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An Application of System Dynamics to Assessing Accident Management
Strategies for Containment Spray Systems
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Abstract

Intentional implementation of containment sprays, which might contributes to mitigating the
release effects of radioactive materials by scrubbing the aerosol types of fission products, is
one of the accident management strategies to be utilized during the station blackout sequence
in nuclear power plants. In this study, the containment spray strategy is assessed using the
system dynamics. The system dynamics is an analysis method to simulate dynamic behaviors
to ensure a causal relationship of structuring elementary feedback loop as well as to analysis
a phenomenon of system with time. This system dynamics is applied to model the release
pathway of radioactive materials through the containment, terrestrial route, and internal
human body. It is shown that dose requirements for iodine—131 thyroids in 10 CFR 100 are
met. These results might be used for decision—-making on the establishment of accident
management plans as well as minimizing individual and collective radiation dose during severe
accidents.
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-3-



AelE W] sk 82 g5 2ol
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D |AFdde] HH 4 (micron) 340 296
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Xo * air concentration( Ci/m®)

X; : above — surface food crop( Ci/m?)

Xy @ food = crop soil (¢ Ci/m?)

X3 : pasture grass (4 Ci/m?)
X4 * pasture soil( Ci/m?)

X5 : food crop beneath surface (& Ci/m?)

X © soil sink( g Ci/m?)

X7 beef( 1 Ci/kg)
Xg + milk( g Ci/kg)

Gl track (u Ci)

Xaz * Lung( 1 Ci)

Xal

Xa3 * Extra cellular fluids( g Ci)

Xa1 * Thyroid( g Ci)
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X 3. Parameter for the Terrestrial Model

parameter Nominal value parameter Nominal value
A, 0.63 Aoys sy 6+1077
s 23 Aes 107
E. 0.10 Vi /Y 1.25
U, 0.19 V. /Yq 100
B. 0.28 f /L 0.8%10°°
M, 0.36 A 8%107"
i /My, 9¥107 Aes 10
Axn 0.14 AL A, 0.90
Aus 0.14 A, A, 0.10
v 1.0 Ac 107
A 8.57%107* Ag 10*
Aasas 1.0 Ay 0.00381
Aasas 0.060 A 2.0
Assaz 0.13 Az 17
Aazas 6.7%107 At 0.88
ﬂaSaA 0 ﬂa3a2 1.9
Air
e concentratlon
Cont. ntegration
Concent #:.I cokege Concent
DayTime
% vD1 21 T <Time> /Ag
Above-surface X )
food crop(X1) Food-crop soil(X2) Pasture soil (X4) grass(X3) \
L12
AT L L
A A — L62
i -00d Cro|
\ ™ beneahp Soil sink(X6)
I~ > surface(X5)
Beef(X7)
HlUa ——  Milk(X8)
e ™
lamm
Bc /K
CtngrGr lamb
Uc \C@aﬂ/ Mc
Ec x|CIC

18 3. Terrestrial pathway model
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X 4. Equations for Selected Variable of Terrestrial Pathway

"Above-surface food INTEG ( vD1#Air concentration+ L12*"Food-crop soil(X2)"-
crop(X1)" (decay  constant+L21+"Vh/Yc"/Ac)*"Above-surface  food

crop(X1)",0)

INTEG (vD2*Air concentration+ L21%"Above-surface food

crop(X1)"-(decay constant + L12 + L52 + L62) * "Food—-crop

s0il(X2)",0)

"Food-crop soil(X2)"

"Pasture grass(X3)" = INTEG (vD3*Air concentration+ L.34*"Pasture soil(X4)"-(decay
constant+ L43+ "Vc¢/Yg"/Ag)+"Pasture grass(X3)",0)
"Pasture soil(X4)" = [INTEG (Air concentration*vD4+ L43*"Pasture grass(X3)"-
(decay constant+ L64+ 1.34)*"Pasture soil(X4)",0)
"Food crop beneath = INTEG (L52+"Food-crop soil(X2)"-(decay constant +
surface(X5)" "Vh/Yc"/Ac) * "Food crop beneath surface(X5)",0)
"Soil sink(X6)"= = INTEG (L64#"Pasture soil(X4)"+"Food-crop soil(X2)"+*L62-
decay constant*"Soil sink(X6)",0)
"Beef(X7)” = INTEG (L73#"Pasture grass(X3)"-(decay constant+lam
b)*"Beef(X7),0)
"Milk(X8)"= = INTEG (L83#"Pasture grass(X3)"-(decay constant+lam

m)*"Milk(X8)",0)

Aeg wgo] gish U8 % 39 A BSE dEste] i 49 #Zo] AT T iR
AREE B gZo #e A& FaA YATHS AT F e Al2ES o 27 49 ol
2dasoict. oy YR ¥F Az md2 7t J3E o FoE vro] ZF kel A g
X RIS FYF FEo dg AolE vERo] s AL

<distance>\ Ea  <Abovesurface
_ _ Inhalation input  Ingestion inputs food crop(X1)>
Air concentration / Ua <Food crop beneath
surface(X5)>
<Integration decay constant » Bca oX3)
Concent>
Lung(Xm2) e B> Gl-tract(Xml) t—— _peei(x7)>
Xmi2
Lic 7 Ma
Xm31
*ch’z %] Milk(X8)>
Extra cellular fluids(Xm3)
GXmGS Xims3
Feces [%]Xm43 [%]Xm34 ——pUrine
Tyroid ro soft tissue(xm4) A
Xmb54
activity
Bg/ci
Integrated » Thyroid dose
Thyroid
DCFthi

2% 4. Lung — GI Tract Model



"Tyroid or soft tissue(xm4)"'= INTEG (Xm43 * "Extra cellular fluids(Xm3)"-
(Xm34+ Xmb4+ decay constant)*"Tyroid ro soft tissue(xm4)",0)

Thyroid dose=Integrated Thyroid*DCFthi*1e-006/"Bq/ci"
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a3 5. Containment iodine-131 concentration 1

AgAEelA d712 BEstE #42 0.05/daye] &= YA Edo] gV|E HEHE A&
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Air concentration & Thyroid dose
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1Y 6. Air concentration and thyroid dose for iodine-131
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13 7. lodine-131 concentration of terrestrial
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1% 8. Iodine-131 concentration of human
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