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Research and Development Activities for Commercial Reactor Decommissioning
— Developing Technology of Hitachi Ltd.—

By Kooichi CHINO, Tatsuo IZUMIDA, Yoshio SOUTOME

Hitachi Ltd. has been developing technology for commercial reactor decommis-
sioning since 1980. Activities have included system engineering for decommissioning
plans, cutting technologies for core internals and the reactor vessel, chemical decontam-
ination for metal wasle, radiation measurements for very low level waste, and radio-
active waste disposal for the decommissioning waste. These technologies were applied
to the decommissioning of JPDR (Japan Power Demonstration Reactor).

This paper outlines our aclivities.
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“Development of Decommissioning Technolgies for Nuclear Fuel
Cycle Facility in PNC”

By Tomohisa Zaitsu, Hiroo Tobita, Tadashi Mano

Decommissioning of nuclear fuel cycle facilities are characterized by the following:
* Equipments are Contaminated with TRU nuclides
* Radioactive material are various in chemical composition and properties,
* Equipments and facilities are also various in structure, configuration and

materials
* Equipments are not irradiated

On the consideration of these factors, PNC (Power Reactor and Nuclear Fuel
Development Corporation) has been developing decommissioning techniques, such
as decontamination, monitoring, cutting and remote handling. In this papar,
decommissioning R&D activities in PNC are briefly introduced.
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for Nuclear Fuel Cycle Facilities
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An abstract of Inter’l Seminar on decommissioning policies and it’s related
report of decommissioning cost estimates

iy Eh

Sadamu YAMANOUCHI

This abstract describes an abstract of the international seminar of decommissioing
policies which was held in the period of 2nd to 4th of October, 1991 in Paris.

In this seminar was supported with OECD,/NEA and IAEA and focused on the
several items such as advanced technology for decontamination and dismantlement,
financial and regulatory aspects of decommissioing policy. As topical reports regarding
decommissioning costs and feasibility are also partially introduced in this report
including recently issued special report by Expert Group of OECD,/NEA.
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Table1 Status Summary Sellafield’'s Major Table2 Decommissioning (incl. expected)
Decommissioning Projects Various Radioactive Plant in
England
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Table3 Results of Second Order Analysis for Projected Groups Models1, 3and4

Ref. 9

Range of Total Costs (%) Tentative Overall Mean
Values for Project Groups

Models 1, 2 and 4 (%)

COST GROUPS Model 1 Model 3 Model 4 | Reactors | Fuel All

Stage 3 | Facilides | Projects
Model 1 | Model 3 | Model 4

1 | Pre-Decommissioning Operations 1.1-63 | 3.0-68 | 11-140| 3.0 5.0 5.0
2 | Facility Shutdown Actvities 31-142| 53-6.6 | 3.1-143 7.0 6.0 8.0
3 | Procurement of Equipment and Material 2.1-249(00-218 |00-243 | 110 10.0 9.0
4 | Dismantling Activities 157 - 41.8|15.0-29.3|125-429| 33.0 19.0 25.5
5 | Waste Management and Disposal 59-13727-162 | 1.6-16.0 9.5 10.5 9.5
6 | Security, Surveillance and Maintenance 28-72 [07-227 | 0.7-30.6 5.0 10.5 10.0
7 | Site Clean-Up and Landscaping 05-4.6 1.6 - 2.7 05-53 2.5 2.0 2.5
8 | Project Management, Engineering and Site Support 49-188 |16.0-22.2| 45-220| 13.5 19.0 15.0
9 [ Research and Development 0.8 - 10.5 1-98 | 0.8-10.3 7.0 6.0 5.0
10 [ Fuel 00-00 [ 00-00 | 00-00 0.0 0.0 0.0
11 | Other Costs 07-151)86-138 [ 02-152 8.5 12.0 10.5
TOTAL 100.0 100.0 | 100.0

Model 1 ; Reactor Mode! 3 ; Fuel Cycle Facility

Table4 Estimated Decommissioning Costs
(4.9 FIM is about 1 ECU)

( 4.9FIM is about 1 ECU )

—110.000
—

18700

Object MFIM
Project administration and planning 11.3
Preparatory stage 84.6
Handling activated material 44.3
Handling contaminated material 334.7
Handling maintenance waste 0.6
Waste packages 10.6
Repository 52.3
Operating cost in decommissioning phase 312.4
Sub-total cost 850. 8
Provision for unspecified cost 10% 85. 1
Total cost 935.9
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Tableb

Decommissioning Costs in Franceand Germany (Ref. date, Dec. 1989)

Number AT-1 Rapsodic PWR 1300 MWc BWR 900 MWe
of Work Stage 3 Stage 2 Stage 3 after 30 years Stage 3 after 30 years
Packages MFF MECU? MFF MECUY MDM MECU? MDM | MECU?
1 3398 4.89 1278 1.84 74.65 36.41 79.23 38.65
2 1.98 029 6.45 0.93 18.79 9.17 24.04 11.73
3 73.04 10.50 34.37 4.95 104.49 50.97 120.81 58.93
(incl. 25.70 (incl. 28.90
oper. safe oper. safe
storage per.) storage per.)
4 - 30.48 14.87 42.69 20.82
s 68.42 9.85 47.41 6.82 35.42 17.28 4838 23.60
6 20.46 2.94 14.49 2.08 85.36 41.64 " 11280 55.02
7 16.06 231 14.36 2.07 57.86 2822 60.00 29.27
8 3.08 0.44 0 0 30.02 14.64 35.56 1735
9 1.98 0.29 1.84 0.26 not applic. not applic.
“TOTAL 219.00 31.51 131.70 18.95 437.07 213.20 523.51 255.37
1)  Appraw 1| ECU = 695 FF Ref. 12)

2)  Approx. 1 ECU = 205 DM
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Table6 Estimated Costs for Disposal of
Radioactive Waste from
Decommissioning

Ref. 10)
WASTE  |[ESTIMATED COSTS
!“MMRY CLASS ($ /) 41
‘Canada Category 1 603 |
Category 2 603
Category 3 3871
Finland average 1371-1633
Germany average 17405-19874 1)
Spain average 3900 1)
Sweden average 1014
UK ILW 1240-7851 1)
LLW 826-2479 1)
Us activated 6289
contaminated 1664

1) Including costs for handling, packaging and transportation




Table7 Comparison of Modified Cost
Estimates with Waste Arisings

Ref. 10)

BERZEOREICKD, FA(LICKRTI L TEREY
DFBREROYMELREL TV 5,
g/.h+ 45D AECL MitHE L TW3 NPD

MODIFIED | MODIFIED COSTS (Candu PHWR) T3 1987 EFENE D Maibic
RopE " | COUNTRY | COST ESTIMATE | PER SHOUT OF £ 0 FEEARE T OEPABERIL T 1 5 5 2%, %
(M$) ($7k) DIREBR 3 5% OBRBESIC & »> TEHT 5 &
PWR Finland 237 30.8 LTWwW5h, %7 Chalk River Lab. ® NRX
bW g 82;333 n 168 25 5 7 HERIREKT PuBLRED 1 AR 2
PWR Japan 216 18.3 WA 7 v b THASRREE TR S L
m Svgje;en égj ggg BREEOHATRESKTOFETEOBERE
PWR Us 120 14.1 L4MCAS LH#EEES LTV B,
) DM ERE LTEHBOAELHKLT
BWR Finland 198 1.7 , 1
BWR Japan 225 19.9 B, 5
BWR Sweden 122 22.1 AT —FV, T4 VI v FOBEICHIENSTEE
JB5 s 294 MG EOECHATIY A b RHTE R
GCR 3) UK 1071 13.2 #HFonbM Mol (RXF—) % Leningrad
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1) Immediate Stage 3 decommissioning

2) Stage 3 decommissioning after 30 year delay
3) 8 X 60 MWe

4) 2 X 219 MWe
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Table8 Recent Decommissioning Cost Est-imates
FACILITY DESCRIPTION
REACTOR |COUNTRY | ESTIMATE | Capaci- Stant of Stant of Assumed NSSS*
TYPE CODE ty (1) construd- | commercial | operating | SUPPLIER
{(MWe) lon operation litelime
(years)
PWR (5) |FINLAND | . FI-1 2x465 | 1970,71 | 1977.78 30 AEE
PWR (6) |GERMANY| GER-1 1204 1970 1974 40 KWU
PWR (6) GER-2 1204 1970 1974 40 Kwu
PWR JAPAN J-1 1160 1980s 1980s 40 MHI
PWR SWEDEN SW-2 920 1968 1975 40 WH
PWR UK UK-4 1155 1988 1995 40 PPC
PWR (6) |US US-1 1175 1960s 1960s 40 WH
BWR (7) |FINLAND FI-2 2x735 1974,75 | 1979, 81 40 ASEA
BWR (8) [ITALY ITA 160 1959 1964 18 GE
BWR JAPAN J-2 1100 1980s 1980s 40 TO or HIT
BWR SWEDEN SW-1 780 1968 1976 40 ASEA
GCR SPAIN SPA 500 1962 1972 17 CEA
GCR(9) |UK UK-1 8x 60 ~1954 ~1956 40 UKAEA
GCR (10) |UK UK-2 2x219 1957-63 1962-72 30 APC, BNDC
NNC, TNPG
AGR UK UK-3 2 x 660 1966-80 1977-88 25 APC, BNDC
NNC, TNPG
HWR CANADA CAN 600 1973 1979 30 AECL
(1) Design gross capacity.
(2) Costs for all facilities in the fourth column.
(3) The number in parenthesis is the base year for the money value.
(4) Calculaled as x/y x = the national consumer price index (CPI) for January 1990,

y = the national consumer price index (CPl) for January of the base year of the
money value.

NSSS: Nuclear Steam Supply System.

AECL :

AEE
APC

ASEA :
BNDC :

CEA

Alomic Energy of Canada Ltd. (Canada)
Atomanergoexport (USSR)

Alomic Power Company (UK)

ASEA-ATOM (Sweden)

Britlsh Nuclear Design and Construction (UK)
Commissariat & I'Energie Alomique (France)



for Commercial Nuclear Power Plants Ref. 14)
ESTIMATED DECOMMISSIONING COSTS (2
MODE OF as given in the in millions YEAR OF CPI EXCHANGE
DECOMMISSICONING responsa to the ol US dollars | ORIGINAL |[ESCALATOR| RATE AS OF
questionnaire (3) of January ESTIMATE | APPLIED (4) | JANUARY 1990
1990 (NCUs per USD)
STAGE 3 882 M FIM (1989) 237 1987 1.076 4.003
STAGE 3 346 M DM (1985) 218 1985 1.067 1.692
30 years + STAGE 3 325 M DM (1985) 205 1985 1.067. 1.692
STAGE 1 +(5~10 years) 30.2 b yen (1984) 25 1984 1.084 145.2
+ STAGE 3
N STAGE 3 805 M SEK (1990) 130 1986 1.000 6.171
STAGE 3 253 M £ (1990) 418 1990 1.000 0.605
STAGE 3 103.5 M USD (1986) 120 1986 1.162 1.000
STAGE 1 + (30 years) 793 M FIM (1990) 198 1989 1.000 4.003
+ STAGE 3
STAGE 1 65000 M Lira (1989) 54.8 1989 1.064 1262
STAGE 1 + (5~10 years) 31.4 b yen (1984) 234 1984 1.084 145.2
+STAGE 3
STAGE 3 940 M SEK (1990) 152 1986 1.000 6.171
STAGE 1 + STAGE 2 45 b peseta (1990) . 410 1990 1.000 109.68
+(25years) + STAGE 3 .
STAGE 1 + STAGE 2 836 M £ (1989) 1488 1988 1.077 0.605
+(60~90 years)+STAGE 3
STAGE 1 + STAGE 2 634 M £ (1990) 1048 1990 1.000 0.605
+(80 years) + STAGE 3
STAGE 1 + STAGE 2 601 M £ (1990) 993 1990 1.000 0.605
+(90 years) + STAGE 3
STAGE 1 + (32 years) 264 M CAD (1989) 238 1989 1.055 1.172
+ STAGE 3 .

(5) Basic design in Soviet VVER-440. Equipped with a Westinghouse type containment with ice condenser.

16) With cooling tower.

(7) Equipped with internal main recirculation pump.

(8) Dual cycle.

(9) Each plant has 4 external boilers and cooling tower.

(10) Average of 8 stations. First 6 have steel pressure vessels with external boilers. Last 2 have concrete
pressure vessels with internal boilers.

GE : General Electric (US) PPC : PWR Power Co. Lid. (UK)
HIT : Hitachi Lid. (Japan) TNPG : The Nuclear Power Company (UK)
KWU : KraftWerk Union {(Germany) TO : Toshiba Comp. (Japan)

UKAEA : Uniled Kingdom Atomic Energy Authority (UK)
! Weslinghouse Electric Corp. (US)

MHI : Mitsubishi Heavy Indusiry (Japan)
NNC : National Nuclear Corporation (UK) WH



Table 9 Estimated Amounts of RadioactiveWaste

Ref. 14)
ESTIMATE REFERENCE PLANT(s) AMOUNTS OF VOLUMES OF WASTE

) RADIOACTIVE RADIOACTIVE AMOUNTS

WASTE FROM WASTE TO BE PER UNIT

DECOMMISSIONING DISPOSED OF CAPACITY

ACTIVITIES®
(A) (B) (8/A)
(reactor type, number of | {ton) (m?) (ton/MWe)
units and capacity)

CAN HWR 1 x 600 MWe 8 342 (a) 17 500 13.9 (a)
Fli-1 PWR 2 x 465 MWe 7 700 13 000 8.3
Fl-2 BWR 2 x 735 MWe 11 200 29 300 7.6
GER-1 PWR 1 x 1204 MWe 10 300 3 300 (b} 8.6
GER-2 PWR 1x 1204 MWe 10 300 2500 () 8.6
ITA BWR 1 x 160 MWe —_— —_— —
J-1 PWR 1 x 1160 MWe 11 800 _— 10.2
J-2 BWR 1 x 1100 MWe 11 300 —_— 10.3
SPA GCR 1 x 500 MWe 14 250 17 000 28.5
SW-1 BWR 1 x 780 MWe 5 540 10 000 7.1
\ SW-2 PWR 1 x 920 MWe 4 065 7 500 4.4
UK-1 GCR 8 x 60 MWe 81 372 125 146 169.5
UK-2 GCR 2x 219 MWe 37 786 52 000 86.3
UK-3 AGR 2 x 660 MWe 23 800 36 619 18.0
UK-4 PWR 1 x 1155 MWe 12 500 o 10.8

‘ US-1 PWR 1x 1175 MWe 8 500 (a) 17 830 7.2 (a)

Belore any treatment.

Volume of radioactive waste to be disposed of was provided in terms of cubic-meters including packaging.
The weight of raw! radioactive waste was calculated by the Secretariat using the ratio between the raw weight

and volume to be disposed of, which is obtained from information in FI-1, FI-2, SW-1 and SW-2,

Thorough volume reduction was applied.
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Table10 Decommissioning Costs in Propor-tion to Power Capacities and Rad-ioactive Waste Amounts

ESTIMATE REACTOR TYPE DECOMMISSIONING DECOMMISSIONING
COST/CAPACITY (a) COST/WASTE AMOUNT ()
($/We) ($/kg)
CAN HWR 0.40 28.5 (c)
Fl-1 PWR 0.25 30.8
Fl-2 BWR 0.13 17.7
GER-1 PWR 0.18 21.2
GER-2 PWR 017 19.9
ITA BWR 0.34 (d)
J-1 PWR 0.19 19.1
J-2 BWR 0.21 20.7
SPA GCR 0.82 288
SW-1 BWR 0.19 27.4
SW-2 PWR 0.14 32.0
UK-1 GCR 3.10 18.3
UK-2 GCR 2.39 27.7
UK-3 AGR 075 417
UK-4 PWR 0.36 33.4
US-1 | PWR 0.10 14 1 (c)
(a) Design gross capacity. Ref. 14)

(b) Weight of radicactive waste belore any treatment.

(c) Weight of radioactive waste caiculated by the Secretariat from the volume of radioactive waste 1o be disposed of.
(d) The radioactive waste dala is not available. The plant will be decommissioned up to Stage-1
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“ Decommissioning of the JPDR Biological Shield concrete wall”

By Mitsuo YOKOTA, Tetsuo HASEGAWA

The Japan Power Demonstration Reactor (JPDR) is the first power generation

plant in Japan.

JPDR decommissioning program was initiated in 1981 by Japan Atomic Energy
Research Institute (JAERI) under contract from the Science and Technology Agency

(STA) .

This program consists of not only the development various techniques for the reactor

dismantlement of just JPDR plant.

The JPDR biological shield concrete was dismantled followed by the dismantling
of the reactor pressure vessel from Octobr 1990 to March 1991.

So, this paper describes the concrete cutting machine which has been developed in
this program and JPDR actual dismantling test by this machine.

With this remote controlled cutting system, we could cut reinforced concrete into

blocks and took out.
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Photo1 Actual dismantling machine

Hy ¥ —RUWHE, ERL2AVFOF5AYE
YETU—F%E, a7E—Y v IRUEIRERG
1vFOy4v e/ FEy bETOENEHEE -
s (P 400 Hz) THREILTW 3, WGHICEA
vN— g EMHRLTEY, TNk EL L
B LKLY NOBIMEREST 5 LHT
&3,

UMM TR, H oy R E 2T K-
v VRV ERIEIR L TH 0, VIR OIHIE
HABUT D IHTE D,

EREEEE I, VNS LT BB s e 20MEBEH
B, SRBEHRANKCBIS S ARIRBEREY
Fh 5 & HERIE € B HERIBIE, 5 v 5 —KUWH
OHEEIERVEEO 2 Hihic 90° £Hfs¥ 3
FHlAaZEHgh SRR E 1 5, BEIEE L, VIMETL
Mo J i ind 2 LT 71 G5k 300 kgf) X4
LTI SR MM E b - 7o g - T B,
Hitk, ke, HERlOXBIS, YEHOTsFa—
gL LTHEG-MERTF v EvISE— 92 ERHLT
W3, CARATFy BV E—sDOHN VI %2k
Fer—yTcHATHLDOTHY, HABRRAF v E
vryE—SIcBRLAEEET S, ChEF—I R
7)) 2 —PHEREESEEHEAEOET, BBIHK
BB BVRIREHREL TV 5,

EEEEE, BEEEOoTEbFUSh, 71—
VTR N B A E KT 7 ) — PEE
BEX #2500 HMH, RHkEOKLELHE
T2 HOKERAEEL SHIREN 5,

SR, 120° MR TREBE M 3 FOME ¥
vy THD, ThEEKRIT ) — F OB
Logacdickh, VIMEARCHECELZH
Lt et L CUEBEREZEET 5 Z L 5T
&5, UB, VYEBEAKOBEROIRFB I/ V-V
DR,

KR, ORI & D VIS 2Kk T
sy — rECEEY B8, BEROMOPELOIL
L 0ELIRBEBEOEMERART LDHOD
DTHbB, BRYT 5 2HROEMERES 57201
2BDARI N a—VrwFERAIYa—-VryFD
HyEBRETEDOMEY ) ¥ THERSOLTY
%o
5.2 fiH%EE

AU TSR & LT, BREIKTREBIIE A
N, TLEDELIRL TV B,

BEIKRBBH L H -~ =1, # v & — AN UM &
M 8 4 B SRR AR O B 1k & BN ©
feHicy4AvrEYF7Lv—F2a8 L3I LTRY
T onteh—Th3,

RAE»iE, FIHEBEOaTE Yy FORLER
ABHDEBTHY, 27y Mol T 120°
R CEEsN3floo—-5ickhaTEy bO
FNAEMRTIBICL > TV 3, IRNEYDIE, &
RENOFEILH I LERARIIEEBTH 5,

5.3 1#f{Fs, S

BIEEIC3, VINMEKBARELEHRERIEST 57200
NEIVPBBHINTV S, BEESRICBYNREE
HoEHBEEERET— s ONBEBETS >3y Ea—
A ENTY 5, Gl R, BHEEDOK S
A=y —r Y HBRES TV S,

5.4 BRES

YRR OERKE— 9 OBIEE LS LT v/y—
YEFEHLTWS, 4 v8—4%i3, 200V, 400 Hz
DENEVITHEIEREN L TEARE — 5 ~EHE
LTW3, 4 v — s OHAREREELEETY
W ORI EZEZA D LB TE S,

56 #HEaA=w b

BEgEh L RHEERO 2 5OME2L=» + T

DI E ~MEE B LTV 5,



5.6 AHKHHREE
BEIKEEFESEE L, VIMELRICy I vEVFT
L— F9a7Ey bOFRBHKEHBE T H72D0
bOTHD, W, HEREVWEICE4 £/ min,
HHHICIE 3 £/ min KRELTWA,
57 BEIZXTL
HEHRERRA T v 2 ) — NEERRA Y 2 F 413, Y]
Wik oM, RS IERESEXEE, mEt -
Z s — T ABES, EEBE, HK Y RUKL
HEEED b BRI N,
JPDR #EREDRA Y 2 57 - DEE % Fig. T
RS

EFRBNER

RIGIRIER .
i B &) AR B 04
auFEF
BEIL-v
FEAHK |7
ARMHER HEA—Z -
EEE St i T T BEH
E- 5B
DR EA
BEAN F
ST
) 58 5108
@mEA=y b N LB
LT o4
=
&
| |
1 = R A R R
| e
BiEs
o0
Fig.7 Arrangement of the mechanical

dismantlement system

FUMrERE OBIER, RTFRBEAD SHBRIE
K& ->TiThh b, BIERI, BERAFLvEN AT
DEEP, VBRI TV EEE Y v —
»ODEBRERBICEL > TEEBORAEZFHICERL
B ORBEMNBEROEORIELIT I, BBUM, F
IHOBERLTa v Ea—s4itic &y, HHE

BRTITHOENTEDLLDILL TV S,

PR, OREERXRREE I, UMEREIC L - TY)
DHEhtc 7oy 2P aT7EBATI VT F O E
TBHL, 27 FANURT 20K ETH 5,

F71:, HEH— X « 5 — 7 ABEBIIUIMESE
s h TV AMER—2RWHY - TN, 84—
TVOEIEDLE L OFBETHIEETH 5,

Z0fthic, UIMKRUGARCRET 2HBP I 2
FAEREUR L, EEEOCILEERIET 5 2 DEE
il VMR EBET B dic A Lk e 2
5 1) — & AR LALE§ 5 123 ORI EB S 5,

BUSR/EAMM®RR, JPDROY—ERX70807
FICHRE L TIREROICRRRAREERET S
bD DT, VINEEEFHTRIET BEEZMX
Thh, HEOA V7 v ABFICERL

6. HIEXFT LA

AU 12, RFFEREONCH ZRIEEDN S
EHEBREE NS, ARL—9—3, BERAFLED
A5 OHEP, VERCBRsATVEET LY
- oDESHRBICEL » TUMEREORELE
WEER LA OREAIT O LEBEN D 5, SROBKE
PR =TI B 7o D VI ETLIL RS ER L 8D,
L — 4 OFEENAKELEL, CORIBARRET
Blcwic bhlEBIca v Ea— s E2ERALT, U
WrEFL A HENEIR TIT O BRER R TH 5,

4 OBEEIc > VT LI T ICBIAT 3,

6.1 Y7oy > A4

BEpEiz, BfEoFIE HE, BEBR, BER
HABTELTER L 7o 75 8-> TEfEDIE
RETENBEHRERK-TVW5B, Y70 s 560
fERkic H 7= v, ABTFEE A 5 EPEEOBIAK
OUBB LI BUEEFERETHIEHBTELL
I, Fxov JBENRIONTHS,

Y7o 7 5 A0f% Fig. 8 1tRd, Thid,
B 100moOEEYIM A 3 @R L, E& 300m
OYFETBIETEHDTH %,

6.2 IR

st oI, 2 v U — b OV L TYIMT
BRIIRE WV, VI & FORMESKE WEY)
WrBER A E 125, RUIMTERE CUMTT 580713,
H—savyy - rTiREL, BMRPHBESRIC
BATVE, TOXHIBHMNEVMENLT 258,
VI EASE S I >N T RRIIRE S EHT 5,
BT vy U= AN LTV BT A



FEIR * x x U 70 7 5 &b ¥ x %

PG. NO. : HO02 # M fr i 8410 ma

TX. NO. ¢ 01 1§i] ¥ #1109 47 fidt - 539 ma

[l 15N] . T=F K 8% 9108 £ [ 14 nm

VEldiE . 788rpm MEEIMMA AL . 132.00 [

EIF A E 182, 22 Ji¥

Fev? B ¥ - % o A YES

WE BHES H J:t3 pedl'y FB B8R
1 HELREE i 18
2 U M B Wz 1S
3 HEBEBIE THRUN 940m  20m/m @R 1S
4 BitkBEME B 535mm 100 mn,/ m 1S
5 HisBwpg Ly l4mn 200 na,/m 1S
6 HitkBBIE U 639mn  30mn/m W 1S
7 HEBHE TEEUN 940m  20m/m Wi 1S
8 HikBUE %l 635m 100 w0/ m 1S
9 HppHE LR l4mn 200 pz/m 1S
10 BIkBHR U 739mm  30me/m i 1S
11 SEBBiHEg THUM 9%40m  20m/m HiE 1S
12 FiggEBEE %l 30m 200 mu/ m 1S
13 4 M B fuk 1S
4 E ND
ONPOKFE, VM7 o5 ,oBEHSERT

®

oo
Nt

ST

ITITTET

0/

Fig.8 Cutting program

-V

B EHAL T B & S IES I R BBIS AR L,
KLU BIBEPIF AT EITi B, - T,
IV ) — b ETHLTVWADD, BEPMRE %
UK LTV B 05 & W - UM 2 R ISR L
T, UM OR D BEABRET 2 EBBETH S,
FEBTR, VT -5 ORANEBEREIREML
Fl B3k EEEETaC LickhIn®E
FHLTW3B, Fig. 9 ictIliflio 7o » 7R %
R VIBAREE A UM E — s OBRMEERE
TEIEICEDESZ, ThrfEits L, B
B OEEIRSE MR ET S 7 41— FYy 2 HISR

ZavEa—gikBEWik PLEEEIIC & DL
TWa,
Fig. 10 c#fizo v s ) - O FHERDO—F %

REEZ o -0 — ..t‘“
{mm) P . L
100 : il
0 —.
0.0 . " g o
ean 5 TS
(mm/min)
mn Z(M—-q-—w‘-’—\ r\-\ .
— . S
0.0 7.0 0 ; "o
® 7 16.0) ‘ Lol
w o o~ Vj : .
0.0 e
0.0 2.0 4.0 . I
B -

Fig.10 Reinforced concrete cutting

6.3 RRER

A%E TR, VIRBERBIEERTITY, £hil
A GREOBEEPAERD) OIEERIF V-1
LMW E, ThicESCERBETIT >&OIL
TWb, Dk, FREBRA RLV—-FHBFELP
TUVHERRICHE » TV B, EEICHD T 50 ITV
H A SRBEREANBO T SN ITVAASD
= 7 PHREEE OEEPLHHR, UMBOBRE
2% RTH5CRTHBHEAONTWL B,

7, UMEEARKCE TV - FARERATV
Ea A SHBEREN TV S,

chid, Fio, NBROBICEREN L, T,
Y-t 27T ELSF e ETF 4 —HIKFLEN A
SERVES LUNEBLEORKREERT 5,

CO2EBDFLES AT &M S EXEIEERE DR
KEO o B ICE DIES.5 mm OUINE
KEESm7 v— FEBRBHRDT 3 EMHHET
H5,

i feed back signal _]-—-——‘
C ubthncrEtEal e g Current detector
FET. L

Set point of
cutting current

L

-+

Fig.9 Schematic diagram of

S peed command sigual j
" RSA drive
Pl aigorithm . {
unit
Radia axis

Cutting
motor

B lade

RSA
(Rotary Servo Actuater)

Ball screw

1

cutting control system



6.4 (RMHEEE

VI F AT O R oM AHET POl - 4
BERFORFE I L, VMREHEPEFRENIE
TE0, BEROELEHL, BENRLE L
Bicld, BWMAEREST AL EOIEBRLELT IR
BEA R TH %o

7. BEBRBIUIBT RIS & B UM FIR

AYIMERE I & SV FIRELITICRT,

O VIEEBEOFRDIAL
BEAERBORSMEERLEMNS, 7v—V
TUMERBE VM FES S E TR T3,

@ UMEEDEE
IEDOERMERADA b — I BEHELLL
BEOIWIRH L, #Eka v 7 ) — FERCEE
35, JPDR T, XRM%ERETAEICH
OPchFREBREESEE L, £ I TXH
MERATFLEN A SZHEL, BERELX
Frloskh 2 00& F THEE S ¥ L RICEEZETT-
too

@ KEHE
BEWKETT 32 AEOEME AT 571200
2BDRI N a—Y o FEREL, TU-F
HOKERIZT, (HRRIE 2 EOEMICK
DillEEh, CRTIKEZRENB, )

@ FEAHL
ERBERICHY TSN FLED X 5%,
UMREB IR I N T L — FAREERT S
FULENASOEEERLENS, VMEELE
BL, 7v—FEiERa 7)) - HEOHOO
g5, Bictsn /- EEYHEC RS ¥
UINEE LR v 2 Y — N EOABERMGRER
» 5,

® HMERD
UM FEMBE T L— FEBBILE, 7
Vv— FE2BETHEE Y, By ) — B
KM E Y, COBOFIERBHBOX o -7
ARAMB &L kD, HAHBESDEREET
o TU— K ELEBEH & DRI, UINEE & EXE)
EBOMICHD I ohmETic XV AIES
s,

® V7o s S LrERk
BEIRFEPHEERELREL TUH 7o
5 LEPERRL, F=v 7BEEXAVWTZ S -0
BN EAEHET B,

O BEEER oS
BEEEbABIREN R C i kb, UM
WELL, UM 7o 75 s it - TEENER
INha,

8. TwiI7vTHER

Fey s7 .y 7TRRIZ, EEOMKICEEL ST
MKy 27 5 OYERERHER T 5 7121 1987 b S
1988 FE o iF TEME & N1z, JPDR D ERAE D AR
TREAL % B U 7o EMAR O RERIA 03 IR R R O
ic@gshie, COMBERDa v 7 ) — &Y
ik, & Tm, AE45m, AEHMN2.7m~35
m T, RREEALICIE, BFh, BCE SN RY LR
LR &/, Photo2ica vy ) — bR
L7, &5, BEELRT,

7, Fig. 70 &y 2 7 AN T EMEK
R TOMBEEOREHEETT,

Ty 77y TRBTR, COREHEICESWT
BEBEAREL, HBET-7,

EORER, BE Y 27 LREORENR, SHE
DE|RIEUER CREFIESFIC> VT, €2, HEICHK
BET A BAMEL /2,

Photo 2

Embeded metal materials



Photo3 Mock-up test in the working building

9. EMBREHER

AR E R & DA IR L, RTFEENBS
DREICHE N TITh N7, BEMOITIN T HiiE
FIF1990FE9 BicthE » 7o, HEM{EE s E KV
TEHEORA - 2TV, BETHIZ, 11 A%
Eno 1991 F£1 BREICE RS L, FHIFER
BT, hEToOUMBERTHWLLSAYELF

Photo 5 Remote controlling the cutting
machine from the exterior room
of the reactor building

Photo4 Cutting machine during assembly Photo6 Horizontal cutting of the biological

on the third floor

shield wall by the cutting machine



A D VI e o A T AR RESRE O Ui i CBN
(Cubic Boron Nitride) A Y UIEiH % A Wi,
oY AERWE LTk, HROFA Y EY
KA TR I R TH 3 O YIRS B S,
I 7HEAMEER, WE0m DRRa7®F—-Y v
HABEHALTTY, #H#9F0a72WoHL
Foo 72, aVIY—bTuy s [BATHI2m
X1.2mx04m ($1.0t) ] &, FF9MERDHL
1o

Photo 7 Inspecting by engineers after a
removed block hung by the block

clamp

Photo8 Top of projecting part after the cut
concrete demolished and removed

10. HEHREE

TE I M7 - Tid, (PEREEE OBSRIEE LB
BT 5D BHROCEEFIES b TREORN
e St,

e x ) 7 O & OB MR UM% Table
1 R,

VEBIRRIC AT D, FTBE—IHRLTBLE

BHHEDE, Fx ) 7TOBHBLVTHD, C
DIDITHHFREERBAEEL K2Rz ) 70
BRUBREZFACHE L o BIELERE Table
21T, Thid, fEEBFTLHNICE SO FRIEER
EREEULETHD, BRIMFELEDIRASE
/1,

Table1 Protective equipments and mesures
ERNE Wik, OIHRRIR
ey | oo | ams | am |xec| im
I)T| YT Mk | B |T4R YT
wa zY7|xY7 .
SARERK O O (@ O O o}
PYCX—7 0 o] ]
T ocolol[o]o]ol] o]
7 — LS * x |
Iz [¢) % | O |
Wiw %7 * w | ]
2w XY *
S TBE/H
@EHhz R e B B
JaNbiiy T | O ®) @] O @) O
75—Li—=%| O @) 0] O @) @]

(O: EAYS, #: KBEKGLTERT 3)
*  BHYITYT

Table2 Dose-equivalent Rate at the
working area

FE297 #F | T | 0T [#rb
3Fs | 2R | 1P| e | ope | 3 5am

pe4g®| 03 | 03| 0.6 | 0.3 | 0.4 | 0.3 [ 12.0
(uSv/h) | ~0.5 |~20.0|~40.0) ~5.0| ~1.7| ~1.7 ~1130

T/, WIRERMEL L CREREBEEHILET S
e, FER2BRRBRBREORAMEEZMS &
EHRB ) TREBURBORREET 1, &
fo, BORTEMBEORBER L3 2729, VkifEEx
V7 CIRECERBEE O 2TV BUEHER £ R
L TIERAE ARG IE I BTz, $1z, BEENIT oy
7 OFRVWELODVWTRMLBRIGLTT Y — vy
2% RE LU TEEEIT- 10

DR, Table 3 I/RTHEYD, YUEELHEF D
HERER I, [EARKEBGERY 1.4 mSy, £H
WERRE 7.3 AmSv (EfE¥EAR 2,323 AB)] &
HREEOTHEVIRRATIEEERTETTEIEMT
E 3

1. REREEY

REBELLaTRa vy s ) — T oy 73S
HEEY & LT AR TP OZUER) 3 ol D
BRBINIAL, BACRE s n-REMEEEC
HEEhT, 8E, FHashis,



Table3 Radiation exporsure to workers during JPDR shield concrete demolishing
—
Actual Collective Maximum
working | Manpower dese individual
days © dose
#1 Carring in and
: [1.2.10. 15 1.3AmSv 0.39 AmSv
assembling of N 294 533AH A <
dismantling systen 11,22 U3MATY L&) BGIAIY L L)
#2 Dismantling 1.2.11.26 . - 5.4 AmSv 0.9 AmSv
work ~r3.0.0s | OH ] SBALL g sy | @AY YL
%3 Disassembling At
and carring out 11.3.1.29 . 0.6 AmSyv 0. 16 AmSyv
ol dismantling ~3.28 A2t BAAL B2A YL L) (IBAI Y L L)
systen
BbYlc i . .
12. &byl 7. ORI FTERANR, ONTHE, 8 R,

SO FHARI LY, Ay s - NUWE o T
F— ) v W O & & 2 BRI U Tk
DIAHRE A 2~ 2 ) — F RS oMGcHY T
DT EMLIE NI,

FEHLERERIE T OFLER D S, FFROKE T 5L D
A B BV DN o fowicid, EiMoRRnt
b, BEBHROAYEDW [, IS s OB LML )
WIPERED 1) |- 5 D W B O I & Szl
ZIEMNTUTHA D,

B E 3k

I AKDDCHE LIRSl figd « gt =~
0 — AT DI ol gE " TIAPIG
L6 L, 1987-7

20 WM UM TF I Yy v s =y SO
)" TRANDEC =2 — & ] 9 | 35, 1989-3

3. IEAEELL, CUEEMYL  BAME s v oy - R
BIDNREE  Tod .y b J6T 55, 1989-3

A VUARISET J30R9esdly )b bRERE THHS * JPDR R
A HARER O BIAK * T ) A S 37 2% 2 55,
1991-2

5. {1hhEY
EV N T
991-5

6. FRUACHE * S DR BUA ISR O ™ B - )

Py vs = v U TS 3 N & AT
1991-11

P Fa sty v = v i8]
CHAI i) M 332656 55, 1

T 32

DL

IF S, B L

1E 0 #%

“JIPDR B EREHRA O BB P TR & B

fipgd

[FPAPIG] 5129 5,

1991-11



RFORED VT U — MREBGRT DR Z

SR % Eh B A% #E
ks, R

)

)

5) 6
ES -

“Technology Development Dismantling Reactor Reactor Building

in Kajima Corporation.

By Shunichi MIYASAKA, Kyoichi TANAKA, Takaaki KONNO,
Kenjirou NAKAMURA, Minoru HARADA, Kenji NISHI

In order to cope with near future decommissioning of commercial nuclear power
plants, we have been operating the technology development since early 1980s in Kajima
Corporation corporation taking advantage of the many construction and maintenance
experience and know-how in nuclear power plants, for dismantling concrete structure

of nuclear power plants.

From our developed technigues, we applied abrasive water jet cutting technique
for dismantlement of biological shield concrete and hydrostatic tube technique for
dismantlement of thick RC radiation barrier wall in JPDR Decommissioning Program.

These techniques are confirmed having ability to be able to dismantle reactor

building of commercial nuclear power plant.

We describe the developed techniques and the applied experiences on dismantlement

in this paper.
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Fig. 1 General View of Water - Jet Cutting
System Installed in JPDR.
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“Decommissioning and Repairing of Radioisotope Facility”

By Hisamichit YAMABAYASHI

Radioisotopes used in a facility are ranged from a few to a large kind and
amount in accordance with its purposes. It is, often, connected to nuclear reactors,
medical clinics, and industrial factories, and radioisotopes are being used in a variety
of fashion in such facilities.

In the repairing and decommissioning of the facilities, decontaminations and de-
compositions can be done by the methods and technologies suitable for the chemical
and physical properties of the radionuclides involved, which are usually known based
on the records of uses. Although radioisotopes have been used for long, there has
been very rare precedents in performing the decommissioning of a whole facility but
partial renewal or removal. Principal considerations for the decommissioning of radio-
isotope facilities and those to be cosidered at the designing and construction stages

of the facilities are described with some examples.
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Development of Radioisotope Production in JAERI
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“Cleaning of Shielding Window of Hot Cell”

By Teruo KIKUCHI, Shirou KUROBANE, Tadaharu ITOU
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More than 25 years have passed since the Tokal hot laboratory started its operation
Some of the shielding windows of the hot cells present less viewing capabilily because
of stain and cloud generated by deposition of dust on the glass surface and by chemical

reaction of humidity and alkaline components of glass.
of shielding windows in Tokali hot laboratory were carried out.

So the cleaning of three sets
This paper discribes

the structure of sielding windows, the propertis of sielding glass and the work involved
inthe cleaning process for recovering light transmission of the shielding windows. The
processes include extraction, decontamination, cleaning, polishing and assembling.
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Fig. 2 Radiation shielding window install-
ed in the Tokai hot laboratory
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