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Development and application of a dynamic model for assessment of agriculture consequences of nuclear

accident

CUI Hui-ling, HUANG Sha, LU Ming—hua, ZHAO Duo-xin, ZHANG Jun—fang, LI Yun—peng

(China Institute of Radiation Protection, Taiyuan 030006, China)

Abstract: In order to evaluate the impact of nuclear accidents on agricultural ecological environment, a dynamic agricultural radiation
assessment model (AgrRAM) was developed. Based on the dynamic model theory, AgrRAM simulates the dynamic transfer process of
radionuclides in an agricultural environment from the deposition stage, which reflects real agricultural radiation effects after a nuclear
accident. Taking Tianwan nuclear power plant as the epicenter, the simulation of hypothetical accidents in the range of 200 kmXx200 km
was carried out by AgrRAM. The spatial distribution and time series of the specific activities of typical agricultural products were
calculated to show the function of AgrRAM as dynamically simulating the agricultural consequences of nuclear accidents. The time of the
accident was closely related to the growth characteristics of the agricultural products.The different accident time made the specific activity
change by 1~2 orders of magnitude for **Cs and 1~5 orders of magnitude for *'I. Under the same conditions, the activity of "*'T in crops
decayed faster than other nuclides, and if the interval between harvest time and accident time was long enough, the radiation damage of "'l
was small. The sensitivity tests of the model parameters showed that the transfer factor had a great influence on the activity, especially for
crops with only root uptake. The reliability analysis of AgrRAM showed that the deviation between AgrRAM and the conservative
equilibrium model was approximately 5 times, which indicates the reliability of AgrRAM.

Keywords : nuclear accident; dynamic assessment model; agricultural consequence; specific activity
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Table 2 Environmental parameters and agriculture features in two sub—region

I IX FTELIX TR HOIE iRy e IR SRR
Sub-region Administrative region Typical plant Terrain height/m Ave. temperature/C Ave. precipitation/mm

001 S RGN N K 60~350 12.6 860~910

002 ERH A K 2~60 14.1 920~940
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Table 3 The growth and harvest period in two sub—region

FIX 1(If&YT . H B8 ) Region001 (Linyi, Rizhao)

FIX 2(i% 2 5 ) Region002 ( Lianyungang )

P AED) R (H-H) WE(H-H) RAEY) R (H-H ) WE(H-H)
A 01-01 01-01—12-31 L 01-01 01-01—12.31

ZINFE 09-25 06-10—06-20 ZINFE 10-05 06-01—06~10
Tk 04-15 08-10—08-20 BERS 04-01 07-20—07-31
K 06-10 10-20—10-31 K Fe 06-20 10-10—10-20
Ea 05-10 10-01—10~15 EA 04-25 09-20—10-05
GES 04-05 07-20—07-31 GES 04-05 07-20—07-31
1k 04-25 10-01—10-01 1 04-10 09-20—10-05
3% 02-05 10-20—10-31 3 01-20 11-01—11-20

JRE 02-05 06-01—07-15 JIRSE 01-20 05-20—06-30
KR 03-15 07-10—07-31 KR 03-10 07-01—07-20

R4 FEREVARERKBHHEES A -BH (HEEL))
Table 4 The LAI of different plants in grown period

A

Plants

FE 01-01(0.01) 03-06(0.5) 05-05(1) 09-30(1) 12-30(0.05)
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218 04-25(0)  06-01(1) 08-20(3.5) 09-20(1.5) 10-16(0)
G2 04-05(0)  05-10(1) 06-20(4) 08-01(0)

3 01-20(0) 03-20(3.5) 10-01(3.5) 11-20(0)
KE03-10(0)  06-25(5) 07-01(5) 08-01(0)

LAIL LAL LAL LAL LAIs

x5 MAOREHEREER (kg d',FW)
Table 5 Feed list of both region 001 and region 002(kg-d™",FW)

#6 AgRAM AE#ZEBRATESEMG
Table 6 AgrRAM simulation conditions of Tianwan NPP
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Figure 3 Maximum specific activity(FW) distributions of agricultural product of nuclear accident of April 10
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Figure 4 Maximum specific activity(FW) distributions of agricultural product of nuclear accident of June 1
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Figure 5 Maximum specific activity(FW) distributions of agricultural product of nuclear accident of October 20

PRS0 . T 10 A WIA/NE B 24k, &
A T AR E B R B DU, d KL BE Y 1<
10°Bq kg FW  (HASARIE AR 2 o 200K AT
FUTE 10 A AT SRAL T A2 K0, 185 BE W AT AR (EL 2 f A

1% WHART]

B XS T HABAE 1 Ak A L K5 2 2RI R
Wy, SO AETE 10 H 5 4.6 A LR fRER , X SefE
PIis ek AR — M E R IR, X T 2 1Y)
(5L, 2R — 2R EYGRIE, T RE KT R R ARAIR



HEEEY 6 AU VPR BRI IT e S FBF ST 731

PN SB = A K TUND G i a Bro  i  2  w 4
A S IREE A ™ i B B AR AS [RS8 ) S
RAMKZESE, Fl—FHHASFE A ™ 5 1T5 YKt
I . AgrRAM BRI T sh A M5 f , o B sk
Hi S BT SEPR PR R T AR AE R i e ™ Y
FEHUR R AEAERE YRR R 2R 3R A TR A
T HEAANEY) , WSSk A R I SR 22 i, ks
W H . O T AR AT A XS L, SR A H
AR 5 S OB A TR FO T Cs DT, TR
M 100 kBq - m™( H A4 5 % 2530 km Y [l A Cs
A FTRK ), 15 3 A a2 s ) 45 AR 7=
B e G, 2 SR AR 6 s o MR A 4 A B
AR SRR R R SR H S B T —
A FRAE (1 000 Bq- kg FW)2!, 53 26 8 4 77 i A9 36 i
kAR R, MFEBRAES AR, AKX
29 NG P KGR 1) HO B AR R, At ™ S i T
FRAE . MR AAE 10 A B, FE 32 05 K
2 A R TG R PRAE . 2R RN R R
JEE 2 BB TR P B T R A TR TS . 10 ]
— SPEY I AIRTE B TR R AR I 2 ) 16
KHF—AF LAY R
2.3.2 HLIRAAEY 03 B B 8] )5 51)

AR REEAR, B 7 25k Efre A1
H B TR Cs FEAN ) A 72 ity v () BTG B S B] 7 510 %
Lo BT FE S S s A A S IS H i, R A
P oA B ) 254 CRL R BT s J2 A 1) H 30565 60 A (1]
BRI EEEA) o T R A ek AR
P, Cs G AR LB 22 . fEF R B TAK
BIFSCEI A K, BT I R BEEUIRUE S = F IR K
AEER TG B . (FUR Rl B R A RS DR R A S

100 000 @ 4 10 H Apr.10
M 6H1H Jun.1

10 000 O 10720 H Oct.20

1 000
100

10

Fb
Specific activity/(Bq-kg'FW)

1

(9175 d 7 & B B 2 700 Bq - kg FW, i *Cs 1% JE 17
SRR 9.58x10°Bq kg FW. Xf T X P Fs,
TUURUR A AERE RN Z 0T, 15 B 20k B R AR AT
B, INTLAH B K R 10 9 190 d, T B R R 88k, Wi
# it HA 60 Bq-kg' FW, 1M *Cs 1 JF 35 6x10° Bq -
kg FW,™Cs 7E 45 40 a 16 £ A4 22 £ JL A Bq - kg
FW 5 b s i T B e R 3 B0 W b 00 5 0 B (IR
PR TADRE R B T Rk A AR HLIXD)  EDTRUR 2B IR 5
235 d, A=W TS BE KR 100 Bq kg FW IR T
GB/T 18871—2002 F5 i , {H *Cs 1 & — H.1E 1x10"
Bq-kg' FW B9, [MIFERZ) 40 a5 16 A S 2L
A Bq-kg! FW, LR35 F R, AR A K
FMCEIT , BRI IR S B ARR AR DURRUR AR 5 1Y
210 d B T AY 6 BE % 2 JL A Bq-kg ' FW, {HJ2 %Cs
6 B — E K, 40~50 a Ji5 6 2B B 2 JLH Bq - ke
FW.

3 AgrRAM REV R IGIE 23 47

AgrRAM BRI TH B A0 PR 187 5 0 T L TH AR 45 SR A
I T BT 5 RO AR S S B i AR
WO R A 25 R . AgrRAM 56 iE 43 B B 38 o0 2L Al = 265
— R X FAIRUAS B SR O I A3 B 5 5
BB G P AR AR 1B 2 ST L, B AR AL Y T S
3.1 HESHREENR
3.1.1 MR AL

U RDURTEAE Y B8 1338 1 O B R/
TRAE T Ay FREE 1936 B 7K, A% 2= DT B S
S TR R/ . AgrRAM HH R Filk
TR S O S I, ARAE ) b TR G BT 45 I
AR(4) o AR WL TR 5 Y 1) 5 R TR

R

U E S (N 1

a%  Fh A FA B X8R

A% 77 fiy Agricultural products

B 6 A[E) S &R 8 K 7 mh iR K bb il B XS L

Figure 6 The comparison of maximum specific activity of products at different accident time
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