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Preparatory Activities of Fugen Decommissioning Project

Tsutomu YANAGISAWA
J.RANDEC, No.21 (Mar. 2000) page 2 ~ 11, 18 Figures,
4 Tables

The operation of Fugen nuclear power station continues
by 2003, and the decommissioning starts after the shut down.
Fugen has been preparing for the project, and various evalua-
tions and studies are going on, such as evaluation of radioac-
tive waste inventory, study of dismantling method, and devel-
opments of radioactive waste treatment technology and de-
commissioning engineering support system, etc..

Introduction to Decommissioning Activities Implemented
by EWN in Germany

Akira FUJITA, Kiminobu YOKOYAMA
J.RANDEC, No.21 (Mar. 2000) page 12 ~ 20, 6 Figures,
3 Tables

Germany stands among the front runners in the field old
decommissioning of commercial nuclear power plants, from
the standpoints of length of experience and scale of work. In
Germany, EWN is now working on the decommissioning of
six nuclear reactors. This is the largest decommissioning
activity being performed in the world.

JGC concluded a collaboration agreement with EWN in
February 1999 with the aim of utilizing all the decommission-
ing-related information and technologies accumulated by
EWN since 1991.

This report introduces 1) the status of the decommission-
ing which EWN has implemented at the Greifswald NPP; 2)
project management practices which are required for efficient
work; and 3) remote techniques for the reatctor dismantling,
these being important from a schedule point of view.

Recent Decommissioning Status of Nuclear Power Plant
in the United States

Yasuhiko MIYASAKA
J.RANDEC, No.21 (Mar. 2000) page 21 ~ 34, 5 Figures,
7 Tables

At the end of 1999, there were 104 commercial reactors
licensed to operate in the U.S. A total of 28 power reactors
have permanently ceased operation over the past 30 years.
This trend is expected to continue in the near future for eco-
NomIcC reasons.

Regulations require that decommissioning or the termina-
tion of license to be completed within 60 years of permanent
cessation of operations. The U.S. Nuclear Regulatory Com-
mission (NRC) recognizes three alternate methods of
decommissioning: DECON, SAFSOR, and ENTOB. Five re-
actors (Yankee Rowe, Trojan, Maine Yankee, Connecticut Yan-
kee, Big Rock Point) are currently engaged in active decon-
tamination and dismantlement (DECON). Also, four reactors
have chosen safe storage (SAFSTOR).

This report provides an overview of the status of some of
these DECON projects. And this report will be described in
Section 3, the current decommissioning issues of nuclear
power plant in the U.S,, such as the regulatory process, fund-
ing and cost, environmental standards, and waste disposal.

The current decommissioning projects of DECON have
employed existing state-of-the-art equipment and techniques
to successfully remove systems, components and structures
safely.

The activities accomplished at each of these reactor sites
will be described in Section 4, such as Main Coolant System
Chemical Decontamination, Reactor Vessel Package One-
Piece Removal / disposal.

The technical leassons learned from these projects will help
in the planning for future decommissioning projects.
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Treatment of wastes generated from nuclear power plants
decommissioning in Germany

Yoshihiro Seiki
J.RANDEC, No.21 (Mar. 2000) page 35~ 37, 1 Figure,
1 Table

In Germany, a low is established and promoted to recycle
and reuse the wastes generated from all industries as much
as possible.

In the nuclear industry, the recycling and reuse of radioac-
tive wastes was given priority compared with the disposal of
them. But, the German atomic low (AtG) was revised in 1994,
and the recycling and reuse of radioactive wastes was not given
priority. The treatment of radioactive wastes is decided in
consideration of the economic efficiency. As the recycling and
reuse of radioactive wastes is more advantageous than the
disposal of them economically, now the recycling and reuse
of radioactive wastes is selected. This paper describes the
German release criteria of metal scraps generated from the
nuclear power plants decommissioning.

Data Analysis on Dismantling Japan Power Demonstra-

tion Reactor and Development of Computer Systems for

Planning and Evaluation of Decommissioning Nuclear
Facilities

Satoshi YANAGIHARA, Kunio SHIRAISHI,

Soichiro OHSHIMA and Takenori SUKEGAWA

J.RANDEC, No.21 (Mar. 2000) page 38 ~ 49, 10 Figures,
1 Tables

The data on dismantling activities in the Japan Power Dem-
onstration Reactor (JPDR) Dismantling Demonstration
Project were analyzed to identify work structures and to evalu-
ate unit productivity factors for different work activities. The
computer models were then developed for the calculations of
project management data including resources and radiation
dose in decommissioning nuclear facilities. In addition, the
computer systems for planning and evaluation on decommis-
sioning nuclear facilities were developed; the computer mod-
els developed by the analysis are included in this system as a
main part for calculations of project management data. The
systems were designed to support planning and evaluation
systematically for decommissioning nuclear facilities in such
studies of radioactive inventory estimations, project planning,
resource and risk evaluation and project optimization. In this
system, the basic conditions for calculations of the project
management data can be decided using expert systems in-
cluding knowledge bases prepared by the past experience on
decommissioning to set up work structures and scheduling.
The system was applied to the calculations of the JPDR dis-
mantling demonstration project to be verified by comparison
with the actual data.

iiv_

Development of Remote Dismantling of Nuclear Reactor
with Laser transmitted through Optical Fiber (2)

Kunio HARA, hidehiko MIYAO,

Masaharu NAKAZAWA, Noriyuki THUKINO ,

[kuo WANI, Hidetake OTHUNO, Sinichi KATAOKA,

Yasumi NAGURA and Hideo SAIKI

J.RANDEC, No.21 (Mar. 2000) page 50 ~ 61, 14 Figures,

4 Tables

Technology of dismantling nuclear facilities has been de-
veloped in various fields for its evaluation and dismantling
system. RANDEC has been developing a dismantling sys-
tem of reactor internals with laser through optical fiber using
Chemical Oxygen lodine Laser (COIL).

COIL has the advantage to application for dismantling of
thick metallic matenal and its smaller kerf width can expect
reduction of the secondary waste.

Laser transmission through optical fiber and the cutting
technology have been advanced mainly for reactor internals
since 1994. This development has been highly effective
through the phase of research, manufacturing trial objects
and cutting test.

Furthermore, concerning the secondary waste arising from
laser cutting, several tests for understanding of the charac-
teristics and its removal have been carried out using YAG la-
ser since 1998.

This development has been performed on consignment to
RANDEC from the Science and Technology Agency of Japan.
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Preparatory Activities of Fugen Decommissioning Project

Tsutomu YANAGISAWA

The operation of Fugen nuclear power station continues by 2003, and the decommissioning starts after the shut
down. Fugen has been preparing for the project, and various evaluations and studies are going on, such as evaluation
of radioactive waste inventory, study of dismantling method, and developments of radioactive waste treatment tech-

nology and decommissioning engineering support system, etc..
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Introduction to Decommissioning Activities Implemented by
EWN in Germany

W . fuh 2AF

Akira Fuyrra, Kiminobu Yokoyama

Germany stands among the front runners in the field old decormmissioning of commercial nuclear power plants,
from the standpoints of length of experience and scale of work. In Germany, EWN is now working on the decommis-
sioning of six nuclear reactors. This is the largest decommissioning activity being performed in the world.

JGC concluded a collaboration agreement with EWN in February 1999 with the aim of utilizing all the decommis-
sioning-related information and technologies accumulated by EWN since 1991.

This report introduces 1) the status of the decommissioning which EWN has implemented at the Greifswald
NPP; 2) project management practices which are required for efficient work; and 3) remote techniques for the
reatctor dismantling, these being important from a schedule point of view,

1. BUBIC

EWN # (Energiewerke Nord GmbH) .
Greifswald 2 -8 AT (LT, KGR) B & U
Rheinsberg I T-H#&AT (BLT. KKR) OFFHEET
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%o KGRIZ F A VALHEE D/ @izl L zK— 3
v N ORI % Mecklenburg-Vorpommern /|
12, KKRIZ[EN O M0 Brandenburg M (27
HL., FEFFIZTNTVVER &8¢ 310 #ERID
PWRTd %, 1990 10 HO PG F 4 v O 41z
W, ETOFIRTENOBECES L DT
[A4 12 RIZEEFOBREAT &, EWN IR
MBOBFTa Y 27 MIEmT5Z & &k o7k,
KGR D 8 JEDJETHD 5 B, 5 Sh I3 ik dx PR |
6~ 8 FHIZHINEPEE CORIFWRIETH » 72,
L7zhoT, 6~ 89z oW TIRaERIZ &k 515

DN EDE LTHDHEbLNIE, FFOMN S,
HRd2ifi 4 Table 112737,

AHE TR, PEB S UREBBOAZ VKGR
(Photo 1) TOHEF I L., HEeREWR, fFED
EPRIL, OEhTWwWBTuv ey MEMODF,
FR-FIFIE VB ORI - DTN 5,

2. HEREME

BEIFHER . FURRED A v~V b ) GBS O BEIF
1D BT HEE ASEY 6=, KGR TIZr v 7 RO
1T & 2 MU FEHIEEEI D FEHE I BE - 72 EREAUR
AL TWee®iz, R, Ao ERREEEOT
Bk, g h A s OME,. T v OMERUEE
OO BEFBIIONVTHELHEN L XN,
I oM REIRIZEMPIZ L 0 RET DA
EFig 1B THEIL, BF7uY s b 2D
st AR & iz,

e (BR) 2944 PMT 4# (JGC Corporation)



Journal of the RANDEC Na21 (Mar. 2000)

Table 1 Basic data on the reactor units in Greifswald (KGR) and Rheinsberg (KKR)

=X ey 07 SR EEEL | AR
[MWel] [GWh]

1 KGR VVER 230 440 1973 18.12.90 41321
2 KGR " " 1974 15.02.90 40040
3 KGR " " 1978 28.02.90 36028
4 KGR " " 1979 02.06.90 32077
5 KGR VVER 213 440 1989 (%ﬁﬁﬁ) 29.11.89 240
6 KGR " S A e
THGR RESERL, EERGTRE
8KGR " " REE. EEMRLE

KKR VVER 2 70 1966 01.06.90 8127

Photo 1 Overall view of Greifswald NPP site



Fa3y

Ve VOER O E215 (200063 A)

’ 2750 bORGHERDR (1 ~8 Bl k< RAXARE) I
1,800,000 Mg

471,200 Mg @

HIVRMEBEHRRMI-2Y-F
26,000 Mg @

v }
HARRERYICHIR € B 1 T VR T O ¢8R
(BB RURR)
1,233,600 Mg 566, 400 Mg
! I ¥
HHATRE T P ) O MM HAERRSE LTI T7U—F MEah/iT5 - MBS

(WEth%h)
sgmom ©))

HROWE tma;-a 4
HBFBLEItyHr—SOEM

[ IFravy. K-y?:rl‘?l j

! } |

J
| | |

EEEY) 752X B FEEY T5ZD 95Z E 95AF
E 0] Wttt & WA, —mENELTO RERSHER EFHRBRTOW BAHENRS
®|HAE e AWM. BHA ELTORS
511,100 Mg 2,500 Mg 3,750 Mg 28,400 Mg 4,150 Mg 16, 500 Mg
Fig. 1 Mass Flow at KGR
FEIFIZ K 0 B4 T 2 BEEYORRIIKGRER TS BRHOENDLED, 77 A CIE—AEFEEDE L TR

GETI180 5 b v (B, EAIEHRED RS 6h
T 5, RO [H AT gz 5% O OREMIREEY | 13
THXEREEHROB CH D, XhQi3 8 X Ik
Vr;bﬁ¢?6%%w&%:v70~%ﬁi%r
o MAFDIET 5 v MERDREITH S,

ba®® FHXBRFE O, WHEN & (E
£, BRI SMIEZIR) . BUESERRHE (5,
HAHE) SR TE oA < plHE iz, AT
DT, Bk h A (SIWr, {LEbryy. SrhE,
ST RE R O BRI %) M &, TRFEIIC RO g
LALEHRIZIBETY 7 AA~TF D6 DD #E
iz E N,

fRiEmcORrEHTSE, 25 AA~COAEHD
5 DA% 46,000 b A, BB A5t & L
ZEDTHY ., MEMRORZEDOHN2 /3 Thb, 7
7 A A BIBR A 22 o SIS PR, FERE A8
TEBHLD. 77 X BIE4MEN = THMH., BAH

FENBEDTH D,

277 A D~ FOEFEMS L O ROk
7. ERBFHINT OREENOEBEX ) T L L
T. BrEA 4D 200,000me, IR 40 4o sy
#EhEEY  (ISN: Interim Storage North) D34 35|
Eh, 1994411 FIZ#F L. 1998 4F 2 AICsEm L 7=,
({4 FH A PRORHTRE O F2 AT 19994F 11 HIZHUS,) 7 5
Z B2 S B AR O Fr i 545 2o & 12F]
FA & B BEREYNIENRF U 0T HE T b 5 A Y11
ISNIZfTEE S h T %, FERIZKKR THA:§ 58 %
WMEE T AENETH 5. F 72, ISNIZBEEYOLRE
AR (BEVWEALER, Sk, UIWRSR) A LTk D, fi
R TRA LRI FH T 5,

ZD & 5 o AP R A fif A 72 KRR 2 P R A
FiE, BAERMKOASBABSH IR TS F 1 VOR
RAEHZEZ D EFEFA1T) ECIERICEE &5 41
7L TA,



Journal of the RANDEC Na21 (Mar. 2000)

Table 2 Basic Time Schedule
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Table 3 Cutting devices
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Fig. 5 Cutting and packaging of the reactor pressure vessel (Dry cutting)
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Recent Decommissioning Status of Nuclear Power Plant
in the United States

Yasuhiko Mryasaka

At the end of 1999, there were 104 commercial reactors licensed to operate in the U.S.A . Total of 28 power reactors
have permanently ceased operation over the past 30 years. This trend is expected to continue in the near future for
economic reasons.

Regulations require that decommissioning or the termination of license shall be completed within 60 years of
permanent cessation of operations. The U.S. Nuclear Regulatory Commission (NRC) recognizes three alternate
methods of decommissioning: DECON, SAFSOR, and ENTOB. Five reactors (Yankee Rowe, Trojan, Maine Yan-
kee, Connecticut Yankee, Big Rock Point) are currently engaged in active decontamination and dismantlement
(DECON). The current decommissioning projects of DECON have employed existing state-of-the-art equipment
and techniques to successfully remove systems, components and structures safely. Also, four reactors have chosen
safe storage (SAFSTOR).

This report provides an overview of the status of some of these DECON projects. The current decommissioning
issues of nuclear power plant in the U.S., will be described in section 3, such as the regalatory process, fanding and
cost, environmental standards, and waste disposal.

The activities accomplished at each of these reactor sites will be described in Section 4, such as Main Coolant
System Chemical Decontamination, Reactor Vessel Package One-Piece Removal / disposal.

The technical lessons leamed from these projects will help in the planning for future decommissioning projects.
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BWR >3,400MW1t=%135million(1986%)
>1,200MWT,<3,400MWt=%$104million+0.009P

P:H A L X JL(MWL)
1272 L1,200MWLEL F DB P=1,200
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A7 b—3i 3 %H=0.65L+0.13E+0.22B
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Table 3 Decommissioning Cost of Typical Scanario®

FUA P FOA2 »FrUA3 »FUF4

FEY PWR PWR PWR BWR

A (MWL) 3,400 3,400 3,400 3,400
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5y =53 s [ 35 BESRMALIRZLHY BEEANIE 2

sy Do bhM | YOANASAFTM (Y ORAASATH (BOIAASATH
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Table 4 Decommissioning Schedule of Recent DECON Projects in the U.S.
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Table 5 Results of Large Component and Main Coolant System Chemical Decontamination
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Treaiment of wastes generated from nuclear power plants

é decommissioning in Germany

Wik &k

Yoshihiro Sgrki

In Germany, the low is established and promoted to recycle and reuse the wastes generated from all industries as

much as possible.

In the nuclear industry, the recycling and reuse of radioactive wastes was given priority compared with the dis-
posal of them. The German atomic low (AtG) was revised in 1994, but the recycling and reuse of radioactive wastes
was not given priority. The treatment of radioactive wastes is decided in consideration of the economic efficiency.

As the recycling and reuse of radioactive wastes are considered more economical advantage than the disposal of

them, possible recycling and reuse of radioactive wastes are selected today. This paper describes the German crite-

ria for release of metal scraps generated from the nuclear power plants decommissioning.
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Photo 1 Ciearance measurements for unrestricied reuse
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Data Analysis on Dismantling Japan Power Demonstration
Reactor and Development of Computer Systems for Planning
and Evaluation of Decommissioning Nuclear Facilities

Satoshi YanaciHArA, Kunio Suiraiskr, Soichiro OusHimMa and Takenori SUKEGAWA

TS

The data on dismantling activities in the Japan Power Demonstration Reactor (JPDR) Dismantling Demonstra-
tion Project were analyzed to identify work structures and to evaluate unit productivity factors for different work
activities. The computer models were then developed for the calculations of project management data including
resources and radiation dose in decommissioning nuclear facilities. In addition, the computer systems for planning
and evaluation on decommissioning nuclear facilities were developed; the computer models developed by the analy-
sis are included in this system as a main part for calculations of project management data. The systems were de-
signed to support planning and evaluation systematically for decommissioning nuclear facilities in such studies of
radioactive inventory estimations, project planning, resource and risk evaluation and project optimization. In this
system, the basic conditions for calculations of the project management data can be decided using expert systems
including knowledge bases prepared by the past experience on decommissioning to set up work structures and
scheduling. The system was applied to the calculations of the JPTIR dismantling demonstration project to be verified
by comparison with the actual data.
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Table 1 Categorization of basic work activities
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Development of Remote Dismantling of Nuclear Reactor with
Laser transmitted through Optical Fiber (2)

Kunio Hara, Hidehiko Mivao, Masaharu NAKAZAWA
Noriyuki Tsukino, Fumio Want, Hideki Oxkapo,
Shinichi Kataoka, Yasumi Nacura, Hideo Saikr
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Technology of dismantling nuclear facilities has been developed in various fields for its evaluation and dismantling
system.

RANDEC has been developing a dismantling system of reactor internals with laser through optical fiber using
Chemical Oxygen Todine T.aser (COIL.) .

COIL has the advantage to application for dismantling of thick metallic material and its smaller kerf width can
expect reduction of the secondary waste.

Laser transmission through optical fiber and the cutting technology have been advanced mainly for reactor internals
since 1994. This development has been highly effective through the phase of research, manufacturing trial objects
and cutting test.

Furthermore, concerning the secondary waste arising from laser cutting, several tests for understanding of the
characteristics and its removal have been carried out using YAG laser since 1998.

This development has been performed on consignment to RANDEC from the Science and Technology Agency of
Japan.
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Fig. 12 The filtration system for secondary emission
(electrostatic precipitator and HEPA filter)
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Table 2 The resuit of aerosal measurement
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= ¥R | RE Hh hag RE TRE HE#R e ERAE
(cm) (kW) (mm/min) | (m3/min) | (mg/m3) (2) | (g/m/cm) (e) (%) (g/min/cm)
1 | 100% 02 2 1.4 250 2.9 271.0 4.97 1.57 0.59x10° 0.84 0.38
2 100% 02 2 1.4 200 2.9 155.0 3.60 1.12 0.57X10° 0.63 0.22
3 20%02 0.6 1.4 250 2.9 45.4 0.83 0.88 0.11x10° 0.76 0.22
+B0XN2
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Fig. 13  The filtration system for secondary emission (electrostatic precipitator and HEPA filter)
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Table 3 The ingredients of gas
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Fig. 14  The distribution of the wall deposits with diameter
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Table 4 The result of filtration test

\ [ SRFENRK
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) R AR
B 7:\mmnﬂ o ol ek Ry | LIRS | mmT
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B W= (em (mm (kW) in (kV) (mA/ 7 “e
e /min) n m) | AQ ‘ wOo | w0 Ep HEPA
| PRtz
| EP
1 B 2.0 250 1.4 2.9 0.9 7.0 3.6 0.69 271.5 3.6 <0.001 98.7 - >99.972 >89.9996
2 2.0 200 1.4 2.9 0.9 7.0 4.5 0. 86 185.0 7.9 <0.001 94.§ - >99. 987 >99.9994
3 Wi 0.6 250 1.4 2.9 0.9 7.0 2.0 0.38 45.4 1.2 <0.001 97.4 - >99.917 89,9978
4 s 0.6 100 1.4 2.8 0.9 7.0 1.3 0.25 21.0 1.5 <0.001 92.9 - >99.933 >89.9952
1748
5 533 2.0 250 1.4 2.8 bt - - 267.2 ‘ 22.7 | <0.001 - 91.% >89. 996 >99. 9996
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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.

._

Train for decommissioning.

’_

Inform and enlighten the public
about decommissioning.
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