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Development of Concrete Recycling System
Yoshivuki SAKAZUME, Yasuhiro KURODA,
Kazuyuki NAKAMURA
J.RANDEC, No24 (Sept. 2001) page 2 ~13, 24 Figures,
10 Tables, 7 Photos

Using the existing "heating and rubbing method", ag-
gregates available for concrete in structures and pulver-
ized materials were produced from concrete rubble which
had diameter of less than 40mm.

The coarse and fine aggregates produced by this
method has equivalent quality designated by Japanese
Industrial Standard. The specimen made with pulver-
ized materials, standard sand and water had uni-axial
strength of more than 200 kN/m? From these results,
the aggregates can be used for concrete in structures,
and the pulverized materials are available for soil stabili-
zation.

The relation between cement-water ratio and compres-
sive strength of concrete with the recycled aggregates
was obtained from some tests at concrete mixing plant.
Based on these results, the mix proportion of the con-
crete for structures and strength criteria for control was
determined for construction of a building.
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Promising Technology for the Melting of Dismantled
Metal by an Induction Cold Crucible
Masahiro SUZUKI, Hidehiko MIYAO,
Enokido YUJI, Tsutomu TANAKA,
Makoto UCHIDA, Shinjiro KUWAYAMA
J.RANDEC, No24 (Sept. 2001) page 14 ~ 26, 11
Figures, 5 Tables

An induction cold crucible melting is one of the most
promising technologies for the reuse of radioactively con-
taminated metals because it ensures a long life operation
without generating secondary wastes under high tem-
perature during the melting of dismantled metals.

After cold tests, hot tests on MERC(Melting and Recy-
cling of Metals by Cold Crucible) process are going on in
RANDEC. In MERC, an induction cold crucible, which
mainly consists of a melter, decontaminator and continu-
ous caster is used for the melting and solidification of
metals contaminated by low level, together with the flux
for decontamination, followed by cutting of ingot and
delamination of slag.

Round stainless steel ingots of 140mm in maximum di-
ameter and rectangular slabs of 50mm > 170mm in maxi-
mum dimension were cut in every 300mm length by a
dry mechanical saw. Observation that they had no clack
in surface as well as no segregation in bulk, indicated
promising the soundness of material for reuse. Not only
stainless steel but also metals with high melting
temperature (Mo, Zr, T1), active metals(Al, Ti,Ni-based
alloy) and other useful metals(Cu,Pb) were tested. All
metals were successfully melted and cast, except for Mo,
because of power shortage.

In hot test, UO,F, was added as a tracer together with
the flux mainly consisting of alumina, silica and lime dur-
ing the melting of stainless steel. Decontamination ef-
fect of MERC process was confirmed by hot test.

This work was done under the sponsorship of Ministry
of Education, Culture, Sports, Science and Technology
of Japan.



Decommissioning of VHTRC
Motoyoshi TAKEUTI, Katutoshi NAKAJIMA,
Nobuo FUKUMURA, Fusao NAKAYAMA,
Hideshi OHHORI
J.RANDEC, No24 (Sept.2002) page 27 ~ 47, 13 Fig-
ures, 11 Tables

JAERI modified the Semi-Homogeneous Experimen-
tal Critical Assembly (SHE) which had been used for re-
actor physical experiments of graphite moderated reac-
tor since January 1961 to the Very High Temperature
Reactor Critical Assembly (VHTRC) in 1985 in order to
carry out nuclear safety evaluation etc. for the High Tem-
perature Engineering Test Reactor (HTTR). Since HTTR,
which was constructed in the Oarai Research Establish-
ment, achieved criticality in November 1998, JEARI de-
cided to decommissioning VHTRC in 1999.

The decommissioning project is planned to perform in
two stages. At the first satage sampling and analysis were
carried out for comparison of calculated results. Follow-
ing these activities, reactor instruments, reactor control
systern and reactor itself were dismantled. The first stage
was completed in FY2000. At the second stage, radiation
shielding blocks and reactor building will be dismantled
completely to green field conditions. These activities will
be carried out after the clearance level is legislated in
Japan.

The first stage activities, which are the site character-
ization, radioactive inventory evaluation, surface contami-
nation measurements for releasing the control room and
the machine room from radiation controlled area to un-
restricted area, neutron activation estimation on the ba-
sis of theoretical calculations, sampling and analyses of
reactor components, and dismantling of reactor etc., are
described in this report.

__iv_

Planning and Management for Reactor Decommissionin

Yasuhiko MIYASAKA
JRANDEC, No24 (Sept.2001) page 48 ~59, 8 Fig-
ures, 3 Tables

This report describes decommissioning strategy, plan-
ning process, regulation, management and organization,
radiological characterization and safety.

Planning is used to identify, define and organize the
requirements for decommissioning including decommis-
sioning options, items to be accomplished (objectives,
scope), to solve problems of how it is to be accomplished
(methods, means and procedures), questions of who will
execute it (resources, organization and responsibilities,
interfacing), and time when it will be executed (schedule
for meeting the objectives). A plan is highly dependent
on the quality of the management team assembled to
carry it out.

Radiological characterization involves a survey of ex-
isting data, calculation, in situ measurements and/or sam-
pling and analyses. Using this databases decommission-
ing planner may assess options, considering: decontami-
nation processes, dismantling procedures, tools required,
radiological protection of workers and public / environ-
ment, waste classification, and resulting costs. Compari-
son and optimization of these factors will lead to selec-
tion of a decommissioning strategy, i.e. typically, imme-
diate or deferred dismantling.

The planning and implementation of decommissioning
for nuclear reactors should be referred both recent dis-
mantling techniques and many decommissioning expe-
riences. The technical lessons learned from many
projects will help in the planning for future decommis-
sioning projects. And systematic planning and manage-
ment are essential to successful completion of a decom-
missioning project.
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Development of Concrete Recycling System

Yoshiyuki Sakazume, Yasuhiro Kurona, Kazuyuki Nakamura

Using the existing "heating and rubbing method", aggregates available for concrete in structures and pul-
verized materials were produced from concrete rubble which had diameter of less than 40mm.

The coarse and fine aggregates produced by this method has equivalent quality designated by Japanese
Industrial Standard. The specimen made with pulverized materials, standard sand and water had uni-axial
strength of more than 200 kN/m? From these results, the aggregates can be used for concrete in structures,
and the pulverized materials are available for soil stabilization.

The relation between cement-water ratio and compressive strength of concrete with the recycled aggre-
gates was obtained from some tests at concrete mixing plant. Based on these results, the mix proportion of the
concrete for structures and strength criteria for control was determined for construction of a building.
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Fig. 14 Changes in Fineness Modulus of Aggregates

Table 4 Collecting Ratio of Products

mNE (%)
) Max Min
WEABEEEM 26.8 30.4 24.2
S HBEMEM 336 439 28.5
BEABLEEY (21) 60.4 74.3 57.0
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Promising Technology for the Melting of Dismantled Metal
by an Induction Cold Crucible

Masahiro Suzuxi *, Hidehiko Mivao *, Yuji Enokino * |

Tsutomu Tanaka ** | Makoto Ucxina ** | Shinjiro Kuwavama * *
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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.

After cold tests, hot tests on MERC(Melting and Recycling of Metals by Cold Crucible) process are going
on in RANDEC. In MERC, an induction cold crucible, which mainly consists of a melter, decontaminator and
continuous caster is used for the melting and solidification of metals contaminated by low level, together with
the flux for decontamination, followed by cutting of ingot and delamination of slag.

Round stainless steel ingots of 140mm in maximum diameter and rectangular slabs of 50mm X 170mm in
maximum dimension were cut in every 300mm length by a dry mechanical saw. Observation that they had no
clack in surface as well as no segregation in bulk, indicated promising the soundness of material for reuse.
Not only stainless steel but also metals with high melting temperature (Mo, Zr, Ti), active metals(Al, Ti,Ni-
based alloy) and other useful metals(Cu,Pb) were tested. All metals were successfully melted and cast, except
for Mo, because of power shortage.

In hot test, UO:l"2 was added as a tracer together with the flux mainly consisting of alumina, silica and lime
during the melting of stainless steel. Decontamination effect of MERC process was confirmed by hot test.

This work was done under the sponsorship of Ministry of Education, Culture, Sports, Science and Technol-
ogy of Japan.
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Table 1 Major specification of testing melt equipment of
MERC

Item

Specification

Object of melt *Small metallic chip, such as ¢5x10mm
or 10mm square with several mm in
thickness

-Metallic materials that can be supplied in
a convergent cage of 220mm square at
entrance and 350mm deep

Melting method Combined melting of pre~melt and full-

melt

Withdrawal of Length Approximately 300mm
neot Velocity ~15ma/ain
Melting atmosphere Ar gas

Treatment 0f exhaust gas +Gas cooler
*Re-usable bag filter
+Medium efficiency particulate air filter

-High efficiency particulate air filter

Cutting of ingot Rotary hard metal saw

Delamination of siaé Rotary brush
* Manipulator

* Maximum mass of conveyance:40kg

o (fo'ﬁ/eya‘r'{é'él of ingot

Electric power for | Maximum output | 300kW
pre-melting Frequency 15kHz
Electric PO"{QT for | Maximum output | 150kW
full-melting Frequency 25kHz

IO Eh 3,

—F. =LKy — v T ARG R A S
BOBAFICEM L 26EaEIcRE S To
D ALEICEATIZ A 7 v L A DB ES O
WREAVEE A B 912, B 200mm, 5l3R&E A >~ Ty
bR & 1m(200~250kgiZ FH YY) | LR BE 13%940kg/
hDa— L FiBa& T, AiE60mm. & &
180mm, EE#3.5kg D1 ¥ Ty b AEES 3
Ty PR E TIT > T % 19,
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Melting

Melting followed
by solidification

Conveyarce

Carrying-out 1 00mm

Fig. 2 Major part of testing melt equipment of MERC
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Table 2 Decontamination effect of U

| Mass of UOuk2 ; Concentration | Massof U Decontamination | Activity of ingot
| added during of Uina contained in factor DFu [Ba/gl
|test [g]l  specimen [ppm] |ingot [mg]
0.3 | ~ 0.098 1.76 130 1.2x10"°
3.0 0.125~ 2.25~11.7 195~1022 1.6x107 "~
0.654 8.1x107°

X2 T VL 2O EMERS AR L7,
ZO LS. MERC 7' 1 & 2 13I8 5 4@ D
ALK T2 ETHHEOGWER DD S,

5. HIBEERER
=LKL= TRBEICE->TEEEENS
4 vy M ERTROTIRS SR K - T
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BmELUTHAMBEL. » O KB L AWTED X
ABA VT Y b EBIMILIDIBETDH D,
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Table 3 Various metals used in MERC test

Metal species

Used form of metals
Sintering furnace

Mo
| Carbon steel(§S400)
Ni based alloy(Alloy690)

Structural materials
Steam generator

Zr Hull
Pb Shielding materials
Stainless steel(SUS304) Piping, valves, glove box
Al Mechanical parts,
Cu Electrical wire |
Ti alloy Mechanical parts, Resolver
Table 4 MERC test results for the melting of various
metals
["Metal species | Necessary | Applied | Melting Density | Linear Electric
power for ower | lempera: [glec] expansion | conduc-
the FkWI ture [T] coefficient | _ tivity
beginning [/K] [MS/m]
of melting
(kW] | 2 e
Mo >150 |10 | 2617 1022 | 5 19
Carbon steel 90 100 ~| 1515 7.86 12.1 10
& (SS400) 110
Ni based alloy 90 100 1371~ 8.43 12.1 0.82
(Alloy690) 1427 I -
Zr 120 [120 | 1852%2 | 651 | 62 2.5
Pb 20 [20~40 | 3275 1135 | 29 | a8
Stainless 90 |110 | 1427 8.02 17.3 1.4 ‘
steellSUS304) | | | o
Al 45|50 | 660 2.70 25 37.7 |
Cu 115|120 [ 1083.4% | 8.96 16.6 59.9 |
| 0.2 |
Ti 90 100 | 166010 | 454 | 85 | 2.4
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Fig. 6 Surface and etched macro structure pattern of round ingots continuously cast by MERC.
A ® 100mm X 300mm, B:140mm X 300mm

Fig. 7 Cold Crucibles for Melting round ingots and rectangular slabs.
A ® 1140mm, B:50mm X 170mm
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Table 5 Treatment rate of stainless steel by MERC

‘Withdrawal velocity [ Applied electric Treatment rat.e_
Ingot dimension [mm/min] ___powcr[kW] [kg/kWh]
$100mmx300mm | 12 1 130 0.35 |
#140mmx300mm 4 ] 150 ] 025 |
10 mm x50 mmx300mm 12 120 | 0.26 .
'—70 mm x50 mmx300mm 9 150 022

i [ ] c 2 ——————
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Fig.9 Relation between applied electric power and withdrawal velocity
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Fig.11 Annular type cold crucible
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Decommissioning of VHTRC

Motoyoshi Taxeun * !, Katutoshi Nakayima * 1, Nobuo Fukumura * 2,

Fusao Nakavama * 2, Hideshi Ownort * 3
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JAERI modified the Semi-Homogeneous Experimental Critical Assembly (SHE) which had been used for
reactor physical experiments of graphite moderated reactor since January 1961 to the Very High Tempera-
ture Reactor Critical Assembly (VHTRC) in 1985 in order to carry out nuclear safety evaluation etc. for the
High Temperature Engineering Test Reactor (HTTR). Since HTTR, which was constructed in the Oarai Re-
search Establishment, achieved criticality in November 1998, JEARI decided to decommissioning VHTRC in
1999.

The decommissioning project is planned to perform in two stages. At the first satage sampling and analysis
were carried out for comparison of calculated results. Following these activities, reactor instruments, reactor
control system and reactor itself were dismantled. The first stage was completed in FY2000. At the second
stage, radiation shielding blocks and reactor building will be dismantled completely to green field conditions.
These activities will be carried out after the clearance level is legislated in Japan.

The first stage activities, which are the site characterization, radioactive inventory evaluation, surface con-
tamination measurements for releasing the control room and the machine room from radiation controlled
area to unrestricted area, neutron activation estimation on the basis of theoretical calculations, sampling and
analyses of reactor components, and dismantling of reactor etc., are described in this report.
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Fig. 2 External appearance
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Table 1 VHTRC decommissioning plan
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Table 2 First stage program of VHTRC dismantling
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Table 6 Comparison of thermal neutron dose rate between

measuremennts and calculations”
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Table 7 Specific activity
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Weight of radioactive waste and normal waste
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Planning and Management for Reactor Decommissioning
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This report describes decommissioning strategy, planning process, regulation, management and organiza-
tion, radiological characterization and safety.

Planning is used to identify, define and organize the requirements for decommissioning including decom-
missioning options, items to be accomplished (objectives, scope), to solve problems of how it is to be accom-
plished (methods, means and procedures), questions of who will execute it (resources, organization and re-
sponsibilities, interfacing), and time when it will be executed (schedule for meeting the objectives). A plan is
highly dependent on the quality of the management team assembled to carry it out.

Radiological characterization involves a survey of existing data, calculation, in situ measurements and/or
sampling and analyses. Using this databases decommissioning planner may assess options, considering: de-
contamination processes, dismantling procedures, tools required, radiological protection of workers and pub-
lic / environment, waste classification, and resulting costs. Comparison and optimization of these factors will
lead to selection of a decommissioning strategy, i.e. typically, immediate or deferred dismantling.

The planning and implementation of decommissioning for nuclear reactors should be referred both recent
dismantling techniques and many decommissioning experiences. The technical lessons learned from many
projects will help in the planning for future decommissioning projects. And systematic planning and manage-
ment are essential to successful completion of a decommissioning project.
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Table. 3 Decommissioning Schedule of Recent DECON Projects in the U.S.
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RANDEC's Capability

Radioactive Waste Management and Nuclear Facility

Decommissioning Technology Center

The capability and service of RANDEC are to ;

Implement decommissioning research,
development and investigation.

<

Provide technical information on decommissioning.

L 4

Train for decommissioning.

L 2

Inform and enlighten the public
about decommissioning.
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