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Stratified sampling method of determining weather sequences is widely used in
Probabilistic Safety Assessment Level-3 calculations with an intention to predict the
complete spectrum of the accident consequences. Intensive calculations were performed
for every weather bin in order to get a general view of consequence variation in response to
the indices used in the weather bin categorization procedures. The results of this case study
demonstrated that there must be important factors, such as time-integrals of meteorological
parameters other than initial weather conditions, which might influence the consequences
for a given accident. Further improvement is needed for the choice of criteria for grouping
weather sequences in the stratified sampling scheme.

Keywords: Probabilistic Safety Assessment, Accident Consequence Assessment,

Meteorological Sampling scheme, Stratified Sampling
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1. INTRODUCTION

Probabilistic Safety Assessment was developed in the United Kingdom in 1960s for
nuclear power plant siting [1]. The first comprehensive application of PSA of postulated
nuclear accidents dates back to the Reactor Safety Study in 1975 [2]. The CRAC computer
code was developed as one part of this landmark study. Since then PSAs have become widely
utilized for the safety assessment of nuclear facilities and PSA computer codes have been
developed quite extensively [3]. For example, a number of modified versions of CRAC have
been developed in US, and the first version of the MACCS code was developed by the Sandia
National Laboratories in 1983 [4]. In Europe, the program UFOMOD was developed in 1979
by Kernforschungszentrum Karlsruhe [5], MARC developed by UK National Radiological
Protection Board (NRPB) in 1981 [6], CONDOR jointly developed by AEA Technology,
Berkeley Technology Center of Nuclear Electric and UK NRPB in 1993 [7], the COSYMA
system developed in the Commission of the European Communities during the late 1980’s [8].
In Japan, the program OSCAAR was developed by the Japan Atomic Energy Research Institute
[9]. These PSA codes are capable of depicting the full spectrum of the consequences resulting
from major nuclear accidents, by calculating the probabilities of events with potential public
health consequences and the magnitudes of these potential health consequences as well.
Therefore, PSA has been recognized as a systematic process and an important methodology in the

design and operation of nuclear power plants [10].

PSAs aim at the full distribution of major nuclear acctdent consequences, by computing
the probabilities of events with potential public health consequences and the magnitude of these
potential consequences. Ideally, calculations of atmospheric dispersion, food-chain transfer,
dose and health effects estimation should be conducted for every possible sequence of weather
conditions. Computer resources are not sufficient to accomplish this formidable task, and a
representative selection of weather sequences has to be utilized instead. The selection should be
made in such a way that the sequences chosen represent the complete range of all the possible
sequences and yield the full spectrum of the consequences of nuclear accidents.

The selection of weather sequences is the selection of starting time of sequences in a
meteorological data file. Two simple methods are random sampling and cyclic sampling. It is
obvious that these sampling schemes tend to collect the more common sequences frequently and
overlook the rare ones that can lead to most severe consequences. If such a rare sequence were

sampled, the probability distribution would be distorted. A more sophisticated method is
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stratified sampling. The intentions of it are to sort the weather sequences leading to comparable
consequences into groups or bins and then to provide a realistic representation of complete range
of the weather sequences without overlooking those kind of sequences that can be instrumental in

producing major consequence impacts [11].

Categorization of weather sequences is of critical importance in the stratified sampling
methods. There are different schemes for categorizing weather sequences [12]. Recent
experiences of running MACCS and COSYMA, two of the most well-known PSA codes,
demonstrated that cyclic sampling seemed to present results better than stratified sampling in the
case studies [13, 14]. These results suggest that further work on meteorological sampling would
be justified [15].

The objective of this work is to investigate the divergence of the consequences in each bin
and the variation of consequences for different bins. It is expected to get some insight for the
modification of stratified sampling methods with the extensive calculations and preliminary
analysis of the results.

2. CALCULATION CONDITIONS
2.1 [Initial assessment of the meteorological data

As is one part of this study, a simple FORTRAN program METBIN was developed for
weather sequence categorization to be performed exactly based upon the description of weather
bin and the correspondent algorithm in the model description of MACCS system [11].
METBIN was used as an auxiliary tool to group the weather sequences in this study. Table 1

shows the weather bin description used in this study.

METBIN grouped the full set of hourly weather data into two types: Wet and Dry. Dry
sequences were then divided into 16 bins based on their initial atmospheric stability class and
initial wind speed. Stability classes A and B were treated identically, and so were stability classes
Cand D. As shown in Table 1, the numbers of initial wind speed break points were one, five,

three and three for stability classes A/B, C/D, E and F, respectively.

Categorization of Wet sequences was based on the intensity of the first rainfall and the
spatial interval in which the plume segment ran into the first rainfall. As described in [4],

endpoints of the rain distance interval were 3.22, 5.63, 11.27, 20.92, 32.19 km, respectively, the
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three rain intensity breakpoints were set at 2, 4, 6 mm/hr, respectively. Therefore, wet

sequences were classified into 20 bins.

Eventually, a list of starting times of the weather sequences was obtained for each bin
when METBIN was operated with the meteorological data file provided by the MACCS system.

Table 1. Weather bin description in the stratified sampling

Bin Bin Description of Weather Sequences in the Bin
Number Notation
B0l B 3 Initial stability classes A and B, with initial wind speed = 3 m/s.
BO2 B 4 [Initial stability classes A and B, with initial wind speed > 3 mv/s.
B0O3 D 1 Initial stability classes C and D, with initial wind speed = 1 m/s.
B04 D 2 Initial stability classes C and D, with initial wind speed > 1 and = 2 m/s.
BOS5 D 3 Initial stability classes C and D, with initial wind speed >2 and = 3 m/s.
B06 D 4 Initial stability classes C and D, with initial wind speed >3 and = 5 m/s.
B0O7 D 5 Initial stability classes C and D, with initial wind speed >5 and = 7 m/s.
B08 D 6 Initial stability classes C and D, with initial wind speed > 7 m/s.
B09 E 1 Initial stability class E, with initial wind speed = | m/s.
B10 E 2 Initial stability class E, with initial wind speed > I and = 2 m/s.
Bl11 E 3 Initial stability class E, with initial wind speed >2 and = 3 m/s.
B12 E 4 Initial stability class E, with initial wind speed > 3 m/s.
BI3 F 1  Initial stability class F, with initial wind speed = 1 m/s.
B14 F 2  Initial stability class F, with initial wind speed > | and = 2 m/s.
B15 F 3 Initial stability class F, with initial wind speed >2 and = 3 m/s.
Bl16 F 4  Initial stability class F, with initial wind speed > 3 m/s.
B17 R1 3  First occurrence of rainfall of intensity = 2 mm/hr
in the interval = 3.22 km
B18 R1 6  First occurrence of rainfall of intensity = 2 mm/hr

in the interval > 3.22 and = 5.63 km

B19 R1 11 First occurrence of rainfall of intensity = 2 mm/hr
in the interval > 5.63 and = 11.27 km

B20 R1 21 First occurrence of rainfall of intensity = 2 mm/hr
in the interval > 11.27 and = 20.92 km



B21

B22

B23

B24

B25

B26

B27

B28

B29

B30

B31

B32

B33

B34

B35

B36

R1

R2

R2

R2

R2

R2

R3

R3

R4

R4

R4

R4

R4

32

21

32
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First occurrence of rainfall of intensity = 2 mm/hr

in the interval > 20.92 and = 32.19 km

First occurrence of rainfall of intensity > 2 and =
in the interval = 3.22 km

First occurrence of rainfall of intensity > 2 and
in the interval >3.22 and = 5.63 km

First occurrence of rainfall of intensity > 2 and
in the interval > 5.63 and = 11.27 km

First occurrence of rainfall of intensity > 2 and
in the interval > 11.27 and = 20.92 km

First occurrence of rainfall of intensity > 2 and
in the interval >20.92 and = 32.19 km

First occurrence of rainfall of intensity >4 and
in the interval = 3.22 km

IA

IA

IA

IA

IA

A

First occurrence of rainfall of intensity > 4 and
in the interval > 3.22 and = 5.63 km

First occurrence of rainfall of intensity >4 and
in the interval > 5.63 and = 11.27 km

First occurrence of rainfall of intensity > 4 and
in the interval > 11.27 and = 20.92 km

First occurrence of rainfall of intensity > 4 and
in the interval > 20.92 and = 32.19 km

First occurrence of rainfall of intensity > 6 mm/hr
in the interval = 3.22 km

IA

IA

IA

First occurrence of rainfall of intensity > 6 mm/hr
in the interval >3.22 and = 5.63 km

First occurrence of rainfall of intensity > 6 mm/hr
in the interval > 5.63 and = 11.27 km

First occurrence of rainfall of intensity > 6 mm/hr
in the interval > 11.27 and = 20.92 km

First occurrence of rainfall of intensity > 6 mm/hr
in the interval >20.92 and = 32.19 km

4 mm/hr

4 mm/hr

4 mmv/hr

4 mm/hr

4 mm/hr

6 mm/hr

6 mmv/hr

6 mm/hr

6 mm/hr

6 mm/hr
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2.2 Modification and operation of the MACCS code

Version 1.5.11.1 of MACCS was used for this study after it was modified in the
environment of DIGITAL VISUAL FORTRAN. The modifications were mainly limited in /O
statements and some SAVE statements. An alteration of an operand was made in one IF
statement for the classification of weather sequences in order to keep complete consistence with
the model description in [4] and [10].  After its successful implementation in the Digital Visual

Fortran environment, the MACCS code was run massively using a batch file.

Because some bins have a large number of sequences, it would be impractical and
unnecessary to make a trial for every sequence. Trial numbers were determined for the weather
bin in such a way that the calculation results could be representative of the ranges of the
consequences in the bins and total number of trials be kept as small as possible. 100 sequences
were seasonally sampled from the major bins that had several hundreds of members. All the
sequences were sampled from the minor bins that had about or less than 100 hundreds members.
About 900 hundreds of trials were conducted. The calculation results were transferred to
Microsoft Excel for further analysis.

2.3 Preparation of the input files

The source term data, geographic data and meteorological data provided with the
distribution of the MACCS code was utilized in this study. The meteorological data and site
data files were used for the Surry plant in US. The main characteristics of the source terms were
given in Table 2. The choice of atmospheric dispersion model was wind-shift without rotation.
Hence each plume segment in the release traveled in the direction that the wind was blowing at
the time that its representative time point leaves the reactor, no rotation of shift pattern was
performed, and each weather trial yielded one set of results. This choice is believed to produce

a more realistic estimation of the consequences.

Table 2. Characteristics of the source terms used

Item Value
Time before release 3700 sec
Duration of release 1800 sec
Warning time 1300 sec
Release height Om
Energy content of release 3.7TMW
Reference inventory 2440 MW (th)
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Chemical
group

Release 15 068 064 017 00042 00023 000016 00004 0.0063
fractions

Xe | Cs Te Sr Ru La Ce Ba

The input files were prepared for each trial by replacing related starting date and hour.

3. RESULTS AND DISCUSSIONS
3.1 Weather bin classification

The calculations for this study consist of two steps. Firstly, initial assessment of the
meteorological data was carried out using the METBIN program, weather bin number being
assigned to each starting time. Secondly, the MACSS code was run after the input files were

prepared.

The weather sequences were categorized into 36 bins. The number of sequences in the

bins are given in Table 3.

Table 3. Weather bin classification results calculated using the example
meteorological data of MACCS.

Weather Bin 01 02 03 04 05 06 07 08 09
Number of sequences | 957 946 86 572 544 658 145 11 148

Weather Bin 10 11 12 13 14 15 18 17 18

Number of sequences | 668 758 599 774 759 145 12 352 41

Weather Bin 19 20 21 22 23 24 25 26 27

Number of sequences | 103 132 127 74 3 16 24 27 17

Weather Bin 28 29 30 31 32 33 34 35 36

Number of sequences | O 3 5 7 19 1 5 14 8
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It can be seen, for the conditions studied, that the number of sequences is distributed quite
unevenly. Some bins such as BinOl, Bin02 and Binl3 have sequences more than seven
hundreds, while others such as Bin23, Bin28 and Bin33 only have a few sequences or even null.
The major 9 bins sum to 6476 sequences, about 74% of the total number. However, the minor 9
bins sum to 32 sequences, about 0.37% of the total. Provided the sequences yield diverse
consequences, the sharp changes of sequence number from bin to bin might be a cause of

uncertainty if an identical number of sequences were to be sampled from every bin.
3.2 Consequence calculations

Consequence calculations were performed for every weather bin. Three important
indicators of radiological consequences resulting from major nuclear accidents were considered
in this study:

(1) Early fatality within 1601 km (EF1k);
(2) Latent cancer mortality within 16 km (LC10);
(3) Latent cancer mortality within 1601 km (LCI1k).

The calculation results for every bin are given in Figure | through Figure 24.
3.2.1 Dry weather bins
(1) BinO1 and Bin02

BinO1 and Bin02 are composed of weather sequences with atmospheric stability class
being A or B. It is shown in Figure 1 that EFlk estimation results of BinO1 vary from 0 to 20
cases, LC10 estimation results spread about two orders of magnitude, LC1k within a factor of
about 40. Bin02 has similar results as shown in Figure 1. It can be seen by comparing Figure
1 and Figure 2 that the number of non-zero early fatality decreases remarkably when initial wind
speed increases under stability classes A and B.

(2) Bin03 through Bin08

These Bins consist of weather sequences of which the initial atmospheric stability class is

CorD. The initial wind speed increases of the bin as the bin number upgrades.

As shown in Figures 3 through 8, the span of EFlk becomes several hundreds cases;

LC10 scatters in the range of 10 to 6000 cases; and LC1k changes dramatically from sequences
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to sequence, covering three orders of magnitude. The initial wind speed of the weather

sequences does not evidently show any impact on those consequence indicators.
(3) Bin09 through Binl2

The calculation results for these weather bins that belong to atmospheric stability class E
are shown in Figures 9 through 12. The estimation results of EFlk vary from O to several
hundreds, and the portion of zero EF1k in Bin09 is apparently greater than that in the other bins.

The estimation results of LC10 and LC1k scatter in the range of three orders of magnitude.
(4) Bin13 through Binl6

This group of bins is related to the most stable initial atmospheric stability class F and the
calculation results are shown in Figure 13 through 16. Binl3 has some sequences of none early
fatality, while others do not. The majority of EFlk values of the four bins falls in the range of 1
to100 cases, the highest being up to 600 cases. The values of LC10 and LC1k cover about three
orders of magnitude with Binl6 as an exception. The distributions of LC10 and LC1k in Binl6
seem not so diverse as those of the 3 others in this group. The small specimen number may
possibly be one of the reasons.

3.2.2 Wet weather bins
(1) Bin17 through Bin21

The calculation results of EF1k, LC10 and LClk for Bins 17 through 21 are shown in
Figures 17 through 21, respectively. These bins cover the wet weather sequences with the first
precipitation intensity less than 2 mm/hr.  All of them have a few sequences that result in high
values of EF1k, for example over 400 cases. The values of LC10 vary from tens to thousands;
while the values of LC1k vary in the range of thousands to tens of thousand.

According to the wet bin classification algorithm, the spatial interval where the plume
segment reaches the first rainfall becomes further when the bin number increases. The influence

of spatial interval is not remarkable on the consequence indicators chosen in this study.
(2) Bin22 through Bin26

The weather bins in this group are related to the intensity of the first rainfall between 2

and 4 mm/hr.  The estimation results for them are shown in Figures 22 through 23, respectively.
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The calculation results of EF1k for the four bins are below 100 cases except one sequence in
Bin22, which is slightly greater than 100 cases. LC10 spreads in the range of 20 to 2,000 cases,
varying within a factor of 100. The estimation results of LC1k change from 1,000 to about
500,000 cases, within a factor of 500. It seems that there is no striking influence of the spatial

interval on the consequence indicators.
(3) Bin27 through Bin31

The total number of weather sequences in this group of bins is only 33, and there is no
weather sequence in Bin28 for the conditions studied. Therefore, it is quite difficult to make
any sound conclusions for these bins, which are related to rain intensity ranging from 4 to 6
mm/hr. By having compared with the results for the bins related to rain intensity of 2 to
4mm/hr, one might notice that the portion of LC1k greater than lQ,OOO cases increased with rain
intensity. However, the calculation results EFlk and LCI0 do not show any notable change

whe. the intensity of the first rainfall increased.
(4) Bin32 through Bin36

Bin32, Bin33, Bin34, Bin35 and Bin36 are related to “heavy rain”, the first rainfall being
heavier than 6 mm/hr. These bins are also minor ones, and Bin33 only has 1 weather sequence.
The spatial intervals become further away from the release point when the bin number increases
according to the bin descriptions for these bins. It can be seen from Figure 24 that the further
the plume segment met the first rainfall the less the EF1k. Compared to the results of bins of
lighter rainfall, the portion of LC10 higher than 100 cases diminishes remarkably. The inter-bin

change of LCI1k is not notable within this group, and nor does the inter-group variation.
3.3 Variations of some statistical parameters
3.3.1 Variation of the bin average

The variation of the averages of the three consequence indicators is shown in Figure 25
for every bin. The bin average of EFlk varies more remarkable than the ones of LC10 and
LClk. Three marked characteristics of the bin average EFlk can be seen from this figure.
Firstly, the EFlk becomes greater for dry sequence bins when the atmospheric stability class
upgrades from A and B toward F. The higher air concentration at more stable atmospheric
condition may be one important reason for this. Secondly, the EFlk is curtailed when the

distance at which the plume segment meet the first rainfall becomes further away from the release
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point, especially in the case of heavy rains. Since the air concentration decreases rapidly when
the plume moves, the chance will diminish for wet deposition to result in individual doses high
enough to cause early fatality. Thirdly, the increase of rain intensity and the reduction of bin
average of EFlk concurred for the wet weather bins. This seems quite strange. However, if
we look into the meteorological file, it is easy to find that heavy rain were almost always
coincident with strong wind which diluted the radioactive materials released to the atmosphere
effectively and reduce the chance of high ground level air concentration. The occurrence
probability and magnitude of early fatality is apt to be diminished by this coincidence. It should
be pointed out that the bin average of EFlk did not change remarkably from Bin05 to Bin31.
Hence, the weather bin categorization scheme should be modified in such a way that weather bins

have notable different consequences.

The bin average of LCIO in dry conditions does not fluctuate so roughly as the bin
average of EFlk does. It should be noticed that the numbers of weather sequences are small for
most of the wet bins so the average values of LC10 or EF1k have relatively large uncertainties in
these bins. The relatively weak fluctuation of the average LCIO illustrates that some
environment factors other than initial wind speed and stability class should be taken into account

in the bin classification schemes.

It 1s also illustrated in Figure 25 that the average of LClk does not vary remarkably
except at Bin08 and Binl7. However, the contribution of wet deposition to LC1k can be seen
easily. If relatively sharp differences of LCl1k are expecting to take place, such indices as initial
wind speed, initial stability class and intensity of first rainfall should perhaps be replaced by

time- integrals of those variables.
3.3.2 Variation of the maximum

It is shown in Figure 26 that the maximum of EF1k fluctuates more violently than those
of LC10 and LC1k. Actually, accident consequence is a concept of multiple attribute features.

We can not expect that all the attributes vary in perfect harmony.

The peak of bin maximum EFIk is located in Binl3. Therefore, more attention should
be given to extremely stable atmospheric conditions with low wind speed, so that a complete

spectrum of the accident consequence could be acquired.

3.3.3 Variation of the median
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The variation of the median values of EF1k, LC10 and Lclk are illustrated in Figure 27.
The ranges of LC10 and LClk median values are even narrower than ranges of the average

values.
3.3.4 Variation of the minimum

It is shown in Figure 28 that only weather bin has its minimum EF1k value higher than 1,
where the number of weather bin is one. The minimum values of LC10 and LClk do not
change remarkably. However, the contribution of wet deposition to LClk can be seen from
Bin17 through Bin36.

3.3.5 Variation of the percentiles

The calculation results of the 90 percentiles of EF1k, LC10 and LC1k are shown in Figure
29. Two peaks of EFlk can be seen at Binl3 and Binl7. The first one is related to extremely
stable atmospheric condition and low wind speed. The second peak resulted partly from wet
deposition in the vicinity of the postulated release point. It should be noticed that heavier rain
does not mean higher EF1k. In dry bins, the LC10 and LC1k varied synchronously.

Figure 30 and Figure 31 show the calculation results for the 95 and 99 percentiles of EF 1k,
LC10 and LCIk, respectively. The variation of 95 and 99 percentiles are similar to those of the
90 percentiles. It should be pointed out that the 99 percentiles are not valid for some minor

weather bins due to their members being too few.
3.3.6 Band width of different consequences

The maximum and minimum values of EFlk are shown together in Figure 32. It is
obvious that the bands of EF1k of the bins are overlapped. This is completely not what was
expected for the weather bin categorization scheme. The consequence of bin covers those of all
the others. The widest band of EFI1k is located at Bin14, which has 759 weather sequences. If
a few sequences are sampled randomly from this bin, the rare case leading to the most severe

consequences will normally be overlooked.

The band variation of LC10 and LClk are shown in Figures 33 and 34, respectively.
Band overlapping occurs for both LC10 and Lclk as well. For example, the band of LCIk is
widest at Bin06 and covers the range of LC1k for all the other bins.
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4. CONCLUSIONS

code.

Intensive calculations were made using the specific conditions provided by the MACSS

Therefore, this work is a case study and the results and remarks presented in this paper

are related to these specific conditions. Calculations for other sites or other conditions are apt to

produce various results and lead to some different conclusions. It is possible, however, to

include general findings about other accidents and other sites by reference to the results presented

here.

(D

)

3)

4

(3

(6)

The conclusions based on the calculations of this work are given below:

The sensitivities of different radiological consequences to the changes of weather bins are
noticeably large. The adoption or construction of a sampling scheme must be tailored to
the consequence of uppermost importance in the study being conducted.

For a given initial wind speed in dry weather bins, early fatality is liable to increase

synchronously with the initial atmospheric stability class.

For a given initial stability class, early fatality has a tendency of decline when initial wind
speed upgrades. Atmospheric stability class should be one factor to be considered with

other factors in adopting a sampling scheme.

Early fatality is not necessarily proportional to the precipitation intensity. Heavy rain
conditions caused higher contamination of the ground, on the other hand they were
usually associated with strong winds that diluted the radioactive materials released to the

atmosphere effectively.

The bands of radiological consequences at one bin can be wide enough to cover those of
all the others. In this work, the widest band is located at Binl4, which has 759
sequences. If a few sequences were randomly sampled from that bin, it would be more
probable to overlook the rare adverse conditions than cyclic or random sampling method
does.

Early health effects are determined by absorbed doses received in a relative short period
of time. Weather conditions are always changing, so time-integrals of meteorological
parameters such as wind speed and atmospheric stability should be used instead of the

initial ones.
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(7 The wide spread of radiological consequences possibly demonstrates that population
distribution should be taken into account in the procedures of categorization of weather

sequences.
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Figure 1. The variation of health effect estimation in BINO1. 100 weather sequences were
seasonally sampled from the 957 weather sequences in BINO1.
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Figure 2. The variation of health effect estimation in BINO2. 100 weather sequences were
seasonally sampled from the 946 weather sequences in BINO2.
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Figure 3. The variation of health effect estimation in BINO3. 86 weather sequences were
seasonally sampled from the 86 weather sequences in BINO3.
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Figure 5. The variation of health effect estimation in BINO5. 100 weather sequences were
seasonally sampled from the 544 weather sequences in BINOS.
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Figure 6. The variation of health effect estimation in BINO6. 100 weather sequences were
seasonally sampled from the 658 weather sequences in BINO6.
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Figure 7. The variation of health effect estimation in BINO7. 145 weather sequences were
seasonally sampled from the 145 weather sequences in BINO7.
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Figure 8. The variation of health effect estimation in BINO8. 11 weather sequences were
seasonally sampled from the 11 weather sequences in BINO8.
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Figure 9. The variation of health effect estimation in BINO9. 148 weather sequences were
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Figure 10. The variation of health effect estimation in BIN10. 100 weather sequences were
seasonally sampled from the 668 weather sequences in BIN10.
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Figure 11. The variation of health effect estimation in BIN11. 100 weather sequences were
seasonally sampled from the 758 weather sequences in BIN11.
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Figure 12. The variation of health effect estimation in BIN12. 100 weather sequences were
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seasonally sampled from the 599 weather sequences in BIN12.
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Figure 14. The variation of health effect estimation in BIN14. 100 weather sequences were
seasonally sampled from the 759 weather sequences in BIN14.
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Figure 15. The variation of health effect estimation in BIN15. 100 weather sequences were
seasonally sampled from the 145 weather sequences in BIN15.
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Figure 16. The variation of health effect estimation in BIN16. 12 weather sequences were
seasonally sampled from the 12 weather sequences in BIN16.
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Figure 18. The variation of health effect estimation in BIN18. 40 weather sequences were
seasonally sampled from the 40 weather sequences in BIN18.
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Figure 19. The variation of health effect estimation in BIN19. 100 weather sequences were
seasonally sampled from the 103 weather sequences in BIN19.
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Figure 21. The variation of health effect estimation in BIN21. 120 weather sequences were
seasonally sampled from the 127 weather sequences in BIN21.
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Figure 22. The variation of health effect estimation in BIN22, BIN23 and BIN24. 74, 3 and 16
weather sequences were completely sampled from BIN22, BIN23 and BIN24, respectively.
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Figure 23. The variation of health effect estimation in BIN25, BIN26, BIN27, BIN29 and
BIN30. 24, 27, 17, 3 and 5 weather sequences were completely sampled from BIN25, BIN26,

BIN27, BIN29 and BIN30, respectively.




JAERI-Tech 2001-054

; BIN3S

BIN34

L. .
™ : : : : :
™ : : : : :

z . N 2 N . . N
= : . : : :

m . . . . . ,
. L SO SO OV OO SO N
. : R : :

N . : : :
o~ N H . ' . 2
o : : : : :
2 %, P
o : » : : :
: : e o w :
: . : ' : L
: : : .
¢ L .

U RS, SO PP RO SOOI, SO PPN
-~ . . -
) : :

-2 P ' .

= LM : : : :

o * y . N
0 -. ¢ . .

NTEITEE TR THTPW T OR A TIT. NE TR TR T
¥ T T T T T T

1.E+03

1.E+02

1.E+01

1.E+00
1.E-01
1.E-02

sased ‘Ayjeley Ape3

1.E-03

1.E-04

1.E-05

110

100

20 30 40

10

BIN35

BIN32

-

s

*e

}
o
o

+
w
-

1.E+03

$3SBD ‘WG| UM JSDUED [BJe

1.E+01

110

100

60 70 80

50

20 30

10

BIN31

S D S U PR RPNy PP RPN

*

HITENITENTRL R YU I TR R R

© : : :
o . N '
z : . . :
= L : r
m . * “ : .
: .. '
: o '
o : ., ¢ .
P : S : L
z S 4 : :
- N 00 N .
o . ¢ .
' . L \
: o * :
: o : L
<+ : : :
@ : : :
z : R : r
o : : . :

.................. LI WL U
™ : : ' r
) : : :
zZ . * . .
= : m m

.................. U, SRR PP SRR 3

*, : :
' (3 . .
o ¢ . . . b
[} 3 H :
z : P :
= *e :
[a4]

1.E+06

t
)
o

+
w
-

1.E+05 A
1.E+04 A

SSED ‘W 09| UIYIM 18DUED [eje

1.E+02

110

100

60 70 80

50

20 30

10

Trial Number

Figure 24. The variation of health effect estimation in BIN31, BIN32, BIN33, BIN34, BIN35
and BIN36. 7, 19, 1, 5, 14 and 5 weather sequences were completely sampled from BIN31

through BIN36, respectively.
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Variation of Radiological Consequences under Various Weather Conditions




