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[ SUMMARIES

Some Features and Mooted Points of Decommissioning

Nuclear Research and Test Reactors

—An Outline of Report on Nuclear Reactor Decommissioning

by Technical Expert Group of RANDEC Committee —
Secretariat of RANDEC Committee

J. RANDEC, No.9 (December 1993), page 2~10, 4 Figures, 1 Table

Worldwide, there are about 320 nuclear research reactors
operating today. Most of these are over 20 years old, and
will eventually need to be decommissioned.The preliminary
study of the research reactors decommissioning was carried
out so as to solve the problems relating to the decommiss-
ioning of research reactors

There are about 10 types of research reactors in the world.
The approach to study of the reactor decommissioning is to
classify the research reactors into 4 typical and character-
istic types ; (1) TRIGA, (2) POOL, (3) HEAVY-WATER, (4)
TANK.

The following items are included in the characteristic study
of the research reactors decommissioning ; @ time to be
decommissioned, (2 decommissioning options, @waste
management procedures, @ spent-fuels management
procedures, 65 decormmissioning cost and financing.

Current Situation and Future Direction of Radioactive Waste
Disposal in European Countries

Toichi ASANO
J.RANDEC, No.9 (December 1993), page 11~22, 10 Figures, 1 Table

A traditional near surface disposal facilities in France, U .K.
and etc.are still active, however, a way of a deep under-
ground disposal is currently being introduced into a
disposal not only for high-and medium level waste but also
even for short-lived low level waste as a recent trend in
European countries. A deep underground disposal is the
idea to take advantage of geology as a natural barrier which
enable waste to be isolated from human environment
without a very long-term institutional control.

Several man-made engineered barriers may be
incorporated with natural barrier to compose a multi-barrier
system. Among them chemical barrier brought by alkaline
of concrete is the most promissing one which are widely
used in many countries .

Fundamental Research on Radioactive Metal Melting
Hisashi NAKAMURA, Katsuo KANAZAWA, Takayuki SATO
Kazuki YAMATE and Kazuo FUJIKI

J. RANDEC, No.9 (December 1993), page 41~50, 6 Figures, 4 Tables

metallic waste will
waste from the

Recycling of low-level radioactive
extremely reduce the radioactive
decommissioning in the future.

In order to provide basic data in establishing safety
standards for the recycling in Japan, JAERI is conducting
radioactive metal melting tests. The transfer bahavior of
radionuclides was investigated using dismantled metallic
components from Japan Power Demonstration Reactor or
simulated wastes with Rls.

These melting tests showed that Mn-54, Co-60, Zn-65,
and Ni-63 remain in ingot to a great extent, while Sr-85
and Cs-137 transfer into slag or off-gas dust.

Development of Information System for Decommissioning
Database
Takashi SHIMADA, Tetsuro KON
and Kenzo MIYA
J. RANDEC, No.9 (December 1993), page 51~64, 40 Figures, 1 Table

The information system for decommissioning database is
under development by the RANDEC using personal
computer, The system is devided into four subsystems,

based on the category of database, which are for
bibliography , general information, qualitatve and
quantitative  technical informations, The prototype
subsystems have been developed for the databases on
bibliography, general information and qualitative technical
information. The subsystems are improving to make
functions better such as quicker search function and GUI
(Graphical User Interface) functions, The detailed design Is
commenced for the subsystem of quantitative technical
information recently,

This paper describes the system development for
decommissioning database. The present efforts are directed
to brushup the system functions and accumulate
quantitatively good qualitative data.
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Research and Development of Laser Cutting Technology for

Reactor Shield Wall Dismantling of Nuclear Power Facilities
Hidemasa TOMURA, Akira KUTSUMIZU, Isamu MORITAKA,
Tatsuya WAKIZAKA, Kyoicii HISHIKAWA and Masahiro MORIYA

J. RANDEC, No.9 (Decembe age 23~32, 8 Figures, 1 Table

Obayashi Corporation has been engaged in research and
development concerning assurance of safety and overall
technology required to proceed decommissioning of nu-
clear reactors and other facilities. Especially, development
of the technology and system required to dismantlenuclear
reactor shield wall, which is solidly-build structure and
activated, is one of the important items to prevent exposure
of workers and diffusion of radioactive substances

We have been exerting a great deal of effort developing a
laser cutting technigues as a remote controlled dismantling
system for reactor shield walls since 1983, taking notice of
its excellent characteristics necessary to dismantle the
walls.

This article provide an overview of characteristics of
concrete cutting technology by CO» laser on the basis of our
experimental results, and a concept for applying the laser
cuttingmethod to reactor shield walls in commercial nuclear
power plants.

The laser cutting method has excellent features as de-
scribed in this paper, but it also has problems, at prescnt,
with its cutting capability (cutiing depth and cutting speed)
and 1ts capital investment cost.However, the cutting
capability is expected to be improved oncea resonator with
an output as large as 40 to 50 kW is commercialized in near
future. Its costcould compete successfuly with other
methods depending on the operating condition

Controlled Blasting for Demolition of Shield

Concrete Wall

Biological

Minoru HARADA, Masayoshi KAKIZAKI
Masakuni KOBAYASH!I and Yoshihiro SEIK/
J. RANDEC, No.9 (December 1993), page 33~40, 8 Figures, 4 Tables

Controlled blasting for the partial demolition of a concrete
structure should be arranged by selecting a type of
explosive, estimating the proper quantity of explosive, and
designing an effective charging pattern.

Two types of tests were performed to understand various
aspects of blasting design. The first was a basic test to
determine an appropriate type and volume of explosive,
using concrete cylinders 90 cm in diamete. The second
test was performed to increase understanding of the effects
of blasting on stuctures, using circular concrete cylinders,
about 500 cm in outer diameter and about 200 ¢cm in inner
diameter. Reinforcing bars were arranged in tight pattems
within both specimens. Test results were as follows :

1) Urbanite, was the best explosive for controlled blasting
2)  When using the core removal method, most of the
concrete was removed except for very small portions which
were protected by reinforcing bars.

3)  When using the bench-cut method, the closer the bore
hole spacing and the shorter the offset from the surface,
the higher was the percentage of planned removal which
was accomplished

4) Less dust, noise, vibration and shock waves were

generated by controlled blasting than by other blasting
methods.

Development of Plasma Arc Centrifugal Treatment Process
for Radioactive Waste

Yukito TSUJ!
J. RANDEC, No.9 (December 1993), page 65~70, 3 Figures, 2 Tables

Toyo Engineering Corporation (TEC) has developed
technologies about the decomissioning of nuclear facilities.
They are radioactive waste treatment process, remote
handling technologies and so on.

Prasma Arc Centrifugal Treatment Process (PACT) is one of
those. PACT is licenced by Retech, Inc. USA, California.
PACT has transfer type water cooling hollow copper
electrode torch and rotating hearth. Retech’s plasma torch
makes strong, stable plasma arc and can treat any kind of
waste containing organic liquid or solid waste.
Rotaing hearth generates homogeneous,
slag with agitating force.

TEC is planning for PACT to apply to radioactive waste
treatment system.

For the purpose, we must developed off gas treatment
system, radioactive nuclide behaviour, refractory materials
and so on.

nonleachable
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Y Some Features and Mooted Points of Decommissioning Nuclear Research and Test Reactors

ENLEHE (RANDEC)

5} — An Outline of Report on Nuclear Reactor Decommissioning !
’3 by Technical Expert Group of RANDEC Committee — 0\
0 ’
¥ ’
¢ Secretariat of RANDEC Committee ¢
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Worldwide, there are about 320 nuclear research reactors operating today. Most of these are over 20

years old, and will eventually need to be decommissioned. The preliminary study of the research reactors

decommissioning was carried out so as to solve the problems relating to the decommissioning of research

reactors.

There are about 10 types of research reactors in the world. The approach to study of the reactor
decommissioning is to classify the research reactors into 4 typical and characteristic types; (1) TRIGA, (2)

POOL, (3) HEAVYWATER, (4) TANK.

The following items are included in the characteristic study of the research reactors decommissioning ;
(@D time to be decommissioned, @ decommissioning options, @waste management procedures, @ spent-
fuels management procedures, & decommissioning cost and financing.
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(1) bYHIE
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W E = A ERTH S (Fig. 1" B8),
(2) F—utE

LS T — NIk D | BEEEIE L oK -
FPHHDOFEFFETH 5 (Fig.2"'BB), 7—LAk»E
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PARE L U—RROERMEIZ T VI =Y L4, A
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Table 1 Operational Research Reactors Classified by Reactor Types

Reactor Types | Number of Reactors
No. in the woriaitgjn Japan **
1| critical assembly 31 T 6
2 | argonaut 15 1
3 |triga 51 3
4 | slowpoke 9 0
5| pool 91 4
6 | tank 37 2
T | heavy water 17 1
8 | graphite 5 0
9 | homogenious 28 0
10 | others 32 2
11 ? 2 -
Total 318 19
* rearranged the data from Table 12 in “Nuclear Research
Reactors in the World” July 1990 Edition, Reference
Data Series No.3 (IAEA, Vienna 1990)
3.3

prepared by Japanese experts for IAEA TCM “Planning and

Management for the Decommissioning of Research Reactors
and Other Small Nuclear Facilities”, TAEA headquaters
at Vienna, July 29-Aug.2 1991
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Current Situation and Future Direction of Radioactive
Waste Disposal in European Countries
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Toichi Asano

A traditional near surface disposal facilities in France, U, K. and etc. are still active, however, a way

of a deep underground disposal is currently being introduced into a disposal not only for high-and medium

level waste but also even for short-lived low level waste as a recent trend in European countries.

A deep

underground disposal is the idea to take advantage of geology as a natural barrier which enable waste to
be isolated from human environment without a very long-term institutional control,

Several man-made engineered barriers may be incorporated with natural barrier to compose a multi-

barrier system,
one which are widely used in many countries,
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Among them chemical barrier brought by alkaline of concrete is the most promissing
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Fig.8 Rock Caverns for Low and Intermediate
Level Waste
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0.

Obayashi Corporation has been engaged in research and development concerning assurance of safety
and overall technology required to proceed decommissioning of nuclear reactors and other facilities.
Especially, development of the technology and system required to dismantle nuclear reactor shield wall,
which is solidly-build structure and activated, is one of the important items to prevent exposure of
workers and diffusion of radioactive substances.

We have been exerting a great deal of effort developing a laser cutting techniques as a remote controlled
dismantling system for reactor shield walls since 1983, taking notice of its excellent characteristics
necessary to dismantle the walls.

This article provide an overview of characteristics of concrete cutting technology by CO: laser on the
basis of our experimental results, and a concept for applying the laser cuttingmethod to reactor shield
walls in commercial nuclear power plants.

The laser cutting method has excellent features as described in this paper, but it also has problems, at
present, with its cutting capability (cutting depth and cutting speed) and its capital investment cost.
However, the cutting capability is expected to be iraproved oncea resonator with an output as large as 40
to 50 kW is commercialized in near future. Its costcould compete successfuly with other methods
depending on the operating condition.
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(a) Reinforced Concrete Specimen

(b) Plain Concrete Specimen

Photo 3 Comparison of Cut Surfaces of Reinforced Concrete and Plain Concrete

Photo 4 Laser Cutting of Concrete Specimen
Reinforced by Deformed Bar D 41
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Fig.7 Application Example of Laser Cutting
System to PWR Power Plant
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Table 1 Calculated Cutting Depth and Area for
Incident Laser Power of 45 kW

G EE | OWES | SN E M
(cm/min) ( mm ) (em’/ min)
1 350 35
2 30 62
3 280 84
4 260 104
5 240 | 120
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i Controlled Blasting for Demolition of Biological Shield Concrete Wall ;

# ¢

> Minoru Harapa, Masayoshi Kakizaki f’
Masakuni Kosayasui and Yoshihiro Sgiki {:

& ®
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Controlled blasting for the partial demolition of a concrete structure should be arranged by selecting a

type of explosive, estimating the proper quantity of explosive, and designing an effective charging pattern.
Two types of tests were performed to understand various aspects of blasting design. The first was a

basic test to determine an appropriate type and volume of explosive, using concrete cylinders 90 cm in

diameter. The second test was performed to increase understanding of the effects of blasting on stuctures,

using circular concrete cylinders, about 500 cm in outer diameter and about 200 cm in inner diameter.

Reinforcing bars were arranged in tight patterns within both specimens. Test results were as follows :

1) Urbanite was the best explosive for controlled blasting

2) When using the core removal method, most of the concrete was removed except for very small
portions which were protected by reinforcing bars.

3)  When using the bench— cut method, the closer the bore hole spacing and the shorter the offset from the
surface, the higher was the percentage of planned removal which was accomplished.

4) Less dust, noise, vibration and shock waves were generated by controlled blasting than by other
blasting methods.
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Table 1 Experimental Factor and Measuring Item
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Table 2 Charging Design of Center Cutting and

Side Blasting

Wit AREE | R0 2 ) R
L loms] e omeogaols v
FEREC (kg/m*)| 0.9]0.6~0.75/ 0.5 | 0.35 0.25
BdsiggsWm)| 02] 02 [035]0.35]0.7
% R M MW Dm| 03] 03 |04 05 (05
R OB S Hm)| 2.0] 2.0 |20 2.0 |20
W OE B e 13| 13 |13 17 |17
i ¥ OB L@/AL| 75 50 50 175 150
£ % % WG| 75| 10 | 125 | 600
B 3 B (kg /m®)| 1.25|  0.56 0.28  |0.86
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Table3 Charging Design of Blasting Bench Cut

B O (1 AlB[c[p]E
_ﬂ?rﬁ'ﬂﬁf (kg/m*) | 0.75 | 0.60 ‘ 0.75 0A75J}_0.60
_flsi"_\:ffl':#?ifw‘?léW‘lm) 0.30 | 0.20 | 0.30 | 0.30
;’3-; LW D(m) | 0.30 1 0.30 [ 0.20 | 0.30 | 0.30
K CF % 4L H(m) | 0.45 | 0.45 | 0.30 | 0.45 | 0.30
L4 D EE Lo | 35 | 30 | 15 | 35 | 30
4 # / | 53| 52| 42| 5/3 | 502
) e }L O L (;',l 525 300 120 . 525 3007
MR R (kg/m*) | 062 | 0.48 | 0.75 | 0.62 | 0.48
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Table 4 Overall Condition after Blasting and

Breaking
® B B Al Bl c|Dp]E

2 i3 # B (kg) 160 84 35 150 89
B2 ) DR (m®/kg) 189 133 219 177 141
I W O® B & R(m) 0.864| 0.631| 0.161| 0.846 | 0.631
B &% 0.618 0.7389 0.128 | 0.440| 0.624

® r(ﬁl]m?)i fl R 0.165 0.1;} roﬂﬂl 0.050
[ 0.783| 0.587| 0.148| 0.827| 0.674

TREHE IV LI I REAI) | 92.5] 93.0 92.5| 97.6] 106.8
FEE Y0 OB (m®/kg) 1.17| 1.28 1.07| 0.84| 2.08
BORERAN (kg/m?) 0.86| 0.78] 0.94 1.19] 0.48
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Fundamental Research on Radioactive Metal Melting

Hisashi Nakamura, Katsuo Kanazawa, Takayuki Sato
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Recycling of low-level radioactive metallic waste will extremely reduce the radioactive waste from the

decommissioning in the future.

In order to provide basic data in establishing safety standards for the recycling in Japan, JAERI is
conducting radioactive metal melting tests. The transfer bahavior of radionuclides was investigated using

dismantled metallic components from Japan Power Demonstration Reactor or simulated wastes with Rls.
These melting tests showed that Mn-54, Co-60, Zn-65, and Ni-63 remain in ingot to a great extent,
while Sr—85 and Cs-137 transfer into slag or off-gas dust.

1. I
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FEEEMIDSE U 5 L FRINTEY .. IS DEEY
EEERAEE - ST B T L SR RO R E
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HAEF W5 sHygsAT  (Japan Atomic Energy Research Institute)
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Photo 2 Stabilizer before Melting
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Teble 1 Summary of Melting Tests Using JPDR Dismantled Components

HBES BT S w " st
JP-1 B & AF VLB 2.1x1072 Bg/cm?2 T
JP-2 & P EA S 2.4x1072 Bg/cm? LF
JP-3 K& &k % @ 4.1Bg/cm? LT
JP-4 i & x % 8 6.2 Bg/cm 2 LT
JP-5 24y KRB ® #& @ 1.0 - 3.7 Ba/g
JP-6 ZTESAY & % # 26 - 125 Ba/g

1) F 72 h At ERAE (3 Co-60

Teble2 Summary of Melting Tests Usingn Radioiotopes

g EZEH D
eEs| mom | ot | uEm R
(Ca0,7Si0p)
RI-1 & E W 1,640 1.0 Mn-54,C0-60,Sr-85
RI-2 B £ 1,600 1.0 Zn-65,Cs-137
Ri-3 Bt 1,630 1.0 5tz 1)
RI-4 257U R 1,550 3.0 B £
RI-5 B £ 1,570 3.0 G
RI-6 " E B 1,620 3.0 G
RI-7 B 1,620 3.0 G
RI-8 % & 1,495 0.3 Gl
RI-9 G 1,510 0.3 i
RI-10 | & % @ 1,630 0.3 B L
RI-11 | B £ 1,635 0.3 B £
RI-12 | R t 1,640 1.0 Ni-63
RI-13 | @ £ 1,640 1.0 Gl
Rl-14 Bl L 1,650 1.0 Mn-54,C0-60,Zn-65,Cs-137
RI-15 | @ £ 1,640 1.0 At
1) Mn-54(2MBq). Co-60(1MBq). Zn-65(4MBq), Sr-85(4MBq), Cs-137(4MBa)., ( ) (X1 HERMT-Y DiEFR.
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FF v Y NRICRBELTH 2,

D« SEBIRRIC A L 7R A S OBER T, Y

Y77 = R RS v oo SR TR 7
— PN (EZT7 =T HR) oA 7oy NTT 4
N HEPA 7 4 w5 7 & OFEA A b fie = £
L. BERRHEAY 7 bicin g, b4 A QLB O
BRI, (a0 5 OFER E 5 9 TH#910, 000
m/h Th 3,
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Fig.1 Schematic View of Melting Equipment
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Fig.2 Typical Test Procedure for Metal Melting
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Teble 3 Activity Measurement Results before
and after Melting for Dismantled
Components

JP-4 (EESREE SRY)

CER | ANOHMNERE | RETHME | HEAREMNE
A Bxt 9| 453 kg [0.01-6.15 Bg/cm? - 56,900 Bq
AMA | 436 kg 0.138-0.157 B/g| 0.148 By/g | 64,500 B

JP-6 (RPESA ¥ MH)

RER | BEROBMERE | RETSE | HENRBME
ReEbI R | 417 kg | 25.5 - 125 Bg/g | 46.1 By/g | 19.2 MBg
HALMR | 416 kg | 47.1 - 53.6 Bo/g | 50.0 By/g 20.8 MBq
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Fig.3 Transfer Ratio of Radionuclides into Pro-
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Fig.4 Sampling Points for Activity Measurement
of Ingot
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Teble 4 Activity Concentration in Ingot

B - Mn-54 Co-60 Zn-65
HEES
A B C A B C A B C
No.1 4.07 4.04 3.70 2.00 2.28 2.16 6.13 6.60 6.34
No.2 3.94 4.02 4.16 2.13 2.71 2.29 5.93 7.27 7.21
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The information system for decommissioning database is under development by the RANDEC using
personal computer. The system is devided into four subsystems, based on the category of database, which
are for bibliography, general information, qualitative and quantitative technical informations.  The
prototype subsystems have been developed for the databases on bibliography, general information and
qualitative technical information. The subsystems are improving to make functions better such as quicker
search function and GUI (Graphical User Interface) functions. The detailed design is commenced for the
subsystem of quantitative technical information recently,

This paper describes the system development for decommissioning database. The present efforts are

directed to brushup the system functions and accumulate quantitatively good gqualitative data.
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Toyo Engineering Corporation (TEC) has developed technologies about the decomissioning of nuclear
facilities. They are radioactive waste treatment process, remote handling technologies and so on.

Prasma Arc Centrifugal Treatment Process (PACT) is one of those. PACT is licenced by Retech, Inc.
USA, California.

PACT has transfer type water cooling hollow copper electrode torch and rotating hearth. Retech’s
plasma torch makes strong, stable plasma arc and can treat any kind of waste containing organic liquid or
solid waste.

Rotaing hearth generates homogeneous, nonleachable slag with agitating force. TEC is planning for
PACT to apply to radioactive waste treatment system.

For the purpose, we must developed off gas treatment system, radioactive nuclide behaviour, refractory
materials and so on.
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Teble 1 The Results of Leaching Test
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& | FNVIZUA 0.23 0.45 0.41 0.2 NR
APV IN 0.14 0.08 0.08 0.07 100.0
HARIT L 0.07 ND ND ND 1.0
FINT I 175 2.1 2.5 2.06 NR
i 4.6 0.15 0.3 0.3 NR
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ND=HHEY  NR=gHMaL *=4 0CFR
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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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