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ABSTRACT

The authors have kept on evaluating the adaptability of INTERTRANZ to various transports such as
planned LLW transport. This report discusses the way to eva uate fluctuation properties of transport
risk caused by tempord and spatid fluctuations of some variablesin INTERTRANZ2.

INTRODUCTION

A method to evauate the fluctuation of transport risk with INTERTRANZ2 was proposed. It is
necessary to reved the fluctuation of transport risk, because some input variables of INTERTRAN2
have tempora or spatid distributions. The proposed method to evauate fluctuationsis composed of
3 gteps. Fird, some of time or space dependent variables which have rdatively large effects on
caculated risk were sdlected according to a preceding sensitivity study, and their probability
distributions were determined by their satistical characteristics or by engineering judgments. Next
the combinations of input values for each variable were prepared by Latin Hypercube Sampling
method, and findly the risk accompanying with radioactive materia transports was cdculated with
these combinations by INTERTRANZ program and fluctuations of the risk were evaluated.

A case study was made for one of actua radioactive materid transportsin Japan and apoint in
Tokyo metropolitan highway on the transportation route was focused on in an additiona study. Dose
risk was caculated in 500 sampled cases for Sx variables, and fluctuations of caculated results were
andyzed with more comprehensible indicators to show their deviation such asratio between
maximum and minimum vaues and so on.

In the additiond study, directiond risk distributions were evauated a 16 compass directions of a
selected point on the urban highway with the directiond digtributions of population dengty, wind
gpeed and rainfdl. The ratio between maximum and minmum vaues of cumulative doses among 16
directions was eva uated to be relaively big because of non-uniform digtribution of the population
and directiond dependency of the weather conditions. It might be suggested that safety measures
should be prepared for possible accident conditions that cause higher risk aswell as average
conditions, and the proposed method in this sudy will help the consderation.

THE EVALUATION METHOD CONSIDERING VARIABLESFLUCTUATION

The proposed eva uation method is constructed by following procedures. The outlines of procedures
areshown in Figure-1.

1/8



Prepar ation of database
Definition of trangport condition

>

Sdection of &ariables
To condder t|v'»e'r fluctuation

Probability

Definition of
probability distribution
of the variables

Didribution of variable X

Value
L 4

LHS sampling A
Classifications of distribution density - Example of

= 5 classifications

4 3 with equal density

Combinations of each varigble ‘§

a

N time samplings and &traction of values

Input datasets for INTERTRANZ

Doserisk calculation
N time Dose caculations with INTERTRAN2
in incident-free mode and accident mode

Frequency or probability ditribution
of dose risk i

Evauation of digribution property

>

Frequency or
probability

Dosedistribution

Dose

Figure—1, Outlines of procedures

2/8




The evaluation method

When executing a caculation of INTERTRANZ, the user sdlect and input fixed vauesin each
variable of the code. Consdering each variable, most of them origindly have tempora or spatia
digribution. Thus, the evauation method considering fluctuation of input variables will be hepful

for discussing trangport risk as output of INTERTRANZ2.

(2) Preparation of database

Asthefira step, variables are to tempord digtribution variables and spatid distribution varigbles
except proper nouns and flag sdlection inputs. From the redlistic agpect, some variables that should
be discussed in this study are sdlected to produce probability distribution of them. The variables
supported from alot of stochastic data are desirable in this salection, because aredigtic probability
digtribution based on gatigtics yields more exact result than imaginary uniform or normal
digribution.

At the beginning of procedures, atransport route and a packaging are decided for a case study.
Deciding these items, some variables, e.g. population, traffic and meteorologica condition, are
provided from the governmenta stochastic. After concerning various data or information, which
might be useful for INTERTRANZ cdculation, some variables are selected as targets by users
engineering judgment or their experiences. Then, probability distributions of these sdected variables
are produced and defined by stochadtic trestment. The first chart in Figure-1 shows an example of
probability digtribution and the integral vaue of digtribution function should be 1.0 in naturd. If a
user selects m variables, m probability distributions are consequently required to congtruct the m
dimensona space matrix.

(2) LHS sampling

The second chart shows an example that the probability distribution is divided to 5 segments of 0.2
congdering to equd dengty. After defining m probability distributions, the combination composed
of m variable set is made by giving atention to avoid the same set in m dimensiond space matrix. In
LHS sampling, sampling number N is product of classification number and frequency in each
segment. Thus, N datasets with m dimensiona space matrix are prepared for INTERTRANZ2
cdculation.

(3) Doserisk caculation

Since the probahility of trangport in incident-free mode is regarded as 1.0, N time dose risk
caculations with INTERTRAN2Z are both executed in incident-free mode and accident mode. By
processing the results stochastically, the frequency distribution according to dose risk is acquired and
the probability digtribution is dso acquired by normdization. The method and measure to evauate
the digtribution figure is described in the following chapter.

Extraction of variablesto be discussed

Variables to be discussed are extracted by preliminary evauation of sengtivity and spatid or

tempora properties for main valuables. After this evaluation, Sx vauables, i.e. population density,

traffic dengty, traffic speed, accident rate, rainfal and wind speed are extracted by considering to

sensitivity and stochastic arrangements. Although the stochastic arrangements are discontinuous data,
they are classfied and processed to uniform probability dengty in each classfication for the

following random sampling.

A case study of fresh fuel transport
(1) The premises of case study
Congdering to universality of INTERTRANZ for Japanese RAM transport, a representative route
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and package of fresh fud was carefully selected for the case study. The trangport rout is mainly
congtructed by 370km expressway and Metropolitan highway, and is aso constructed by 10km
highway both ends of trangport route. The target section was limited to 9.5km Metropolitan highway,
because the development of evauation method has priority over the whole route evauation in this
study. Fresh fuel was assumed to the objective package and surface radiation rate was assumed to be
100 micro Sv per hour. Conventiona open-deck truck operated by two drivers was assumed to the
transport truck, and it can load sx BWR fresh fuel packages. The distance between a cockpit and the
center of package was assumed to be 5.0m by referring to the vehicle drawings.

(2) Doserisk evauation terms

Inincident-free mode, “CREW”, “OFF LINK”, “ON LINK” and “STOPS’ were calculated because
of land trangport. In accident mode, “GROUND”, “INHALED”, *RESUSPED”

were calculated. “INGESTION” is not available because of program setting.

(3) Doserisks in incident-free mode

The results of incident-free mode are shown in Table—1. According to the table it is revealed that

dose of “CREW” and “ON LINK” are dominant in this case. The Structure of Metropolitan highway
ismainly congtructed continuous eevated bridges so that alot of office workers and few inhabitants
are separated and shidded from traffic lanes of highway.

Dose of “CREW” has smdler variance than “ON LINK” and “OFF LINK”, because it is considered
to be the function of vehicle speed and its distribution concentratesin 70 to 90 km/hour segments.
Dose of “ON LINK” has larger variance than other three doses, because it is considered to be the
function of population density and vehicle speed, and the former has large variance.

Table-1, Doserisksin incident-free mode

OFF ON TOT.
SAMPLE CREW LINK LINK STOPS TOTALS | jiea
MEAN 10 575E-03 | 133E-03 | 149E-04 | 866E-04 | 8I0E03 | ***
50 58IE-03 | 166E-03 | 28304 | 866E-04 | 862E038 | ***
100 580E-03 | 175E-03 | 385E-04 | 866E-04 | 88IE-03 | ***
500 5B0E-03 | 186E-03 | 297E-04 | 866E-04 | 882E03 | ***
AVERAGE
CONDITION | 569E-03 | 563E-04 | 856E-05 | 866E-04 | 7.20E-03 | ***
STANDARD | 10 249E-04 | 1O4E-03 | 214E04 | *** 966E-04 | 012
DEVIATION [ 50 43E-04 | 188E-03 | 721E04 | *** 251E-038 | 029
100 422E04 | 186E-03 | 152E-03 | *** 344E-03 | 039
500 418E-04 | 267E-03 | 994E-04 | *** 365E-08 | 041
MINIMUM | 10 562E-03 | 885E-05 | 287E-05 | 866E-04 | 68%E-03 | 0.86
50 562E-03 | 246E-05 | 225606 | 866E-04 | 655E-03 | 076
100 56IE-03 | 399E-05 | 227E-05 | 866E-04 | 664E03 | 075
500 56IE-03 | 406E-07 | 191E-05 | 866E-04 | 655E-08 | 074
MAXIMUM | 10 6ATE-03 | 317E-03 | 7.7/E04 | 866E-04 | 969E-03 | 120
50 760E-03 | 116E-02 | 440E-03 | 866E-04 | 200E02 | 2.34
100 775608 | 107E-02 | 133E-02 | 866E-04 | 327E-02 | 371
500 786E-03 | 284E-02 | 155E-02 | 866E-04 | 40E-02 | 464

1) N times sampling yidds N times MEAN, STANDARD DEVIATION, MINIMUM and
MAXIMUM onrank N. N means 10, 50, 100 and 500 time samplings respectively.

2) AVERAGE CONDITION is caculated by the average vaues for each variable.

3) Unit in person-mSy.
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(4) Doserisks in accident mode

The results of accident mode are shown in Table-2. According to the table, it is revealed that dose
risk of “RESUSPED” isdominant. A haf-life period of re-suspension for deposited nuclides was
assumed one year conservatively. Thus, “RESUSPED” tendsto yield larger dose risk.

Table-2, Dose risks in accident mode

SAMPLE GROUND | INHALED | RESUSPED | cLoupst | TOTAL | rOT
MEAN 10 A86E18 | BO/E16 | 36/E15 | A0ME24 | 4A0E15 | ***
50 AME18 | 739616 | 33615 | 370E24 | A1IEI5 | ***
100 A26E08 | 700E16 | 328515 | 354E24 | 394EI5 | ***
500 415618 | 691E16 | 314E15 | 34524 | 384E15 | ***
ooy | 173E18 | 288216 | 131E15 | 144824 | 160E15 | **+
STANDARD | 10 55518 | OZE-16 | 419615 | 462624 | 513515 | 114
DEVIATION | 50 580E18 | 07916 | 44E15 | 490E24 | 545615 | 133
100 55/E18 | 02/E16 | 42515 | 46324 | 515615 | 131
500 577/E-18 | 963616 | 43815 | 481E-24 | 53615 | 139
MINIMUM | 10 418520 | 6WE18 | 318517 | 349E26 | 38817 | 001
50 79E20 | 13517 | 60IE17 | 660826 | 73417 | 002
100 53E20 | 8918 | 409E-17 | 44926 | 499E17 | 001
500 33620 | 552619 | 251E18 | 276827 | 307618 | O
MAXIMUM | 10 180E17 | 30515 | 130E14 | 153628 | L70E14 | 379
50 265617 | 440615 | 200614 | 220828 | 245614 | 597
100 379517 | 630615 | 28/E-14 | 315623 | 350E14 | 889
500 61IE1/ | 10514 | 460614 | 508523 | 565614 | 1472

NOTE is same as Table-1.

Evaluation of probability distribution

Fgures-2 and 3 show dose risk distributions as the results of 500 times LHS sampling. Theratio
between maximum vaue and average vaue, which represents fluctuation of output dose risk, is
important from the radioprotection point of view. From the quantitative point of view for the
Tables-1 and 2, the maximum:-based dose risk vaues on bottom column in both tables are ranged 4.6
to 15 timesto average-based dose risk vaues on second column in the tables. According to the
conventiond average-based INTERTRAN2Z calculation, it isimpossible to congder the above ratios.
Besides, the results of various kind sampling, i.e. 10, 50, 100 and 500, are listed in “meart’,
“gandard deviation”, “minimum” and “maximum” terms.

Coefficient of variation derived from standard deviation and average is dso useful to know the figure
or property of probability distribution. From the results shown in Tables-1 and 2, standard deviations
in incident-free mode relatively indicate wide range.

According to gatigtics, skewness that indicates skew shape of distribution to the left or right is
congdered to be useful while kurtosis or coefficient of excess that indicates sharpness of distribution
is aso consdered to be ussful.

KEWNESS:a,=E(X- n)’/s?
KURTOSS:a, =E(X- m)'/s*

where, m sample mean, s : standard deviation, and E(X): expected vaue of X.
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Here, a3 = 0 means asymmetry distribution, a 3 > 0 meansthat the right side dopeislonger than the
left Sde dope. a4 = 3 meansanormd digtribution, a4 > 3 meansthat sharpness of digtribution
excesses the norma didtribution. Besides, 95% vaues processed by EXCEL mostly correspond to
each other. Reaults of those indexes are shown in Tables-3 and 4, respectively.

Table-3, Indexes for probability distribution

Mode Skewness | Kurtoss | Note

Incident-free | 26.4 4.6 Right dopeislong and pesk is sharper and
higher than normal ditribution.

Accident 35.8 4.9 Right dopeislong and pesk is sharper and
higher than normd distribution.

Table-4, Comparison with 95% vaues
Sampling time 50 100 500
95% Incident free | 1.40E-02 | 1.43E-02 | 1.46E-02
95% Accident 1.55E-14 | 1.07E-14| 1.19E-14

(unit in person-mSy)

The above mentioned is summarized that ratio of mean and maximum or coefficient of varigtion are
suitable to describe the spread of digtribution. The above is dso summarized that skewness and
kurtosis are suitable to describe the figure of digtribution. Besides, 95% vaueis available for
upposing maximum value, because maximum vaue is changesble by sampling number.
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Fgure-2, Doserisk didribution in incident-free. Figure-3, Dose risk digtribution in accident.

Directional risk evaluation on the specific site

While RADTRAN4 calculates the entire dose risk of supposed transport route, risks are supposed to
be different in each point on transport route and in each direction on the same point. Consdering the
gpatid distribution of some variables, a spatid risk digtribution chart was proposed as the new index
for prevention of radiologicd disasters.

In this section, most of input variables were the same as the above case sudy, however 16 directiona
distributions based on Stetistics data were given to rainfal and wind speed. 8 directiona ditribution
was given to population dengity. 16 directiona data of three variables that mainly contribute to dose

6/8



Unit: % Unit: m/s

Figure-4, Wind appearance frequency. Figure-5, Wind velocity digtribution
15,000
NW
10 E
w
SE
S
Unit: mmvh Unit: people/n?
Figure-6, Rain fal digribution Figure-7, Population dengty distribution.

Unit: man-mSv Unit: man-mSv
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risks were derived from the AMEDAS meteorology Statistics and the latest census. It should be noted
that 8 or 16 directiona distribution data were prepared as database and 8 directional distribution of
dose risk was derived from the caculaion. The digtributions used in this study and dose risk
digtributions are shown in Figures-4 to 9.

The results derived from maximum condition are shown in Figures-8 and 9. For Incident free mode,
dose risks of CREW and ONLINK are dominant. It isreveded that total dose risk distribution of
Incident-free mode is Similar to dose risk distribution combined from CREW and ONLINK. The
dose risks of CREW and STOPS have no directional difference, because those risks do not depend
on population dengity, wind directions and rainfal. The dose risk of ONLINK is practicaly smilar
to the digtribution of population dendity, because it isafunction of population dendity. As aresult of
dose risk integration, the ratio between the maximum direction and the minimum direction was
acquired to be 2.5.

For Accident mode, directiona dose risks show the remarkable differences. When an accident occurs
at the assumed point on the Metropolitan highway, dose risks of southwest and northeast directions
are relaively high because of biased population density and weether conditions shown in Figures-4
to 7. Dose of east direction shows low risk because of low wind appearance, while there are
relatively alot of inhabitants. As aresult of dose risk integration, the ratio between the maximum
direction and the minimum direction was acquired to be 33.

Congdering these results, the directional dose risk evaluation on the remarkable transport section is
supposed to be useful and effective for prevention of disasters and the conventiona average based
discusson may result in an insecure estimation.

SUMMARY

The method considering the fluctuation of INTERTRANZ variables was proposed. After probability
digtributions of variables were prepared with the governmentd datistics, LHS sampling technique
was used for random sampling of discussed variables. 500 time samplings were executed in this
study, and dose risks were converted to frequency or probability distributions. Then, some datistica
indexes were proposed to evauate the distribution figure. Besides, directiona doserisk was
estimated and discussed from the aspect of disaster prevention.
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