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A computer code, ORION-WIN, has been developed to estimate environmental concentration and
radiation dose to public due to airborne discharge of radioactive materials from multiple sources of
nuclear fuel cycle facilities.

The modified Gaussian plume model is applied to calculate atmospheric dispersion of the discharged
radioactive material. The plume depletion processes such as gravitational settling, dry deposition,
precipitation scavenging and radioactive decay are considered, and resuspension from the ground and
product of progeny from the parent radionuclides are also considered. Inhalation and oral intake are
considered in internal pathways, and submersion in the radioactive cloud and external exposure to
contaminated ground surface are considered in external pathways. Radiation dose to an individual is
calculated.

Because ORION-WIN has many options, it is applicable to the sensitivity study of safety assessment for
the nuclear fuel cycle facilities and to dose assessment based on the amount of radioactive materials
discharged from the stack.

The ORION-WIN is an updated version of ORION-II and runs on PC with Windows OS, and has a

graphical user interface for inputting the parameters and referring output files.

Keywords: ORION-WIN, Environmental Concentration, Radiation Dose to Public, Airborne Discharge,
Safety Assessment, Nuclear Fuel Cycle Facility
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1. Introduction

At the safety assessment of nuclear facility, it has to be confirmed that the dose to the public resulting from the
routine discharge of radioactive materials into atmosphere from the facility is less than the limit in the law and
also that it is as low as reasonably achievable, in terms of the safety design and the operation condition of the
facility incorporated with the sitting condition. Therefore, a computer code is needed which considers realistic
conditions such as the operation condition of the facility, the kind and the amount of discharged radionuclides,
meteorological condition, the distribution of the public and the food amount of their intake.

The computer code, ORION-II", is a Fortran program using a steady state model to estimate the environmental
concentration, the deposition density of radionuclide on the ground surface, the radionuclide concentration in
food and internal and external dose to the public resulting from the routine discharge of radionuclides to the
atmosphere from nuclear fuel cycle facilities. This code provides comprehensive options in order not only to use
the model in the guide of Japan, but also to use many alternative models accepted in foreign countries. So, it can
be applied to sensitivity analysis of safety assessment for nuclear fuel cycle facilities and to dose assessment
based on the amount of radioactive materials discharged from the stack.

A modified Gaussian plume model is applied to calculate the atmospheric dispersion. The processes such as
gravitational settling, dry deposition, precipitation scavenging and radioactive decay are considered as the causes
of the plume depletion. Resuspension from the ground and the product of progeny from parent radionuclides are
also considered. The transport of radionuclides to the edible portion of vegetation are originated from the direct
deposition on leaves and root uptake, and radioactive decay and weathering from vegetation or soil surfaces can
be also considered. The radioactive decay and market dilution can be taken into account in calculating the
amount of oral intake by man or animals. Inhalation and oral intake are considered in internal exposure pathways,
and submersion in the radioactive cloud and external exposure to contaminated ground surface are considered in
external exposure pathways. Radiation dose to an individual is calculated. Dosimetric models are not included
and dose conversion factors for both internal and external exposures should be used.

ORION-II can estimate multiple source effects due to the maximum of 30 radionuclides, 10 intake pathways and
10 facility sources in a single execution. The code can be applied to any facilities, radionuclides and foods.
ORION-WIN is an updated version of ORION-II and runs on a PC with Windows OS, and also has a graphical

user interface for inputting parameters and referring output files.
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2. Calculation model

In this section, the models to calculate the radionuclide concentration in air and food and the radiation dose are
described.

2.1 Atmospheric dispersion

2.1.1 Atmospheric dispersion formula
A Gaussian plume model is applied to calculate atmospheric dispersion. The model assumes that the dispersion
of radioactive materials discharged to the atmosphere can be described by a Gaussian distribution in both lateral

and vertical directions. The basic equation is expressed by equation (1)

2 2
;((x,y,z):#-exp - y22 . exp[—@}+exp{— w} , <+(1)
2r-0,-0,-U 20, 20, 20,
where,
x (x, v, Z) : air concentration at point (x, y, z) [Bq m™]
0 - uniform discharge rate of radioactive materials from the stack [Bq s™]
U - wind speed at the height of the stack [m s™']
H : stack height [m]

0y, 0. :lateral and vertical dispersion parameter [m].
Ground level concentration is required for the dose assessment, and z can be assumed to be zero and equation (2)

can be derived.

2 HZ
25 0)=—L - exp| -2 T |"eXp| 5 7 | e
r-o,-0,-U 20, 20,

The equation (2) refers to the situation where the duration of the discharge is such that the resulting distribution
of the radionuclides may be considered to be in the form of a plume. However, the purpose of the code is to
calculate average concentration and dose for discharges that occur over an extended period of time, such as a
year. Accordingly, the code provides following options to calculate average concentration.

Option 1: Sector axis,

Option 2: Sector averaged concentration,

Option 3: Sector averaged concentration including adjacent sectors.

The equations to be applied to calculate in each situation are given below;



JAEA-Data-Code 2012-011

(x.y,2)

S A

Y

Fig.1 Schematic diagram of Gaussian plume model.
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Option 1: Sector axis concentration

G 2
E sw Qi -1 He s
)(id(X’OaO):z '(Usw 'eXP(_ . 2)fDi'fPi'fRi , +(3)
s=A7l " Oyg * Oyg 2044
-1

H,,=Hy+AH, - L, -V, -x<U,>" , :(4)
where,

Xia (%,0,0) : sector axis concentration of nuclide 7 for direction d [Bq m'3]

Fo : frequency of wind direction appearance at stability s

O,  discharge rate of nuclide i [Bq's™]

Oys, 04 : dispersion parameters including building wake effect [m]

<U,>" - average of the inverse of wind speed at stability s for direction d [s m™']

H.y : effective stack height at stability s for direction d [m]
i : fraction of depletion by dry deposition
fri : fraction of depletion by precipitation scavenging
Tri : fraction of depletion by radioactive decay

Hy : stack height above the sea level [m]

AH : plume rise at stability s for the direction d [m]

Ly : height of interested point above the sea level [m]

Vei  gravitational settling velocity for nuclide i [m s™].

If nuclide i is a decay product of the parent i-1, Q; should be calculated by the following equation:

exp(=4,_,-t)—exp(= 4, 1)

Qi - QH 1-2 ) ﬂi : fD(H) : fP(l;l) : fR([—l) ) 6))
i~ Niel
t=x-<U, > . -+(6)
Option 2: Sector averaged concentration”
2 8 < F;'w i Qi -1 Hedsz
Xia = _'_'z—'<Usw> -€Xp| — 2 'fDi'fPi'fRi > ”(7)
T T 5-404°X 20,
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H, =H,+AH, -L, ~V, -x-<U >~

Option 3: Sector averaged concentration including adjacent sectors”

id “r. O'YS . O'ZS = s(w+k) sk s(w+k) 2O_ZS2 Di Pi Ri
-1
He(d+k)s :HO +AH(d+k)s _Ld _Vgi .x'<Us(w+k) > ’
where,
W : sector averaging factor for stability s and direction ;

_ _ | Oys B2 _ Y
WSI_WSI_\/; 2= N {erf[\/z'o-m) e’f(\/z'o-ysj} ,

7 o y
W - . Ys ~erf 1 ,
* 2y \/EO-YS

_ =
T
m

) 16

. .(8)

. .(9)

-+(10)

-+ (11)

+(12)
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Fig. 2 Schematic diagram of plume rise from the stack.

Discharged radionuclides will be changed as they travel downwind, because of radioactive decay processes
which may even result in the formation of new radionuclides in the plume. In addition, both parents and decay
products may be removed from the plume during transport by gravitational settling, dry deposition and
precipitation scavenging.

Following source depletion processes are included in the code.

(1) Gravitational settling
Particles with a diameter of 10 pum or more may have significant gravitational settling velocity in the atmosphere.

For the modeling of such effect, it is assumed that the height of the plume has been reduced. In other word, the

term, [— Vgi x<U,, >71], in the equations (4), (8) and (10) should be corrected for gravitational settling.

When the nuclide 7 is a progeny of parent i-1, the term, [— Vi - x<Uy, >_1], should be added to above

g(i

term. When H ,, <0, H,, =0 is assumed.

(2) Dry deposition

In the absence of gravitational settling and precipitation scavenging, particles and reactive gases may deposit on
surfaces of vegetation and soil via impingement, electrostatic interactions, chemical reactions and other processes.
In the code, these processes are parameterized in terms of a dry deposition velocity.

Source depletion term due to dry deposition, fp;, is expressed by equation (13).
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2 <1 H,’
fDi =CXp _\/:'VDi'<Usw >_1 '[ —€Xp| — edsz dx 5 “(13)
T 0 Oy 207
-1
Heds:HO+AHds_Ld_Vgi.x'<Usw> > ..(14)
where,
Vpi - dry deposition velocity for nuclide i [m s™],

When the nuclide 7 is progeny of parent i-1, the term, [— V X< U,, >_l], should be added to equation

gli-

(14).

(3) Precipitation scavenging
In the presence of precipitation, radionuclide may be removed from a plume primarily by being incorporated into
the precipitation as it is formed (rainout) or by being swept out by the precipitation as it falls (washout). Source

depletion term due to precipitation scavenging, fp;, is expressed by the equation (15).

fPi:eXp(_Fpr'Ai'x.<Usw >71) > ..(15)
where,
F, : ratio of precipitation period in the extended period,
A, - scavenging rate of nuclide i [s™].
(4) Radioactive decay

Source modification term due to radioactive decay, fx;, is expressed by equation (16).
-1
fu=expl-4-x-<U,>") | ++(16)

where,

A : radioactive decay constant for radionuclide i [s'l].

2.1.2 Dispersion parameters

Dispersion parameters, o, and O

B _, are expressed as a function of distance and stability. Following three

calculation options are provided in the code.
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Option 1: Formulas recommended by Briggs for open-country condition’

Briggs developed formulas to calculate o, and o . for open-country condition. Formulas are expressed as given

in Table 1 and curves are shown in Fig. 3. These formulas are adopted in AIRDOS-EPA code?.

Option 2: Formulas recommended by Briggs for urban condition

Briggs also developed formulas to calculate o, and o for urban condition. Formulas are expressed as given in

Table 2 and curves are shown in Fig. 4.

Option 3: Curves recommended by Pasquill and Meads®

992)

“Meteorological Guideline for the Safety Assessment of Nuclear Power Reactor”” adopted curves recommended

by Pasquill and Meads. The curves shown in Fig. 5 are formulated as follows.

o.=k-6,-(8-logx)-x +(17)

o b o)

. :00-(10_3-x , =+ (18)

where, x is downwind distance in meters. When o, exceeds 1000 m, o, is assumed to be 1000 m definitely. The
parameters to be used in above equations are given in Table 3.

When the discharge source is near a building or complex of physical structure, however, the building-wake-
effects can enhance the initial growth of plume. To account for the building-wake-effects, the code uses enhanced

dispersion parameter described as following.

2
Oys =40, +0, , +(19)

13

2 2
Oz =40, 0 > *+(20)

(o) 2_O' 2 = 4

o — %0 T4 >
7 ‘ 2
where,

A : cross-sectional area of building near the release source normal to the wind [mz].
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Table 1 Briggs’ interpolated equations for open-country condition.

Atmospheric Oy Oz
Stability (m) (m)

A 0.22X(1+0.0001X)-1/2 0.20X
B 0.16X(1+0.0001X)-1/2 0.12X
C 0.11X(1+0.0001X)-1/2 0.08X(1+0.0002X)-1/2
D 0.08X(1+0.0001X)-1/2 0.06X(1+0.0015X)"1/2
E 0.06X(1+0.0001X)-1/2 0.03X(1+0.0003X)"1/2
F 0.04X(14+0.0001X)-1/2 0.016X(1+0.0003X)-1/2

(a) Values of X are downwind distances in meters.

Table 2 Briggs’ interpolated equations for urban condition.

Atmospheric
Stability

Oy

(m)

Oz

(m)

H OO O w

0.32X(140.0004X)-1/2
0.32X(1+0.0004X)-1/2

0.22X(1+0.0004X)-1/2
0.16X(1+0.0004X)-1/2
0.11X(1+0.0004X)-1/2
0.11X(1+0.0004X)-1/2

0.24X(1+0.001X)-1/2
0.24X(1+0.001X)-1/2
0.20X

0.14X(1+0.0003X)-1/2
0.08X(1+0.0015X)-1/2
0.08X(1+0.0015X)"1/2

(a) Values of X are downwind distances in meters.
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Downwind distance x= 200m
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Table 3 Constants for equations (17) and (18).

Stability Oo Po b1 P2
A 768.1 3.9077 3.898 1.7330
B 122.0 1.4132 0.49523 0.12772
C 58.1 0.8916 -0.001649 0.0
D 31.7 0.7626 -0.095108 0.0
E 222 0.7117 -0.12697 0.0
F 13.8 0.6582 -0.1227 0.0

Downwind distance x< 200m

Stability Oo Po p1 p2
A 165 1.07 0.0 0.0
B 83.7 0.894 0.0 0.0
C 58.0 0.891 0.0 0.0
D 33.0 0.854 0.0 0.0
E 24.4 0.854 0.0 0.0
F 15.5 0.822 0.0 0.0

Downwind distance x = Om

Stability k 0
A 50
B 40
C  Ugerr5%104 30
D 20
E 15
F 10

,11,
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2.1.3 Plume rise
When a plume has significant momentum, it will tend to rise above the physical stack height. Following three

options to calculate plume rise are provided in the code.

Option 1: Briggs’ Formula for neutral condition”

592)

“Meteorological Guideline for the Safety Assessment of Nuclear Power Reactor”” adopted Briggs’ Formula for

neutral condition. Formula is expressed by following equation.

AH, =3-W,-D-<U, >" 1)
where,
/) : effluent velocity [m s'l],
D : inner diameter of the stack [m].

Option 2: formulas from IAEA Safety Series No.50-SG-S3”
According to the IAEA Safety Series No.50-SG-S3”, plume rise is calculated by the following equations.
1) Unstable and neutral condition (Stability: A, B, C, D)

The following equations are applied to calculate plume rise for unstable and neutral condition.

AH, =3-W,-D-<U_,>" 21y
_ EAEND'e )‘/ 3 ..
AH, =144-D-(,-<U,, >"f (ﬁ) —c 22)
where, C is a downwash correction factor for IV, < 1.5 U, and is expressed as the following equation.

c=3-(15-w,<U,>")D, (C=0) .

where,
Dg : external stack diameter [m],
The lower value calculated from the equations (21)’ and (22) should be used as more suitable estimates of plume

rise.

,13,
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Fig.6 Schematic diagram of plume downwashes below the top of the stack.

i1) Stable condition (Stability: E, F, G)

The following equations are applied to calculate plume rise for stable condition.

/3
AH¢=14¢L»WQ<UW>4Y3QZJ -C . -2y
1/4
F
AH, =4.| > , ++(23
ds ( S ) ( )
AHdgzl.S-S_l/é-(Fm-<Usw >_1)I/3 , -+ (24)
where,
F, : momentum flux parameter. F, is defined as:
2
menf]
2
where,
S : stability parameter. S is defined as:

g8 ( 0”8) For E stability class, S =8.7x10™
124 For F and G stability classes, S =1.75x107

,14,
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The smallest among three values calculated from the equations (22)’, (23) and (24) is used.

Option 3: input of stack height

When the discharge source is near the complex structure or terrain, the above equations are not applicable. In
such cases, wind tunnel experiment is performed to get experimental effective stack height”. Such stack height

can be prepared for the input data of the code.

2.2 Concentration in food
The code calculates concentrations in the maximum of 10 foods in a single execution. The code has no

restrictions to calculate concentrations in foods which can be defined by the equations (30) ~ (37).

2.2.1 Deposition model

The code calculates the rate of deposition at which radionuclide is deposited on the ground because of both dry
deposition and precipitation scavenging.

1) Dry Deposition

After the air concentration at given point has been calculated, deposition rate, Wp; [Bq m™ s™'], is calculated using

the basic definition of the deposition velocity, Vp;[m s'l]. That is,
W=V Xa - ++(25)

2) Precipitation Scavenging

The rate of deposition onto the ground surface due to precipitation scavenging processes is given by the

following equation”.

w,=F, ~Al.j;(i (x,y,zdz . *+(26)

The average rate of deposition over the extended period of time can be calculated by the following equations for
each calculation options.

For the option of sector axis concentration,

Z\/;‘O-Yb Fo <V > Soi S Sa - "*(27)

For the option of sector average concentration,

,15,
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A
Wpi:z—Q F,,-<U,, > Soi Sri Sri "+(28)

For the option of sector average concentration including adjacent sectors,

1

G
Z \/E o Z S(W+K) WSK <U(W+K > sz sz le . *+(29)
=4 Ys k=-1

Total rate of deposition is given by the sum of the rates of dry deposition and precipitation scavenging.

WTi = WDi + WPi

I s g
AN

Prec1p1tat10n Scavenging

Dry Deposition

Fhiy

Wy )ﬁﬁ i Vegetation

Fig. 7 Schematic diagram of deposition mechanism.

_16_
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2.2.2 Concentration in food

Concentration of radionuclide in food can be calculated by the following equation'”:

v -[l—exp(— /1Eij 'fej)]+ Bij '[l_exp<_ &G 'tb)]} -+(30)

c . =W,
ijd Tld{ /IEij . de /131 f)j

When nuclide 7 is a decay product originated from parent i-1, the concentration should be calculated by the

following equation:

G
co=w. 1 [1 - exp(— Agy Ly )] By [1 - exp(— A1, )]
e Ay Y ' 25 -P
Eij " jd id "L
, (3D
B, A0 l—exp(— A -tb) l—exp(— A -t,,)
+ W]‘(Fl)d P_ /»LG /»LG ﬂG - iG
jd i1~ N i i—1
where,
C ; d : concentration of radionuclide 7 in and on vegetation j for direction d [Bq kg'l],
W - deposition rate of radionuclide i onto the ground at direction d [Bq m~s™],
¥y : fraction of direct deposited activity of radionuclide i retained on edible portions of vegetation j,
Agy : effective removal rate constant for radionuclide i from vegetation j [s"], where A, = 4, + 4, and
/1wij is the removal rate constant for physical loss by weathering.
ty : time period that the vegetation j is exposed to contamination during the growing season [s],
Yy - agricultural productivity of the edible portion of vegetation j for direction d [kg m™],
By : concentration factor for uptake of radionuclide i from soil to edible parts of vegetation j [Bq kg'l—
vegetation per Bq kg’l—dry soil],
ll.G - effective removal rate constant for radionuclide i from soil [s],
ty : period of long term buildup for activity in soil [s],
Py - effective surface density of soil [kg-dry soil m™].

The following equations can be applied to the calculate concentrations of trittum and carbon-14 in the

Vegetationlo).

v 1
*H :CW=Fm'Rpj/H-z,-d=0-375-H~;ad , “+(32)
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where,
Fy; : fraction of total plant mass that is water (0.75),
R, : ratio of tritium concentration in plant water to tritium concentration in atmospheric water (0.5),
H : absolute humidity of the atmosphere [kg m'3].
c :C :F»i-;(d =687.5 7, . -+(33)
i ¢ C. i i
where,
F : fraction of total plant mass that is natural carbon (0.11),
C. - concentration of natural carbon in the atmosphere [kg m™] (1.6 X 10™).

‘When man or animal consumes such vegetation, market dilution and holdup time can be considered.

VE _ AV F ..
Cia = Cia* S exp(— Aot hj) ; G4
where,
C ;5 : concentration of radionuclide 7 in vegetation j for direction d when they are consumed [Bq kg'l],
fcg : fraction of radionuclide i retained after market dilution or cooking,
by : average time from harvest to consumption of vegetation j [s].

The radionuclide concentration in milk or meat is dependent on the amount of contamination level of the feed
consumed by the animal. The radionuclide concentration in milk or meat is expressed by the equations (35), (36)
and (37)".

CiZ[ =F, 'C;y Or ) =+(35)
s s
C;cliw = fpast : fv : CiZF + (1 - fpast ) CidF + fpast : (1 - fs ) CidF b ot (36)
Co" =Cy - fexp(=4-1,) ++(37)
where,
C 3;[ : concentration of nuclide i in milk or meat for direction d [Bq 0" or Bq kg'l],
Foi : average fraction of the animal’s daily intake of radionuclide i which appears in each liter of milk or in
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each kilogram of meat [d 0" ord kg'l],

C ;ﬁl - concentration of nuclide i in the animal’s feed for direction d [Bq kg™'],
Or : amount of feed consumed by animal per day [kg d'l],
Jpast : fraction of the year that animals graze on pasture,
fs : fraction of daily feed that is pasture grass when the animal grazes on pasture,
c ;ZF : concentration of nuclide i in pasture grass for direction d [Bq kg™'],
C ;F : concentration of nuclide 7 in stored feed for direction d [Bq kg’l],
C li\fF : concentration of nuclide i in the animal’s feed which is milk or meat from the animal fed by

contaminated pasture [Bq 0 or Bq kg],
fl.F : fraction of radionuclide i retained after market dilution or cooking,

t : average time from milking or slaughter to consumption of milk or meat [s].
C." and C.F are calculated by the equations (30) ~ (34).

2.3 Dose calculation
2.3.1 Committed dose due to internal exposure

(1) Inhalation

The following equation is used to estimate inhalation dose incorporated with resuspension of deposited activity;

1—expl- A7 -
D;id:{lid"'WTid exp/(,tGll tb)'RFl}-R-DFHTI. ) -+(38)

i

When nuclide i is a decay product originated from parent i-1, the following equation should be used.

W 1- exp(— A tb)

D]["id: Xt l “RE, - R-DFH ’

-+ (39)
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where,

D;l. , :inhalation dose to organ 7" due to nuclide i for direction d [mSv],
RF; : resuspension factor for nuclide i [m™],

R  breathing volume over the extended period of time [m’],

DFHyp  : dose conversion factor for inhalation [mSv Bq'l].

(i1) Oral Intake

The following equation is used to estimate ingestion dose;
0 VE
D%, =CI-E,-DFO,, | ++(40)

where,
Dg.j 4 . ingestion dose to organ 7 due to nuclide i for direction d [mSv],

E; : consumption amount of food j over the extended period of time [kg or €],

DFOy; - dose conversion factor for ingestion [mSv Bq™].
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Fig.8 Typical scheme of internal exposure pathways to man from airborne discharge.
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2.3.2 Dose due to external exposure

(1)Submersion

The following equation is used to estimate submersion dose incorporated with resuspension of deposited activity;

1- exp(— A -tb)
A

1

Dy, = {;(,.d + W, .RF,} -TS-DFS,, . “e(41)

When nuclide i is a progeny originated from parent i-1, the following equation should be used.

l—exp(— A -tb)

Wi 2°
Dy, =4+ ’ -RF, ;-TS-DFS,, .,
e ‘ o A7 [l—exp(—/if~tb) 1—exp(—2f_1~tb)} "
7(i-1)d G G G - G
ﬂ'i—l o ﬂ'i ﬂ’i 1171
<+ (42)
where,
D}i ,  :submersion dose to organ 7 due to nuclide i for direction d [mSv],
RF;  resuspension factor for nuclide i [m™],
Ny : time period that the man is exposed to the airborne radioactive material [d],

DFSy;;  : dose conversion factor for submersion [mSv d”! per Bq m™].

(i1) External Exposure to Ground Surface Contamination

The following equation is used to estimate dose due to external exposure to the ground surface contamination.

1- exp(— A tb)
i

1

Dy =W, -TG-DFG,, . - +(43)

When radionuclide i is a decay product originated from parent i-1, the following equation should be used;

l—exp(— A -tb) A
Tid G + WT(H)d G .G
D¢ = g A -TG-DFG,, “+(44)
e 1—exp(— Y ~tb)_ l—exp(— A7 -tb) §
A A7
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where,

Dg , :dose to organ T due to external exposure to the ground surface deposited radionuclide 7 for direction d
[mSv],

G : time period that the man is exposed to ground surface contamination [d],

DFGy;  : dose conversion factor for external exposure to ground surface contamination [mSv d”' per Bq m?].

Submersion in the Radioactive Cloud

\
N -

External Exposure to
Contaminated Ground

// N

Fig.9 External exposure pathways to man from airborne discharge.
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3. Outline of GUI Windows of ORION-WIN

In this section, the outline of ORION-WIN is described.

The ORION-WIN program supports the ORION-II code with Graphics User Interface (GUI). The ORION-WIN
program consists of the followings.

1) Creation of input file of ORION-II,

i) Excecution of ORION-II,

iii) Reference of output file of ORION-II,

1V) Edition of table file for creating input file.

3.1 Structure of the directory of ORION-WIN

The directory named “ORION-WIN e” is created under specified directory by setup. The contents of the

directory are followings.
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ORION-WIN ¢

ORION-WIN.exe St5uninst.exe
—Analysis Moduld
ORION2e.exe
Source]
ORIONZ2e.for
Make Tool

Inp Divide.exe Inp Union.exe Inp Change.exe

Kisyo Change.exe
——|Source
Inp Divide.for Inp Union.for Inp_Change.for Kisyo Change.for
—Output_Referencd
Resultl.txt Result2.txt Result3.txt Result4.txt Result4d.txt
Result5.txt Result6.txt Result7.txt ORION2XS.dat
GraphO1.txt

Lookresultultl.xls Lookresultult2.xls Lookresultult3.xls
Lookresultult4.xls Lookresultult5.xls Lookresultult6.xls
Lookresultult7.xls Graphmake.xls

Card2-1(1).doc Card2-1(2).doc Card2-1(3).doc

Card2-2(1).doc Card2-2(2).doc Card2-3(3).doc

Card2-3(1).doc Card2-3(2).doc Card2-3(3).doc FoodMethod.doc

Method(1).doc Method(2).doc Method(3).doc

isyo Data

972kisyo.dat 973kisyo.dat 97kisyo.dat 98kisyo.dat

Card9.dat Card10.dat Card14.dat Card16.dat Card22.dat

Card24.dat Card26.dat Card28.dat Edit__path.txt Excel__path.txt

utputs

E

—

o

m|
ork Files
|Ix

a
=
o]
Q
=
<

i

ource
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Table 4 Contents of the directory of ORION-WIN.

Directory Description
ORION-WIN e main directory
Analysis Module excution of ORION-II program
Make Tools creation of input file
Output Reference output files of ORION-II program and excel macro file for output files.
Help Text help files
Kisyo Data meteorological observation data files
Table Data data files for creating input file
Outputs output files of ORION-II program
Tmp temporary directory for creating input file mode updated
Work Files temporary directory for creating input file preserved
Source ORION-WIN source program by Visual Basic ver. 5.0
3.2 Execution of ORION-WIN

The ORION-WIN is started by double-clicking of “ORION_WIN.exe” icon in ORION-WIN e directory.

3.3 Operation of ORION-WIN

The ORION-WIN has the four sections as follows;
1) Data Input Mode,

ii) Analysis Mode,

iii) Output File Reference Mode,

iv) Table File Edit Mode.

3.3.1 Data input mode
This mode is used for creating input file. There are two options, that is, “YEAR EVALUATION MODE” and
“EXPERT MODE”. “YEAR EVALUATION MODE” sets the extended period which is limited to 365.25 d, and

the calculation option in Card-2 is shown in Table 5.

Table 5 Calculation option in Card-2 in “YEAR EVALUATION MODE”.

Symbol Description Value

I0PT(1) option for atmospheric dispersion calculation 3

I0PT(2) option for plume rise calculation 3

IOPT(3) option for dispersion parameter 3

IOPT(4) option for ground level 1

IOPT(5) option for input of agricultural productivity and effective density of 1
soil

IOPT(6) output option for normalized concentration and atmospheric 1
concentration.

1I0PT(7) input option for atmospheric concentration. 0

ISETP calculation option. 0

“EXPERT MODE” is performed with inputting data per every input card.

,26,



JAEA-Data-Code 2012-011

3.3.2 Analysis mode
Environmental concentration and dose due to airborne discharge of radioactive materials are calculated in this
mode. It is necessary to choose an input file. In order to select the existing input file previously made in “Data

Input Mode”, push “Select Input File”.

3.3.3 Output file reference mode
This mode indicates output file in ORION-II. The ORION-II outputs the following 9 files;

i) Resultl.txt : results of concentration at calculation point ( ),

i) Result2.txt : results of concentration at calculation point ( x /Q),

ii1) Result3.txt : results of deposition rate on ground surface,

iv) Result4.txt : results of concentration of radionuclide in foods,

v) Result5.txt : results of committed dose due to internal exposure,

vi) Result6.txt : results of dose due to external exposure,

vii) Result7.txt : results of total dose due to internal and external exposures,

viii) Orion2x8.out : summary list of result1.txt to result7.txt,

ix)GraphO1.txt : output file for creating the graph about the contribution of internal and external exposures.
It is possible to refer these ““ .txt” files by Microsoft Excel program. The contents of Orion2x8.out file can be

referenced by text editor.

3.3.4 Table file edit mode

In this mode, it is possible to modify table files. The table files are as follows:
1) Data for Release Source : data file for Card-10,

ii) Data for Vegetation: data file for Card-14, Card-19 and Card-30,

ii1) Data for Foods: data file for Card-22, Card-25 and Card-30,

iv) Data for Organs: data file for Card-26,

v) Information of Radionuclide: data file for Card-9 and Card-17,

vi) Information of Vegetation: data file for Card-16,

vii) Information of Foods: data file for Card-24,

viii) Information of Organs: data file for Card-28.
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