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Abstract 

Personal computer based acquisition system designed for monitoring of operation of the 
RB experimental reactor in the Institute of Nuclear Sciences 'Vinča' (former "Boris Kidrič') and 
experiences acquired during its use are shown in this paper. The monitoring covers generally 
all nuclear aspects of the reactor operation (start-up, nominal power operation, power 
changing, shut down and maintenance), but the emphasis is put on: real time (especially fast 
changing) reactivity measurement; supervising time dependence of the safety rods positions 
during shut down, and detection of position inaccuracy or failure operation of safety/control 
rods during the reactor operation or maintenance. 

1. INTRODUCTION 

Personal computers (PC) become commonly used by the wide range of consumers at 
research nuclear reactors in the developing countries. It is already proved that PCs could be 
efficiently used at research reactors for monitoring and data evaluation with suitable expression 
of the results, which improves the efficiency of the reactor [1], Description of a PC based 
acquisition system at the RB experimental reactor in the Institute of Nuclear Sciences 'Vinča' 
(former "Boris Kidrič') and experiences acquired in monitoring of various phases of operation 
of the reactor are described in this paper. 

In Yugoslavia, as a member of developing countries family, monitoring of the reactor 
operation, based on data acquisition supported by the PC, is applied in last few years at the RB 
experimental reactor only. Unfortunately, the operation of the 6.5 MW heavy water research 
reactor RA is stopped for a modernisation process in mid eighties. The PC controlled 
monitoring covers generally all nuclear aspects of the reactor operation, as: start-up, nominal 
power operation, power changing, shut down and maintenance, but the emphasis is put on: 

(1) Real time, especially fast changing, reactivity measurement; 
(2) Supervising time dependence of the safety rods positions during shut down, and 
(3) Detection of position inaccuracy or failure operation of safety/control rods during the 

reactor operation or maintenance. 

2. REAL TIME REACTIVITY MEASUREMENT 

On-line reactivity monitoring is based on application of the inverse method of point 
(space independent) reactor kinetics for reactivity determination from on-line measuring time 
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dependence of neutron flux. This method is chosen because it best fits to measurement 
conditions and it is applicable to measured range of reactivity. Real time measurement has set a 
demand that data evaluation at one measuring point of input signal should be done in time 
interval that is less than time interval between two neighbouring measuring points. This 
demand is met when the Stiffness Confinement Method (SCM) is applied in numerical 
integration of the point kinetic equations [2]. Using this method, it was possible to apply 
bigger time steps than in the usual standard methods, without including additional 
approximations or missing generality. Experiences gained at Nuclear Engineering Laboratory 
"NET" at "Vinča" Institute, during application of standard methods in point kinetics equations, 
confirm knowledge that time step for numerical integration of kinetic equations should be less 
than 10*Л (Л is prompt neutron generation time). The stiffness confinement method is 
implemented in the SCM computer code. It was shown that SCM allows achievement of the 
same accuracy as the standard integration methods can achieve, but the time step in the SCM 
could be up to three order of magnitude higher than the prompt neutron generation time. In 
such a way computing time required for the solving of kinetic equations was significantly 
decreased, what had enabled real time reactivity measurement and prompt display of evaluated 
data at the operator control panel, i.e., at screen of the computer monitor. 

Block diagram of the basic hardware equipment used for realisation of the digital 
reactivity meter at the RB reactor is shown at Fig. 1 

Neutron Analog 
Monitoring — • to Digital — • Computer 

Channel Converter 

FIG. 1. Basic block scheme for digital reactivity measurement 

Each of these three measurement blocks can be realised on very different ways. E.g., 
detectors in neutron monitoring channel can be of various types and with different sensitivities, 
while the analog-to-digital converters can operate in different conversion modes and 
frequencies and can be adjusted to various computer platforms and operating systems. 
According to availability of computer platforms and ADC to the 'Vinča' Institute at the 
moment of the system design, the following equipment is selected for realisation of the PC 
controlled digital reactivity-meter: 

• Neutron monitoring channel - a logarithmic neutron DC channel N3 of the RB reactor 
for power monitoring is selected. It uses gamma compensated neutron^chamber t^pe RC 6 
EB (Centronics Inc.) with declared neutron sensitivity of 2.14 -10" A ncm' s'. The 
chamber is connected to a logarithmic DC amplifier type TK 240 (Hartman & Brown) that 
can measure direct current in a range from 1 pA to 0.01 mA. 

• Analog-to-digital converter (ADC) - A electronic PC compatible board, the acquisition 
module type ED428-1 (Electronic Design, Co., Belgrade, Yugoslavia), that is fully 
compatible to the acquisition board type PCI-20428W-1 (Intelligent Instrumentation, A 
Burr-Brown Company, USA), is selected. This acquisition unit comprises analog-to-digital 
converter (ADC), digital-to-analog converter (DAC), digital input-output (D I/O) and two 
counters. The ADC section has 16 unipolar (single-ended) or 8 bipolar (differential) input 
channels. Input voltage signals can be in one of few standard ranges: ±5 V, ±10 V, 0-5 V, 
or 0-10 V. This section has 12-bit AD resolution with sample rate up to 100 kHz. DMA 
controller allows transfer of converted data to PC memory without occupation of 
processor time. 
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• Computer - Computer is a common personal computer (PC) with AMD 486/133 MHz 
processor, PCI mother board, IBM hard disk with 1,7 GB capacity, 36 cm colour monitor, 
corresponding super VGA card, 16 MB RAM operation memory, and standard I/O units 
(keyboard, mouse, printer). 

Basic computer software of this monitoring system is the Windows 95 operation 
system (OS). The software package (drivers) that is used with the ADC board is written for 
the same OS. That was the reason that the high sophisticated program MetRo for data 
acquisition, evaluation and display is written under that Microsoft OS. This computer code 
performs on-line (real time) measurements of reactivity and comprises few independent logical 
functional units. It is realised in modular form. The basic block (flow diagram) of the realised 
code MetRo, showing particular modules and their interrelations is given at Fig. 2. 

conversion of input 
signals and data 

transfer 
(konvertit) 

reactivity calculation 
by the inverse 

method 
(im) 

program core that 
connects moduls 

(vesco) 

reactivity calculation 
by the stable period 

method 
(tm) 

display of measured and 
evaluated data at computer 

monitor screen 
(prozor) 

M e 
№ 

FIG. 2, MetRo - a computer code for monitoring of reactor operation 

Module pop is used for set up of basic parameters of the acquisition system, as flowing: 

- sampling rate, 
- buffer size for input and transfer of measuring data, 
- definition of different graphs (and their particular parameters, e.g., size....) 

that will be displayed at the computer monitor screen, 
- definition of the MetRo operation mode; "on - line" for reactivity 

measurement, or "off - line" for retrieval from files and evaluation of stored 
data from previous measurements, and 

- Definition of start and stop of acquisition process. 

Module konvertit, written according to instructions given by the ADC manufacturer, 
includes procedures necessarily for hardware and software initialisation of the ADC, it defines 
start of the conversion and DMA transfer of collected data to the buffer in the PC memory. 
Module im calculates total reactivity inserted in the system by solving the inverse point kinetics 
equations using the SCM algorithm. Calculation is based on immediately measured data on 
neutron flux time distribution scanned from the logarithmic neutron channel N3 by using 
module konvertit. Module tm calculates total reactivity inserted in the system by using method 
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of stable (asymptotic) period near critical level. Data for calculation are supplied by module 
konvertit. Module prozor displays current results of measuring quantities (voltages of input 
signals) and evaluated reactivity values calculated in modules im and tm. Computer code 
central core vesko inter-connects all modules providing data transfer between them and ensures 
a proper time synchronisation. 

Some procedures of the modules of data acquisition code, e.g., evaluation procedures, 
reactivity calculation, data display, etc., have very specific functions and tasks. It was achieved 
by writing these particular procedures in different programming languages and by definition of 
an interface for their inter-connections and proper functioning as one integral code. E.g., 
module im is written in programming language Fortran 90, because it was shown that if it is 
written in some other high level language it has run slower for one order of magnitude then it 
is written under 32-bit Fortan 90 code compiler. This fact was very important due to demands 
for the real time (on-line) measurement of fast changes of the system reactivity. 

All procedures of the module konvertit are written in C++ programming language. 
Remaining part of the MetRo code is written in the MS Visual Basic 3.0 for Windows. The 
Visual Basic allows very simple and easy data input, display of graphs at computer monitor 
screen, and offers good performances to meet other demands set for the proper and fast 
operation of the MetRo code. 

As an example of the MetRo code operation, a real time monitoring of system 
reactivity during power increase to 1 W level is carried out. Power changes at neutron 
monitoring channels F1 and N3 and calculated reactivity by inverse SCM method (module im) 
and stable period method (module tm) are shown at Fig. 3. 

Time [minuterseconds] 

FIG. 3. Reactivity-time dependence during increasing power ofthe RB reactor to I W 

It can be seen, from the Fig. 3., that determination of reactivity by the asymptotic 
(stable) period method is reliable only for small positive periods of the reactor, while the 
inverse method based on the SCM algorithm gives good results for system reactivity in the 
whole range of measurement. 
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A copy of the computer display screen, with recorded power change of the RB reactor 
(at neutron monitoring linear DC channel Fl) by the MetRo code, is shown at Fig. 4. Basic 
evaluated numerical data on the reactor current power level and reactivity, determined by the 
SCM algorithm and stable period method, are given on right side of the screen. 

k DMA Input — Konol Fl m 
Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

j l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

/ l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

1 / 
l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

/ 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 

/ 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

Syipot' 

i i o i i ; ; 

"9ЈПЛ-": 

.'COM ' 

-non"-' 
J / ! 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

•- C-UH4—" 

y У 
/ ! 

i i 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 

•- C-UH4—" 

j 
i 

l l l l i i 

Ц 

®Fi ' " ' ' 
OL1 

is M->< 
Period Reaktora 

56 
RaaktivnoKt [pan] , 

130 

Reaktvaosl [pen] 

-0 119 m ° 
BO 120 190 240 300 3SD 420 480 540 

FIG. 4. Digital reactivity meter display at computer screen by MetRo code 

3. SUPERVISING TIME DEPENDENCE OF THE SAFETY RODS POSITION 

The same PC in the reactor control room is used to determine time dependence of the 
safety rods current position (Fig. 5.). That measurement has improved safety analyses of the 
research reactor corresponding to better determination of the intermediate states during the 
shut down process. A transducer (digital optical incrementator, DOI) was connected to each 
safety/control rod of the RB reactor with the aim to monitor continuously their motion by 
acquisition of the voltage signal from the transducer by using the PC. 

Operation principle of the device (Fig. 6) is based on usage of a digital incremental counter 
(IC). Each rectangular voltage pulse, arriving at the input of the IC, increments its contents for one. 
Pulses are coming from the DOI device that comprises light emitting diode (LED), circular disk 
with large number of cutouts (axially symmetrically precisely displaced at the disk periphery) and a 
photodiode PhD (used as a light detector). A shaft of the disk is connected to a small wheel that is 
in close contact with a moving object ( ie , rod mechanism). Light emitted by the LED, that has 
passed through the cutouts at the circular disk, is detected by the photodiode. 
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FIG. 5. Block scheme of connection of the DOI transducer to a PC 

FIG. 6. Basics of DOI transducer operation 

The current movement of the object (travel distance z) is proportional (with a constant 
hi) to the current total number of counts (M<*) in the IC that is recorded from beginning of the 
object movement: z = ku Nu*. A special computer code nivo is developed in the NET 
Laboratory for a software support to the communication process between the DOI and PC. 
Continuously reading of the Ntot is compared to the real time clock in the PC to determine the 
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time function of rod actual position: z (t). This function is displayed at computer monitor 
screen and stored at the hard disk for further evaluations. 

This device is applied to measure the 'motion law', i.e., a current rod position time 
function of safety rods SS3 and PN (i.e., water level-meter: WLM) of the RB research reactor. 
Time dependence of rod position ('trajectory') during the reactor shut down is recorded for 
30 times for the SS3 (Fig. 7) and 27 times for the PN (Fig. 8). 

TIME (ms) 

FIG. 8. Trajectories of safety rod PN during shut down (27 measuring results) 

Both measurements: (1) real time reactivity measurement and (2) supervising time 
dependence of the safety rods positions during shut down, enable a possibility to observe 
dependence of the total reactivity of all rods in the reactor from measuring their particular 
current positions during motion, including shadowing effect. The mathematical model for 
unique determination of the total reactivity of all rods in the reactor in function of their 
particular actual positions is proposed and verified experimentally at the RB reactor [3]. 
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On-line measured shut down time dependence of rod position z (t) for all four safety 
rods of the RB reactor is shown at Fig. 9. Time dependence of the total shut down reactivity 
for these rods is measured in real time using: (1) the SCM algorithm for solution of the inverse 
point kinetics equations and by using (2) an improved mathematical method that accounts for 
reactivity interference effects of current position-time function of reactivity of particular safety 
rods. The results of the reactivity evaluations are shown at Fig. 10. 

FIG. 9. Safety rods position-time function measured during the RB reactor shut down 

time [ms] 

FIG. 10. Safety rods reactivity-time function measured during the reactor shut down 
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4. DETECTION OF IRREGULARITY OR FAILURE OPERATION OF SAFETY RODS 

The computer-based system described in previous section is also used at the RB reactor 
to detect possible irregularities or failures in rods moving during the reactor regular operation 
or maintenance. Some small irregularities in the SS3 motion during reactor shut can be seen at 
Fig. 7 (larger dispersion in recorded trajectories from the average one). Some of these larger 
irregularities in the SS3 motion, that are recorded during maintenance, are shown at Fig. 11. 
Also, it can be seen, from Fig. 9, an irregularity in motion of the reactor safety rod no. 1 (SSI), 
i.e., it did not pass its whole travel distance through the reactor core during shut down. That 
rod should travel the same distance during shut down as the other regular safety rod no.2 
(SS2). These recorded data are very valuable for proper information on actual reactor 
operation and were used for maintenance purposes. 

TIME (ms) 

FIG. 11. Trajectory ofsafety rod SS3 

5. CONCLUSION 

A PC based acquisition system is designed for monitoring of operation of the RB 
experimental reactor in the Institute of Nuclear Sciences 'Vinča'. The monitoring covers 
generally all nuclear aspects of the reactor operation, but the emphasis is put on: real time 
reactivity measurement; supervising time dependence of the safety rods positions and detection 
of inaccuracy or failure of rods operation during the reactor operation or maintenance. Some 
of experiences acquired during development and utilisation of this PC based data acquisition 
system at the RB reactor are shown. 

Designed computer monitoring system at the RB reactor offers also a suitable way for 
display (at the computer monitor screen) of measured and evaluated data during the reactor 
operation. This improvement has advantage that makes the operation task of the reactor staff 
more convenient (user friendly) and easier. Collected and evaluated data during the reactor 
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operation or maintenance are continuously stored in an external memory of the PC and can be 
easily retrieved for later display and analyses. 

It is planed in future to extend the capabilities of this PC based acquisition system to 
include monitoring of other important parameters of the RB reactor operation, e.g., the heavy 
water level measurement and monitoring of neutron start-up counting channels and remaining 
power and dosimetry channels. 
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