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1. GENERAL CONSIDERATIONS 

In general, both the rules and recommendations for research 
reactors and the regulatory requirements for nu> iear power 
plants INPP) have substantial influence on the backfitting of 
research reactors. This is especially true for cases where 
research reactor facilities are in the stage of final licensing 
or renewal of the operation license. However, the main impacts 
on backfitting in cor.tcol systems and instrumentation of research 
reactors usually result from regulatory requirements for NPP; in 
Austria especially from the licensing procedure of the Zwenten-
dorf NPP. 

Generally there are several areas of influences which are about: 

A. Administrative procedures 

- diagnosis of faults and plant disturbances and counter
actions to be taken; for instance included in the 
operation manual 

- repetitive testing procedures 
- matntainance and repair procedures for safety related 
instrumentation 

- emergency plan 
- facility reporting 
- documen ta t ion. 

B. Backfltting in haidware 

- separation of safety actuation systems and operation 
systems 

- redundant and diversified instrumentation 
- emergency instrumentation and control panel 
- continuous measurement and registration of safety 
related data, e. g. data of radioactive effluents 

- emergency cooling system 
- emergency power supply. 

C. Design considerations 

- earthquake, fire and air plane crash evaluations. 

Prom the philosophy of {redundant and diversified instrumentation 
which plays an important role in NPP instrumentation due to 
safety and availability considerations only the latter is being 
applied to research reactors to some extent. Redundant instru
mentation is usually only required where safety related Instru
mentation channels are not "fail-safe". Separation of safety 
actuation systems and operation systems is strongly aspired but 
is still not demanded as >t is in NPP. 

During the early stage of research rnactor operation main emphasis 
was put on reactivity accident considerations. The reactor was 
considered to be a potential source of power excursions. Since 
then experience in both, research reactor and NPP operation, has 
shown that these fears have not to be ta..en as serious as 
initially assumed and more considerations were focused on thermal-
hydraulic aspects. This resulted in severe evaluation of the loss-
of-coolant accident with the possible consequences, e. g. release 
of radioactivity from the reactor facility. 



In NPP continuous measurement and registration ol liquid, gaseous 
or airborne radioactive effluents is mandatory independently of 
normal or abnormal plant operation or shut down condition. This 
enables the plant operator to demonstrate that the permissible 
limits for radioactive release have not been exceeded at any 
time. Though the radioactive inventory is much less in research 
reactors, generally the same philosophy is applied today to them 
as to N*»P resulting in backfitting of adequate instrumentation 
not only for emergency and post accidental conditions but also 
for reactor shut-down. 

Emergency power supply for shut-down heat removal and other 
purposes is not necessary in many research reactors, however 
it is generally demanded for the instrumentation for measure
ment of radioactive effluents. 

The situation in ba=Kfitting of the Austrian research reactors 
is distinguished by the fact that all three operating facilities 
namely 

ASTRA ~ a 12 NH pool reactor at Seibersdorf 
TRIGA HARK II - a 2i0 kW pool reactOi In Vienna 
iAB - a 10 kW Argonaut reactor in Graz 

had been operating for several years on temporary permits only 
since the legal base on which the licensing of these reactors 
is performed - i. e. the Austrian Health Physics Act of 1969 -
had been issued much later than reactor operation had started. 

The three facilities had to undei.30 individually a final operating 
licensing procedure. This process involves a considerable amount 
of backfitting both in hardware and ir. certain administrative 
operating procedures. 

Due to the absence of national codes and safety criteria for 
research reactors the regulatory authorities used in many cases 
the internationally accepted standards for nuclear power reactors 
as a guidance - of course in a modified form to make them 
applicable in each specific case. Although the basic differences 

in reactor size and risk potential were taken into account, this 
nevertheless placed a heavy burden on the licensee. Costly tests 
and calculations were required in some instances to demonstrate 
the adequacy of originally installed or modified equipment. In 
othe: cases proposed changes in the reactor systems originating 
from improved techniques and new safety philosophies were 
accepted by the reactor operator without discussion. In this 
connection it should be recalled that the operators of research 
reactors are faced with s -oblems unique to these facilities: 
reactor experiments, especially of the in-core type require a 
large amount of flexibility and a continuous up-dating of safety 
assessments. 

In this context only a selection of J«C related backfitting 
activities of more general Interest will be presented. 

2. ASTRA REACTOR 

2.1 Safety systems/Postulated Initiating events 

In addition to the original design basis events (like reactivity 
disturbances, coolant accidents, etc.) a set of external 
influences (earthquake, fire, air plane crash ...) as well an 
internal failures within a portion of the safety system itself 
had to be considered and analysed. 

As compared with a nuclear power plant all safety assessments 
are facilitated by the lower risk potential of a research 
reactor as well as the essential fact, that no active heat-
removal systems are required for the shut-down reactor and the 
isolated reactor pool. 

Moreover the requirements of reactor availability are much less 
stringent for a research reactor) therefore it is possible to 
use simple, "trip-happy" logic in the safety systems. 

2.2 Safety systems/Design characterlsltlcs 

The original reactor protection system was designed according 
to the fail-safe principle; however (with exception of the 



neutron flux safety channels) no redundancy or majority voting 
logic existed. There was no clear separation of safety actuation 
systems and operation systems. 

The new requirements called for additional signal paths in order 
to have at least two independent land if possible diverse) ways 
of identifying each individual initiating event (Fig. 1). 

Necessarily several new instrumentation channels for water level, 
differential pressure, low voltage etc. had to be installed. 

although all safety related equipment is designed to assume a 
"safe state" when de-energized, continuous monitoring was 
required for important instrument channels (e. g. lower limit 
settings for radiation protection channels, signal comparators 

-iox redundant channels etc.). 

The original design of the ASTRA instrumentation and control 
systems included a series of by-pass switches. The operator 
could disable some of the scram criteria in order to have 
greater flexibility for experiments. All of these switches 
had to be removed. 

The principle of independence between safety systems components 
and non-safety components made it necessary to Install a new 
decay-heat-removal system because the existing emergency cooling 
pump had been identical with the main pump of the water 
purification system. The protection system logic could be 
simplified accordingly. 

2.3 Condition limitation 

For the safety related J4C systems of nuclear power plants special 
devices are introduced to limit the value of process variables to 
ensure that the initial conditions for the analysis of design 
basis events are always met. 

In an analog manner a reactor shut-down limit for coolant temperature 
had to be installed. A temperature of SO* C had been used as Initial 

condition for thermohydtaulic core calculations and this assures 
steady state operation of the fuel below onset of nucleate boiling. 

2.4 Emergency Instrumentation and control panel 

The requirement that neither radiation accidents nor possible 
earthquake damages should interrupt the flow of information 
from the reactor to the operator made it necessary to install 
a control panel outside of the reactor building. 

Here a number of selected safety variables are indicated and 
registered (emergency instrumentation). Signals coming from 
the reactor control room are decoupled by isolation amplifiers. 

The emergency instrumentation can be powered by 3 different 
diesel-generator sets as wall as by a battery-converter set. 

Several safety actions (scram, pool isolation etc.) can be manually 
initiated from the sane panel. 

For the purpose of minimizing the effect of external influences, 
it was decided to remove the emergency ventilation systems 
(consisting of a battery-operated blower, a charcoal absorber 
and a set of absolute filters) from its original location and 
re-install it in an earthquake-protected area. All intermeehlng 
with the normal containment ventilation system was avoided; the 
actuation logic could be considerably improved. 

2.5 Automatic pool Isolation 

The probability or occurance of a loss-of-coolant accident could 
be substantially decreased by the addition of a pair of battery-
operated valves in the primary cooling circuit, located directly 
at the concrete wall of the reactor pool. 

These valves are part of the safety actuation system. They are 
automaticially closed in case of a. c. power failure or in case 
of low wacer level in the pool. 



2.6 Effluent monitoring and registration 

To ensure continuous information and documentation of radioactive 
effluents, the stack monitors, the iodine and aerosol sampling 
filter equipment have to meet ttte criteria for external influences 
as applied to the emergency instrumentation. 

2,1 Emergency power supply 

The regulatory authorities decided that the principle of multiple 
and Independent power supply for safety related systems had to be 
extended to the physical separation of the power generating 
equipment. According to this philosophy it was not sufficient 
to have 3 different dlesel-generator sets available because 
the are installed in a common building of the power station. 

Safety relevant equipment is now (normally) supplied with 
electrical energy from the power station. Alternatively it 
can be powered from a (geographically separated! stationary 
battery or from a small local diesel-generator set. 

Operation of the reactor is only permitted if at least one of 
these stand-by power supplies Is operable. 

2.8 Administrative procedures 

Like in a nuclear power station all repair work and maintenance 
activities in connection with safety related equipment, their 
commencement and their termination . re subject to approval by 
the reactor management. The procedure is formalized and has to 
be documented. 

Duality assurance for replacement parts is regulated in a 
similiar manner. 

Drawings, log books, operational records and data have to be 
filed according to a documentation system originally developed 
for the Zwentendorf Nuclear Power Station. 

1. TRIGA MARK II REACTOR 

3.1 Background 

The TRICA Mark II reactor is in operation since 1962 and has a 
similar fate as the ASTRA reactor. However due to the status 
of the Atominstitute (the reactor is operated by the Federal 
Ministery of Science and Research) the licensing process is 
not yet completed, although many backfitting installations have 
been carried out in various reactor systems during the last 
S years. 

3.2 Reactor Instrumentation 

The instrumentation of the TRIGA reactor installed in 1968 
consists of four nuclear channels (start-up, lin., log., and 
safety channel) and of several temperature measuring channels 
controlling fuel and water temperature. Although these 
instrumentation has proved to be reliable since many years some 
insTumtmtational backfitting was performed. The main installations 
were an uninterrupted power supply to the reactor Instrumentation, 
to the data logging system and to the area monitoring system. 
This is performed by a 110 V battery system designed for a 
12 hour power supply in combination with a 5 kVA DC/AC converter. 
A data logging system was installed collecting all data on a 
hourly basis in routine operation and storing alarm data 
immediatly. Presently these data are printed but in the future 
they will be stored on magnetic tape. 

In addition to the original instrumentation a few more alarm 
criteria for the reactor surveillance were installed, such as 
an additional "very low pool water level" alarm, a highly 
sensitive activity monitor in the secondary cooling system, a 
continuously working aerosol monitor above the pool water and 
a low pressure indicator of the reactor building atmosphere. 
All signals are displayed in the reactor control room. 



3.1 Ventilation system 

The old concept of the noble gas monitoring system consisted of 
2 GM-detector bundles in each of the two ventilation channels. 
This system has been upgraded with new instruments and aerosol 
and iodine collectors have been added in each ventilation channel. 
Furthermore the blowers have been modified to allow emergency 
ventilation in addition to full blower capacity. In an emergency 
case the reactor hall atmosphere will be purged by low capacity 
ventilation through absolute filters and the air released to the 
atmosphere will be monitored by the installed detectors. 

3.4 lire protection and surveillance system 

As the Atominstitute has been designed in the late fifties, a 
modification of th» laboratories in view of fire protection 
and security was necessary. Therefore new fire proof doors and 
windows have been installed in the reactor hall and further 
installations will be done in the institute's building together 
with an electronic fire and smoke alarm system. A surveillance 
system was also installed in sensitive areas of the reactor hall. 

3.5 Additional requirements 

In respect to previous procedures the re-inspection frequency 
of instruments, systems and components has been increased 
considerably requiring additional manpower and moneyi both 
factors are very scarce in almost every research institute. 
Therefore money and manpower had to be diverted from the 
various departments of the Institute at the cost of basic 
and applied research. 

The backfitting procedures are presently not finished 11. e. 
the primary reactor cooling circuit will be renewed), but most 
of the safety experts' requirements have already been fulfilled, 
therefore the licensing procedure is exspected to be terminated 
without further backfittlng requirements. 
4. ARGONAUT REACTOR GRAZ 
The licensing of the 13 kw Argonaut Reactor at Graz has been 
completed in spring 1983. 

In this case backfitting requirements have been mainly limited 
to additional regulations for operating procedures. Only minor 
hardware changes have been required, such as additional radiation 
monitors, improved fire protection etc.). 

The existing safety analysis has been extended to external 
influences |e. y. earthquake). 

b. SUMMARY 

In general the licensing and backfitting activities have once 
more demonstrated the fact that safety assessment of a research 
reactor is by no means lust a scaled-down version of a nuclear 
power plant licensing procedure. 

Naturally the risk potential is much lower, however, the very 
nature of research calls for much more flexibility in operation, 
for temporary installations and for experimental methods which 
cannot be covered by detailed regulations In advance. 

Therefore the application of nuclear power reactor criteria 
to such facilities has to be considered with extreme caution. 
If NPP standards are applicable at all, they have to be care
fully interpreted In each individual case. 

It is interesting to compare the original reactor safety reports 
with their modern versions: emphasis has shifted from reactivity 
accident calculations to thermal-hydraulic considerations, to 
better instrumentation (both in quality and quantity) and to 
more effort in reducing, measuring and documenting all radioactive 
effluents. This tendency is also reflected in most of the back-
fitting requirements. 

In summary, the result of the lengthy licensing and backfitting 
process is certainly a considerable improvement in performance 
and safety of the Austrian research reactors. 
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