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® Abstract e

Gaussian plume model is used to assess environmental dose for abnormal radioactive release

in nuclear facility, but there has a problem to use it for complex terrain. In this report, MATTEW

and WINDO04 Codes which had been verified were used to calculate wind field in the complex ter-

rain. Under the base of these codes principle, wind fields were obtained from the calculation of

the finite difference approximation for advection-diffusion equations which satisfy the mass-conse-

rvative law. Particle concentrations and external doses were calculated by using PIC model which

approximate the particle to radioactive cloud. and atmospheric diffusion of the particles from the

random walk method. The results show that the adjusted wind fields and the distributions of the

exposure dose vary with the topography of the complex terrain.

1. INTRODUCTION

The environmental dose assessments due to
the effluent cloud released from a nuclear facility
to the atmosphere have been studying mostly with
the Gaussian plume model [1].

In general, the Gaussian plume model is to
use the solution of the diffusion equation that is
acquired under the meteorological condition as-
sumed the spatial homogeneity of the atmosphere
disperse and the wind distribution. The concent-
ration distribution of an effluent cloud in the
28

Gaussian plume model is then given a normal
distribution. If these assumptions are satisfied, the
Gaussian plume model produces a fine result co-
mparatively. The model applicate broadly as the
result of merits discribing a detailed concentra-
tion distribution in vicinity of the release point
and easing to perform mathematical operations
[21. |

In reality, however, neither the turbulance
nor the released source strength is constant over
long periods of time. Therefore, these properties
can limit the practical application of the Gaus-
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sian plume model. There are many other models
to compensate these limited properties, e.gthe
trajectory-puff model, the segment model and the
particle-in-cell (PIC) model.

In this paper, the PIC model was used. The
adventages of the PIC model are as follows; the
regional distributions for wind velocity can be
handled simply, and each particle in a cell is able
to get radioactivities, decay constants and coordi-
nates. Basically, the PIC model solves the three-
dimensional advection-diffusion equation in its

flux conservative form for a non-divergent advec-

tion field by finite-difference approximation. It
has been confirmed in ARAC system which was
developed by LLNL and SPEED system which
was developed by JAERI [3, 4].

The PIC model simulates the atmospheric
dispersion by calculating the trajectories of many
particles emitted from a particular point source.
The concentration is determined by counting the
number of paticle per unit volume [5, 61.

Schematic diagam of the relevant computer

program is shown in Figure L.
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Fig. 1. Schematic diagram of the relevant computer program.
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2. THEORY

1. Advection and diffusion of particles

The two approaches most commonly used to
describe turbulant diffusion are the gradient tran-
sport theory and the statistical theory. The former
deals with atmospheric transport at a fixed point
while the latter tries to determine present diffu-
sion from the statistical properties necessary.

In this paper, the gradient transport for tran-
sport-diffusion equation is used to simulate the
atmospheric dispersion. The transport-diffusion
equation is shown as follows [7].

oX
5-t-._|_[J'A. VX—VK- VX:O .................. (1)

where Y : scalar concentration
K : diffusion coefficent
Ua : mass consistent wind advection
field
Under the assumption of imcompressibility,
we can rewrite equation (1) in its flux conservative
(pseudo velocity) form as follows [4, 5].

UD:—K'(VX/X) .............................. (2)
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where Up is the pseudo transport velocity.
A. Advection

Particles in a cell are transported by the wind
velocity which is adjusted to satisfy the law of
mass conservation. A’ difference functional is
needed to minimize the deviation of the adjusted
wind field from the observed field which subject
to strong constraint that the adjusted field is non-
divergent [8, 9].

The specific functional used in this study is

E(u, v, w, )=
fv[(ﬁ(u—u")z‘i*(ﬁ v—vo Yt ai(w—wey
ov

)‘(5;+a +_Z,)] dxdydz ............... (4)

where X, y: horizontal directions
z : vertical direction
u®, v°, w° : corresponding observed va-
riables
A : Lagrange multiplier
a : Gauss precision moduli ta-
ken to be a’=1/2¢
G : observation errors or devia-
tions of the observed field
from the desired adjusted

field.
The equation for A can bederived as fallows
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By rewriting equation (5), the difference
equation which is expanded to three-dimension is

given by
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Then, the adjusted wind components are as fol-

lows.
=u%, _1__ M .................. 1
Wik Uijg 20} ( x ) ( 0)
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Visg Viig 2(1}( y > (11)
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Equation (9) can be solved for residual R at

each grid by successive over-relaxation method.

B. Diffusion

In a stochastic representation, particles are

transported by the advection velocity while unde-
rgoing a series of random displacements simula-
ting turbulant fluctuations. In one-dimensional
diffusion phenomena, the probability distribution
function p(x, At) where a particle at the orgin will
exist at x after time At, has following normal dis-
tribution [10].

p— l — xz ------------
plx A =5 s exp( 4Km> (13)

where diffusion coefficent K is defined by Pas-
quill [11].

Particles are distributed with a standard de-
viation which is /2KAt. After diffused for At,

the transport distance xp of a particle P is

where [ R J*% is the random number between—¢
and +£, and ¢ is a function by which the
standard deviation of x» becomes /2KAt. The
standard deviation o, is defined as fallow [4].

o= jg P(x) K2 QX e, (15)
where P(x) is the probability density function.
So equation (14) can be written

xiJ:[:R]t\\//_A( .................................... (16)

[R] is a random number between 0 and 1, and
then

XFIM(O.S_[R]}) ........................ (17)

Because the horizontal diffusion parameter Ky is
different from the vertical diffusion parameter K,,

the expessions for Y,and Z, becomes

yi>=\/M(0.5—[R]é) ........................ (18)
Zi’:\/M(O.S-[R](I)) ........................ (19)

Particle P which is transported by the wind
field in a cell and diffused by equations (17), (18)

and (19) moves to a new point x3 ys and zp.
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2. Calculation of the density distribution

The average density per cell is obtained by
counting the number of paricles in the cell. The
density in the cell where the particles of number

n existed during time step At A(, j, k), is represe-

nted as
A, j, k):ZQ(P) C ALY reeresaennennas (23)
where V: volume of the cell

Q(P): radioactivity of a particle p.
Assuming the number of particles released

during the time step t be N, the radioactivity of
a particle P is given as follows

Q(P):(Q CAYN Y 4
where Q' released ratio.
N’ may be calculated by

N =(Ma/Ly) © Apeereeessenssmmnni.. (25)
where Ma: total number of particles released

Ly release time.

3. Calculation of the exposure dose

The external exposure dose Dr(rem) during
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time At at a surface point (Xo, ¥o, 0) is a summa-
tion dose from each cell [10].

Dr(xo» Yo, 0) =K1E7lh' i[% Qp,n eXp(z—#rm)

n=1LP-1 4nr

B(/“.m )]At ............................................ (26)

where Ki: Conversion parameter for the
exposure dose
E;: v energy
: absorption coefficent of air

ZF

: number of step
P.: number of existing particles in
step n
Qe radioactivity of particle P in
step n
M attenuation coefficent of air
re.«. length from a cell to a evalua-
tion point
t: time duration of step n
B(say. ¢ build-up factor of air.

3. CALCULATING CONDITION

1. Cell

SPEED system is divided into 3 types of cell;
advection cell, diffusion cell and concentration
cell [4], but ADPIC uses one cell to calulate ad-
vection, diffusion and concentration [5]. In case
of radiation emergency in a nuclear facility, the
real time assessment is an important factor to es-
tablish a emergency counter plan. In this sense,
it would be desirable for rapidity and certain ac-
curacy to calculate advection, diffusion and con-
centration with one cell which represent a definite
space.

In this paper, one cell is used to calculate ad-
vection, diffusion and concentration. The cell si-

zes 250mX25mX25m and 40X40X20 in num-
bers. The concetration in a cell is represented by
the number of particeles in the cell.

2. Calculation data and condition

The released radioactive material is assumed
to release 3, 000 particles per 30 seconds. Also, it
is assumed that the wind direction be south, the
height of meteorological observation 75m, the ef-
fective stack height 225m and the release rate 1.2
Ci/h.

Boundary conditions are two types, A=0 and
dNon=0. When A is zero on a boundary, the
amount of mass entering or leaving the volume is
changed. Therefore, the adjustment for the verti-
cal wind component in a boundary is permitted,
but adjustment for the vertical wind component
is not permitted. If the variation of the normal ve-
locity component is zero on the boundary, the
adjusted value of the normal velocity must be the
observed value.

In the wind field calculation, the boundary
conditions of the interested volume are A=0 at
the upper boundary, 9A/dn=0 in the inside bou-
ndary.

4. RESILTS AND DISCUSSION

1. Wind field calculation

First of all, a simple topography as Figure 2
with 10kmX6kmX250m was used to verify the
relation between the weighting factor ® and the
accuracy in the wind field calculation. It was as-
sumed that the height of the mountain was 175m,
the number of cell 20X12X10 and the size of
each cell 500mX500mX25m. In addition, the
wind speed was 5 m/sec, the wind direction east,
and a limit value of the convergent 1X107%
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Fig. 2. Schematic drawing of the model topography.

The calculated results under the above con-
ditions are shown in Figure 3. Figure 3 is a plane
section taken along the predominated flow at the
height of 125m. We can see that a stream of air
flows round the outside of the mountain.

In using the successive over-relaxation me-
thod, the value of weighting factor @ is assigned
between 1.0 and 2.0. The lower the value of @ is,
the slower the convergence is. Figure 3 is the re-
sult for ®=17.

2. Calculation of the exposure dose

The distribution of the total body exposure
dose was calculated using the topography as Fi-
gure 4. Wind direction is south, wind speed 4m/
sec and atmospheric stability C.

Figures 5 and 6 show the distribution of the
total body exposure dose at groud surface in 15
minutes after the release. The distribution of ex-

posure dose for which the effects of the topogra-
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Fig. 3. Adjusted wind field. (Horizontal wind field

of 125m)
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Fig. 4. Topography of calculated area

phy is not considered is showr in Figure 5. The
distributions locates on the main axis of wind di-
rection. As expected, the contour in Figure 6
which represent the distribution of exposure dose
under the effects of the topography shifted to the

edge of the mountain.

5. CONCULSION

In this paper, a dose assessment which inclu-
des interpretation of the wind field, random walk
method for the atmosperic diffusion and PIC

model for the dose assessment, is introduced.

Distance(km)

The calculated wind field which retlects the

physical constraint of mass conservation and the
distribution of exposure dose which is calculated
by the modified wind field represent the topogra-
pic effect well. It needs to do the diffusion experi-
ment in order to assess whether the numerical

model fits the real dispersion.

The cell size must be determined according

to the condition of assessment. Large cell reduces
the time of calculation while errors in the calcu-
lated results increase. It is better to determine the
cell size by analyzing the results calculated by
changed conditions.
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Fig. 5. Calculated exposure dose rate distribution (15

min) by using Gaussian plume model.
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Fig. 6. Calculated exposure dose rate distribution (15

min) by using three-dimensional wind field.
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