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Statistical analyses and comparisons of the wind data obtained by
the propeller and supersonic anemometers for the year of 1987 in Japan
Atomic Energy Research Institute, Tokai Establishment were performed.

The resultant average alr concentrations and ground level external
v exposure rates due to the radiocactive releases for the normal operation
of a nuclear power plant are over-estimated when calculated using the
properller wind data. The difference is due to the influence of low wind
speeds.

If the frequencies of low wind speed are large, wind data observed
by the supersonic, which could measure even low wind speed more precisely
then the propeller, should be used in the atmospheric dispersion analysis
to yield a more accurate and realistic estimation of the air concentration
and ground level external y exposure rate.

The analysis also shows that the adult thyroid exposure dose of the
postulated accident is sufficiently accurate and valid when estimated
basing on the contributions of individual iodine nuclides without
considering their decay and using the supersonic wind data without having
to modify the assumed mean wind speed of the calm. For the external ¥y

whole body exposure of the postulated accident, accurate and realistic
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estimation should base on the contributions of individual radionuclides
with their decay considered and use the supersonic wind data for atmos-

pheric dispersion analysis.

Keywords: Supersonic Anemometer, Propeller Anemometer, Comparison,
Wind Data, Air Concentration, External vy Exposure,

Thyroid Exposure Dose, Whole Body Exposure, Decay
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1. Introduction

The atmosphere is an important pathway of gaseous nuclides relased from
a nuclear power plant to the environment and thereby to man. Radiocactive
materials released to the atmosphere will be transported downwind and dis-
persed by normal atmospheric mixing processes. As the activity disperses,
members of the public are irradiated internally owing to the inhalation of
activity and externally by B- and y-radiation from the plume. Thus adequate
information about this pathway is necessary to estimate the dispersion of
the radiocactive releases to the population in the region and to assess the
radiological impact on man.

Meteorological information is needed to determine the impact of short-
or long-term routine radicactive releases on the environment during the
routine operation of a nuclear power plant. Knowledge of meteorological
conditions also enables appropriate countermeasures to be taken after an
accidental release. Meteorological variables used in the dispersion
calculation and their statistical analysis give the probability distribution
of concentration of radioactive materials released from the plant. Thus the
precision, nature and scope of the meteorological data should be compatible
with the methods and models in which they are used for evaluating the
radiological impact on the environment. The collected data should adequately
represent local meteorological conditions. To understand the atmospheric
behavior at the site completely, it is necessary to select correctly the
position of the equipment and to obtain through the instruments a good
representation of the whole field of the wind at least up to the height of
possible releases.

In the Japan Atomic Energy Research Institute (JAERI), the method of the
meteorological observation and the analysis on the statistic of the observed
data and the atmospheric diffusion for normal operation and. postulated
accident of a nuclear power plant follow the meteorological guide of the
Japan Afomic Energy Safety Commission(l). The items of the observation
consist of wind speed, wind direction, solar radiation, net radiation,
precipitation and the vertical temperature gradients, etc. Other than the
vertical temperature gradient and precipitation, ten minutes average data
before every hour on the hour are representatively used for the analysis.
For temperature gradient, instantaneous value of every hour is used while
for precipitation, one hour accumulated value before every hour is used.

The instruments, their characteristics and their mounting heights are shown

-1 -
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in Table 1.1. Definitions and units of the statistical items are as given in
Table 1.2. The atmospheric stability is classified by Pasquill—Maede(z)
method using the representative surface wind speed, insolation or net
radiation of the site (Table 1.3).

The wind directions and wind speeds in JAERI were measured using only
wind mill type anemometer (vane properller type) before 1987. Although this
type of propeller anemometer is very commonly used all over the world and
long term experience has shown that it is operationally reliable, it has the
disadvantage of not giving accurate reading at low wind speed. Since 1987,
supersonic anemometers were also installed in the JAERI meteorological tower
for wind measurement. Both the propeller and supersonic anemometers are
periodically calibrated by the Japan Weather Association according to its
technical manual. The supersonic anemometers, however, can provide precise
wind speed down to as low as 0.01 m/s. (By the specification of supersonic
anemometer maker, 1t can measure as low as 0.01 m/s.) Thus the availability
of the more accurate wind speeds and wind directions from the supersonic
anemometers provides a better representations of the wind field especially
under calm condition, defined when wind speed by propeller is less than
0.5 m/s. A more realistic and accurate estimation of the atmospheric
dispersion of the radioactive releases from the nuclear power plant can also
be obtained.

Analyses were carried out in the present study to compare the one year
wind data obtained in 1987 by the two different types of anemometer.

The purpose is to identify whether significant difference occurs between

the two sets of meteorological data and to investigate how the difference
might affect the average air concentrations and vy exposure rates due to

the radiocactive releases from the nuclear power plant. The average air
concentrations and exposure rates due to the normal operation of research
reactor were estimated and compared using the supersonic and propeller

wind data sets. The effect of the calm condition on these calculations

was also studied by modifying the wind speed of calm to be less than

0.1 m/s using supersonic anemometer. A comparison study using the two
different sets of wind data was also performed for the postulated

accident with 1 hour effective release time. For the postulated

accident study, the adult thyroid exposure doses due to the lodine nuclides
and the external v whole body exposures due to the Xe, Kr and iodine nuclides

were estimated.



JAERI-M 80-041

2. Analysis of the wind data obtained by propeller and

supersonic anemometers

Radioactive materials released to the atmosphere will be transported
downwind and dispersed by normal atmospheric mixing process. As the
diffusion of the released materials depends very much on the wind speed, wind
direction and atmospheric stability, we begin our study by the statistical
analysis of the wind data obtalned by supersonic and propeller type

anemometers for the year of 1987.

2.1 Comparison of the monthly and yearly averages of wind speeds

and percentage of calm

The monthly and yearly statistical averages of the meteorological data
obtained by the supersonic and propeller anemometers are shown in Table 2.la
and Table 2.1b respectively. Other than the wind speeds and calm, the
values of all the other items are the same in both tables.

All monthly and yearly wind speed averages obtained by supersonic
anemometer at 10m, 20m and 40m height are higher than those obtained by
propeller anemometer. The yearly wind speed averages of the supersonic data
at 10m, 20m and 40m height are 2.1 m/s, 3.0 m/s and 4.1 m/s respectively. In
the case of the propeller data, their values are 1.8 m/s, 2.7 m/s and 3.7 m/s
respectively. These results can be substantiated by the monthly and yearly
calm percentage obtained by the two types of anemometer. Here, all the calm
percentages obtained by propeller anemometer at the three different altitudes
are of higher wvalue than those obtained by supersonic anemometer. As the
calm is defined to be the condition when wind speed is less than 0.5 m/s, the
higher percentage of calm implies lower average wind speed. The yearly
averages of the calm percentage for propeller data at 10m, 20m and 40m are
15%, 47% and 2.27% respectively. Those of supersonics are 2.6%, 0.8% and 0.6%
respectively. These results also show that calm is less likely to occur at
higher altitude. As precise and accurate wind measurement can be obtained
through the supersonic anemometer especially at low wind speed, we conclude
that wind speed readings obtained through propeller anemometer are lower
than the actual wind speeds. Owing to the mechanical characteristic of
the vane propeller anemometer, the imaccurracy of the wind speeds measured by
the propeller anemometer is especially prominent at low wind speed. For
wind speed greater than 1 m/s, the discrepancy is less significant. The

correlation between the 10m and 40m height hourly average wind speed readings

__.3_
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obtained by propeller anemometers and the corresponding wind speed readings
obtained by supersonic anemometers is shown as equation (1).

WSs = 0.96WSp + 0.52 (1)
and is shown in Fig. 2.1.

Where WSs is the wind speed obtained through supersonic anemometer and
WSp is the wind speed obtained through propeller anemometer.

The total number of wind speed data used for the correlation is 17201.
This result shows that all wind speeds obtained through propeller
anemometers are approximately 0.5 m/s less than the actual wind speeds if
we assume the readings obtained through supersonic anemometers represent
the actual wind speed.

The annual percentage frequency distribution of wind direction obtained
through supersonic and propeller anemometers are shown in Table 2.23 and 2.2b
respectively. The values obtained through the two different types of
anemometer vary for all the 16 directions at the three different altitudes.
Here, as expected, the difference is again more prominent for readings
obtained at the lowest altitude i.e. 10m height, owing to the more frequent

occurrence of calm.

2.2 Comparison of the annual percentage frequency distribution

of stability category

An important factor in the Pasquill-Maede's classification of
atmospheric stability is wind speed. It is thus interesting and useful to
see how the annual percentage frequency distribution of stability category
varies as a consequence of using ths two different sets of wind speed data
obtained at 10m height. Table 2.3a shows the annual percentage frequency
distribution of stability category obtained through supersonic and
propeller anemometers. On combining categories A-B and B as category B,
categories B-C and C as category C, categories c-b, D1 and D2 as category
D and categories F and G as category F, we obtained Table 2.3b. Table
2.3b shows that percehtage of the categories A, B and F from the supersonic
data have decreased with respect to those from the propeller data. As for
categories C, D and E, the percentages from the supersonic data have
increased with respect to those from the propeller data. These results are
logical because our correlation study shows that all wind speeds less than
or equal to 2 m/s measured by propeller anemometer are lower than those
measured through supersonic anemometer. The difference in the wind speeds

measured by the two types of anemometers is less significant when wind speed

_.4_
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is higher than 2 m/s. Since the values of the insolation and net radiation
(of the stability classification table) for the two sets of wind speeds data
are the same, it is logical that the percentages of categories A, B and F
from the supersonic data should decrease. This is because the number of wind
speeds with value less than 2 m/s from the supersonic wind data set for these
categories is less compared to that from the propeller wind data set. The
higher wind speed values obtained through supersonic anemometer also explaing
why the percentages of catagories C, D and E of the supersonic data set
increase, The increase in category E of the supersonic data set is due to
the decrease of category F with wind speed u < 2 m/s. While the increase of
category C is mainly due to the decrease in category B with wind speed u <

2 m/s. As for category D, its increase comes mainly from category E with
wind speed 2 m/s < u < 3 m/s. However, the annual percentage frequency
distribution of all the categories from the two different set of wind data

on the whole differ by less than 2Z.

2.3 Sum of the inverse of wind speeds and mean of the inverse of

wind speeds  for every wind direction and stability

In the analysis of the atmospheric diffusion of radionuclide released
from the routine operation of nuclear plants, the hourly meteorological  data

are processed statistically for the sum of the inverse of wind speed and the

mean of the inverse of wind speed for every wind direction and stability(l).
The sum of the inverse of wind speed Sd S for wind direction d and
>
atmospheric stability s is calculated by summing the contribution of the windy
condition WSd s and calm condition CSd o which is expressed in equation (2).
¥ b
Sd,s - de,s + csd,s (2)
N 8
_ d,s 1
where de’S I (3)
i=1 i

N : the number of data observed

Ui: wind speed at time i, (m/s)
d,sai is 1 when the wind direction is d and the atmospheric stability is s,
otherwise it is 0O

cNd,s
and csd,s = T
c

cU is the assumed wind speed on calm condition (= 0.5 m/s)

(4)

CNd S is the number of occurrence of calm condition at wind direction d
»
and atmospheric stability s and is given by equation (5).

— K —
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(5)

Né is the frequency of wind direction d with wind speed from 0.5 m/s

to 2 m/s

éNs is the frequency of stability s on calm condition

The mean of the inverse of wind speed 5& s for wind direction d and atmos-
b4
pheric s is calculated by equation (6).
5
"S_ = d,S (6)
d,s Nd,s
where N is the total number of appearance of wind with direction d and

d,s
atmospheric stability s.

Tables 2.4a and 2.4b are respectively the sum of the inverse of wind
speed and the average of the inverse of wind speed for every wind direction
and stability calculated by using the propeller data set obtained at 40m
height. Tables 2.5a and 2.5b are the corresponding tables calculated using
the supersonic data set at 40m height. A comparison of the total sum of the
inverse wind speed from each wind direction of the propeller wind data with
those of the corresponding directions of the supersonic wind data shows all
the 16 directions of the propeller wind data have values greater than those
from the corresponding directions of the supersonic wind data. This results
is as expected because the higher wind speeds measured by the supersonic
anemometer will yield a lower total sum of the inverse wind speed.
Nonetheless this comparison is mnot too meaningful as it may not be so accurate
owing to the fact that the frequency distributions of wind direction for a
specific direction may not be the same from the two sets of wind data as a
result of the statistics used in assigning the wind direction of the calm.
The discrepancy can be seen when a similar comparison is made between the
total sum of the inverse wind speed from each wind direction of the propeller
data set obtained at the 10m height (Table 2.6a) and the corresponding value
of the supersonic data set also obtained at 10m height (Table 2.7a). Thus no
further similar comparison is made between the two different wind data
sets. Since the mean of the inverse of wind speed for every wind direction
and stability is calculated directly from the sum of the inverse of wind
speed for every wind direction and stability, no comparison of the means

of the inverse of wind speed from the two sets of wind data is made.

_6_
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Tables 2.8a and 2.8b show the sum of the inverse of wind speed and the
mean of the inverse of wind speed for every wind direction and stability.
respectively obtained by supersonic anemometer at 40m height when the
assumed wind speed of the calm condition, CU is changed to 0.1 m/s. This
analysis was carried out because the supersonic anemometer can measure
accurately and precisely wind speed to as low as 0.0l m/s. It is interesting
to investigate whether any difference will occur when the assumed wind speed
of calm conditions, cU i1s changed from 0.5 m/s to 0.1 m/s except the prope-
1ler data. By changing the calm condition from u < 0.5 m/s to u < 0.1 /s,
the number of calm at each stability category will certainly decrease.

Table 2.9 shows the number of calm occuring at each stability category for
propeller data set and supersonic déta set, TIn the case of the supersonic
data set, the numbers of calm for both u < 0.5 m/s and u < 0.1 m/s conditions
are shown. Because of the higher wind speed readings obtained by supersonic
anemometer, the number of calm at each stability category from the supersonic
data set at different height is much less than the corresponding number

from the propeller data set. When the assumed wind speed of the calm
condition is changed to 0.1 m/s, Table 2.9 shows that the number of calm in
the supersonic data occurs only once each at 10m height and at 40m height.

No calm occurs at all at 20m height. This mean that the total sum of the
inverse wind speed for each stability category except categories C and E will
be larger now after the assumed wind speed of the calm condition is changed
to 0.1 m/s. No change occurs in categories C (where categories B-C and C are
combined) and E because there is no calm in these two categories originally.
A comparison of the last column of Tables 2.5a with that of Table 2.8a does
verify this result. A similar comparison of the last column of Table 2.7a
with that of Table 2.10a (both sets of data are at 10m height) also shows

the same result. Thus the total sum of the inverse wind speed for each
stability category is a better indicator to show the difference of the sum

of the inverse wind speed obtained as compared to the total sum of the

inverse wind speed for each direction.

3. Air concentration and Yy exposure rate calculated using the propeller

and supersonic wind data for normal operation

Air concentration

The sum of the inverse of wind speeds for every wind directions and

-7 -
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and supersonic wind data for normal operation
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The sum of the inverse of wind speeds for every wind directions and
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atmospheric stabilities and the frequency distribution of wind directions
calculated using the wind speed data obtained at 40m height can now be
used to estimate the air concentration and y exposure rate due to the
radionuclides released from the normal operation of nuclear power plant.

The equation used to calculate the air concentration x(x,v,z) is the

|

2 2 5.
exp [ - ég:gl*’} + exp [ - igiﬂl—']} (N

standard Gaussian plume equation equation (7).

: e |
exp - —x exp -
3600+ 2m+u+g <o u 2q
vy 'z

o

x(x,y,2) =

N

202 202
z z

where ¥ (x,v,z) is the air concentration in Ci/m3,
Q is the radionuclides release rate, (Ci/h)
u is the wind speed, (m/s)
Gy and o, are the horizontal and vertical plume width as
a function of downwind distance, (m)
H is the effective stack height (m) and
% is the decay constant of the radionuclide (1/s)
The average air concentration of ground surface y(x,y) for a given point
is then obtained by the equation (8).
X(x,y) = Xg (a3 + X_q (x,3) + ), (x,9) (8)
where Xg is the average air concentration when the downwind is in the
direction of the point (x,v},
i;l and 241 are the average air concentration when the downwind is in
the neighbouring direction (+ 1) of the point (x,y).
For continuous radionuclide releases from the normal operation of the

nuclear power plant,
Xy T W 38%3s (9

where Qc is the continuous release in Ci/h,

Nt is the total number of wind speed observed (8760),

SJS is the sum of the inverse of wind speed for J direction and S

stability, and

E&S is the average alr concentration when wind directien is J and

stability is S.
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External vy whole body exposure by submersion medel

When a person is submerged in a radioactive gas, the skin and other

organs of the body may be irradiated both by external irradiation and

by internal irradiation from the gas absorbed into the body tissues,
According to the submersion model(B), the exposure rate is proportional to
air concentration and to the energy of the photon. From the average air
concentration cbtained, the yearly external v whole body exposure, DYS in

mrem/y can be calculated by the submersion model using equation (10),

1
D =—KE 10
vs 7, X (10)

where EY is effective v energy in MeV/dis and

K 1s the conversion factor for external y whole body exposure,

3
10 is.m™ .
( dis.m .mrem )

1.15 > 10 MeV.Ci.y

Ground level external y exposure by plume model

The ground level external v exposure rate due to the radioactive

plume is calculated by the following equation (11)(4{

© (» ro B(ur)e "0
f ———— x (x',y",2")dx"'dy'dz (11)

D = K. K,Eu J
127 0 Awrz

where D is the exposure rate at point (x,y,0), mrem/h

0

Kl_is the constant for converting the exposure to absorbed dose, 0.7
mrem/mR

K2 is the constant for converting activity to exposure rate, 1.88 x lO6
(dis.m?.mR)

MeV,Ci.h

E is the effective energy of the photon, MeV/dis

uy and p are the true and total linear absorption coefficient, m

r is the distance in meter between the receptor and a volume element of
the cloud

B(ur) is the dose build-up factor calculated by(s)

Bur) = 1+ a(ur) + 8Gur)° + ¥ (ur)? (12)
In this calculation, Hos Hs @ 8 and vy have wvalues correspond to photon of
500 keV energy.
The yearly exposure at a given point, D in unit of mrem/y is calculated
by equation (13).
D =Dy +Dyq+Dyy (13)

where DJ? DJ—l’ DJ+l

in downwind direction (J)} and neighbouring direction (J-1, J+1).

are . exposure at a given point due to radioactive clouds

_g -
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For continuous radionuclides releases from the normal operation of the

nuclear power plant,

Q
c _
D =— IS D
J N, S J5°J8

rxg

where QC is the continuous release rate in MeV Ci/h
(= 1MeV Ci/h) and
D .. is the average exposure rate of the calculated point at wind

JS
direction J and atmospheric stability 5.

3.1 Comparison of calculated average air concentrations

Table 3.1 shows the ground level external v exposure rates DYS and the
average air concentrations x calculated at a distance of lkm due to the
continuous release of radionuclides at 40m stack height. They are calculated
for 16 downwind directions using the propeller or the supersonic (with calm
conditions of u < 0.5 m/s and u < 0.1 m/s) wind data. Unit release of rare

gases (i.e. 1lMeV-Ci/h) and 1311 and 133

1 (i.e. 1Ci/h) are used in the
calculation. The plot of the average air concentration and the ground
level external y exposure rate for the 16 downwind directions are shown in
Fig. 3.1 and Fig. 3.2 respectively.

The average air concentration calculated using supersonic wind data for
most of the directions are generally lower than those calculated using
propeller wind data. This result is as expected because the wind speeds
measured by supersonic anemometer are generally higher compared to the values
measured by propeller anemometer. Thus the sum of the inverse of wind speeds
from the supersonic wind data being generally lower compared to the
corresponding sum of the inverse of wind speeds from the propeller wind data
will yield lower air concentrations for the supersonic data.

From Fig. 3.1, it is seen that the more prominent decreases occur at
downwind directions SE, SSE, S, SSW and SW. In the S downwind direction
because of the smaller sum of the inverse of wind speed, the decrease in the
supersonic average air concentration is as high as 50%Z. The plots in
Fig. 3.1 also show that the shapes of the 3 curves are rather similar.

This is because not much difference occurs in the annual frequency distri-
bution of wind direction between the two different sets of wind data at 40m
height (Tables 2.2a and 2.28). The little difference in the annual
frequency distribution of the wind directionm is due to the low influence

of calm since the number of calm at 40m height is small (Table 2.9). Thus
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with the majority of the measured wind speeds at higher speed, the wind
directions measured using the two different anemometers are very similar.
This explains why the curves have very similar shape.

v exposure curves calculeted from the submersion model in Fig. 3.2
are identical in shape as those in Fig. 3.1. This is as expected since
ground level external y exposure rate is calculated directly from the
average air concentration using the submersion model. Thus no comparison is
made here concerning the ground level external vy exposure rates obtained for

the 16 directions using the 2 different sets of wind data.

3.2 Comparison of the calculated y exposure rates by Plume model

Table 3.2 shows the ground level external v exposure rate, DY’ due to
the radioactive cloud calculated at a distance of 1 km due to the continuous
release of radionuclides at 40m stack height. They are calculated for 16
directions using the propeller and the supersconic (two calm conditions of
u < 0.5 m/s and u < 0.1 m/s are calculated for the supersonic.) wind data.
Unit releases of rare gases, 1311 and 1331 are used in the calculation. The
plot of the calculated values for the 16 directions are shown in Fig. 3.3.

From Fig. 3.3, it is again seen that the ground leve external y
exposure rates due to the radiocactive cloud calculated using supersonic wind
data of all the directions are generally lower than those calculated using
propeller wind data. The overall shapes of the curves plotted using the two
different wind data are similar because of the little influence from the
calm at 40m height. The decrease in all the directions for the supersonic
exposure rates are also rather similar to those of the supersonic average
air concentrations. Here the more prominent decreases also occur at
downwind directions ESE, SE,SSE, 5, SSW and SW. The maximum decrease of the
supersonic exposure rate which alsc occurs at S downwind direction is as
high as 49%. Thus both the average air concentrations and the ground level
external v exposure rates due to the radioactive cloud are over—estimated
when calculated using the wind data obtained by propeller anemometer.
Although the estimated values using wind data obtained by propeller
anemometer are more conservative, for a more accurate and relistic estimation
of these calues for the normal operation of a nuclear power plant, supersonic
anemometers are recommended to be used in the meteorological tower to measure
as accurately as possible the exact wind speeds and wind directions
especially when the wind speeds are low. This is especially critical when

wind data are measured at the lower part of the meteorological tower where
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the wind speed tends to be slower and only supersonic anemcometer can give

accurate measurement of wind speed to as low as 0.01 m/s.

3.3 Comparison of the calculated average air concentrations and y

exposure rates when the calm condition is modified

When the calm condition is modified by changing the assumed wind speed
at calm condition from 0.5 m/s to 0.1 m/s, the calculated average air
concentrations and the ground lever external y exposure rates using the
supersonic wind data obtained at 40m stack height (i.e. 40m stack height
release) do not differ much from before (i.e. when cU = 0.5 m/s). Although
their values are slightly higher in almost all the 16 downwind directions,
they are not statistically different from those of CU = 0.5 m/s. This result
is of course due to the fact that the number of calm of the 40m height
supersonic wind data is small. Thus, in spite of the availability of
the accurate and precise low wind data obtained by supersonic anemometer,
the definition of calm (i.e. when u < 0.5 m/s, the frequency of wind
direction is assumed to be the same as in the case of wind speed of between
0.5 m/s and 2.0 m/s, and the mean wind speed cU is assumed to be 0.5 m/s) for
the statistical analysis is valid and requires no modification if the number
of occurrence of low wind speeds (< 0.5 m/s) is low. However, if the number
of occurrence of calm is large, the next section (Section 3.4) shows that a
more accurate and realistic estimation of the average ailr concentration due
to the normal operation of nuclear power plant can be obtained only if the
exact low wind speeds and exact wind directions are used in the ststistical

analysis of the sum of the inverse of wind speeds.

3.4 Average air concentrations calculated using 10 m wind data

To substantiate our earlier statement that the average air concentration
and the ground level external y exposure rates for normal nuclear power plant
operation are over—estimated when calculated using the propeller wind data,
we carried out further average air concentration estimation due to the
release of radionuclides at 10m stack height using the 10m heiht wind data.
Since the wind speeds at 10m height are much lower compared to those at 40m
height, a greater number of calm will cccur when measured using a propeller
anemometer. The greater number of calm (Table 2,9) obtained by the propeller
anemometer certainly has more prominent influence on the calculated average

air concentrations.
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The plots of the average air concentrations for the 16 directions at 1lkm
distance from the release point using the 2 sets wind data are shown in
Fig. 3.4. As expected, the average air concentrations calculated using
supersonic wind data for all the directions are lower than those calculated
using the propeller wind data. The more prominent decreases still cccur at
downwind directions SE, SSE, S, SSW and SW. Nonetheless, the magnitude of
the decrease is much greater as compared to the corresponding decreases
obtained using the 40m height wind data. The decrease in the
estimated average air concentration at downwind directions §, SE, SSE and
SSW are 72%, 647, 557% and 45% respectively. This larger difference is due to
the influence from the larger number of calm measured by the propeller
anemometer, subsequently yielding a larger sum of the inverse of wind speeds.
The influence of the larger number of calm can also be seen by the slight
shift of the curve of the propeller with respect to the curve of the
supersonic. This is because the frequency of the wind direction at calm
condition is assigned to be the frequency of wind direction with wind speed
from 0.5 m/s to 2 m/s. The larger number of calm from the propeller wind
data will affect to a certain extent the directional distribution of the
average air concentration estimated.

A comparison of the average air concentration estimated for the u <
0.5 m/s and u < 0.1 m/s calm conditions using the supersonic wind data at
10m height shows the difference that exists in all the directions being more
significant when compared to the difference obtained between the two calm
conditions for supersonic wind data at 40m height. The increase in the
estimated average air concentration for land region is especially
significant. The increase is due to the larger number of calm occuring
at 10m wind data. By changing the assumed wind speed of the calm condition
from 0.5 m/s to 0.1 m/s, the number of calm in the wind data will decrease
(Table 2.9). This causes the sum of the inverse of wind speed for the
latter calm condition where u < 0.1 m/s to be larger, thus yielding
higher estimated average air concentrations.

When compared to the estimated average air concentration obtained using
the propeller wind data, the values obtained for supersonic wind data with
u < 0,1 m/s calm condition are still very much lower. This is because wind
speeds with u < 0.5 m/s and 0.5 m/s < u < 1 m/s affect the estimated average
air concentration differently. Although all supersonic wind speeds with
values less than 0.5 m/s for the u < 0.1 m/s calm condition will now yield a

larger sum of the inverse of wind speed compared to the corresponding wind
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speeds of the propeller data (because the mean wind speed is now assumed to
be 0.1 m/s), those supersonic wind speeds with values 0.5 m/s < u < 1 m/s
will yield a smaller sum of the inverse of wind speeds compared to the
corresponding wind speeds of the propeller data (because our earlier
correlation study shows that all wind speeds < 1 m/s obtained by propeller
anemometer are approximately G.5 m/s less than those obtained by supersonic
anemometer). As the total number of calm at 10m height of the propeller data
is very much larger than that of the supersonic.data (column 8 and 9 of Table
2.9), it is clear that the majority of the wind speeds with value less than
0.5 m/s recorded by the propeller anemometer are actually greater than (.5
m/s. Thus the latter contribution (i.e. wind speeds with 0.5 m/s < u < 1 m/s)
to the sum of the inverse of wind speed has a greater effect in the estimated
average air concentrations. This explains why in spite of the fact that the
calm condition has been modified to u < 0.1 m/s for the supersonic wind data,
the average air concentrations obtained from the supersonic wind data are

still much lower compared to those obtained from the propeller wind data.

4. Analysis of atmospheric diffusion at the postulated accident

uging the propeller and supersonic wind data

In this section we investigate the effect of the propeller and super-
sonic wind data on the analysis of atmospheric diffusion at the postulated
accident.

The air concentration of radionuclides released for the dose calculation
at postulated accident is calculated using downwind concentration per unit
release multiplied by the total release during the accident. We consider
here only the short time release (1 hour effective release time), where by

3
the relative air concentration ¥/Q in h/m~ is given equation (15).

2
§_=_l— EXP{ _iz]exp{ _A_X] (15)
Q  3600mc <o _*u 20
v zZ Z

where A is the decay constant of the radionuclide while the others are the
same as difined in Section 3. The effective height H of the source is chosen
to be 30m for this exercise.

The relative concentration is calculated for every direction using the
hourly meteorclegical data and the effective release time, If there is no

lack in data, the total number in a year is 8760. The calculated values of
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speeds of the propeller data (because the mean wind speed is now assumed to
be 0.1 m/s), those supersonic wind speeds with values 0.5 m/s < u < 1 m/s
will yield a smaller sum of the inverse of wind speeds compared to the
corresponding wind speeds of the propeller data (because our earlier
correlation study shows that all wind speeds < 1 m/s obtained by propeller
anemometer are approximately 0.5 m/s less than those obtained by supersonic
anemometer). As the total number of calm at 10m height of the propeller data
is very much larger than that of the supersonic.data (column 8 and 9 of Table
2.9), it is clear that the majority of the wind speeds with value less than
0.5 m/s recorded by the propeller anemometer are actually greater than 0.5
m/s. Thus the latter contribution (i.e. wind speeds with 0.5 m/s < u < 1 m/s)
to the sum of the inverse of wind speed has a greater effect in the estimated
average air concentrations. This explains why in spite of the fact that the
calm condition has been modified to u < 0.1 m/s for the supersonic wind data,
the average air concentrations obtained from the supersonic wind data are

still much lower compared to those obtained from the propeller wind data.

4. Analysis of atmospheric diffusion at the postulated accident

using the propeller and supersonic wind data

In this section we investigate the effect of the propeller and super-
sonic wind data on the analysis of atmospheric diffusion at the postulated
accident.

The air concentration of radionuclides released for the dose calculation
at postulated accident is calculated using downwind concentration per unit
release multiplied by the total release during the accident. We consider
here only the short time release (1 hour effective release time), where by

3
the relative air concentration ¥/Q in h/m~ is given equation (15).

2
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where A is the decay constant of the radionuclide while the others are the
same as difined in Section 3. The effective height H of the source is chosen
to be 50m for this exercise.

The relative concentration is calculated for every direction using the
hourly meteorological data and the effective release time. TIf there is no

lack in data, the total number in a year is 8760. The calculated values of
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¥/Q including zero values, are arranged in the order from the smallest to the
largest. x/Q value that corresponds to 97 percentile of the annual accumu-
(1

lative frequency for every direction is picked . The maximum of these

picked values is used for the radiation dose calculation.

4,1 x/Q and D/Q values

Table 4.1 shows the ¥/Q values at the 97 percentile of the annual
accumulative frequency for all the 16 downwind directions. The distances for
each direction where the calculations were made are as given in Table 4.1,
These are the distances of the supervised area of JAERI Tokai site (with
the exception of downwind directions $SW, SW, NW and S which lie oufside
the supervised area) from NUCEF (Nuclear Fuel Cycle Safety Engineering
Research Facility) that yield the maximum x%/Q for each of the direction.

The source term of NUCEF is used in this example exercise, For the
propeller wind data, the maximum 97 percential value of x/Q is 2.568

E-9 h/m3 at wind speed of 2.4 m/s and atmospheric stability type B and it
occurs in downwind direction SW at a distance of 0.65km. For the supersonic
wind data, the maximum occur at direction WSW for both u < 0.5 m/s and

u < 0.1 m/s calm conditions. Their respective values are 2.351E-9 h/m3 and
2.312E-9 h/mS. These two values from the supersonic wind data are
approximately the same and they are both lower compared to the corresponding
value of the propeller wind data. These results are as expected because of
the higher wind speed and the different wind directions measured by the
supersonic anemometer. However, the difference between the supersonic and
propeller wind data do not show up significantly in the postulated accident
calculation owing to the inert method of choosing the maximum 97 percentils
value of ¥%/Q as recommended by the Japan Atomic Energy Satety Commission in
the 'Meteorological Guide For Safety Analysis of Nuclear Reactors'.

Table 4.2 shows the relative y exposure D/Q values at the 97 percentile
of the annual accumulative frequency for all the 16 downwind directions.

The distance of each direction where the calculations were made are the
distances of the supervised area from NUCEF that will yield maximum D/Q
value,

The maximum D/Q for both propeller and supersconic wind data cccurs at
the same direction, WSW. This is because D/Q calculation is not subjected
to the influence of wind direction so easily. Here again the maximum D/Q
for propeller data is insignificantly higher than those of the supersonic
(same for both u < 0.5 m/s and u < 0.1 m/s calm conditions), as in the case
of maximum x/Q.
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4,2 Adult thyroid exposure dose due to the iodine nuclides
A comparison of the adult thyroid exposure doses due to the postulated
accidental releases of iodine nuclides calculated using both sets of wind

data is made here. The iodine nuclides considered are 1311, 1321, 1331, 1341

1351. Table 4.3 shows the 97 percentile values of x/Q for the 16

and
directions calculated using propeller wind data and Table 4.4a and 4.4b show
the 97 percentile values of y¥/Q for the 16 directions calculated using super-
sonic wind data with u < 0.5 m/s and u < 0.1 m/s calm conditions respectively.
The distances of the 16 directions where calculations were made are the
distances of the supervised area (with the exception of downwind directions
SSW, SW, NW and S) from NUCEF that will give maximum x/Q for each of the
direction. Table 4.5 gives the amount of rare gases and iodine radionuclides
released for the postulated accident. The source term of the I, Xe and Kr
nuclides in Table 4.5 is estimated from the inventory of NUCEF. The dose
factors for the iodine radionuclides are from ICRP Publication 30. The
values at downwind direction WSW are used to calculate the adult thyroid
exposure dose. The adult thyroid exposure doses estimated from these iodine
radionuclides considering and not comsidering the decay of individual iodine
nuclide using the propeller wind data are 20.35 mrem and 21.43 mrem'respect—
ively (Table 4.6). TIn the case of supersonic, the estimated doses taking
into consideration the decay factor for u < 0.5 m/s and u < 0.1 m/s calm
conditions are 19.01 mrem and 18.99 mrem respectively. Their respective
doses without considering the decay of the individual radionuclide are 20,17
mrem and 19.84 mrem. The estimated doses without considering. the decay of
individual iodine nuclides are only slightly higher (= 5%) than those with
individual nuclide decay taken into consideration. Thus the decay factor of
the individual iodine nuclides has little effect on the estimated adult
thyroid exposure dose of the postulated accident. The dose estimated without
considering the decay of individual iodine nuclides being more conservative
and convenient to calculate is thus a valid and useful indication of the
adult thyroid exposure dose due to the postulated releases of iodine. The
doses estimated using the propeller wind data are also higher than those
using the supersonic wind data. Although the difference is not large and is
only about 6%, the doses estimated using the supersomic wind data are more
accurate and realistic because of the accurate low wind speeds and wind

directions used in the calculations. The inert method of choosing the

maximum 97 percentile value of ¥/Q is partly the reason why the difference in



JAERI-M 89-041

the doses estimated using the 2 different wind data being small. The meodifi-
cation of the assumed wind speed of the calm condition from CU = 0.5 m/s to
CU = 0.1 m/s has resulted almest no difference in the doses estimated. This
analysis thus shows that estimation of the adult thyroid exposure dose for
the pestulated accident basing on the contributions of individual iodine
nuclides without considering their decay factors and using the supersonic
wind data without modifying the assumed wind speed of the calm for

atmospheric dispersion is sufficiently accurate and valid.

4.3 External y whole body exposures due to the Xe and Kr nuclides
The external y whole body exposures due to the release of Xe and Kr
radionuclides in a postulated accident are calculated using the two sets of

wind data and considering the decay of each radionuclide. The Xe nuclides

131mXe, 133mXe, 133Xe 135Xe 137Xe 138Xe and 139Xe while

the Kr nuclides considered are 85mKr, 85Kr, 87Kr, 88Kr, 89Kr and 90Kr. The

considered are

> 3 3

amount that these nuclides are released in a postulated accident are as given
in Table 4.5,

The 97 percentile values of D/Q for the 16 downwind directions calcu-
lated using the propeller and supersonic wind data are given in Tables 4.7a
and 4.7b for Xe nuclides and Tables 4.8a and 4.8b for Kr nuclides respective-
ly. In the case of the supersonic wind data, only the 97 percentile wvalues
for u < 0.5 m/s calm condition is shown. This is because very little
difference is observed for the corresponding values obtained for u < 0.1 m/s
calm condition. The distances of the 16 downwind directions where D/Q
calculations are made are the distances of the supervised area from NUCEF
that will give maximum D/Q for each of the direction, The D/Q values at
downwind direction WSW are used to calculate the external vy whole body
exposures, The wvalues obtained for the Xe and Kr nuclides using the
supersonic wind data are 6,01 mrem and 5.74 mrem respectively (Table 4.9).
Their corresponding values calculated using the propeller wind data are 6,81
mrem and 6.36 mrem respectively. Thus the total y exposure doses due to
the release of Xe and Kr nuclides calculated using supersonic and propeller
wind data are 11.75 mrem and 13.17 mrem respectively. Here again, the
difference between the dose values calculated using the two different wind
data sets is not large (v 11%) owing to the inert method of choosing the
maximum 97 percentile values. Nonetheless, the values calculated using

the propeller wind data are as usual larger than those of the supersonic wind
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data. Thus, the external y whole body exposure calculated using propeller
wind data is more conservative, however the exposure value obtained using

the supersonic wind data is more accurate and realistic owing to the accurate
low wind speeds and wind directions measured by the supersonic anemometer and
used in the atmospheric dispersion analysis.

From the maximum D/Q values obtained (also in WSW direction) for rare
gases (not including iodine nuclides) in Table 4,2 and using a vy radiation
release of 1.12 x 104 MeV.Ci, we calculated the external y whole body exposure
due to the rare gases without considering the decay of each radionuclides.
The exposures calculated using the supersonic and propeller wind data are
23.51 mrem and 25.86 mrem respectively. Again, the propeller wind data gives
more conservative exposure although this value is not as accurate as that of
the supersonic wind data. Both the exposures due to the release of rare
gases are higher by a factor of two with respect to the expeosures calculated
basing on individual Xe and Kr nuclides with their decay taken into consid-
eration. This is because in the case of the rare gases calculation, no
decay factor is taken into account. Thus for a more accurate and realistic
estimation of the external v whole body exposure for the postulated accident,
the estimation should base on the contributions of individual radionuclides
with their decay factors considered and use the supersonic wind data for
atmospheric dispersion analysis. However, for fast, convenient and
conservative external vy whole body exposure estimation of the postulated
accident, calculation based on the releases of rare gases with no decay

considered is a better choice,.

5. Conclusions

The statistical analyses and comparisons of the wind data obtained by
the propeller and supersonic anememeters for the year of 1987 in Japan
Atomic Fnergy Research Institute, Tokai Establishment show relatively large
difference occurs in the wind speeds and direction measurements when the wind
speed is less than 1 m/s. For wind speeds less than 1 m/s, the propeller
readings are generally about 0.5 m/s less than those of the supersonic
readings. The number of calm recorded thus differ, with the supersonic wind
data having much less calm. These differences affect the annual percentage
frequency distribution of stability category, the sum of the inverse of wind

speed and the frequency distribution of wind direction that are used in
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data. Thus, the external y whole bedy exposure calculated using propeller
wind data is more comnservative, however the exposure value obtained usging

the supersonic wind data is more accurate and realistic owing to the accurate
low wind speeds and wind directicns measured by the supersonic anemometer and
used in the atmospheric dispersion analysis.

From the maximum D/Q values obtained (also in WSW direction) for rare
gases (not including iodine nuclides) in Table 4.2 and using a vy radiation
retease of 1.12 x 104 MeV.Ci, we calculated the external y whole body exposure
due to the rare gases without considering the decay of each radionuclides.
The exposures calculated using the supersonic and propeller wind data are
23.51 mrem and 25.86 mrem respectively. Again, the propeller wind data gives
more conservative exposure although this value is not as accurate as that of
the supersonic wind data. Both the exposures due to the release of rare
gages are higher by a factor of two with respeét to the exposures calculated
basing on individual Xe and Kr nuclides with their decay taken into consid-
eration. This is because in the case of the rare gases calculation, no
decay factor is taken into account., Thus for a more accurate and realistic
egtimation of the external v whole body exposure for the postulated accident,
the estimation should base on the contributions of individual radionuclides
with their decay factors considered and use the supersonic wind data for
atmospheric dispersion analysis. However, for fast, convenient and
conservative external v whole body exposure estimation of the postulated
accident, calculation based on the releases of rare gases with no decay

considered is a better choice.

5. Conclusions

The statistical analyses and comparisomns of the wind data obtained by
the propeller and supersonic anemometers for the year of 1987 in Japan
Atomic Energy Research Institute, Tokai Establishment show relatively large
difference occurs in the wind speeds and direction measurements when the wind
speed is less than 1 m/s. For wind speeds less than 1 m/s, the propeller
readings are generally about 0.5 m/s less than those of the supersonic
readings, The number of calm recorded thus differ, with the supersonic wind
data having much less calm. These differences affect the annual percentage
frequency distribution of stability category, the sum of the inverse of wind

speed and the frequency distribution of wind direction that are used in
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calculating the average air concentration and vy exposure rate due to the
radioactive releases for normal operation of nuclear power plant.

The average air concentrations and y exposure rates for most of the
directions calculated using the supersonic wind data at 40m height are
generally lower than those calculated using the propeller wind data. The
overall shapes of the curves plotted using the two different wind data are
similar if the number of calm is low. Both the average air concentrations
and the ground level external y exposure rates due to the radicactive cloud
are overestimated when calculated using the propeller wind data. When the
10m wind data obtained from the two different anemometer are used to
calculated the average air concentrations, the decrease in all the
directions of the supersonic case is more prominent. The maximum decrease at
S downwind direction is as high as 72%. This is due to the greater number of
low wind speeds that occurs at lower altitude and thus the larger influence
of calm from the propeller wind data. The influence of the larger number of
calm is also indicated by the slight shift between the two average air
concentration curves plotted. As supersonic anemometer can measure wind
speed to as low as 0.01 m/s, more realistic and accurate estimation of the
average air concentrations and exposure rates using supersonic wind data can
be resulted. The analysis also shows that if the number of calm is low,
the definition of the calm condition as given by the Japan Atomic Energy
Satety Commission for the statistical analysis of atmospheric dispersion
requires no modification. However if the number of occurrence of calm is
large, a more accurate and realistic estimation of the average air
concentration and ground level external v exposure rates due to the normal
operation of nuclear power plant can be obtained only if the actual low wind
speeds and wind directions are used in the statistical analysis of the
atmospheric dispersion.

When the two different sets of propeller and supersonic wind data are
used in the atmospheric diffusion analysis of postulated accident, the
estimated adult thyroid exposure doses due to the iodine nuclides do not
differ significantly. The dose obtained using the propeller wind data is
again slightly larger (about 6%) and more conservative. The decay of the
individual iodine nuclides has little effect on the estimated doses.
Changing the assumed mean wind speed of the calm condition to 0.1 m/s also
has resulted almost no difference in the doses estimated. The inert method
of choosing the maximum 97 percentile value of x%/Q is.partly the reason for

the small difference in all the doses estimated. The results show that the
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adult thyroid exposure dose of the postulated accident is sufficiently
accurate and valid when estimated basing on the contributions of individual
iodine nuclides without considering their decay and using the supersonic wind
data without having to modify the assumed mean wind speed of the calm.

Similarly, when the external v whole body exposures due to the Xe and Kr
nuclides are estimated using the two different sets of wind data, the
exposure. obtained using the propeller wind data is also larger (v 11%) and
more conservative than that of the supersonic wind data. The 97 percentile
values of D/Q obtained for u < 0.5 m/s and u < 0.1 m/s calm conditions are
almost the same. The estimated external y whole body exposure due to the
rare gases (mot including iodine nuclides) is higher by a factor of two when
compared to the exposure calculated basing on individual Xe and Kr nuclides
with their decay considered. Thus the analysis shows that a more accurate
and realistic estimation of the external vy whole body exposure for the postu-
lated accident should base on the contributions of individual radionuclides
with their decay considered and use the supersonic wind data for atmospheric
dispersion analysis. Bowever for fast, convenient and conservative esti-
mation, calculation based on the releases of rare gases with no decay
considered is a better choice.

The performance and routine usage of the supersonic anemometer in Japan
Atomic Energy Research Institute, Tokai Establishment for more than a year
has shown that the supersonic anemometer, under all conditions is highly
reliable, stable and capable of yielding accurate wind speed data especially
under low wind speed condition. Thus, supersonic instead of propeller wind
data are to be used in the statistical analysis of atmospheric dispersion and
dose estimation since supersonic anemometer can give accurate wind speed to

as low as 0.01 m/s.
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adult thyroid exposure dose of the postulated accident is sufficiently
accurate and valid when estimated basing on the contributions of individual
iodine nuclides without considering their decay and using the supersonic wind
data without having to modify the assumed mean wind speed of the calm.

Similarly, when the external y whole body exposures due to the Xe and Kr
nuclides are estimated using the two different sets cof wind data, the
exposure obtained using the propeller wind data is alse larger (v 11%) and
more conservative than that of the supersonic wind data, The 97 percentile
values of D/Q obtained for u < 0.5 m/s and u < 0.1 m/s calm conditions are
almost the same. The estimated external v whole body exposure due to the
rare gases (not including iodine nuclides) is higher by a factor of two when
compared to the exposure calculated basing on individual Xe and Kr nuclides
with their decay considered. Thus the analysis shows that a more accurate
and realistic estimation of the external v whole body exposure for the postu-
lated accident should base on the contributions of individual radionuclides
with their decay considered and use the supersonic wind data for atmospheric
dispersion analysis. However for fast, convenient and conservative esti-
mation, calculation based on the releases of rare gases with no decay
considered is a better choice,

The performance and routine usage of the supersonic anemometer in Japan
Atomic Energy Research Institute, Tokai Establishment for more than a year
has shown that the supersonic anemometer, under all conditions is highly
reliable, stable and capable of yielding accurate wind speed data especially
under low wind speed condition. Thus, supersonic instead of propeller wind
data are to be used in the statistical analysis of atmospheric dispersion and
dose estimation since supersonic anemometer can give accurate wind speed to

as low as 0.01 m/s.
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Table 4.1 Maximum 97 percentile %x/Q (h/m3) of the annual

accumulative frequency for the 16 downwind directions

Downwind ' Distance | Propeller | Supersonic | Supersonic .
v Direction | (km) f(u<0.5 m/s) (u<0.5 m/s) i (u<0.1 m/s) !
Tssw 0 0.87 ¢ 2.2208-9 ¢ 2.1858-9 i 2.185B-9
T sw . Tolss ' 2.568E-8 ¢ 2.264E-9 | 2.264E-9 |
" wsw 0 0.46  : 2.4986-9 | 2.351E-9 | 2.3128-3
W T To.69 ! 3.874E-12 : 1.681E-9 . 1.681E-9
e ooms . - - - I
w0 olse . i sisezE-1l ¢ 4.054E-11
w0 126 8.9aE-10 ¢ 1.072E-9  : 1.072E-9
N 178 4.737R-10 © 3.2808-10  2.6658-10
T Twws 0 0.0 1.2858-11 ¢ 1.927E-11  1.835E-11 |
N 0.38 | 6.5058-11 | 5.627E-11 | 5.378E-11
T TEwe ¢ 0.28  : 4.671E-25 ! 4.188E-25 | 4.3388-25
R " 0.25 : 1.5525-28 : 1.379E-28 | 1.379E-28 |
TEst ¢ 0.26 | 2.078E-12 | 1.801B-12 i 1.801E-1Z
TTes 0 0z i 1.2478-10 ¢ 4.674B-11 ¢ 4.674E-11
T Tsse 0 0.4 ! 1.4208-9 © 1.222B-9 ; 1.222E-9
s . 3.az ¢ 1.s7iE-s ¢ - A §
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Table 4.2 Maximum 97 percentile D/Q (urem/MeV.Ci) of the

annual accumulative frequency for the 16 downwind

directions

. Downwind ! Distance : Propeller | Supersonic | Supersomic !

Direction | {km) 1 {u<0.5 m/s) ! (u<0.5 m/s) ' (u<0.1 m/s)
TTssw 0 o851 1.701 i 1.e5a  :  1.654
sw . o0.56 ¢ z2.306 i 2.035  : 2.089
T wsw ¢ o046 @ z.311 ¢ 2.0 ¢ 2.101
W T o.es ¢ 1.166  1.a82 1 1.488
. www . o.78 : o0.588 i 0.544 ¢ 0.785 |
W 087 | o0.465 1 o0.711 i o0.782 |
w126 | o.722 :  o0.795 1 0.795
R 178 | o.3ss  :  o.zrs i o.222
T Tane 1 o.80 . o.748 1 0.737 i 0.747 |
e Tolss i ii7ss 0 1.eas . l.esz
T Tewe 1 o.28 : z.z88 i =z.220 ¢ 2.226
S . o.25 . z2.963 | 2.557 ' 2.581 |
. Ese© o0.26  3.es : z.965 i 2.965
. s " o.3z | 4.3l @ 2.967 i 2.967 |
T Tsse . osa : z.943 i =2.503 ¢ 2.543 |
s o.s5 i 1.e60 : o0.134 1 o0.128
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Table 4.5 Amount each nuclides released in a postulated

accident (in Ci)

: 8SmKy .84 x 10 j
. sskr  8s2x10-8 |
ek 34 x102 |
L sexe T zsox 102 g
v eeke 7 zeaxaios |
T eere T T s 0 |
' isiexe o s7sx ez |
. isemxe 7.76 x 10-2 ;
iesxe T iarxw ;
issexe 482 x 102 |
e |
Tlawye T 585 x 109 |
T laexe T T g x w0e }
laexe T T sla w102 |
T |
il T a0 w0 g
A |
T Tear T e 2
Tesr T 4.90 x 108 }

' v radiation (except ieodine nuclides) 1.12 x 10¢ (MeV.Ci)|
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Table 4.6 The adult thyroid exposure doses due to the release of
iodine nuclides with and without decay considered in a
postulated accident calculated using propeller and

supersonic wind data
{unit : mrem)

. Todine Nuclides | Propeller | Supersonic | Supersonic |
X Released : u<d.5 nm/s b u<0.5 m/s ' u<t.1 m/s :
I With decay ; 20.35 : 19.01 : 18.99

' Without decay 21.43 ' 20.17 ' 19.84 !
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Table 4.9 The external y whole body exposures due to the release
of Xe and Kr nuclides in a postulated accident

calculated using propeller and supersonic wind data

(unit : mrem)

' Type ' Xe : Kr : Total '
. Propeller : 6.36 - 6.81 : 13.17 :
: u<0.5 m/s ! ; ' '
: Supersonic ' 5.74 : 6.01 : 11.75 :
' u<0.5 m/s : : : i
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~

The vind speed obtained thraugh supersonic ancmometers
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The wind specd obtaincd through propcller. anememeters {(m/s)

The correlation between the 10m and 40m height hourly

average wind speed readings obtained by propeller

anemometers and the corresponding wind speed readings

obtained by supersonic anemometers.
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Supersonic (u< O fm/s )

d Il

L 1

1 1 1

L L L A 1
N  NNE NE EN E EBE SE SSE S SSW SW WSW W WNW NW NNW

Fig. 3.1 Average air concentration due to continuocus

releases of radionuclides at 40m stack height

calculated at 1 km distance for 16 directions.
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Fig. 3.2 Ground level external vy exposure rate D,g due to
continuous releases of radionuclides at 40m stack
height calculated at 1 km distance for 16 directions.

54

- ——~  Propalier
———  Supersonit u<0-5m/s;

' ~—— Supersonic u<Q-Im/s ;

mrem Ay

L L A 1 i L X L )

I i L 1
N MNE NE ENE E ESE 5[ S5 5 SSW SW WSW W WNW NW RNW

Fig. 3.3 Ground level external vy exposure rate Dy due to the
continuous releases of radionuclides at 40m stack
height calculated at 1 km distance for 16 directions.
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Fig. 3.4 Average air concentration due to continuous
releases of radienuclides at 10m stack height

calculated at 1 km distance for 16 directions.



