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DIMENSION
¥(20), 05(20). W(16,10), CROP(16,10), BEFF(16.10)

M. N. F(20). X(20). SM(20), XOL. XO2, XO3. XO4, XO7. XO8, X0, Al0, All, Al2. A20,
AZL, A22, ABD, A33, AT4, Ad0, A3, Ad4. AS2, AS5, AI0. ALL. AL2, A20, A21. A22, AW, Al L
A4, AJD, Ad3, Add, AS2, AS5, Ab2. Ab6, ATO, A73, ATT. ABO, AB3, ASB. A1, AYS, AY7. AYS,
AR, AY10, AI00, AIOI0, AHID, ALSED, AL LIL, ATEE2, AI21), AFSE AITS, AIS7. AVIB. ALY
V3, AI3E4, ATA0. AT414, ATSI3, AISIA, AISIS, ATSIb, ALBIS, Alble

COMMON

DATA i
SUMC/0, SUMM/O/, SUMB/O/, TOTALC/O/. TOTALM/O/. TOTALB/O/

READ
DT. N, D. NON, LL. MM. NEWS, MILE, QY
W(i1). CROP(LD), MILK(L)). BEEF(L)), FDI, FD2, FD3. FD4, DR, EA. EC. UA,
UC. BA, BC'VH, DE. VE, DG. AE. AG. FM, FL, MA. MC, RD, TB. TM.JALIC, LA,
LC. 18, IM, LB, LM, TI2, T21. T34, T43. T52, T62. Tod. TAI2, TA32, TA3), TAS3,
TA34, TA43, TAS3, TA34, TCI2, TC3I2 TCII. TC63, TC34, TC43, TC53. TC54

r O=QY * IE6/365/86400 ]

1

SUMCI=W(L1) * CROP(L)) SUMC= SUMC +SUMC!
SUMMI=W(ij) * MILK(L)) SUMM=SUMM-+SUMMI
SUMBI=W(1]) * BEEF(L]) SUMB= SUMB +SUMB}

1 o

TOTALC =TOTALC + CROP(L)} [ .
TOTALM=TOTALM +MILA(L))  }~= =20 };: ig ;,E,‘_’f
TOTALB =TOTALB +BEFF(L))

¥
XOL=SUMC/TOTALC * Q XO2=SUMC/TOTALC * Q

XO7 =SUMB/TOTALB * O XO8=SUMC/TOTALC * Q
X03 =(XO7+ X08)/2 T XO4=(X07+ X08)/2

Y(1)=0,1=1 TON
0s(1)=0. I=1 TON

READ
TI2, T21, T34, T43, T52. FOI, FD2, FD3, FD4

AIO=FDI * DR, All=-(RD+T21+VH/(AE* DE)), AI2=TI2
A20=FD2 ®» DR. A2} =T21. A22=-(RD+TIZ+T52+T62)
A30=FD3 * DR, AI3=-(RD+T43+ VE/(AC # DC)). A34 =T34
A40=FD4 * DR AM3=T43, M4=-(RD+T34+T64)

AS2, T52, A55=-(RD+VH/(AE * DE))

rT=o. K=1, KH=1, XO=W(KL KM) & o—l

Use Runge-Kutta Method ; Ordinary dillerential Eq.
(Use CALL SUB) with Initial Conditions

L Qs(1)=as()+Y(1) * DT I=1 TO Nj

YES
- T(NON

NO

T12=0, T52=0, T34=0, T21 =0, T43=0
FD{=0, ¥D1=1, FD3=0, FD4=1

AlO=FDI * DR, All=-(RD+ T2t +VH/(AE # DE)), A12=TI2, A20= FD2 *
DR, A2t =T2I. A22=-(RD+T124 752+ 762), A30=FD3 #DR, A33=-(RD+
T43+ VE/(AG % DG)), A34=T 34, AMU=FD4# DR, AI3=T43. AM4=-(RD+
TI4+T64), AS2=T52

YES )

NO

r PRINT : X(1). 05(1) t=1.16 |

"—'

Fig. 1. Computational flow chart for SA method model.
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Fig. 4. Assumed continuous terrestrial release of 1-131(1 Ci/yr) : Predicted Activty in Reference Child.

Table 1. Sensitivity of predicted thyriod to terrestrial parameter variation.

Present Study ICRP 29
Parameter Adult Child Adult Child

Vh/De -1. 6E-03 -3. 4E-04 -1. 5E-03 . -3.3E-04
E 2. 9E-01 6. 3E-02 2. 9E-01 6. 3E-02
Ta -4. 3E-01 -9, 2E-02 -1. 7E-01 3. 7E-02
Te 1. 3E-08 2. 9E-09 1. 2E-08 2. 8E-09
Tse 8. 6E-07 1. 0E-07 8. 6E-07 1. OE-07
Te -8. 9E-10 -1 4E-10 -9. 1E-10 -1. 1E-10

U 8. 6E-07 1. 0E-07 8.6E-07 1. 0E-07
Ve/Dg 6. 6E-01 9. 3E-01 6. 4E-01 8. 9E-01
Fb/Mb 1. 1E-01 2. 6E-02 1. 1E-01 2. 6E-02
F1/L 5.5E-01 9. 0E-01 5. 5E-01 9. 0E-01
Ta -8. 9E-01 -1. 2E+00 -3. 8E-01 -5. 3E-01
Ta 3. 8E-04 5. 4E-04 3. 8E-04 5 4E-04
Tes -4. 0E-07 -5. 6E-07 -4. 0E-07 -5. 6E-07

B 1. 1E-01 2. 6E-02 1. 1E-01 2. 6E-02

M 5. 5E-01 9. 0E-01 5. 5E-01 9, 0E-01
\Y 9. 5E-01 9. 9E-01 9,.5E-01 9.9E-01
FD1 2. 9E-01 6. 3E-02 2. 9E-01 6. 3E-02
FD2 1. 4E-07 1. 7E-08 1. 4E-07 1. 7E-08
FD3 6. 6E-01 9, 3E-01 6. 6E-01 9. 3E-01
FD4 6. 2E-05 8. 7E-05 6. 3E-05 8. 8E-05
1 4. 7TE-02 8. 5E-03 4. 7E-02 8. 3E-03
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Table 2. Robustness of predicted thyroid doses to terrestrial parameter inaccuracy.

Statistical Present Study ICRP 29
Index Adult Child Adult Child
Mean{Rx,) 0.43 0. 40 0.32 0.29
Quartile R%;* 0.19 0. 59 0.13 0. 096
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Table 3. Predicted maximal individual annual doses(Sv)to the thyroid based on the assumption of continuous
terrestrial release of 1-131.

(a) by system analysis method which is not considerated current time.

Case Age Infant Child Teens Adult
Normal Operation 1. 505E-07 2. 176 E-07 2. 039E-07 1. 573E-07
0. 12%Fuel Defect 2. 433E-04 3. 518E-04 3. 295E-04 2. 542E-04
(b) by system analysis method which is considerated current time.
Case Age Infant Child Teens Adult
Normal Operation 5. 78E—-08 4. 86E-08 4, 41E-08 3. 60E-08
0. 12% Fuel Defect 9. 35E-05 7.85E—-05 7. 13E-05 5. 81E-05
7R Q% FHiNle HEeks A4ke 4 19869 7,8% 712 1 -131%7] 7|3 o
I o A3 ) o] Aule ofslw §-F 717} AT ey A7t A HFAARE §
< e AR AEdAel s AxS F7)7te] A E R & Ao AFH A o
S K277z} M-29 (1), @), 3)° s Aakgk 23k A lS 2 327X 107°Svy, A= 3.036
2 78 grco 9k H%7)7He st ,a% 7 X107°Svy, frol 2 497X 1(°Sve g, A7] A&}
+ 254 SA4F HFHE 9% gk J% > 22 7H 8 AARgE gES L4~1 7 E0h 2
frotzl 71 23 oo g Aol A, %01 g 549 7] driwrEs qlat 7k ofde) Azt
At W 1-131 L9 E 29 5o Jepisla Aal
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Fig. 5. Food-chain concentrations resuiting from I-131 acute terrestrial release by Younggwang NU-1,2 in May 1986.



16

BEHEBTEREEEE | F13% $ 157 1988F

107

ACTIVITY(uC?)

107 (TS IVaRI NI ITAN ANy

I I T I T

T— ACT. IN THYROID

\\ -

~

ACT. IN EXTRA CELLULAR FLUH%_

ACT. IN LUNGS

N\ ACT. IN. G.1 TRACT
!
N 1 | !

0
(hour)

10 20 30 40 50
TIME SINCE RELEASE(day)

60 60 100 140 180

Fig. 6. Maximal adult activity in thyroid resulting from I-131 acute terrestrial release by Younggwang UN-1,2 in May
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UN-1,2 in May 1986.
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Table 4. Sensitivity of thyroid doses to terrestrial parameter variation : Resulting from continuous terrestrial re-

HAHRBTEER G | F13% 9158 1988

lease of I-131 by Younggwang NU-1,2 in 1986.

(a) In SEE direction and 700m from plant{Maximal air concentration) .

Parameter Adult Teens Child Infant

Vh/De -1 29E-03 -1. 22E-03 -1. 53E-03 -4. 50E-10
E 1. 11E-01 1. 06E-01 1. 32E-01 0. 00E+00
Tw 4. 81E-09 4149E-09 5. 58E-09 4. 51E-16
T 1. 29E-08 1. 29E-08 4. 50E-09 1. 09E-08
Te -2. 03E-11 -1. 82E-01 -1. 32E-11 -1. 02E-11

U 1. 29E-08 1. 29E-08 4, 50E-09 1. 09E-08
Ve/Dg 6. 46E-04 9. 52E-04 2. 01E-03 3. 94E-03
Fb/Mb 3. 09E-04 2. 98E-04 3. 55E-04 0. 00E+00
Fi/L 3. 37TE-04 6. 53E-04 1. 65E-03 3. H4E-03
Ta 3. 67E-07 5. 40E-07 1. 14E-06 2. 24E-06
Te -3. 85E-10 -5. 52E-10 -1. 15E-09 -2. 27E-09

B 3. 09E-04 2. 98E-04 3. 55E-04 0. 00E+00

M 3. 37E-04 6. 53E-04 1. 65E-03 3. 94E-03

A% 1. 12E-01 1. 06E-01 1. 34E-01 3. 84E-03
FD1 1. 11E-01 1. 06E-01 1. 32E-01 9. 11E-09
FD2 2. 84E-09 2. 71E-09 1. 50E-09 1. 76E-09
FD3 6. 46E-04 9. 52E-04 2. 01E-03 3. 4E-03
FD4 5. 89E-08 8. 68R-08 1. 83E-07 3. 59E-07
I 8. 88E-01 8. 4E-01 8. 66 E-01 9. 96E-01

(b) In N direction and 60— 80km from plant(minimal air concentration),
Parameter Adult Teens Child Infant

Vh/De -1 15E-02 -1. 15E-02 -1. 14E-02- -1 14E-07
E 9. 94E-01 9.91E-01 9. 85E-91 0. 00E+00
T 4. 26 E-08 4, 19E-08 4. 20E-08  4.56E-13
T 1. 15E-07 1. 21E-07 3. 37E-08 2. 71E-06
Tee -1. 95E-10 -2. 03E-10 -1. 21E-10 -2. 52E-09

u 1. 15E-07 1. 22E-07 3. 37E-08 2. 71E-06
Ve/Dg 5. 76 E-03 8. 94E-03 1. 50E-02 9. 88E-01
Fb/Mb 2. 76 E-03 2. 80E-03 2. 64E-03 0. 00E+00
F1/L 3. 01E-03 6. 14E-03 1. 23E-02 9. 88E-01
Ts 3. 27E-06 5. 07E-06 8. 49E-06 5. 61E-04
Te -3. 47E-09 -5. 21E-09 -8. 25E-09 -5. 61E-07

B 2. 76E-03 2. 80E-03 2. 64E-03 0. 00E+00

M 3. 01E-03 6. 14E-03 1. 23E-02 9. 88E-01

\Y 1. 00E+00 1. 00E+00 1100E-00 9, 88E-01
FD1 9. 94E-01 9. 91E-01 9. 85E-01 2. 27E-06
FD2 2. 49E-08 2. 58E-08 1. 18E-08 4. 36E-07
FD3 5. 76E-03 8. 93E-03 1. 50E-02 9. 83E-01
FD4 5. 25E-07 8 13E-07 1. 36E-06 8. 99E-05
I 3. 92E-04 4. 15E-04 3. 19E-04 1. 24E-02
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Table 5. The values of Us, SEE and l;wT (Hsor per unit intake) for 1-131 in thyroid.

Case Age Adult Teens Child Infant
{(Normal Operation in 1986)

Us due to Annual Intake (trans) 2. 29E+02 2. 29E+02 1. 07E+02 5. 16E+01
SEE (Mev/g/trans) 1. 07-E02 1. 47E-02 3. 41E-02 5. 62E-02
1Z:W (Hsoy per unit intake) (Sv) 1 18E-11 1 62E-11 1. 75E-11 1. 39E-11
{0.12% Fuel Defect)

Us due to Annual Intake (trans) 3. 69E-05 3. 69E-05 1. 73E+05 8. 35E+04
SEE (Mev/g/trans) 1. O7E-02 1 47E-02 3 41E-02 5. 62E-02
1= wy (Hsoy per unit intake) (Sv) 1. 90E~-08 2. 60E-08 2. 83E-08 2. 25E-08
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An Assessment of Radiological Consequences of
I-131 Atmospheric Release by the System Analysis Method

Yook, Chong-Chul, Lee, Jong-11
(Nuclear Engineering Dept., Hanyang University)

Ha, Chung-Woo
( Healh Physics Dept., Kovea Advanced Energy Research Institute)

ABSTRACT

The annual individual and collective doses to the thyroids of four age-dependent groups due to the in-
take of I-131 released from the Younggwang nuclear power plant NU-1 &2, Korea, are estimated using the
model presented in ICRP 29. Sensitivity and robustness of the model are analyzed.

In case of 0.12% fuel defect during normal operation, the collective dose is founded to be 3.05X 10 man-
thyroid-Sv, which is higher than the value calculated by the GASPAR code, 2.3X10° man-thyroid-Sv. The
maximal individual annual doses resulting from an acute release are higher than those calcualted under the
assumption of continuous release by 1.4~1.7 times. The most important pathway to the infant is milk and,
in contrast, that to child, teen and adult is ingestion of crops. The model used is the calculation appears to
be influenced by the variables such as roubstness-index. The weighted committed dose equivalent obtained
by the ICRP 29 model is slightly higher than that calculated by the three-compartment model.



