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Clearance Levels Derived by European Commission
Minoru OKOSHI
J.RANDEC, No26 (Nov.2002) page 2 ~ 12, 6 Tables

The concept of clearance was introduced by the Inter-
national Atomic Energy Agency in 1996 and is very use-
ful for the management of very low-level solid materials
generating from the decommissioning of nuclear facili-
ties. Therefore, the European Commission (EC) derived
the specific clearance levels for metals, buildings and
building rubble in Radiation Protection 89 and 113, re-
spectively. The EC also derived the general clearance
levels for all solid materials generating from the regu-
lated facilities in Radiation Protection 122. The derived
clearance levels are recommended to the member coun-
tries of the EC. Comparing the clearance levels of Japan
with the unrounded levels of the EC, the differences of
levels are small. The biggest difference is found in Fe-55
and the EC's clearance level is about one fifth of Japa-
nese clearance level. The reason is the EC considered
the direct ingestion of cleared building rubble by chil-
dren and used the conservative ingestion rate of it. The
EC's discussions related to the clearance levels are very
useful for Japan to derive our own clearance levels and
to clear materials from regulatory control.

Verification Test on Decommissioning Technology for
Commercial Nuclear Power Plants

Daiichiro OGURI, Satoru FUJII
J.RANDEC ,No26 (Nov. 2002) page 13~20,11 Figures,
1 Table

Decommissioning of commercial nuclear power plants
in Japan started in December, 2001 at Tokai Power Sta-
tion (GCR). NUPEC has been proceeding with the de-
commissioning verification tests entrusted by METI since
fiscal 1982 in compliance with national policy. The objec-
tive of the tests is to verify the safety, reliability, and ra-
tionality of techniques to reduce personal radiation ex-
posure, to mitigate the influence on the environment, and
to execute the decommissioning work efficiently.

NUPEC has carried out seven verification tests, five of
which are for cutting and taking off techniques (RPV,
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biological shield wall, and reactor internals), decontami-
nation techniques before dismantling, decommissioning
waste treatment techniques were completed, and the
other two are for radioactivity measurement and system-
atic dismantling techniques.

Feasibility Studies of One-Piece Removal Method for
Large Reactor

Yasuhiko MIYASAKA, Nobuo FUKUMURA,

Akira MURAMATSU, Hisao OHTSUKA

Morisige WATANABE, Yoshiyuki SAKAZUME ,

Kiyoshi MATSUO, Hirofumi KAMATA

Akira ITO, Satoshi ISHIHARA, Yasuo SOUTOME

and Shinichi KATAOKA

J.RANDEC, No26 (Nov.2002) page 21 ~ 35, 14 Fig-
ures, 10 Tables

This report describes one-piece reactor removal feasi-
bility study of the large BWR or PWR type reactor which
has 40 years operation, followed by 3 or 10 years cooling
time before actual removal /transport work with or with-
out 40 years storage in the site. The scope of the study
for the future decommissioning planning includes:

- Developing alternates for prompt or deferred removal
of Reactor Pressure Vessel (RPV) intact with reactor
internals, biological shield and RPV intact with reac-
tor internals etc..

+ Estimation of schedule duration, workload and per-
sonal radiation exposure for several one-piece reac-
tor removal methods.

- Transport methods from reactor site to repository by
transporter and barge.

- Tunnel disposal concepts for RPV package at 50m
deep underground access route by inclined shaft or
vertical shaft

- Cost estimation for removal methods of RPV intact
with reactor internals, transportation and tunnel dis-
posal for RPV package.

Those alternate methods are highly effective at reduc-
ing waste disposal volume, cost and radiation exposure
as compared to conventional methods of both RPV and
reactor internals segmentation methods.



Decommissioning of Nuclear Reactor Building by De-
ferred Dismantling After Bulk Relocation

Hirofurmi KAMATA
JJRANDEC, No26 (Nov.2002) page 36 ~ 44, 3 Fig-
ures, 1 Table

Decommissioning of commercial nulear power stations
in Japan will commence shortly and proceed gradually.
In the near future, Japan will enter a busy era during
which several nuclear facilities will need to be decom-
missioned simultaneously in the same year.

This paper introduces the results of a basic study on
the concept of “Deferred Dismantling After Bulk
Relocation” , which is one of the choices available for
decommissioning in such an era. According to this con-
cept, the reactor building, which has high radioactive
inventory, 1s not dismantled at its current site. Instead,
the whole building is first moved in bulk to a separate
location. Through this, the current site can be released
for effective utilization without any constraints.

The most important merit of this method is that no safe
store is required. Therefore, the safe store period that is
usually between 15 to 30 years becomes unnecessary and
the entire decommisioning period can be shortened. This
means that the current site can be utilized for building
the next generation power station and resume power
supply early. Thus, this method of decommissioning can
be expected to contribute towards the stabilization of the
domestic electric power supply.
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Plasma Melting Treatment of Low Level Radioactive
Waste

Nobuyuki NAKASHIO, Mikio NAKAJIMA
J.RANDEC, No26 (Nov. 2002) page 45 ~55, 8 Figures,
5 Tables

Melting treatment of low-level radioactive wastes
(LLW) is considered to be a promising technology for
the preparation of a stable solid that will be disposed of
in near surface repositories. This is because of large re-
duction of waste volume and production of a stable ho-
mogeneous solidified product. In the Japan Atomic En-
ergy Research Institute (JAERI), the construction of the
Waste Volume Reduction Facilities (WVRF) has been in
progress since 1999. This is a part of an advanced vol-
ume reduction program for LLW in JAERI. In the WVRF,
metallic and non-metallic solid wastes will be melted by
means of an induction furnace with an induction plasma
torch and a plasma melting furnace, respectively. In ad-
vance of operation of the WVRF, we have been conduct-
ing melting tests of non-metallic solid wastes with the
aim of establishing the optimum melting condition for
preparation of a stable solid that is suitable for disposal.
In the test, simulated miscellaneous wastes, mainly non-
metal materials, were melted together with radioactive
tracers using a plasma torch of a non-transferred type;
vaporization behavior of radioactive nuclides during melt-
ing treatment, distribution of them in a solidified prod-
uct, chemical composition and mechanical strength of
the solidified product, etc. were examined. We have re-
viewed a part of the melting test conducted in our pro-
gram.
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The concept of clearance was introduced by the International Atomic Energy Agency in 1996 and is very
useful for the management of very low-level solid materials generating from the decommissioning of nuclear
facilities. Therefore, the European Commission (EC) derived the specific clearance levels for metals, build-
ings and building rubble in Radiation Protection 89 and 113, respectively. The EC also derived the general
clearance levels for all solid materials generating from the regulated facilities in Radiation Protection 122. The
derived clearance levels are recommended to the member countries of the EC. Comparing the clearance
levels of Japan with the unrounded levels of the EC, the differences of levels are small. The biggest difference
is found in Fe-55 and the EC's clearance level is about one fifth of Japanese clearance level. The reason is the
EC considered the direct ingestion of cleared building rubble by children and used the conservative ingestion
rate of it. The EC's discussions related to the clearance levels are very useful for Japan to derive our own
clearance levels and to clear materials from regulatory control.
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Table 1 Exposure Scenarios Considered by EC to Derive the Clearance Levels for Metal Recycling and Reuse
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Table 2 Clearance Levels Recommended by EC

RP 89 ' RP 113 RP 122
- mRA | ERA | EEEE | eniEg (g (R =222 | g2
‘ bt HIRRZ2 L) | 1) —hA | TTUA
| (Ba/g) (Bg/cm? | (Bg/em?» | (Bg/cm?) | (Bg/em?) | (Bg/g) | (Balg)
H-3 1,000 100,000 | 10,000 | 10,000 | 10,000 100 100
C-14 100 i,ooo 1,000 1,000 10,006 i 10 10
Cl-36 10- _ 100 mmo 100 100 1 1 _
Mn-54 . | 10 10 | 1 10 0.1 0.1
- Fe-55 10,000 10,000 1,000 10,000 | 10,000 1,000 100
B _Co-60 1 10 | 1 1 1 0.1 0.1 ]
Ni59 10,300 10,000 | 10,000 | 100,000 | 100,000 | 1,000 100 :
Ni-63 10,0;)0 | 10,000 1_,000 10,000 | 100,000 | 1,000 100
| Zn-65 1 100 10 1 10 1 -
Sr-90 16 | 10 10 100 100 |1 1
 Nbod 1 10 1 | 1 10 01 0.1
Te-99 100 1,000 1,000 100 100 1 1
1129 1 T 16 | 10 10 0.1 o.i |
_ Cs 134 | 1 _J 10 1 1| 10 0.1 0.1_
Cs-137 1 100 10 1 10 1 1
_Eu-152 1 | 10 - 1 _ 10 0.1 0.1”
: Eu-154 1 | 10 1 1 0 0.1 0.1
U-23;5 1 1 1 | “1 | 10 | 1 —1 E
‘—Pu-239- 1 0.1 o1 0.1 1 w 0.1 0.1
_Am-241 1 0.1 7 0.1 1 1 I 0.1 0.1
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Table 3 Exposure Scenarios Considered by EC to Derive the Clearance Levels for Building and Building Rubble
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Table 4 Enveloping Scenarios and Parameter Values to Derive the General Clearance Levels
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Table 5 Comparison of Clearance Levels Derived by Nuclear Safety Commission and EC (Unit : Bg/g)

— RFh&2EAE EC

PUT S AL R %fgggg%” ;gggémm WA
H-3 200 LS Bt A (B EMRTR) 100 62 HEKEKAS
C-14 5 HRNS T KB IT (K EMRR) 10 10 "
C1-36 2 BN T KBTS EDER 1 1.1 e
Ca-41 80 SRSy HFARBITHEEREYER -2 -2 -2
Mn-54 1 SRS BECEMEEENT 0.1 0.26 HSTHESS
Fe-55 3000°! BRI BEA -8 1000 610 HEBIRS
Co-60 0.4 SRS BEOEEEEIND) 0.1 0.089 HNEHE
Ni-59 600 SR N5 BRSBTS EE DR 1000 2900 E R
Ni-63 2000 SERRALSY R A R EY R R 1000 1200 ”
Zn-65 1 SRR EECRE T 1 0.38 N
Sr-90 1 SRS wHEFI A (R E D 1 1.5 EE3EE
Nb-94 0.2 HRNSY BRI A (B A 0.1 0.14 SN EE
Tc-99 0.3 SRS EHF A (BRI 1 1.4 B
1-129 0.7 RS T AKBITGEFAKSKA) 0.1 0.12 HEKEKHA
Cs-134 0.5 BHA HEF(RIY) 0.1 0.14 HEST S
Cs-137 1 BHA P F] A (BN ) 1 0.4 ”
Ba-133 2 R FHREES R -2 -2 -2
Eu-152 0.4 BHA HEH(XS) 0.1 0.2 M PEE
Eu-154 0.4 Ik EEIP(R 5 ) 0.1 0.18 "
Pu-239 0.2 B BATAL - B’A 0.1 0.077 BAT
Am-241 0.2 Gk BATFAHL - BA 0.1 0.091 "

FE)*1: Fe'55 DU )7 5 2 AV NVRREBRYOEE RSB REEETH 0D, T OB Byem? TH S, *2: EC X Ca-4l & Ba-133 DI U7 T AL EBEHLT
W, *3: T ) — M OBBANESOEEICHET A HTROKA, *4  BRLSHERE TRIE LA HROBR, *5 SRASBSIIBT S r RICK BEEEORT

e *6: A7)~ bRZ2SUTBEFHRMSEERR, *7: 227U — FFOUBERICHERTHEEEOY X MRAIHED EEIEI<
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Verification Test on Decommissioning Technology
X for Commercial Nuclear Power Plants i

Daiichiro Ocuri, Satoru Fun
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Decommissioning of commercial nuclear power plants in Japan started in December, 2001 at Tokai Power
Station (GCR). NUPEC has been proceeding with the decommissioning verification tests entrusted by METI
since fiscal 1982 in compliance with national policy. The objective of the tests is to verify the safety, reliability,
and rationality of techniques to reduce personal radiation exposure, to mitigate the influence on the environ-
ment, and to execute the decommissioning work efficiently.

NUPEC has carried out seven verification tests, five of which are for cutting and taking off techniques
(RPV, biological shield wall, and reactor internals), decontamination techniques before dismantling, decom-
missioning waste treatment techniques were completed, and the other two are for radioactivity measurement

and systematic dismantling techniques.
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Table 1 Verification Test Schedule
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Feasibility Studies of One-Piece Removal Method
% for Large Reactor
¢ (Methods of Removal, Transportation and Disposal of Reactor

Pressure Vessel with Reactor Internals)

Yasuhiko Mivasaka, Nobuo Fukumura, Akira Muramarsu, Hisao Oursuka, Morisige Waranase,
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Yoshiyuki Sakazume, Kiyoshi Marsuo, Hirofumi Kamata, Akira Iro, Satoshi Isninara,
9 Yasuo Sourome and Shinichi Karaoxa
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This report describes one-piece reactor removal feasibility study of the large BWR or PWR type reactor
which has 40 years operation, followed by 3 or 10 years cooling time before actual removal /transport work
with or without 40 years storage in the site. The scope of the study for the future decommissioning planning
includes:

* Developing alternates for prompt or deferred removal of Reactor Pressure Vessel (RPV) intact with reac-
tor internals, biological shield and RPV intact with reactor internals etc..

- Estimation of schedule duration, workload and personal radiation exposure for several one-piece reactor
removal methods.

- Transport methods from reactor site to repository by transporter and barge.

» Tunnel disposal concepts for RPV package at 50m deep underground access route by inclined shaft or
vertical shaft

* Cost estimation for removal methods of RPV intact with reactor internals, transportation and tunnel dis-
posal for RPV package.

Those alternate methods are highly effective at reducing waste disposal volume, cost and radiation expo-
sure as compared to conventional methods of both RPV and reactor internals segmentation methods.
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Table 2 Feasibility Study Case of One-Piece Reactor
Removal Methods
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Fig.1 RPV Package Concept with Steel Cover Plate (B-1)
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Fig.2 One-Piece Reactor Removal Method through Con-
tainment, R. Building Wall by Lifting & Transfer Device
(B-1)
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Fig.3 One-Piece Reactor Removal Method through Roof
by Large Crane (B-2)
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Fig.4 Reduced RPV Package Concept with Concrete
Shield (B-2")
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Fig.5 RPV Package Concept with Steel Shielding Capsule
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Table 4 Steel Shield Thickness and Dose Rate on RPV
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Table 5 Estimation of Steel Shield Thickness at 3,10
and 40 Years of Decay (BWR)
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Table 8 Estimation of Steel Shield Thickness at 3,10
and 40 Years of Decay (PWR)
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Table 7 Estimation of RPV Package Gross Weight at 3,10
and 40 Years of Decay (BWR)
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B | fFEE 40 4EH | 1,298 989 1,026 1,227

#] D BHE 0.7 g/en’ x2: FEAWNWI Y ) — NEHE 0. 7g/cnd
#3: GTCC MM EIR< o

Table 8 Estimation of RPV Package Gross Weight at 3,10
and 40 Years of Decay (PWR)
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Table 9 Estimation of Schedule Duration (Days), Workload
(Person + Day) and Exposure (Person + mSv) for
One-Piece Reactor Removal Methods (BWR)
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Table 10 Estimation of Schedule Duration (Days), Workload
(Person + Day) and Exposure (Person - mSv) for
One-Piece Reactor Removal Methods (PWR)

HEEE P-ig | P2 | p-lg| P3gm
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Decommissioning of commercial nulear power stations in Japan will commence shortly and proceed gradu-
ally. In the near future, Japan will enter a busy era during which several nuclear facilities will need to be
decommissioned simultaneously in the same year.

This paper introduces the results of a basic study on the concept of “Deferred Dismantling After Bulk
Relocation” , which is one of the choices available for decommissioning in such an era. According to this
concept, the reactor building, which has high radioactive inventory, is not dismantled at its current site. In-
stead, the whole building is first moved in bulk to a separate location. Through this, the current site can be
released for effective utilization without any constraints.

The most important merit of this method is that no safe store is required. Therefore, the safe store period
that is usually between 15 to 30 years becomes unnecessary and the entire decommisioning period can be
shortened. This means that the current site can be utilized for building the next generation power station and
resume power supply early. Thus, this method of decommissioning can be expected to contribute towards the
stabilization of the domestic electric power supply.
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Fig.3 An Example of Bulk Relocation of a Reactor Building
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Table.1 Comparison of the Process of Decommissioning by the Two Methods
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Plasma Melting Treatment of Low Level Radioactive Waste

Nobuyuki Nakasaio and Mikio Nakajiva

Melting treatment of low-level radioactive wastes (LLW) is considered to be a promising technology for the
preparation of a stable solid that will be disposed of in near surface repositories. This is because of large
reduction of waste volume and production of a stable homogeneous solidified product. In the Japan Atomic
Energy Research Institute (JAERI), the construction of the Waste Volume Reduction Facilities (WVRFE) has
been in progress since 1999. This is a part of an advanced volume reduction program for LLW in JAERI. In the
WVREF, metallic and non-metallic solid wastes will be melted by means of an induction furnace with an induc-
tion plasma torch and a plasma melting furnace, respectively. In advance of operation of the WVRE, we have
been conducting melting tests of non-metallic solid wastes with the aim of establishing the optimum melting
condition for preparation of a stable solid that is suitable for disposal. In the test, simulated miscellaneous
wastes, mainly non-metal materials, were melted together with radioactive tracers using a plasma torch of a
non-transferred type; vaporization behavior of radioactive nuclides during melting treatment, distribution of
them in a solidified product, chemical composition and mechanical strength of the solidified product, etc.
were examined. We have reviewed a part of the melting test conducted in our program.
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Fig.1 Flow Diagram of Melting System
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Table 1 Experimental Conditions of Melting Test
R No. R BURBEZEMAML (wt%) - pk=tisd s

& aryy-h Z 0 (%)
1 42
2 (100) - - 0.18 i
3 58
4 70
5 KELAR (70) "2 (30) - 0.17
6 1k (70) fRIEH (30) - 0.35
7 (70) BHESEHIIK (30) - 0.22
8 (70) &5 (30) - 0.18
9 (70) A7 A (30) - 0.18
10 (70) TV UL (30) - 0.18
11 (60) PRI 1 (30) 7IV2FIVY R (10) 0.38 F 40
12 (50) R (50) - 0.49
13 HERE - I (100) - 0.59
14 it - TR\ (80) 72 FIVY AR (20) 0.98
15 HE [ ALOs (52). CaO (34). Si0z (14)] 2.49
16 HE [ AlLOs (43). CaO (48). SiO2 (9)] 5.21

*] BURBEZEYITIZ L T 80Co. 1B7Cs, 152Eu #&40.3MBq Bl . HEMER 3kg &L
*0 BUBBEEY OLFERM SRS NDEEE (Ca0/Si02)
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Fig.5 Cross-sectional View of Solidified Products (Changing Basicity of Slag)

Table 2 Chemical Composition of Solidified Slag

BT (wt%)
AR5y 1 5 6 7 8 9 10 11 12 13 14 15 16

Al203 10.3 7.3 7.9 12.2 12.7 9.5 11.6 135 6.6 9.8 19.0 45.4 46.1

CaO 12.8 10.7 19.0 12.9 11.6 12.0 11.9 22.0 26.4 32.7 35.8 27.8 39.9

A MgO 1.2 2.0 11 2.7 12 1.0 1.9 0.9 0.9 1.1 0.7 0.4 0.6
7 Naz0 1.9 5.0 1.3 14 18 1.7 16 11 11 1.2 0.1 0.4 0.2
,y K20 0.0 0.0 0.1 0.6 0.0 0.1 0.1 0.9 0.2 2.4 0.1 0.3 0.1
i FeO 25 1.7 2.1 8.5 3.4 3.2 2.1 19 1.8 2.1 0.7 0.7 0.9
N Si0: 714 73.3 68.6 59.0 69.4 70.1 70.8 59.8 62.9 50.7 43.6 25.1 12.3
# | TiO: - - - 2.0 - - - - - - - - -
& Zn0 - - - 0.7 - - - - - - - - -
L Cran - - - - - 2.4 - - - - - - -

BEE | 018 0.15 0.28 0.22 0.17 0.17 0.17 0.37 0.42 0.64 0.82 1.11 3.24
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Fig.6 Concentrations of Rl Tracers in Solidified Slag



Table 3 Specific Gravity of Solidified Slag

Run No. SE{HE ¥ EE
1 2.52 0.00
2 2.52 0.05
3 2.52 0.01
4 2,51 0.01
5 2.49 0.01
6 2.61 0.05
7 2.69 0.01
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8

(7.50) 0.43)*

2.56 0.08
? (7.79)* (0.11)"

2.45 0.09
10

(2.59)" (0.0D"
11 2.63 0.04
12 2.73 0.03
13 2.81 0.01
14 2.82 0.01
15 2.90 0.04
16 2.99 0.01
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Table 4 Retention of Radionuclides of Solidified Slag

cm? (1.5MPa) Pl EDERE 5, Rl {Liki
Y v N EARIZ AR AIUSE D ITE OGRS
X, BEAOEEMZH ET2EDEHEZILN
Do

WRLE AR D EfERRIE & [JISMO0302 5 A DE
TR X RER G R ICHEC THlE L 72, ZOHA  E
fEARER 13 20mm X 20mm X 40mm BL E D iRER (A& %
FAWTIHTS Z ek > T3 H, RikB CIESIL
-BRELA S 6 2OV 4 ZORBERHET S Z
ENRMK D 572728 5mm X 5mm X 10mm @
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Run No. BN R (%)
60Co RAeERZE 137Cs R R
1 87 14 90 14
2 88 10 97 10
3 81 6 82 5
4 74 4 82 4
5 94 17 95 17
6 95 21 91 17
7 83 6 78 6
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° 19" ON 0.3)" 0.n"
78 20 75 12
’ (1n* n* 0.3)* 0.n*
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10
®" @ 0.2)" 0.0)*
11 86 12 64 9
12 79 27 72 31
13 92 2 68 2
14 96 4 30 1
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16 61 4 8 0.6
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Fig.7 Compressive Strength of Solidified Slag

Table 5 Experimental Conditions of Leaching Test of

Solidified Slag
HE BERME
HEER 10mm X 10mm X 10mm
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Fig.8 Concentrations of '*Cs Leached from Solidified Slag
(Leaching Period 42days)
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The capability and service of RANDEC are to ;
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<
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about decommissioning.
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