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A computer code with DPRW(Discrete Parcel Random Walk) method,
is developed for simulating atmospheric dispersion of radiocactive
cloud from a nuclear power plant in emergency. And the wvalidity
of model is investigated.

In Japan, the nuclear power plants_are almést located in
coastal zone, and scme are on complex terrain. So, in this
condition, accurate evaluation is difficult. Then, we have
developed three-dimensional particle-diffusion code based on DPRW
method. In this model, radicactive cloud is presented by many
particles and dispersion mechanism is simulated by random walk of
these particles.

Calculation by this model is performed for simple wind flow
field, in the case of instantaneous and continuous source, and
the results are well coincided with the analytic ones. The local
tracer experiment at JAERL in 1980 were alsoc used to compare the

code against field measurement.

KEYWORDS : DPRW Method, Emergency, Radicactive Cloud,
Particle-diffusion, Tracer Experiment, Computer

Code, Atomospheric Dispersion, Nuclear Power Plants
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Atmospheric stability classification.

(A) Japanese method
Wind (u) lnsolation(T) cal/cm%h Radiationg) cal/cm?h
Velocity
m’s T 250 >T 225 >T212.5>T] @>-1.820 >-3.6 2 Q
u< 2 A B B D D - -
24 u<3 A B c D D E F
3&u s =) B C D D b E
4 &u<s C D D D D D D
6 =u £ D D D D 0 D
(B) U.S. method
Pasquill R. G. 1.23
Category AT/A7 {°C/100m)
A < -2.0
B -1,9~-1.7
C -1l.6~-1.5
D -1.4~=-0.5
E ~0.4~+1.5
F +1l.6~=+4.0
G =+4.1
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Specific
) T : Prediction time
data 1aput P
T : Meteor. data
m
Set input time
calculation meshes

T¢I) : Travel time

of particle I
Scurce data

input DMAXP : Total particle

number

D0 I = 1,DMAXP

Set meteor.

data i

Particle I

advection

Particle I

dispersicn

Concentration

accumuliation

Qutput ‘_‘——‘1 End

Fig.2 Flow chart example 1.



JAERI — M 83--084

Specific

data input

J

Set

calculation meshes

&

Source

data input

e

0

" Meteorclogical

data input

Particles

advectiom

Particles

dispersion

<All particles

ran 7
J Yes

New particles

generation

i

Concentration

Accumulation

Time over ?

N¢

Record

concentration

New meteocr.

Yes

Yes

End

\
. -
:~data input. 7

S

Flow chart example 2.
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Cross section

F T T 7 7 Fririe

Boundary coudition Particles aumber
L. 10000
Lo 5000
300.0 L1000

N Analvtic

solution

2000}~  Loo-o-

ieight from the boundary luyer (m)

100, 0f— — = — - — -
. N

Fig. 6 Comparison of vertical distribution, with the zame comparing conditions

as those of Fig. 3,
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{N/Cell)

=T
t ; t
TTT R _FuiSy -G
— . y >
Downwind distance == L;: X =30?0~ﬁ2/3'
Ty
3000.0 m .
~_- analytic
Atmeospheric stabilicy g solution
D
]
|
i
i
!
I
""‘f
I /J
s
L/ .
A 0 \——1
! | =" 1 } | i > 1 '
0.0 500.0

1500.0

GCross wind distance’ f{m)

Fig. 8 Comparison of cross-wind distribution on the ground level between various

horizontal diffusion coefficients model solutions and analytic one,

at the downwind distance 3000m, continuous point source.
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Downwind distance é _)'[ Ky=25'0 mz/s
6000.0 = = T J
~ T &gy
Atmospheric stability L— Ky=30.0‘32/s
b
101 I~ Analytic
solution
.
/, ™~
| i
i S
5.._-
0
1
OlO

Cross wind distance (m)

Fig. 9 The same comparison as Fig. 8, at the downwind distance 6000m.
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- :
Downwind distance 10 © —
. O E . ___}
900C.0 m I
. s —
Atmospharic stability P
D
! N

L

2
K _=25.0
y 59 m /s
Ky=u-cy-cj

2
K. =30.0
y m- /s

Analytic
solution

AR

-~ oo Cross - wind distames: (m) i

& -

500.0°

Fig. 10 The same comparison as Fig. 8, at the down wind distance 9000m.
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o= =

f
]
!
: ! Analytic pann N
200.0 1= t_-1 solution == K,=5.0 mz/s
1
|
- — : Downwind distance
] 2000.0 m
150.0 | ! Atmospheric stabilicy
i
:\ \ D
i
~~ — [_——
B 1
= i
Nt I
f
= T ' e L—
2 100.0 4
e
50!0 -
0.0 | | | |
0 10 30
(N / Cell)
Fig. 11  Comparison of vertical distribution , continucus point source at the 80.0 m height,

among various vertical diffusion coefficients, downwind distance 2000m.
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Fig. 12 The same comparison as Fig. 10, at the downwind distance 7000 m.
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m

10’

1.0 1 I | ] !
0.0 5.0
Downwind distance ( km )
13 Variation of vertical diffusion coefficients with the downwind distance.
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Downwind distance
10C0.0 m
— K =30-0m2/s
200.0— Lz, max '
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z,max -
N Analytic
solution
E Atmospheric stability
o B
=
-
B .
- 100.0 -
0.0 | | l | l l
0 10 20 30

{ N/ Cell )

Fig. 14"  Comparison of vertical distribution; at the downwind-distance 1000m, between

maximm vertical diffﬁsion coefficient value 30.0 mz/s or 15.0 m?]é'model

solution and analytic one, in umstable condition.
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Fig. 15
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Vertical distribution in the homogenecus layer, having vertical diffusion
coefficient 10 m?/s , at therdownwindhdistance 1000m. This figure is

shown in order to be comparisen with Fig. 15.
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- Fig. 16 = Vertical distribution in the two different stability layers, vertical

diffusion coefficient 10 or 2'm2/s, at the downwind distance 1000m.
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Meteorological conditions at the field tracer experiments

Stability Wind Data at. Source S52mpling

Run Class p (deg™)1 g (m/s)|pv] Time
1 D 53 4.8 15| 16:00—16 : 30
2 | C 24 | 25 15] 9 :00—2 :30
3 D 18 2.0 161 15 : 00 —15 : 30
4 B-C - 63 a1 17] 14:00>14:30
5 | B . 53 3.8 |18 11:00—11:30
5 | D is ez l18]15:00-15:30
7| D | 36 31 |io]14:00-15:00

'D:Wind Direction
S:Wind Steed

T e e el W Y TR e
I N N e e

¥ ot 2 <~ ,-.i.n_hl-n

T e el S5/ Q;._',_‘\ 3o

Coa

Arrengement of kitoons

Fig 17 Outline of Field tracer experiment
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