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Abstract: 
 
The 250 kW TRIGA Mark-II reactor [1] operates since March 1962 at the Atominstitut, 
Vienna, Austria. Its main tasks are nuclear education and training in the fields of neutron- and 
solid state physics, nuclear technology, reactor safety, radiochemistry, radiation protection 
and dosimetry, and low temperature physics and fusion research. Academic research is carried 
out by students in the above mentioned fields coordinated and supervised by about 70 staff 
members with the aim of a masters- or PhD degree in one of the above mentioned areas. 
 
After 25 years of successful operation, it was necessary to exchange the old area monitoring 
system with a new digital one. The purpose of the new system is the permanent control of the 
reactor hall, the primary and secondary cooling system and the monitoring of the ventilation 
system. The paper describes the development and implementation of the new area monitoring 
system  
 
The second topic in this paper describes the development of the new fuel database. Since 
March 7th, 1962, the TRIGA Mark II reactor Vienna operates with an average of 263 MWh 
per year, which corresponds to a uranium burn-up of 13,7 g per year. Presently we have 81 
TRIGA fuel elements in the core, 55 of them are old aluminium clad elements from the initial 
criticality while the rest are stainless steel clad elements which had been added later to 
compensate the uranium consumption. Because 67% of the elements are older than 40 years, 
it was necessary to put the history of every element in a database, to get an easy access to all 
the relevant data for every element in our facility. 
 
1 The new area monitoring system 
 
Because the old area monitoring was in use since more than 25 years, spare parts were a main 
problem. To maintain this old system and to calibrate the 18 independent stations became 
very difficult. Therefore it was necessary to exchange this old system with a new digital one. 
This new system should measure the dose rate at various positions in the reactor hall and the 
activity in the primary and secondary cooling circuit, on top of the reactor and in the exhaust 
air. All this data should be stored in a database. The main isotopes in the primary circuit of the 
TRIGA Mark II reactor are listed in the following table [2]. 
 
In the exhaust air the important isotope is 41Ar with a half life of 110 minutes. 41Ar emits  β 
and γ radiation. The maximum β energy is 1,199 MeV and the maximum γ energy is 1,29 
MeV. It was therefore important to use a measuring device which is sensible to one of this 
reactions. To fulfil all the all properties mentioned before we choose the instrument FH40G 
manufactured by the company Thermo Eberline ESM [3]. The Model FH40G is a stand-alone 
unit with an internal proportional detector and can simultaneously function with an external 
detector.  
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nuclide nuclear reaction γ-energy [keV] half life [min] γ-activity [%] 
28Al 27Al(n, γ) 28Al 1779 2,25 0,6 

27Mg 27Al(n,p)27Mg 1014 9,45 7,0 
24Na 27Al(n,α) 24Na 1369 901 10,6 
19O 18O(n, γ) 19O 197 0,45 10,8 
16N 16O(n, p) 16N 2750 0,119 37,5 
41Ar 40Ar(n, γ) 41Ar 1293 110 32,6 
56Mn 55Mn(n, γ) 56Mn 1811 155 1,0 

 
Table 1:  Main isotopes in the primary circuit of the TRIGA Mark II reactor 

 
The memory of the FH40G models are designed to record up to 256 data points containing 
measurement number, date, time and dose rate at the internal detector and external detector, 
status, and barcode information. The stored values can be read directly from the LCD, 
accessed at any time and can also be processed and transferred for archiving to a PC via the 
FH40G serial interface. 
 
FH40GL Specifications:  
 

• Dose rate equivalent   10nSv/H - 1 Sv/h 
• Overange   50 Sv/h, for a short time up to 100 Sv/h 
• Energy range   36 keV - 1,3 MeV 
• Operating temperature -30°C - + 55°C 
• Interface   RS-232, infrared 

 
Table 2 shows the properties of the external NaI detectors.  
 

 FHZ 512 FHZ 502 
range 0,01-100 000 0,01-100 000 
Nulleffekt ≈ 20 Imp/s ≈ 90 Imp/s 
tube type 1"x 1" –NaI-detector 2"x 2" –NaI-detector 

 
Table 2:  specifications of the external NaI scintillation detectors 

 
In total 12 FH40G are in use with 3 external FHZ 512 and two FHZ 502. The stations are 
placed at the following positions. 
 
M1:  in direction beam tube A M10: ion exchanger 
M2: in direction beam tube A M11: primary circuit FHZ 502 
M3. in direction thermal column M12: secondary circuit 
M4: in direction beam tube C M13: secondary circuit FHZ 502 
M5: in direction beam tube B M14: exhaust air physic side 
M6: reactor near beam tube B M15: exhaust air physic side FHZ 512 
M7: reactor platform  M16: exhaust air chemistry side 
M8: exhaust air reactor platform FHZ 512 M17: exhaust air chemistry side FHZ 512 
M9: reactor control room  
 
The typical set up of a station is shown in the next figure. 
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1.......FH 40 G 
2.......Power supply  FH 40 G 
3.......power plug 
4.......interface converter 
5.......power plug for interface converter 
6.......key 
7.......inspection window 
 
 
 
 
 
 
 
 
 
 

Fig. 1:  typical set up of station 
 
The software for the new digital area monitoring system was developed using LabView [4]. 
Ni LabView is the graphical development environment for creating flexible and scalable test, 
measurement, and control applications rapidly and at minimal cost. With LabView, engineers 
and scientists interface with real world signals, analyse data for meaningful information, and 
share results and applications. The DSC Modul (Datalogging and Supervisory Control 
Module) has the advantage, that a database is already included. The National Instruments 
LabVIEW Datalogging and Supervisory Control (DSC) Module is the best way to 
interactively develop your distributed monitoring and control systems. With the NI LabVIEW 
DSC Module, you can extend your LabVIEW application to view real-time and historical 
data, configure alarms and events, set up security on your applications, and efficiently log 
data to the distributed historical database.  
 
The following functions are included in the new area monitoring system: 
 

• data logging 
• alarm management with four different alarm levels (Low Low, Low High, High, High 

High) 
• the possibility of using acoustic alarms (various *.wav files useable) 
• alarm printer (if the signal is to low or to high) 
• optical indication of the alarm 
• graphical display of the data (view of historical data independent from the data 

logging) 
• User management (Password required to confirm alarms, different levels for different 

users) 
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In the next figure the main screen of the area monitoring system is shown. 
 

 
 

Fig. 2:  main screen of the area monitoring system 
 
3 The fuel database 
 
The operation of the reactor since first criticality averaged 220 days per year, without any 
long outages. The TRIGA-reactor is purely a research reactor of the swimming-pool type that 
is used for training, research and isotope production (Training, Research, Isotope Production, 
General Atomic = TRIGA). Throughout the world there are around 50 TRIGA-reactors in 
operation, Europe alone accounting for 8 of them. The reactor core consists presently of 81 
fuel elements (3.75 cm in diameter and 72.24 cm in length), which are arranged in an annular 
lattice. Two fuel elements have thermocouples implemented  in the fuel meat which allow to 
measure the fuel temperature during reactor operation. At nominal power (250 kW), the 
centre fuel temperature is about 200 °C. Because of the low reactor power level, the burn-up 
of the fuel is very small and most of the fuel elements loaded into the core in 1962 are still 
there. Figure 3 shows the history of the fuel elements of the TRIGA Mark II reactor Vienna. 
 
Criticality of a typical TRIGA Mark II reactor is usually achieved with about 57 standard 
TRIGA fuel elements (about 2 kg 235U). To allow higher power operation (100 kW) more fuel 
elements and several graphite reflector elements are usually added in the outer ring of the 
core. This results in a core excess reactivity of about 2 $ depending on specific license of such 
a reactor.  
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Date Number of 

fuel elements 

Type Remarks 

   

05.12.61 + 66 Al, 20% 2 instrumented fuel elements 

07.07.62  - 2 (retour) Al, 20%  

19.02.65 + 2 Al, 20%  

02.08.66 + 3 SST, 20%  

21.10.68 + 3 SST, 20% 1 instrumented fuel element 5284 TCE 

19.10.72 + 9 SST, 70%  

02.12.80 + 1 SST, 20% 1 instrumented fuel element 8257 TCE 

09.08.82 + 3 SST, 20%  

15.02.83 + 2 SST, 20% 2 instrumented fuel elements 8730, 8731 
TCE 

21.08.87 + 3 SST, 20%  

19.10.88 + 3 SST, 20%  

01.02.90 + 3 SST, 20%  

14.12.00 + 8 SST, 20%  

total: 104   
 

Fig. 3:  Fuel inventory of the TRIGA Mark II Vienna 
 
During operation of any reactor U-235 is consumed, the amount depends on the reactor 
power. For a typical 250 kW TRIGA reactor operating for about 200 days a year, 8 hours per 
day the U-235 consumption is approximately 20 grams per year. Calculations showed that for 
1 MWd (or 24 000kWh) of thermal power production 1,25 grams of U-235 are consumed. 
Experience showed that for a well used 250 kW TRIGA reactor approximately one fuel 
element has to added every second year, therefore, for 40 years of operation approximately 20 
fuel elements have to be added. As one fuel element contains around 38 g of U-235 this is 
equivalent to 14 fuel elements. As the TRIGA reactor Vienna started with 66 fuel elements 
and is now operating with 81 fuel elements the additional fuel elements are just compensating 
the loss of uranium in the core. Therefore the fuel management is a very important task which 
needs a detailed documentation. 
 
Since the development of the TRIGA type reactors in the mid-fifties new types of fuel 
elements have been developed. Especially the cladding material has been changed from 
aluminium to stainless steel (SST). Therefore many TRIGA reactors are operated with a 
mixed core which means that there are different types of fuel elements in the core. Among the 
SST elements again there exist two different types, those with 20% enrichment (standard 
SST) and those with 70% enrichment (FLIP = Fuel Lifetime Improvement Program). Details 
about the different fuel types are given in Table 3. The reflector materials around the core and 
the absence or presence of graphite reflector elements in empty fuel positions also affected the 
critical mass rather strongly. Replacing the graphite with a water reflector on the TRIGA 
Mark II raises the critical mass for about 25% while placing a row of graphite reflector 
elements around the water-reflected core cut this difference approximately in half. 
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Fuel element type 102 104 110 (FLIP) 

Fuel moderator 
material U-ZrH1.0 U-ZrH1.65 U-ZrH1,65 

Uranium content 
(wt%) 8.5 8.5 8.5 

Enrichment (%) 20 20 70 
Average 235U content 

(g) 38 38 136 

Burnable poison SmO3-disk none Erbium 1.6 wt% 
Diameter of fuel 

meat 35.8 mm 36.3 mm 36.3 mm 

Length of fuel meat 35.6 mm 38.1 mm 38.1 mm 
Graphite reflector 

length 10.2 mm 8.73 mm 8.81 mm 

Cladding material Al-1100F 304 SS 304 SS 
Cladding thickness 0.76 mm 0.51 mm 0.51 mm 

 
Table 3:  Principal fuel element design parameters 

 
Because 67% of the elements in the core are older than 40 years, it was necessary to put the 
history of every element in a database, to get an easy access to all the relevant data for every 
element in our facility. To calculate the burn up of every element it is necessary to know the 
reactor power, the operating hours and the position of each element in the core during his 
lifetime. To calculated burn up depending on the elements in the core is shown in the next 
table.  
 

  current core, 250 kW Power  

ring 
Number of 
FE per ring 

ZR 

flux factor 
FR 

Z x F 

    

power distribution 
per ring LR 

power 
distribution  

per FE in the 
ring [%] 

B 6 100 600 0,096092249 1,601537476 

C 11 93,7 1030,7 0,165070468 1,500640615 

D 17 75 1275 0,204196028 1,201153107 

E 23 62,5 1437,5 0,230221012 1,000960922 

F 24 79,2 1900,8 0,304420243 1,268417681 

 81  6244 = 100 %  
 

Table 4:  Burn up calculation for the current reactor core 
 

The power per ring LR is dependent on the number of fuel elements (FE) per ring. Because the 
total number of fuel elements during the last 42 years of operation has changed in the F ring, 
the burn up has to be calculated for every TRIGA core which was build in the last 42 years of 
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operation. Since the F ring was full, the power distribution in the F has not changed. To 
calculate the power distribution per FE in the ring you need 
 

( )
total

RR
R FZ

FZL
∑ ⋅

⋅
=  

 
LR power distribution per ring 
ZR Number of FE per ring 
FR flux factor 
 
LBE, the power distribution per FE in the ring can than be calculated from LR considering the 
number of FE per ring. For the TRIGA Mark II reactor in Vienna 30 different cores had to be 
distinguished. The next table shows the history of one element which is since march 1962 in 
the core.  
 

2036E month  year  position 

 March 1962 F20 

 September 1968 E14 

 May 1974 D11 

 November 1977 L15 

 December 1977 L9 

 January 1978 B2 

 April 1980 F21 

 August 1985 H 

 October 1985 F21 

 November 1998 L16 

 February 1999 F21 

Table 5:  History of the element 2036 
 

This history, with the various the power distribution per FE in the ring, leads to a total burn up 
of 7,924 g Uran-235 (152,150 MWh). The fuel element database is based on SQL (Structured 
Query Language) which can be used with every internet browser. The start up window and 
the window to calculate the burn up for the elements are shown in the next two figures. In 
addition to the burn up calculation it's also possible to store the data in an *.csv file which can 
be imported into an excel sheet. Afterwards different graphical display is possible. This 
database is a very important and helpful way to study the history of a fuel element, and it 
helps you to use your fuel efficiently.  
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Fig. 4:  The empty "start up window" 

 

 
Fig. 5:  The menu "Calculate power per element" 
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4 Conclusions 
 
With the new digital area monitoring system it's now possible to survey the background 
radiation around the reactor, to compare it with different alarm levels and to store it in a 
database. With this database, the data logging is independent from the measurement process 
and the visual display of the data. It's very easy to screen the historical data and to transfer it 
into another computer. Various software updates will help you to keep the system up to date.  
 
The new fuel database is an important tool to calculate the burn up and to view the history of 
every element. It will help you to utilise your fuel more efficiently and it will give you very 
easy an overview about the history of the reactor operation and the corresponding burn up. 
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