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Cernavodă NPP, 2 Medgidiei Street, RO-905200, Cernavodă, Romania
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Abstract. An evaluation experiment was conducted around the Cernavodă nuclear power plant in Romania using as tracer tritium released into the atmosphere by
the plant stack. Measured values of tritium concentrations in air samples were obtained
by using the liquid scintillation method. The ConDefa model is evaluated against the
measured concentrations. It is shown that the model can provide reliable estimates of
tritium concentrations, particularly for those higher than the local background.
Key words: atmospheric calm, low wind, dispersion experiment, ConDefa.

1. INTRODUCTION

According to the multi-annual statistics of meteorological parameters in the
geographical area of the Cernavodă nuclear power plant (NPP), the percentage of
atmospheric states characterized by low wind and calm is around 36–40%. Also, the
multi-annual climatological data statistics render evident the fact that atmospheric
calm can persist for up to 24 hours and low wind, for up to 12 hours. Therefore,
an accurate modelling of the dispersion process for low wind and calm is a very
important issue for a reliable assessment of the radiological impact in the nearby area,
especially within the exclusion area, in the normal operating conditions of the NPP.
To address this need a special dispersion model, ConDefa (Condit, ii Defavorabile:
unfavourable conditions, in Romanian) was developed that enables the estimation of
the air concentrations of radioactive and stable pollutants, in low wind conditions
(speed < 2 m/s) and atmospheric calm.
The evaluation of the ConDefa model has been performed against a dispersion
experiment conducted in the exclusion area of the Cernavodă NPP in two different
periods: November 2003 and January 2004. The carrying out of this experiment
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during two different periods allowed for covering atmospheric states characterized by
a large spectrum of meteorological states including low winds and calm ones. During
the experiment the meteorological data were recorded at the NPP meteorological
tower as well as by a mobile station set on the roof of the administration building.
We chose tritium as a tracer for this experiment [1–3]. Tritium is a pure betaemitter with a half-life of 12.32 years, a maximum energy of 18 keV and a mean
energy of 5.7 keV. Pressurized heavy water reactors (PHWRs) produce tritium predominantly by the neutron activation of deuterium. Tritium, mostly in the chemical
form of tritiated water, is emitted continuously under controlled conditions to the atmosphere from the reactor stack [4]. Tritium is easier to sample and measure than
other radioactive effluents released. These characteristics make it suitable to be used
as a tracer of gaseous effluents for atmospheric dispersion studies.
In order to assess the model’s skill to simulate the measured tritium concentrations, the BOOT statistical evaluation software version 2 has been used [5, 6]. The
ConDefa model was described in the companion paper. The dispersion experiment is
described in Section 2. The results regarding the comparison between the predicted
and measured tritium concentrations are analysed in Section 3. Section 4 is dedicated
to conclusions.
2. DESCRIPTION OF THE DISPERSION EXPERIMENT

In order to validate the ConDefa model, a dispersion experiment was designed
and carried out inside the exclusion area with a radius of about 1 km around Cernavodă NPP Unit 1. In the experiment, the concentration of tritium at different points
in the air near ground level was measured, along with the meteorological parameters
corresponding to the sampling periods, and the tritium emission parameters necessary for modelling. The geometrical configuration of the buildings near the stack
was also determined. The experiment was carried out in two stages, the first during
the period 25–27.11.2003 and the second during the period 20–22.01.2004. The two
chosen periods covered a wide range of meteorological conditions, which resulted
in a set of measured concentrations relevant to the physical assumptions underlying
the model options. The measurements were performed in 8 sampling points located
around Cernavodă NPP Unit 1. The locations of the sampling points are shown in
Figure 1.
2.1. CONSIDERATIONS ON THE DESIGN OF THE EXPERIMENT

The design of the experiment requires the following information to be taken
into account:
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Fig. 1 – The sampling points for the dispersion experiment.

• the type of site: the NPP is located in complex, forested terrain with an estimated roughness length of 1 m;
• the source type and corresponding atmospheric tracer which will be used:
during normal operation of the NPP, the source is the power plant stack. In our
case this is a point source located at a height equal to the sum of the stack height
(50.3 m) and the plume rise. From the released effluents, tritium was selected
as atmospheric tracer in the dispersion experiment (see Introduction);
• the emission type: during normal operation, the emission can be considered
continuous with a constant rate over certain time periods. During the dispersion
experiment, the emission rates have been constant throughout the day;
• the choice of time periods for the experiment: since the ConDefa model has
options for treating the unfavourable dispersion conditions (low wind and calm),
the carrying out of the dispersion experiment was set for the cold season, because the occurrence frequencies of these atmospheric states are higher during
this season (autumn-winter) than in the warm season (spring–summer). That is
why the periods for performing the experiments were chosen in the months of
November (2003) and January (2004). Also, the persistence periods for wind
speeds and directions were calculated, as they were necessary for determining
the tracer sampling duration;
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Article no. 718

Vasile Cuculeanu et al.

4

• the choice of the sampling points: in order to determine the sampling points
we calculated, on the one hand, the dispersion factors by using the multi-annual
monthly meteorological data and, on the other hand, the statistical characteristics (frequency and persistence) of the wind direction and speed as well as
of the atmospheric stability classes, making use of meteorological time series
measured at the meteorological tower of the NPP. The dispersion factors were
calculated with a climatological model using the physical characteristics of the
stack and released effluents (height, inner diameter, velocity and temperature of
the effluents). An emission rate of 1 Bq/s and the multi-annual meteorological
data for the months of November and January were used. The calculations took
into account the configuration of the buildings near the stack;
• the measurement methodology of the tracer concentration in the air samples: for the sampling process, the method based on water vapour condensation
into a liquid nitrogen cooled trap was used. In order to measure the tritium activity in the water samples, the TriCarb 2100/TR liquid scintillation analyser,
made by PACKARD Instrument Company, was used to determine beta-emitter
radionuclides. The calibration of the liquid scintillation analyser was done by
using specific calibration standards of tritium and background provided by the
same company.
2.2. PERIODS FOR EXPERIMENT AND SAMPLING DURATION

The estimation of the statistical characteristics (frequency and persistence) of
the wind direction and speed as well as of the thermal stability of the atmosphere
(stability classes), allows to determine the optimal periods for performing the experiment as well as the duration of sampling the atmospheric radionuclide of interest
emitted by the stack of the NPP. Calculation of the statistical characteristics have been
performed by making use of the time series measured at two locations: the meteorological tower of the NPP in the 2000–2002 period (having a 10-minute resolution)
and the Cernavodă meteorological station in the 1986–1999 period (multi-annual climatological data). Thus, using the data recorded at the tower of the NPP and at the
Cernavodă station, we calculated the occurrence frequencies of the 16 wind directions (N: 1, NNE: 2, NE: 3, ... NNW: 16), of the wind speed classes corresponding to
unfavourable dispersion conditions (v < 2 m/s) and calm (v = 0), and of the stability classes. The results obtained with the meteorological data measured at the tower
of the NPP during 2000–2002 are presented in Table 1. As it can be noticed, for
the months of November 2000, November 2001 and January 2001, the common prevailing wind directions were N, NNE, NNW, NE, while for January 2002 only the
first three were present. This is the physical argument for establishing a sampling
point for the dispersion experiment in the southern area relative to the NPP build(c) 2019 RRP 71(0) 718 - v.2.0*2019.12.16 —ATG
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Table 1
Frequency of the dominant wind directions and unfavourable dispersion conditions calculated with
meteorological data (2000–2002) from the tower of the NPP.
November 2000
Dominant
Frequency
directions
(%)
N
17.9
NNE
13.8
NE
12.4
ENE
11.8
E
6.9
NNW
6.2
Unfavour48
able
day: 18
condinight: 30
tionsa
a

November 2001
Dominant
Frequency
directions
(%)
N
13.6
NNE
8.6
NNW
7.6
ESE
7.3
SE
6.1
NE
6.0

January 2001
Dominant
Frequency
directions
(%)
N
17.5
NNE
22.2
NE
14.9
ENE
8.5
NNW
5.7
E
5.4

January 2002
Dominant
Frequency
directions
(%)
N
15.8
NNE
8.3
WSW
7.9
W
7.7
SW
7.2
NNW
6.4

42
day: 19
night: 23

48
day: 18
night: 30

69
day: 26
night: 43

v < 2 m/s and calm

ing (stack). The other dominant directions from East (ENE, E, SE) and West (SW,
W, WSW) constitute physical reasons for setting sampling points in the western and
eastern areas, respectively, relative to the building (stack). The dominant wind directions are candidates for the potential areas where the sampling facility has to be
installed.
The results from Table 1, regarding the unfavourable dispersion conditions,
show, as it was expected, that the frequency of occurrence of these conditions have
significantly higher values during the night time, this being explainable by the strengthening of the atmospheric stability during this period. These results constitute an
argument in favour of choosing the time intervals for performing the dispersion experiment in both periods: day and night. The results obtained with multi-annual
climatological data confirm the results from Table 1 regarding both the main dominant directions and the frequency distribution between day and night in case of unfavourable dispersion conditions. Also, the multi-annual data point out the fact that
during the night the unfavourable dispersion conditions have a significantly higher
frequency of occurrence than during the day.
In terms of stability classes, the results obtained by making use of multi-annual
data have shown that the highest frequency of occurrence in both months is for the
classes: D (5.03%), F (1.84%) and E (0.72%) for November and D (5.46%), F
(1.57%) and E (0.67%) for January. Regarding the diurnal distribution of stability
frequency, it was found that the stable states (unfavourable to atmospheric dispersion) have a large occurrence percentage during the night; this was expected due to
the decrease of turbulence and the presence of thermal inversions.
In order to set the sampling duration it is necessary to estimate the persistence.
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Table 2
Persistence (%) of calm and low wind for periods of 1, 2, 3 and 4 hours calculated with meteorological
data from the tower of the NPP.
Unfavourable
dispersion
conditions

1 hour

2 hours

calm
0 < v < 2 m/s

6.9
12.1

3.4
5.7

calm
0 < v < 2 m/s

4.2
17.9

1.5
9.9

calm
0 < v < 2 m/s

9.3
35.0

5.8
26.0

3 hours

November 2000
January 2001
January 2002

4 hours

2.0
9.0

1.2
1.5

0.7
0.5

0.3
0.3

3.7
19.3

2.4
14.9

This quantity expresses the percentage of identical successive values of meteorological variables (e.g., wind direction, wind speed) or atmospheric states (e.g., calm)
occurring in a time period. The persistence was calculated by a two-state Markov
chain model [7–10]. According to this model, the meteorological conditions driving
the dispersion have been classified into two classes, 1 and 2, and the persistence (the
simultaneous achievement of successive states for periods of 1, 2, 3 and 4 hours) was
estimated using data sets from the meteorological tower of the NPP for November
2001, January 2001 and January 2002. The corresponding results are presented in
Table 2.
The main results regarding persistence obtained by means of data from the meteorological tower of the NPP are the following: 1) a persistence between 1 hour and
4 hours for low wind and calm situations; 2) the highest percentage of unfavourable
conditions in Table 2 corresponds to a persistence of 1 hour; 3) the results of the
Markov chain model with 2 simultaneous states indicated that the N direction, with
a speed 0 < v < 2 m/s, has a persistence of up to 3 hours; 4) the SW direction, with
speed 0 < v < 2 m/s, has the longest duration, of 4 hours.
The purpose of the dispersion experiment being the evaluation of the model
developed for simulating the atmospheric dispersion under unfavourable dispersion
conditions and taking into account the fact that the highest percentage of these conditions corresponds to a persistence of 1 hour, this time interval was chosen as sampling
duration for tritium released by the NPP.
Since the real sampling time was around one hour, in order to take into account
as accurately as possible the time variation of meteorological parameters, a time
resolution of 10 minutes was used for the sampled or averaged meteorological data.
For comparison with measurements, the concentrations simulated by the model
at the same 10-minute temporal resolution of the meteorological data, were averaged
over the corresponding periods of tritium sampling.
(c) 2019 RRP 71(0) 718 - v.2.0*2019.12.16 —ATG
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The main findings of this section are the determination of the diurnal periods for
which the experiment is to be performed (night and day) and the sampling duration
(around 1 hour).
2.3. CHOOSING THE SAMPLING POINTS

The essence of designing a dispersion experiment consists in selecting appropriate measurement points so that the data obtained can reproduce as faithfully and
completely as possible the field of concentrations in the area of interest. The design
of such a network of points must be based on the study of the spatial structure of the
field of dispersion factors correlated with the frequency and persistence of the atmospheric conditions. The knowledge of the spatial distribution of the dispersion factors
allows for the selection of the sampling points for tritium samples inside the spots of
maximum concentrations or in secondary ones with high persistence, because, from
a physical point of view, these areas are characterized by the maximum probability
of having the greatest values of tritium concentration, which is very important since
these values determine the best statistics for the activity of the collected samples.
The position of the maxima, in atmospheric states with non-zero mean wind, mainly
depends on the dominant and secondary wind directions and speed, and the effective
height of emission.
After analysing the dispersion factors, the frequency and persistence of wind
direction, speed classes and stability classes, in order to determine the locations of
the sampling points for the dispersion experiment, the following criteria were taken
into account:
• the points must be located along the dominant wind directions in the areas of
maximum tritium concentrations. These directions are N, W, WSW, NNW, E,
for both months. Besides the dominant frequencies, those with relatively high
frequency (secondary directions), but with duration of persistence longer than
the time required for the air sampling process can be considered;
• the dominant directions have the highest occurrence frequencies both during the
day and the night;
• the frequency of atmospheric conditions characterized by calm conditions or
wind speeds below 2 m/s is much higher during the night than during the day;
• during a whole day period, the night is characterized only by the stability classes
D, E, F, in which E and F are the most unfavourable for the atmospheric dispersion process;
• the N and W wind directions are associated with the stable atmosphere classes
(E, F) and neutral one (D);
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• as it was mentioned in the previous section, the diurnal periods for the experiment are both night and day and the sampling duration is around 1 hour.
Using the mentioned criteria, 8 sampling points were chosen; they are presented in Figure 1. The distances of these points relative to the stack base are the
following: point 1 at 152 m, point 2 at 285 m, point 3 at 307 m, point 4 at 250 m,
point 5 at 462 m, point 6 at 979 m, point 7 at 412 m, and point 8 at 369 m. The
exclusion zone of the NPP has a radius of 1 km.
2.4. MEASUREMENT OF THE SAMPLES

Air sampling was performed during two campaigns, in November 2003 and
January 2004. For sampling we used the method based on water vapour condensation into a liquid nitrogen cooled trap. This method has the advantage of removing
radioactive gases, such as 41 Ar, that can interfere with the tritium measurement. The
collected water following the condensation of water vapour can be recovered without
any additional devices for extracting it from the sampling installation. Taking into
account the advantages of this sampling method, the Institute for Nuclear Research
(Pites, ti, Romania) designed a prototype installation for tritium sampling containing
a liquid nitrogen tank, a trap used for the condensation of the water vapor from the
air and an air pump with an air flow rate of about 40 l/min.
The relative humidity and temperature of the air in a point were recorded for
each sampling period.
In order to measure the tritium activity of the water samples we used the TriCarb 2100/TR liquid scintillation analyser, made by PACKARD Instrument Company to determine beta-emitter radionuclides. The calibration of the liquid scintillation analyser is done using specific calibration standards. Because beta activity determination is based on accurate beta radiation spectrum characterisation, the analysis
program uses an external standard spectrum, which consists of a standard source of
133 Ba incorporated inside the analyser.
The statistically determined minimum detectable activity in the given measuring conditions was 0.03 Bq/sample. This activity value is much lower than the experimental value that can be reached by the utilised analysis system. However, this
value is useful when we have to make a decision if tritium exists or not in the sample;
even if tritium existence is confirmed, at this level it can’t be assigned any activity
value with reasonable accuracy.
The measurement of the samples has been made using two methods: Direct
DPM (or modified integral counting method) and The External Standard Method
[11]. As expected, the best results have been obtained by The External Standard
Method; these can be summarized as follows: for a sample activity of more than 30
Bq/sample, the maximum error in the determination of the tritium activity was 2.1%;
(c) 2019 RRP 71(0) 718 - v.2.0*2019.12.16 —ATG
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this error grows as the sample’s activity decreases, namely: 5.1% for 15 Bq/sample
activity, 6.9% for 7.3 Bq/sample activity, and 64.5% for 0.7 Bq/sample activity.
Besides the statistical error in the measurement of the sample activity described
in the previous lines, other errors are: the sample mass weighting relative error
(< 0.4%), the temperature measurement error (±0.3 C) and the relative humidity
measurement error (±3%).
3. RESULTS

In the first part of this section we compare the model results with the measurements and in the second part we present the statistical evaluation based on the BOOT
software results.
3.1. COMPARISON OF MODEL OUTPUT WITH OBSERVATIONS

As previously mentioned, the dispersion experiment took place in two stages,
one during autumn and other during winter and the sampling time intervals were
chosen in both diurnal periods: in the day time and night time. In this way, it was
possible to cover atmospheric states characterized by meteorological data specific to
the model options, particularly, the low wind and atmospheric calm. The sampling
points being located in the proximity of the effluent stack, the transport time required
for the effluent to reach areas where the receptors are located was comparable with
the averaging time of the meteorological data recorded by the automatic stations from
the meteorological tower (MT) of the NPP or from the administrative pavilion (AP).
It was thus necessary to average the concentrations calculated with the meteorological data sets from the sampling periods. Thus, the tritium concentrations simulated
by the model over the sampling periods, are average values of the concentrations calculated with the meteorological data defined as 10-minute mean values supplied by
the meteorological automatic stations during the sampling periods.
The data required for the calculation of tritium concentration for each collected
sample and the concentrations simulated by model with the options corresponding to
the atmospheric states specific to the sampling time intervals, have been arranged in a
number of 31 test problems allowing for the evaluation of the model and its options.
Below detection limit measurements were excluded from the analysis. A summary
of the test problems is presented in Table 3.
The complete data for two representative test problems are presented in Table 4.
For instance, TP 15 refers to the modelling of the tritium concentration obtained from
the sample collected in the time interval 10:20–11:20, at point 4, on January 20, 2004.
The velocity and temperature of the gaseous effluent as well as the air temperature
are needed for the plume rise calculation. Also, the air temperature gradient, GT ,
(c) 2019 RRP 71(0) 718 - v.2.0*2019.12.16 —ATG
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Table 3
The test problems (TP) used to evaluate the ConDefa model. The star symbol (*) in column 1 marks
periods with precipitation, for which the washout process was turned on in the model.
TP
no

Point
no

1
2
3
4
5
6
7
8
9
10
11
12*
13*
14*
15*
16*
17*
18*
19
20*
21*
22*
23*
24
25*
26
27*
28
29
30
31*

6
7
1
2
2
6
7
1
2
6
8
1
2
3
4
6
7
8
1
2
3
4
5
6
6
7
7
7
8
8
8

Date

Sampling
duration

Measured
conc.
(Bq/m3 )

11-25-2003
11-25-2003
11-26-2003
11-26-2003
11-26-2003
11-26-2003
11-26-2003
11-27-2003
11-27-2003
11-27-2003
11-27-2003
01-20-2004
01-20-2004
01-20-2004
01-20-2004
01-20-2004
01-20-2004
01-20-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004
01-21-2004

15:10–16:10
14:45–15:55
09:15–10:45
09:55–11:05
14:40–15:40
11:20–12:50
17:25–18:15
09:20–10:20
09:35–10:35
11:45–12:55
11:15–12:15
09:35–10:45
11:15–12:25
11:35–12:35
10:20–11:20
13:20–14:10
13:10–14:10
11:35–12:45
14:50–16:00
15:05–16:05
15:25–16:25
15:05–15:55
15:30–16:30
03:30–04:30
16:45–17:45
03:30–04:40
17:40–18:40
23:40–00:40
23:55–01:05
01:25–02:25
16:50–18:00

0.08
0.08
0.16
0.20
0.24
0.16
0.17
0.56
0.20
0.12
0.11
3.27
2.69
2.83
3.32
0.81
0.62
1.01
13.4
1.06
1.51
0.69
0.35
0.14
0.11
0.16
0.16
1.17
0.35
0.07
48.7

Modelled conc. (Bq/m3 )
LW
0.123
0.208
0.302
0.340
0.378
0.038
1.48
3.20
0.145
0.190
0.071
–
–
–
3.86
–
–
–
–
–
–
–
–
1.62
–
0.206
–
1.11
0.349
0.069
–

(c) 2019 RRP 71(0) 718 - v.2.0*2019.12.16 —ATG

LW+AC1
–
–
–
–
–
–
–
–
–
–
–
5.11
5.01
4.42
–
0.543
1.71
2.92
11.1
2.55
2.96
1.99
0.526
–
0.083
–
0.627
–
–
–
47.9

LW+AC2
–
–
–
–
–
–
–
–
–
–
–
3.67
0.826
2.76
–
1.31
2.18
2.24
11.3
2.45
2.98
0.598
0.275
–
0.231
–
1.12
–
–
–
34.9
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Table 4
Examples of the detailed content of three representative test problems. WD is the wind direction
(deg.), WS is the wind speed (m/s), AT is the air temperature ( C), GT is the temperature gradient
( C/100 m), and D is the Pasquill atmospheric stability class.
Data types for model input
Coordinates of the sampling point
as against the stack base (m)
Sampling duration (hh:mm)
Release rate of tritium by the NPP
stack (Bq/s)
Velocity of the gaseous effluent
(m/s)
Temperature of the gaseous
effluent ( C)
Roughness length (m)
Washout coefficient (1/s)

Meteorological data

Stability class of the atmosphere
Measured concentration (Bq/m3 )
Best estimated concentration
(Bq/m3 )

Test problem 15 (January 20,
2004)
Point 4
x = 224, y = 56, z = 17.1
10:20–11:20

Test problem 31 (January 21,
2004)
Point 8
x = 158, y = 334, z = 14.2
16:50–18:00

0.785 ⇥ 107

1.05 ⇥ 107

6.3

6.6

37.2

37.5

1
0.00025
moderate snowfall
recorded at MT
WD
WS
AT
332
0.7
1.5
224
0.8
1.6
1
0.3
1.6
59
0.3
1.8
142
0.6
1.9
90
1.1
2.1

1
0.0001
light snowfall
recorded at MT
WD
WS
AT
7
1.6
1.2
18
1.3
1.1
29
1.9
1
12
0.6
1
–
0
0
–
0
0.9
–
0
0.9
D (GT = 1)
48.7

D (GT =
3.32

1)

3.86
(LW)

47.9
(LW+AC1)
34.9
(LW+AC2)

was used to determine the atmosphere stability class; e.g., for class D the gradient
lies in the interval 1.5 < GT  0.5 [12]. The quantity ↵ for TP 15 is equal to
↵m , namely, 7.3 and in case of TP 31, is equal to 1. From Table 4, one may see that
TP 15 contains six meteorological data in each set (wind direction, wind speed, air
temperature) and TP 31, seven such data. The number of the meteorological data for
each test problem is explainable by the fact that the meteorological data from each
set are 10-minute average values, and the corresponding tritium sampling durations
were 60 min. for TP 15 and 70 min. for TP 31, respectively.
That meteorological data were available from two different locations (meteorological tower, located at the height of 34.2 m and administrative pavilion, at the
height of 25 m) during the experiment, has been a notable advantage because the
wind speed and direction can be affected by the local terrain or building geometry.
Thus, by choosing the meteorological data that best describe the wind direction from
the stack to the sampling point, we ensured that the obtained modelled values cor(c) 2019 RRP 71(0) 718 - v.2.0*2019.12.16 —ATG
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Fig. 2 – Scatter plot of modelled versus measured concentrations. Parallel lines indicate a factor of
two.
Table 5
Statistical measures for concentrations modelled by ConDefa.
Option
LW, LW+AC1
LW, LW+AC2

R
0.994
0.991

NMSE
0.14
1.00

FAC2
0.677
0.645

FB
-0.179
0.048

rectly quantify the contribution of the effluent source (stack) to tritium concentration
in the sampling points. During the experiment, the (controlled) emission rates of the
NPP stack were kept constant during all sampling periods from a day.
The measured and modelled tritium concentrations included in Table 3 are plotted in Figure 2. One may see that the majority of points lie around the line of perfect
positive correlation within a factor 2.
3.2. STATISTICAL EVALUATION

In order to quantify the differences between modelled and measured concentrations, the following performance metrics were used : fractional bias (FB), normalized
mean square error (NMSE), correlation coefficient (R), and fraction of modelled concentrations within a factor of 2 (FAC2) [13, 14]. By making use of the BOOT software [5, 6], the performance statistics have been calculated and the obtained results
are presented in Table 5.
The small values of NMSE (0.14) in the case of the option (LW, LW+AC1)
and 1, in the case of the option (LW, LW+AC2), indicate that the overall deviation
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Table 6
Maximum tritium concentration in each sampling point.
Sampling point
1
2
3
4
5
6
7
8

Maximum
measured
concentration
(Bq/m3 )
13.4
2.69
2.83
3.32
0.35
0.81
1.17
48.7

Modelled
concentration (LW
option) (Bq/m3 )
–
–
–
3.86
–
–
1.11
–

Modelled
concentration
(LW+AC1 option)
(Bq/m3 )
11.1
5.01
4.42
–
0.526
0.543
–
47.9

Modelled
concentration
(LW+AC2 option)
(Bq/m3 )
11.3
0.826
2.76
–
0.275
1.31
–
34.9

between modelled and measured concentrations is low, this showing that ConDefa
is modelling well enough the physical processes involved in the atmospheric dispersion of the effluents released by the NPP stack. The values of R close to 1 (0.994
and 0.991) show that the modelled and measured concentrations are strongly correlated. The sign of FB for the option (LW, LW+AC1) indicates a tendency toward
slight overestimation of tritium concentrations, and for option (LW, LW+AC2) toward slight underestimation, but its values being very close to 0 ( 0.179), in case
of (LW, LW+AC1) and 0.048 in case of (LW, LW+AC2), there is a justification
to expect reasonably modelled concentrations, especially those which are above the
background. The values of FAC2 (0.645 and 0.677) show that 20 and 21, respectively, of the ratio values are contained within the range 0.5 ÷ 2.
3.3. MAXIMUM TRITIUM CONCENTRATIONS

The maximum measured concentrations and the corresponding computed ones
for each sampling point are given in Table 6.
In sampling points 1, 2 and 8 located in the Southern area relative to the NPP
stack, the maximum observed concentrations were determined by the Northern dominant low wind and the atmospheric calm that existed in the time intervals of 10
minutes during the sampling period. For example, in the case of point 1 where the
sampling time was 70 min. between 14:50 and 16:00, there were four time intervals
of 10 min. with wind speed between 0.8 m/s and 1.1 m/s from the Northern direction
and three time intervals of 10 min. with atmospheric calm. Washout coefficients
during the sampling periods were 0.0002 s 1 for point 1, 0.0003 s 1 for point 2 and
0.0001 s 1 for of point 8.
For sampling points 3 and 4 located in the Eastern area relative to the NPP
stack, the NNW and WSW low wind existing in two time intervals of 10 minutes for
each sampling point as well as a time interval with atmospheric calm in the case of
point 3, caused the maximum concentration in the respective points. In the case of
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point 3, the wind speeds were 0.3 m/s and 0.4 m/s, and in the case of point 4, 0.7 m/s
and 0.8 m/s. The washout coefficients were 0.0003 s 1 in the case of point 3 and
0.0002 s 1 in the case of point 4.
The small value of the concentration from point 5 is due to the fact that during
the sampling period the wind directions did not include the direction from the NPP
stack to this point, the only atmospheric process determining this concentration being
the diffusion specific to atmospheric calm. The coefficient of washout caused by
snowfall was 0.0002 s 1 .
In the case of point 6, during the sampling period of 50 minutes, only in a time
interval of 10 minutes was the wind blowing, its speed being 1 m/s and its direction,
ESE. In the other four time intervals the atmosphere was under calm conditions. As
for point 7, during the six time intervals of 10 min. from the sampling period, the
wind blew with speeds between 2 m/s and 4.7 m/s from the East and West directions.
The Western wind was present only in one time interval and did not contribute to
the tritium concentration from the respective point. During the night, the snowfall
ceased. As it can be seen from the Table 6, the maximum concentrations are well
estimated by ConDefa model. Thus, for the 8 values of maximum concentrations, the
corresponding performance metrics, generated by BOOT, are FB = 0.261, NMSE
= 0.39, R = 0.997, FAC2 = 0.875. These metrics show the reliability of model
predictions for the maximum concentrations.
4. CONCLUSIONS

In this paper, a dispersion model for low wind and calm conditions has been
presented. The low wind and calm conditions are the most unfavourable for dispersion of pollutants in the atmosphere and are associated with high pollution episodes
characterized by pollutant concentration values exceeding by far the limits imposed
by regulations in order to protect the population and vegetation. The ConDefa model
was tested and validated in a dispersion experiment which took place on the site of
the NPP located near the town of Cernavodă. For this geographical area, according to multi-annual statistics regarding meteorological parameters, the percentage of
atmospheric states characterized by low wind (< 2 m/s) and calm is around 36–40%.
The dispersion experiment was carried out in two stages, from 25 to 27 November, 2003 and from 20 to 22 January, 2004, around Unit 1 of the NPP, in an area with
a radius of about 1 km. The tracer used in this experiment was the tritium released
from the power plant stack. For tritium sampling, the condensation of water vapor
method from an air sample in a cooled trap with liquid nitrogen was used. The locations of 8 air sampling points were determined by making use of the dispersion
factors for tritium and the statistical characteristics (frequency and persistence) of
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the wind direction and speed as well as of the atmospheric stability. The persistence of calm and low wind has constrained the duration of the air sampling to about
one hour. The experiment was conducted during both day and night and covered a
wide range of meteorological conditions: Pasquill stability classes B, C, D, E, low
and moderate wind, atmospheric calm, and precipitation. The measured tritium concentrations were in the range 0.07 ÷ 48.7 Bq m 3 . In order to study the ConDefa
model performance, a statistical evaluation was conducted against the measured concentrations. The calculated statistical measures indicate that the model is producing
reliable results when the measured concentrations are greater than those specific to
the background.
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