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SUMMARIES

Revise of the Law Concerning Prevention from Radia-
tion Hazards due to Radioisotopes, etc.

Yoshiaki SAKAMOTO, Muneaki SENOQ
J.RANDEC, No30 (Sep. 2004) page 2 ~ 10, 4 Figures,

The Law Concerning Prevention from Radiation Haz-
ards due to Radioisotopes, etc. was revised in 2004. The
regulation about disposal of RI waste was fixed at this
revise of the law. Regulation of an application about the
disposal of the RI waste was added to former radioactive
waste control business. And regulation of confirmation
of waste disposal by a regulation body was added. By
this law revision, a necessary system for the RI waste
disposal is ready.

Furthermore, the Basic Safety Standard (BSS) and the
following rationalization of related to regulation were in-
troduced into the Law Concerning Prevention from Ra-
diation Hazards due to Radioisotopes, etc. by this law
revision. The regulation for a handling of radionuclides
will be changed a lot due to the introduction of the BSS.

Present Status of JRR-2 Decommissioning
Masahiro NAKANO, Hiroshi OHKAWA
Takeshi SUZUKI, Katsumi KISHIMOTO,
Akihiro TERUNUMA and Masaaki YANO
J.RANDEC, No30 (Sep. 2004) page 11 ~24, 4 Figures,
4 Tables, 9 Photos

Japan Research Reactor No. 2 (JRR- 2), heavy water
moderated and cooled tank type research reactor with
maximum thermal power of 10MW, was operated for over
36 years, and was permanently shut down in December,
1996. In 1997, decommissioning plan was submitted to
the STA, and dismantling began.

Decommissioning program of JRR-2 is divided into 4
phases. Phases 1 and 2 had already been completely fin-
ished without any trouble. Furthermore, the phase 3 was
also finished in February, 2004 as planned. The worker
exposure was achieved well under the estimate in the
phase 1, 2 and 3.

The reactor will be removed in the phase 4 by one piece
removal technique. The reactor building is planned to
use effectively as hot experimental faciliies after decom-
missioning.
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In the original decommission program of JRR-2, the
phase 4 was expected to start in 2004 and would finish at
2007, however, in order to reduce the quantity and activ-
ity level of radioactive waste in the phase 4, the decom-
missioning program was revised to maintaining the re-
actor in safe storage.

Promising Technology for the Reuse of Dismantled
Metal by an Induction Cold Crucible
Hidehiko MIYAO, Masahiro SUZUKI,
Yuji ENOKIDO, Tsutomu TANAKA,
Shinjiro KUWAYAMA and Makoto UCHIDA
JRANDEC, No30 (Sep.2004) page 25 ~ 41, 15 Fig-
ures, 6 Tables

An induction cold crucible melting is one of the most
promising technologies for the reuse of radioactively
contaminated metals because it ensures a long life op-
eration without generating secondary wastes under high
temperature during the melting of dismantled metals.

After cold tests, hot tests on MERC(Melting and Recy-
cling of Metals by Cold Crucible) process including par-
tition test of uranium among slag, ingot and dust, and
melting of real dismantled metals of stainless steel, cop-
per and aluminum were carried out. In MERC, an induc-
tion cold crucible, which mainly consists of a melter,
decontaminator and continuous caster is used for the
melting and solidifying metals contaminated by uranium,
together with the flux for decontamination, followed by
cutting ingot and delamination of slag.

In partition tests of uranium, tracer UO2F2 was added
to metals together with the flux in the form of oxide, fluo-
ride and chloride for stainless steel, copper and alumi-
num, respectively. Decontamination factor for stainless
steel and aluminum has increased up to 1800 and 1300,
respectively, while for copper 20. Radioactivity of dis-
mantled stainless steel, copper and aluminum was de-
creased below 0.3Bq/g after melting.

Cylindrical hollow ingots, useful for manufacturing to
containers, were produced by casting metal with low
melting temperature using annular type cold crucible.
From the results, real annular type MERC which will be
applied for melting stainless steel was designed aided by
mathematical model.



This work was performed under the sponsorship of
Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan.

Development of Enhanced Decontamination Technol-
ogy for Concrete Surface
Daiichiro OGURI, Kazuyuki TORII
and Yuichi TSUKAHARA
J.RANDEC, No30 (Sep. 2004) page 42 ~52, 9 Figures,
5 Tables, 2 Photos

Decommissioning Tokai Power Station has started in
2001 and decontamination of concrete is expected in near
future. In the past experience in decommissioning JPDR
of Japan Atomic Energy Research Institute, several ex-
isting scheme such as scabblers, planers, shot-blasts,
breakers, and so on were used and evaluated. However,
the Tokai Power Station has far wider and deeper area of
concrete that requires decontamination, therefore more
effective scheme and less radioactive dose during the
process 1s required. This document reports development
of a new scheme of concrete surface removal using a
multi-head spiky hammer, as well as combined air flow
control system that prevents dust from spreading and
collects removed concrete particles simultaneously. Per-
formance of the new scheme is evaluated by practical
tests using a concrete mockup that copies the actual con-
taminated concrete as same, strong and tough as pos-
sible. The test results has shown that the spiky hammer
and the air flow control system are enough effective in
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terms of speed, precision, and enough safe in terms of
dust control and collection of removed particles.

Application of a System Engineering to Decommission-
ing of Nuclear Fuel Cycle Facilities

Noritake SUGITSUE, Yoshio TANAKA,

Takayuki TOKIZAWA, Sotonori ANNEN

Shigeru YONEKAWA , Hiroyuki NAKAKURA,

Takashi TOKUYASU and Tadahiko ARITOMI

J.RANDEC ,No30(Sep. 2004) page 53 ~67,17 Figures,

2 Tables

In the Ningyo-Toge Environmental Engineering Cen-
ter, we clarify a relation of all works about the decom-
missioning. And we have been developing a decommis-
sioning engineering system. The decommissioning en-
gineering system consists of functions of supporting the
decommissioning works, gathering the experience data
of the decommissioning technology and generally evalu-
ating the decommissioning plan on the basis of facilities
information collected by three-dimensional CAD. It takes
along period to accomplish a decommissioning of nuclear
fuel cycle facility including its planning in comparison
with general chemical plants due to the peculiarity to
handle radioactive materials. In addition the decommis-
sioning process composed of decontamination, disman-
tling, treatment and waste disposal is closely affected to
each other. Then 1t i1s important to develop the system
engineering in the decommissioning.
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The Law Concerning Prevention from Radiation Hazards due to Radioisotopes, etc. was revised in 2004.
The regulation about disposal of RI waste was fixed at this revise of the law. Regulation of an application about
the disposal of the RI waste was added to former radioactive waste control business. And regulation of confir-
mation of waste disposal by a regulation body was added. By this law revision, a necessary system for the Rl
waste disposal is ready.

Furthermore, the Basic Safety Standard (BSS) and the following rationalization of related to regulation
were introduced into the Law Concerning Prevention from Radiation Hazards due to Radioisotopes, etc. by
this law revision. The regulation for a handling of radionuclides will be changed a lot due to the introduction of
the BSS.
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Present Status of JRR-2 Decommissioning

Masahiro Nakano, Hiroshi Ounkawa, Takeshi Suzuxi, Katsumi Kiswivoro
Akihiro Terunuma and Masaaki Yano
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JRR—2FEMHTII0MW, EARHE - HH, 2V 0 24 TOWEFE L THI 36 FE#EE X 11996 4
12 AIZAAEIE E N7z, ZDTR, 1997 FIR FIFRAR 2 B miciZz U AT HEE2RG L 72,

JRR—2OMAKIT, 4BREICH LN B 1B E2BBIE N 7 7L< T TITKTLTED,
XOIZE 3 BRMBOMATETIZONTE, FHEERD 2004 F2 AT Lz, B 1B B 3BRMEET
DIFETEICB T 3B EBHEEEOWTETRLD e DD a L B 5 Z & AHK,
JRFIFARIEE 4 BRSO T EE TEIC K DA L 3RAF T 2 R AR, F2EREH S fh o fi
SUCHAET AEHHETH 5,

MHIOIRARGTE TIE, 45 4 FRBEIZ 2004 1B L. 2007 T B TETH 720, B4 BRETRE
T 5 REAHERED A KT 5729, FHEORE L #1T70., MABROEER AR L T, 8 4 B E T
OREFEFIFARAREIZIFRTHZ &L L,

Japan Research Reactor No. 2 (JRR- 2), heavy water moderated and cooled tank type research reactor
with maximum thermal power of 10MW, was operated for over 36 years, and was permanently shut down in
December, 1996. In 1997, decommissioning plan was submitted to the STA, and dismantling began.

Decommissioning program of JRR-2 is divided into 4 phases. Phases 1 and 2 had already been completely
finished without any trouble. Furthermore, the phase 3 was also finished in February, 2004 as planned. The
worker exposure was achieved well under the estimate in the phase 1, 2 and 3.

The reactor will be removed in the phase 4 by one piece removal technique. The reactor building is planned
to use effectively as hot experimental facilities after decommissioning.

In the original decommission program of JRR-2, the phase 4 was expected to start in 2004 and would finish
at 2007, however, in order to reduce the quantity and activity level of radioactive waste in the phase 4, the
decommissioning program was revised to maintaining the reactor in safe storage.

X T BAIFFFIRPERT (Japan Atomic Evergy Research Institute, Department of Decommissioning and Waste Management)



T3y

1. 3U®IC

J R R— 2 1 3TkAERPIOPAEMZEF & LT,

filSB i 10 H ORISR LR R, 57 )0t

CPHIBICRIH SN T E 7203, ZOfiaaER L
ti&#E\TW8¢J2H'rTF%&KWW
U, P 9 5 HIE-FIF O 2 481 U 7z, i
RTHHE PR 9 I A & PR 1955 £ TO114F
%, OGS b5 L O I O D %, @
Jit- I’k)( 1Rt i D AR PR Ot R A RO
P QB0 KR 3¢ 55 O M s A 2
wDJ‘:J J‘b MA@#M FD 4 PBRRIC T TIrS 2 &

Tk 9 4 8 HAS 1 BRSO A LHe & 4G L
f:f Z D%, ;i'l'il”iE.?J ORI THzHED, “TIK 16

2 HE 3 BREORMA TR A2 PEE B DR T Lz,
G 1;“_:]“}1‘216 FRE 12 e of 4 BRSO ik T 2 bk
R I9FIEGE T2 L LTz, i

4&%®%%thﬁﬂ¢éwwwmi%m®m
Mﬁ%@éﬁ&wt@&@@%ubnw‘mML

T FAR R LT Akl a T 2 & &
Liﬁw 3 H 31 HHAMO AT 2T 572, 5

ﬁ4k%|%if@H\RTWA%%k¢hm
#%kté 4 BRSO Lo )k SO RaT & 17
wOOﬂﬁTéwfbmwwﬁﬁ”@%wvu&
L7,

ARTE PR ER S A PEDTART
OFSZRE LR T LB 3R T To
AR LSOOG %,

JRR—2DHIE
JRR— 23, imAH IOMWDERKEY 7~ K
B U 22 JORMR - Al IR AR -4
Ty AH@LP—S“ R HEAUFTh 5,
MPAI35E10H 1 HICEIR & &0 . DIk 36 4
MHZ D72 0 J7-FIFRTERRL - AR O BRGHABR. R 1
DEpE, WEF ¥ — & %2R U 7= M - 9B
SN SO - BT D NG A IZ R & h T
&7z, 72, K 2 HEA SR (BNCT)
IR EhTE, LML, JRR—3 DU
DFETIZ&D, - EL DR T RR
ST L2228, £72, BNCTIZDOWTiZ
OEBDJ RR—4ICHIFTERZ &n itk
D.JRR—2HPH-TE-f@mAER I NT

2

Vg =V O

#3045 (2004

9H)

ERORE A TR B Z & h 6 SRR 8 (E12
A19H, A2 Xz, kAL E TOREE
BRIFIEIEY 81,300 HFH], & 7= RISTE Gz J11349
726,500 MWH Td -7z, #{AATOJ RR— 25
Wi/ L % Photo 112, & 7=, JE Fhilitiag o
Y% Figl icZhEhnd,

3. BIEREORE

3.1 EEIEEEOEKRAEY
%WK%tOT@‘HMfwm&WMW'ﬁé
RAEMROIEARNEZ H—J PDRORAIZY

f’o'( | aw$ﬂﬁoﬂ?m)ll9rr\hﬂd)}x-tﬁ

DUE) ABEIZLOD. BEIMOLHIIC
FZEELBETF @)Iﬂﬂf)’bﬁéﬂff\fl’]fggi

Jii fio'CferHMh) 7z,

1) AT
AT 4 FERE IS AR THRO L  1 BElE 5

“z;b&ifwji%?ﬁk9¢&ﬁfﬂbknﬂi

JED 3 F[TIr D o KD 3 BPEDEF-RIIZ B0

T3, B %%@uﬂnLﬁ%éﬁoTbU%

A “"UDI‘I ’A WPl S, L. T DRRR A D

U T 70 O HUR A 3% 55 D By R 2 & 4T

9, IALERRE D E 4 BERETIE, AR D —#E

ML EERTORAES T &8, RIET B

RS ARAR o b RERE AT D 72D Db IZs

LA %,

2) DR
Fr M B B OB B DT 4 B O T b i

GHhe GRAEBEHED'E) S ONZFAKRP O M) F
LIS BB L 22 AR IR A LA U TERL KR

1 & BRI < DIRIZ B0 5, ISR

DULERILSY | 7 OABIRA 2 B2 75 4 s D i . iR

R D Jinag DM P 2 T UL U?t&é~ﬁ?

(K B ORAEASNC T2+ U K EIERO IS

X5,

3) HCEHRRBIE < DK
ALARA O Z iz kD 2 93 < OISIIZ %

Bo ZD78, MEEREOE=2) v 7 ST

5 & & I, TR O i O pE

Yo BOHHE % FFN U MBSO TR I T 5.5

EW@MTﬂﬁ“ﬁ%“Téﬁﬁ$‘%tof

13, BIIE U AR D 2 bR S

Wt B e EAEERE, FIRE A+

N
A

N

LT

B A
E][ll

Bl 5. %



Journal of the RANDEC No.30 (Sep. 2004)

Photo 1 Overview of JRR-2
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Fig.1 JRR-2 Schematic Figure
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® Promising Technology for the Reuse of Dismantled Metal

? by an Induction Cold Crucible
b
. Hidehiko Mvao*, Masahiro Swuxi®, Yuji Exoxino *

Tsutomu Tanaka** | Shinjiro Kuwavama ##% '"Makoto Ucnina **
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An induction cold crucible melting is one of the most promising technologies for the reuse of radioactively
contaminated metals because it ensures a long life operation without generating secondary wastes under high
temperature during the melting of dismantled metals.

Alter cold tests, hot tests on MERC(Melting and Recycling of Metals by Cold Crucible) process including
partition test of uranium among slag, ingot and dust, and melting of real dismantled metals of stainless steel,
copper and aluminum were carried out. In MERC, an induction cold crucible, which mainly consists of a
melter, decontaminator and continuous caster is used for the melting and solidifying metals contaminated by
uranium, together with the flux for decontamination, followed by cutting ingot and delamination of slag.
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In partition tests of uranium, tracer UO2F2 was added to metals together with the flux in the form of oxide,
fluoride and chloride for stainless steel, copper and aluminum, respectively. Decontamination factor for stain-
less steel and aluminum has increased up to 1800 and 1300, respectively, while for copper 20. Radioactivity of
dismantled stainless steel, copper and aluminum was decreased below 0.3Bq/g after melting.

Cylindrical hollow ingots, useful for manufacturing to containers, were produced by casting metal with low
melting temperature using annular type cold crucible. From the results, real annular type MERC which will be
applied for melting stainless steel was designed aided by mathematical model.

This work was performed under the sponsorship of Ministry of Education, Culture, Sports, Science and

Technology of Japan.
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Table 1 Major Specification of Testing Melt Equipment of MERC

[tem Specification
; Sl_na]l metallic chip, such as @5x10mm in
) size
Object of melt -Metallic materials which can be carried
by a convergent cage of 220mm square
at entrance and 350mm deep
Melting method Combined melting of pre-melt and full-
melt
Wiihideswal of Length Approximately 300mm
ingot ox :
Melting atmosphere Ar gas
- Gas cooler
Treatment of exhaust gas - Re-usable bag filter
+ Medium efficiency particulate air filter
- High efficiency particulate air filter
Cutting of ingot Rotary hard metal saw
Delamination of slag Rotary brush
Conveyance of ingot ' Man.ipulator
- Maximum mass of conveyance:40kg
Electric power for | Maximum output | 300kW
pre-melting
Frequency 15kHz
Ele&?g{;gi;for Maximum output | 150kW
Frequency 25kHz
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Fig.2 Major Part of Testing Melt Equipment of MERC
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Table 2 Decommissioned and Melted Metals

Metals Form
Stainless steel |Pipe, valve, flange
Copper Mechanical parts
Aluminum  |Pipe J
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Table 3 Decontamination of Uranium

Uranium concentration Decontamination
Metals A=before melting| B=after melting factor=A/B Flux
(ppm) (ppm)
Stainless steel 65 0.03~0.5 120~1800 Oxide
Copper 54 2.6 20 Fluoride
Aluminum 179 0.13~1.9 90~1300 Chloride+ Fluoride
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Table 4 Concentration of Uranium After Melt Decontamination of Dismantled Metals

Concentration of Rad(joacgvity Surface density o
: : uranium in ingot Bq/ ara
Melting materials (ppm) i (calcu(ilation) (Bq/cn};z)

@50 pipes 0.3 3.7E-3 Not measured
Stainless steel |100 pipes 1.7 2.1E-2 Not measured
Pipe 1.2~4.7 1.5E-2~5.8E-2 Not measured

Copper Mechanical parts 14 1.75E-1 2E-2~20E-2

Aluminum |Pipe 16 2E-1 2E-2~8E-2
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Table 5 Standard Test Condition

Metallic material Sn-8%Zn eutectic alloy

Melting temperature | 199C

Dimension of ingot (p80-(140) X 250mm

Withdrawal velocity | 1.5mm/min

Meniscus height -40 ~-50mm_ from coil
top

flux Stearic acid

Applied power for the | 28kW,18kHz

inside coil

Applied power for the | 18kW, 3kHz

outside coil

atmosphere air

Fig.11 Oblique Top View of Hollow
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Fig.14 Effect of Applied Power on Meniscus Profile, Solidification Front, Melt Flow and Heat Pattern Calculated for Stainless Steel
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Decommissioning Tokai Power Station has staried in 2001 and decontamination of concrete is expected in
near future. In the past experience in decommissioning JPDR of Japan Atomic Energy Research Institute,
several existing scheme such as scabblers, planers, shot-blasts, breakers, and so on were used and evaluated.
However, the Tokai Power Station has far wider and deeper area of concrete that requires decontamination,
therefore more effective scheme and less radioactive dose during the process is required. This document
reports development of a new scheme of concrete surface removal using a multi-head spiky hammer, as well
as combined air flow control system that prevents dust from spreading and collects removed concrete par-
ticles simultaneously. Performance of the new scheme is evaluated by practical tests using a concrete mockup
that copies the actual contaminated concrete as same, strong and tough as possible. The test results has
shown that the spiky hammer and the air flow control system are enough effective in terms of speed, preci-
sion, and enough safe in terms of dust control and collection of removed particles.
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Table 3 Specification of Concrete (Actual vs. Mockup)
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Table 4 Specification of a Spiky Hammer
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(a) with Hood Attached (b) View in Operation

Photo 2 Hood for Collecting Dust and Removed Particles
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In the Ningyo-Toge Environmental Engineering Center, we clarify a relation of all works about the decom-
missioning. And we have been developing a decommissioning engineering system. The decommissioning
engineering system consists of functions of supporting the decommissioning works, gathering the experience
data of the decommissioning technology and generally evaluating the decommissioning plan on the basis of
facilities information collected by three-dimensional CAD. It takes a long period to accomplish a decommis-
sioning of nuclear fuel cycle facility including its planning in comparison with general chemical plants due to
the peculiarity to handle radioactive materials. In addition the decommissioning process composed of decon-
tamination, dismantling, treatment and waste disposal is closely affected to each other. Then it is important to
develop the system engineering in the decommissioning.

% CRREREHY 4 o LTEMERE (Japan Nuclear Cycle Development Institute)
%% 1 (Bk) NESI (NESI)
RO T RERF (Bk) (Inspection Development Company Ltd.)
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Fig.3 Outline of Uranium Enrichement Facilities
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Fig.9d Example of a Operation Process
(Cutting of the Pipe(d))
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Fig.9e Example of a Operation Process
(Cutting of the Pipe(e))
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Fig.10a Example of a Operation Process
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Fig.10b Example of a Operation Process
(Crane Movement (b))
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Fig.10c Example of a Operation Process
(Crane Movement (c))
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Fig.10d Example of a Operation Process
(Crane Movement (d))
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Fig.10e Example of a Operation Process
(Crane Movement (e))
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Fig.11 A Result of Detailed Scheduling
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Fig.12 Function Structure of Dismantling Waste Management
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Fig.13 The Weight Calculation Method that a Quality of the Materialwas taken into Consideration
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Fig.15 The Pasting Conditions of the Bar Cord

Fig.16 The Conditions of the Cutting Work
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Table 2 Working Hours by Contents of Work
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RANDEC's Capability

Radioactive Waste Management and Nuclear Facility Decommissioning
Technology Center (RANDEC) has contributed to the establishment of
decommissioning technology, and promoted the investigation on radwaste
treatment and disposal business including selection of disposal places for
radwaste from RI facilities, institutes etc.

The capability and service of RANDEC are ;

to implement decommissioning research, development
and investigation.

&

to provide technical information on decommissioning.

L 2

to train for decommissioning.

L 2

to investigate radwaste treatment and disposal business
including site selection of disposal place for radwaste
from RI facilities, institutes etc.

L 4

to inform and enlighten the public about decommission-
ing and radwaste treatment and disposal business.
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