auxiliary Building area, close to the building's
exit.
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DATA AUUISITION AND SUPERVISION SYSTEM

A computer based system for real-time data acquisition,
processing and display has been implemented for the reactor. The
system was designed to acquire large quantities of process
sionals from the reactor, detect anomalies, if any; and on the
basis of this data, diagnose the anomalies detected, select
appropriate oerational gdance according to the results of
diagnosis and rovided oerators with the necessary information
presented in the control desk using color and alphanumeric
cathode ray tbe (CTR).

The system acquires and processes data, notably for the
supervision of reactor facilities and helps reduce the number of
annunciators, mimic diagrams, records, etc. in the control room.
The system alerts the operator only when necessary, supplying
then all appropriate additional information in accordance with
carefully defined programs.

The tasks performed by the Data-Acquisition and Supervision
System include:

- Handling communications.
- Interaction with peripheries.
- Scanning signals.
- Processing the information generated by field units,

interpreting them in the most suitable manner and storing
or displaying them.

- Detecting alarm states from analogue and binary signals.
- Displaying existing and detected alarms to enable

operator's corrective actions.
- Recording alarm states.
- Suppressing non-relevant alarms. The alarms suppressed in

this way are, however, printed in the event list.
- PriorizincL the alarms according to their importance.
- Offering global and/or partial visualization of the state

of the installation through different types of color
CTR: diagrams, graphics, mimics or alphanumerical.

- Keeping chronological record f events.
- Generating permanent files with the values of certain

parameters of special interest.
- Supervising certain operations carried out by the

operator.
Verifying that required duly qualified personnel is at the
reactor.
Carrying out the actions requested by the operator..
Computing data which cannot be measured directly (e.g.
thermal power).
Determining margins to trip.
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04UXIL IRY SERVICES

A dry and clean compressed aYr network provided by oil-free
compressors located at the basement of the auxiliary building,
provides air to the instrumentation systems the pneumatic
irradiation system, the transference cell, workshops, labs and
other areas which may need these services.

Water supply for reactor consumption is provided from the
distribution network. Cold and hot water networks supply the
reactor and auxiliary buildings according to each facility's
need. Hot water is supplied from water heaters located at the
basement in the auxiliary building.

A laundry facility, with washing and drying machines to clean
clothing used by reactor personnel in operation and maintenance
tasks, is located on the ground floor of the auxiliary building.

The reactor has a fire-detection system with detectors
located at each facility of the reactor and auxiliary buildings.
Its main panel is at the guards' quarters in the auxiliary
building. The information it supplies is repeated in the data-
acquisition and processing system, being then available at the
Control Room.

Various fire-extinguishing systems are distributed throughout
the reactor buildings according to the different types of fires
that may occur. These systems are: fire-hydrants, hand-fire
extinguishers and automatic halon gas fire-extinguishers in the
Control Room, Emergency Control Room and electrical
interconnecting boards room.
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