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ABSTRACT 

A real-time computing Method is described for calculatlrg the environ
mental radiation exposure due to * nuclear power picftc both at normal opera
tion and at accident. The effects of the Gaussian plume are recalculated in 
every ten minutes based on meteorological parameters measured at a height_p# 

20 and 120 m as well as on emission data. At .norna^ operaion radioactive'*« 
materials released through the stacks ir* ~асУц'аЙу- measured', while, at an 
accident the source strength is unknown and the calculated relative data are 
normalized to the values measured at the eight envii-noental monitoring 
stations. 

The doses due to noble gases and to dry and wet deposition as well as 
the time integral of ~-31i concentration are calculated and stored by a pro
fessional personal computer for 720 points of the environment of 11 km radius. 

АННОТАЦИЯ 

Описывается метод расчета к режиме реального времени для определения 
радиационной нагрузки в районе расположения атомной электростанции при ее 
нормальной работе, а также в случае аварии. Эффект факела гауссовского рас
пределения определяется каждые 10 минут на основе метеорологических парамет
ров, измеряемых на высоте 20 и 120 м, а также данных выброса. При нормальном 
режиме радиоактивные материалы, выбрасываемые через венттрубу, измеряются не
посредственно, а при аварии величина источника неизвестна, и рассчитанные от
носительные величины приводятся к абсолютным значениям по данным 8-ми теле
метрических станций. 

Доза за счет радиоактивных благородных газов, сухого и мокрого выпаде
ний, а также интеграл по времени концентрации 1 J 1 i определяются и запоминают
ся профессиональной ЭВМ в 720 точках, расположенных внутри зоны радиусом 
11 км. 

KIVONAT 

lemertetünk egy real-time számítási módszert, amely alkalmas az atomerő
mű normálüzemi és baleseti környezeti sugárzási adatainak meghatározására. 
Minden 10 perces időszakaszban meghatározzuk a Gauss-eloszlásu radioaktiv 
csóva hatását a 20 m-es ée a 120 m-es magasságban mért meteorológiai paramé
terek és az emissziós adatok alapján. Normál üzem esetén a szellőzőkéményen 
kibocsátott radioaktiv anyagok mennyisége a közvetlen mérés alapján ismert, 
míg balesetkor a forrás erőssége ismeretlen, s ebben az esetben a számított 
relativ értékeket a nyolc környezeti mérőállomás adataihoz normálja a számi
tógép. 

A nemesgázok, a száraz és a nedves kihullás által kiváltott dózist, va
lamint a 1 3 1 I koncentráció időintegrálját 720 db, 11 km-es körön belül elhe
lyezkedő pontra határozza meg és tárolja egy professzionális számítógép. 



1. INTRODUCTION 

Computer-aided environmental Monitoring at a 
nuclear power plant (NPP) is generally carried out 
by calculating the parameters of the environmental 
radiation, by assuming a constant rate of emission 
and extrapolating the amount of emitted radionuclides 
and the meteorological parameters measured for a 
longer period (e.g. for one month). These environ
mental radiation parameters may involve the external 
gamma radiation dose, the time integral of activity 
concentration as well as the quantity of radionuclides 
deposited on the ground surface. This so-called 
sector-averaged method can well be used if the radio
nuclides enter the atmosphere only through the 
monitored channels and if the emitted radionuclides 
cause, based on the above method of calculation, a 
dose which is essentially lower than the dose limit 
prescribed for the given block or plant. If the 
data obtained approach the dose limit, a more precise 
calculation has to be carried out, i.e. the emission 
and the meteorological data have to be related to 
the same time interval. This means that one cannot use 
the sector-averaged dose calculation model assuming 
a constant emission rate. If an accident occurs there 
is no stack emission but the radioactive materials 
are released into the atmosphere due to leakage of 
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the hermetically sealed system. The amount of radio
nuclides emitted to the environment is generally 
unknown and it can be obtained only from the radia
tion data Measured in the environment. The expected 
radiation level at further points of the environment 
can be estimated on the basis of the measured data 
and of the meteorological parameters. 

2. MAIN CHARACTERISTICS OF THE MEASURING SYSTEM 

At the Paks NPP a 64-channel telemetric and data 
acquisition system has been set up for monitoring the 
environmental effects both during normal operation 
and after a possible accident. The system involves a 
CAMAC microprocessor-controlled data display unit [1] 
which shows the measured data in the form of physical 
quantities. The data measured every 10 minutes are, 
among others, the following: 
- the activity concentration of six specific radio-
nuclides < 4 1Лг, 8 5*Kr, 8 8Kr, 1 3 3xe, 1 3 5Xe, 1 3 1I> 
emitted through the stacks, 

- air flow rate of the stacks, 
- 20 meteorological data measured at different heights 
of the 120 m high meteorological tower and at the 
ground station, 

- the gamma dose rate measured by the telemetric 
stations in radius of 1 to 1,5 km of the power plant 
and the time integral of the activity concentration 

131 of the vapour-phase I. 
The data acquired by the CAMAC system are stored on 



- 3 -

a floppy disk every 10 minutes. The data stored up 
to now were evaluated by the modified sector-averaged 
type AIREN program [2]. For evaluation of accidents, 
the ACRA ргодгая [3] developed on the basis of the 
plume model was employed. This program cannot be 
used in real-time mode when calculating with a 
personal computer, so the immediate evaluation[4]was 
based on the iscdose distribution curves drawn on 
the plexiglass plates for 24 different meteorological 
situations. Por a longer emission (T > 30 min) the 
latter method has considerable disadvantages in 
practice, while the computer-aided off-line evalua
tion can only be performed with a great delay, which 
is a considerable handicap in an accidental situation. 

3. PURPOSES 

Our aim has been the development of a real-time 
computation method utilizing a professional personal 
computer to determine the environmental radiation 
dose on the basis of the data acquired by the CAMAC 
system every 10 minutes. The method has to be 
applicible for 
1. computing the environmental radiation data due to 

the radionuclides emitted through the stack, 
2. determining the effect of uncontrolled radio

nuclide release into the atmosphere upon the 
wider environment by using the data from eight 
telemetric stations. 

The above-detailed method would enable the AIREM 
sector-averaged model to be substituted by a model 
using the meteorological data belonging to the same 
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lO-minute interval as the recorded emission data. 
This new method would, at the sane time, also 
substitute for the Method of "prefabricated" isodose 
distribution curves used for computations of accidents, 
up to the present. The calculations are carried out 
for an environment of the NPP of 11 km radius. This 
distance was chosen for the reason that this is the 
circle within which the weighting factor of the 
meteorological data measured at the NPP predominates. 
This weighting factor was defined in a manner that 
the meteorological station at the NPP and a further 
six such stations in a radius of 40 to 100 km were 
taken into account by the reciprocal value of their 
distance from the given point, and the sum of the 
1/r weight factors of the six stations is less than 
the reciprocal value of the distance of the given 
point from the power plant. 
Within the above radius we aim to determine 
- the dose rate of the gamma radiation of the plume, 
- the time integral of the activity concentration 
due to 1 3 1 I l5l, 

- the dose rate due to the dry and wet depositions 
131 of I on the ground surface. 
These data can be compared with the data measured 

by the telemetric stations. 
The computation is performed for 720 receptor 

points arranged at every 5° on circles with radii of 
0.95, 1.25, 1.5, 1.8, 2.2, 3, 4, 6, 8 and 11 km. 
With the help of these receptor points the 8 
telemetric station and settlements within an 11 km 
radius can also be defined. 

The centre of the circles is, for normal opera
tion (i.e. emission through the stack), the common 
centre of the four reactor blocks, while in calcula
tions of accidents the buildings of twin blocks 1-2 
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and 3-4 are treated separately. When calculatinq for 
логам 1 operation, the prograa can take into account 
either the Measured emission data or a unit rate of 
emission based on the decision made by the operator. 
The latter version is chosen if the emission is 
measured by a Kalina type instrument that is not 
connected to the data acquisition system. 

The operator can instruct the machine to go over 
to accidental computations (those with not measured 
emissions. This instruction should specify the twin 
block at which the emission is expected and also 
whether the emission rate is tak»n as constant in time 
or proportional to the overpressure of the hermetic
ally sealed system. 

4. THE MODEL AND THE PARAMETERS 

The activity concentration is calculated using 
the known plume model [6] according to which 
XDN(x,y,z,s,u) « QDN(x,t).Sg(x,y,z,s,u) 

where 

2Tu 6y (x,s) &z(x,s) 

where 
XDN(x,y,z,s,u) - is the concentration Bq/m at 

points x,y,z, 3 Sg(x,y,z,s,u) - the relative concentration s/m 
(x,y,z) - the coordinates of the receptor 

point, 
8 - the Pasquill category of stability, 
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the wind velocity m/s , 
the parameter of horizontal disper
sion • , 
the parameter of vertical dispersion 
• # 
the source intensity at distance x 
and tie» t Bq/s , 
the effective height of the stack 
(emission height) и . 

The above relationship does not take into account 
the effect of the inversion lid. This is usually 
neglected bee use, according to calculations, the 
effect of the inversion layer is below 20 % for the 
generally occurring Mixing layer thicknesses. 

The origin of coordinates is identical with the 
point of emission. During normal operation the latter 
is at the height of the effective stack height» in 
our case at a height of 100 m • 10 to 30 * (120 m 
nominal height). In case of an accident, the half 
height of the building, i.e. 20 m, is taken as the 
emission height. In the latter case the effect of 
building wakes has also to be taken into considera
tion. To correct this effect, a virtual source is 
introduced (into the calculations) whose upwind 
distance from the building is between 130 m and 1200 m 
depending on the stability categories A to P. 

Distance x is taken from the actual source, but 
from the point of view of dispersion dilution the 
distance is measured from the virtual source. The 
trajectories are determined from the wind paths every 
10 minutes, assuming that all the meteorological data 
change simultaneously within the hole circle of 11 km 
radius. The calculation follows each 10-minute 

6y(x,s) 

6xfx#*> 

Q^U.t) 

H 
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section of the plume until it leaves this circle but 
not longer than for 2 hours. The calculation is also 
interrupted if the value X/Q falls below 10~ s/m . 
When calculating simplified trajectories, any angle 
deviation greater than 30° fro» the initial direction 
is restricted to 30°. In this expression у is the 
distance perpendicular to the direction of the wind. 
The coordinate system used in our calculations has its 
origin at the point of physical emission} the 
distance x is the radius of the circle and у is the 
distance along the arc of the circle. 

To determine the Pasquill category s_ the operator 
can choose from three methods« viz.: from the 
standard deviation of horizontal wind direction 
measured at a height of 20 m, from the radiation 
balance, or from the temperature gradient between 20 я 
and 120 m. For each trajectory the initial stability 
category is used even if the latter changes in the 
meantime according to the measurement because only in 
this way can the continuity be ensured. 

The value 6 as a function of the stability 
category is determined on the basis of [7] . For 
determining 6_ the data of [6] are used, by accepting 
a surface roughness of 0.3 m. 

The wind velocity and wind direction used for the 
calculations are the data measured at a height of 
120 m at normal operation and at a height of 20 m in 
the case of an accident. The operator can change any 
of these for the wind data measured at a height of 
50 m. (This option is included into the program to 
improve the availability of the data base.) The 
effective source intensity is taken to be identical 
with the source intensity for noble gases, while for 
131 

I the plume depletion is also taken into correction. 
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The latter is calculated fro* the dry and wet. deposi
tions. The dry deposition is taken to be O.01 a/s for 

I and the wet deposition is chosen to be 0.4 mm~ 
related to the amount of precipitation. Por dry 
deposition, the correction is based upon the ground-
-level concentration calculated for the middle of 
the lO-ainute trajectory section. This simplification 
considerably reduces the volume of the computation. 

On the basis of the above relationship it is 
relatively simple to determine the time integral of 
the activity concentration of I as we]1 as the 
gamma dose due to I deposited on the ground 
surface. 

When calculating with a 20 m height of accidental 
emission and also taking into account the initial 
dispersion caused by the building, the semi-infinite 
cloud model is - according to estimations - also 
suitable for describing the gamma dose rate from the 
plume, thus the dose rate can easily be calculated. 

For the 120 ro height of effective emission the 
application of the semi-infinite cloud model results 
in a significant error. On the other hand, calculation 
using the plume model would require numerical integra
tion using a great deal of computer time, so the task 
could not be solved by this method. 

In normal operation, the five noble gas radio
nuclides determined by the measuring system are 
responsible for 90 to 95 % of the expected gamma dose. 
These nuclides have practically their total gamma 
energies in the interval between 81 and 2300 keV. In 
view of this, the dose due to the plume also was 
determined for gamma rays of 81, 151, 250, 1294 and 
2300 keV energies using a high - performance computer 
and the ACRA program [3]. It was assumed that a 
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nuclide emits 1 photon per decay. 
Figure 1 and 2 illustrate the results of our 

calculations. Figure 1 shows the distance dependence 
of the dose on the ground surface below axis of the 
plume normalized to the dose conversion factors and 
to the emission, for six Pasquill categories. The 
given figures are the mean values of the extreme 
values related to the whole energy range. The maximum 
deviation from these values is not more than -20 t in 
the whole energy range. We also investigated the 
crosswind distribution as a function of the distance 
from the source, for all Pasquill categories and the 
energy of the gamma radiation. We found that the 
crosswind distribution can be approximated a Gaussian 
curve. The horizontal dispersion parameter < 6 ) of 
this is essentially higher than \-.he value related to 
the concentration and this б value increases mono-
tonically with increasing gamma-ray energies under 
otherwise constant conditions. 

The average of the extreme values related to 
the range 81 to 2300 keV is shown in Figure 2. The 
maximum error caused by the energy dependence is 
-30 % but the probable error does not exceed -15 %. 

Judging from the above method of calculation, a 
fast method is available for computing the dose due 
to the gamma radiation of the radionuclides in the 
plume. The first step of this method is to sum 
the emitted radionuclides by weighting them with 
their dose constants. The distance dependence of the 
dose below the plume axis is determined with the help 
of a table containing the data obtained for the 
receptor circles on the basis of the above calcula
tions, also talcing into account the wind velocity. 
To calculate the croeswind distribution we used the 
6" values(also given in tabular form). 



A 6 8 10 
Distance (km] 

Figure 1. Normalized gamma dose rate at the ground surface 
for 120 m emission height venue the distance 
along the axis of the plume 
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2000" 

2 4 б 8 10 
Distance [km] 

Figure 2. Horizontal dispersion parameter of the 
gamma radiation ( 6" ) versus the 
distance in vind direction for 120 m 
emission height 
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CONCLUSIONS 

The described computer-aided real-time environ
mental monitoring system is suitable for determining 
the environmental radiation data both in the case of 
emission through the stack during normal operation 
and in accidental situations due to leakage from the 
building of the power plant. 

In normal operation, the accuracy of the calcula
tions is essentially determined by that of the 
meteorological models. In an accidental situation the 
accuracy also depends on how far the plume passes by 
the individual telernetrie stations, on the one hand, 
and on the correctness of the assumptions for the 
temporal variation of the emission rate, on the other 
hand. 

At the same time, the introduced simplifications 
of the calculations practically do not influence the 
accuracy. 

Our main aims for the future are: 
1/ To check the parameters used for calculating 

dispersion experimentally, by increasing amount of 
radionuclide emission; 

2/ To increase the number of telemetric stations from 
the present 8 to 20 stations by using a ring-type 
cable system and by a bus-type data transfer system 

3/ To develop methods for determining the time-
-dependence of the accidental emission rate by 
calculation and measurements. 



- 13 -

REFERENCES 

[1] DEME, S., et al.. Improvement of telernetrie 
and data acquisition system for environmental 
monitoring at Paks, Acta Physica Hungarica 5j) 
1-2 (1986) 75. 

[2] MARTIN, I.A., NELSON, СВ., CUNY, P.A., A 
Computer Code for Calculating Doses, Population 
Doses and Ground Deposition due to Atmospheric 
Emissions of Radionuclides, Environmental 
Protection Agency Rep. EPA-520 (1974) 

[3] STALLMANN, F.W., KAM, F.В.К., ACRA - A Computer 
Program of the Estimation of Radiation Doses 
Caused by a Hipothetical Reactor Accident, Oak 
Ridge National Laboratory Rep. ORNL-TM-4082 
(1973) 

[4] FEHÉR, I., et al.. Fast evaluation of the radio
logical consequences of possible nuclear 
accident, Acte Physica Hungarica 59 1-2 (1986) 
79. 

[5] FEHÉR, I., DEME, S., ANDRÁSI, A., Application of 
the new dose limitation system in the radiation 
protection monitoring programme of the nuclear 
power plant in Hungary, Dose Limitation System..., 
IAEA, Vienna (1982) 399. 

(6] THYKIER - NIELSEN, S., The Ristf Model for 
Calculating the Consequences of the Release of 
Radioactive Material to the Atmosphere. Ris4 
National Laboratory Rep. RÍS0-M-2214 (1980) 



- 14 -

[7] VOGT, K.J., Empirical investigations of the 
diffusion of waste air plumes in the 
atmosphere. Nuclear Technology 3_4_ 6 (1977) 43. 



The issues of the KFKI preprint/report series are classified as follows: 

A. Particle and Nuclear Physics 
B. General Relativity and 

Gravitation 
С Cosmic Rays and Space Research 
D. Fusion and Plasma Physics 
E. Solid State Physics 
F. Semiconductor and Bubble Memory 

Physics and Technology 
G. Nuclear Reactor rhysics and 

Technology 

H. Laboratory, Biomedical and 
Nuclear Reactor Electronics 

I. .-.echanical. Precision Mechanical 
and Nuclear Engineering 

J. Analytical and Physical Chemistry 
K. Health Physics 
L. Vibration Analysis, CAD, CAM 
M. Hardware and Software Development, 

Computer Applications, Programming 
N. Computer Design, CAMAC, Computer 

Controlled Measurements 

The complete series or issues discussing one or more of the subjects can be 
ordered; institutions are kindly requested to contact the KFKI Library, 
individuals the authors. 

Title and classification of the issues published this year: 

KFKI-1987-Ol/A 
V.Sh. Gogokhia et al. 
KFKI-198/-02/M 
И. Barbuceanu et al. 
KFKI-1987-03/G 
L. Szabados et al. 

KFKI-1987-04/G 
Gy. Egely 

KFKI-1987-05/G 
Gy. Ézsől et al. 
KFKI-1987-06/G 
Gy. Ézsol et al. 

KFKI-1987-07/G 
L. Szabadon et al. 

KFKI-1987-08/B 
L.B. Szabados 
KFK1-1987-09/E 
О. Györgyi et al. 
KFKI- 1987-lO/D 
Gy. Egely 

Nonperturbative approach to quark propagator in the 
covariant, transverse gauge 
Integrating declarative knowledge programming styles 
and tools for building expert systems 
Primary loop dynamical investigations. Part 1. 
Computerized analysis of the total loss of flow 
in the Paks NPP on the basis of PMK-NVH experi
mental data /in Hungarian/ 
Critical comparison of nuclear safety reports. 
Part 1. Practice followed in the USA and in FRG 
/in Hungarian/ 
A 7.4% cold leg break without SIPs. Description 
of the measurement /in Hungarian/ 
Primary loop dynamical investigations. Part 1. 
Experimental investigation of the total loss 
of flow in the Paks ftp* in the PMK-NVH facility 
/in Hungarian/ 
A calculation method ror the operation of the 
Paks NPP based on the subchannel approach. 
Part 1. A computing procedure and method applicable 
as part of the VERONA system /in Hungarian/ 
Commutation properties of cyclic and null Killing 
symmetries 
Relaxation processes in chaotic states of one 
dimensional maps 
Hungarian ball lightning observations 
(case 1 - caso 278) 



KPKI-1987-11/M 
H. König 
KPKI-1987-12/M 
D. Nicholson et al. 
KPKI-1987-13/M 
Katalin Tarnay et al. 
KPKI-1987-14/A 
H.W. Barz et al. 
KPKI-1987-15/M 
R. Wittmann 

KPKI-1987-16/G 
O. Aguilar et al. 
KPKI-1987-17/M 
G. Németh et al. 

KFK1-1987-18/E 
6. Egely et al. 
KPKI-1987-19/A 
B. Milek et al. 
KFKI-1987-20/H 
S. Wagnei-Dibuz 
KFKI-1987-21/E 
B. Lukács »t al. 
KFKI-1987-22/G 
И. Hakai et al. 
KPKI-1987-23/A 
J . Егб « t a l . 

KPKI-1987-24/K 
X. B&lásházy et. al 
KFKI-1987-25/K 
A. Andrási et al. 
KPKI-1987-26/G 
J. Végh 
KPKI-1987-27/Л 
8. fcrasznovwzky et al, 

КГК1-1987-28/И 
P. Adorján et al. 
KPKX-1987-29/G 
J. Végh et al. 

Developing protocol test software using the 
PDb-system 
Advanced halp through plan instantiation and 
dynamic partner modelling 

Experiments with a network environment manipulator 
/in Hungarian/ 
Deconfinement transition in anisotropic matter 

An algebraic specification method for describing 
the protocols of computer networks /in Hungarian/ 
Monitoring temperature reactivity coefficient by 
noise method in a NPP at full power 
Collection of scientific papers in collaboration 
with Joint Institut* for Nuclear Research, Dubr.a, 
HSSR and Central. Research Institute for Physics, 
Budapest, Hungary. Algorithms and programs for 
solution of :"чпе problems in physics. Pifth volume 
Experimental Investigation of biologically induced 
magnetic anomalies 
A model for particle emission from a fissioning 
system 
Th" specification and testing of transport 
protocols /in Hungarian/ 
Elementary quantum physical description of triplet 
superconductors 
DIGA/NSL - New calculations! model in slab geometry 

Production of protons, deuterons and tritons on 
carbon by intermediate energy neutrons 
Gamma-spectronetric examination of hot particles 
emitted during the Chernobyl accident 
Application of Ge-spectrometry for rapid in-situ 
determination of environmental radioactivity 

KPKI-1987-30/E 
N. Menyhárd 

Neutron spectrum measurement in the channel 
No. 182/5 of the KPKI NWR-SM reactor 
Universal description of inelastic and non(single)-
diffractive multiplicity distributions in DP 
collisions at 250, 360 and 800 GeV/c 
VERONA-plus extended core-monitoring system for 
WWER-440 type nuclear power plants 
Application of boron filters for neutron spectrum 
determination purposes in various neutron environ
ments 
Inhomogeneous mean field approximation for phase 
transitions in probabilistic cellular automata -
An example 



KFKI-1987-31/M 
G. Németh et al. 

Computation of generalized Padé approximants 

KFKI-1987-32/E 
I. Pócsik 
KFKI-1987-33/B 
L.B. Szabados 

Lone-pair model for high temperature superconduc
tivity 
Causal boundary for strongly causal space-time 

KFKI-1987-34/A 
Z. Fodor et al. 
KFKI-1987-35/C 
R.Z. Sagdeev et al. 
KFKI-1987-36/E 
Gy. Szabó 
KFKI-1987-37/A 
Т. Nagy et al. 
KFKI-1987-38/K 
s. Deme et al. 

Proton detection efficiency of a plastic 
scintillator telescope 
Near nuclear region of comet Halley based on 
the imaging results of the VEGA mission 
Thermodynamic aspects of chemically curved 
crystals 
Lepton -+ lepton + photon decays and lepton g-2 
factors in gauge theories 
Real-time computing in environmental monitoring 
of a nuclear power plant 



Kiadj« • Központi Fizikai Kutató Intését 
relelSs kiadéc Gylawsi loltán 
Szakmai laktori Koblinqer Lésslé 
Äelvi lektorr Harva/ Shankar 
ldényssajni 311 Torsasséai 87-307 

Készült a KFKI iokazoroalt6 (Kernében 
falalöz vazatSt Töreki Mlana 
Budapest, 1987. junlua h6 


