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Abstract -

A PC-computer program RADAP has been developed in this study to perform a quick
real-time analysis of dose assessment following an accident in a nuclear facility. RADAP uses
an interactive LKagrangian puff model in simulating the transport and diffusion of radioactive
plume in the atmosphere. For real-time analysis, RADAP treats one or multiple puffs of
ground-level releases, simultaneously. It is assumed to maintain a Gaussian distribution within
the puff and the diffusion coefficients are computed using the USNRC’s normal sigma curve
method. The program, however, does not consider the spatial variations but the temporal
variations in wind conditions. Whole body and thyroid doses for 3)X31 grid are directed to
output files, and they are also displayed through computer graphics on VGA or EGA color
monitor. The results show that RADAP can be an excellent tool for quick estimation of
accidental doses.
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1. Introduction

Dose assessment is a tool of quantifying the
radiological impact to the general public due to
radioactive effluent releases following an accident
from a nuclear facility. The dose assessment, more
specifically from airbome radioactive effluents calls
for the prediction of radioactivity concentrations in
the atmosphere at the specific locations around
the release point. For real-time prediction of these
concentrations, an atmospheric dispersion model
is required to simulate the spatial and temporal
variations of dispersion affecting the radioactive
plume distribution in the air. For this purpose, the
puff model is proposed, which permits temporal
variations in radioactive source terms as well as
both spatial and temporal variations in wind con-
ditions.

In this study, a PC computer program RADAP
has been developed for a quick assessment of
doses following an accident. RADAP uses the puff
model to simulate the real-time prediction of dose
assessment following an accident. In order to
simulate the transport and diffusion of the radioac-
tive effluents released to the atmosphere, RADAP
uses an interactive Lagrangian puff model as used
in the computer code MESOI", which, however,
only computes the air concentration of a single
radionuclide. RADAP, meanwhile, computes the
whole body and thyroid doses from multiple nuc-
lides within the 120 km region from the release
point. For real-time analysis, it also treats one or
multiple puffs of ground-level release, simul-
taneously. Each puff is transported and diffused
according to the time—dependent meteorological
data. RADAP. however, does not incorporate the
spatial variations but only the temporal variations

in wind conditions since the spatial variation of
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wind condition requires an extensive amount of
regional wind field data, which is very unrealistic
at present. It is written in MS FORTRAN 5.0 for
personal computers. The input data consist of
time—dependent meteorological data at the release
point, simulation time, release time of radioactive
materials and spatial grid spaces. The computation
output contains : 1) puff plot showing the move-
ment of puffs, 2) screen display showing the
31x31 grid dose levels, and 3) two output files
which contain cumulative whole—body and thyroid

doses for 31x31 grid, respectively.

2. Theory
2.1. Atmospheric Dispersion

The concentration of a given radioactive mate-
rial at time t and location (x,y,z) in the atmos-
phere, is represented by the mass balance equa-

tion as follows :

dx
at

-V vx)r VKEVx +S-ax (1)

where,
x {x,y,z,t}=airbome concentration of the radioac-
tive material (Ci/m?),
t=time after release (sec),
v =wind speed vector, v=iu+jvtkw; uv,w in
{x,y,2.t} {m/sec),
K=diffusion coefficient dyadics, K=iiK,+jjK,
+kkK, ; K, K.K, in (xy.2zt), m?/sec,
S(x,y.z.t} =source function (Ci/m>sec), and
A =nuclear transformation constant of the
radioactive material (sec!).
If no external source exists in the atmosphere

except the point source at the release point, the
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radioactive plume will move in the form of puff
along the downwind direction. In a rectangular
coordinate system of which the origin is the center
point of the plume, the advective term can be
eliminated since the puff moves with the coordin-
ate system. And the radicactive decay of the
plume in transit can be incorporated simply by
multiplying a factor of exp(— A x/u) after transport,
where u is the average down wind speed along
the distance x. In this case, the non—decaying
material concentration is simply represented by :

dx

= VKV
ot =

3
P k.25 . i(x,éi) e e

ax ¥ dy 9y iz 3z
For an instantaneous puff release at t=0, the
solution for the above equation becomes :
QO
(451)272 (K, Ky - Ky ) 272

x(x',y',z",t)

1 x:2 x12 x12

X exp|- — (— + — + —)| Q)
4t K. K, K.
where,

x',v’,2 =x,y,z coordinates on the system in which
the origin is located at the center point of
the moving plume,

Q,=inventory of the instantaneously released

material (Ci), and

K. K, K, =diffusion coefficients (m?/sec).

Using the standard deviations ¢; (i=x, y, z) in a

Gaussian distribution and assuming constant Kis,

the concentration for the ground-level release be-

comes
x(x,y,2,t)
Q 1 {|r|* 22
i exp|- -~ — + @)
(21)%7%6,%¢. 2 | 4° 027
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where,

o,= d, (lateral=longitudinal dispersions) (m),
] = [(x—x)2 +(y—yo21"2,

X, Vo=position of the center of the puff (m).

and

2.2 Ground Reflection

When we assume the specular reflection of the
airborne radioactive material by the surface of the
ground, the specular reflection allows the addition
of the imaginary radioactive plume which is
formed by.the release from an imaginary point
source located at the ground surface. In this case,

the concentration is given as follows:

x(x,y,2,t)

2q, 17 |z)2 22
: ———————————— exp|- — + (5)
(21)2724,%¢., 2 0,2 62>

3. Program RADAP
3.1. Diffusion Coefficients

Diffusion coefficients are functions of terrain
conditions, distance from the release point and
atmospheric stability conditions. The diffusion
coefficients used in RADAP are based upon the
USNRC’s normal sigma curve method®. The
effects of terrain conditions could be incorporated
in this computer program through an appropriate
selection of a set of diffusion coefficients which
are specifically applicable to the specific terrain
conditions.

The time dependence of diffusion coefficients is
the result of the inherent relationship between dis-
tance and travel time and it is basically due to the
temporal variation of atmospheric stability. If the
actual distance were to be used, the puff shape

would change at the instant of stability change
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and the change might be large. The resulting dis-
continuity would be unrealistic. In order to resolve
this discontinuity problem, RADAP also adopted
the concept of virtual distance as used in MESOIL.

3.2. Time Integration

The output of RADAP is given in the form of
cumulative dose matrices at various nodes of
31x31 grid. The time—integrated air concentration
of radioactive puff j at the ground level (z=0),
Ei(x,y), is proportional to radiation exposure to
person. Hence, for multiple puffs, the ground
level time—integrated concentration at location

(x,y) is given by:

E(x,y) = J Ej(x,y) = £ 3 x(xy) AT, (6)
b} i j

where x; is the concentration for time interval i
and puff j. which is defined by equation (5), as
appropriate, and AT, is the sampling interval. The
summation over time f{index i) in equation (6)
starts at the beginning of the simulation and con-
tinues until the simulation is terminated or no ac-
tive puffs remain on the computational grid. The
other summation in equation (6) (index j) is over
all puffs affecting the node. In RADAP, the
time—integrated concentration is expressed in unit
of Ci—hours/meter’. In RADAP, it is assumed that
the whole body dose is due to the direct external
exposure from the radioactive clouds and the thyr-
oid dose is due to internal exposure from inhala-
tion of radioiodines. The doses from all contribut-
ing isotopes at the specific node are calculated :

1) for whole-body dose,

D*(x,y) = 3 R E(x,y) (DCF)‘k (7)
k

2) for thyroid dose,

DU(x,y) = X Ru E(x,y) (BR)- (DCF)*, 8)
k

where,

D*(x,y)=whole body dose (rem),

D'(x,y)=thyroid dose (rem),

R.=ratio of isotope k to total inventory of re-
leased material,

BR=breathing rate (m3/hour),

(DCF)Y =whole-body dose conversion factor for

isotope k ((rem/hr)/(Ci/m®),* and
(DCF)i=thyroid dose conversion factor for isotope
k (rem/Ci).¥

3.3. Organization of Program RADAP

RADAP is written in MS FORTRAN 5.0 and is
developed for personal computers. It consists of a
main program and 26 subroutines. Data transfers
among program elements are achieved through
11 labeled common blocks that contain related
variables and constants. User interaction, through
a PC monitor, provides data for model initializa-
tion and controls the output of RADAP graphics at
the end of each hour of simulation. Meteorologic-
al data are fed through input data file, OBSDAT
DAT which is prepared from observed data prior
to running the program, or through the wuser in-
teractive job such as in the case of using forecast
data. Check points are read through data file,
CHECK.DAT, which are used to inform the situa-
tion whenever the dose at a checkpoint exceeds
the preset value. Whole body and thyroid doses
for 31 <31 grid are directed to output files, WHO-
CUM.DAT and THYCUM.DAT, respectively. The
graphical output are shown directly through the
PC monitor using VGA or EGA graphic adaptor.

Figure 1 shows the structure of the main prog-
ram of RADAP. The two outer loops are indicated
by the left branches from the decision points
marked : “More Advection Steps this Hour?", and
"More Hours?”. The innermost loop is the left
branch from the decision point marked: “More
Puffs?”.
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Fig. 1. Program Logic for RADAP Main Program

3.4. Applications

For code verification, the results of RADAP are
compared with those calculated with BARAM®
computer code for four different cases. The com-
parison results are presented in Figure 2.

The time—independent meteorological data are
used for comparison, since the BARAM code uses
the straight-line Gaussian model. Next, the 0-2
hour doses at the exclusion area boundary (700
m) are calculated following the design-basis acci-
dent as postulated in US Regulatory Guide 1.4,
In this calculation, 100 % noble gases and 25 %
iodines of the total core inventory of Younggwang
3&4 are assumed to be released in the contain-
ment atmosphere instantaneously, and released to
the environment with the containment leak rate of
0.1 %/day. The wind speed and atmospheric sta-
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bility are assumed to be constant during the acci-
dent with the values of 1.5 m/sec and category D,
respectively. The calculated whole body and thyr-
oid doses are 1 rem and 145 rem, respectively,
for 2 hour—period following the initiation of the
accident.

For sample runs, a set of time-dependent
meteorological conditions (wind direction, speed
and stability ) are applied in RADAP. The condi-
tions chosen in these sample computations are
summarized in Table 1 and the graphic results are
presented in Figure 3 through 5.

4. Conclusions and Recommendations

The objective of this study is to develop a PC
program for quick real-time prediction of expo-
sure dose following an accidental condition using
puff model. This study was primarily focused on
the atmospheric dispersion and transport of the
released radioactive material using time—depen-
dent meteorological data. As the result of effort,
the computer program RADAP was developed for
whole—-body and thyroid dose calculations.
RADAP, however, adopts the meteorological data
which are only dependent on time at one loca-
tion. RADAP could be an excellent tool for quick
assessment of accidental dose since the
space—~dependent meteorological data are not
much available at present. If 2—dimensional wind
field data are available for at least 10 wind stations
in the future, RADAP could be updated in order
to incorporate the spatial changes of meteorolo-
gical conditions. And the time—dependent source
term, which is not treated in the present study,
could be easily adopted in the program RADAP.
RADAP needs the necessary improvements to
deal with the space—dependent meteorological
data. However, for the ground-level releases,
RADAP is a fast responding and easy—to—use code
which is available at the moment.
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Fig. 2. Comparison Results Between RADAP and BARAM
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Table 1. Source Term and Meteorological Data for RADAP Simulation

Site Younggwang Nuclear Site
Rel Rat Xe-133: 500 Ci/sec
elease Rate
Source Term y [-131 :10 Ci/sec
Release Duration 5 hours
TIME WIND SPEED WIND DIR. | STABILITY
0:00-0:15 2.7 m/sec SW D
0:15-0:35 2.9 m/sec SW C
0:30-1:00 3.1 m/sec WsSw C
1:00-1:15 3.5 m/sec WSW B
1:15-1:45 3.5 m/sec w B
1:45-2:15 3.0 m/sec W C
Atmospheric 2:15-2:30 2.8 m/sec w C
Conditions 2:30-2:45 2.7 m/sec WNW C
2:45-3:15 2.5 m/sec WNW D
3:15-3:30 2.3 m/sec NW D
3:30—-4:00 2.0 m/sec NW D
4:00-4:15 1.8 m/sec NNW E
4:15-4:35 2.0 m/sec NNW D
4:30-5:00 2.3 m/sec NNW C
5:00~ 2.3 m/sec NNW C
Wind Sp.» 2.3 assec Wind Dir.» MW Stab. Class= C Uind Sp.= 2.3 assec Mind Dir.= MW Stab. Class= C
WHOLE-BODY DOSE
CHECKPOINT HAHE REM
: SAMRINAE
: AN SN 1.000E-08
: SONG JEONG
: YDUMGGUANG 1.000E-067
: KD CHANG
: JANG SEDMG 1.000E-06
: JEONG JU 10Kkn
HU AN ( 1.000E-05
: AN
A Ju 1.000E-04
DA YIG
KoM U 1.000E-p3
Kin JE
Hin SO0M 1.000E-02
SOOM CHANG
GOOH SAM 1.000E-01
YOUNG AM
YEE REE 1.000E+00
JEON JU
BO SUNG 1.000E+01
2.500E+01
Simulation Hour S Munbee of Puffs = 18 (Hit ENTER to Continue ) Simulation Hour S (Hit ENTER to Continue )
Fig. 3. RADAP Output Showing Puff Movement Fig. 4. RADAP Output Showing Whole-body Doses

at 31 X31 Grids
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Wind Sp.* 2.3 asscc Wind Dir.= NNW Stab. Class= C

=

Simulation Hour 5 (Hit EATER to Continue )

Fig. 5. RADAP Output Showing Thyroid Doses at

31x31 Grids

THYRDID DOSE

REM
1.000E-07

1.000E-06

i 1.000E-05

1.000E-04
1.000E-03
1.000E-062
1.000E-01
1.000E+00
1.600E+61
1.900E-02

3.000E+82

-
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