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Cost Estimation Method for Decommissioning of
Nuclear Facilities

Hiroyuki TOMII, Kiyoshi MATSUO,

Kunio SHIRAISHI, Kozou WATABE

Hideo SAIKI, Shinji KAWATSUMA,

Hiroshi RINDO, Tomohisa ZAITSU

JRANDEC, No31 (Mar. 2005) pagell ~20, 4 Figures,

2 Tables

Japanese Government decided that Japan Atomic En-
ergy Research Institute ( JAERI ) and Japan Nuclear
Cycle Development Institute ( JNC ) shall be consohdated
to a New Organization as of October 2005, which organi-
zation would be an mstitute for comprehensive research
and development for atomic energy.

Through the preparation for unification, JAERI and JNC
have been developing the decommissioning program for
own facilities, estimating decommissioning cost and the
amount of waste from the decommissioning, and devel-
oping management program.

With planning the decommissioning program, it is im-
portant to estimate decommissioning cost effectively, be-
cause JAERI and JNC retain approximate 230 nuclear fa-
cilities which are reactors, fuel cycle and research facili-
ties. Then a decommissioning cost estimation method
has been developed based on several dismantling and
replacement experiences. This method adopted more es-
timation formulae for decommissioning various works
than ever, so as to be more reliable. And decommission-
ing cost for the facilities has been estimated under the
common condition.

This method should be improved, reflecting future
nuclear facilities dismantling and replacement events.

This paper shows the cost estimation method for
nuclear facilities and the cost evaluation result for approxi-
mate 230 facilities of both JAERI and JNC.

Decommissioning of the Medical Compact Cyclotron

Takeshi ISHIMOTO, Haruyuki KUBOTA,

Tetsuya MORI, Kimihito TERAKAWA |

Kuniharu TANI, Kazunari [SHII

JRANDEC, No31 (Mar. 2005) page21 ~31, 13Figures,
1 Table

We decommissioned the medical compact cyclotron

— 1 —

mainly used for manufacture of PET medicine for about
nine years in the Hyogo Institute for Aging Brain and
Cognitive Disorders.

This report describes the plan on decommissioning
of the medical compact cyclotron, measurement of in-
duced radioactivity, the prediction and practice for
amount of radioactive wastes, the operation procedures
for dismantling and so on.

Recent Activities on Clearance by IAEA and Japa-
nese Organizations
Minoru OKOSHI
J.RANDEC, No31 (Mar. 2005) page32 ~44, 1 Figure,
4 Tables

The International Atomic Energy Agency (IAEA) pub-
lished a Safety Guide (RS-G-1.7) on the application of the
concepts of exclusion, exemption and clearance in 2004.
In this Safety Guide, the IAEA proposes the activity con-
centrations can be applied to clearance. The Nuclear
Safety Commission reevaluated their clearance levels to
reflect the new technological information given in the
IAFA Safety Guide and other reports. The Japanese Regu-
latory Authonities have been investigating and discuss-
ing regulatory rules on clearance including the verifica-
tion system of clearance levels. And the Atomic Society
of Japan has deliberated the technological standards for
the verification of clearance levels performed by nuclear
operators. In this paper the activities and outcomes by
those organizations are outlined, and the 1ssues to be
solved on clearance are listed and the basic ideas for so-
lution are discussed.

Intermediate, Low, and Very Low Level Waste Man-
agement at ANDRA(Agence nationale poue la gestion
des dechets radioactifs) in France

Muneaki SENOO
T.RANDEC, No31 (Mar. 2005) page45~51, 8 Figures,
3 Tables

On 28" September in 2004, RANDEC invited Mr. Jean-
Louis Tison from ANDRA as a lecturer of the special ses-
sion of the 16" RANDEC Annual Symposium. An
ANDRA-RANDEC technical meeting was held on the



next day, where Mr. Vincent Carlier invited from ANDRA,
too participated.

Here, present status of intermediate, low, and very low
level waste management in France is reviewed based on
the information which were obtained from the special
session of the 16" RANDEC Annual Symposium and the
ANDRA-RANDEC technical meeting.

In France, ANDRA is implementing radioactive waste
management under the following policy; “Intermediate,

__i\,___

low, and very-low-level (ILVLL) waste is managed in or-
der to establish as soon as possible a final disposal sys-
tem, the temporary or long term storage option being
considered only for the high-level waste (HLW) such as
the vitrified fission products or particular materials such
as some sealed sources for which no final disposal solu-
tion still exists.” The Agency is financed on the basis of
the “polluter-pays” principle and contracts its services
directly with waste owners.
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| Cost Estimation Method for Decommissioning of Nuclear
Facilities
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Japanese Government decided that Japan Atomic Energy Research Institute ( JAERI ) and Japan Nuclear
Cycle Development Institute ( JNC ) shall be consolidated to a New Organization as of October 2005, which
organization would be an institute for comprehensive research and development for atomic energy.

Through the preparation for unification, JAERI and [NC have been developing the decommissioning pro-
gram for own facilities, estimating decommissioning cost and the amount of waste from the decommissioning,
and developing management program.

With planning the decommissioning program, it is important to estimate decommissioning cost effectively,

% D HARFZEAT (Japan Atomic Energy Research Institute)
XK B 4 2 LBRR M (Japan Nuclear Cycle Development Institute)
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because JAERI and JNC retain approximate 230 nuclear facilities which are reactors, fuel cycle and research
facilities. Then a decommissioning cost estimation method has been developed based on several dismantling
and replacement experiences. This method adopted more estimation formulae for decommissioning various
works than ever, so as to be more reliable. And decommissioning cost for the facilities has been estimated

under the common condition.

This method should be improved, reflecting future nuclear facilities dismantling and replacement events.
This paper shows the cost estimation method for nuclear facilities and the cost evaluation result for approxi-

mate 230 facilities of both JAERI and JNC.
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Table.1 The Dismantling Method Applied to Classification and Dismantling of Facilities
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Decommissioning of the Medical Compact Cyclotron
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We decommissioned the medical compact cyclotron mainly used for manufacture of PET medicine for
about nine years in the Hyogo Institute for Aging Brain and Cognitive Disorders.

This report describes the plan on decommissioning of the medical compact cyclotron, measurement of
induced radioactivity, the prediction and practice for amount of radioactive wastes, the operation procedures
for dismantling and so on.
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Fig.4 Dose Rates in the Cyclotron Room
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Fig.5 Dismantling of Cyclotron
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(b)

(d)

Fig.6 Scene of Cyclotron Demolition Work
We installed the green house(a) equipped with the localized exhaust system and the machine
dust sampler(b) in the cyclotron room. The worker wore protection suit(c) and cut out the

cyclotron by the disk grinder(d).

Directly measurement
using a GM survey meter
>100cpm

Directly measurement
using a scintillation survey meter
>0.1 4 Sv/h

n smear method,
it obtained significant activity by
the liquid scintillation counter

Yes
—_—
e EPREE oe
Yes . .
—— | Radioactive
Yes

Not significant activity

Fig.7 Fiow Chart in Evaluation of Activated Material
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Fig.9 Activated Materials
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Fig.10 Dose Rate Measurement of the
Radioactive Wastes by the Scintillation
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Fig.11 Radionuclide Observed in the Activated Material

Table.1 Characteristics of the Induced Radionuclide
materials radionuclide half-life generative reaction
_ 54Mn 312.1d %Fe(n,p)**Mn
Stainless $Co 70.86d *Ni(n,p)*Co
steel » 60
0Co 5.271y Co(n, y )*Co
54Mn 312.1d $Fe(n,p)**Mn
o S6Co 77.23d %Fe(p,n)3Co
(] er
PP 57Co 271.7d ONi(p, a )’Co
BCo 70.86d BNi(n,p)3Co
S4Mn 312.1d $Fe(n,p)**Mn
_ 56Co 77.23d S6Fe(p,n)*Co
Aluminum
%57n 244.3d $Zn(n, y )%Zn
SCu(p,n)®Zn
Steel 54Mn 312.1d SFe(n,p)>*Mn
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Fig.12 Concrete Core Samples at Cyclotron Room
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Fig.13 Comtainers and Shipping the Radioactive Waste
a) 200 £ can (right) and 50 £ can (left)
b) 1m? container (right)and 50 £ can (left)
- ¢) d) The view of take out the radioactive wastes
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Recent Activities on Clearance by IAEA and Japanese
Organizations
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The International Atomic Energy Agency (IAEA) published a Safety Guide (RS-G-1.7) on the application of
the concepts of exclusion, exemption and clearance in 2004. In this Safety Guide, the IAEA proposes the
activity concentrations can be applied to clearance. The Nuclear Safety Commission reevaluated their clear-
ance levels to reflect the new technological information given in the IAEA Safety Guide and other reports. The
Japanese Regulatory Authorities have been investigating and discussing regulatory rules on clearance includ-
ing the verification system of clearance levels. And the Atomic Society of Japan has deliberated the technologi-
cal standards for the verification of clearance levels performed by nuclear operators. In this paper the activities
and outcomes by those organizations are outlined, and the issues to be solved on clearance are listed and the
basic ideas for solution are discussed.
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Table.3 Values of Activity Concentration for Radionuclides of Artificial Origin in Bulk®

i BETRERE
Ba/g
H-3 100
Be-7 10
C-14 1
F-18 10
Na-22 0.1
Na-24 1
Si—-31 1000
pP-32 1000
P~33 1000
S-35 100
Cl-36 1
Cl-38 10
K-42 100
K-43 10
Ca—-45 100
Ca—47 10
Sc-46 0.1
Sc-47 100
Sc-48 1
V-48 1
Cr-51 100
Mn-51 10
Mn-52 1
Mn-52m 10
Mn-53 100
Mn—54 0.1
Mn—56 10
Fe-52 10
Fe-55 1000
Fe-59 1
Co-55 10
Co—56 0.1
Co—-57 1
Co—58 1
Co—58m 10000
Co-60 0.1
Co-60m 1000
Co-61 100
Co-62m 10
Ni-59 100
Ni-63 100
Ni-65 10
Cu-64 100
Zn-65 0.1
Zn—69 1000
Zn—-69m 10
Ga-72 10
Ge-T71 10000

s BT HERE s BETRERE

Bq/g Ba/g

As-73 1000 Cd-109 1

As-74 10 * Cd-115 10

As-76 10 Cd-115m 100

As—77 1000 In-111 10

Se-75 1 In—113m 100 *

Br-82 1 In—114m 10

Rb—-86 100 In-115m 100 *

Sr—85 1 Sn-113 1

Sr-85m 100 Sn-125 10

Sr-87m 100 Sb-122 10

Sr-89 1000 Sb-124 1

Sr-90 1 Sb-125 0.1

Sr-91 10 Te-123m 1

Sr-92 10 Te-125m 1000

Y~-90 1000 Te-127 1000

Y-91 100 Te-127m 10

Y-91m 100 * Te-129 100 *

Y-92 100 * Te-129m 10

Y-93 100 * Te-131 100 *

Zr-93 10 * Te-131m 10

Zr-95 1 Te-132 1

Zr-97 10 * Te-133 10

Nb—93m 10 Te—-133m 10

Nb-94 0.1 Te-134 10

Nb-95 1 [-123 100

Nb-97 10 [-125 100

Nb-98 10 1-126 10

Mo-90 10 1-129 0.01

Mo-93 10 I-130 10 *

Mo-99 10 [-131 10

Mo-101 10 * 1-132 10 *

Tc-96 1 [-133 10 *

Tc-96m 1000 * 1-134 10 *

Tc-97 10 [-135 10 *

Tc~-97m 100 Cs-129 10

Tc-99 1 Cs~131 1000

Tc—-99m 100 * Cs-132 10

Ru-97 10 Cs-134 0.1

Ru-103 1 Cs—134m 1000 *

Ru-105 10 * Cs-135 100

Ru-106 0.1 Cs—136 1

Rh-103m 10000 * Cs-137 0.1

Rh-105 100 Cs-138 10 *

Pd-103 1000 Ba-131 10

Pd-109 100 Ba-140 1

Ag-105 1 La-140 1

Ag-110m 0.1 Ce-139 1

Ag-111 100 Ce-141 100
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Bqg/g
Pu-235 100 |
Pu-236 1
Pu-237 100
Pu-238 0.1
Pu-239 0.1
Pu-240 0.1
Pu-241 10
Pu-242 0.1
Pu-243 1000 |*
Pu-244 0.1
Am—241 0.1
Am-242 1000 |*
Am-242m 0.1
Am-243 0.1
Cm-242 10
Cm-243 1
Cm-244 1
Cm-245 0.1
Cm-246 0.1
Cm-247 0.1
Cm-248 0.1
Bk-249 100
Cf-246 1000
Cf-248 1
Cf-249 0.1
Cf-250 1
Cf-251 0.1
(Cf-252 1
Cf-253 100
Cf-254 1
Es-253 100
Es-254 0.1
Es-254m 10
Fm-254 10000 |*
Fm-255 100 |x

s ST RER s ST HER B
Bq/g Bq/g
Ce-143 10 Ir-194 100 |x
Ce-144 10 Pt-191 10
Pr-142 100 Pt-193m 1000
Pr-143 1000 Pt-197 1000
Nd-147 100 Pt-197m 100
INd-149 100 'Au-198 10
Pm-147 1000 Au-199 100
Prm-149 1000 Hg-197 100
Sm-151 1000 Hg-197m 100
Sm-153 100 Hg-203 10
Eu-152 0.1 TI-200 10
Eu-152m 100 TI-201 100
Eu-154 0.1 T1-202 10
Eu-155 1 TI-204 1
Gd-153 10 Pb-203 10
Gd-159 100 Bi-206 1
Tb-160 1 Bi-207 0.1
Dy-165 1000 Po-203 10
Dy-166 100 Po-205 10
Ho-166 100 Po-207 10
Er—169 1000 At-211 1000
Er—171 100 Ra-225 10
Tm=170 100 Ra-227 100
Tm-171 1000 Th-226 1000
Yb-175 100 Th-229 0.1
Lu-177 100 Pa-230 10
Hf-181 1 Pa-233 10
Ta-182 0.1 U-230 10
W-181 10 U-231 100
W-185 1000 U-232 0.1
W-187 10 U-233 1
'Re-186 1000 U-236 10
Re-188 100 U-237 100
0s-185 1 U-239 100 |
0s-191 100 U-240 100 |*
0s-191m| 1000 Np-237 1
0s-193 100 Np-239 100
1190 1 Np—240 10
1192 1 Pu-234 100

Z 27T, Ci &iiﬁ%&%ﬁP@ﬁﬁﬁﬂ“l‘iﬁﬁi@ﬁiﬁﬂ‘ﬁé
i3 Table.3 12/ &
M7= S AR D fﬁi’ﬁ#ﬁ%‘ﬂ%)ﬁtj (Ba/g) T&
D niEHEYPICHEHEL TS
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Table.4 Clearance Levels Derived by the NSC and Activity Concentation Levels Recommended by the 1AEA

E{IBy/g
— lﬁ?ﬂﬂ’%ﬁ_ﬁ‘% TIAEA - E?ﬂjzé?_ﬂ% TAEA
UtAifE | BEMEE | RSGL7 wtaifE | FEEHEE | RSGL7
1| H3 200 | 60| 100 | 30 | Sb125 2 2| o1
2| C14 5 4 1 31 Te123m 4 9 1
3| cre 2 0.3 1 32 | Te-125m 200 50 | 1000
4l cam 70 00| 100 * 33 | Te-127m 60 20 10
5| Scd6 04 1 01| 54 | Te-129m 10 20 10
6 | Mn-54 1 2 0.1 35 | 1129 0.7 05| 001
7| Fe55 3000 2000 | 1000 36 | Cs-134 05 05 0.1
8 | Fe59 0.7 4 1 37 | Cs-137 1 0.8 01
9| Co58 0.9 3 1 38 | Ba'133 2 2 01| *
10 | Co60 0.4 0.3 0.1 39 | Cel41 10 80 100
11 | Ni59 600 30| 100 40 | Ce-144 20 30 10
12 | Ni-63 2000 | 100 100 41 | Pm-148m 05 3 o
13 | Zn65 o 2 0.1 42| Euwl52 0.4 04 0.1
14 | Sr89 600 200 | 1000 43 | Eu-154 0.4 0.4 0.1
15 | Sr-90 0.9 0.7 1 44 | Eu-155 10 10 1
16 | Y91 200 400 | 100 45 | Gd-153 10 20 10
17 | 7x-95 06 4 1 46 | Tb-160 0.9 3 1
18 | Nb-94 02 02| 01| 47 | HF181 1( 8 1
19 | Nb-95 1 8 1 48 | Ta-182 0.7L 2 0.1
20 | T-99 03| 1 1 49 | Pu-238 02 0.2 0.1
21 | Ru-103 2 10 1 50 | Pu-239 0.2 0.2 0.1
22 ( Ru-106 5 6 0.1 51 ] Pu-240 0.2 0.2 0.1
23 | Ag-108m 03 02| 01, * 52 ' Pu-241 10 10 10
24 | Ag-110m 0.4 06 0.1 53 | Am241 0.2 02| 01
95 | In-114m 9 50 0] 54 | Am-242m 0.2 02| o1
26 | Sn'113 3 8 1 55 | Am-243 0.2 0.2 0.1
27 | Sn'119m 800 1000 o 56 | Cme242 5 | 3 10
28 | Sn-123 100 300 D | 57! omeoas 0.3 0.3 1
i éﬂsmm 05 | 2 1| ss Lcm-244 0.4 0.4 1|

* 1 RS-G-1.7 DRELAR— b IDITRENGTEER AR T30,
** : RS-G-1.7 [TEARENTLVEN



TaAIy a3 W E315 (200543 A)

o 7o BAERER . TN LheEk . PAALEERER . RIfGEH
R E0 R ETARENE GO W5 o)
T TV AL NI DN, IAEATBSSIZRS-G-
1.7 #00D AN B kgl 25T L T 6 2 EFD#H)
MABEA DD M ZT) ZENBETHB D
ELTWA,

. TERFICE B EERR
41 FTFHEL - FERICH T 2B5R0R
REEELR F &R - REbiis, RARET
INF-RFHEZIRFILE - REHEOREDL
PINEEES (UTIHEEMERSINEREZ 0D ,)
T, 207 7Y AKIEORRET #4701 2004 -9 11
WEHEWMO F D729, bbb, AREHDOLED
FEDICH ST BEERIIRT 28R

ATH)E LRI HRERUORIRTY VRV L%k
BfELC. 27077 v 2HIEIZNT 584175
"CLléo

AREE TR B NRERBEVW R LY
TIYVALRILKY T )T T AL ~ILDORRERIC
B2 R-ANEZFICE S 275V AR
L ORRERHIE | BRI R E OB B & krEt

L2ZERATREN TS ARGEEIZLE L K
R BB I O AR ORISR 3 2
] (DUP THRFAIFEHEE] Evwo ) s
EN D [ BRI 2 6 KA 5 BHRIRYE % [k
HHEPIE & LTIk B W] & U CHLEI
ENTDICIFE RN T T AL NILY

FChdZerFrhBREEIETHIIL, 20
BT A TREPYE2EYICBE S AT 2 ) 7
FYALNRNLBREBALPMBBEIZALEL TS
(Fig1&Hg)

ZD-H. BFIRFEEI. 277V 20K
BEETFT 520 UTOFIETHRZBELTH Z &
NRDHEN T B,

O FaiIOFM - ABRBE T, 2075V 2L NL
BEEXSZRY (LU [x88] &5 ,) OFE5ek
o (BEHE RO RGO B RR Z D L X

L) RMBEBEL, 2075 Y ADNGE LK

6%@@ %7 RO WITE - FIWY S & BIRE 24T S 72

DOBERENET S,
QOXtRYOEE - REFE Tld, HElDOFMER IS

HEOZHGMaBETH L LI, BB THD

NBHESEEDEMICFENET 572010 R

ARAES . ME . HEERE. Rk TRESIZD

N H D I U E £ s - et -
g*’ﬁgg =1 BERFMORE - 1 1(31 iR =
Pom & IS N P =
H I o H H H =
: H i i iy P ;
o Bt |F|[ s NHE g il [s
PomE: | PETTREDPIERN R S R - P =
i 28 18| i) = ‘
e L4 | Ve — & & 1 i B
Iy ol o o () S T o B s P i d
EﬁﬁAE AN H - & i| 2 N —
H : D KEWR & o = H s
i N EA L E A = y M
‘ i : HERHITI E>lr
S ISR o P o B | R
X ECHIEE BE RE—EUNS § H ER Errt P &
leesssssmmmssessesmsssgessnsnssenessannssansnnns i Yormeast 3
wE-swms0| ; .......... . *
BSERDHE EROE = i

G RITe AHE - W AROEE (RS [HOETAE

Jﬁﬂ&_ﬂlﬁﬂfﬁmﬁﬁ?bmmﬁbuzﬁﬁﬂghﬂ7ﬁ 78
HRBC—HREOLE BEORIT BRREHENTTRN

- EBREROREZ
L3 E 4 N NE - AR
WME EHICRARHBIIEY

Efena R ITE SN EHOR u‘)%:; )’)}ﬁ; AN

PATERACRIVATSZ ATETOCTBLSZ NI v 02

=5

Fig.1 Scheme for Verification of Clearance Levels8
(Example of Decommissioning of Nuclear Reactors)
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! Intermediate, Low, and Very Low Level Waste Management

. at ANDRA(Agence nationale poue la gestion des dechets

0 radioactifs) in France
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FE U2 A7 % — Y ¥ Jean-Louis Tison K A4 sl & U CHHEEL  FRldE 4 BBV L2, 72, PHIZIE,
B U< ANDRADSHIFEL 724 — 7, BB ) TOREYR ANEBFIDXE Vincent Carlier RIZ& &ML
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NBEDOTHO, PIKRL ~NILDOEEEY (ILVLL Waste) 13 TZ 27T B W Wy o 27 A AW L
TEHINDZRELEDFE T, ANDRAD ZDOEHAZFEfEL T\y%, ANDRA X, HHREEHOFEA
(I polluter-pays | principles) IZEE DWW THBHEEN & S, BREWDO A —F — L Z DOV — © 2D 4 1L
HATNWS,

On 28" September in 2004, RANDEC invited Mr. Jean-Louis Tison from ANDRA as a lecturer of the special
session of the 16" RANDEC Annual Symposium. An ANDRA-RANDEC technical meeting was held on the
next day, where Mr. Vincent Carlier invited from ANDRA, too participated.

Here, present status of intermediate, low, and very low level waste management in France is reviewed
based on the information which were obtained from the special session of the 16" RANDEC Annual Sympo-
sium and the ANDRA-RANDEC technical meeting.

In France, ANDRA is implementing radioactive waste management under the following policy;
“Intermediate, low, and very-low-level (ILVLL) waste is managed in order to establish as soon as possible a
final disposal system, the temporary or long term storage option being considered only for the high-level
waste (HLW) such as the vitrified fission products or particular materials such as some sealed sources for
which no final disposal solution still exists.” The Agency is financed on the basis of the “polluter-pays”
principle and contracts its services directly with waste owners.

¥ (B ETHgE/ vy o v K4 2 4 — (Radioactive Waste Management and Nuclear Facility Decommissioning Technology Center)
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Table.1 Rdioactive Waste Classification
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Fig.5 Graphite Waste Disposal Concept

Table.3 Disposal Cost Date
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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 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.

*

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