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Establishment of a Stairway-Traveling Mechanism Capable of Loading Heavy Objects

R&D Activities
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At Fukushima Daiichi Nuclear Power Station, wastes will be generated according to the advance of removal works for the rubbles
and fuel debris. In the national R&D project, it is planned to collect samples at each floor of the R/B and understand their properties
in order to safely treat and dispose of debris that has generated. However, there is no device that can go up and down the stairs to
access the upper floor with sampling device, luggage etc. In this R&D, we have established a traveling mechanism that can go up
and down stairs with loading heavy objects.

Key Words : Fukushima Daiichi NPS, Upper Floor, Go Up and Down the Stairs, Heavy Objects, Traveling Mechanism
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Development of a Remote Concrete Sampling Device
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As huge amount of radioactive wastes is expected to generate at Fukushima Daiichi Nuclear Power Station, it is necessary to

develop technology that can safely process and dispose the radioactive wastes based on inventory evaluation by analysis of

radioactive wastes. Therefore, we are establishing the method of sampling the floor concrete and developing a remote sampling

device applicable to existing robot for characterization of accident wastes generated at dismantling the reactor building,

Key Words : Remote Sampling Device, Floor Concrete, Core Drilling Method
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Introduction Examinations of Non-Wastewater Electrolytic Decontamination Method

R&D Activities
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In the past tests of Non-Wastewater Electrolytic Decontamination Method which does not require to discard electrolytic solution.
However, uneven decontamination was occurred at complex shape objects. In addition, the high water content sludge was generated
from the centrifugal solid-liquid separation process. In this development, we can decontaminate evenly using a brush electrode to
radioactivity contamination. We also confirmed the examination and solved that filter press method generates low water contained
sludge than the centrifugal separation method.

Key Words: Electrolytic Decontamination, Neutral Electrolyte, Decontamination Test, Brush Electrode, Solid-Liquid Separation,
Filter Press
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Progress of a Monitor Development for Radioactive Wastes Clearance
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In the decommissioning of nuclear power plants, decontamination for low level radioactive wastes are expected to decontaminate
to the clearance level as much as possible and to move out to general public. We started to develop a simple measuring equipment
that takes pretreatment work into consideration in order to efficiently perform clearance verification judgment. The equipment uses a

Ge semiconductor detector and evaluates the radioactivity of ®®Co contained in the steel material. We are proceeding with selection

of measuring equipment for radioactivity evaluation and simulation by Monte Carlo calculation code of detector response.

Key Words : Decommissioning, Radioactive Wastes Clearance, Ge Semiconductor Detector, Computer Simulation
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N1 JILMES ICP-BENHTEIZL D
) LRIGHR D HTE DB F

Development of Isotopic Analysis Method of Cesium Isotopes
by Triple Quadrupole ICP - Mass Spectrometry

N U 7V ER ICP-E B /WIS & 2 S R o Cs-133, 134, 135 KON 137 [RINCAROD B, Rk EE 72 03T
EEBASE Ule, THEREIN HIRAT 2 ERED Ba FINIRIC L D AT MFHE a2V va )77 v a2/ (CRO)
HA L LT NOHHe IBE T A% HWTERE LTz, BFE L7 EIC L D Cs INAROERE FIRIX 0.2~5ng/L TH VY, £7=
10 &2 OY 100ng/L @ Cs-133 % 10 [EJHIE U 7 R OFEXHEER A2 X ELEI 1.2 LR 0.9% Th -7,

F—T—F B U ARG, U VIR ICP-E B TE, A2 BV NyO-CRC A

Highly sensitive and precise analytical method by triple quadrupole ICP - mass spectrometry was developed for the
determination of Cs isotopes, i. e., Cs-133, 134, 135, and 137, in the environmental samples such as a soil. Spectral
interference due to Ba isotopes of relatively high concentration co-existing in the sample solution was removed by the use of
N>O + He mixture gas as a collision- reaction cell (CRC) gas. The limit of quantification of Cs isotopes by the method
developed was 0.2~5 ng/L, and the relative standard deviations were 1.2 and 0.9% for ten-times repeated measurements of 10

and 100 ng/L of Cs-133, respectively.

Key Words : Cs Isotopic Analysis, Triple Quadrupole ICP - Mass Spectrometry, Spectral Interference, N>O-CRC Gas

1 BE=LEM

JFF- T BT OBEFC U R OERE | A5
IZBWT, BREEEH & 2 W B EEY OB Sy
SIS D Cs [RINAAR (Cs-134, 135, JON 137) OFF
TEESFNARLL D EEYE, mREE RO S AR K Th
5o TEHHE Cs RINCARD 5 6 Cs-134 (127206 ) Y
Cs-137 (115=30.17 4F) 1% Ge -8R MHEEE VD y
AR ha A N —CHEMES EBRE ST &
D0, FEIC BT 5 Cs-135 (1p=2.3x1004F)
DHEHEFEHI TR L D 00T 13D CREECH 5,
F7-. BERATH D Cs-133 DOEEESSHIIT
ICP-MS 752 ICP-OES £ &5,

ARFFETIEL, NV VUM ICP-E &oirEE (LA
T, ICP-QQQ £19) % HHEZEOREI OGS E Cs
FNCARDHTCEH TR AT MVTHERA L,
FTH2R, BETH 2 LIk - TEE, EkEE
72 Cs RINARIINT % ATRE & 925 TIED B 2l A Tz,

2 BARME
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77 arkl (CRC) MO END, ZHICXY
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T 5. (i) Q2 T'3Cs" 15 PBal%0" 2 &niEd 5
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CRCH 2 AD
o ® @ @

CRCH 7 R&HE

i IO

Q1 135Bat=13Bal* Q" Q2
m/z=135 Qg m/z=135
U7 aiartn
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1 ICP-QQQ DE RS OBEE

ABAFE T L 72 ICP-QQQ DEM ST D L X1
ThHbd, 77 AX~RM:: RF XU —1,550W, V7V
VUL Smm, RERAIREASLE 2T T A AT A
WiE 0.99~1.05L/min, A7 L—F = L/ 3—RE 2°C,
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(2) HEZH
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HDSHUO_‘ HDSDIEO_,D?MOWAI_
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AFECTxige &35 B3R O Cs [RNARHTIC
BOWTEKRAY MAWE RIFTIoEE, [RER
AT HAEKT D Ba ThD, 77— 7 B ignm
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FHNERA A Zaiilif72a £ & W ToBERE T 5725,
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DX IZHPLEE L7-1% T HaERAR T O Ba 135U
PE Cs FNIARL D EIRE TH D Z L DEESND,
ZD7=%, 1CP-QQQ HFEIZFUNT CRC H A% HNT
AT MVFWERET D 7R LT,
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Wz RHWT, ENEN mz=133 (B3CsTIcLb) KO
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HIE LT, FFEE T TCOARY M ETN, F 2
\CFOREREFE L O, ZZTRXO Y fillx, Cs-133

(10pg/L) ¥ & He-CRC # A (1.0mL/min) % VT
BIE LT=FED m/z=133 128 A4 A B o Mk
e (L) &L, LoSHTHE LA A D b
Bz REREA =K ORRERANH D Cs DIAFONZ Ba D
JECHIIE L7l 2 W THERIB L2 R R=l/) %
N, ETC X WX, BAZREREIS 72 D 12 CRC AT AR
BIEBIZEAZ LD A (He LD NLO) OFREF 2 HW
THE L& F (mg/min) Z -7 R-F 71> 1),

iR a O 13, Cs(10pg/Ly+ Ba(10ug/L) & 510 0.5 M
HNO; i 23l B & LT, CRC HAAHN® (1
ZH) M H—EfiED He (1.0mL/min), MO CRC #
AN H @7 B4 FE L E D N2O-CRC A A (0~5mL/min)
ZEAN LN BHE LTFER Th D, mz=133 (13Cs)
\ZBT DA A0 MU, F 2% 0.5~1mg/min DFF
1 CHAAE A7~ 9775, F>1 mg/min O REIE CHt RO
L E BTN T 5, Z DAL CRC HAD
TEEENEET 2 LIk 0 CsTORELAR I DBEEE 3 4
Z L RONCsT NoO TR SV AEIG T2 L5
KD EHEEND, —F, mz=137 (¥Ba’) IZEBITD
AF 2 H 7 ML, NoO-CRC H ADJRED F>0.5
mg/min DOFEE TR L, F>1 mg/min (N;O-CRC
I A E>2 mL/min (ZFEY) OFEK TNy 7 7T R
DA A0 MEERRREEIZ /25, ZAUINO 12X
Ba'A{ 46 BaO' A A L S5~ DE LN sh=R Cifit e
ZEEFRLTND,

R ¢ L OVd 1%, Hiff a, b SRS T, 72720
AERA & LT Cs (1pg/l) +Ba (lpg/ll) =512 0.5M
HNO; &R & VTR CTh 5, Hifka KOVb I
DT il U772 NoO-CRC H A2 LD m/z=137 1281 5
BBaf\Z L DA A h T MEOEREZh R, Cs KLY
Ba OIREIRTFE LW 2 ERBH LN 2o T2,

7o, HIFR e KO 1L, WiED 7257 He-CRC
AN EXOFRTHD, ZOFEERTIE, Cs

(10pg/L) +Ba (10ug/ll) A &¢r 0.5 M HNOs %k 2 7k
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Wil LC, CRC HAANAQ@)HAFETED He (1.0
~10mL/min) ZEA L7, i e, fOWVTNE F 2
0.5~1mg/min OFEE TR A7~ 9", F>1 mg/min DO
TR BT HDIE. CRC B/LVNTERED CRC H
A L OFEZAT LY BCsT TN T Ba S HGEL S 40T Q2 ~
DEANNRNBDT Db EEZBND, B, F R
0.5~1.0mg/min FEJE CHER 27~ IR X Cldzeuy,

m/z=137('""Ba*) 10pg/L(N20-CRCH R)
§7)  IpgLIN20-CRCHR)
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K2 RF7ovhk

PLEOFER NG, D7ed &t 1~10pg/L D BBatlZ
L2 m=137 BT BA AT W EAR I TS
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DD NoO-CRC HANKETEH D Z &gz,
X o THEREETIE. HiE 3.0 mL/min @ N,O-CRC 5 A
FHWAZ L E L, 22 CTHHELE PBaflc kb
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\Z XD ENZEIumz= 134 O35 281) B[R EAT-H
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LTCRRETE D, i, #EEHEDSMETO ICP-QQQ
IIHTIZEBWTIEL, 200pg/L FTOH Zr, S0pg/L £ TO

Mo, 50pg/L E T Sn L8 10ug/L F TD Sbit, m/=134,

135 oM 137 TART "AVFPELARNWT & Z2ffEsd LTz,

A7 TEE L < i Ba [RNAE L [FRRIC, &R 112
RT LI Ar HAPICAHI E L THEND Xe-134
t Cs-134 OEEHHT CRIEARTHT 5, N2O-CRC 7
A (3.0 mL/min) ZHAW5 Z LIZX Y . m/=134 128155
A A1 bE He-CRC 4 A & V= & & D130
UlARI T2 Z LT TE ), BRIRETHZ LT
T&Ep0oTo, MOBENEZATSH N0 Th, Xe &
SERITA A A ANTER L CTRET HZ LiETER
WZ EERLTWD, ZIVE TOMGITIE PXetlz &
% m/z=134 ([ZBF H AT M EFRET 5 HER
FH L TRV, Ar H AR~ Xe IHEFH—I12
DAL TED, FEBZH AT MY T 5
AF I MIIIIFIEETH D720, B¥Xe'lz &
DAFLTIT Y NEEN 7 TT U RELTELSIL
FFENEATED Z Dotz T EIFRIOXIR
& LT, M) Xe DEAPREIMEN Ar TAZATFL
THWAZ L HEIThHD EEZLND,
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(5) Cs RMIFEDHDT=HD 1CP-Q00 AT ENHE1L

ICP-QQQ 1T & % Cs FNARSHTIZIIT DRNE DD
WU, A A — T a O OFE SR D A i~ T,
R 21T 6 DS T, 100ng/L D Cs 2512 0.5M
HNO; i % AW T m/a=133 IZBIF B A4 o b
BaPE L, MEMOFEEERZ (RSD%) 2% H
L7 728, ARFEBRTIX CRC A& LT He-CRC 4
Z (1.0 mL/min) + N,O-CRC 4 4 (3.0 mL/min) % V7=,
F 2 I ORTHIERER G, AR R, R
T /NS eD Tl IR LEHUZIRA T L
WZ ERyInoT, DRGSRV LEKK
%3, AA—7EE 100, K OFESRER] (FD) % 10 &
T 555 6 DM b/ NS IR HERE R CTh o 72729,
INEHESEEE LT,

# 2 ICP-QQQ 2L % Cs FNAARIEGHIERS: : 1BCshHD
M IR UL, A — 7, FEo IR & M R 2=
I

pil3 - ﬁﬂ@ﬁ%{ﬁ%
YL 2 4 — ek A Sy REED) (RSD%)
FiEl 3 20 3 53
Fik2 3 20 5 18
FiE3 3 20 10 14
FiE4 5 20 10 14
FiES 10 20 10 14
FiE6 3 100 10 11

(6) ICP-QQQ (2 &k % Cs RRLIADHTDRE & FEE
10~500ng/L DFEFEFFHD Cs Z5e 0.1 M HNO; &
FWTLICP-QQQ 12 X D HESEHE T m/z=133 1251 51
FAT s NEERE LTz, oA AT
i (cps) & Cs ML L DR (i) 2B 3I1TRT,

y=16.562x+ 13.666
2000 R=1.000

A A H Y M (eps)

0 100 200 300 400 500 600
#REE (ng/L)

3 CsiEFEL m/iz=133 1B 541 A4 7 MEOBI%

Cs DIEFEL A F 2 T MEDORNZIRIE I E
I CRD T AR R IEARBIR MBI S iz, Z OFERIC
FESWTHBE LT Cs-133 BNEE YLD DA 4
J17 v MR, 16.6¢cpsippt (Ippt=lng/L) T -7z,
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WNT, AIEICE D Cs DTS &3l 5 72
2. &JFA A B G £ 0.1 MHNO IR (77 > 7
TRIR) 2T m=133 IS8T Ay 7 75 RoA
FrAU L MEERE LT, 10 BV R LUEIE L,
il LR S (0 ) ZRDTIFER, Nv o 770 Rig
37.6+3.9cps (RSD%=10.5%) T& 1 | Cs JREEIZHEF S
%HE 23702 ng/lL THDHZ ENpoTlz, Cs-133 D
B TIRMOEE FIRZ 30 KN 410 LEFETD &
ZNEIN 0.7 KON 3.4ng/L T o7z, FEEEIZOWTIT
10 TN 100ng/L @ Cs-133 ZFte 0.1 M HNOs ¥ %
WL ARIEIZ R D 10 [BHOHIE A4 0 R L7 fE 8, M
SRR T TN 1.2 LTN0.9% ThHh 7=,

AMFFETIL, o Cs-134, 135 TN 137 & v
COMMTRREE 2 PR d 2 FERIIA T 7 o 723, BRL & TR

KD 0.1 MHNOs IR (77 7 1iR) % VN T m/z=134,

135 KON 37 BTN\ 7 TF 0 ROAF Ty
NMEOEBNZRE L, RN Z & OSHTRGE 23 L
T7o FOFER, Cs-134 IZOWTITRDR L2 X 912, msz
=134 TOAF A0 MEOREIZIBT Xe-134 3
[REATFH L. NoO-CRC B A% W= HIETHEDF
WaERRELENRoTo, TDTD, mz=134 T8
BN T T T RDOA T2 T 7 2 MR DINEE K O
YERF21E, 106+ 5.4cps (RSDY%=5.1%) T V) . Cs I
ICHRT 5L 64+03ng/L THDHZ Loz, i
ik & [FERIC Cs-134 O FERE OVER FRZZNZ
N30 kWM dlo &T5 L ENEHUT1.0 LD4.6ng/L
ThHoT7o m/=135 KON 137 IZBITFH X7 7T R
DA F L TT 2 MEDOFE K O E R 2 L0 IR
WETH D, —flE LT, £EI 2.7 E03cps
(RSD%=9.9%) }% 1} 3.7+0.4cps (RSD%=10.7%) Ti» >
Too 2O 7 7Z 2 REZE FWT Cs-135 OfiH TR
KLOVEER FIREZRET S &, ZNZH 0.049 TN 0.23
ng/L Tholz, £z, Cs-137 DR FIRE OVER FIR
&, LR 0.072 LT 034 ng/L Th-oTz,

=3 ICP-QQQ (Z X 2 E Cs [RLIRD /3 HT ks

Mt PR £ PR
S A T
b (ng/L) (Bq/L)
Cs[E]{ i
Cs-134 1.0 10° 4.6x10° 2.2%10°
Cs-135 4.9%107 23%x107 9.8x 107
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£ 312 ICP-QQQ (T & % Cs-134,135 TN 137 DT
THEHOLNDMH FIREOVER FRZ E &7, £7z[H
KOBEAMITIE, E& FROEERE (ng/L) 75K
TN ENOMEHERE BgL) 5Lz, Ziun
5 Cs-134 J OV 137 DAMTITIZy AT ha A R U —
DGR A FHT 2 HENERE CA R TETH
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BB T TH D LiERTE D,

3 #%F &

ICP-QQQ JEIZ X B Cs [RINIRHEDEE L Z B
(2. NoO & ¢eH A% CRC A A L LTHWT Ba D]
BERTWEBRET 2 HEEFE LMt L, #HERR LA i
MUTz, ALY BEIZEEND ppt LoULD
Cs [RINEAR, 7273C b FSHEE /AT 1 O FH 3 IR 4 7
Cs-135 ML L ST TX 5 Z L & diz,

WHREBNFR—NT 4 T AR WS — R J13E
FTOFEH CERBE I ST Cs oEhRE Tz
R EITHBNT, BIEILTIT 34Cs/Cs EEAERE L LT
WHESNTWDA, BERAIZIR RS 2 FRED
BCs 12> TE D FHEdg o0 135Cs & 137Cs DA
Wb nsdZ Ll d, -, BEHEREIEMORE,
AT & > THENE 35Cs DA 0 b U —3FHf
IIWETH D, DL DT, Atk Cs-135 DOHTERN
B2 LTI, ANFZETRET L7z ICP-QQQ (T
XD Cs RIS FETEEE 2T L B2 5D,

A% OFE L LT, ICP-QQQ 12 X 5 L v K A2 [RIfT
AT & > T BRI O E &R ez, KO
[RIZNRATEIRT B3, 7 A ZHIET D T2 D~ AN
AT AR OPENMLETH D, BIFE, Cs-133
~Cs-137 TEICOE &AERINRIZEET D584 D
TW5,

SE Xk

1) Y. Shikamori, K. Nakano, Agilent 8800 ICP-QQQ Application
Handbook 2nd Ed., pp.77-78 (2015)

2) J. Zheng, W. Bu, et al., Anal. Chem., 86, pp.7103-7110 (2014)

3) T. Ohno, Y. Muramatsu, J. Anal. At. Spectr. , 29, pp.347-351 (2014)
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Operational Results and Future Development of Drone

R —AIADBLH AR Y 7770 L R 2 DB TE 5 2 & h, BRSO TEOMA, e 221G
PEEIZIE T & B, TOREMZTE L, BTSSR RN ORERIMUTOMERE 2 S12miT <
R —HifiaBs LIEM L T& 72, 7o, MENDRENTORERFAIC Fr— 220G~ B - MEEA D
TWo,
F—O—F: Fe—r, RENE, SREMT, SLAM

Drone can make various quick observations in areas where people do not enter, so it is possible to perform visual inspection,
various investigations, and collections of various information. Utilizing its convenience, it has been developed and operated
primarily for measurements outside the building in Fukushima Daiichi Nuclear Power Station. Also, since last year, we are
developing and verifying to use drone in dosimetry in the building.
Key Words : Drone, Dose Measurement, Dose Analysis, SLAM

1 B=LEM

fEEE R38N (BLF, TIF) &) oy
DI, BEIFVESEZ D D FC. AT 22T 6|
Wrp T ) T INMFET D, MEIKEBIEEZ D D ET,

EFIEIIARAIRTH D, Ra— I A LH AN EHE3 Phantom v VU —X EHE4 RISER
WU 77 RIS A OBIEINTE H 2 &b,
H AL FROFRA, Bk x 72 HUDRICIEH CTE 5, ®1 AR AR
BRI, Rr—r &0 ) SEERMRICE & DR — —
AR L. ZORIEMEZTE) LT-B% « MEEE T _
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Development of Dosimetric Evaluation Technology using N-Visage System
for the Indoor Environment Improvement Work
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In the decommissioning works such as removing fuel debris at Fukushima Daiichi Nuclear Power Station, it is necessary to grasp
the radiation dose mapping and contamination situation inside various buildings, and to improve the radiation environment for dose
reduction. However, at the indoor side of buildings, there are still unsurveyed places and high-dose places where it is difficult for
manual works. Therefore, the remote control technology in ATOX will be combine with the a dose measurement / analysis system of
REATEC, “N-Visage system” in order to grasp the radiation dose mapping and contamination situation in the building, and to
promote effective and efficient work planning of dose reduction and radiation environmental improvement.

Key Words : Fukushima Daiichi NPS, Decommissioning, Radiation Environmental Improvement, N-Visage, Dose Analysis
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