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Applicability of Laser Cutting and Decontamination
Technologies for Remote Decommissioning Works
Takashi MITSUI and Katsura OOWAKI

J. RANDEC, No. 55 (Mar. 2017), page 2~7, 8 Figures
Recently, various cutting and decontamination
technologies for remote decommissioning works have
been developed and applied. One of the technologies is
a laser technology which has good capabilities for such
kinds of works. Remote controllability is one of
advantages of a laser system. Because in general the
laser head is light and compact compared to the other
types of cutting and decontamination tools, the head
can be easily handled by remote operation equipment
such as manipulators, and thus it gives effective and
flexible remote works. As the other examples of the
advantages, there are no parts of a laser system
necessary to be replaced so frequently like blades of
mechanical methods and also, it does not generate
secondary waste so much like contaminated water
generated from waterjet methods. This paper provides
outline of the remote laser cutting and decontamination
technologies and how those technologies are effective

in various kinds of remote decommissioning works.

Possibility of Applying Large-Scale Point Cloud /
Mixed Reality Technology in Decommissioning of
Nuclear Facilities
Kimiaki SHOJI
J. RANDEC, No. 55 (Mar. 2017), page 8 ~ 21, 25
Figures, 1 Table
After the accident at Tokyo Electric Company s
Fukushima No.l nuclear power plant, decommissioning
projects of nuclear power plants exceeding 40 years
since the start of operation began to move in full
swing. And four nuclear power plants have already
been under decommissioning. Several decommissioning
engineering systems (ES) have been developed
according to these decommissioning projects. Various
problems were clarified and many findings were
obtained by these efforts. On the other, advanced
information technologies and products such as three-
dimensional CAD, CG, 3D laser measurement,
computer aided engineering (CAE) and mixed reality
(MR) are progressing rapidly. By combining these

technologies and products, it has become possible not

only to enhance the usefulness of existing 3D CAD
data but also to enable high-level digital study that
combines reality and virtual models. Furthermore, it
can be applied to a wide range of fields such as
demolition simulation for dismantling works of nuclear
facilities, which is expected to increase in future,
human resource development and skill transfer. In this
paper, focusing on a video see-through method capable
of displaying a virtual object at a correct position of a
real image accurately reflecting the positional
relationship between the real image and the virtual
object, we introduce items that should contribute to
the feasibility and usefulness of application to

decommissioning of nuclear facilities.

Development of Simple and Rapid Analytical
Method for Radioactive Samples by Capillary
Electrophoresis
Tomoko HARAGA, Yoshiyuki SATO,
Yutaka KAMEO and Shingo SAITO
J. RANDEC, No. 55 (Mar. 2017), page 22 ~ 27, 6
Figures
For safe disposal of radioactive wastes generated
from decommissioning of nuclear facilities, it is
necessary to collect radioactivity concentration data
for many waste samples and radionuclides. A simple
and rapid analytical method is required for reduction
of operating time and radiation exposure during
analytical  operations, especially for  highly
contaminated radioactive samples. In this report, we
focused on capillary electrophoresis with the
advantage of low-consumption of sample solution and
short analysis time. We have developed a sensitive and
selective analytical method using fluorescent probes
for actinides in radioactive waste samples by capillary
electrophoresis. This method has a great potential for

highly contaminated radioactive samples.

Characteristic Test of “SIAL®" of Alkali-Activated
Materials

Kimihiro ONOZAKI
J. RANDEC, No. 55 (Mar. 2017), page 28 ~ 35, 13
Figures, 8 Tables

At the present time, liquid or granular low-level
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radioactive waste has to be treated and disposed after
solidifying into a waste body container in Japan. As a
solidification method, a cementation method has been
adopted in many cases from the viewpoint of easy
handling and so on. However, it has been confirmed
that the elution of radioactive elements such as cesium
is large in a cement solidified body. Further, in the
radioactive waste containing sulfates or borates, there
is a concern of a decrease in strength due to the
occurrence of chemical corrosion or coagulation
inhibition in the solidification with cement. As a
solution to the above problems, Fuji Electric Co., Ltd.
has been looking into a solidifying material with an
alkali-activated material (Geopolymer) as a base
material and has been promoting research and
development related to SIAL®, a geopolymer
solidifying material developed by Amec Foster
Wheeler which has resulted in actual use in plants.
This report describes a summary of SIAL® and test
results by using simulated waste.

Current Status of Uranium Measurements and
Their Related Techniques at JAEA Ningyo-toge
Yuu ISHIMORI, Kaoru YOKOYAMA,
Tomoya HAYAKAWA, Haruhi HATA,
Akihiro SAKODA and Masaki NAGANUMA
J. RANDEC, No. 55 (Mar. 2017), page 36 ~ 44, 10
Figures, 1 Table

This paper gives an outline of the current status of

uranium measurements and their related techniques at
the Ningyo-toge Environmental Engineering Center of
Japan Atomic Energy Agency. The JAWAS-N and the
Q® system have been adopted to evaluate uranium
contents in the wastes. About 10 g or more of uranium
in a 200 ( drum can be evaluated by these systems.
The equivalent model developed to correct the
evaluation results with Q? system is not available to
less than dozens of grams of uranium in a 200 ( drum.
The paper illustrates the advantage of use of the
improved equivalent model which evaluates uranium
content from full energy peak of 1001 keV and its
Compton spectrum in order to correct the
inhomogeneous distribution of uranium in measuring
objects. The use of model achieved the limit of uranium
quantitative determination under one tenth of those of
previous evaluation methods. To determine U-235, it
was demonstrated that the shielding factor, Xgeometry
for evaluation of 1001 keV gamma-ray is also possible
to use for evaluation of 186 keV gamma-ray. The
measurement systems adopting the model have been
introduced to other nuclear operators in Japan. In
addition, it is also examined to use for clearance. As a
related technique, feasibility studies on machine
learning algorithms have been performed to classify
the waste drums depending on their gamma-ray

spectrum.
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Applicability of Laser Cutting and Decontamination Technologies
for Remote Decommissioning Works
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Recently, various cutting and decontamination technologies for remote decommissioning works have been
developed and applied. One of the technologies is a laser technology which has good capabilities for such kinds
of works. Remote controllability is one of advantages of a laser system. Because in general the laser head is
light and compact compared to the other types of cutting and decontamination tools, the head can be easily
handled by remote operation equipment such as manipulators, and thus it gives effective and flexible remote
works. As the other examples of the advantages, there are no parts of a laser system necessary to be replaced
so frequently like blades of mechanical methods and also, it does not generate secondary waste so much like
contaminated water generated from waterjet methods. This paper provides outline of the remote laser cutting
and decontamination technologies and how those technologies are effective in various kinds of remote

decommissioning works.

| ELBI BAEEICHVWONE KDl 5722 ZD—
' HThs, ZOFELHEIZ. L —FDBRERDOHE
WA, 7 7 AN =L — FOHAHEAIZ K 5 & RUINT - B, B30I+ —2—Y v M,

JHER B — AWEOREIZ RN, L — T DR & R TFEICLI TR EHT 5 Z

HIIAHPHOPEER ICHEHA S N B K512k -7, ENREFONhBY,

JE 1 DOBRGY- AR IZ I B4 2 @b U -

% :(WIHI (IHI Corporation)
% (IHIMAEZHR (IHI Inspection & Instrumentation Co., Ltd.)



Journal of RANDEC No 55 (Mar. 2017)

(1) BY 7w bmaigde

WA DA, v = 2 L — 250 5@E e
BT, U ERIC X OB » 632 B K
NEVPHFETEZ LTI ERE NS, —
B V—=HFTIE, RIS U IR R A
12286, ThoDfEHIZK B RINIREL
K. ZDS, IR EREE XD/, K
DIROVHERAEIZIIA S Z A TE 5, AT,
EPREEEBEIC L DN FY v E B L — Y
B N, — RIS Y — L & & Tt
AU MNTHD, ThEDORFRIZE - T,
R REREIC K B Wy P v R HIE
TAINEYNOBRG LT V& A, EEIRERE DA
HIPH 2 tHEPIECR s E S REE 5 B, 2D K DT,
k& s T L —HE. ERRERAE & A 2
55 ETOBENEEFESEDE TS,

(2) ERhRlEZE

EREEIC X 2BV EE %2175 ETk<
WE XNns0iE, JEF O HHE AL IR O REE
MOl cH 5, 20k UWEEDEL.

W A) A F O 72 B BT I i, BHER 2 oD 28 i
YW A O & i x < S KSR
fEEICI M 289 5, — . L —¥UIlDSGAE.
AP EFREM OB L RN A ETH BT &, &
2. VDA E Y KA TDELETHINTE 572
FOUIMRE N 2B 5 Z &5, B UImE: L
HeRTHEEER TR A VI EEATRE T H 5,
EPRRAUEEIC BT, BRI RORE. JE
PFHERBE S 2R Ul L 2B i R A B e 5 Z &
LB, L—FEHOERBRMEEIZ. FICEM
IR EBERIZEL TWB LW 5, JEHE
TOEEE 55720, LiCUIWEE & RBRICERST
gD, HE L TIEOEENAETH % 7~
B, EHELTEROEGIERMORRYGT S 2RI
bafEEA2HNEdT 2 Z N TE S,

(3) WRIFETEMFRAE RS

TRIBER O, VIMESIC BT R
fERICB T, HROBEEICEELEE T NEE
BWHThHD, Y+r—4—Y vy MZXBUH -
BREER T 5 2 MM AW BRGEETIE. K
HO KBEEMPRET S ZEBHENMTW5,

L —HFOEAE. b a—20F0, UMEETIE
Zo8y 4, FuazxgLeRETSE00, HPE
MThHd7I X7 =2 FELIELTEZD
HIZDETH D, ZREFEY ORI S i
WESTH 5,

2. EEL -V X7 4

2008F-~2013FE-DMIZ, & v I ILIND Sl
MRS EH e, 77 AN — L —F A\
Eha L — U 2 7 2 0BB M Trbh Y, &
FRGHRREREE T2 31 B bk 4 20 55 b4 L0 FH mT g
By AT LAELTiRELT 57201, ZaetE.
A BoVE k. RN FEF -7 — FIC
BB THNT-e AL 2T 4103, BRIZFEBEDO K >
b BT TEEIZTEYE S 7= Fili 4 D FEEYIRAILC
BWHEXNTWBEEDTH B,

Fig. 1IZEE L — VUMW 27 40D 27 LK
KAERNT, KV 257 403, B2V -l A~y
F. X774 5—= =70, L—¥REg. Wil
K=y &7V A2 bH MBI =y b TR
Nd, 2O HEBEHRIE TICREI NS L —
PFHIGI N P, T 7 A= — TG HIK
F— 2 EE, 1 MGy DHERRRE I 5
WHEAEAET 5, L—VUWEO T 2 b A 2T,
T2 & O, JESIR O UM O BRI 132
WG U TRERL BT LA Y 2T 48 LT3,
72, JERBEOWMAHE LT, SR REE B
filiL T35,

Fig. 212Ky 27 DL — FHEG A~ » F D4
AT, KV AT 0L -G~ Fid, @k
BERk e XL, BEGFORG Ny P2 6k 4 2
TRBfEE N7z, £F, [ER- T80 ] &5
ARG L LT, RS & AN O HIlfR
PHEDORE LS AT - 72, / XL
AREERRD 2 ) 2(L§ 5 Z L2k - T, iR
IR DR K O E RO EZ DR E &K - 72,
720 KT 7 ANN=T — TGRS IZ XD
TN AL 55728, Y AX— AL —
Tv V2L — & E O RS m b A
125 &2, mEOa X7 2 %R Lz, L —
YUIWESE & 17 9 PRI ERGE OYU —~v =t 2
L—4) EOHAWERIZ, #HEOD S b



FAI 9 v a =y sH# 555 (20174 3 )

| Low-Radiation Area|

Compressed air
unit

|High-Radiation Area

—p 1
'tu k Fr— : Electric power
Air an supply unit s i
comitinessor pply : Cooling water
m = : Assist gas
Buffer — . ;
gtank [ ? : Optical fiber
——:Control
Cooling Tl
Wat it
arerun Fiber laser
oscillator Optical
fiber
li_f
Power Control
distribution unit
unit

Controller

Fig. 1 Overview of remote laser cutting system
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(Laser power: 8 kW, Cutting speed: 150 mm/min)

Fig. 4 Examples of remote laser cutting
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Possibility of Applying Large-Scale Point Cloud / Mixed Reality
Technology in Decommissioning of Nuclear Facilities

Kimiaki SHoJ1*

W ENEES I JIRE O FNE. Eilih2 5404282 2T IRET 7 ~ b OBRIERE D
AAGHNZB Z 46D 72, 72, BRICARDIRFIHEET 7~ P BREIEEEY TH 5, ThFE TIIRIEEE S
7Y xs MR L O2ORIEHEEES (Engineering System) 23 &7z, ZHh o OEDMAIZ K >
T, MRAREPHO M E B L LB IZEZ L DRRBG 5Nz, 3WILCAD. CG. 3ty — ¥ —gHHl,
CAE (Computer Aided Engineering) ® MR (Mixed Reality) 7 &. LR Z ITHA R MIEHEA ST
AL TS, Th s ORghe8E 2 @E WIS UE, BiFO 3ICCAD 7 — 2 DA Z &)
ZENTELZTTEL, BRERBETLAME L Z2EGE LT P A LBREIVHIZA S, 612, 5
BB PHRENZFTFIHET 7V PORKTHEDO DDA I 2L -2 3 VR AMER. ﬁ%ﬁ@&
EMRAWTEANOMH S G TE 5, ARk, BHEMGEREL 72 7 b Oz &R % L
W U 722 YR O IR LW E ISR A TV 2 7 VERRTEHIEDTELET A L — 2L — AU %EL
T, BIEHSEAN OB H O FEBIER A HMEOBEHIE T REFHICOWTIHITT 5.

After the accident at Tokyo Electric Company s Fukushima No. 1 nuclear power plant, decommissioning
projects of nuclear power plants exceeding 40 years since the start of operation began to move in full swing.
And four nuclear power plants have already been under decommissioning. Several decommissioning
engineering systems (ES) have been developed according to these decommissioning projects. Various problems
were clarified and many findings were obtained by these efforts. On the other, advanced information
technologies and products such as three-dimensional CAD, CG, 3D laser measurement, computer aided
engineering (CAE) and mixed reality (MR) are progressing rapidly. By combining these technologies and
products, it has become possible not only to enhance the usefulness of existing 3D CAD data but also to enable
high-level digital study that combines reality and virtual models. Furthermore, it can be applied to a wide
range of fields such as demolition simulation for dismantling works of nuclear facilities, which is expected
to increase in future, human resource development and skill transfer. In this paper, focusing on a video see-
through method capable of displaying a virtual object at a correct position of a real image accurately reflecting
the positional relationship between the real image and the virtual object, we introduce items that should

contribute to the feasibility and usefulness of application to decommissioning of nuclear facilities.

* Bkt 4 4 =37 (Intercore Corporation)
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Table 1 Specification example of laser measuring machine
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Development of Simple and Rapid Analytical Method
for Radioactive Samples by Capillary Electrophoresis

Tomoko HarAGA*, Yoshiyuki SAato*, Yutaka KamEO* and Shingo Sarto**
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For safe disposal of radioactive wastes generated from decommissioning of nuclear facilities, it is
necessary to collect radioactivity concentration data for many waste samples and radionuclides. A simple
and rapid analytical method is required for reduction of operating time and radiation exposure during
analytical operations, especially for highly contaminated radioactive samples. In this report, we focused on
capillary electrophoresis with the advantage of low-consumption of sample solution and short analysis time.
We have developed a sensitive and selective analytical method using fluorescent probes for actinides in
radioactive waste samples by capillary electrophoresis. This method has a great potential for highly

contaminated radioactive samples.
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Fig. 2 Driving force of capillary electrophoresis
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Characteristic Test of “SIAL®” of Alkali-Activated Materials

Kimihiro ONOzZAKT*
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R AT d B SIALY 1242 B WFZERAT I D flA TV B, T 2 Tld. SIAL® OBEE F Ui T o [k
ARBRE R O — Bl 29 %

At the present time, liquid or granular low-level radioactive waste has to be treated and disposed after
solidifying into a waste body container in Japan. As a solidification method, a cementation method has been
adopted in many cases from the viewpoint of easy handling and so on. However, it has been confirmed that
the elution of radioactive elements such as cesium is large in a cement solidified body. Further, in the
radioactive waste containing sulfates or borates, there is a concern of a decrease in strength due to the
occurrence of chemical corrosion or coagulation inhibition in the solidification with cement. As a solution to
the above problems, Fuji Electric Co., LLtd. has been looking into a solidifying material with an alkali-
activated material (Geopolymer) as a base material and has been promoting research and development
related to SIAL®, a geopolymer solidifying material developed by Amec Foster Wheeler which has resulted
in actual use in plants. This report describes a summary of STAL® and test results by using simulated waste.
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neering Dept., Power Plant Division, Power & Social Infrastructure Business Group, Fuji Electric Co., Ltd.)
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Table 2 Mixture ratio in SIAL® sample of lon-exchange resin

after thermal treatment
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Fig. 7 Increasing of the temperature in SIAL® matrix during
solidification (200 dm? drum)
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Table 1 Element concentration of ion-exchange resin after
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Fig. 8 Cross section of SIAL® sample of ion-exchange resin
after thermal treatment (¢ 5 cm X 10 cm)
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Fig. 9 Enlarged cross section of SIAL® sample of ion-ex-
change resin after thermal treatment
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Fig. 10 SIAL® sample of ion-exchange resin after thermal
treatment (2 years later)
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Fig. 13 SIAL® samples of sodium sulfate simulated liquid
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Current Status of Uranium Measurements and Their Related
® Techniques at JAEA Ningyo-toge
Yuu Isumorr*, Kaoru Yokovama*, Tomoya Havakawa®

Haruhi Hata*, Akihiro Sakopa* and Masaki NAGANUMA®

H A5 1 122 bR e ks N IRBR B 2 v & — D 5 v ERAEE & 7 OB O BRI D0 CTRESE
T5, BREWOY SV EFHMiZHE U TJAWAS-N & QP EEZEA L2, Zh 6 Ol FRRMEIE200 ¢
FILEDTZOBFEEDY TV ETH D, QEEIZK MR AZMIET 2 -0 L -EiE T L
. Bt gBELUTOY I vEICIZEHTE SN, ZOWRETIRRBLAEZZMETLOY 5 v EEHETO
A AR, ZHEHIERSYTh DY 5 Y ORS00 4 A IE T 5 728, 1001 keVOXEEY -2 & %
OBELH V<A L AFIHT A THETH S, ZOEFALOMHHIZLD., #EROFEED 1 /10% F
M52 7 yOEs FIRMEAFH L7z, U-235%2EmAlGE9 5729, 1001 keV D 5~ v ¥ & GHli4 5 728 D
SRR T X goometry % 186 keV D 7 ¥ v 4RO FEM IZ RIBKICHII T & 5 Z L £ H3EL 72, ZOEF %R
U7zl @ i TICENDIE2DRFHEEETEMHAI N TS, /2. 207 5 ¥ ZEHINDIBH
LRMETL T 5, BT E LCH Y v AT PV ERIH L ZZRBEY R 5 A64E 080T 572012, B
EE ORI R B R & L T\ B,

This paper gives an outline of the current status of uranium measurements and their related techniques at
the Ningyo-toge Environmental Engineering Center of Japan Atomic Energy Agency. The JAWAS-N and
the Q? system have been adopted to evaluate uranium contents in the wastes. About 10 g or more of uranium
in a 200 0 drum can be evaluated by these systems. The equivalent model developed to correct the evaluation
results with Q? system is not available to less than dozens of grams of uranium in a 200 ¢ drum. The paper
illustrates the advantage of use of the improved equivalent model which evaluates uranium content from full
energy peak of 1001 keV and its Compton spectrum in order to correct the inhomogeneous distribution of
uranium in measuring objects. The use of model achieved the limit of uranium quantitative determination
under one tenth of those of previous evaluation methods. To determine U-235, it was demonstrated that the
shielding factor, Xgeomerry for evaluation of 1001 keV gamma-ray is also possible to use for evaluation of
186 keV gamma-ray. The measurement systems adopting the model have been introduced to other nuclear
operators in Japan. In addition, it is also examined to use for clearance. As a related technique, feasibility
studies on machine learning algorithms have been performed to classify the waste drums depending on their

gamma-ray spectrum.

* ¢ [ESLIPZEHIEAN DRI ISR A IRBUs R v & —

(Ningyo-toge Environmental Engineering Center, Japan Atomic Energy Agency)
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Fig. 1 Storage of dismantled materials in drums and
wire containers
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Fig. 3 Typical time spectrum of neutron counts
(The hatched area is proportional to U-235 mass in a drum.)
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Fig. 4 Appearance of Q° system
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Fig. 5 Uranum-238 contents in various waste drums
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Fig. 6 Comparison of relative errors
(The evaluation method using Compton spectrum provides smaller differences from true

values than those indicated by the Q° system.)
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Fig. 7 Relationships between Xgeomer, €valuated by using
Compton spectrum and the count rates in 1001 keV
and 186 keV peaks
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Fig. 8 Various cleared materials supposed to be generated from nuclear facilities in Japan

Fig. 9 Appearance of a measurement system for clearance
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RANDEC

Radwaste and Decommissioning Center

RANDEC contributes to establishment of generic
nuclear energy backend technology in Japan. The
following works are currently intensively involved:

The establishment of business work of consignment,
store and process of radwaste from domestic
research, industrial facilities etc. for disposal.

The research and development of nuclear facility
decommissioning technology and radwaste treatment
as well as disposal.

The study on decontamination and environmental
restoration of ground in Fukushima and Kanto area.

The dissemination and enlightenment of backend
research and development results, and training.

RANDEC works for advancement of science and
technology, and sustainable environmental cleanliness.
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