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The latest Information of Former Soviet Built WWER-440
—Outlook on the 3rd Decommissioning Symposium in
Greifswald—

Sadamu YAMANOUCHI!
J. RANDEC, No. 10 {June 1994), page 2~12, 6 Figures, 3 Tables

The Chernobyl accident in 1986 had a strong negative
effect on nuclear power safety. Three and half years later,
the Berlin-wall fell, and the Soviet-Union became the
Community Independent States(CIS). The old type of
WWER nuclear power plants are still operating not only CIS
countries but also in Eastern European countries other than
the former East Germany. The old type of WWER nuclear
power plants in most Eastern European countries can not
be shut down immediately due to the tight electricity supply
situation but they are regarded by some as been unsafe and
care must be taken to avoid to any major accident. In this
connection, an international cooperation programme was
initiated at the G 7 Summit Meeting in Munich in July
1992. A major task relative to the old type of WWER
nuclear reactor in former East Germany is the development
of decommissicning technology such as safely,economical
dismantlement and decontamination plus waste manage-
ment. The RANDEC study group was favorably impressed
when it visited Greifswald in 1991, for the first technical
exchange visit on decommissioning of nuclear facilities.

In September 1993, the 3rd Decommissionig Sympo-
sium organized by the Institut fur Werk stoffkunde, Univer-
sity of Hannover(HU/IW), the German Ministry for Re-
search and Technology for Waste Disposal (PTE), the
Nuclear Research Center Karlsruhe and Energiewerke Nord
GmbH(EWN), Greifswald,was held in Greifswald city.

This paper describes recent reports which are focused on
the Greifswald symposium regarding old WWER reactors in
Eastern European countries, CIS and former East Ger-
many. A part of the information was also obtained from
Gesellschaft fur Anlagen und Reaktor-sicherheit (GRS) mbH
in Munich, Cologne and Berlin, Germany.

Graphite Waste Management for Gas-Cooled Reactor Decommission-
ing

Hisashi IMAI
J. RANDEC, No. 10 (June 1994), page 13~22, 9 Figures, 7 Tables

There are so many graphite moderated nuclear reactors
under operating and closed in the world,especially in the
United Kingdom. A reactor with commercial grade of this
type have the graphite of 2,000 ton in round numbers as
structural material in the core. It is recognized that waste
management of the graphite material used in the reactor is
an important problem in their decommissioning.
Dismantling projects of the prototype reactors, not the
commercial grade have been started in the United Kingdom
and the France, but their final disposal option for the
activated or contaminated graphite material seems to be an
undecided matter. The paper describes on some character-
istics of the graphite material concerning with disposal
processes, and then reviews some disposal managements
of the graphite assessed on two types of the reactors in the
United Kingdom.

Development of Cutting Machine for Disposal of Highly
Activated Equipments
Katumichi IIMURA, Toshio KITAJIMA, Jinsaku HOSOKAWA, Shinichi ABE,
Kivoshi TAKAHASHI, Mituhiro OGAWA and Takashi IWAI
J. RANDEC, No.10 (June 1994), page 42~48, 9 Figures, 2 Tables

JMTR (Japan Materials Testing Reactor) Project has de-
veloped a cutting machine which can cut a highly activated
in—-pile tube under water and its performance and safety
have been confirmed. This machine is for the purpose of
cutting a multiplet structure pipe and made possible to cut it
under water by adopting under-water discharge method.
Futhermore, contamination of canal water and atmosphere
is prevented by combining a filter with this machine. This
report describes the outline and performance of the devel-
oped cutting machine and also results of cutting highly
activated in-pile tubes.

Research and Development of Technology in the Radioactive
Waste Treatment and Disposal
—Introduction of Application of JGC's Technology to
Decommissioning Field —

Kazunori SUZUKI
J. RANDEC, No.10 (June 1994), page 49~56, 16 Figures, O Table

In this paper, technology of treatment and disposal for
radioactive wastes, which has been developed by JGC Co .,
is shown in view of application to decommissioning field.
Techniques of radioactive inspection of shipped drums,
radiation exposuer reduction, stabilization for spent resins,
decomposition of organic regents used chemical decon-
tamination and so on, are mainly introduced.
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Development of Cutting Technique of Reinforced Concrete by

Wire Sawing
Hidehiko MIYAQ, Yoshinori KUKINO, Yuichi YAMAMOTO, Takashi MIYAZAKI
Yoshinori KAMIYAMA, Harunori YASOSHIMA, Takashi KAWASATO and
Masanori ARITOM!

J. RANDEC, No.10 (June 1994, page 23~32, 16 Figures, 3 Tables

Diamond wire saw cutting technique is excellent for
cutting the radioactive concrete in large blocks on the waste
management and dismantling efficiency. We have been
developing the conceptual design on dismantling system
for various concrete shielding of nuclear facilities and
diamond wire sawing equipment. We have carried out the
basic cutling test to obtain the quantitative data on wire
sawing, in addition to the conceptual design of dismantling
system for biological shielding of various power reactors
(PWR, BWR, GCR) and cell wall of nuclear fuel cycle
facilities. Based on the detailed desing of dismantling
system and quantitaive cutting performance data, wire
sawing equipment has been manufacturing for applying it
to nuclear facilities.

‘Controlled Blasting for Shield

Concrete Wall (2)

Demolition of Biological

Minoru HARADA , Kenjiro NAKAMURA ,
Susumu HIRONQO and Yoshihiro SEIK/
J. RANDEC, No.10 {June 1994), page 33~41, 9 Figures, 2 Tables

The purpose of the study is to prove the overall suitability
and effeciency for "Controlled Blasting Demolition” used to
the thick-walled cylindrical reinforced concrete structures.
Blasting efficiencies and environmental impacts obtained by
applying the method to demolition of a thick-walled cylin-
drical reinforced structure are summarized and described
as follows.

1) The optimal explosive charge {weighy of charge needed
to satisfactorily demolish a unit volume of concrete) has
correlations with the amount of steel in the concrete,
sucha as embedded steel or reinforcement. It was
between 0.65-0.80 kg/m3 at most, and 0.50-0.55 kg
/m3 at least.

2) From strain distributions of the residual structure,
derived from shock wave propagation characteristics and
measured elastic-wave velocity distribution, it was
understood that no damage occurred to the residual
structure as a result of controlled blasting. Therefore, the
suitability of controlled blasting was proved.

3) Knowledge was obtained about environmental impact
characteristics, such as explosive blast, vibration, noise
and dust, generated inside and outside the thick-walled
cylindrical structure by controlled blasting.

Decommissioning of Japan Power Demonstration Reactor (JPDR)

— Qutline and Background of JPDR Decommissioning Program —
Yasuhiko MIYASAKA

J. RANDEC, No. 10 (June 1994), page 57~67, b Figures, 5 Tables

The actual dismantling of the JPDR has been progressing
successfully since 1986, and has been producing various
useful data and experience for decommissioning of nuclear
power reactors.

As of March 1994, the reactor internals, the reactor
pressure vessel and the biological shield have been disman-
tled. In the next stage, all buildings will be decontaminated
and demolished, and the site will be landscaped by the end
of fiscal 1996.

In the final stage of the decommissioning program, it is
very important to evaluate the developed technology based
on data obtained from actual use in the program for taking
advantage of the technology in the future decommissioning
of nuclear power reactors.

This report describes the background and the outline of
JPDR decommissioning program.
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The latest Information of Former Soviet Built WWER -440
— Outlook on the 3 rd Decommissioning Symposium in Greifswald —

Sadamu Y AMANOUCHI

The Chernobyl! accident in 1986 had a strong negative effect on nuclear power safety. Three and half
years later, the Berlin-wall fell, and the Soviet-Union became the Community Independent States(CIS).
The old type of WWER nuclear power plants are still operating not only CIS countries but also in Eastern
European countries other than the former East Germany. The old type of WWER nuclear power plants in
most Eastern European countries can not be shut down immediately due to the tight electricity supply
situation but they are regarded by some as been unsafe and care must be taken to avoid to any major
accident. In this connection, an international cooperation programme was initiated at the G 7 Summit
Meeting in Munich in July 1992. A major task relative to the old type of WWER nuclear reactor in former
East Germany is the development of decommissioning technology such as safely, economical
dismantlement and decontamination plus waste management. The RANDEC study group was favorably
impressed when it visited Greifswald in 1991, for the first technical exchange visit on decommissioning of
nuclear facilities.

In September 1993, the 3 rd Decommissionig Symposium organized by the Institut fur Werk stoffkunde,
University of Hannover(HU/IW), the German Ministry for Research and Technology for Waste Disposal
(PTE), the Nuclear Research Center Karlsruhe and Energiewerke Nord GmbH(EWN), Greifswald,was
held in Greifswald city.

This paper describes recent reports which are focused on the Greifswald symposium regarding old
WWER reactors in Eastern European countries, CIS and former East Germany. A part of the information
was also obtained from Gesellschaft fur Anlagen und Reaktor-sicherheit (GRS) mbH in Munich, Cologne
and Berlin, Germany.
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Reactor Type Power Start  Shut-down

A-1 HWGCR 114MWe 1972.12 1979.05
Unit1 440/230 408MWe 1981.04 Operate
Unit 2 440/230 408MWe 1981.01 Operate
Unit3 440/213 408MWe 1984,.08 Operate
Unit4 440/213 408MWe 1985,.08 Operate
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Fig.1 Nuclear Power Plant Location Map in the Former Soviet Union'®
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Reactor Type Power  Start Shut-down
Unit-1 440/W-230 440MWe 1973 1990, 12
Unit-2 440/W-230 440MWe 1974 1990, 02
Unit-3 440/W-230 440MWe 1978  1990.02
Unit-4  440/W-230 440MWe 1979 1990, 06
Unit-5 440/W-213 440MWe 1989 1990,12
Unit-6 440/W-213 440MWe E#ZER] THHT
Unit-7 440/W-213 440MWe HESIERE R CHMT
Unit-8 440/W-213  440MWe HE8§3%{E % Crhib
KKR WWER-II 70MWe 1966.6 1990.06
Stendal WWER-1000 1000MWe # &S TRl
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Photo 5 Inside View of the Turbin Hall
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Table3 Comparison of Major Data of WWER-440 and WWER-1000"

F E Ig H BT WWER440-W230/213 | WWER1000-W320
O hH MWt 1375 3000
E K B8 K H B MWe 440 970
E W M oH R g 30 L 30
JFF4A
< SRR EE 7 W/ cm? 43.8 56. 8
< PR kWw/1 86 107
- SRR MWd/ kg 29 40
R A
- IR NEF B %
- JPNESEALL 312 163
< 1 BEEY 1 D DBREREARL 126 312
HALE (EAE) BX mm 2500 3550
- PREHEAR mm 9.1 B %=
- R AR mm 0. 65 B %
- REHEOME Zr -+ 1%Nb Zr +1%Nb
e
- HlfH R AEE 37 61
- HHEEOME fouaf-1 B4C
RS 1R

L LIRERESN 2IRBES MPa 12.2/4.6 15.7/6.3
- 1 IRREE 2 IRREE °C 265/295 290/320
CBHIR OL—7) o unit 6 4
s —E O 2 1
- ¥ —E vz rpm 3000 @ Z&
- 1 IRFBAHIK R n 215 298
< 2IRBRISHIKE m? 252 264
RIFLEDS
- BRI B i
- LEERR mm 16 13
- EOME 1-A7H{ beAT/VA £ B
AT AR
- EOHBEENE m 4,27 4.51
- ENBHEAE mm 140 190
- EHBEBEVE m 11.8 10. 88
- ENBEHOME A B %&£
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Graphite Waste Management for Gas— Cooled Reactor Decommissioning ¢
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Hisashi Imazl

There are so many graphite moderated nuclear reactors under operating and closed in the world,

especially in the United Kingdom. A reactor with commercial grade of this type have the graphite of 2,000

ton in round numbers as structural material in the core. It is recognized that waste management of the

graphite material used in the reactor is an important problem in their decommissioning. Dismantling

projects of the prototype reactors, not the commercial grade have been started in the United Kingdom and

the France, but their final disposal option for the activated or contaminated graphite material seems to be

an undecided matter. The paper describes on some characteristics of the graphite material concerning

with disposal processes, and then reviews some disposal managements of the graphite assessed on two

types of the reactors in the United Kingdom.

1. L&

PRHEIC RS> TLES 2D, FRE4FESHIH
D 7 A FEEATNE CREETE - A AIFFEIE
DRHL T, HEREFIFEER) ., KLY O H
BTFFETHLEEBHEBON AFIZONWT, BEIEF
IEDOME #th 7 Z L 2 T, 2. FES
F£7 RI6BFHITOENREEEF 3. FtE» 7 s
MTRHAZ, 7 —E g & 2@ RO 134 A
PRUEREL, RS EIZHOKRT FE2FEI0E2 A
FTHIET H$THB L DHBEBEHRL Tz, H
WEIF DIRATESED . AR SBHIB S5 D0 I3H S
BB, TTRAEGTEREFAES V-7V HEEL
TWwaE5Ths, ZhoDLHE R, RKETHHEH
JRFIRORAEENECHEOMEIC 2> T & T
ExmL T3,

SRMBIFD & 5 207 AP ORHIE . FREEICK
BOBMEHEMA L. ZLEAOKH L BRI A & {E

HALTWwWAZETHE, Ao NTWEERDED
BRFEOHE2,000 ~ VRIE T, »IFELSFHEA
LIBFEBETHL200mEE L2 b, 2o B
M, $XRTFRCEET 2056, 2070 — M
EYMEEEZD . Kb dn b BEHEerEEEy 535
N3 EFTERY, FBSHEEEOIEERED
OF 2T, ARAFPORMEEY L. BEME & B
TROVEEVCS T I L 3H LW, Z0), &
REW TN THEME L L TS sns b D EE
Zoh, BIFREICB T 2 BEmOnE - Ay
HEOMEMLIZ—DDFEE k> T 5,
BicaonTnwd &5 IcEAERETIE Wind-
scale DX BRI A Z4F (AGR) DA 70 ¥ = 7 b H
ETHTH D, ZOFOEBEEMD D b, HilkHA
W LLW (B v~ OVBEEY)) & L T Drigg OFEZEYIAL
HYy A b B, f250.32C1/ b > BLE O ETRE
VARV EFTAHFLERIE. ILWEH Vv N VEE
el Tarvs)—rFBUCANL, BROERWK

BN EF IR T 23 v v 3 = > 7Hi%EHS (RANDEC)



Yezs

7

HEEND LS TH3, 2O Windscale # 2D
A7 a Y 2 7 M. %O T HLERERER OFF
ThHbHIE. BIUENRTO ¥ A 7 TEGNHEEY
DIEENRD N e ELH-> T, ERHEEYORK
FRHIILER « LA EI DV TR EwmEH L Twi
WEDSTHB, ZITIE, TRAFRERFEEY O
B AR BET % £ 2 o B oEikic it
niztg, EEF AFOT 3L vy a3 =7 Tt
P & N7 BEARSEY DALEE - AL BT A E &
BEHE L 72,

2. HRIFDABEEY

IRFE, W AFWIZE2ERALENTWS EEE Z
BWERY AFE 2R ITE. Magnox fFHl & D
WEE DO AGR 35 %, BEHME I Magnox 47 53K
Koo D<T /)y 7 AEEWwE. AGR B UOQ.M
AT VVAWEERE > T30, FREEYICE
SAEFARAL. WEIMB CO.THSL Z LizH@EL T
%, FEEFTIE. Magnox 7 T%H AGR TH Bk
EYNET ) v 7 EFEE R, SATBERKOESRMTH
%, Magnox P CHHEMIFD 7Y v 7 % Fig.1
FERCY, AU ERTESN T ERREA Y —7
ETEWRLEY bpofdn»dLdic. 70y
DFFEFICIE, BERA ) —TREAT 2 2DDE
FE134mmDFLE A EE L T b, B8, AGR
D7V vy 7id Magnox 5D Z i T, SEEN

’

T
M|

155

Graphite brick

L G « ith fins)
End Cap Graphite Sleeve un(\:l H lll raniuin

] A_Splitter A3 -
A Brace —
b B e

[AVD)] QYD)

7 A
Helium Gas  End Cap

graphite sleeve

Fig.1 Graphit brick and sleeve using in
Tokai Power Station?

v ¥a = v IR

2105 (19944E 6 A)

#72 % THEE 231000miE K Vo B FL LAY
30, 000(Bl D7V v 7 DSFEE BT A VTERE I N
CEESRT, FLOSTRIZERLS, 8m. & &8.15m
DRESTH2, FIFFOMENS & MEBHEEY)
DESKEE % Fig2 & Fig.3 xxL 1Y, HigFE
BT )y s —(EOER T, 60kgBEELHES N
B, A —T hEOHEBFEROKBEE IR
2,000 VEBETH D, bxAHIZ, FED Magnox
132,233 >0 AGR 131,633 b » EAEEI AT W
%

e

=

Vi VAN AVA) YAV ATAN
LA TR

HOT GAs DUCT

o LTI
CHARGE MACHINE BUILDING S A
CHARGE MAGHINE
£ = AN
[ I - | R
(7% 2l
i TR A
b SN -
STEAM|™] REACTOR : ;TE’:;“".
RAISING||H A .
UNITf{] Fl| UNIT
tas|| |
COLD Cirenlao
GAS DUCT

Nk %i' i

s

Fig.2 Tokai Power Reactor?

Fig.3 Hexagonal brick system in the reactor?

3. 3R - A ICRIET 3 RBOMK

3.1 BMMoHEEER
—OWBREE->Th, FM7 0y 7 OME IR
WL > TFERABITHY . [RFFA LB TIEE



Journal of the RANDEC No.10 (June 1994)

v, WIEND S 0 ITEREE OSE . SR THEE
MR > TL 2 FERFEAZENRGERORNE2EAHE
DIDTH5b, BRETDOREREAEDID, &K
R E RS —E AR VLSV, FEdA
DS FKRE R ™ TR SEECATE 3. R B 2 ORL
R Bl SUETEEFLARERTE > TL 2056,
WHPELNIIHELE-> TSIk b, T¥
R REHE BRI IR & THHRTED % v b DHMF &
Luwh, BSOSt nE A zigs Z &
BEE LV, —fle LT, REFOREM ICERI N
T % BEA58H8 Quality 1 OFEME % Table 1 127~
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Table 1 Characteristics of graphite for mode-
rator of the Tokai Power Station"¥*

Characteristic Value
Graphitization temperature (°C) 2, 800
Bulk density (g/cf) 1.75
Anisotropy ratio" 1.34
Bending strength Ckg/ cdf) (/)» 214

(L) 214
Compressive strength (kg/ crf) (/) 408
(L) 398
Young's modulus (kg/ cf) (/)111x10°
(L) 84x10°
Thermal conductivity (at 20 °C) | (/) 0.51
(cal/em+s +°C) (1) 0.41

Thermal expansion coefficient (/) 2.16
(30 ~200 °C av.) (107%/ °C) | (L) 3.37

100 ~150

Ash  (ppm)

a) Ratio(L//) of thermal expansion coefficients
at 400°C.

b) Symbols in () shows direction of graphite material.

. Bz (LE D1 A — & — Pechney Ugine
Kuhlmann £t D b D TH 5, £ D — D kA D
Quality 1 T, 3 59 —DOBKEMHFERAL Tw3[E
A —H — @ Quality 3 TH %, Quality 3 1 2%
EaEo D0 ONEEHA Quality ] £ DA
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Table 2 12, Magnox /78 & N AGR B#yo&F
THERRTY, B» OS5 & D2 Magnox 4P
EAGR B> o0 R 2 AL, AGR
& Magnox JFF DK BRI T3 H 5 EAEBOME
iﬁmoW’iﬁbﬁﬂth%ﬁEﬁﬁman%
N 6EEEVIER
Ffﬁéobkﬁof\mb¢ﬁ¥%%ﬁfé\
AGR EShOHEHE L~V iZ Magnox PR D #
CHELUTELA B2 ZENTFHIEN S, STETKRD

Table 2 Graphite impurity levels®

(ppm)

Element Magnox AGR
Li 0.05 0.05
Be 0.02 0.02
B 0.1 0.5
N 10 10
Na 1.0 4.0
Mg 0.1 0.4
Al 1.0 4.0
S1i 35 35
S 50 60
cl 2.0 4.0
Ca 35 25
T1i 3 0.7
\' 12 0.4
Cr 0.35 0.4
Mn 0.04 0.25
Fe 10 28
Co 0.02 0.70
Ni 1.0 6.0
Zn 0.13 1.0
St 0.4 0.4
Mo 0.1 2.5
Ag 0.001 0.001
cd 0.04 0.07
In 0.05 0.06
Sn 0.05 1.0
Ba 1.5 0.5
Sm 0.04 0.05
Eu 0.004 0.005
Gd 0.005 0.01
Dy 0.008 0.006
W 0.12 0.15
Pb 0.12 0.8
Bi 0.08 0.05

sl o BIRFOMRERERE . Table3 &
Table 4 127~ 3%, ROMEIFRFI 2 A0FBERR L.

10VESHILIEATOODTH S, £z, {LEDH
AFTH B G2 FESROMATRERE & Table 5 1271
7, b SDHFIZETEE ClE%k {. Shutdown »
59 FERDEEMETH D, RRETHFTHEL TS
DiF, *HEYCWCI/ borDA—F—ThHbBI L,

BLO B TEL 2039 Co BWHERZL W &
Thb, I THEBIFENRICOWTE 2. A
WHER SN TWw 3 Quality 11X, Z DK 45 3100~
150ppm EFENEF <. LicdS> THEDKE HEV
NV BEW T EBHEE SN D, IR OBETEE
3. Y RS IZAE D W TR TIX1984FE D R R E
=Z ) T TEAINIZ LD B,
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Table 3 Activity(Ci/ton) in graphite of Magnox reactor®
(AfterdQyears reactor operation followed by10years decay)

o} 1.5 %IMo 1.0 x107¢
19Be 8.6 x10™" #3m Np 6.7 X10°°
e 1.0 SAND 1.2 x107°®
36c| 1.2 x107? 89T¢ 2.1 x10°¢
‘1Ca 8.8 x10°° L08m Ag 2.8 X107*
S4Mn 3.3 X107°® 1i3m €4 1.2 X10°*
55Fe 1.8 x10°! f2im 6p 5.4 x107*
SON| 1.1 x107°? 1338, 6.7 x107?
89Co 3.3 x107" 1szpy 2.7 x107¢
B3N 1.6 x107! 181Ey 6.3 X102
857n 2.5 x10°°¢ 1558y 1.9 x10°?

Table 4 Activity(Ci/ton) in graphite of AGR®
(AfterdQyears reactor operation followed by10years decay)

3H 1.3 Mo 9.2 x 10°¢
19Be 3.8 x 10°° 83 Nb 5.6 x 10°¢
te 3.1 S4Nb 1.4 x 1077
380 3.8 x 10°? °8Te 9.3 x 10°°¢
‘1Ca 2.0 x 10°? 108=pp 6.0 x 10°*
S4Mn 8.6 x 107° tramcy 7.3 x 1072
S5Fe 1.5 t2i=Gn 4.6 x 10°?
SONi 9.1 x 10 1338, 5.1 x 10°°
89%Co 16.2 152y 1.7 x 10°?
83N 1.8 1S4gy 4.8 x 10°?
857n 6.1 x 1075 VSSEy 1.6 x 10°?

Table5 Activity(Ci/ton) in graphite of G 2 reactor”
(Measured 9 years after reactor shutdown)

Nuclide Reflector Moderator
80Co 5.4 x 1072 1.6 ~3.5 x 107!
133gg 1.6 x 10°° 2.7 ~5.4 x 10°¢
137Cs 2.7 x 10°¢ 2.7 x 1073
'84Ey 1.2 x 1072 1.1 ~2.2 x 10°%
A 10.8 10. 8

e 1.6 x 107! 4.1 ~6.8 x 107!
83N 5.4 x 1077 1.4 ~1.9 x 107!
38C1 I.1 x 1072 1.4 ~4.1 x 1072
83m Nb <2.7Tx 10783 <2.7x 107°

3.4 KICLIBENDBFHE HOME

TR Y DALE AL 1F, B BEEEALSY 150 T
FLbOTIERL, 20ROEELEREL TBrh
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. BT v 7 2HIPREENS TS LD BEEIC
BRI MET Rl 2Tl 27 -5 Th b, fham
BICE 2. BT Db DIFAREEH LW L Wik
THBY, F-BRAERT 5 KE X, EEKT
Hohd L5 CEMEORIN - BEDOENIYET
HEMH. EHINMEEDOEH L7220, Table

6 WIRT R SARERIC DLW TER S NLIET
HE R, Figd & Fighlomd®, #HL BRI,
BT AR EEAKTH 2, SLEE b EHHEE X
AKOFEE TR ERLD % . 10 TIZIZ *Eﬁ%
AT LD D, SEGEOT THENSOLHH®E
ErEOMEIZ. PBa bt CsTh b, B o6D
BHEHICOWT I, EELASOZEE*EH 52BN T
LA (BRI FUEMED g s EoBEDB L &
B ZSETHAMFELEDOLNT WS, 2 TH
ETiERWH ORHEZEERIC O WL TN D &, B
kR IIMEAMI NS & 450°Cli & CH A R &
LT, o3 eKRERE L THRT %,

Table 6 Graphite sample used in leaching test

Nuclid Specific activity(Ci/g)

*H 5.9%1078
e 5.TX1077
55Fe 5.1x1077
1550y 2.5%107°
1338, 5.9%107°
132Ry <10
anang < 5
134Fy 2.6Xx10°¢8
89Co 2.7%1077
134Cs 1.1x107®

Leach rale , cm d!

o7 L ! L I L L L
o} 20 40 60 80 100 120 1.0 160 180
Time , d

Fig.4 Leach rate curves in simulated ground water®
(1 bar, 25°C)



4
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Fig.5 Leach rate curves for simulated sea water®
(1 bar, 25°C)
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4.1 EEFEEZE
(1)Drum Container {2 & % &3

Drum Container &, A F—/L 8D typel803 & R
SN BHME0.84m, FHS1,15m OFHT. @B D
ﬁ&m;%ﬁm%%ito~9ﬁﬁﬁwﬂﬁﬁ&m

BT, Binr 2z DEEFED. AV MNTAD 2

ETéchi%mEé@ﬁmﬁﬂ/7U—hT
Drum #NERD L, L XA M EFIEL W THEAT
5HETH D, ERUIESHF O"Co DR E 31,5
GBq/t T50% D FE#E =X D H. Container Z [ D f#
BEN 0.5mSv/h 282 255 CLEE LT,
Magnox %7 £ $4 %, 47 @ Shutdown 2 5105 E 8
L UBSEH T « A5 § 285E. )7 AGR Biq
F10FEH L0FERICIRET 2565 O Drum . &
HEEBLUVIZAMNERZOWLTOFMFER % Table 7
WiRT, FRICE SN B LD, Magnox JFEEH D
BEFEHD I A M, BEREDIRE D 7- DI 108E D
¥1/31. AGRESRD0FEHZ D Z xR L <10
FHOKL/ TR LTBY, BRESLE2 R b

WRIZTHREDODRKEE LSS,

Table7 Ocean—bed disposal of graphite waste by drum container®

Reactor Magnox AGR

After 10 35 10 60
shutdown years years years years
Drum 7, 400 3, 400 6. 800 2,500
nummber

Total 12, 000 5. 300 27, 000 3. 900
weight ton ton ton ton
Total 5.5M 2.0IM 12.3M 1.8IM
cost £ £ £ £

(2)Shielded Overpack % {F 4 3%
EROZTWDrum *EE, 53 & $2.6m, HE
2316 b > OFEF D Shielded Overpack IZ AT
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Fig.6 Disposal concrete container for graphite®
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Fig.7 Engineered shallow land burial facility design®
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GRAPHITE
INCINERATION OCEAN BED DEEP GEOLOGIC SHALLOW LAND
DISPOSAL DISPOSAL BURIAL
ash and
—f{lters to
solid disposal
atmospheric l INLAND COASTAL {ntrusion
discharge SITE
cloud leaching leaching leaching leaching
resuspension
depoeiclon‘——————J oceanic grounduater groundwater
dispersion
coastal seabed
resuspension
Y
terrestrial beaches freshwater local, then terrestrial
environment environment oceanic environment

Global circulation of !“C and IH (where applicable)

Fig.8 Options considered for the management of graphite
showing simplified environmental pathways®
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Fig.9 Collective dose equivalent for the disposal of the 10
years cooled graphite arising from the decommissioning
of a Magnox reactor for the various disposal options®
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Development of Cutting Technique of Reinforced Concrete by Wire Sawing

Hidehiko Miyao, Yoshinori Kukino, Yuichi Yamamoro, Takashi Mivazaki
Y oshinori Kamiyama, Harunori Y asosHiMa, Takashi Kawasato and Masanori AriTomi

s -»9«@@@/@><~><0><0>©<0><?

Diamond wire saw cutting technique is excellent for cutting the radioactive concrete in large blocks on

the waste management and dismantling efficiency. We have been developing the conceptual design on

dismantling system for various concrete shielding of nuclear facilities and diamond wire sawing

equipment. We have carried out the basic cutting test to obtain the quantitative data on wire sawing, in

addition to the conceptual design of dismantling system for biological shielding of various power reactors
(PWR, BWR, GCR) and cell wall of nuclear fuel cycle facilities. Based on the detailed desing of
dismantling system and quantitaive cutting performance data, wire sawing equipment has been

manufacturing for applying it to nuclear facilities.
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Controlled Blasting for Demolition of Biological Shield Concrete Wall (2)
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The purpose of the study is to prove the overall suitability and effeciency for "Controlled Blasting

Demolition” used to the thick-walled cylindrical reinforced concrete structures. Blasting efficiencies and

environmental impacts obtained by applying the method to demolition of a thick-walled cylindrical

reinforced structure are summarized and described as follows.

1) The optimal explosive charge (weighy of charge needed to satisfactorily demolish a unit volume of

concrete) has correlations with the amount of steel in the concrete, sucha as embedded steel or
reinforcement. It was between 0.65-0.80 kg/m3 at most, and 0.50-0.55 kg/m? at least.

2) From strain distributions of the residual

structure, derived from shock wave propagation

characteristics and measured elastic-wave velocity distribution, it was understood that no damage

occurred to the residual structure as a result of controlled blasting. Therefore, the suitability of

controlled blasting was proved.

3) Knowledge was obtained about environmental impact characteristics, such as explosive blast,

vibration, noise and dust, generated inside and outside the thick-walled cylindrical structure by

controlled blasting.
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Table 2 Summed Consequence of Blasting Effect
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Development of Cutting Machine for Disposal of
Highly Activated Equipments

Katumichi Iimura, Toshio Kitanma, Jinsaku Hosokawa, Shinichi ABe,
Kiyoshi Takanasui, Mituhiro Ocawa and Takashi Iwal
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IMTR (Japan Materials Testing Reactor) Project has developed a cutting machine which can cut a
highly activated in-pile tube under water and its performance and safety have been confirmed. This
machine is for the purpose of cutting a multiplet structure pipe and made possible to cut it under water by
adopting under-water discharge method. Futhermore, contamination of canal water and atmosphere is
prevented by combining a filter with this machine. This report describes the outline and performance of
the developed cutting machine and also results of cutting highly activated in-pile tubes.
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Photo.1 Protection cover from
splashing dross
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Photo.3 Particle size of dross floating
In water tank
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In this paper, technology of treatment and disposal for radioactive wastes, which has been developed by
JGC Co,, is shown in view of application to decommissioning field. Techniques of radioactive inspection
of shipped drums, radiation exposuer reduction, stabilization for spent resins, decomposition of organic
regents used chemical decontamination and so on, are mainly introduced.
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Fig.9 On-wall locomotive vehicle

4.1 4> b FEHEIE

EF NI FERT T I8 E PR EMR R
AT 27 TA, I AN, TLFESH, B)v— M E
DOERY)., HEALE = VINTROERY., B, &8
B, Ko 7EG. NV TR Y OSBERY I £
DHERFEEY L U THRET 5, TR EERINLE
S, ZOMid, —EIXBERLE S L AETED H D
2, FILARANSGh, TS5, BIfE. B8
FE{bfE (2 A b, TAT7 7V b ZEORBEBE) IO
THERFERERDS & FHEV ~NVAFEK A >~ ¥ —T2005
K OMBINSGDETHRTH 255, RIBEEEE L T3
BlEFREEYALSDEFTE E N TV S, I O IZHTIG
T30 LRI B L UTRBYIN 7 AEICE X >
MEFIRL . &0 —[ELe R L L FEERERE

BRETE N TWw5,

Fig.l0 w4 ttD ¥ 2 > P FEFELS AT LD 7
O—%RdY, REHOE A Y MELVINVEHREGT
5T, F7ARRETRES L Ui/ KitE TR
MO EINE, ELYILE XY NEIRZ DOTE)
HOHEETH2 7o —HPLE—o MEXHEIEHEIW R
XI5 A b, BRI CHRET 5, R
FEE Tld. BEEARERICEREBREZE S E R0 zom
REEZFZR T TH 5B, Figll 134 K5 42001)/

Fig.11 Pilot plant for demonstration



Talyvazrr7EER $105 (19946 A)

BEOFTELETE3 777 Y FRBRERHETH
%o

TaAIYa v T, SR TRYE IR
RALFFRPEEM CRIEELRR D R EEREAEL., BHHL
SRENHAE ST SN T W B, KL ~VEE
Yre LTy Uie AniEoffigfh, 2 X MEIET
SIERESEHEEbH D, x> FERELIZZ D
LI BGEOMBEMO—DE L TEHS NS,

4,2 HER -t FE1E

Lt PWR EFHFEEF» S FKET 5 R VR
WaEGERD 2 X b EUCAEIZ LN 3 F L E DA
BRE D OWREA 2 X > bERALIE S 2 T 4 % BHF
L. EREL TS, ZOBEMBETIZ, 44 V%
R AE R BEANIK b R D F IR LEREFENE T &
5 9) 10)0
BRELDIZODOXRA > b IZAILETDH 5,
Fig.12 ic A A4 R HBIIE B L BEHIIK D& X > b
B CABED 7 0 —%Rd, TNETNDOREEVIILL
TeRTE % 2 X > bEULA DN ¥ 27 S &9 —N
TEMBL., LEK XA > ME(LEEERIT 3,

Solid / Liquid
separation

I Supernatant

Ca(OH),
NaOH

Water
Cement—>|| Pretreatment |[+~—Water

and Cement

Cement — +~— Admixture

mixing
\—\—_——["—

Products

Products

Fig.12 Pretreatment of advanced cement-
solidification for ion-exchange
resin and incineration ash wastes

20wt Rl 1 (RZBRELHE) A A o AT HARH R FE 3R A3 7]
RET. REKRETCO R L <. SEMEBED
RifzF{bidBon s, —7h. BHIK TR, HA
K7 V) ¥ Y R T EREIRE®R. £ X2 b
Bftd 2, Chick DBERIKICVBERE T 57V <
PHEHHEXER T VA ) RIEL THET 5 KFEA
DE(CABRE I T & 2,35wtB AT D FIHELS
ARETH %,

TAIY a3 TRERINIEE PHEEHEMS
1o L TAEERPAERE Z 5N TE D . SED
{LEBRIENRFE I N T WS, FOILEREFREERD
SR & LTI A A VAR I & 2 B AL 054
BUFEHESNLA[E R H B, —H. T3 IEET
Y AR ANVEORBRI b EHI . B
UL S M T BEAlIK DS L U TRET 2, 22

% U7cd R 2 o b BRI EC A & 4

$E (Fig.13) 20 ofES B THD. 73 34
ﬁf%+ﬁﬁ%7 ExbDEEZOND,

Fig. 13 ngh shearlng mixer for cement-
solidification

4.3 BEMREREEDERSHE
JFRFHHEEFROLIR/ 2RADEE., ZEXAHKEE
. REOR Y 7EHOCERES T 2 2 TORMME
FhrEC %  OMBEOLFEREEsHEE I, —4D
BEREEIN TS, ZOIEFEREFIIEHT 26
RF|OREE» S FHER L MEERICKAIE L5, JIE
X, Lw OB, 7 v BEOHKES® EDTA, NTA
REDF v — MEEBEENMEHAINS, Iholid
BRI = v - SRR ST % R R AN B R
L. ZHoB{EMAICHEEFT % Co, Ni B
HEbrEIND, AR, FoFr— MEEEREI
SRBA A B ELEREEETERT 5720, L%
BREFEWR ITIE R £ > b ERALER L T b U E
B HOEECREREENTWIGELRDH S, DDA
SFOXEHDOE RS KEDOUSHTIE, ZITA
NI o THEEAFDOF L — NEEBBOSER
BRI N TS,

bOE T, EEREERGIE 2V 0nDTH



Journal of the RANDEC No.10 (June 1994)

BEER BT 5 BRI 2B IZER T o v Tzl
MG DEEEEERT 5 LA & I D AR 21T
W, RIRERIRD F U — MEERBRELHEICT AE
NEENDL, T OB S TEH ISR %
BHFELTETW3BY,

Fig.14 AR LAEIC L 2@ AOELED 7 0
— &Y, AR E S D/KIEI R T, IREE100°C,
$k/8 4 A I HIE T TRBAE O@EEEAR E R
IS, REAICIRBES R L ARl . (L
%, EDTA OB EER OB % Fig.15 &~ ¥,
BEE LA T EDTA 1399%LL E5h R 1295 &
N, SR EE RS E SRR S
DT A bEICLEBEE TEERLEN D,

CNEM’CALK FEED UNIT MF—M& UNIT

HO H:50, NaOH CATALYST ’ E,:_m, BLOWER

100

) |

—

]

]

|
WASTE FEED UNIT L. NS
i i DISTILLATE TREATMENT LNIT

=} 0

CONCENTRATE DISTILLATE |
RECE IVING TARK

I waste
FEED TANK

Fig.14 Flow scheme of H,0, wet-oxidation
process for organic acids

100 pm———— o)

/ EOTA 3%
L O
L Terperature 100°C
Catalyst Fe 0.01 mol/titer
80~ Cu 0.01 =10
L Reactlon time 6 hrs

Hy SO added 169/ liter
H:O:1 feed rate 15%g/ he

Decorrposition degree (%)

pH (-}

Py P

I A—

L r_l—‘—-l- ! 0
0 10 20 30 40
36 % H.O: consumption (kg)

1]

Fig.15 Decomposition of EDTA by H,0,

4.4 BEREIHLALE R

L&A, 3T, BRRACFREFERLED 1 4
TN, RO IRPEFERLE OB S,
BEEIR L. BRECHEAACSNIREDRE LT

D Z 2EBTE S, ERESCEORINEE LT
WWEKENCEBEETAEEMSH D | LA
ENTwb, ZOHEORETHY REIE. BEXRT
AINFE—DLETHY ., EREBEFREMCEELZ I X b
BB 550855, 723y a=>7Tok
FRRPMBE TIE, BeW 7Y — R R & BT
LEBFLTUOLETIIR L, BELEETHEN
WENT 2 Z L DABEEN LIS TH L EEZ S
ns,

WH T, A A4 R TRER & AR S
L. BEZOEHCIERAL, BEEEL BN 211
BOENTAVEE I D W CBEF A D T3, Fig.16 IZ
AT & DA A AT R B L TR, HBEREO
LD AKENICER., 7o—A, v T VEDEEA
AL ORNEGIBATT A2 HEEAA L., A
B & ik ok R > TERE J172 0 TA A v AHR % £k
ATERTHRTRES S S, &R 2 BILET %,
1N/ BERBRED» SEBA A4 >~ 5590%L _E
Br & a7z AR EE & BATW 0% < BN T & %,

B4 TRE
H, SO, H, SO«

Fe (SO.)
S0.27 —— /500 /SO0 :éo}.?kdh
H+ NG : -’I N : _

—>— H

+

BAT /SRR

Fig.16 Basic concept of diffusion technology

5. b YIC

TaAIYva YT OREEYER T, KREICRE
TAHEL DY X > FEMMBER S, B
. HUBTRERT BRI R B AL Bt oS R FE S h



TaAIyva=y IR 105 (199446 A)

TWwaH, 723 TH FUEVANVEFE Y —T
WG TNEEVANVEEMOSSRET 2, 22T
AL 72 B OB AL B AT IR L R
WEEMENRERCHAEZINTE T S, BK
VARWVEEIC G EBATELEEZ TS, &5
. 73 TREFHRERTOEE EZ TOREE
WEBICIIEEFNE WL REEVIFENRET S
AJREMEDS D D . £ OHETHILIF Z 1 TORFEEIMT
O, ICAMEORET. i eFEilORRBCED
TWERNWEEZ TS,

SEE

1) T. Nakashima, M. Hara, “Low level radio-
active waste package inspection for shipping
and disposal” Proceeding of the 1993 Interna-
tional Conference on Nuclear Waste Manage-
ment and Environmental Remediation Vol. 3
p 73(1993)

2)  JURC IIRR. TRV ~OVIBETEFEEEY O R
BRI, HFHLE 355 5 45(1989).
p60

3) T. Yagi, N. Hasimoto, et al., “Practicable
Assay System for Radionuclide Quantification
of Disposal Packages”, Waste Management
'88 Proceedings of the Symposium on Waste
Management at Tucson, Arizona, Vol.l p 429
(1988)

4) JFEFIIEZeFEEZAH. BE F1595. p32
(CFRY 3 4F)

5 HIEEEMIE £ (90072000M 1) ¥k E v

AT L7

6) #AR., "THEAERTEEEST. Isotope News
July-1991/No. 445, p 14

7) K.SATO, A. HASEGAWA, H. MORITA, et
al., “On-Wall Locomotive Vehicle”, Proceed-
ings 91 International  Symposium  on
Advanced Robot Technology, p 357 (1991)

8) K. Yokoyama, T. Sasaki, et al., “Develop-
ment of cement conditioning technique for dry
active wastes”, Proceedings of the 1989,

Joint international Waste Management Con-
ference, Kyoto, p 609 (1989)

9) K. Sauda, F. Todo, et al, “Advanced
cement-solidification process for spent ion-
exchange resins”, Waste Management '90
Proceedings of the Symposium on Waste Man-
agement at Tucson, Arizona, Vol.2 p299
(1990)

10) K. Yokoyama, K. Suzuki, et al., “Tech-
nology of stabilization for incinerator ash
wastes”, Incineration Conference 1990, San
Diego, Proceedings p 11.5.1 (1990)

11) Y. Moriya, F. Todo, et al., “Method of
treating radioactive waste water containing
EDTA and other organic acids”, Nuclear and
Hazardous Waste Management SPECTRUM
'88, Pasco, p 304 (1988)

12) &HH. WM. BEREFHIFE1990FEKOK

ZIEEE G-67



Journal of the RANDEC No.10 (June 1994)

JPDRF23I vyvaz=Z vy
— A EMARICEIRERBE OB E—

=K

W

Decommissioning of Japan Power Demonstration Reactor (JPDR)
— Qutline and Background of JPDR Decommissioning Program —

Yasuhiko Mivasaka

The actual dismantling of the JPDR has been progressing successfully since 1986, and has been

producing various useful data and experience for decommissioning of nuclear power reactors.

As of March 1994, the reactor internals, the reactor pressure vessel and the biological shield have been
dismantled. In the next stage, all buildings will be decontaminated and demolished, and the site will be

landscaped by the end of fiscal 1995.

In the final stage of the decommissioning program, it is very important to evaluate the developed
technology based on data obtained from actual use in the program for taking advantage of the technology
in the future decommissioning of nuclear power reactors.

This report describes the background and the outline of JPDR decommissioning program.
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Table 5 Developed major dismantling techniques and their ability
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Fig.4 Schematics of dismantling procedure for JPDR
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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.

L 4

Provide technical information on decommissioning.

\ 4

Train for decommissioning.

L

Inform and enlighten the public
about decommissioning.




MEEA
RFAMERTAZVa— VI HMRHE

T319-11 FHRIHEFFHIAE) (621 F005EHH L
TEL.0292-83-3010 FAX.0232-87-0022






