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Predictive Analysis of the Radiation Exposure for the Primary Cooling System
of the Rated Power Operation of MONJU

Youichirou MaTuo,*!" F Masanori HASEGAWA,*? Yoshiharu MAEGawA*? and Shinya MiyAHARA*! 7T

Radioactive corrosion products (CP) are main source of personal radiation exposure during maintenance without fuel-failure
accident in the Liquid-Metal Fast Breeder Reactor (LMFBR) plants. In order to establish the techniques of radiation dose
estimation for personnel, program system “DORE” has been developed. The DORE system is constructed by PSYCHE code
and QAD code system. The density of each deposited CP of primary coolant system in MONJU was estimated by using the
PSYCHE. Moreover, the QAD-CGGP2R code is applied to dose rate calculations for the primary coolant system in MONJU.
The dose rate around primary piping system was visualized using AVS software. The predicted values were estimated to be
saturated at 2—3 mSv/h in twenty years after the start of operation, and the dose rate reaches 4 mSv/h in domains near the IHX
and the cold-leg piping. It has been assumed that the main radiation source is **Mn in the THX, primary pump and cold-leg

piping region. On the other hand, it was indicated that the contribution to dose rate of the ®°Co accounted for approximately

23% in the hot-leg piping region.
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1 ¥

2

JEF-JIHERE T OWSE B B0 <, BHmim, B X
OB R RMIEEE £ 7213 %2 EOYEEDIERIC L 5 T
b7:6 3N 5, “TEFHRSRO BT % ELEA
H% (UNSCEAR)” I2&» T, MREKOBEH - 5
AT 54 B OBFBIEENERZ OB < " OFFHT —
FRFLOHOLNTEBY, E=2F—3NEEEIIHT
5 PIGAE RN X 1974-1979 4E Tl 3.5 mSv (FE4EH]
#130 HA), 1990-1994 4F Tl 1.3 mSv (FEHEMIF 50 )7

() HARETF W FEHME FBR 7 7~ b T I%E € v
& — s WIHREEEA L (T 919-1279)
FBR Plant Engineering Center, Japan Atomic Energy Agency;
Shiraki, Tsuruga, Fukui 919-1279, Japan.

*2 (M) H ARSI B SRR R B AP R S B S v 4 —
fHRBE T AR 2-1 (T 919-1279)
Fast Breeder Reactor Research and Development Center, Japan Atomic
Energy Agency; 2—1 Shiraki, Tsuruga, Fukui 919-1279, Japan.

T AR AR HIR EB R T TR se i B oe B

TR W R B I T LA e T B e

AN) EoTwa Y FIHIE < AR H 5 D
&, EY LR BUEREEERN L ENTWS Z L OJEE
Thbo —HT, WIS 5 ICRP £ (ICRP
Publ. 60)” (F, BT IFEH TORHFBBIE DS 5%
LG EZERLCTVD, TOXIBEENS, 5H LK
S X < BOFIE OB EAFEEN TV S,
DYREDBERFE L T 5 EmEEMFE (FBR) T,
B R 2 & £ 2 Vil EIR COMESEROBIE < O 1R
72 TR ST R IR BT O IS A W (Corrosion Products:
CP) Tdh b, m#MMERIE [Hh] OFEEH» S
T, EEZ CPIRF VI D *Mn & “Co TH
23, EEFICBIT S CP BB & FHIEi§ 572912, HA
JEF eSS (JAEA) 12X Y Program SYstem for
Corrosion Hazard Evaluation code: PSYCHE I — N A%F &
&Y, KRETSE 2 — F QAD-CGGP2R & B § 5 2 &
WX D EIEFRoOBER Sy TOMBILEESICLE
P PR AR = 5T > X 7 2 DOse Rate Estimation System



Predictive Analysis of the Radiation Exposure for the Primary Cooling System of the Rated Power Operation of MONJU 305

for FBR Maintenance: DORE 2S£ X T\ 59,

RS TIEDORE ¥ A 7 A % Ji v, g AT &
A Lw JTOR 20 4 H O EREIRIZ X 5 1 KT HRBLE -
PERORMMEDR, LT 1 RGHREEBHBEROT
BN 24T o720 T72, TRMATRIRISK L, 3 CIlzill
T — Y DEMD D L ERERF [Hh] Lotz
To 72

nHm % 5 &

1. DORE ¥ X5 LOEE

DORE ¥ A 7 AT & % #5550 A5 fifp it O FH % Fig. 1
\ZRT o CPEEfENT 2 — F PSYCHE 12 X 1), 1 k&
RBCE - HEER CTOBUTE i 2 5 L, MRS EE
FERL L, KIERRFTE 2 — F QAD-CGGP2R (2 & % #i &
REW|T A7 7)) DFtHE T o072, T THRERLHRT
475 )OFAED-DIC, FEBEEON <R AL
F—RE, UKD U 72 AT SRR AR L, HLAL
VI HBREE % QAD-CGGP2R 2 — KF¥—% L LTAHL
7o RPMARR (1 RISHRECE - B85, Mk, 220)
OBATILIRT — # 1%, 3DStudioMAX THERE L 720 KIZ,
QAD-CGGP2R I — FIZ X DER S N7 EmFELME T 4
77Y, BXOBESAEELH, BEFHEEI—F
QADLIST IZ X DV fiER< v 77— ¥ Rk L7

2. EtEH&E

2.1 CPIREEATHRDOIER

CPIE AT K DIVEK @ 72 %12, PSYCHE 2 — K

PSYCHE 3D studio MAX"”
Making of the radiation CP Making of the geometry
souse distribution list shape data

I ]
QAD-CGGP2R
Editing of the radiation
dose rate
|
QADLIST
Making of the radiation
dose rate library
Making of the radiation
dose rate map date
|
v v
&)
EXCEL Software AVS Software’

The visualization of the
dose rate of primary

The visualization of the
air-dose rate
coolant systems

Fig. 1 Analytical procedure of DORE systems.
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Fig.2 Schematic diagram of MONJU primary coolant systems.
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Table 1 Region segmentation for calculation of CP (Corrosion Products) source distribution in MONJU.

Symbol

Region

HL: Hot-Leg

CL(1): Cold-Leg(1)
PP: Primary Pump
CL(2): Cold-Leg(2)
CV: Check Valve
CL(3): Cold-Leg(3)

O/F C: Over Flow Column

O/F T: Over Flow Tank

C/T: Cold-Trap

N<XHXE<CHAODOZEIODAR~—=IQH@mUOUQ®W»

IHX(1): Intermediate Heat Exchanger(1)
[HX(2): Intermediate Heat Exchanger(2)
IHX(3): Intermediate Heat Exchanger(3)
IHX(4): Intermediate Heat Exchanger(4)
THX(5): Intermediate Heat Exchanger(5)

PP — O/F C: Primary Pump — Over Flow Column

O/F C — CL(1): Over Flow Column — Cold-Leg(1)
R/V — O/F TANK(1): Reactor Vessel — Over Flow Tank(1)
R/V — O/F TANK(2): Reactor Vessel — Over Flow Tank(2)

O/F T—C/T ECO.(A) (1): Over Flow Tank — Cold-Trap Economizer (A) (1)
O/F T—C/T ECO.(A) (2): Over Flow Tank — Cold-Trap Economizer (A) (2)
C/T ECO.(A): Cold-Trap Economizer (A)

C/T ECO.(A) — C/T: Cold-Trap Economizer (A) — Cold-Trap

C/T — C/T ECO.(B): Cold-Trap — Cold-Trap Economizer (B)

C/T ECO. (B): Cold-Trap Economizer (B)

C/T ECO.(B) — O/F T: Cold-Trap Economizer (B) — Over Flow Tank
O/F T — R/V: Over Flow Tank — Reactor Vessel
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Fig. 3 Schedule of rated power operation of MONJU.
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Table 2 List of CP source distribution of MONJU primary coolant systems.”

Deposition density in primary loop (Bg/cm®)

EFPD’ 945 2,060 4,365 8,053
Region
HL 7.60 x 10* 8.75 x 10" 8.70 x 10" 7.72 x 10*
IHX(1) 5.31 % 10* 6.11 x 10* 6.08 x 10* 5.40 x 10*
CL(1) 1.21 x 10° 1.55 % 10° 1.56 x 10° 1.38 % 10°
*Mn PP 2.14 % 10° 2.74 % 10° 2.76 x 10° 245 % 10°
CL(2) 2.12 % 10° 2.71 x 10° 2.73 x 10° 243 x10°
CL(3) 2.12 x 10° 2.71 x 10° 2.73 x 10° 2.42 % 10°
PP-O/F C 2.04 % 10° 2.61 % 10° 2.63 % 10° 2.34 % 10*
O/F C 1.08 x 10° 1.38 x 10°* 1.39 x 10° 1.24 x 10*
Deposition density in primary loop (Bg/cm®)
EFPD’ 945 2,060 4,365 8,053
Region
HL 1.35 % 10° 1.28 x 10° 1.28 x 10° 2.57 x 10*
IHX(1) 731 % 107 6.96 x 107 6.97 x 107 1.40 x 10*
CLI(1) 3.65 x 107 3.48 x 107 3.48 x 107 6.98 x 10’
*Co PP 7.28 x 107 6.94 x 10 6.95 x 10 1.39 x 10*
CL(2) 5.41 x 10 5.16 x 107 5.16 x 10 1.03 x 10*
CL(3) 531 % 10° 5.06 x 107 5.06 x 10° 1.01 x 10*
PP-O/F C 2.75 % 107 2.63 % 10" 2.63 x 107 5.26 % 10°
O/F C 2.12 % 10' 2.02 x 10° 2.03 x 10' 4.06 % 10'
Deposition density in primary loop (Bg/cm’)
EFPD’ 945 2,060 4,365 8,053
Region
HL 1.01 x 10* 1.66 x 10°* 2.03 x 10°* 1.97 x 10*
IHX(1) 5.99 x 10° 1.02 x 10* 1.56 x 10* 1.24 x 10*
CL(1) 4.43 % 10° 9.76 x 10° 1.60 x 10* 1.87 x 10*
“Co PP 1.05 x 10* 2.03 x 10* 3.33 x 10* 3.89 x 10*
CL(2) 6.91 x 10° 1.52 x 10°* 2.50 x 10°* 2.91 x 10*
CL(3) 6.78 x 10° 1.50 x 10°* 2.45 % 10 2.86 x 10*
PP-O/F C 3.56 x 10° 7.86 % 107 1.29 x 10* 1.50 x 10°
O/F C 2.78 x 107 6.14 x 10' 1.01 x 10’ 1.17 x 107

"EFPD: Effective Full Power Days

Table 3 Conversion coefficient for gamma-ray dose rate par gamma-ray fluence rate.

Energy group Representative energy Gamma-ray Conver§i0n
(MeV) (MeV) ﬂzuence rate \ coefficient ,
(y flem™s)or( y /em™s) (C/kgh)/( y /em™s)
0.0-0.5 0.5 1.0 2.52% 107"
0.6-1.0 1.0 1.0 472 %10
1.1-20 1.5 1.0 6.50 x 1077
21-3.0 2.5 1.0 924 x 107"
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Table 4 List of estimation position numbers for CP deposits
and regions of MONJU primary coolant systems.

Estimation position number Region
1-4 HL
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Fig. 5 Calculated gamma-ray dose rate of MONJU primary coolant systems.
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Table 5 Calculated results for surface dose rate of MONJU primary coolant systems.

*Mn “Co *Co Total
(uSv/h [%]) (uSv/h [%]) (uSv/h [%]) (uSv/h [%])
Region
HL 1,108.2[76.4%] 334.4[23.1%] 7.5[0.5%)] 1,450.1[100.0%]
HX(1) 779.0[85.1%] 135.5[14.8%] 1.210.1%)] 915.7[100.0%]
CL1 1,883.0[87.3%)] 271.5[12.6%] 2.410.1%] 2,156.9[100.0%]
PP 1,246.0[85.7%] 206.6 [14.2%] 1.410.1%)] 1,454.0[100.0%]
CL(2) 2,426.1[88.1%] 324.8[11.8%)] 2.6[0.1%] 2,753.41100.0%]
CL(3) 1,449.3 [87.8%)] 199.0[12.1%)] 1.5[0.1%)] 1,649.8 [100.0%]
PP-O/FC 2,144.3[91.1%] 209.1[8.9%] 1.6 [0.1%)] 2,355.0[100.0%]
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Reactor vessel Reactor vessel
outlet inlet
P HL L CL(1) % CL(2)
15 3rd Annual Inspection ¢ : Elbow region
’ 4th Annual Inspection
3.0 Sth  Annual Inspection
6th Annual Inspection
25 7th Annual Inspection $
<= 8th Annual Inspection
t/>) 2.0 ® 9th Annual Inspection A
E“ .Al A 10th Annual Inspection
215 e i ¢¢¢ foe ot .
-
2 L A ¢ ¢¢ ¢ A AA A “A:
s 10 o ¢ ¢ ¢ - i TSN N e X X
A o ° %0 1 2 s . ¢ “
05 [ %eps A4 oastiaell ceaten’saé
06:“3‘ .“‘l‘“ “.xo [ L3 § .
0.0 ‘ oosT ‘ ‘ - -
0 10 20 30 40 50 60 70 80 90 100

Estimation position number, No.

Fig. 6 Measured gamma-ray dose rate of JOYO primary coolant systems."
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Fig.8 Top view of calculated gamma-ray dose rate of MONJU primary coolant systems.
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Fig.9 Cross-sectional view of calculated gamma-ray dose rate of MONJU primary coolant systems.
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