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Development of Recycle Cost Evaluation Code for
the Recycle of Dismantled Metal Wastes
Tomohiro ASAMI, Hidehiko MIYAO,
Hiroshi SATO, Mutsuo HATAKEYAMA,
Masahiro SHIRAKAWA, Genichi KATAGIRI,
Yoshio KIUCHI
J.RANDEC, No33 (Mar.2006) page2—~12, 12 Figures,
4 Tables

For the recycle of dismantled metal wastes from the
decommissioning of nuclear power plant, it is neces-
sary to convert to proper forms according to wastes
properties (radioactivities, contaminated conditions,
materials, waste form, etc.).

Recycle cost evaluation code (RECOSTE code) can
calculate the engineering data (cost, recycled material
mass, etc.) for the recycle of dismantled metal wastes
by using several waste treatment process data-bases,
and is useful to make a rational planning for waste man-
agement program (cost, determination of process, etc.)
of these metal wastes.

Experience of Decommissioning of the Rikkyo
University Reactor

Susumu HARASAWA
J.RANDEC, No33 (Mar.2006) pagel3—~25, 20 Figures,
5 Tables

General Convention of the American Episcopal
Church at Honolulu took up the proposal from the Dio-
cese of Washington to donate an atomic reactor for
peaceful uses to some institution in the Far East in Sep-
tember 6, 1955. An Atomic Energy Committee was ap-
pointed to consider the matter. The Rev William
Pollard, Director of the Oak Ridge Institute of Nuclear
Studies and a priest of the Church visited Rikkyo Uni-
versity as a member of the above committee and talked
with members of the University staff.

In response to the development of the situation, the
Institute for Atomic Energy Rikkyo University was es-
tablished in May 20, 1957.

General Convention of the Church at Miami deliber-
ated on the report of the Committee and adopted a
resolution approving the raising of funds for making a

gift of an atomic reactor to Rikkyo University in Octo-
ber 13, 1958.

The Rikkyo university research reactor became criti-
cal with 57 fuel elements Dec. 8, 1961. In April 20,
1974, the Inter University Program for the Common
Use of the Rikkyo Research Reactor was realized un-
der financial supports from the Ministry of Education
as the first case for private university institution. In No-
vember 18, 1986, The First Asian Symposium On Re-
search Reactors (ASRR-1) was held, the Institute
acting as the host organization.

The end of 1996, the Rikkyo university decided the
Rikkyo University Reactor stop operation considering
that the reactor have contributed for progress of sci-
ence using the research reactor sufficiently and also re-
warded the good intention of the Episcopal Church.
The reactor operated last run in Dec. 15, 2001 and
stopped.

The followings are the decommission process of the
reactor and present state of the institute.

Achievement of Research and Development of
Kajima on Radioactive Waste Disposal Part2
Mitsuaki FURUICHI , Masaru TOIDA,
Suguru SHIRASAGI, Mayumi TANAKA,
Hiroyuki ATSUMI, Yasuhiro SUYAMA,
Kosuke YOKOZEKI, Toshiyuki TANAKA,
Seiji MORIKAWA, Hisashi TAKAMURA,
Koji HANE, Shohei SAWADA
J.RANDEC, No33 (Mar.2006) page26—~45, 35 Figures,
1 Table

The radioactive wastes that generated by using nu-
clear energy have to be isolated from human environ-
ment until their risk is sufficiently reduced. The
concept that the radioactive wastes are placed in the
stable geological environment with multi-barrier sys-
tem is considered as the most effective and reasonable
way. Enormous efforts have been being made in order
to realise the waste disposal all over the world, includ-
ing Japan.

Kajima Corporation has been developing the various
techniques based on the civil engineering techniques,
which can contribute to advance the waste disposal.

il —



This paper reports the recent development of our tech-
niques, following the previous publication®’.

Preliminary Test of Cesium Removal in Sodium by
using ”- Aluimina
Fusao Nakayama, Nobuo Fukumura,
Yoshiaki Miyamoto, Toshiro Nishi,
Yoshihiro Tsujita, Yukinori Usui
J.RANDEC, No33 (Mar.2006) paged6~57, 15 Figures,
2 Tables

Sodium used as coolant in fast breeder reactors may
be to contaminated by fission products in their opera-
tion due to surface contamination of fissile material dur-
ing fuel fabrication, even if no fuel failure. Cesium-137
of fission products has a long - term half life and emits
a high-energy gamma ray (half life; about 30 years,
emission energy; 662 keV). The nuclide is one of major
causes for worker's radiation exposure during reactor
dismantling and sodium treatment. And also the nu-
clide is one of obstacles to reduction in quantity of ra-
dioactive waste. Therefore, it is very important to
remove cesium from sodium coolant as much as possi-
ble, from the view point of reduction in radiation expo-
sure and quantity of radioactive waste.

For that purpose, cesium concentrations in purified
sodium were measured by a mass spectroscopy and ra-
dioactive analysis, after cesium was removed from con-
taminated sodium by using 3" alumina. As the
results, measurement values by the both analyses were
almost the same level, and decontamination factor
(DF) indicated very high values of 104 - 105. The test
showed that the purification method by using 3 "- alu-
mina was very effective.

Radioactive Wasie Management in O-arai Re-
search and Development Center
Atsushi Maeda, Koichi Kowata,
Yasuo Yamazaki, Kozo Takahashi,
Toshiyuki Ohkubo, Hitoshi Miyazaki
J.RANDEC, No33 (Mar.2006) page58—~66, 4 Figures,
3 Tables
By the Japan Atomic Energy Agency (JAEA), the re-
sult of the integration of the Japan Atomic Energy Re-

*iV'

search Institute and the Japan Nuclear Cycle
Development Institute, designed decommissioning of
nuclear facilities and the treatment and disposal of ra-
dioactive waste will be carried out systematically and ef-
ficiently as responsibility as the installer of the nuclear
facilities and generator of radioactive waste.

This paper shows the present status of radioactive
waste management in O-arai Research and Develop-
ment Center, one of the research and development
bases of JAEA. The management of low-level radioac-
tive waste, including those accepted from outside op-
erator of O-arai district under contract, is carried out
by the major premise of ensuring safety at O-arai
Waste Management Facility.

Treatment related to volume reduction and stabiliza-
tion by means such as incineration and compression of
solid waste, and solidification of liquid, as well as waste
storage management is steadfastly promoted, so that
these substances may be adequately stored and man-
aged until they are disposed of.

Melting Decontamination and Free Release of
Metal Waste at Studsvik RadWaste Co. in Sweden
Shinji Kawatsuma, Keiji Ishikawa,
Tatsuo Matsubara, Yasushi Donomae,
Yasuhiro Imagawa
J.RANDEC, No33 (Mar.2006) page67—~74, 7 Figures,
1 Table

The Studsvik RadWaste Co. in Sweden was visited
on August 29, 2005 by members of radioactive waste
and decommissioning subgroup of central safety task
force in old Japan Nuclear Cycle Development Institute
as "Overseas investigation". The visit afforded us the
chance to survey melting and decontaminating of me-
tallic waste in this company and the status of free re-
lease.

Domestic and foreign radioactive metallic waste is ac-
cepted in this company after 1987, and the majority of
the decontaminated waste have been released freely.
In the background of the big effort of this company and
the strong leadership of the regulator (SSI: Swedish ra-
diation protection Authority), prosperous operation
was able to have been achieved.



This survey was done based on "Free release of ra- perience for 17 years at Studsvik RadWaste Co. in
dioactive metallic waste in Europe: the free release ex- Sweden" by Dr. J. Lorenzen'’.
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For the recycle of dismantled metal wastes from the decommissioning of nuclear power plant, it is neces-
sary to convert to proper forms according to wastes properties (radioactivities, contaminated conditions, ma-
terials, waste form, etc.).

Recycle cost evaluation code (RECOSTE code) can calculate the engineering data (cost, recycled material
mass, etc.) for the recycle of dismantled metal wastes by using several waste treatment process data-bases,
and is useful to make a rational planning for waste management program (cost, determination of process,
etc.) of these metal wastes.
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Table 3 Example of the Waste Treatment Process Data-base
(e.g. : melting process)
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Table 4 List of Calculated Engineering Data
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Fig.6 Out-put Sheet of Calculated Engineering Data for a Scenario
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Experience of Decommissioning of the Rikkyo University Reactor

Susumu  Harasawa® ®
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General Convention of the American Episcopal Church at Honolulu took up the proposal from the Diocese
of Washington to donate an atomic reactor for peaceful uses to some institution in the Far East in September
6, 1955. An Atomic Energy Committee was appointed to consider the matter. The Rev William Pollard, Direc-
tor of the Oak Ridge Institute of Nuclear Studies and a priest of the Church visited Rikkyo University as a
member of the above committee and talked with members of the University staff.

In response to the development of the situation, the Institute for Atomic Energy Rikkyo University was es-
tablished in May 20, 1957.

General Convention of the Church at Miami deliberated on the report of the Committee and adopted a

* D EKFEIT-FFZERT (Institute for atomic energy, Rikkyo University)
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resolution approving the raising of funds for making a gift of an atomic reactor to Rikkyo University in Octo-

ber 13, 1958.

The Rikkyo University Research Reactor became critical with 57 fuel elements Dec. 8, 1961. In April 20,
1974, the Inter University Program for the Common Use of the Rikkyo University Research Reactor was re-
alized under financial supports from the Ministry of Education as the first case for private university institu-
tion. In November 18, 1986, The First Asian Symposium On Research Reactors (ASRR-1) was held, the

Institute acting as the host organization.

The end of 1996, the Rikkyo university decided the Rikkyo University Reactor stop operation considering
that the reactor have contributed for progress of science using the research reactor sufficiently and also re-
warded the good intention of the Episcopal Church. The reactor operated last run in Dec. 15, 2001 and

stopped.

The followings are the decommission process of the reactor and present state of the institute.
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Table 3 Number of Halogen and Rare Gas atoms in a Fuel Rod. and the Amount to be soluble in Water
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Table 5 Classifications of the Radio-active Waste
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The radioactive wastes that generated by using nuclear energy have to be isolated from human environ-
ment until their risk is sufficiently reduced. The concept that the radioactive wastes are placed in the stable
geological environment with multi-barrier system is considered as the most effective and reasonable way.
Enormous efforts have been being made in order to realise the waste disposal all over the world, including Ja-
pan.

Kajima Corporation has been developing the various techniques based on the civil engineering tech-
niques, which can contribute to advance the waste disposal. This paper reports the recent development of
our techniques, following the previous publication'’.
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k ok BEESERR (BR) BRI AES (Kajima Corporation, Engineering Development Department)

* ok ok HEESHETE (BR) I ¥ 1% (Kajima Corporation, Nuclear Power Department)
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Fig.16 Progress of Degradation Front of solid-phase Calcium
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Sodium used as coolant in fast breeder reactors may be to contaminated by fission products in their opera-
tion due to surface contamination of fissile material during fuel fabrication, even if no fuel failure. Cesium-137
of fission products has a long - term half life and emits a high-energy gamma ray (half life; about 30 years,
emission energy; 662 keV). The nuclide is one of major causes for worker's radiation exposure during reac-
tor dismantling and sodium treatment. And also the nuclide is one of obstacles to reduction in quantity of ra-
dioactive waste. Therefore, it is very important to remove cesium from sodium coolant as much as possible,
from the view point of reduction in radiation exposure and quantity of radioactive waste.

For that purpose, cesium concentrations in purified sodium were measured by a mass spectroscopy and ra-
dioactive analysis, after cesium was removed from contaminated sodium by using /'"- alumina. As the re-
sults, measurement values by the both analyses were almost the same level, and decontamination factor

AL, I R T A 2 4RI I D S SRR E A A B D2k i & LT, RANDECAYHEHE L 22 FR 158 E [ mHst - by
L OBRRALHN B B 4| DTS,
* (BN SRR/ Sy 2 T RHEME4 2 — (Radioactive waste Management and Nuclear Facility Decommissioning Technology Center)

* ok 1 T L3 (RR) (Mitsubishi Heavy Industries, LTD.)
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(DF) indicated very high values of 104 - 105. The test showed that the purification method by using j3 " alu-

mina was very effective.
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Fig.1.1 Principle of Cesium Removal by using 3"- Alumina
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Fig.2.3 Photo of Glove Box
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Radioactive Waste Management in O-arai Research
and Development Center

Atsushi Magpa, Koichi Kowara, Yasuo Yamazaxr,
Kozo Taxanasui, Toshiyuki Ounkuso, Hitoshi Mvazax:
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By the Japan Atomic Energy Agency (JAEA), the result of the integration of the Japan Atomic Energy Re-
search Institute and the Japan Nuclear Cycle Development Institute, designed decommissioning of nuclear
facilities and the treatment and disposal of radioactive waste will be carried out systematically and efficiently
as responsibility as the installer of the nuclear facilities and generator of radioactive waste.

This paper shows the present status of radioactive waste management in O-arai Research and Develop-
ment Center, one of the research and development bases of JAEA. The management of low-level radioactive
waste, including those accepted from outside operator of O-arai district under contract, is carried out by the
major premise of ensuring safety at O-arai Waste Management Facility.

Treatment related to volume reduction and stabilization by means such as incineration and compression of
solid waste, and solidification of liquid, as well as waste storage management is steadfastly promoted, so that
these substances may be adequately stored and managed until they are disposed of.
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* U HARGE SRR AT (Japan Atomic Energy Agency)
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Table 2 Radioactive Waste Generated from Nuclear Facilities at O-arai site
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Table 3 Outline of Major Equipment in O-arai Waste Management Facility
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Melting Decontamination and Free Release of Metal Waste
at Studsvik RadWaste Co. in Sweden

Shinji Kawarsuma, Keiji Isukawa , Tatsuo Marsusara,

Yasushi DONOMAE, Yasuhiro IMAG_AWA

[HERKL 4 2 L AR LR 2R B S P RBREEFMH SR Y - RIEHEE S B2 2017 - 721
NWEE ] TERITH 8 H29H 12 2w x — 5 » DStudsvik RadWasteth # 5h#1. FHIZH1F 2 & BREMO S
BIBRERE 7 ) — ) ) — 2DRNAFET 2L 2572,

[AlFL TUF1987TFLIFE, BN O RS M EBEEY A Z AN, BB LDZOREET) -1 1) -2
LTETWS, ZOIERLBFEOE L, OB T E & &0, MM (SSI: 2T = — 7 ViR
Fidkfs) OBWEREND TIZERTA I AR EDTH -7,

AFE L, Dr.]. Lorenzen® [DRINIZH T 2 B MEEEEDO 7)) ) -2 1 A2 —FT VAEX
o 2% TOITHERBOT7 ) =) ) —2E | D ITEADOWTIT->TED., b T,

The Studsvik RadWaste Co. in Sweden was visited on August 29, 2005 by members of radioactive waste
and decommissioning subgroup of central safety task force in old Japan Nuclear Cycle Development Insti-
tute as "Overseas investigation". The visit afforded us the chance to survey melting and decontaminating of
metallic waste in this company and the status of free release.

Domestic and foreign radioactive metallic waste is accepted in this company after 1987, and the majority of
the decontaminated waste have been released freely. In the background of the big effort of this company
and the strong leadership of the regulator (SSI: Swedish radiation protection Authority), prosperous opera-
tion was able to have been achieved.

This survey was done based on "Free release of radioactive metallic waste in Europe: the free release expe-
rience for 17 years at Studsvik RadWaste Co. in Sweden" by Dr. J. Lorenzen"’.

) W FICPA Y, 7AY A, HAKRU R
V=7 YO, JFFIFEEE RO EGEE %
Studsvik RadWastett (I T2 4 X v 7t ] & BUREFHEEALBER L L T 5Studsvik Nu-

1. Studsvik RadWastett(ic D\ T

* D BAR RS (Japan Atomic Energy Agency)
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Table 1 Clearance Levels (1/2)(Scrap Metal for Recycling in Bg/g)

Nuclide Sweden Germany Japan Switzerland Half-Life
RP-89 strischy  |NSC Re":" Table| g, emption LE
H-3 1000 1000 60 [ 200 123 a
C-14 100 80 4 | 20 57e+3] a |
Na-22 1 0.1 ] 3 26 _a |
Al-26 30 725 a |
S-35 1000 600 50 875 d |
Cl-36 10 10 0.3 10 3.0E+5] a |
K-40 1 20 13649 a |
Cad1 100 30 ]
| ca45 1000 600 10 1630 d |
\ Sc-46 1 03 1 7 838 d |
[ Mn53 10,000 10000 300 37e+6]  a |
‘ Mn-54 1 2 ] 10 3122 d |
Fe-55 10,000 10000 2000 30 27l 2 ]
Fe-59 4 30 \ l
Co-56 1 04 4 788 d |
Co-57 10 20 50 2713 d |
Co-58 1 1 3 10 708 d |
Co-60 1 0.6 0.3 1 53 a |
Ni-59 10,000 10,000 30 200 75E+4]  a |
Ni-63 10,000 10,000 100 70 1000, a |
Zn-65 1 0.5 2 3 2440  d
As-73 100 100 40 803 d
Se-75 1 3 4 1200 d
Sr-85 1 1 20 649 d
Sr-89 200 4 500/ d
Sr-90+ 10 9 0.7 0.4 285 a
Y-91 10 30 400 4 585  d
70-93 10 10 40 1.56+6 _ a
7r-95 1 06 2 10 640 d
Nb-93m 1000 400 80 16.4] a
Nb-94 1 04 02 6 20E+4] a |
Nb-95 8 20 35641 d |
Mo-93 \ 100 200 4 35643 a |
Tc-96 1000 400 9 21E+5] a |
Tc97m | 1000 1000 20 922 4 |
Tc-99m | 100 40 1 500 21645  a |
Ru-103 | 10 10 40+ o |
| Ru-106+ 1 1 6 1 3736]  d |
Ag-108m+ 1 0.8 0.2 4 4180 a |
[ Ag-110m 1 0.6 4 2499 d |
| Cd-109+ 10 20 5 4626] a |
\ Sn-113 1 8 10 1151 d |
Sn-119m 1000 3 2930, d |
Sn-123 300 5 1200 d |
| In-114m 50 2 490 d |
[ sb124 1 0.5 2 4 603 d |
| sb-125+ 10 30 2 9 28] a
[ Te123m 10 10 9 7 119.7]  d
| Te-125m 50 10 580 d
Te-127m+ 100 50 20 4 109.0[ 4
Te-129m 20 3 340 d
125 1 3 0.7 594  d
[ 1129 1 04 05 0.09 16E+7| a
\ Ba-133 2 10 11E+1]  a
j Cs-134 1 0.2 0.5 05 21 a
l Cs-135 10 20 5 20E+6] a
| cs-137+ 1 0.6 0.8 08 302 a |
Ce-139 10 9 40 1376] d |
Ce-141 80 40 325 d |
Ce-144+ 10 10 30 2 2488 d |
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Table 1 Clearance Levels (2/2)(Scrap Metal for Recycling in Ba/g)

Nuclide Sweden Germany Japan Switzerland Half-Life
RP-89 stischv M€ Re";’" Table| g emption LE
Pm-147 10,000 6000 40 26 a
Pm-148m 3 6 41.0 da |
Sm-151 10,000 7000 100 930 a |
Eu-152 i 0.5 0.4 7 133 a
Eu-154 1 0.5 0.4 5 88 a |
}7 Eu-155 10 30 50 a |
Gd-153 10 20 20 40 2395 d |
Tb-160 1 06 3 6 721 d |
| Tm-170 100 70 8 1286 d |
Tm-171 1000 700 90 19 a
Hf-181 9 424] d
Ta-182 1 05 7 1144] 4
w181 100 60 100 1212 d
W-185 1000 700 20 751 4
0s-185 1 05 20 940 d
Ir-192” 1 2 g 740 d
T1-204 1000 300 8 38 a
Pb-210+ 1 0.06 0.01 223 a
Bi-207 1 06 8 316] a
Po-210 1 1 0.04 1384| 4
Ra-226+ 1 0.4 \ 004 | 16E+3]  a
Ra-228+ 1 07 K 0.01 i 58 a
Th-228+ 1 0.4 | 0.1 19| a
Th-229+ 1 01 | 0.02 79E+3] _ a
Th-230 1 0.3 0.05 756+4]  a
| Th232 1 0.3 0.05 14E+10] _ a
Pa-231 1 0.2 0.01 33E+4]  a
U-232 1 0.8 0.03 68.9] a
U-233 1 3 0.2 1.6E+5] _ a
U-234 1 2 0.2 25E+5|  a
U-235+ 1 0.8 0.2 70E+8]  a
| U236 10 3 0.2 2.3E+7|  a
U-238+ 1 2 10 4449 a
 Np-237+ 1 0.6 0.09 21E+6]  a
} Pu-236 1 0.7 0.1 20 a |
‘ Pu-238 1 0.3 0.2 0.04 877, _a |
[ Pu-239 1 0.2 0.2 0,04 2.4E+4 a;l
\ Pu-240 1 0.2 0.2 0.04 N 6.6E+3| a |
[ Pu2at 1 10 10 2 | 144  a |
Pu-242 1 0.3 | 0.04 | 38E+5] a |
Pu-244+ 1 03 1 0.04 83E+7] a |
| Am-241 1 03 | 0.2 0.05 4326 a |
| Am-242m+ 1 03 | 0.2 0.05 1410 a |
[ Am-243+ 1 03 02 0.05 74E+3] a |
’ Cm-242 10 5 3 0.8 1628  d
Cm-243 1 0.4 03 0.07 291 a
| cm-244 i 05 0.4 0.08 181 a |
Cm-245 1 03 0.05 856+3] a |
Cm-246 1 0.3 ] 0.05 476+3]  a
| cm-247+ 1 03 | 0.05 16647  a
| Ccm-248 1 0.08 ‘\ 0.01 34E+5  a
\ Bk-249 100 200 \ 10 3200 4
( Cr248 10 3 0.4 3335 d
C-249 1 0.4 0.03 350.6] a |
Cf-250 f 09 0.06 131 a |
Cf-251 1 0.4 0.03 8980, a |
Cf-252 1 1 0.1 | 26 a |
F Cf-253+ 1 40 7 | 178 d
Cf-254 1 07 003 | 605 d |
| Es-254+ 10 3 04 | 2757]  d |
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RANDEC’s Capabilit

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 4

to train for decommissioning.

&

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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