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ORION-WIN : A Computer Code to Estimate Environmental Concentration and Radiation Dose

Due to Airborne Discharge of Radioactive Materials from Nuclear Facilities
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Tokai Research and Development Center
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 3, 2012)

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
the produce of progeny from the parent radionuclide are also considered. Inhalation and oral intake are
considered as internal pathways, and submersion in the radioactive cloud and external exposure to
contaminated ground surface are considered as external pathways, respectively. 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 mounting 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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Fig.1 Schematic Diagram of Gaussian Plume Model.
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Fig.2 Schematic Diagram of Plume Rise from the Stack.
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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(140.0015X)-1/2
E 0.06X(1+0.0001X)-1/2 0.03X(1+0.0003X)-1/2
F 0.04X(1+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 Mg 0w

0.32X(1+0.0004X)-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(140.001X)-1/2
0.24X(140.001X)-1/2
0.20X
0.14X(1+0.0003X)-1/2
0.08X(140.0015X)-1/2
0.08X(1+0.0015X)-12

(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 p1 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 22.2 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 \ 6.7775% 104 0
D 20
E 15
F 10

,11,
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Fig. 6 Schematic Diagram of Plume Downwashes below the Top of the Stack.
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Fig. 7 Schematic Diagram of Deposition Mechanism.
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Fig. 8 Typical Scheme of Internal Exposure Pathways to Man from Airborne Discharge.
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Fig. 9 External Exposure Pathways to Man from Airborne Discharge.
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