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SUMMARIES

Decontamination of uranium bearing waste in
waste treatment facilities of LLW

Takeyasu AKITYAMA
J.RANDEC, No.46 (Sep.2012) page2~13, 14 Figures,
9 Tables

Low level waste (LLW) from universities and
private companies has been kept in their own nuclear
facilities in Japan. RANDEC has been studying
business system for the treatment and conditioning of
LLW before these disposal. For three years (FY 2008-
2010) of feasibility studies, we have carried out
conceptual designs of basic equipment for treatment
facilities, and we are promoting the business
preparation from FY 2011.

In the past, facilities for decontamination of uranium
bearing waste were as optional, because these were
recognized to assignments in the conceptual designs.
Recently, we have carried out technical studies on
these facilities. The results are to select the process
applicable to the facilities and to show issues relevant

facilities.

Overview and issues to be solved on emergency

response of robots to Fukushima NPP accidents
Shinji KAWATSUMA

J.RANDEC, No.46 (Sep.2012) pageld~26, 36 Photos

Many Robots have been deployed in emergency
response to Fukushima Daiichi nuclear power plant
accidents occurred by the Great East Japan
Earthquake and the sequent huge Tsunami, like as
unmanned heavy construction machines, PackBOT
robots, BROKK robots, TALON robot, BobCAT
robot, Quince robot, JAEA-3 robot, Quince-2 and 3
robots and survey runner robot.

It has been unveiled, that robots' operation
organization, systemization, optimization and mobility
are important during emergency response by these

robots.

Toward the decommissioning of Fukushima

Daiichi accident reactors

(1) Tentative scenario studies and suggestions
Yasuhiko MIYASAKA

J.RANDEC, No.46 (Sep.2012) page27 ~ 38, 7 Figures,

2 Tables

Mid-and-long-term roadmap towards the
decommissioning Fukushima Daiichi nuclear power
plant Unitl ~4 indicates three-phase approach
towards 40 years decommissioning period by
Government-TEPCO Council on December 2011.

This paper describes the tentative overall scenarios
and suggestions towards the decommissioning. The
decommissioning scenarios are proposed based on the
recent data of Fukushima Daiichi accident plants, fuel
debris removal experiences in TMI-2 accident and
many nuclear power plants decommissioning
experiences. Various overall scenarios studies are
very important for establishing of the practical
decommissioning strategy and R&D of robotic removal
systems. Suggestions for decommissioning planning
include the following eight items; definition of
fundamental basic policy, thorough plant
characterizations, lesson learns from TMI-2 fuel
debris removal and dismantling/removal experiences
of the nuclear power plants, flexible scenario studies,
measures of radioactive waste, ensuring talented

technicians, reasonable regulations for accident plants.

Toward the decommissioning of Fukushima
Daiichi accident reactors
(2) A measure of waste management of
radioactive waste arising from the accident

Yuji ENOKIDO , Susumu SHIBUYA
J.RANDEC, No.46 (Sep.2012) page39 ~ 50, 1 Figure,
3 Tables, 5 Photos

The radioactive waste arising from the accident of
Fukushima Daiichi NPP (Fukushima Daiichi) are
classified in accordance with international and
oversees provisions, and experiences at NPPs caused

core accident. The waste includes rubble, reactor and

— iii —



turbine buildings, and the utilities and apparatus,
reactor components, contaminated cooling water,
secondary waste and finally the fuel debris.

The conceptual discussion has been made for
individual disposal route after the classification. All
disposal routes should be made inside the Fukushima
NPP site. The decontamination, size reduction of
radioactive waste are essential to minimize the burden
of each disposal facilities. Appropriate deep geological
repositories in site are to be established for the
materials containing fuel and fuel debris. A disposal
route for intermediate level of waste should be
deliberated in Japan to highly TRU and/or « nuclide
contaminated wastes. The waste management

infrastructure in decommissioning of the NPP is to be

established prior to the decommissioning activities.

Soil contamination in Belarus, 25 years later
L. N. MASKALCHUK
(Translated by M. Fujii)
J.RANDEC, No.46 (Sep.2012) page51 ~ 59, 4 Figures,
4 Tables

The Fukushima accident has raised questions about
the best methods for remediation of soil contamination
with radioactive caesium and strontium. The article
discusses a number of historical and prospective
methods to decontaminate soil in Belarus after the
Chernobyl accident of 1986.
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Decontamination of uranium bearing waste
in waste treatment facilities of LLW
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Low level waste (LLW) from universities and private companies has been kept in their own nuclear facilities
in Japan. RANDEC has been studying business system for the treatment and conditioning of LLW before these
disposal. For three years (F'Y 2008-2010) of feasibility studies, we have carried out conceptual designs of
basic equipment for treatment facilities, and we are promoting the business preparation from FY 2011.

In the past, facilities for decontamination of uranium bearing waste were as optional, because these were
recognized to assignments in the conceptual designs. Recently, we have carried out technical studies on these

facilities. The results are to select the process applicable to the facilities and to show issues relevant facilities.
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Table 1 Outline of feasibility study
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Table 6 Decontamination techniques of uranium bearing waste
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Table 8 Activily distribution after melting "
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Overview and issues to be solved on emergency response of
robots to Fukushima NPP accidents

Shinji Kawarsuma ™'

Ve

20114F- 3 H11 H OB AL 5 A EA MR & 2 D% O KRERIZ L D BAE L =SS — R T IR E i il o
BEOIBIZER U Tid, EE B ELAHBRILD 72 ICHFE S /- AEH, PackBOT. BROKK., TALON,
BobCat. QUINCE. Warrior. JAEA-3. Quince-2 B8 KU'3. Y—_XA4 F v F—-&, KEZ<DdDakry b
M S 7z,

Ins6ouRy MIKA3RERIBZMUE T, BERFIG T A v MIESHOFEE LT, EHMRE.
Z 7 L4, BUGIKIIZ & b -l S NETH 5 ZENHE 2L K572,

Many Robots have been deployed in emergency response to Fukushima Daiichi nuclear power plant
accidents occurred by the Great East Japan Earthquake and the sequent huge Tsunami, like as unmanned
heavy construction machines, PackBOT robots, BROKK robots, TALON robot, BobCAT robot, Quince
robot, JAEA-3 robot, Quince-2 and 3 robots and survey runner robot.

It has been unveiled, that robots' operation organization, systemization, optimization and mobility are

important during emergency response by these robots.
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Photo 11 MENHIR robot with radiation resistance
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Photo 21 gamma camera

Photo 24 RC-1 with TALON robot and gamma camera
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Photo 26 BROKK 90 for Fukushima Daiich

Photo 27 BROKK 330D robot for Fukushima Daiich
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Photo 29 BobCat robot
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Photo 30 Quince robot for Fukushima Daiich NPP
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Photo 31 Warrior robot cleaning up floor of unit 3
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Photo 32 Warrior robot readyth umove rubbles
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Photo 33 JAEA-3 robot equiped with gamma-eye
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Photo 34 Quince 2 and 3 robot

Photo 35 Survey runner robot
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Toward the decommissioning of Fukushima Daiichi accident reactors
(1) Tentative scenario studies and suggestions

Yasuhiko Mivasaka**
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Mid-and-long-term roadmap towards the decommissioning Fukushima Daiichi nuclear power plant Unitl ~
4 indicates three-phase approach towards 40 years decommissioning period by Government-TEPCO
Council on December 2011.

This paper describes the tentative overall scenarios and suggestions towards the decommissioning. The
decommissioning scenarios are proposed based on the recent data of Fukushima Daiichi accident plants, fuel
debris removal experiences in TMI-2 accident and many nuclear power plants decommissioning experiences.
Various overall scenarios studies are very important for establishing of the practical decommissioning
strategy and R&D of robotic removal systems. Suggestions for decommissioning planning include the
following eight items; definition of fundamental basic policy, thorough plant characterizations, lesson learns
from TMI-2 fuel debris removal and dismantling/removal experiences of the nuclear power plants, flexible
scenario studies, measures of radioactive waste, ensuring talented technicians, reasonable regulations for
accident plants.

* (B B g sy sy Ntk v 4 —
(Radioactive Waste Management and Nuclear Facility Decommissioning Technology Center (RANDEC))
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Table 1 Summary of Fukusima Daiichi Accident NPP
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Table 2 Difference of fuel debris removal condition between
TMI-2 and Fukusima Daiichi NPP
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Toward the decommissioning of Fukushima Daiichi accident reactors
(2) A measure of waste management of radioactive waste arising from the accident

Yuji Exokmo ™' and Susumu Susuva*’

BB & Iz B, I 0P O 3 R OV aR s fi . P IREEY . VHSOKALBE TR L 72 2K
BRI D it 1#L‘%§$bf~7ﬁﬁfﬁf£$%&0%ﬂﬁ“ﬁ% @%IE%/\%(DmIE SEL T, EAS Oy
TR FHUF OXOAEBIZ IS U, FEEATY A b N TOREIRLY) 2 ZPRIC 20 & QBRI OH 72 75 5344
A& o7z, X HIS, L ZZBEEYNN LS % B K RV B ’«Hﬁ.ﬂ‘bto TR S E S R e
ﬁ%’% BUETOBEEREYEZY A PN THIEL Y & S8Ry 2 X% & &I, Iz ED <

RO EFHOKIMEZ X% 728 BEREMIORRGE, WA, BERELARES R E 55720, ZThb DOREEY
@IEB& AR, 2 - R RG - R LAMFHET I8 FEAoND, A EE LTI,

I3, HEEEBToBMh vy MUY SR OB S AR SEY) A RIE OB RN TH S, Z

N o OFGE SFIERESIAG S B D2 553 in L T < ZEnlirEh s,

The radioactive waste arising from the accident of Fukushima Daiichi NPP (Fukushima Daiichi) are
classified in accordance with international and oversees provisions, and experiences at NPPs caused core
accident. The waste includes rubble, reactor and turbine buildings, and the utilities and apparatus, reactor
components, contaminated cooling water, secondary waste and finally the fuel debris.

The conceptual discussion has been made for individual disposal route after the classification. All
disposal routes should be made inside the Fukushima NPP site. The decontamination, size reduction of
radioactive waste are essential to minimize the burden of each disposal facilities. Appropriate deep
geological repositories in site are to be established for the materials containing fuel and fuel debris. A
disposal route for intermediate level of waste should be deliberated in Japan to highly TRU and/or «
nuclide contaminated wastes. The waste management infrastructure in decommissioning of the NPP is to be

established prior to the decommissioning activities.

* DHEREAN HF WYy sV iR v 2 —
(The Radioactive Waste and Nuclear Facility Decommissioning Technology Center (RANDEC))
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Photo 1 Aerial view of Fukushima Daiichi NPP site immediately after hydrogen explosion
(Graphic Science Magazine Newton June 2011)
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Fig.1 lllustrative example of the application of the waste-
classification scheme
(IAEA No. GSG-1 classification of radiactive waste)
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Soil contamination in Belarus, 25 years later

L. N. Masgarcuuk

(Translated by M. Fuun)

fEEFBUIBHEL Y T AR by F o L2 K5 FEEGRORBIEIZE T % ik RO TTEEIZ DOV TEER

EERELUZZ, ZOELTIRIBOFEDF v/ 74 ) FILIKN T — & THEHE S iz TR

DFERF) S EL IR D HEIZOWTER L S,

B9 % %<

The Fukushima accident has raised questions about the best methods for remediation of soil

contamination with radioactive caesium and strontium. The article discusses a number of historical and

prospective methods to decontaminate soil in Belarus after the Chernobyl accident of 1986.
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Table1 Scale of Cs-137 soil contamination in the Russian
Federation, Belarus and Ukraine, in km?

A
Y7 49,800 5,700 2,100 57,600
N —¥ 29,900 10,200 4,200 44,300
I IA4F 37,200 3,200 900 41,300
Al 116,900 19,100 7,200 143,200

465 (201249 H)

2
g

2 ey

“ LR ,p-phdb{g:@ﬁm

i
Creeniird MPF

Fig. 1 The radioactive contamination of the territory of Be-
larus with caesium-137 (1986). Scale in Ci/km?
(top) and kBg/m? (bottom)

Fig. 2 The radioactive contamination of the territory of Be-
larus with caesium-137 (2001). Scale in Ci/km?
(top) and kBg/m? (bottom)

Cs-1377H G412 D\ T20165F & 204641 D 1
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B 212 B9 % BUF ™ (Ministry of the Emer-
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B NF ) — 2 DEGET) 73 SO [ FED66%
12, 204651213 42% 12 F THg/NT B Z LIk B
(Fig.4).,
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Fig.3 Prediction of radioactive contamination of the terri-
tory of Belarus with caesium-137 (2016). Scale as
Fig.2

1 B & Lo
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Fig.4 Prediction of radioactive contamination of the terri-
tory of Belarus with caesium-137(2046). Scale as
Fig.2
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Table 2 Traditional decontamination methods in Russia,
Belarus and Ukraine, and their effectiveness
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. Belaruskali Planttt® ¥ T L+ A4 b
SO DOUBOFERELTEMT S, 2O
771320-30% O v EEYE (KCl, NaCl) &
ABEMEoKRE (Ao, BA, KOMKHZER:
(hydromuscovite)) Td 5719202

ER & AgET

ffie D % 4 T ORI & FEEFRTEMIZ D0 T
L2 R ONCE 2B 2 R ISTC e ¥ = &
N #3189 (34 H ] -2006-2009, FZ fiti #% B - GI
SPA ‘Typhoon’ (2> 7). FGIRRCKI (&2 7)
K USSO JIPNR ‘Sosny’ NAS (RXFJ)L—3)) I
BOR YRR (BN

e 25 K & B B 720 12k 4 D EIA A A
F10M O AR TG R (OMAs) O¥ ~
TN EAERK L7z (Table 3) . SANERA L 725
13 Gomel #1[X D Chervonoe il 2> & FRHX L 723 ) 7
J&JE(SS) . Retchica LI & OIIAKGHEL 720 &
=Y (HL) } U Belaruskali L34 5 OK5 135 2

74 4 (CSS) TH 57, OMARKED Sr-90 &
U Cs-137TDBIRNE BT 5/55 * — 4 % Ta-
ble 32U Table 41Z/77,

Table 4/ZOMAIZ & £ 1 5 CSSD E| A A Cs-
1372YGE L., EETINEZREL TSI L
ERLTW5S, kE %L CSSEFZLOMAIT—F
FEWRIP (K) exfitiz R L, CSSDi &4 2 Yy OMA
BTl R L TwWa, La L, RO
HHITE R TI0% L FOOMA Z T3 Z L 13
Cs~=137 & Sr-90 % R IZ bR 25§ 5 feadd 70 P& R
EHOOMAZE 2 I2I3EYI TId A I L AR L
T3, CSSOHEIE % KE L F 5 & Sr-90E R
PWRT 506 THb, CSSOEIAAEKZL
T5ZEDE D DA F ZAERNIAKEEMEDIE
TV LAPHYEEEFNhAZETHD, ZhiE
EOEF I £ L L RWIREA 5] 28 Z 3 [4],

BIRINE A =X LIMA T, 2THEDOMA
TR E DO G 5 O EDD X =X LH
Blsahiz, ) HERE (P EL ) ks
) =3+ nIcgE LA o0 —, X —
KO~ oa—2 I 2F v &foT\5, el
BT, YL BEMOILRIZKDIES N

Table 3 Parameters of selective sorption of Sr-90 by OMA

OMA'REE (HEX%) Sr-90MFERUNE /ST X — 42
BA e 10~
SS HL CcSS mgciig/kg Kdl(/kjr) “0‘/0“ ) ekxg/;rﬁg - ;g
OMA 1 -1 70 20 10 718 76.3 38.9 5.4
OMA1-3 60 20 20 664 49.9 34.3 5.2
OMA 1-4 80 10 10 685 64.1 38.2 5.6
OMA 2-3 60 20 20 660 50.2 35.1 5.3

1 OMA 1 pH5.8-6.4 ; OMA 2 pH6.3-6.7, CECI3[5i4 A ¥ ZHE T ; Kald i FlfRsse (Lugrires
D THKERAIRIE IS T 20 5 @ old OMAIZ K - TGS & N 7= 22 0T 5 22 O MRS OO &
EALRESI &R T . @ o/ CECIZAEMIND Sr-90DHGA A 5 & DFEE

Table 4 Parameters of selective sorption of Cs-137 by OMA

OMARELE (EEX) Cs-137BIRYNE /ST X — &
B 10
ss | om | oss | lee| % | gmeer
OMA 1-1 70 20 10 502 32.0 6.4
OMA1-3 60 20 20 656 23.0 3.5
OMA 1-4 80 10 10 408 26.0 6.4
OMA 2-3 60 20 20 364 24.1 6.6

7:OMA 1 pH5. 8-6.4;0MA 2 pH6.3-6.7, RIPIZSSHE £ > ™ 4 2 F IR T 5 A& (radiocaesium
interception potential) DR, KIEHHIFHHEDO AR (frayed edge site capacity) & CsDKIZxf9 5
BIRRBOBTER. ¢ «lFOMAIZ K > TPEE & N5 RE 2 U PASTROD | [57ERETT & 7R
T a o/RIP (K) i Cs-137DEMNDOHGAAS) & D FEHE
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35 MAKGHL ) 7=y TIRAERY O E
(morphology) IZ& > TikFE 3, A 4+ ¥ OERE
NOMADZ N7 F xHDETRF v V)LD
rmfE 720 L7254 4+~ (Cs-137& Sr
-90) EFROMLAEELMT 5,

i 4 OMBCOIEIE. MK /=2 fitif
2T 4 L0905 Sr-90i22WTiE a ex/CEC, Cs-
1371220 T « ex/RIP (K) IZHE D 2 HE 2 OMA
%#3#E L7z, Table 3. Table 41, T HEKARA»
5 Cs-137 K U8 Sr-90 % [RIFRF I . [E7E 3 % sl
ELTIZOMAL1-1EOMAL1-32RETHBZ
EERLTWS,

TEREOH LW TO-F

NI = TiE, AN, BELOCAFL LI
BOWTEREMICRE S REM & A PET 5 720 DO
fik, RN ORZFEEAN O T T b,

N T ) — I & 5 T20114F--20155 K US20204-
FTOMH TR R L PRI TOHHT
@ 5 4),12) :

- [EIN S OV EIBR A 25 ORI HE L 2 D 729G 5
2B B BREEFED R
- FFROARFIEH O 72012, AR L DB S »

5 i FH & HIRR & Ty B b i) 25 a5 4

DR

UL, KB ZEEREF L T4 ) HRO
WA /MU 5 720 Tl < B4 2T 72 ko
[Al18 & Rpfse i) 4L 2AF IR 2 i 2 8 DT %
72D XS BIEHNBNETH 5P,

ISTC7a Y =& | #3189DFekl A D HhTOMA
DR BT 2 EAALARD N7 7 F2MER S h
7o PR 2 FATEIMIC L D, OMADKH T »
FOEFEE T 4 —LETZAMD20OH LT T
Yz b AU XY,

A% - ERAYCB T 2 BED TR R,
ffiico>nT, 7ay 7 b OSHEERIZE)E. pE
EREME~ A4 70X LORMNAIKR Y — ., 1

KD BDNNITZTDESL L EBEMNIZIEAT S &
Tﬁ*@%niﬁﬁ%@%ﬂ@iﬁ#ﬂ&f@é
ZEHERLTWS, FPEIZROTRIZE S | BH%
EHRED DX E B S DFERHE O U i
CREBY. 23] . BERAD 1 23y F5rDEDbIT, 1
239253 DENIHT LR OiEHRA . KU AL,

RKIRDFERIE (¥ — b, >V HJEe) 123
DL A DRED AERBE R BT L —
¥ @ Open Joint-stock Company Zhitkovichichem-
servicefl 12 & - T I% N — Z TTS RB
800009966. 001-20031=¥3 > CHE Nz, Tk
OMAs DA FEIC é@)ﬂf 5,

Cs—137 U8 Sr-901275 54 & N 7= R T 3EAD
Tk RM O, — il 2 B ThEk o AT
B OVEEREAERE & Rk D HEECHFEL 72, 2
B TEO+ R HREPVETH 5, HRTIEAD
OMA DA RIZ LD &4 4 7 & WEEAL 220 Rk
K O'OMA H & OWE L2 R IS5 3 5. —
Bl LT, NI —=v DRV LEO
(soddy-podzolic sandy soil) . %J&1,300kg/m’ D%
A. OMADHEA I i50 100t/haTd %,

BUE, NI — 20 2 GHREE 5430 ]
@@tb@mmwﬁx_%?5m%__0®%
WER e RIGD d 5 -

- HES O LR E L AR L OE R

1) 72 AR
AiEl & DO FE L IEO YRR R RIS RS <

OMA D1RRIZB§ 2 W 2Eha %

« OMAZEPED 723 D T EFiffi D R 4

RDXT T

ECREM 2 G0 EFERE 272 2 T4 V7
BelbIsk D REFWEE) O [NI{E O 72 D I R E) L T
0 HBIC X DB ENERNT LY v
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— DB RTIEIC BT 57 77 FORKT
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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 site selection of disposal places
for radwaste from nuclear fuel facilities, research reactors etc..

The capability and service of RANDEC are ;

to implement decommissioning research, development
and investigation.

)

to provide technical information on decommissioning.
]

to train for decommissioning.

<

to investigate radwaste treatment and disposal business
including site selection of disposal place for radwaste
from nuclear fuel facilities, research reactors etc..

)

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