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Abstract

The Instituto de Pesquisas Energeticas e Nucleares (IPEN) in Sao Paulo started
in 1977 development of nuclear instrumentation. In 1982 two groups were established,
one responsible for maintenance of electronic equipment and the other, the Nuclear
Instrumentation Section (NIS), for new projects, such as a light water moderated
critical facility (IPEN/MB-0). The NTS had the responsibility to execute all necessary
activities to develop the "nonconventional" instrumentation systems: control,
protection and radiation monitoring for the IPEN/MB-01 facility. After the
commissioning of the critical facility the NIS group started the development of
instrumentation systems for a power reactor. As a first step an overall review of the
qunality assurance programme was implemented. In parallel the development of self
powered detectors was carried out.

1. INTRODUCTION

There are three main nuclear research centers in Brazil, Instituto de Pesquisas
Energeticas e Nucleares (IPEN-CNEN/SP), located in Sao Paulo, Instituto de Engenharia
Nuclear (IEN), located in Rio de Janeiro, and Centro de Desenvolvimento de Tecnologia
Nuclear (CDTN), located in Belo Horizonte, Minas Gerais. IPEN operates a 2 MW(th)
MTR type reactor (IEA-R1) and a 100 W critical facility (IPEN/MB-01), IEN operates a
200 W Argonauta type reactor (ARGONAUTA), and CDTN operates a 100 KW Triga
MARK-I type reactor (IPR-R1). In this presentation I will discuss the existing experience
at IPEN-CNEN/SP, in the field of reactor instrumentation.

2. FROM 1957 TO 1977

IEA-R1 reactor was the first nuclear reactor in the south hemisphere, as a result of
the program "Atoms for Peace". The operation of the reactor started on 1957, when it
reached criticality for the first time. Since 1957 until 1973 there was an "electronic
division" responsible for two main tasks: to develop small projects, in order to attend the
necessities of the researchers, and to provide maintenance for all the instruments in the
Institute, mainly the ones related to the reactor. In 1973 the Direction of the Institute
noticed that the technical staff had the capability to develop some instruments and started
a nationalization program. However, by that time importation was easy, and since the
economy of Brasil was growing, it was difficult to maintain the same professionals
working together for long periods. For these reasons the nationalization program was too
slow, and when the prototypes were finished, they were already obsolete. Another event
that contributed to slow down the nationalization program was the renewing of the reactor
instrumentation. The original instrumentation was suplied by Babcock & Wilcox, and
installed in 1957, when the reactor went critical for the first time. Figure 1 shows the
original control panel of the reactor. In 1974 a new instrumentation system was bought
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FIG. 1. Original control panel of the IEA-R1 reactor.



75T912

1-POWER ON switch

2-MAGNET POWER/OFF key switch

3-CONTROL ROD switches

4-ROD POSITION digital indicators

5-MANUAL/AUTOMATIC switch

6-REACTOR POWER switch
(for strip chart recorder)

7-Dual pen strip chart recorder

8-FLUX CONTROL dial( % demand)

9-SCRAM BAR

10-PERIOD meter

EL-1707

11-LOG-POWER meter

12-SAFETY CHANNEL 1 meter

13-TRIP/ALARM indication

14-ALARM indication

15-SAFETY CHANNEL 2 meter

16-SAFETY CHANNEL 3 meter

17-N-16 meter

18-TRIP indication

19-AUDIO range switch

FIG. 2. Operator's console (IEA-R1 reactor).

from General Atomic, a U.S. company. It was composed by a new set of rod drive
mechanisms, process and area radiation monitors, safety channels, scram circuitry,
instrumentation panels and a new operator's console, as shown on figure 2. The new
system was installed in 1976, and excluding the radiation and neutron detectors, all other
field instruments were maintained as originally installed. It is important to note that all
activities (design, construction and installation) were performed by GA technicians. The
only contact IPEN engineers had with the system was during some "follow up" visits to
GA, during the training sessions promoted by GA for maintenance purposes, and during
the installation of the system, when they worked toghether with GA engineers.

91



Actually four neutron detectors are used to monitor and control the reactor power
level, and the period of the reactor. The four detectors are: one wide range type detector, one
compensated ionization chamber, and two non-compensated ionization chambers. The wide
range detector is a U235 fission chamber, and connected to its electronic circuit forms a
Campbell channel. It is used to monitor the reactor power from start up up to 120 percent of
the nominal power. It is also used to monitor the period of the reactor in the start up region
(below 1 percent of nominal power). The compensated ionization chamber is a Bio linned
detector. Toghether with its electronic circuit it forms a linear channel, which is used to
control the reactor in the automatic mode. The non-compensated ionization chambers are BF3
detectors, which are used to monitor the reactor power from 1 up to 120 percent of the
nominal power. Together with their electronic circuit they form what is called the safety
channels (safety 2 and safety 3, since the wide range monitor is also known as safety 1). Figure
3 shows the relative location and the operational interval of the several neutron detectors. The
safety channels, plus the Campbell channel, are used to trip the reactor in a 2 out of 3 logic
circuit, whenever the reactor power reaches 110 percent of its nominal value.

Other signals used to trip the reactor are: high radiation level (in the reactor pool or in
the room of experiments), low core AP, low primary collant flow, high core outlet
temperature, bridge position indication, core header position indication and beam ports
indication.

A N-16 channel, using a gamma ionization chamber is used as a redundant indication
of the reactor power. It is used mainly for calibration of the neutron detectors.

In the early 70s, IPEN, by that time named Instituto de Energia Atomica (Atomic
Energy Institute), joined a U.S. program to study high temperature gas cooled reactors
(HTGR). Within this program the reactor engineers of IPEN made a conception and a
specification of a graphite moderated, air colled critical assembly, named RPZ (Zero Power
Reactor). The major componentes of the facility were bought, and some delivered. The
instrumentation system, including the nuclear channels and radiation monitors, was bought
from GA, and the operator's control panel was assembled by a brazilian company, in a joint
activity with BEA's engineers. After the signature of the technical cooperation agreement
between Brazil and Germany, to develop and transfer nuclear technology, the brazilian HTGR
program started to slow down, and was definitely abandoned in the late 70s. To make some
use of the instrumentation bought, all itens become "spare parts" for the IEA-R1
instrumentation system, and have been used as such until now.

3. FROM 1977 TO 1982

In 1977 IPEN started having some difficulties with importation, and the
nationalization program was reformulated. A working group was formed, including some
international colaborators, with the especific mission to develop nuclear instrumentation.
Very soon some equipments were prototyped like NIM modules (bin, power supplies,
spectroscopy amplifier, counter/timer, printer controller, current pre-amplifier, pulse pre-
amplifier, single channel analyzer, etc.); health physics instruments (personnal
dosimeters; environmental monitor; and portable monitors); and some general application
instruments like noise analysis amplifier, high pass filter for noise analysis, level
controller, etc.

At the beginning, the production was only for internal consumption, but soon other
institutions wanted to buy the instruments, and in 1982, from a production of 73 itens, 32
were sold to other institutions, including several universities. By the end of that year, in
addition to the 73 produced, other 103 were in final phase for conclusion (depending of
imported components), and a contract had been signed with a private company to produce
and commercialize some of the instruments.
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FIG. 3. Neutron detector operational intervals (IEA-R1 reactor).
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4. FROM 1982 TO 1988

In 1982 Brazil started a national independent program to develop nuclear
technology, now following the line of PWR reactors. Within this program two major
laboratories were to be developed, a high pressure, high temperature thermal-hydraulic
loop, and a light water moderated critical facility, named IPEN/MB-01. When the project
started it was noticed that, due to the increasing quantity of instruments in the Institute,
and because of economic problems, all electronic engineers were involved with
maintenance activities, leaving no time for new projects. Then it was decided to create
two groups, one responsible for maintenance and the other responsible for new projects.
The group responsible for maintenance was also responsible for giving technical support
for researchers that needed some especific equipment, usually small adaptations. The
group responsible for new projects became the "Nuclear Instrumentation Section (NIS)",
part of the "Instrumentation and Control Division".

The I&C Division had the mission to coordinate all activities related to control and
instrumentation of the critical facility IPEN/MB-01, including the electrical systems, and
the NIS had the mission to execute all necessary activities to develop the "non-
conventional" instrumentation systems, with one basic orientation: to obtain the highest
possible index of nationalization. Here it is important to notice that the term "non-
conventional" means any variable not found in the common industry (like neutron flux
and period, radiation level, control rod position and drivers, etc.). The responsability for
the "conventional" instrumentation was left to an engineering company, that had great
experience in design and construction of control panels for oil refineries, and for the
industry in general.

Since the NIS had, by that time, only 4 engineers (2 with 8 years of experience,
and 2 with 2 years of experience), and about 6 technicians, several areas had to be worked
out in parallel, as: planning, training (of new professionals), construction of a new
laboratory (for development and production), and development of a program of quality
assurance (including internal procedures for design, construction, testing, production,
intallation and commissioning). During the years of 1983 and 1984 an old building was
adapted, giving place to the Nuclear Instrumentation Laboratory, and we started the
development of the "non-conventional" instrumentation for IPEN/MB-01 reactor.

4.1. Design and development of "non-conventional" instrumentation for
IPEN/MB-01 reactor

The "non-conventional" instrumentation was divided into three systems: control
(including rod drive mechanisms and the operator's console), protection and radiation
monitoring, as described as follows.

Control system

The control system was designed to allow continuous monitoring of tne process
variables, and to maintain them within pre-defined limits. It was sub-divided into three
subsystems : process control, data acquisition and reactivity control. Included in the
control system is the operator's console, from where the operator can monitor the
information from the nuclear channels, that belong to the protection system.

The process control subsystem was developed to allow control of the moderator
level and temperature, in order to perform reactor physics experiments. It was made up of
"conventional" instruments, which means AP transmitters (to measure level),
thermocouple sensors (to measure temperature), and a single loop controller.
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The data acquisition subsystem was developed to acquire operational data, in order
to make the daily records. It did not have the "experimental" purpose. It consists of a
microcomputer IBM-PC compatible, plus an A/D unit with capacity for 32 analog signals
and 32 digital signals. It is important to notice that by that time the government of Brazil
was establishing the rules for development of digital systems in the country, so, we did
not have suppliers for digital parts, and for this reason we had to develop our own A/D
unit, which was composed by a mother board (following the STD bus), a multiplexer, a 12
bits A/D converter, an I/O digital interface, a RS422 comunication interface, and the
necessary power supply.

The reactivity control subsystem was developed to allow insertion and removal of
safety and control elements. There are two elements for safety and two for control, and
only one element can be moved at a time. For each element (safety/control), the
subsystem has a driving mechanism, a power source driving unit, a relative position
indicator unit, and an absolute position indicator unit. Figure 4 shows the driving
mechanism.

Protection system

The protection system was designed to avoid any unsafe condition. It was
subdivided into two subsystems, the nuclear detection subsystem and the interlock
subsystem. The nuclear detection subsystem is used to monitor neutron flux level and
period. It is composed of 8 nuclear channels to monitor the neutron flux from start up to
100% of full power (100 watts), including comparators and isolation amplifiers. Three
channels are used in the start-up region, and the others in the intermediate and power
regions. In each region we have three measurements of the neutron flux (power) and three
measurements of the period. The nuclear channels are complemented by two linear
channels, used (alternatively) to control the reactor in automatic mode. Figure 5 shows
the relative location of the detectors, and the operational interval of them.

The nuclear channels were designed and built by the engineers of IEN (another
nuclear research institute of Brazil), that had a well consolidated program to develop such
instruments.

As explained before, by that time the government of Brazil was establishing the
rules for development of digital systems in the country. This means that we did not have
enough experience with digital systems, and for this reason all the protection system,
including the nuclear channels, was built with analog circuits and electro-mechanical
relays. Figure 6 shows the front view of one typical nuclear channel.

The interlock subsystem was designed to avoid any unsafe operations, and to
promote the scram of the reactor at any time an unsafe condition is detected. It consists of
"conventional" electro-mechanical relays plus 7 buttons distributed throughout the
installation to promote the scram of the reactor. The signals used to scram the reactor are:
loss of electrical power, including individual power for any nuclear channel, neutron high
flux and low period, high radiation level, loss of pneumatic system, low underpressure
inside reactor room, and any open door (to access the reactor room).

Since we did not have enough reliability data regarding the relays produced in
Brazil, we had to develop a qualification program for them. It consisted of testing a
representative sample of the relays bought as follows: 500.000 operations at 120% of
nominal currente, normal ambient conditions, followed by the aplication of the same
current, continuously, during 24 hours, at 70 °C. The criteria for approval was zero failure
in the closed condition, and response time (to open) lower than 100 mseg.
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FIG. 4. Rod drive mechanism (1PEN/MB-01 reactor).
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FIG. 5. Location and operational interval of neutron detectors (IPEN/MB-01 reactor).
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In order to qualify the instruments of the protection system, we also had to study
and develop techniques to measure the response time of the process and nuclear
instrumentation, in order to verify that they were within acceptable values.

Radiation monitoring system

The radiation monitoring system was designed to allow continuous monitoration of
radiation levels inside the critical facility. It is composed by 27 radiation monitoring
channels, being 14 area monitors, 8 process monitors, 3 air monitors, 1 hand and foot
monitor and 1 monitor of the "portal" type.

As a comon practice, all area monitors have a detector, a main monitor, locate at a
panel in the Health Physics section, and two repetitors, one in the control room, to inform
the reactor operator, and the other close to the detector. Figure 7 shows a schematic of an
area monitor.

Excluding the nuclear detectors, all instrumentation and control systems were
designed, developed, produced, installed and commissioned by brazilian engineers and
technicians.

After 6 years of work, including about two years spent rebuilding the Nuclear
Instrumentation Laboratory, in november 1988 the reactor EPEN/MB-01 reached it's
criticality for the first time.
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DIGITAL
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:ONTROL ROOM
REPETITOR

DIGITAL
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note 1 : The detector can be a G.M , with it's associated pre-amplifier, or an ionization chamber
note 2 : The digital meter can be connected to 5 monitors

Fig. 7. Typical radiation monitor channel.
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5. FROM 1988 UNTIL NOW

It is important to say that the activities that started in 1982 were the result of an
agreement between the National Nuclear Energy Commission, and the Brazilian Navy.
According to the agreement, the technical staff of both institutions started working
together, with a common objective: to develop nuclear technology. So, after the
commissioning of the critical facility, we started the development of another
instrumentation system, now for a power reactor, which required the instrumentation to be
classified as nuclear class (IE). Since we did not have procedures to develop class IE
instrumentation, we had to make an overall review of our quality assurance program,
including a new methodology to develop digital electronic systems.

In parallel with the review of the quality assurance program, we developed an
internal capability to construct and characterize self powered detectors (SPD), and started
to develop new prototypes of electrometers, to use together with the SPDs, radiation
monitors and a new generation of nuclear channels.

At the end of the first semester of 1995 we started noticing that, although the
operator's console of EEAR1 reactor is about 20 years old, some of the process
instruments, and transmitters, are about 40 years old, and a new modernization program
started to be implemented. Actually we are working on the schedule for the modernization
program, which is expected to be completed in 1999.
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