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ABSTRACT 

A PC equipped with a counter board which can accept up to 
nine pulse channels, has been applied to the research reactor 
parameter measurement. It has been applied as a multi-counter, 
multi-input multi-channel scaler and pulse input reactivity 
computer. 

The PC multi-counter replaces up to eight conventional 
counters granting advantages as conveniency in data handling. 
The multi-sealer which can accept up to four detector signals 
simultaneously, is to generate neutron pulse sequence data for 
the random neutron process analysis. It can scale as fast as 
80 p. seconds for four detectors. The reactivity computer can 
accept up to nine channels, calculates and displays data once 
every second, and saves data for the revival of experiment. 
As the dead time effect is corrected by software, accurate 
reactivity can be obtained at very high count rate. 

INTRODUCTION 

The recent rapid development of personal computer (PC), has been 
encouraging research reactor operation staffs to utilize it for their 
reactor analysis and experiments. International Atomic Energy Agency also 
recognized that the PC can be a good tool for the research reactor and a 
Coordinated Research Project on the use of PC to enhance research reactor 
operation and management, is under progress among Asian countries. This 
report summarizes an intrim progress made in Korean TRIGA reactors on the 
use of PC for the research reactor parameter measurement accomplished as a 
part of above mentioned research project. 

So far, the effort has been concentrated on the use of PC counter 
because its application is not so popular compared to the use of analog to 
digital converter (ADC) but it shares one of the very important parts in 
the reactor experiments especially for a new reactor commissioning. 

As an ADC interfaces between analog instruments and the computer, a 
counter/timer makes the computer to count pulses. There have been many 
kinds of conventional instruments dealing with pulse signals but they are 
gradually changing to the computerized system, especially in the spectro
scopy field. For the case of research reactor experiments, however, it is 
not so active so far, since its demand is very limited and most of reactor 
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A PC equipped with a counter board which can accept up to 
nine pulse channels， has been applied to the research reactor 
parameter measurement. It has been applied as a multi-counter， 
multi-input multi-channel scaler and pulse input reactivity 
computer. 

ηle PC multi-counter replaces up to eight conventional 
counters granting advantages as conveniency in data handling. 
The multi-scaler which can accept up to four detector signals 
simultaneously. is to generate neutron pulse sequence data for 
the random neutron process analysis. It can scale as fast as 
80μseconds for four detectors. 百lereac t i v i ty computer can 
accept up to nine channels. calculates and displays data once 
every second， and saves data for the revival of experiment. 
As the dead time effect is corrected by software. accurate 
reactivity can be obtained at very high count rate. 
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The recent rapid development of personal computer (PC)， has been 
encouraging research reactor operation staffs to utilize it for their 
reactor analysis and experiments. International Atomic Energy Agency also 
recognized that the PC can be a good tool for the research reactor and a 
Coordinated Research Project on the use of PC to enhance research reactor 
operation and management. is under progress among Asian countries. This 
report summarizes an intrim progress made in Korean TRIGA reactors on the 
use of配 forthe research reactor parameter measurement accomplished as a 
part of above mentioned research project. 

50 far， the effort has been concentrated on the use of PC counter 
because its application is not so popular compared to the use of analog to 
digital converterは民)but it shares one of the very important parts in 
the reactor experiments especially for a new reactor commissioning. 

As an A以~ interfaces between analog instruments and the computer， a 
counter/timer makes the computer to count pulses. There have been many 
kinds of conventional instruments dealing with pulse signals but theyare 
gradually changing to the computerized system， especially in the spectro-
scopy field. For the case of research reactor experiments， however， it is 
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operators are not specialists in the computer. From this point of view, it 
is considered that establishing a reactor parameter measuring system based 
on the PC-counter is worthwhile. 

This report demonstrates that the PC-counter can be successfully 
utilized as a multi-counter, multi-sealer and reactivity computer. A less 
expensive counter board can replace several conventional counters for the 
startup operation or criticality approach, can replace one or more multi
channel scaler (MCS) or other sophisticated instruments for the random 
neutron process analysis in the thermal reactor, and can also be utilized 
for the real time reactivity measurement at very low power level where 
current detectors cannot generate dependable signal. As its data treatment 
is computerized, bulky data are easily manipulated granting much more 
precise experimental results. 

MULTI-COUNTER 

The PC multi-counter is to replace up to eight conventional counter 
modules. Therefore, when eight detector signals are fed to this system it 
is just like the case as if eight conventional counters are working. In 
addition, it has several advantages compared to counter modules - there is 
no dwell time between each counting step, several past records are display
ed on the CRT screen as well as the flying current data, the dead time 
effect is corrected by the software, and requested data are saved for the 
further analysis. Thus, it is a convenient and cost-effective tool for the 
criticality approach of any reactor and can be utilized for other counting 
works as well. 

Fig. 1 shows a sample CRT screen while multi-counter is working. 
Current counting line is updated at every 1/50 second, and it is not inter
rupted by key input requests such as counting time change, i.e., counters 
are flying while the user is typing in. There are four functions of count
ing time set, reset, data save and end of work. Counting time can be set 
by 1/50 second precision. Data can be saved continuously or selectively, 
including each counted time interval and time from the start of the experi
ment. Data saved or to be saved, are displayed by the reverse mode for its 
easy identification. The data screen scrolls upward when it reaches the 
bottom. 

The basic working concept of PC multi-counter is shown in Fig. 2. The 
timer interrupt reguest is generated at every 1/50 second. Its interrupt 
source which can be used for this function, is a timer of the PC system 
itself, one on the counter board, or regular external triggering pulses. 
Should the time be kept very precisely, higher priority interrupt source 
should be used. For the case of IBM PC clone, the system timer interrupt 
(IRQO) has the highest priority available to the user. Therefore, the PC 
system timer interrupt is utilzed in this program. 

The interrupt service routine whose functioning is synchronized with 
the interrupt request, latches all working counters at the same time, reads 
counter register values, and stores them in the circulating buffer memory. 
This function is common to other programs utilizing PC counter except the 
sampling frequency and number of bits assigned to a count value. For the 
case of this multi-counter, full 16-bits are used for one count value, and 
the maximum count rate that can be measured is 2 1 6x 50/second ~ 3 Mcps. 

The host program checks and reads buffer memory, calculates counts, 
corrects dead time effect, displays counted data, and responds to the 
aforementioned user requests comming through the keyboard. 
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MULTI-SCALER 

It is to use a PC for the random neutron process measurement covering 
up to four neutron counters. There are various methods for the random 
neutron process measurement such as correlation, variance to mean ratio, 
count probability, dead time methods, etc. Each method measures neutron 
pulse sequence information and obtains reactor dynamic parameters, but the 
instrumentation or analysis method of each case is different. 

The success of these techniques is dependent on the time resolution of 
individual count(s) and amount of data. The time resolution should be 
comparable to the prompt neutron life time (~ u. second in a fast reactor 
and ~ 100 u- seconds in a thermal reactor), and the data amount should be 
sufficient enough to ensure statistical reliability. There have been 
several experimental techniques to satisfy aforementioned requirements 
depending on the instrumentation and reactor type. However, if the count 
sequence can be measured and saved in the mass storage then numerical 
simulations for most techniques are possible. The conventional method of 
this approach is utilizing a sufficiently long record of detector signal on 
the magnetic tape, which is to be analysed by the computer. 

Nowadays a PC is equipped with enough mass storage and speed for the 
neutron pulse sequence measurement. The feasibility of PC counter applica
tion to the above mentioned approach, was tested at the Korean TRIGA Mk~II 
reactor using single detector, and its results were analysed by several 
different methods1,2'. This test encourages that a PC counter can be a 
good tool for the pulse sequence measurement in the thermal reactor. For 
the fast reactor application, however, a special I/O board should be 
designed for very fast scaling. 

The system is now upgraded to accommodate up to four detector signals 
simultaneously. Its scaling speed is dependent on the number of counters 
and PC speed, but it can be as fast as 80 n- seconds when an IBM-AT is used, 
which is fast enough to determine the prompt neutron decay constant of 
usual thermal reactor. It also has automatic switching feature from the 
fast to slow scaling for the delayed neutron effect measurement. For the 
case of fast scaling, the number of bits to save each count value is mini
mized to relax huge memory requirement since the count probability during 
one very short time is very low. Current program can scale up to 192 K 
channels if one or two detectors are used and up to 96 K for three or four 
detectors. For the case of slow scaling, data are stored in the 16-bit 
array and channel size is 72 K/(number of counters). As the dwell time 
between each scaling is only for the data saving to the hard disk, data 
loss is minimized. 

Fig. 3 shows a result obtained by the variance to mean ratio (VTMR) 
analysis for the scaled data at Korean TRIGA Mk-II reactor with two neutron 
counters. Counter-1 in the figure is a fission chamber located at the 
upper part of the core in the central irradiation hole, and counter~2 is 
also a fission chamber but located near the outer surface of graphite 
reflector and used as the start- up power monitoring channel. The fast 
scaling was by about 215 u. seconds of A for about 1,000 seconds and slow 
scaling was by about 27. ̂  milli-seconds for about 4,000 seconds. VTMRs 
were calculated for all possible grouping of nA, i.e., (1, 2, .., n)A, (2, 
3, ..., n+l)A, ... groups but not for the simple (1, 2 n)A, (n+1, 
n+2 2n)A, ... ones, so as to enhance data precision. While it gene
rates very precise vTMRs its computing time is too long. For the case of 
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It is to use a PC for the random neutron process measurement covering 
up to four neutron counters. There are various methods for the random 
neutron process measurement such as correlation， variance to mean ratio， 
count probability， dead time methods， etc. Each method measures neutron 
pulse sequence information and obtains reactor dynamic parameters， but the 
instrumentation or analysis method of each case is different. 

The success of these techniques is dependent on the time resolution of 
individual count(s) and amount of data. The time resolution should be 
comparable to the prompt neutron life tirne (-μsecond in a fast reactor 
and -100 ~ seconds in a therma! reactor)， and the data amount should be 
sufficient enough to ensure statistical reliability. There"have been 
several experimental techniques to satisfy aforementioned requirements 
dependingon the instrumentation and reactor type. However， if the count 
sequence can be measured and saved in the mass storage then numerical 
sirnulations for most techniques are possible.ηle conventional method of 
this approach is utilizing a sufficiently long record of detector signal on 
the magnetic tape， which is to be analysed by the computer. 

Nowadays a PC is equipped with enough rnass storage and speed for the 
neutron pulse sequence rneasurement. The feasibility of陀 counterapplica-
tion to the above mentioned approach， was tested at the Korean TRIGA Mk-II 
reactor using single detector， and its results were analysed by several 
different methodsl・2) This test encourages that a PC counter can be a 
goou tool for the pulse sequence measurement in the thermal reactor. For 
the fast reactor application， however， a special 1/0 board should be 
designed for very fast scaling. 

The system is now upgraded to accommodate up to four detector signals 
sirnultaneously. Its scaling speed is dependent on the number of"counters 
and PC speed， but it can be as fast as 80μseconds when an IBM-AT is used， 
which is fast enough to determine the prompt neutron decay constant of 
usual thermal reactor. It also has automatic switching feature from the 
fast to slow scaling for the delayed neutron effect rneasurement. For the 
case of fast scaling， the number of bits to save each count value is mini-
mized to relax huge memory requirement since the count probability during 
one very short time is very low. Current program can scale up to 192 K 
char.nels if one or two detectors are use 

-442-



JAERI-M 92-028 

an IBM-AT, it takes several nights for one experi- mental data analysis. 
Dot lines in the figure represents fitted results only for the fast 

scaled data assuming all delayed neutron terms are linear function of T. 
Solid lines are fitted for all data to the exact VTMR equation including 
all delayed neutron terms, and for all variables related with VTMRs -
counting efficiency (counts/fission), reactivity, Pu-239 fission portion 
(assuming fissions are occured only by U-235 and Pu-239), neutron 
generation time and effective delayed neutron fraction. 

It shows something like discontinuity between the fast and slow scaled 
data which is caused by the different time band of measurement. This trend 
is amplified if the measuring time is shortened or VTMRs are the smaller 
by the lower counting efficiency or the higher subcriticality. For the 
case this experiment, The counting efficiency of each detector is rather 
low (less than 3x 10"5/fission), but the reactivity ( 0.1 $) is rather close 
to the critical status. 

As it can scale multiple detector signals simultaneously it will be a 
very useful tool for the analyses of cross-correlation and cross power 
spectral density (CPSD) as well. 

REAL TIME REACTIVITY MEASUREMENT 

The usual real time reactivity measurement by inverse point kinetics 
utilizes current detector signal fed through the ADC. The counter signal 
can also be used by similar manner if the square pulse train coming from 
the discriminator is converted to DC signal by count rate to voltage 
converter (CRVC), but has limitation by response time and dead time effect. 
In order to get stable DC signal with fast response time (short integration 
time) from the CRVC, the count rate should be high enough but it causes 
larger dead time effect. The dead time effect can be relaxed by adding 
dead time correction circuit and utilizing faster response components but 
there is still limitation. Actual counting system has at least four o: 
five parts directly connected - detector itself, preamplifier, amplifier, 
discriminator and counter(or CRVC) - and each has different dead time and 
characteristics (extendable or non-extendable). Thus it is almost impossi
ble to make a fixed relationship which will be used for the design of an 
accurate dead time correction circuit, between the count rate and reaction 
rate. Furthermore, the dead time can vary with the change of discriminator 
level setting. 

When the PC counts pulses directly, aforementioned difficulties still 
remains unresolved but it does not need CRVC, and dead time effect can be 
corrected by software if it is measured. The experimentally measured dead 
time can be fitted to proper form such as polynomial, and it can be easily 
reflected to the software dead time correction Its feasibility was tested 
by single detector31 at very high count rate. It was successful but its 
results was rather sensitive to the dead time, which requires very accute 
dead time information. 

If the counting interval can be longer, the count rate during the 
reactivity measurement can be lowered to relax dead time effect, but it 
might cause other problems by the enlongated time interval itself in 
solving difference equations and the integrated power representation during 
that interval. 

The concept of neutron density (or fission power) variation measured 
by the count rate is slightly different from that sampled by an AD conver
sion of current detector signal. For the latter case, the current is based 
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on sufficient reaction rates in the detector, and the sampled data can be 
successfully assumed to represent the power at that time. However, the 
count rate measurement needs at least a certain time interval to count 
pulses, and its result represents the time integrated power (or averaged 
power) during that interval but not the spot value. The usual power monit
oring by the neutron counter is based on the assumption that this interval 
is short enough compared to the power variation, but it can be a source of 
error in the real time reactivity measurement. 

The use of counter imposes strong possibility that the experiment is 
to be accomplished at the neutron source range (or startup range) where the 
neutron source is effective. Its effect is stronger when the count rate is 
lower but it can be neglected at the power range where current detectors 
can be used for the power monitoring. 

In order to verify these effects - rather long sampling interval, 
integrated power during the sampling interval in lieu of spot value and 
source effect - to the reactivity calculation, a series of numerical simul
ation was carried out for various forms of finite difference approximation 
of reactivity equations to search an optimum one. 

Reactivity is expressed as Eq.l from point kinetic equation. 
n a , A dln(n) _A_ v A S p = P + A 77 2 A,CI (1) at n n 

And delayed neutron precursor concentraion is, 

-$• • - * - . - x,c, «> 
As the PC measures n(t), Eq.l can be explicitly solved if Cj(t) - the 

delayed neutron precursor concentration - is known. The usual inverse 
point kinetics modifies Eq.2 to the following form to calculate precursor 
concentration. 

C,(t+A) = C,(t) «p(-X,A) + j - «p[-X,(t+A)] /n «p(X,t') dt' ~ (3) 
If the integration term of the above equation is approximated by the 
trapezoidal method, C|(t+A) can be solved explicitly. 

However, Eq.2 can be solved by direct trapezoidal integration of 
the whole equation itself from t to t+A as well. 

C,(t+A) - C,(t) = < -J1 [n(t+A) + n(t)] - X,[C,<t+A) + C,(t)]> y — (4) 
This equation can also be solved explicitly. 

Both of above equations were tested by simulating aforementioned 
conditions. And it was confirmed that Eq.4 results correct reactivity if A 
< 10 seconds, while Eq.3 results the same accuracy when A < 0.1 second. 
Therefore, instead of the well known inverse point kinetic equations (Eqs. 1 
and 3), Eqs. 1 and 4 are used for the real time reactivity measurement. 
Should the sampling interval be more than 0.1 second, the superiority of 
latter equations is also apparent when current detectors are used. 

Fig. 4 is an example of reactivity measuring experiment using two 
fission counters. It can treat up to nine counter signals. Reactivity 
calculation and data display take place once every second, but the actual 
count rate values used for reactivity calculations, are averaged ones of 
adjacent two seconds. Lower part curves in the figure drawn by log scale, 
represent count rate variation, and upper two curves(they looks like as if 
one line because they are too close) depict reactivity variation. If it 
reaches the right end of the screen, the screen is swapped half. Thus, the 
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dln(n) A _. _ A S 
p 停+Aニニ斗ニムー ー一一=--i;λIC

1
-一一一一一

dt n n 
ーーーー (1) 

And delayed neutron precursor concentraion is， 

jEL=iL n-λ.C. 
dt A "".-. 

ーーーーーーーー一ーーー一一一ーー (2) 

As the PC measures n(t)， Eq.l can be explicitly solved if Ci(t) -the 
delayed neutron precursor concentration -is known. The usual inverse 
point kinetics modifies Eq.2 to the following form to calculate precursor 
concentration 

t+a 

C1 (凶)=引t)州 ーλ山 +Tex川 I(叫]f?exp州 ')dt' 一(3)

If the integration term of the above equation is approximated by the 
trapezoidal method， C1(t+企)can be solved explicitly. 

However， Eq.2 can be solved by direct trapezoidal integration of 
the whole equation itself from t to t+a as well. 

C1(川)ー川 =~島川+叫.å) +州川)汀]-^I [叩[印川C
A 

This equation can also be solved explicitly. 
Both of above equations were tested by simulating aforementioned 

conditions. And it was confirmed that Eq.4 results correct reactivity if a 
< 10 seconds， while Eq.3 results the same accuracy when a < 0.1 second. 
Therefore， instead of the well known inverse point kinetic equations (Eqs. 1 
and 3)， Eqs. 1 and 4 are used for the real time reactivity measurement. 
Should the sampling interval be more than 0.1 second， the superiority of 
latter equations is also apparent when current detectors are used. 

Fig. 4 is an example of reactivity measuring experiment using two 
fission counters. It can treat up to nine counter signals. Reacti~'ity 
calculation and data display take place once every second， but the actual 
count rate values used for reactivity calculations， are averaged ones of 
adjacent two seconds. Lower part curves in the figure drawn by log scale， 
represent count rate variation， and upper two curves(they looks like as if 
one line because they are too close) depict reactivity variation. If it 
reaches the right end of the screen， the screen is swapped half. 百lUS，the 
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screen always displays at least about 300 seconds' data except when it is 
just beginning of the experiment. 

Time averaged reactivity value while it is in steady state, can be 
read in digital form by very simple key board manipulation. Those values 
displayed at the left-bottom corner of the screen are recently averaged 
reactivity values (unit: $) of each counting channel and the average of all 
channels(last one). Thicker parts of lines in the figure indicate that the 
averaging process is(was) occured at that time period. All the data 
related to the experiment are saved in the hard disk, and the experiment 
can be revived if data checking is needed. 

CONCLUSION 

Major important reactor experiments based on the neutron counters 
have been successfully accomplished by a PC-counter. A low cost counter 
board is effectively used for the criticality approach instead of conven
tional counter modules, multiple neutron pulse channels are scaled at the 
same time providing much easier data treatment than using conventional 
instrumentations for various kinds of random neutron process analysis, and 
real time reactivty measurement using startup channels or detectors for the 
criticality approach is accomplished at the very low fission power where 
current detectors cannot generate dependable signals. 

The PC multi-sealer can be effectively used especially for the cross-
correlation and cross power spectral density analysis since multiple 
detector signals can be easily scaled simultaneously. 

Those problems which can be arisen because counters in lieu of current 
detectors are used for the real time reactivity measurement, are fully 
tested and a proper form of finite difference approximation for the delayed 
neutron precursor equation is searched. This equation can be effectively 
used for both of point kinetics and point reactivity calculation. Thanks 
of this equation, it is possible to measure very accurate and statistically 
reliable reactivity by one second sampling interval at the count rate range 
of 103 to 106 cps where the dead time can be assumed to be constant. 

This system will be expanded to accommodate analog signals as well in 
order to cover all power range and to apply to many other experiments which 
should be accomplished by analog ones. 
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screen always displays at least about 300 seconds' data except when it is 
just beginning of the experiment. 

Time averaged reactivity value while it is in steady state， can be 
read in digital form by very simple key board manipulation. Those values 
displayed at the left-bottom corner of the screen are recently averaged 
reactivity values (unit: $) of each counting channel and the average of all 
channels(last one). Thicker parts of lines in the figure indicate that the 
averaging process is(was) occured at that time period. All the data 
related to the experiment are saved in the hard disk， and the experiment 
can be revived if data checking is needed. 

∞派工.uSION

Major important reactor experiments based on the neutron counters 
have been successfully accomplished by a PC-counter. A low cost counter 
board is effectively used for the criticality approach instead of conven-
tional counter modules， multiple neutron pulse channels are scaled at the 
same time providing much easier data treatment than using conventional 
instrumentations for various kinds of random neutron process analysis， and 
real time reactivty measurement using startup channels or detectors for the 
criticality approach is accomplished at the very low fission power where 
current detectors cannot generate dependable signals. 

The PC multi-scaler can be effectively used especially for the cross-
correlation and cross power spectral density analysis since multiple 
detector signals can be easily scaled simultaneously. 

百loseproblems which can be arisen because counters in lieu of current 
detectors are used for the real time reactivity measurement， are fully 
tested and a proper form of finite difference approximation for the delayed 
neutron precursor equation is searched. This equation can be effectively 
used for both of point kinetics and point reactivity calculation. 百lanks
of this equation， it is possible to measure very accurate and statistically 
reliable reactivity by one second sampling interval at the count rate range 
of 10. to 100 cps where the dead time can be assumed to be constant. 

This system will be expanded to accommodate analog signals as well in 
order to cover all power range and to apply to many other experiments which 
should be accomplished by analog ones. 

REFffiENCES 
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Fig. 1. A Sample of CRT Display While Multi-Counter is Working 
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Fig. 2. The Working Concept of PC Multi-Counter 
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Fig. 1. A Sample of CRT Display While Multi-Counter is Working 
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Fig. 2. The Working Concept of陀 Multi-Counter
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Fig. 3. An Example of VTMR Analysis for the Data Measured by the 
PC Multi-Sealer 
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Fig. 4. An Example of Real Time Reac t iv i ty Measurement Using PC-Counter 
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