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Development of Technologies for Grasping and Analyzing Properties of Fuel Debris (Estimation

of Aging Properties of Fuel Debris) (TENEX) (Progress by End of 02/2019)

Forecast model of changing of FD properties for the safety case for the design solutions for retrieval, transportation & container
storage of the FD. The goal is to determine factors that influence ageing and safety assessment.

-

Project Outline and Outcomes Achieved

N

Done

Preparation of simulated nonradioactive and radioactive fuel
debris

In progress

Aging of model FD

In progress

Tests for investigation of degradation processes considering
accelerated FD aging and its activity migration into water
according to test programme and methods

In progress

Safety concept analysis on fuel debris handling at Fukushima
NPS. Analysis of requirements to the scope of predictive
information for other subsidized projects. Identification of the
most sensitive factors to aging of fuel debris

In progress

Development and implementation of calculation and empirical
prediction methods of fuel debris aging considering the
influence on the factors defined on the previous stages.
Prediction model development

In progress

Comprehensive prediction of changes estimated after 10, 20,
30 and 50 years since generation of FD. Development of
recommendations on the requirements necessary to the
systems of technological suppression of environmental
influence for handling of FD

‘ /

TSM containing silicate phase <—SEM—> TSM not containing silicate phalg )

4 The List of Implemented Works (Main Results) )

- All types of samples (radioactive, non-radioactive,
metallic, silicate phase) are being tested according test plan
- Leaching samples taken up to 81 test day (equals to
~40 years of ageing)
- Leaching samples analyzed with AES, gamma- and
alpha-radiometric methods
- Impact tests for 0, 20, 40 and 60 day samples performed
- XRD for 0, 20,40 and 60 day samples performed
- SEM analysis for 0, 20 and 40 day samples performed
- Study of prepared samples
- Analysis of obtained test data started

Initial verification works based on the vitrified HLW study
started (V. G. Khlopin Radium Institute)
- Aging prediction model verification based on the natural
geological systems study started (Institute of Geology, Ores,
Mineralogy and Geochemistry of Russian Academy of
Science (IGEM))

el
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TSM not containing
silicate phase

TSM containing
silicate phase

X-ray phase analysis J

Remaining Issues/Challenges and Future Direction

- Analysis of obtained test data
- ldentification of fuel debris degradation factors
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Advancement of Fundamental Technologies for Retrieval of Fuel Debris — Remote Controlled Laser

Cutting and Dust Gathering (ONET Technologies CN) (Progress February 2017)

( - - . . . . . . B
Advancement of a remote controlled laser cutting system for fuel debris in various configuration (in air, underwater,

4 emerging, non emerging) and collection of dust and fumes produced during the cutting by local system or by sprays )

N\ )
Project Outline and Outcomes i e
(1) Emerging cutting in air tool with embedded collection _ Fig 1 Test
The industrial cutting head has been equipped with a collection with
system and tested successfully (fig 1). Collection ratio has been collection

improved (up to 99% mass fraction of aerosols collected) with a
more compact design suitable for site deployment.

(2) Non emerging cutting in air prototype with embedded collection
A cutting head prototype has been built and tested successfully,
with embedded dust collection system. Cutting performance are
unchanged but collection ratio has been improved (94 to 98%
mass fraction of aerosols collected) with a more robust design.
Monitoring of cutting depth has also been tested with the
confirmation of in-line monitoring feasibility.

(3) Underwater cutting head operational prototype

New cutting performance have been achieved under deep water
(5m), with 100mm thickness cut (fig 2)

Following the latest optimized design of the head, the operational
prototype (TRL7) has been built and is being tested (fig 3)

(4) Non emerging cutting underwater assessment

Test of new head (fig 4) performance has been conducted with
results showing additional features to be included before obtaining
sufficient cutting performance

(5) Collection of dust and fumes during laser cutting underwater
Development of spray scrubbing for aerosols collection above water
with first trials on simulated aerosols showing good efficiency with
mono-spray (fig 5). Simulation on pedestal environment with
multi-sprays confirmed the global efficiency of such technology

(6) Application to Fukushima site

Fig 2 100mm cut
on Zirconia under
5m of water

Fig 3 New underwater
cutting head in DELIA

Fig 4 Non-emerging Ty m om om - o e e ws we

kcutting test underwater

@mainin issues/challenges and what to do in futuD

(1) Collection efficiency is dependent of cutting configuration with
deployment parameters to be studied

(2) Transport and filtering of the collected aerosols is a challenge
to be studied and tested, monitoring is to be continued

(3) Umbilical and utility unit are still to be developed to get a
complete operational tool

(4) Feasibility is not yet confirmed, solutions have been identified

(5) Study of local spray scrubbing efficiency during laser cutting,

Fig 5 Spray scrubbing simulation and test resuly
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\Deployment scenario inside pedestal are being studied

test with multi-sprays, tests with other cutting techniques




PRST T - BRSO B L QR R OS] (VI P DBEFE)
(201 8F9BXRICKTIDER)

(. BEOTHTREBICONT, BEMEELEL, |\EDMEFRHBOESE LTCMOSEEY U ERE UL,
< WEOPMFREBELMELL. YYEERE. EYYI Ty FOFEH BRIV DOz P ORI, HRERRERE U,
|+ RMBREREULCHRZRMBL. KPRE, [PRBCHNT, CMOSEDONEDHEF YYD BRIN THIC EERR UL,

CMOSEICEfm UIERMEIC
PHFDAHT D EFENT

\_

(= 4 )
RWEERULR ) wm\ e | _

2, PMFERHEEORER (O1—X2) iy 1 CMOSE i FiRHEEDRE

ﬁ%%FE%LBU%%HT7UWD$U%E%j JANEEL

CWBi¢E?ﬁ&%LDHTE§ﬁ§E%%b OhtEF
B-BICRTDPUEFRELN. OQHYVROE-—BICHITD
AVeiRBEEE. OAYVIREPHFROBERFRETTOD
BEMZEER, 2. BESBICR/NTPEFERDOPILD 71RIC
KBISRYNY—VEBRITEdCL=ERmULE (B1) .

JIG B [ Msha Comenion

MELELU.CMOSEICER &
. LTFvy—IENTHDIW
Y -UnRBEND,

L T3 AV BN EL)
IS —=IUDBRNBIED. PHEFD
AR ERARBIEND,

« 71 —X1 ORFEREZAL, NEOPHFRBEERE, YT e
B@&a. ZYYI1 "y bOEE BRIV D FO T POSWE, e e i . e ki
BREER. YY1y MI EYYEIRENR, BREERR e 1o || RS 10~00)

TBEEDIC, BAMEESEU TR (82) . UPILIAAT ' A
PHFANDY FERTCTEDEM, e

- FHIDERERDBR. UTDMEEERER (M3) , DPUEFRHRBE ! i Ce——

0.1n/(cm?2-s) DHEFRICKT U, 1 BRHEZ D2 3@DPHF L
ERET, @PHFRO.1n/(cm2-s)~1,000n/ (cm? * s) U TD e muaSEES e - $46Gy/h
hiEFRZEFHAT, QMMIHEY : RERE1000Cy X THHEF I s st
ZABIT, OMEAEE LT, BE4OCHORETFT, BREE—||  7F = . D sl ™ -
HEETRE T, ©KPEFT, B2 CMOSEPMFREYITL HE3 PUHFRIREME )
- EMBRERTE ULCHERZRR. OKPRRETIE, AT 7IRE
(200~300mmUUR) DEBICPHEF RN HDBEICIE, PHEF || 2k 2DT]

IRIRMEZRVCERBENNE, QTPRIETE. PHFHRE zgj’[])IQ F(gﬁb\f%ﬁ%bf'J\ﬁqu'E?@ngﬁl; s
ENZLDT, CMOSEYYDORBICPUHFRIERMEZRITDICE || BREEIIEDOTH-HED. BRLICEHEEHERNIESE
TERIEDIREDINE, )| T2MENHS,

hitag t ]

‘I R l ‘D ©lnternational Research Institute for Nuclear Decommissioning

25




BT - F PSSV QERDHH U B AR S EAL /) BU R PRI BR OBAFE(ROSRAO,

FSUE)

(2 0 1 8FIRAKRFTOESINNT)

1)

SHAISRT L (SINAKS) ZRWI0FAD>9—-RUSHAIZZT A (KIN-IKD) ZRWAZD HEBREFADFFERET - FRZITok,
ZRTENBHETFEDOYINIITADEAZEDTZIIUSSLIE (DSP) O7IIUXLEEEB{EU.

2) EFHRIZZ7 L (SINAKS) DT ZEAFERIA. SINAKSIEENRFFIARIsER T AR MEL THFEENG.
3) EFHRISZTLADMREELT, PEEF - AOVERARIE. SNPERIE/ (X4 (RE). EE. B TH. BE) (U9 2MAMEH#EZUZ. y
/B0 ( \
EEILE. SoNERE : FUIIESIIE (DSPYRURTIMENE (FEREE) OEA
BEMFRRURRE lcEhERsgsh= N m FLE,
EE Bt R i A -
1.1 RE 0.1 n/(cm2+s) 0.17 n/(cm2-s) 1
1.2 T Eoro \ _
YR8 (n)y) $5) 1000 Gy/h 1337 Gy/h 2
i e
1.3FHAINIZARMEFER [ 0.1 n/(cm 2*s) - 1000 0.1 n/(cm?2*s) - 1000 ‘
D& n/(cm2-s) n/(cm?-s) i
2.1 kTR 1000 Gy 640 000 Gy '
2.2 Ml 40 C 40 °C ?
2.3 Z0ft (Tikis) KEF TR RIEEH - #025-2 9%5-2
N MER  EE 20mm x MAEH : BE& 20mm x ;- g
3.1& 40nﬁm 40mm o F"
SINAKSHFERYR OFI— KIN-IKDEERS 25 s g L‘E
a - $_ -
T oEE Feeal Y owFea

accumulated 648 kGy

BEE— RTHEFIREZROE C 2 HREER UVARREZEIE
PIIUZ LZRATZSINAKSY I koY

RERVSEOSEE

® SINAKSKUKIN-IKDOEAEEIEAL .
o IO HUH—-DEAATIAY  [RABEIZATLCTIIFESR
FHEADE

Project of Development of Fundamental Technologies for Retrieval of Fuel Debris and Internal Structures/Development of Small Neutron

Detector (RgsRAO, F%) (Progress b¥ End of 9/2018)

1. Detailed design and development of a corona counter using the measurement system SINAKS and fission chamber using the measurement system\
KIN-IKD. Digital signal processing (DSP) algorithms optimized including implementation of two-dimensional dynamic threshold method to the software.

2. Measurement system (SINAKS) launched to the industrial manufacturing. SINAKS developed to a ready-to-use industrial product;

3. Performance of the measurement system: neutron-gamma discrimination, tolerance to the external environmental parameters (vibration, humidity, electromagnetic

interference & temperature).verified.

J

Project Outline and Outcomes
Project specification and outcomes

N

(Digital signal processing (DSP) and implementation of two-dimensional dynamic
threshold (new method) ensured the improvement of the registration efficiency

Before irradiation

Term Project specification Outcomes o Counter 002 —+—Old method
016 New metho
1.1 Sensitivity 0,1 n/(cm?*s) 0,17 n/(cm?*s) ors \K
1.2 Neutron-Gamma 1000 Gy 1337 Gyl R
iscrimination Sorod-N ~
1.3 Range of 0,1 n/(cm2*s) — 1000 0,1 n/(cm?*s) — 1000 n/(cm?*s) g““ SRS b
measured neutron flux n/(cm?*s) %o.ae /
De
P 0.04
2.1 Radiation 1000 Gy 640 000 Gy panng
resistance 0.02 Lo
2.2 Heat resistance 40 °C 40°C o 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Dose rate (Gy/h)
2.3 Others (water) Submerged operation Verified » ot o
ounter ounter
1337 Gyh
. ) cylinder of 20mm diam. x cylinder of 20mm diam. x on o
3.1 Dimension s
40mm 40mm* s
SINAKS cabinet Corona counter KIN-IKD test system gw

accumulated 648 kGy

After irradiation

@ o 0 12 x w12
Ampliude, channel

“Aamp\m?ée, ch:;?ne\
Software of SINAKS provides detector’s health check and gamma
dose rate measurement algorithm in automated mode

Remaining issues/challenges and what to do in future

- Integration of SINAKS and KIN-IKD;
- Optional applications for corona counters: implementation in
criticality control systems, alpha contamination evaluation.
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