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CH00SIN6 THE BEST METEOROLOGICAL CONDITIONS FOR
ATMOSPHERIC DIFFUSION EXPERIMENTS AT THE ANGRA SITE

by

D. Nicolli - CNEN -DIN*
Dr. P. Thomas - Kfk - HS/M**

SUMMARY.

In this report the most appropriate meteorological conditions
and time of the day advisable for carrying out diffusion
experiments at the Angra site are described. Two emission
points were defined, and the sampling area was determined with
easy access to the complex terrain taken into consideration. The
onsite meteorological measuring system is briefly described.

1. INTRODUCTION

Based r wind and atmospheric stability analysis, this report
will f/ to define the prevailing meteorological conditions
that i e. advisible for carrying out diffusion experiments at the
Angn i; te.
The «rrain at the Angra site is rather complex. In some
sectc-'i there are steep hills, while in others there are water
sur?. :es. Therefore, free access, to the desirable sampling
positions is possible only for some transport directions.
Whenever the wind blows toward the sea or against the steep
hill», no sampling 1s possible. Consequently, the appropriate
sectors for sampling locations have to be selected taking into
consideration ease of access as well as the frequency of
meteorological conditions.
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2. EMISSION POINTS

First of all, the emission points have to be determined. Wfth the
emission points known it's possible to define, using wind
statistics, the more probable and critical immersion areas. For
the experiments that will be realized in the near future the
emission points will be located at the top of the reactor
building or at the new tower A (see Figure 1).
There are two major reasons for choosing these emission points to
be thus located:
(1) The actual source of radioactivity emissions to the environment
during future NPP operations will be the vent at the top of the
reactor building. In this regard, the exhaust gas emitted from the
vent will be dispersed is the fundamental concern from the safety
viewpoint.
(2) This selection is a question of equivalence. It's important
to verify whether the turbulent conditions, determined by
measurements at tower A, can be equivalently applied to estimating
the atmospheric dispersion of nuclear pollutants originating from
the reactor. Due to topographic inhomogeneity of the terrain, and
to the distance between tower A and the reactor, the wind
statistics will likely not be the same for the two places. In that
case, it's essential to know how atmospheric diffusion at the
reactor site can be related to the wind information coming from
the instrumentation at tower A.

Besides, due to operational convenience, suitable daytime hours
for starting the experiments must be chosen. After these
restrictions have been set, and the emission points selected, the

wind roses shown in Figure 2 have to be consulted.

3. DEFINITION OF THE SAMPLING AREA .

Figure 2 shows the wind roses for eacn period of two hours together
with the respective wind speeds. The data were obtained during the
period between Dec. 01.1973 and Nov.30.1975 at the 50m level on the
old tower A (see Fig.1). The wind rose was divided In 8 sectors of
459 each. Wind blowing from the North (sector 1) 1s taken to



Mean fro» any direction between 337.59 and 22.59 and so on for
the following sectors (Ref. 1).
In Figure*2 it is seen that, between 9:00 a.m. to 4:PJ p.m., the
highest wind frequency is in the sector N9 6 (SW) ana N9 7 (W).
That result suggests that a sector width of about 909 for the
sampling area (indicated in Figure 1) is optimum for ihc two
points of emission: the reactor building or the new tower A.

4. PREVAILING STABILITY CLASSES

The stability classes are determined from the vertical temperature
differences between the 2m and the 50m levels. Following a scheme
published by the IAEA (SS N9 50-SG-S3), to which a category G for
highly stable conditions was added, the diffusion conditions were
divided into seven stability classes as shown in Table I.

Table I - STABILITY CLASSIFICATION

Stability
Classes

Vertical
Temperature
Gradient
(K/100m)

A

5-1.5

B

-1.9
to

-1.7

C

-1.7
to

-1.5

D

-'.5
to

-0.5

E

-0.5
to
1.5

F

1.5
to
4.0

G

>4.0

For the diffusion experiments steady state meteorological
conditions are highly desirable. Minds blowing from the sectors
SW and W, stability class A, are most frequent ones, with
frequency above 33% throughout the time interval 10:00 a.m. to
14:00 p.m.. This is shown in Figure 3. The other more frequent
stability classes are D with frequency of 20%, and B with about
10%. So the experiments must be performed under unstable, or
neutral atmospheric stability conditions. The other stability
classes are not relevant because of their low frequency of
occurence during daytime hours.



5. PERSISTENCY OF METEOROLOGICAL CONDITIONS

A further consideration, for the planning of the experiments, is
the persistency of diffusion conditions, which is considered as
a function of the wind direction, stability class and the time of
day. The persistency is defined as the probability that the wind
direction, in a given sector, will not change by more than one
stability class in either sense (Ref.2).

5.1 - Examples of Persistency Analysis

Let it be assumed that the following meteorological condition is
prevailing at t = 10:00 a.m.:
(a) Wind direction 0Q = 809;
(b) Stability class D.

A certain degree of variability around the initial values is
allowed to these variables without breaking the persistency
concept. So, the wind direction at any subsequent time
(t= tQ + At) may be within the interval 6 = 60 + A9, and the
stability class lie within the interval D + 1, that is, D or
the neighbouring classes E or C. In this example, no
restrictions will be imposed on the wind speed. Thus, the
persistency is said to have a duration At if the allowed degree
of variability is not exceeded. In the Figures 4, 5, and 6 the
accumulated frequencies of persistency are shown for time duration
equal to or greater than At. These frequency values should be

considered as representing probabilities for deciding what are the
best experimental conditions at the Angra site.

The stability classes are related to the bulk vertical temperature
gradient measured between 2m and 50m on the old tower A. The wind

directions are measured at 50m height (Ref. 3).

Figure 4.1 presents the persistency of wind direction and
atmospheric stability at the Angra site. The curve 1, for instance,
1s for winds blowing from a direction 6 betweem the limits
1809 - 2709 at an arbitrary starting time tQ and staying within

the sector eQ ± 30° during a certain time. The other curves are
similarly explained. The curve 1 of Figure 4.1 points out that a
probability of 203» exists for persistency lasting longer than 2
hours for winds blowing from directions between the limits



1809 - 2709, under stability class D.
A similar persistency is shown by Figure 4.2 for stability class A,
without allowance for variability in stability. For this case, there
is a probability of about 3QX for persistency lasting longer than 2
hours. The comparison of these persistency results shows that
category A is the more adequate one for starting a diffusion
experiment during the antemeridian hours.

In Figure 5.1 and 5.2 the starting time of the persistency
analysis was fixed at 9:00 a.m. and 11:00 a.m. with the wind
direction fixed between 1809 and 2709. The persistency of the wind
direction during category A is higher at the 9:00 a.m. than at the
11:00 a.m. starting time. For instance curve 1 in the Figure 5.2

shows a probability of about 38S for persistency lasting longer than
4 hours.

If the experiments are to be performed under stability class A,
it is advisible to start the experiments around 10:00 a.m., as the
probability of persistency in category A is higher in the hours that
follow.

The Figures 6.1 and 6.2 show an analysis for stability class D ^ 1,
with starting times at 9:00 a.m. and 3:00 p.m., respectively.
Relating this result for category D with that in Figure 2 and 3,
it can again be deduced that the best time for starting the
experiments is about 10:00 a.m..

6. SITING SAMPLING LOCATIONS
#

For the planning of the experiments it is interesting to assess in
advance the downwind distances of the maximum near ground
concentration. For emission sources located below a 100m high level,
the KNRC diffusion experiments have proved that the maximum
concentration area occurs at the following downwind distances:
about 200m for class A; 380m for class B; and 1100m for class D
(Ref. 4).
Based on those experiments, a layout for 25 sampling locations is
proposed as shown in Figure 9.



7. NEM DATA

A new Meteorological Measuring system has been installed at
the Angra site to replace the old one. On the site there are
four Meteorological towers: a central tower, hereby named
tower A, and three satellite towers (see siting of towers in
Figure-1) where wind direction and speed are Measured at 15m
above ground level. Tower A is 100M high and has equipment at
the 10M, 60m, and 100m levels. Tables 2 and 3 present the most
important information about the old and the new meteorological
systems.
Mind direction and speed are measured at the three above
mentioned levels. Temperature differences for the height
intervals 10m - 60m and 10m - 100m are measured as well.
Besides these measurements, the air temperature is also measured
at 10m above the ground. Signals are sent by cable to a data
processing facility and a strip chart recorder from every
meteorological sensor.
Every 15 minutes averaged values of the meteorological data are
stored on magnetic discs. The data processing facility is housed
in the administration building at the NPP.
With the new system, recent meteorological data were obtained
for March, April, and Nay of 1982. These data must be compared
with the old ones. In Figure 7, the wind direction frequencies
for the towers A (at 3 levels), tower C and tower D have been
plotted.
During daytime hours the wind generally blows at all levels
from the SW and S direction, however mostly at the lower levels.
Comparing the old and new tower A wind direction frequencies, no
remarkable differences are found for daytime hours, (see
Figure 8.?.). During the nocturnal hours the differences are

more obvious (Figure 7).
The stability class frequency was also compared with the old
data, and it agrees well for the lower levels, that is, between
10m and 60m above ground, (Figure 8.2).



8. CONCLUSIONS

a) The best time for starting the sampling of atmospheric
tracers is at about 10:00 a.a.

b) The wind should be blowing from the SU direction at all
levels of the new tower A, otherwise the transport of the
released tracer will reach areas inaccessible to sampling.

c) The experiments should be performed only under stability
categories A or' D.

d) Fair weather is a very important condition for the experiments;
the experiments should be postponed, in the case of disturbed
weather situations in the area.

Normal weather conditions are those meteorological situations
undisturbed by the approach of cold or warm fronts, instability
lines or other forms of pressure field disturbances. These
"abnormal" conditions present variable wind patterns which are not
of interest, even in future experiments.
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T A B L E 2

METEOROLOGICAL FACILITY INSTRUMENTATION ELEVATIONS

ANGRA SITE (old system)

INSTRUMENT

Wind (WD.WS)
Wind (WD,WS)
AT, T
Precipitation
Wind (WD,WS)
Wind (WD.WS)
Wind (WD.WS)

TOWER

A
A
A

near A
B
C
D

TOWER
BASE HEIGHT (m)

5
5
5
-

10
80
290

INSTRUMENT Ht.
(m) (REFERENCED TO
TOWER BASE Ht.)

. 15
50

2;50
1*
15
15
15

. INSTRUMENT Ht.
(m) (REFERENCED

TO MSL)

20
55

7;55
6
25
95

305

referenced to base height of Tower A
WD = Wind Direction
WS = Wind Speed
AT = Temperature Difference (50m - 2m)
T = Temperature at 2m



T A B L E 3
METEOROLOGICAL INSTRUMENTATION FOR OPERATIONAL PROGRAM

ANGRA SITE (new system)

INSTRUMENT

. Wind

Wind
Wind
Wind

Temperature

Temperature
Temperature

Precipitation

Humidity

RECORDED
PARAMETER

Wind speed
and

direction

(Same as above)
(Same as above)
(Same as above)
T100" T10
T60 " T10
Reference
Temperature
Rainfall
Humidity

TOWER

A

B
C
D

A

A

A

Near A
Near A

APPROXIMATE
HEIGHT ABOVE
TOWER BASE(m)

100/60/10 .

15
15
15

100/10

60/10
10

TOWER. BASE
HEIGHT (m)
REFERENCED

TOMSL

40

12
166
290

40

40
40

INSTRUMENT CHARACTERISTICS

WM-Model W103-3SS (Speed), cuptype •
anemometer 0.9 mph threshold and 0.15
mph accuracy. Distance constant 1s
14.3 feet; WM-Model M104 (direction).
Distance constant 1s 3.5 feet, vane
has 0.75 mph threshold and damping
ratio of 0.4. Accuracy t 1.8°.

(Same as above)
(Same as above)
(Same as above)

Thermistor 1n aspirated solar radiation
shield. Accuracy + 0.1°C.
(Same as above)
Thermistor 1n aspirated solar radiation
shield. Accuracy • 0.125°C.

Fuess - Model no 79t thermohygrograph
Accuracy + 0.2°C to 0.5°C. and 2.5t.
Measur1ng:extent - 10 to + 45 and
0 to 100 t.



FW. I - TOPOGRAPMC MAP OF THE ANGRA SITE.
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FIO. Z - WIND STATISTICS OF TWO HOURS INTERVALS. DATA
COLLECTED AT THE 9Om LEVEL OF OLO TOWER A
FOR THE PERIOD DEC. 01. 1979 TO NOV. SO. 1979.
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Fit. S - FREQUENCY DISTRIBUTION OF THE DIFFUSION CATEGORIES FOR
.WIND DIRECTIONS BETWEEN 180° AND 2 7 0 ° .

DAYTIME HOURS



FiQ.4; PERSISTENCY OF WIND DIRECTION
AND STABILITY CLASS AT ANGRA.
STARTING DIRECTION ISO*, 270«
DIRECTION RANGE: I* - 30° , 2 * 4 6 0 ° , 3* * 9 0 ° .

Flç. 4.1 - CLASS RANGE: C-E
STARTING CONDITIONS: CLASS D

10 M M *

DURATION IN HOURS

Fia. 4.2 - CLASS RANGE : A

«! M W

DURATION IN HOURS



Fig. 5 - PERSISTENCY OF WIND DIRECTION
AND STABILITY CLASS AT ANGRA
STARTING DIRECTION 180* - 2 7 0 °
DIRECTION RANGE: I s ± 30», 2* ± 60°, 3= ± 90».

. Fi*. 5.1-CLASS RANGE: A
STARTING CONDITION : CLASS A
STARTING TIME : 11:00 a.m.

e 14 « is
DURATION IN HOURS

f\q. 5 . 2 - CLASS RANGE : A
STARTING TIME: 9:00o.m.

a M m
DURATION IN HOURS



Fig. 6 - PERSISTENCY OF WIND DIRECTION
AND STABILITY CLASS AT ANGRA
STARTING DIRECTION ISO°-27O«
DIRECTION RANGE: l * $ 30°,2= i 6 0 ° , 3 = 1 90° .

Fig.6.1- CLASS RANGE: C - E
STARTING CONDITIONS : CLASS D
STARTING TIME : 9 :00 o.m.

e » »
DURATION IN HOURS

Flfl.6.2-CLASS RANGE: C - E
STARTING CONDITIONS: CLASS
STARTING TIME: 15:00 a.m.

ft 1» H»
DURATION IN HOURS



F I 6 . 7 - WIND STATISTICS. DATA COLLECTED BY
THE NEW SYSTEM FOfT THE MONTHS
MARCH , APRIL AND MAY , 1982 .
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FIC. Í.I-FBEOUENCY DISTRIBUTION OF WIND
DIRECTION - DAY AND NIGHT HOURS .
COMPARISION OF THE NEW DATA WITH
2 YEARS OF THE OLD DATA.

SYMBOLS: NT^.NT^.NT,^ ,ARE FOR NEW TOWER A
AT 10,60 ,100m LEVELS.

r i O . e . 2 - FREOUENCY DISTRIBUTION OF STABILITY CLASS.
COMPARISION OF THE NEW DATA WITH 2 YEARS
OF THE OLD DATA.

SYMBOLS; A T I 0 . | M , A T I 0 . M A R E FOR THE VERTICAL TEMP.
' DIFF. BETWEEN THE LEVELS 10m ,60m , 100».
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Fig. 9 - PROPOSED LAYOUT r'OR 25 SAMPLING LOCATIONS AT ANGRA SITE.


