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This research has developed an algorithm that minimizes exposure dose of disassembly sequence of equipment in a nuclear power
plant in order to improve safety and efficiency of the decommissioning process. Time complexity to obtain the optimum
disassembly sequence is known as a NP complete problem. A disassembly state graph is automatically constructed from 3D CAD
models of the disassembly object. Size of the disassembly state graph is reduced by eliminating the higher exposure dose
disassembly process when it is assigned to a node of the disassembly state graph. On the size reduced disassembly state graph,
disassembly sequence with the smallest exposure dose is explored. The exposure dose rate in each disassembly process is estimated
by exposed surface area of the components having the dose rates. The dose rates of the components are integrated by time of the

disassembly process in the exploring disassembly sequence.
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(1) Top assembly
f&

(2) Lower cover

(3) Base 1

(5) Head

(6) Upper cover

Fig.10 Layer of disassembly task
4 BTH|BERAV-RE

4.1 DRRVEREfICK DD BIEFLER

S FIRRAR IS I HE S kS 1,000 SLL LSRN S 5.
D X D e RHUR ARSI O Sy ARIEFT & AR CE i+ 5
DI, FRIREEFE ORBRE NSO 7 U TS E,
WahE A= L, Z— T EN THMRIER 2R
Fig.10 (ZEAZSHAGR DO RAESE BN 2. BASRHAARIE 6 D
DI N—TIHETD.

Fig.10 (1) Top assembly IE 4531 4172 9 D DER G THERL
END. HMAIE SOERGL Fig.10 (1.1) & NRIOME % 4 > D
i Fig10 (1.2)& LTS . WIOMAE X 732 fH CAD
EFALTHREN TS, L LoMEEXTIE, MEsr
CAD ET /NVOIRO BN THEET 5D TiE72<, Fig.10
AT LI ICHEDORE 4 >OERYIVICH v LT, 4
OO E LTS .

BAZHAZR D SMAI D13 7 23—Fig.10 (2)& Fig.10 (6)i:,
CAD EF /L& LCTIE 2 oO¥MfEH TR I TN D, %
BROMRBNEETIE, TNOLEZUIM LN ORI 5. 20
7o, CADET NEZDEERND &, FEERICHRT HH
NMREL->TLED. £ T, IHIAEICA D FIEIZ CAD
ECEMREETAES v b LI ET IV EER L.
Fig.10 ®(2) & (6)i%, B X—IZODN TN DRI ESTH v
b LT ET L% CAD 7|7 ) LI-MSE
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ETNELTRLTND.

Ll CAD EOBIEICE Y, HIRIEFEROxS & 7%
5.

ERh DR A 123 5L L, Figl0 I3/ —72k1C
DIRIRHE S T 7 % AR L COoRIER 2R 7.

F9, OREED T —T 0TI X AR O EHM L
ICOWTHREE LT-. MRS, BEBRER 5L D —fRE 72 45 iR AE
HEFET D A a7 @) 2 AW 2 a7 @) DOBRE DR
X, MR ET ORI LT, EFEEAR LIZERE%
G, K0 BARRIEFSARTE 5 X 5 I3 5. Fig.10
DEA R ISR L7242 %% Table 1 (2R3, FHEIZH
/2 CPU (F Intel® Xeon® CPU (3.33 GHz) Td 4. Fig.10 ™
IFRVEZEZ 7V —T/51F LT 6 DDARIREE S T 712D\
TOHHEMEM O R4 Table 2 (TR, SHHEFHOAEIT 6
4y 383 WThotm. ZhixtL, ZA—75iEdIC 123
SO T 1 SONIRIRIE S T 7 &A% L C o fRIER %K
DIEAE, 655 4 TH o7z, JIv— T AL CTHRRIER
BRODHZEIZLY, KIGIZFHERRF ARG S .

O, HEERINIERFO 9 B~ 212 L DIERF
DIETEZET DEMOE AT~z 22T, —Rm7Rs
MRVEEZIT OB, FEARIEFZ & > TV A Mz I~
BzHE L. Table2 ® 2318 /7 — NEc &, mfEikies
TI7D)— KT hebbxrlgl LA LEihoRiTch 5.
W~ INMETE ST ) — FE 3FIB ISR T, i
DI N—T55F & 4T o 12361%, Table 2 \ZR$ X o4
123 HOFT8ETHY, NAFDEERIL 65%TH 7.
I TEERE, BRINOMIERCH L, Rz
TIEEE L7 o 2R oE SR BIC T2 B e L.

Table 1 Parameters of Equation (4)

a a as

0.25 0.25 0.5

Table 2 Computation result of disassembly sequence

Num. of | Corrected | Comp. time

nodes nodes (h:m:s.)
(1) Top assy. 9 2 0:04:36
(2) Lower cover 12 0 0:00:02
(3)Base 1 20 1 0:00:11
(4) Base 2 18 1 0:00:10
(5) Head 48 4 0:01:29
(6) Upper cover 16 0 0:00:05
Total 123 8 0:06:33
correction rate (%) - 6.50 -

ZHUSKL, ZA—T7 N 128 OE T 1 o045y
fRIRIE 7 T 7 % R U CORIEST 23R D 72358 OB IERIL
UNTHoTe. TN—TRALTHMRIAF 2R 5 Z £ I2 &
v, KIIEERNPGESNT.
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2,000 # Sv/h 1,000 u Sv/h

Fig.11 Radio activated components in head

Table 3 Condition of computation

Prismatic velocity 500 mm/s(up to 10 kg)

100 mm/s(up to 20 kg)

10 mm/s(over 20 kg)
Worker distance to remove part | 1 =500mm in Equ.(9)
Environmental exposure dose | 0.14u Sv/h
rate
Limit of disassembly state | 8 /disassembly step
nodes
CG image size 256 pixels

CG camera poses/components m =6 in Equ.(12)

4.2 (EiXWBRRETERTSSEIERF

IEVERED A 2 7 [T B & VT Fig.10 @ Head
IYRNEFY %R > D EER & 1T - 7=, Head A+ 2D H
5, Figll ITRTHRAD 2 SOEWEAFIER, 2,000 u
Sv/h & 1,000 pSvh OFERMRERERS D & LT, R
EoFmbIE—& Lz,

HE SR Table 3 1. WMOBENEE S LT, #
MOESEIZEY IBEMORELHE Lz, IEMLEMOE
WX CAD ETNVOBMME L TRETILENRDHS.

— R 7R R A T 3 5 A 2 7 K (4) TR D 743 iR
NEF: &, WEARRE 2 3T 5 2 =2 7 R (13) TR 7= 0 RIE
I X B EER R4 Fig.l2 12, F 0 L & O/EEIREG
A Fig.13 1R 7. HEEMEERFFIZ 1047 398 TH 5.

VRSN RIR R A 2 2 T\ W TSRO 7240 IEF T, 1E
SRR EIT 1354 1SV T, MR REREO A T %
W60 1471 pSv K0 b 117 uSv el ipoiz
TEZEWIFREROEWVEMOBHEMA T, BHL LD
IZROIC BT 52 & L0, TEERBHREN NSRS,
772U, Sy fRNE R 38 ) 22 P R BIGR Ol 23 b 5 D T
BRI DR -T2, L L, WRER RO
A TRTE D720, HEHCIEES DR L OIS
& BRI THZ IO EEZD.

T 2TV O RN, EAh A ITE O A E TBEIT S
FOMBEETH Y, EIY, G, &4, FHiEDRED
FRRATON D HHEEZ S . I b OfHHFEEIC
DNT, IR R & PR E R ORI & 57203 5,
EORREEAT v T ORIZIZIAT 02 Rt U,
Z OWF S OWEFRER %2 O TR EE OWIRERE 2 HEH
THIENARETH D, KV OHEE 7k &
L CIE[19-21]% B R & iz 0.

T 177 v MER O S R NE Y d

w7 3D BH %

Fig.13 (2 &V, E DR CHIRREEI BTN 2
MINDNDT=0, EORFRTHERRZIT 5 LERD D ERE
MZETES 5 Z LIC kY, (FEOREMERmD DT L3
HETHD.

VR EZ 2 2 7AW 54 OB 97 4
12.6 BT 7= (Intel® Xeon® CPU (3.33 GHz) i ).
PR 2 2RV EA ORI 143 29 2 (Table 2)
WD LRI 65 Th D, FOHENE, 3 TR LR
MELEOMIEDT- DD T T 7 4 v 7 B OEFEIERET 5.

—— General score
140 1 — Exposure dose score
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Fig.12 Exposure dose of disassembly sequence

—— General score
—— Exposure dose score
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Fig.13 Exposure dose rate of disassembly sequence

FHF 7T b ORRIEHEIZBOT, BRSO DOffk
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R LTz,

DIRVEERREDEEWIRR ER %, CC MELIIZ LY
BUfS L7 B 2 0 23 OB HE IO 5 0%
HESNTHET 2 A& RE L.

123 EBenH DK S D BHER O BT T TR L,
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Ll 65%&, H—0OME TR LI SAITlY, 17
Lot

2 DD HUR M L & & T 49 TR AL D DAL X 41 5 A Hias
D—EIZONT, EEPRREL A 2T & L TR
MBI, —RRES7ZR S RESE D X a7 % AW TR 7= 45 iR g

FRITHA T, VPR B4 820K+ 5 2 & AR L7-.
PN

(3, B O AR O AESERIRIR B 2 R/ MBS 2 0

FRNEFF DURBFIEARE LTz, Skl SRICHE S YIkE
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