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The Mock-up Test of Remote Controlled Dismantling
Apparatus for Large-sized Vessels
Masato MYODO, Shogo OKANE,
Kazutoshi MIYAJIMA
J.RANDEC, No23 (Mar. 2001) page 2 ~16 .12 Figures,
10 Tables. 4 Photos

JAERI's Reprocessing Test Facility (JRTF) was oper-
ated from 1968 to 1969, and 200g of Pu was recovered by
reprocessing spent fuels from JRR-3. About 70m3 of lig-
uid waste was generated from the reprocessing test.
These liquid waste was stored in some large-sized ves-
sels (LV-3,4,5,6) in JRTF, and the treatment of liquid waste
was completed until 1996.

The large-sized vessels are installed in a narrow cell
complicated with pipes and other equipments, and their
inside is contaminated with TRU nuclides. It is neces-
sary to dismantle the Jarge-sized vessels efficiently and
to reduce the radiation exposure of workers by remote
operation.

In JAERIT, the JRTF decommissioning project has
started in 1996" . As far, hot-cave and some glove-boxes
and so on, were dismantled. The dismantling of these
vessels was expected to be main activities in this project.
Therefore, the remote dismantling apparatus, which is
equipped with multi-unit for functioning of washing, cut-
ting, collection of cut pieces and so on, has been con-
structed to dismantle the large-sized vessels in JRTF. The
mock-up tests were performed to evaluate the applicabil-
ity of the apparatus to actual dismantling activities by us-
ing the mock-ups of V-3 and 1.V-5 in the facility. It was
confirmed that each unit was satisfactory functioned by
remote operation. Efficient procedures for dismantling
the large-sized vessel was studied and various date was
obtained in the mock-up tests. This apparatus was found
to be applicable {or the actual dismantling activity in [RTF.

This study was conducted under contract with Science
and Technology Agency of Japan.

— i —

Research and Development Activities of Mitsubishi
Heavy Industries for Radioactivity Measurement of
Radioactive Waste
Akira SAKASHITA, Mikihiro NAKATA,
Yasumi ENDO, Michio WAKAHARA
J.RANDEC, No23 (Mar. 2001) page 17 ~ 27, 19
Figures, 1 Table

For final disposal of radioactive waste generated from
nuclear power plant and fuel cycle plant, confirmation of
their nuclide concentration, whether it shall meet the cri-
teria is one of the most important item. Therefore the
technology to identify the nuclide concentration must be
developed.

MHI have many experience in construction of nuclear
power plant and fuel cycle plant, and have many knowl-
edge of radioactive waste management and the technol-
ogy for measuring their radioactivity.

This report describes an overview of the radioactivity
measurement technology of the radioactive waste, which
have been developed by MHI.

Technology Development for Cutting a Reactor Pres-
sure Vessel using a Mechanical Cutting Technique.
Masaaki WATANABE, Yasuhiko MIYASAKA,
Hidehiko MIYAO , Arahiko OOKI,
Toshiaki NINOMIYA, Masami KOIWAT
JRANDEC, No023 (Mar. 2002) page 28 ~ 40, 13 Fig-
ures, 4 Tables, 5 Photoes

On decommissioning of nuclear facilities, the thermal
cutting technique such as an oxygen-acetylene gas cut-
ting and a plasma arc cutting are generally used for cut-
ting massive and thick steel structures in consideration
with cutting speed and control performance. These tech-
niques generate dust, smoke, aerosol and a large quan-
tity of secondary waste.

Mechanical cutting technique has an advantage of small
amount of secondary waste, and the metal chips from
the kerf are recovered easily compared with these ther-
mal cutting technique.

The remote mechanical cutting system for highly acti-
vated RPV has been developed with the manner which



achieves the safety and cost effectiveness.

The development has been performed on consignment
to RANDEC from the Science and Technology Agency
of Japan.

Secondary Waste Characteristics and its Filtration Sys-
tem on Laser Cutting
Kunio HARA, Hidehiko MIYAO,
Masaharu NAKAZAWA, Sinichi KATAOKA,
Yasumi NAGURA, Hideo SAIKI
J.RANDEC ,No23 (Mar. 2001) page 41 ~52,10 Figures,
2 Tables

Technology of dismantling nuclear facilities has been
developing in various fields for its evaluation and disman-
tling system.

_i\v_

RANDEC has been studying a remote dismantling sys-
tem for highly activated equipments such as core
internals with a laser using optical fiber.

Recently a high power YAG laser having the advan-
tage of application for remote dismantling on thick me-
tallic material is the stage for practical use, and narrow
kerf can bring the reduction of secondary waste as well.

The present paper describes the experimental results
and discussion on the laser cutting, including the sec-
ondary waste characteristics and its filtration system us-
ing the YAG laser.

This study has been performed on consignment to
RANDEC from the Science and Technology Agency of
Japan.
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The Mock-up Test of Remote Controlled Dismantling Apparatus
for Large-sized Vessels

Masato Mvono, Shogo Oxane, Kazutoshi Mivajiva g
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JAERI's Reprocessing Test Facility (JRTF) was operated from 1968 to 1969, and 200g of Pu was recovered
by reprocessing spent fuels from JRR-3. About 70m? of liquid waste was generated from the reprocessing test.
These liquid waste was stored in some large-sized vessels (LV-3,4,5,6) in JRTF, and the treatment of liquid
waste was completed until 1996.

The large-sized vessels are installed in a narrow cell complicated with pipes and other equipments, and
their inside is contaminated with TRU nuclides. It is necessary to dismantle the large-sized vessels efficiently
and to reduce the radiation exposure of workers by remote operation.

In JAERI, the JRTF decommissioning project has started in 19967 . As far, hot-cave and some glove-boxes
and so on, were dismantled. The dismantling of these vessels was expected to be main activities in this project.
Therefore, the remote dismantling apparatus, which is equipped with multi-unit for functioning of washing,
cutting, collection of cut pieces and so on, has been constructed to dismantle the large-sized vessels in JRTF.
The mock-up tests were performed to evaluate the applicability of the apparatus to actual dismantling activi-
ties by using the mock-ups of LV-3 and LV-5 in the facility. It was confirmed that each unit was satisfactory
functioned by remote operation. Efficient procedures for dismantling the large-sized vessel was studied and
various date was obtained in the mock-up tests. This apparatus was found to be applicable for the actual
dismantling activity in JRTF.

This study was conducted under contract with Science and Technology Agency of Japan.
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Fig. 1 Layout of LV-3 ~ V-6 in annex building B
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Fig. 2 Layout of LV-3 ~ V-6 in tank room

of annex building B
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Table 2 Washing test condition (the washing range)
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Table 3 Washing test condition (the washing effect)
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Fig. 7 Relation between impact paper position and

sludge removal rate
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Table 4 Cutting speed with grinder device (LV-3)
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Table 5 Cutting speed with grinder device (LV-5)
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Table 8 Cutting speed with plasma torch device (LV-3)
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Table 7 Cutting speed with plasma torch device (LV-5)
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Photo 3 Cutting of vessel with plasma torch device
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Photo 4 Collection of cut pieces with vacuum Fig.12 Relation between differential pressure and cutting
pad device length on LV-5
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Table 10 Maintenance time required for each device
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Research and Development Activities of Mitsubishi Heavy '
Industries for Radioactivity Measurement of Radioactive Waste
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For final disposal of radioactive waste generated from nuclear power plant and fuel cycle plant, confirma-
tion of their nuclide concentration, whether it shall meet the criteria is one of the most important item. There-
fore the technology to identify the nuclide concentration must be developed.

MHI have many experience in construction of nuclear power plant and fuel cycle plant, and have many
knowledge of radioactive waste management and the technology for measuring their radioactivity.

This report describes an overview of the radioactivity measurement technology of the radioactive waste,

which have been developed by MHI.

T LI

M%H%ﬁ%é HEML 4 % 7= I I3 ERE Y
G XN B BEEMREO RS % e L, Zhs
T%;LCDJM” NAl% Z & #iifsdd 5 BDERH 5,
MERRASAEE A B B, BEIC A LTS h
YA Fﬁ%@@ﬁm(ﬂ%%%ﬁ%‘%@
TEERE ., 2) 7 5 v ABEEYS) THRE 5T
éﬁxﬂﬁ@ﬁ%%éu%di(%%ﬁ@&wﬁ
W5E A A e e ffdi A b 0 MEE A HIE TR &
EDIT, ‘|"£U}7:cllﬁ'r‘a*5’61§<&f7;fn& ICHEAENE T
ELMMORE 0521255,
= S e 'JhﬁLM@Wﬂﬁfawmﬂﬁ
MA Mliﬁb<mb0 PRI 5 % &
WRHEEAT U, 72, BRSO 723 DTl
YEB DFAFERRR T & 1 BRI B REHI
TR U)Hﬁ’fﬁﬁﬂ ST EE,
ARG, YAz hi?ﬂﬁbf%f&%%
411'J;'}’qrﬂ®’)75 ROFEELZ DT MlE R

IRV, SHROTEFIZOOVTHEITTS,
(1) 15 L~ FOFHE R EE A b A 7 4 ol
Q) 797 F VAL~

(3) o FEEHRE L

2. LA EREESE b (FRIEEEEF)

ESI%\THUBUE#ﬁm

JRT JIREAT TRAE T 21K L~ BURTEREEY)
LK 4 12 H & 055 o IEIS L O ORI B
YIgER e v 2 — (DUTHE Y v % — L Hg9) TH
IR TC0d, HFHZEE L T, HEEYhORH
PR HETRIE % 3 B U MeEFEEEW O O BRI
HHERY v 2 —DFRERT "IE;]|1FT| HZACE S T uw
i KB BEIRIE 28 X 2 T & 21l (L fife
W)L&fﬁ@ﬁ%@u“

Wk TIEFREMRIZE T NS 4 Hi (Co-60, Cs-
137) DRERD 7212 ZM ARG A R D L6
W[ THESREIA (200L F T A4 DYH - 1

-l {14
FeLCs (L 1A) & o3 HIIE L2 +mmm@ur¢m¢

T :%lﬁilfﬁﬂiﬁf’?ﬁ %ﬁiﬂ!i}‘ - BRRE A 2 LRSS (Mitsubishi Heavy Industries, I,TD)
*2 EW MRS FEOERTR -7 7 > M SIS (Mitsubishi Heavy Industries, 1.TD)

BZa-—v )7 - Fwa gy T Ay MRS REIFE

(Nuclear Development Corporation)



Fa3y v =y o HH

BEGEREY AT LERBHE TCHL VDD 1Y
TEAL AR DWW TIIBEEIZRIRE 7974 TG L7
DT, I T TIHFEBERIZ DWW TORIE F k%
KB4 2 St O FeHUE A A ORI E R
FERIZE SR 20X THIRE S s e iE L
WIS KRS A A W2 & 2R L 725

AT, MYy 4 -t Eh T3,

(1) FIEEA RO R

W2 v 2 =12 AN 6 B FERE LR
Fig. 112/ U 7z BRI . FEAE (ARG @W

RUGHD AREIRE . 779 2 F o 7 FAIGIND
BERAO 4FEELAH D ) RO A H

LT3,
S BRI A - Y BRI N
MK E

R, BEORELH B,

- FRE O FE AT X T B FEEE AR D
Cs-137 /7 Co-60 #as s ik, Y& - 15— [
bk & D&,

e T, THUELARIZYSE - Y —[Efb & & b
B EE - RESMIZERREY D 5720 I’
IR0 M R O A & - HHISRET 5 Z Lid
Kt TH 5, 2T, BATEERNEREE & LT
"y E]ft%if%k@(ﬁ‘lu_*nm%F’rﬁfﬁfcc(whui
TfE}Zot ik, B EZ S AR Z T4 2

TEIL . 7‘L Y=o at e (B -2 atEdE) X
Uuzu_ L7223y IO a8 (x> F
gl Bdi) A RO 1w x%:*'JﬁL“Cf‘«

WL OB Sy AT DR AES AR Dl % i Ui
Aé)ﬁél]& S &7&5

#5235 (200143 A)

(2) FEHAEAL RO RIE ik

FIEFEALRIZZE S a7 - fE
RTED S B 72 . i %44 2w iF R4
BCEHET 2 ELADH 5, Mt TIE. T D4l
L% Co60 D 2 DD Y — & OEHEUl L KU
v FEMBdE L ¥ — & P B A fERE e L7
) A — 2 HEEERE LY

O 1A RE I TE 2685 D AR

BIELEFEIXFig. 20278 L 72 K 912 RO &
o TW5,

R 200L F 5 44 (HlELF 5 4 ]IS
71600 H#%) A FIEE A,
ENEI3HKI5.0g/ccFEE & T A& &
L LT3,
CHPE AR A EE UL BNk E 208
A ZILIRICER AP L, B IK
Hr 6 DGR % BIE .
rov =g sktisy (LR, Ge
Feles) 1B TEbik» 5D
H i Gl B E R
ARl X, Fado L
o mbfumw“*ﬁ52
FMifioa) A —44%2#>, 31
A= A HNTE T B A1 5k
FIRET BRRISRG E N TR D,
[t &gl Eis 5 2 7 4 212
SyEIL TR A Rl % v 2
ThLhERZS>TND,
Y X = AR LR R

a1 R WFRF S

) ABRE
&EA w EREH
(£EE 207U —h)

ey

(EEM TqLm) |

70mmL X 20mmH  ImSv/h A
30mmL X 10mmH  ImSv/h b J-
BHEE K
BRR TSRAFVIH

(BFREENLK) (F52Fvo $HE-TL)

= > T

Fig. 1 Categories of Mortal Injected Solidification Monolith of Miscellaneous Solid Wastes



Journal of the RANDEC No.23 (Mar. 2001)

r—%ﬁ%m
AR
IR S=UEEr )
/ FEI)A—5
f

L (RERE) -

2= T =DV RU
ERAESR

Fig. 2 Construction of Radioactivity Measurement
Equipment

- T e T X R ALAE - Co-60, Cs-137
@ a2 £ — 2 RIEEDEH

Geltigs 1 Bick b a0 X — 2 HIEHEIT X
DR H 5,
a BRI SR D H 5 AL % (]

BEUCEHT 5 &Ly BORBIEIZHE
(o " MFAT 4 ADEEE) L RFE
u:ﬁ%%%ﬁ#6®ﬁﬁﬁwﬁ%up-

t DETIRTEETE 5, p - t 852
EhékdﬁﬂQ%ﬁ WIEMEIZ L
EENRPBIEIERE S, p - t 1FCo-600D

1.17MeV (N1) & 1.33MeV (N3) D@EI%Z
RO G EIE N/ N IS IEEHIET 5,
FREIT IRy BB T 5 203 Y
2= ﬁ%ﬁﬁbfuétbF@3‘ﬁ¢

RIS A2 5.2 T, 8BIEMEI
(UL Ab*le/N%lb’Eﬁfbéﬁfﬂé

C—RANZIE B - RO & T R
ELT, IZRODEDOBEZEND,

1) 70208 L ¥ — 23 Btk
i) /N FOEEE ©— 27 A 8ok
i) 7’0 Z0#FEEL ¥— 2 EHEEOLL
IN6DEEIZ1 >OBEBETHIET S
BRO . EREON/ Nskb & R OMsHE L »
L6 k0, 3 A —2OMEEZ
THREL ., MHtEAENPTREEL1 60

— ]9 —

(MRAEB D)

Co-600) [ & #R B+ R (3t (@)

Co-600 E — 4 tt (18 %1 )
{(NV/N3EE )

Fig. 3 Ratio of Count Rate of Direct-Ray-Peak and
Decrease Rate of 1.33MeV-Peak

%, EEOBAEMEO I E & g
OEL LD 1 FEORIMIIC L 281 f
e L,

¢ N1/ Nalblc kK AHIIEIF Y — 7 5HBUR MK
WENENEL 5D, ZOHAIEF/NNY R
ATBEE ¥ — 23t EED g fRE L LT

fitHd %,
d BRIEYY S 25 A LO<&%6F&U
FEEABEWEA Fig. 31275 & D1

/ Nstbid ith&*ﬁb&wu_hib
7 LMERIAEE 2 6 H & 5 FgHag 2
I BCED KE &2 ED B0 TH b,
@ TrataERTm /74
) A—=FAMEETIE, 2V A-2ETL
TGethasic & 0 FBHE AL 65D o A 2
FAZGEUEZREIZEOL FOF— 4 &1
1% L. Fig. 41273 L 7= O BEIR IS REfti 2 & &
12 LD EREEAR DO RAEERT S,
- Cs-137 D 0.662MeV @ ¥ — 2 F1 Efiti (Ne))
-+ Co-60 @ 1.17MeV D ¥ — 2 21 Bl (N1(G))
- Co-60 @ 1.33MeV D ¥ — 2 21 ¥t (Ns())



FTaAIyVv

Y— 2t (P13G)= Ni() ./ Ns(j))

CCs 137D/ Y K- ¥ =2 It (Bes(j) = Cs-137
DNV Fa Bl Ne())

- Co-60D/NY K - ¥ — 7t (Beo(j) = Co-60D
/N RETEdE, N,G)

— 2T s T LTIR, il —2
LA N | R R R LR G X (T
TERNH D Al IE T & A5 BE 2 & e i
i fbik T PRl DI & 3 — L 72T —
AX =2 &AL TE O, Wl &7z il EHde
BRI Ry Sy é%ﬁiE%ﬁ(éﬁE&)Th‘Mt
KT DN ST BE e & E BT 5

SRS AR & WE 3 2 B4 0 14l s

DYER & LT, [E LR D e o Al - &1
SIATD NN T B 5085 (v b)) v o Z.,',"
%)&MWﬁﬁ”#7/7Af@é & L
!}\IT u/ i (u”r)d”@“lﬁnlm ) ﬁ 35
X — A “”}J_(L@(m]/?t’hli ..Hllh“&ét&) U
LR EHERED BEIEM D IO (1 )7 R0 # I il
Bafitgf)xe (704 «\i:'J A ) WIZEF
BioMitzd = ZE Ly I —v 3V
a il (Fig. 51Z/8 L 72|k 1~ % "f-u) N s IR
EPERED Al - fEiE & 17D & iz, Fifkig 4e
Pk & W Ll idle 2175 Z &4 CL . 2 Y
A — 2 ME TR 6 3B e A 2 Cda

Z EDIEEEIT TS

3 =V I

23 (200143 H)

(3) HlEkgE
HE2~45 g/ ceHTlHT DRI A&

SEXRDEERMFEENTN S,
- RO T LA O W RTL I
@%Q%ﬁ%@%ﬁ

RIS 5, FEBEFERMAI
1T|J* Table 112559, HIE S5

EEE I T
[
v 37 ¥ %
ZiEE— E-49/E -4tk
HETE ok /e-ote | | EREER
TR
Lt—7/t—7tt way
BEE :
(BHEEY )
A b
4 mE=
(RE(HE
e o5y, SRR
R S e
" B SR R
¥
FHENE b EREE (L b
BB e BRI R

Fig. 4 Logical Diagram of Evaluation of Radioactivity
Concentration

AL L 72
BRI DM © 2 3 2 L= 5 Vi

1
I o 2L

K B
(4L Co-60T 7
%. Cs-137T T1T%RETH »7z, /2. 1l

BT 3 5 BE R D4R BITE 1 8k D 2 B EHE TERERT IR B
BT —42RUEERELY P T LEal—iay
ST ~EERAENERE o ”E}*Kéiggmmi‘
, " N TRy IRAE
BENLEREOER o Thy I RBEDHEE
REY | BR ¥%id ® HHEISE DT
e C.— 137TREBROIETME Humz

1RES [V ER 1 Hd
2EE 24 2HRF
IEE IEE

BAHSTHERES
AN EOHE

® ThYu O RBEDE
o HEISEDE

a1 awmﬁsiaﬁﬁmﬂsﬂ

*

ThI)YIRBREE

(HE-RREES)

HBHERE
(F§IZCs—137D1E)

%

Fig. 5 Applicability Estimation of Collimator Method in Radioactivity Measurement



Journal of the RANDEC No.23 (Mar. 2001)

Table 1 Experimental Result of Measurement for Test

Solidified Monolith
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Fig. 18 Outside-view of Test Pieces
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Technology development for cutting a reactor pressure vessel 4
using a mechanical cutting technique.
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On decommissioning of nuclear facilities, the thermal cutting technique such as an oxygen-acetylene gas
cutting and a plasma arc cutting are generally used for cutting massive and thick steel structures in consider-
ation with cutting speed and control performance. These techniques generate dust, smoke, aerosol and a
large quantity of secondary waste.

Mechanical cutting technique has an advantage of small amount of secondary waste, and the metal chips
from the kerf are recovered easily compared with these thermal cutting technique.

The remote mechanical cutting system for highly activated RPV has been developed with the manner which
achieves the safety and cost effectiveness.

The development has been performed on consignment to RANDEC from the Science and Technology Agency
of Japan.
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Cutting procedure of reactor pressure vessel (PWR)



Journal of the RANDEC No.23 (Mar. 2001)

LFRER

2. RPVYIRERIR

JEYFR~IFARRYRIRURP VYN

O 3 1 O 0
i | p—

!

.

i

omazsmy |
YBLHR l

RPVANER

RPVAYDREEFIOREKBENRT LTLAHILERAEL. RP
VHIRER. RPVARER. @FAVRER. RU. ZUNAER
FoEBROMA. QI AFERET S,

RPVIBARE W) RBIZL. VAR NARY RLGAATEA
LT, RPVYIRARERPVARIZAYRL LEAET 5.

RPVREEART (M1 RBIZL. AT Ta~-8nEATE v Fik
—IL FRARY HITRUR PV IR ERIET 4.

L FR—ALFAARMONNT S.EvFR—AEARBY (it 6.RP VIR
: i & 2| KR
gw,wma@

T 1 fAAE ;al;fﬂ?vli g L‘l_ﬁ.';&'-r:' R Pv\
oo & B 3 =)

LTEIZRYMAE 7 EHR, W@ 48R, A2 sEARIZE Y FRh—
AFARERYMHTIMOAORERP VYIMERTMIY 2.

oy Fh—iLFAREMOARUSEAL, SxzEERZL. AADN
fuLsH. RU. RPVABKROBAPY AMHLET S,

LRZRTWMAR? rROVELRTCRPVTFAMS EA~REY
LES N

TRPVEMEBH

8.R PV 1M} s

9.RPVEEEN |

L 4"“’\/‘77'7(
H

E
|
|

amr 1]~ ms

RPVABELE (M| BAIL. RPVOBARYBLVEREC Y F |
R FHATEEF L MMIZEY S, vilmrﬁmamxrﬂl
HATRY LD, |

|

RPVEEERE MM REIZL. RPVYIEA SFRMENGERS
J IR -ESEAYEZE LR, X7 T 9~10 DEMT
W ERET 5.

10. F SR L B0

|
|
T

VK1 ~VIO RPVY RBIZHATHEVIRA EMAM 16 FHIHER
¥ 5.

ILTHAMER

LERKER. RU. RE¥SE~0O0RM |

amx (A w

]
4 RPVME A

|

|
|
awx [ ws ‘

, .
EETTING b A neennta |

i =

THRLHO \mpALT 3ORAEAAME RHCERT B, I

RPVEATHOFTRMABELMAR 1 2 ¥ -EHT 5,

HEAESRBAEATAY L. RMBRZETEDLART A,
tOHk. FAFBOWERAT, MEL, BRMBMVILEMELT,
RFFREA~RET S,

Fig. 12 Cutting procedure of reactor pressure vessel (BWR)
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;5 Secondary Waste Characteristics and ITS Filtration System

¢ on Laser Cutting
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Technology of dismantling nuclear facilities has been developing in various fields for its evaluation and
dismantling system.

RANDEC has been studying a remote dismantling system for highly activated equipments such as core
internals with a laser using optical fiber.

Recently a high power YAG laser having the advantage of application for remote dismantling on thick
metallic matenal is the stage for practical use, and narrow kerf can bring the reduction of secondary waste as
well.

The present paper describes the experimental results and discussion on the laser cutting, including the
secondary waste characteristics and its filtration system using the YAG laser.

This study has been performed on consignment to RANDEC from the Science and Technology Agency of
Japan.
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Table 2 The Conditions of laser cutting and the results of aerosol measurement
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RANDEC's Capability

Research Association for Nuclear Facility Decommissioning
(RANDEC) plays a key role in establishing overall technology

for decommissioning nuclear facilities.

The capability and service of RANDEC are to ;

Implement decommissioning research,
development and investigation.

&

Provide technical information on decommissioning.

A 2

Train for decommissioning.

<

Inform and enlighten the public
about decommissioning.
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