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ABSTRACT 

At present, the computing method normalized for the letemetric data represents the primary 
information for deoidiny on any necessary countermeasurcs in case of a nuclear reactor accident. 
In this connection we analyzed (he reliability ol the results obtain 3d in this manner The points of 
the analysis woie. how tix; results are influenced by the choice of certain parameters that cannot 
be determined by direct methods <?nd how Hie improperly chosen diffusion parameters would distort 
the determination of environmental radiatic n parameters normalized on «he basis of the measurements 
( I activity concentration, gamma dose rate) at points lying at a given distance from the measuring 
stations In our paper we gave numerical examples for the uncertainties due to the above factors. 
As a result, we arrived at the conclusions that there is a need to decide on accident related measures 
based on ihn computing method that the dose uncertainties may reach one order of magnitude for 
points lying far i ter, ihe monitoring stations 

Ш. Деме, И. Фехер, Э. Ланг: Расчеты в масштабе реального времени при мониторинге 
окружающей среды атомных электростанций. KFKI-1989"37/К 

АННОТАЦИЯ 

В случае аварии яДерных реакторов принятие необходимых мер основывается на 
радиационных данных, рассчитанных на базе атмосферной диффузии и нормированных на 
результаты телеметрических измерений. В связи с этим был проведен анализ досто
верности этих радиационных данных, в ходе которого выяснялось влияние на радиаци
онные данные параметров, не поддающихся прямому определению, а также оценивались 
погрешности, к которым приводят неправильно определенные диффузионные параметры 
при нормировании на телеметрические радиационные данные (концентрация активности 
1 Э 1 1 , мощность дозы гамма-излучения) окружающей среды. В работе даются численные 
примеры неопределенностей, возникающих в результате перечисленных факторов. Ана
лиз позволил сделать вывод, что неопределенность радиационных данных, применяемых 
при принятии необходимых мер, может достигать одного порядка величины, если выб
ранная точка лежит далеко от телеметрической точки. 

Deme S., Fehér l., Láng E.: Real timo számítások az atomerőmüvek környezetallenőrzósóben. 
KFKI 1989 37/K 

KIVONAT 

A nukleáris reaktorok balesetekor a szükséges intézkedések alapjául a telemetrikus mérésekre 
normált légköri terjodósszámítási adatok szolgálnak. Ezzel kapcsolatban analizáltuk az igy kapott 
eredmények megbízhatóságát Az analizís szempontja az volt, hogy hogyan befolyásolja a közvetlenül 
meg nem határozható paraméterek kiválasztása és a téves diffúziós paraméter megállapítás azokat 
a számított sugárzási adatokat, amelyeket a környezeti sugárzási telemetriai adatokra ( I 
aktivitáskoncentráció, a gamma sugárzás dózisteljesítménye) normálunk E munkánkban 
számpéldákat adunk a fenti tényezők következtében fellépő bizonytalanságokra Az analízis 
eredményeként megállapítható, hogy a döntéshozatal összetevőjeként használt dózisadalok 
bizonytalansága elérheti az egy nagyságrendet, ha a vizsgált pont távol fekszik a telemetriai mérési 
ponttól. 



• 1. Introduction 

At the f i rst workshup in 1985 we already reported on the telemetric system 
for environmental monitoring developed for the Paks Nuclear Power Plant 
and on the real-time dose computing method used there [ l ] . Since that 
time the computing methods have been improved and completed by graphic 
displaying. We did not depart from the earlier used model assuming a 
bidirectional Gaussian d is t r ibut ion; changes in wind direction were followed 
by the bent plume method. Real-time calculations are carried out only for 
distances up to 12 km from the power plant. Within this distance, the 
wind data measured by the meteorological tower have a weighting factor 
of at least 80 % for the determination of the wind field if the neighbouring 
meteorological stations at 60-100 km are taken into account with a factor 
of 1/x 2 . 

The data measured by the Paks Nuclear Power Plant's environmental 
telemetric system in the days following the Chernobyl reactor accident are 
in good agreement with the values determined by other methods. This 
proves that the telemetric system we have developed is able to detect even 
relatively low levels of contamination. 

The main aim of the present work is to estimate the reliability of the data 
supplied by the earlier published surveillance system (using real-time 
computation on the basis of telemetric and meteorological measurements) 
and to determine how these data can be used when making decisions in 
the case of a nuclear reactor accident. 

2. Main parts of the analysis 

At the time of an accidental release it is assumed that the radionuclide 
emission (source term) cannot be directly determined. The activity 
concentration distr ibution for unit radionuclide emission is determined 
from meteorological data for the plant 's neighbourhood of 1-12 km radius, 
then the relative distribution is normalized on the basis of the telemetric 
data. The decision making utilizes these normalized data. 

The data obtained In this way are charged with considerable uncertain
t y . The uncertainties are Investigated in the following grouping: 
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- uncertainty of the telemetric (normalizing) data; 

- error sources in the determination of the activity concentration 
in the plume axis; 

- error sources in the extrapolation in wind direction. 

Here we do not deal with those error sources, that are independent of the 
real-time calculation of the environment, so e .g . with the uncertainty in 
the isotopic cont|Josition of the source, the relative rate of emission, a wide 
variety of the iodine dose conversion factors ar.d the weather forecast. 

3. Uncertainties of the telemetric data used for normalization 

Our telemetric system measures the time integral of the activity concentra
tion of I vapour phase and the dos»; rate of gamma radiation at eight 
points in the vicinity of the NPP. Let us f irst examine the applicability 
of these two measurements for the determination of the actual radiation 
situation at the site of the determination itself. Let us suppose that the 
data related to the site in question are available from measurements by 
iodine monitors and gamma ray detectors. The iodine monitor has an 
decisive role since our results show that in the case of a severe accident 
the inhalation dose of iodine isotopes is of essential importance for the 
short-term countermeasures (sheltering, Administration of iodine pellets, 
evacuation), and it is not on the basis of the external gamma radiation 
that possible countermeasures have to be taken. 

At the input of the iodine monitor we use the aerosols are separated by a 
glass fibre filter and a heater warms up the air to 15 - 2 C. The air 
then goes to an adsorbent (AC 6120, Her fur t, FRC), which is of low 
adsorption efficiency for radioactive noble gases at this temperature but 
is able to adsorb the elementary and organic iodine isotopes behind the 
filter with an efficiency of У0 to 99 %. The adsorbent is located around 
a heat-resistant scintillation crystal. Both the adsorbent and the crystal 
are surrounded by a 5 cm thick lead shielding. The signals from the 
scintillation detector are measured via a single-channel differential 

131 discriminator which is adjusted to the 361 keV line of I. 

The filter in front of the iodine monitor filters out the aerosol phase of 
the iodine. Due to this f i l t rat ion, the measured radioiodine activity 
concentration is lower than the actual value. The vapour phase's expected 



contribution is in the range of 0.66 - 0.12 i f we accept the empirical values 
measured in Hungary after the Chernobyl accident (F ig . 1) . This means 
that the measured values are about 60 - 70 % of the actual ones due to the 
f i l tration of the aerosol phase. 

Let us assume that the reactor's power had been uniform for a long period 
preceding the nuclear accident. I f we start from such an equilibrium state 
and from the core inventory of a reactor in this state, then Figure 2 will 
show the contributions of the individual iodine isotopes to the total activity 
and Fig. 3 the corresponding contribution in the thyroid inhalation dose. 
I t is seen that all the five iodine isotopes have a significant contribution 

immediately after the shut-down of the reactor and four of them even a 
131 few hours later. At the same time I dominates - with 70 to 80 % of the 

total dose - in the inhalation dose. Accordingly, if the measuring arrange
ment permits a selective measurement of I , then э multiplier of about 
1.3-1.4 has to be applied for the determination of the total inhalation dose 
from I measurements. Iodine monitors using simple, single-channel 
scintillation spectrometers also measure the other iodine isotopes with a 
considerable efficiency. Let us assume that the measuring efficiencies for 
1 3 2 l - 1 3 5 l are 20. 25, 15 and 10 % of that for 1 3 1 l . Then the values 

131 measured by an equipment calibrated for I have to be multiplied by a 
correction factor that can be read off from curve a) in Fig. 4. It is seen 
that the disturbing effect is significant: at f i rst the monitor measures 

131 about 2.5 times the actual value of I activity and this factor decreases 
to 1.5 in 10 hours. Taking into account the doses from the other iodine 
isotopes (Fig. 3 ) , one can use the factors corresponding to curve b) in 
Fig. 4, As already mentioned, a further correction of about 0.66 is needed 
by the fact that the aerosol phase was excluded from the measurement. 
This requires the use of the correction factor according to curve c) in 
Fig, 4, As is seen, this factor has the value of about 1. This means 

131 
that the time integral of the I activity concentration measured by the 
monitor can be used directly for the determination of the radioiodine 
inhalation dose with a relatively slight correction for time-dependence. 

The above values can be determined more exactly once the isotope 
inventory for the NPP in question, the expected ratio of aerosol/total 
iodine emission and the counting efficiency of the Iodine monitor 
with respect to the different iodine isotopes are known. 
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The values measured by the iodine monitor are expected to be well utiliz-

able for the determination of radioiodine's inhalation dose at the reference 

points and to provide a proper basis for the normalization of real-time 

calculations. 

The iodine monitors are often substituted by or used in conjunction with 
telemetric gamma detectors. Let us first consider the case when gamma-ray 
detectors arc used both together with iodine monitors and also, at several 
points by themselves. 

Let the starting parameters be the following: dry weather, uniform emission 

rate, the initial ratio of radionuclides corresponds with the core inventory, 

the ratio of noble gas and iodine emissions is 10:1 (the remaining elements 

are neglected). As to the dispersion conditions, let the total near-ground 

activity concentration at the point in question be 10 Bq/m at T=0 and 

reduce only corresponding to the decay in the first 5 hours, then let it be 

zero, let 66 Z of the iodine activity be in elementary form, the rest in 
-2 -3 

aerosols, with fall-out rates of 10 and 10 m/s, respectively. Let the 

characteristics of the iodine monitor be as described above. For the dose 

rate calculation let us use the semi-infinite cloud and for deposition the 

infinite plane source model(s). 

Figure 5 shows the time dependence of the gamma dose rate for the 

individual components and the expected total dose rate. In Figure 6 the 

time dependence of the expected dose rate is illustrated not only for dry 

but also for wet weather, as'well as the activity concentration time 
i ó i 

integral expressed in I equivalent units corresponding to the effective 

inhalation dose, and the activity concentration time integral measured by 

an iodine monitor described above. 

In dry weather, there is a proportionality between the dose rate measured 

by the gamma detector after the plume has ceased and the time integral of 

the radioiodine activity concentration. In this case the dose rate from 

stations only equipped with gamma detectors can also be converted into 

radioiodine activity concentration time integral by determining the propor

tionality factor at a measuring station with both types of detectors. 

If the weather is rainy, then the direct proportionality holds only if the 
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dry-out/wash-out ratio is equal for the two points of measurement. The 
conditions for this are that both the time dependence of the rain 's intensity 
and the ground surface/column concentration values be identical for the two 
points in question. The latter condition can be fulfi l led only if the disper
sion is also identical, thus it can be true only for stations at identical 
distances from the point of emission ( i .e . along a circle with the emission 
point in its centre). As a rule, the dose rate measured by the gamma 
detectors carries an especially large amount of uncertainty in wet weather. 

I f there are only gamma detectors in the system, then the evaluation of 
their information requires that the plume effect due to the accidental 
emission be over. With the plume effect one has to take into account that 
here the effective 6Г values for the gamma radiation are substantially 
higher than those for the activity concentration [ 3 ] . With the data being 
measured in dry weather and without plume effect, the accuracy of the 
information relating to the measurement point itself essentially depends on 
the accuracy of the deposition velocity. In wet weather this is increased 
by the uncertainty of the fraction due to wash-out. At small distances 
from the emission point the main reason of the uncertainty is the ratio of 
ground surface/plume axis concentration, while at greater distances from 
the source (at high 6 values) it is difficult to draw conclusions on the 
ground surface activity concentration time integral because of the high 
wash-out/dry-out ratio. 

4. Sources of errors in the determination of activity concentration 
in the plume axis 

The extrapolation of the telemetric data to an arbitrary point is carried 
out in three steps. In the f i rs t , the plume-axis concentration is determined 
for an x value identical with the measured one, then, from this, the plume-
-axis concentration as a function of the distance x in wind direction. From 
the latter the non-plume-axis concentration can be calculated for a given 
x distance. 

Let us assume thai, flic time integral of the effective aciivity concentration 
of radioiodincs with respect to I determined for the telemetric point. 
Generally, the tolemetric station does not lie at the axis of the plume. For 
the determination of the plume-axis concentration corresponding to the x 
value of the »clomctric station one has to know the x value measured from 
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the emission point and the dispersion parameter 6 as well as the 
distance from the plume axis. 

Let us see the errors due to inaccurate determination of 
- the dispersion factor (Pasquill category) 
- the distance from the plume axis and 
- the distance from the effective source. 

Let the error factor be 

к = C p / c r 

where С is the presumed plume axis concentration and 
С is the real plume axis concentration. 

If the Pasquill category is erroneously determined, the resulting error 
factor will be 

exp(y 2 /2 6 2 ) 
К = УР -

1 exp(y 2 /2 6 y r ) 

where 6 and 6" are the presumed and real dispersion factors, 
respectively. 

If the dispersion factor corresponding to the presumed category is lower 
than the real one (i .e. the Pasquill category is more stable), then the 
factor К is greater, otherwise it is lower than 1 . 

Figure 7 shows now K. depends on the value of у for different pairs of 
Pasquill categories at a distance of x = 1000 m. If the presumed and the 
real categories are intercharged (e.g. the presumed A replaces the real 
B) , then the inverse value of K. is to be used. 

It should be noted that the use of discrete categories means a source of 
error in itseK as the dispersion factor in nature varies not step by 
definite steps but continuously. The resulting error may, as a systematic 
one, reach even the half of the error shown in Fig. 7 if the dispersion 
factor falls between the values corresponding to the category pairs. 

The determination of the distance from the plume axis is based on the 
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measurement of the wind direction. Let us assume that the measurement's 

error is within -5 , x equals 1000 m and the distance between the station 

and the presumed plume axis is 100 m. In this case the error of the direc

tion measurement leads to the K_ errors illustrated in Fig. 8 for the 

different Pasquill categories. 

For point-like sources the distance x between the emission source and the 

receptor point can be unequivocally determined. In the case of a maximum 

credible accident or a hypothetical accident at a VVER-fM) reactor the 

radionuclides escape through the walls of the building which thus 

represents a surface source. In our calculations such a source is taken 

into account by a virtual source at a larger distance than the real point 

of emission, which means that the values used in the calculations of x 

are higher than the geometrical values. The value of error K«, caused by 

an incorrect determination of the position of the virtual source ( i . e . of 

the x value) can be estimated f rom Fig. 9. In this figure the presumed 

distance is x= 1000 m while the effective distance is by A x greater. I t 

is seen that the K.. values are greater than 1 , so neglecting the additional 

virtual source distance leads to an overestimation of the plume axis 

concentration. 

5. Errors of the determination of downwind plume axis activity 

concentration 

Previously we dealt with the errors which might distort the concentration 

values extrapolated to the plume axis at a distance x corresponding to the 

telemetric station. Now let us see the possible errors of the extrapolation 

of the plume axis activity concentration in downwind direction. Let us 

examine the errors due to the incorrect determination of 

- the dispersion factor (Pasquill category), 

- the distance from the emission point, 

- the deposition factor and 

- the wash-out factor. 

The calculations were carried out for an emission height of H= 20 m and 

for a distance of x •- 1000 m. The area under investigation has a radius 

of 12 km, and ihen the effect of the limited depth of mixing layer can be 

neglected. (According to our calculations, the latter's effect upon the 

concentration is hclow 10 %.) 
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Figure 10 shows the error in the downwind extrapolation due to incorrect 
determination of the Pasquill categories. The reference distance is 1 km. 
the extrapolated distance ranges up to 12 km. !n case of an inverse posi
tion of the presumed and real categories, the inverse value of the KM error 

ч 
factor has to be used. This factor is highly sensitive to the emission 
height H: it approaches 1 with decreasing H. 

Figure 11 shows how the error factor K_ depends on Д x for x= 12 km. 
This error is caused by an incorrect determination of the distance from 
the virtual emission point, i.e. by the erroneous consideration of the 
building wake effect. 

Neither deposition nor wash-out play a role in the plume-axis extrapola
tion in у direction but they may have a significant effect npon the down
wind extrapolation. Figure 12 shows the activity remained in plume related 
to 1 km for deposition rates of 0-10 m/s at 12 km and for different 
Pasquill categories. The figure enables the expected error to be determined 
from different presumed and real deposition rates. 

Figure 13, which shows the effect of the rainfall, can be evaluated in a 
similar way. Here the activity remaining in the plume at 12 km is plotted 
against the rate of rainfall if t ie normalization point is at 1 km, the wash-
-out factor is 0.'» mm and the wind speed is 3.5 m/s. 

6. Errors in determination of concentration related to an arbitrary point 

Once the downwind plume axis activity concentration is known, the 
activity concentration for the remaining points at a given x distance can 
be calculated . The error of this calculation is not taken into account 
among the sources of errors, because it is usually compensated by the 
errors of the othei calculations. 

In the above analysis we discussed the sources of the errors occuring in 
our real-time calculations if the relative radiation situation is calculated 
from the meteorological measurements and the absolute values are deter
mined by normalization for the telemetric stations. The error calculation 
should in each case be performed numerically, considering the parameters 
of the given system, i.e. for the conditions of the given meteorological 
situation. To do this one has to specify the expected uncertainty of the 
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parameters important for the calculation and, relying upon this, we get the 
expected overall error of the calculation by assuming independent error 
sources. 

On the basis of the available meteorological statistical data one can determine 
the frequency distribution of the expected errors. The latter is of impor
tance f i rst of all for the design and estimation of reliability of the system. 
On statistical basis the effect of further parameters ( i .e . of the spatial 
inhomogenity of the meteorological parameters) can also be evaluated. 

7. Long-term emission 

Previously we assumed a short time emission (of about 10 minutes). At 
severe accidents, however, an emission of several hours can be expected. 
In this case the expected changes in the wind direction also have to be 
considered. 

If one can assume a nearly uniform rate of emission during the period under 
investigation, then it is expedient to calculate the relative distribution with 
respect to the considered receptor points for the whole period and to 
perform the normalization to the telemetric data either afterwards or from 
time to time but anyway by summarizing i t for the whole preceding period. 
In this case the individual periods are taken into account with a weighting 
factor proportional to the fraction of the unit emission falling to the 
receptor point in question. 

It is also thinkable that the emission is not uniform but the lime d is t r ibu
tion of the emission rate can be concluded from the power plant parameters 
(e.g. from the activity concentration and overpressure of the air in the 
containment) without knowing the absolute value of the emission. When 
summarizing the environmental relative distribution under these conditions, 
the relative emission rate can be taken into consideration as a weighting 
factor. 

If one takes into account the expected function of the wind direction dur ing 
a long-term emission according to [ 4 ] , then the effective horizontal 
dispersion parameters vury as a function of the time of emission. This 
parameter(at characteristic windspeeds corresponding to the individual 
Pasquill categories) as related to a point-like source, assuming a distance 
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of 1 km between the source and the telemetric station is shown in Fig. 14. 
I t is seen that even at an emission of 2 hours the effective horizontal 
dispersion parameter is in every case at least 120 m, which falls between 
the В and С categories. Accordingly, the expected error will correspond 
to categories A to С (see Figs. 7-9). The effective horizontal dispersion 
parameter is further increased by the building wake effect, however this 
error reducing effect, because of this factor 's uncertainty, is not 
considered. 

8. Conclusions 

J When evaluating environmental radiation conditions arising from an • > 
{ accidental atmospheric emission» telemetric stations,have an important-

role in all cases when the value of the emission source term is unknown. 
In such cases the distribution of the given radiation parameter (e .g . 
activity concentration) related to unit emission is calculated on the basis 
of meteorological parameters, and this distribution is normalized for the 
data measured by the telemetric stations. 

Two types of telemetric stations were investigated: the one measuring the 
131 activity concentration of I in elementary form and the other/ the dose 

rate of the environmental gamma radiation. J 

The data from a I monitor (measuring the time integral of activity 
concentration) can well be utilized for the determination of the environ
mental radiation burden necessary to make decisions on counter measures. 

131 There are two essential difficulties involved in I measurements: the 
neglecting of iodine in aerosol state on the one hand and the disturbing 
role of the remaining radioactive isotopes of iodine both during measure
ment and with respect to the doses on the other. In the case of the 
inltiai data taken as examples the different errors nearly compensate each 
other but this cannot be assured in general. Accordingly, higher measure
ment accuracy requires that 

131 
- the I aerofol phaoe be measured and 
- the remaining iodine isotopes be taken into account as correction 

terms based on the expected isotopic composition of the emissions 
and on the parameters of the measuring instruments. 
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The appl icabi l i ty of gamma radiat ion measurements for the evaluation of 

radiat ion condit ions is ra ther l imi ted. For t h i s , one should know the rat ios 

of emitted radionucl ides wi th the highest possible accuracy. Measuring the 

radioact ive c loud ' s and the so i l ' s radiat ion independent ly of each other 

make more accurate calculations possible, but these measurements involve 

s igni f icant technical d i f f icu l t ies and are subject to considerable uncer ta in 

t ies . Also applicable are the I monitor - gamma detector combination or 

gamma detectors alone. 

The extrapolat ion of data measured by telemetric stations is usual ly 

car r ied out U. three steps. The f i r s t step is to determine the parameters 

for the plume axis at an x distance corresponding to the measuring s ta 

t i o n , the second is to determine the distance-dependence of the plume 

axis parameters along the plume and f inal ly the t h i r d : to calculate th is at 

new distance x ' for the requ i red crosswind distance y ' . 

The accuracy of the extrapolat ion is essential ly inf luenced by the e r ro r s 

of fol lowing fac tors : 

- the determinat ion of the dispersion parameters (Pasquil l categor ies) , 

- the determinat ion of the ef fect ive x and у parameters of the 

measuring stat ion and 

- the fa l l -out and wash-out cor rect ions. 

We can accept as informative facts tha t , i f we assume the uncer ta in ty of 

the category determination to be - 1 category and the durat ion of emission 

to be 2 hou rs , then about 20 stations should be set up along a c i rc le of 

1 km radius in order that we can proper ly est imate, based on telemetric 

data, the radiat ion condit ions to one order of magnitude wi th in a 10-12 km 

area. Such geometry allows for the forecast ing - depending on windspeed 

and distance - of radiation condit ions for more remote po in ts . This 

const i tutes the advantage at decision making. (The t ipical values of e r ro r 

factors K . - K 5 are 5; 3; 1.5; 1.5 and 1.5 correspondingly and the probable 

overal l e r ror factor 5-7 or i ts reciprocal va lue . I.e. 0 .15-0.2 . ) 

In another geometry the measurements are car r ied out at points where 

this is necessary for the protect ion of the populat ion. The advantage of 

this rr'ethod is that we have relat ively accurate data on cr i t ica l areas 

from ihe standpoint of countermeasures. The disadvantage, however, is 

that the calcubtiorir. concerning other points can be carr ied out only to 
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a limited extent, thus the general radiation conditions are diff icult to 
determine, furthermore a timely forecast for the .points important for 
decision making is impossible. 

The combination of the two types of telemetric stations humeentrtc and 
close location) provides the best results ^although this is also the most 
expensive. In the latter case the costs can be reduced by installing 
iodine monitors along with gamma detectors at the measuring points along 
the concentric circle and employ only gamma ray detectors in the inhabited 
areas. 

The real-time computation of environmental radiation conditions normalized 
for telemetric measuring points is diff icult to extend for distances greater 
than 10-15 km. Meteorological data measured only at one point are not 
sufficient, so data from several meteorological stations have to be used. 
The computation methods applicable in these cases require a computer of 
much higher capacity. Besides, one has to take into account that with 
increasing distance the reliability of the calculated data witt decreases . 
Such an extension of the calculations is little justifiable even from the 
standpoint of decision making, as immediate countermeasures may be called 
mainly in the close vicinity of the power plant. 
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Fig. 2. Time dependence of activity fractions for different iodine isotopes. 



- 14 -

юо-

80-
с 
о 
*-* и 
о ВО 
**-О/ 
1Л 
о т» 
с /«0 
о 
о 
О 
г с *!U 133 

"Г 
8 Ю 

Ti mein) 
Fig. 3. Time dependence of inhalation dose fractions for different iodine 

isotopes. 

Fig. 4. Time dependance of correction factors due to other iodine 
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Fig. 7. Error factor K. due to error in category determination as a 
function of crosswind distance for different pairs of categories 
at x= 1000 in. 
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