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Development of Analysis and Estimation Technology for Characterization of Fuel Debris
(Development of Estimation Technology of Aging Properties of Fuel Debris) (TENEX) (Progress
by End of 01/21)

Obtaining knowledge regarding micronization, morphological change and migration behavior into water and air due to aging of fuel debris

and predict long-term aging behavior of fuel debris.

( Project Outline and Outcomes \

[ The list of implemented works (main results) \

B e e ) e

Prediction Model will be based on thermodynamic and kinetic
approaches and allow to obtain a set of initial data necessary for the
development of solutions related to the FD retrieval, FD packaging
\ and container storage

Past FY2017-FY2018 works studied radiation aging factor of FD with Cm- - Review of the Russian and international experience in the field of vitrified
containing model samples. Project showed that radiation factor can accelerate HLW and FD studies completed;
aging by inducing chemical reactions on FD surface within prediction model limits - Test program of samples manufacturing developed. Base mathematical
of 50 years: dissolution of components and oxidation in U-Zr-Fe-Si-O system model described;
h devel - All sample compositions (cold samples, hot samples including Pu)
1 Researc program deve opment (@3 201,9'0‘1 2020,) - reflecting different stages of Corium-Concrete interaction prepared and
Stage ¢ Analyze studies of vitrified HLW matrices chemical stability after prolonged .
A . characterized
contact with aqueous solutions X .
* Analyze experience of studying real fuel debris properties changes - Aglng‘test program implemented L
Determine aging factors and develop aging methodology - Experimental data study and prediction model data processed
2 Model samples manufacturing (Q3 2019-Q1 2020)
Stage ¢ Cold / hot samples initial manufacturing & characterization
* Experiments infrastructure preparation
3 Tests implementation and analysis (Q1 2020-Q4 2020)
Stage Experimental data analysis:
¢ Components dissolution, U (IV)>U(VI) oxidation
* XRD, SEM, Oxidation-Reduction Potential (ORP), density, porosity, etc. =
. D_epende_nce of dissolved oxygen concentration in aqueous environment, Initial samples Sample surface layer change after aging test
air and nitrogen atmosphere, H,0,, pH, T i . . N
«  Degradation rates changes dependences Accelerated aging dissolution and dry storage tests showed minor surface
change, layer formation, dust formation rates parameters essential for
4 Development of the mathematical prediction aging model prediction model. Powdered samples tests performed for secondary phases
Stage (Q2 2020-Q1 2021) . . L . formation study. Major aging factors such as pH, T, specific surface area
¢ Two selected mechanisms of aging: oxidation of U (IV)->U(VI) & simulant . . - . .
X g X \|dent|f|ed. Prediction model results correlate with lab experiments Yy,
Fuel Debris components release into a contact solution

i
[Frediton]

Data @

30

(Remaininq issues/challenges and what to do in future\

- Diffusion model parameters calculation to simulate surface layer dissolution

- Evaluation of aging possibility of 1F debris under respective environments

- Finalizing of mathematical prediction model

- Comprehensive forecasting on aging for respective periods 10, 20, 30, 50 years
- Investigation on FD retrieval, transportation, and storage

- J




PR TVO D HHBE DA RUEAEENOHETE DI DFAlibEFE (B AR F AT FEEE)
(2020F 1 HARETOESIRIRL)

[ IRBICHIEIREIMONC , MR, 100 — MREDBRICTS BB E S DDA S TRUMARIT TUDSIH B USRI - AR DHEEE
(CMEF T JAEA. NFDR:UNDCIC I B1EEHARL T TUD TR DA 21TV ABEICEER - Ml 9 5 &(C kD, BARDR e SREZ RSN
%o Fle. PRRITJUOEEE 2 SORERITHETE 312, PCVADIREZIERU R BEB ODHREZST EHNI 2T £2MFE I,

\ (#ARS : 20204E6 8 ~20214E3A)
.. N"bf—FY]Y———_,—Y————

ERERU R

(L) HEEOE _E Oz DRk F

HAEKICBWT. BRI R U BE R B L B4R (U, Zr,
Gd) . #lfEiEziEEUIoRI(EEk (Fe, B) U@ &EHEI>)
— NatERRLIZAAEL (Fe, Cr, Ni, Si) ORERAL. KB
O B EUTARERAR T TR AU, BER B LY ER{R
DXRDFER LD, THEE(SARES B11/58a(2r(V)0,48). NBRRIED
EA&(zr(U)0,48) OFEEIERL. BT 2EAEES.
SEM/EDSHHICLD, DITREFE(HERDEISDED/ N, &
BN THREZMHERL. DTEtRlE U, OB CELRUE

SEHEAE R U R

(2) BRRTTVRAEENDHETERAMTORIFE
1F25#72 WSREL TRARIT TUD RS ENZAFIICHETE S B2,

JAEATRHIFELUI ZARRCFDI— RACE-3DICHU T BRI RZ
EMELI. BT TUOREFCHVWTEELRD. BRAMRKRY
S[UILENS X2 E (NI 2Bz HEEE I 5120, Bifz/ B
BRRE(CLDT —FHUSZIEDDEEBIC(K3). EHMBRIREM
AR CEORBEERUFLUI. T, MEREE TERLVGFRRT —
HDEVS . MR AZIAZ B I BPCVADIRE L DFESE Dz &D
ST BN B AR IR JUPITERICL B R# 2 R THd. ART

TUDBLBREICDNT, IDNZHRBEB(CDVWTDEAGEITIEED(C

SR (F1)d. SEMBS OIS BB BRRRE DT — L) B(COLY
| (B14) . CNB%)SA—SE LR RRITOBREED TLB.

FEUS(CHEN., DAEIER THH(RK2) - WATLT. DHFIO-
R TEAREN SO ZEFIRET , SHUIA(CIRSEmEEMP THd.

B < SFDINERD (CHER
:U0, 13775 [kg]
s 0 [ka]
:2.07[m3]
(FI Vg

om/s T W o4mis

FEBILFL
=

NFRH)VED

B EAECHEE

A3:U0, 19475 [kg]
sy 13405 [kg]

A:6.45[mI(ETUEE)

hnEESR
(FeBIBARICAIH ASEE)
X2 BEEEICL 2B
(3>9)—-bh)LA)

FSREMBER 2B
M3 /NSRS AR B4 MRS DRSS (8E)

1 {FEUEERRTTY

RERVSEOSENE RERVSEOSENE
o RS DDBEE, DFEEER(CEDD. o EWTSD I -HCREDHER)EAVTACE-3DICLBETN
o NEREANHECSZS5E. DJ0-CEIEEED TURRERES AL MR T B,

THENSZEHM T Do o ZERRREEEEUCHFTZERMT D,

31



Q 20215 1 BRFRICH T EH IR R)

BRODY AT AICREDDSEREMICONT, RESTEORKS.

BZEs

PR T - (PRESTIORD B UDORFBMEEE (PCV) NICFET DT HMOBERAM. MR T DEE - QIRFDOSERIMTOEE

STEZXRB U,

1. BETTURDE UTEORE

(1) FSEERMT O
« EPORRICKDBEFHEDIIZEMEIIEE LT, BEIMERTYRRETID
HITEOBEICONTRIZLLE (B1) . BFHRMRICKORIRMENER P,
BPORRICONTIE. RTZYIHNEBINDEBRBBI—F 1 T« &
RILAERT L. BRARICIDERREZER UL, NT XY )VAT S
EICHT IRBMHHEROICHOERAREERP (B2 .

(2) FHYRBEUN DB DREF

« VZE2U—-YOFSOEEOFEIEICKD. ANV —YDIFEERE
BRI CE DA EBEL, EFRABRLICIOBMERR LT (B3 .
c ILONEESIEERERUCEEL —IVERDOP I RREBEEERLE, S
& OB URBE UCORIIMZHE, RIITD (B4

MR TUEIZ Y MERERTER T DY AT ADBRBFIRS JUREEIL
=, FEEZHD L. 88/ RTFERDURD - ekt (85 .
cHDEHRNDEERE Pﬁ‘(E)b&)b’éﬁﬁb\f‘IEI:&%S/C/\OD}JKESZBEU:ESE
EERL, BRARICKD, RRUEEERL

2. WRTTUED IR \EATOREF

(NIRRT TR « RIS 2T LD AMBIF

« ERAMBRICTRIAMB T T UIRSIEIRY 2T ADMEEE (ﬁ?@%%@ﬂﬁﬁ,

INU—YRES) ElER. SEEIRMERIBACEMIRST GEE, 3T
ER% #1715 (M) .
MRT T DDTREEHRTEDLE, MECECNTOREEIR (88) .

2MBRT T - EEIONIBICEIN DEAMBIFE (K7
< BERMRBRERME UT, RESNEOERURMEERL. RSHEED
EHDEHABREREPTHD.

&2 /\TZ’S’JWSFF“,QF%ﬁﬁ 3 ﬁﬂm?&ﬁﬂiﬁ?ﬁv U B4 BREL— )l/T:J"\i(D

BRER PO EREEASE
HREDL TS .
HHRRLY ,.-;t-:;a .

o7

1
= RN AP

B B S

LI

HRMERLT

96 HIRENE ST IR3IEIN
Y25 NERERER

©International Research Institute for Nuclear Decommissioning

H5 MBTTUBRYZT A

(20 2 151 ﬁﬂiﬂ%lﬁluaﬁljé

?HK/R)

(EHNERUKS
2. MBS TURDERRITORR
2V T - HREYONIRICREEHD DRAMiBER (HE) (®7)
o [IOEBEERHEEIC DU T, MBXIRERF R CEIRHEEEDOERNSD
[FOBORDOIUEEMZEXENOSHER THER L. RS E2I2 U,
+ PCVAESEDHBYIOBIRAFIKPDOIEBEREXIE FIFORSyIE
BE) ODEE « WiNEETE LT, T« LY DEEOMBEDRIS EERTEL. B
AMERDIEODEBRLGZEREP THD,
SRR T EMEIHERE DL D (FICEEN DIkt DsRE
DT ICHBRFRMOBEZTV. BRTUBEMOFHDBERERICEDITY T
7 DORAMeV SRR &S L .
3. MBFTURDE UFRE 0SS RRICETH BRITER
(1) B CrAOMEBEIC RSN DB R LTI F
s RFPEBETIVEBEL. PCVIRE. BERIKRICHUZEERAORR
DEFMEDY Z MLESDEQZEIBELZ,
e PO RYRIVEPCVDEHIEICDINT, BHIEEIT Y TJDEBIL
EEBUC, BEERORIREESROIEODERNER D,
2)BESRBHLE « ESRRICRIN DB RFAMTBIF
DERRERDEIRTTEDFMiREF
0T « DB UXIE ERDRRT T DEETRIRREIEET DD, B
HFIBHEEDERTHREZEREL. REBAMOERABRAICIEEEs ZRED,
« FERDE UTEFEZIIEED Y UTEICHIN T, KERRERITFE CPMFE18
KEEEMHENE CEHRFAOIBEEIEI DICHDEEFIBREEE (M8) .
QERRBH LT DRIF

Eﬁt{ KIME G

HIVIN

rwx/lmyxl

EUR BB EF D SO
B 5 D5 um&mmmx T

E7 METTY - #RINOVEY 257 AOBGE

VHSOIMALDMBE)

Ry /=

M8 LRV ULENERFIIEEHROMESE
FIRZEHSWRT T NI - OIROB)

®O IEEM@Eh it FIRIN
BAZE (GE1F#)

« GRS o TIRORHRURS 1 TDZNZNOIEBREMEPHEFIRINMIC DT,
My /N=ERYTTEHRSNDRALKE (M) ZiFL. KEEMBHED
KPTERATEDC C=BFHABR TR U,

* QSTEIBHH TIREHERZTTL . IFBMRIEDMEFIRINA (SP5855] C HICEA

BRI A) ]}

%%J DIRFY, WS ECEDE, MEICIDERMBERRIDCE
[CRD. ZOERRUE=HETRP,

« S - OEBFRARVEBERBLERIMICDONTIE SONERROEEEDT

\C=DCEEERUIL, VIZPUVIITERSNDLOE > TUL,
I L ——————————————————————————————————————————————————————————————————————————————————————————————————
I I D ©International Research Institute for Nuclear Decommissioning

32



BRANT T - (P REIEY) DERD L U ([ F T 3%t DB FE

(BT TUDHIRANEEES AT LADFtIFEFE) (ONET)

(2021F 1 BRI TOELIAIL)

[ KA - SHCHF BT TUOL — ) HI - EARAI LB TRAS DS

,——=

A PDEEER At DFAFEEITS,

(XIOSIIMOBERVRE )

(1) BUHEISECEDFEETZIANT =4

o 1EEART J(in-vessel, ex-vessel ) EFTICER U
(K1),

FERZIMMAIEIY - (TS5 L>T0r1F4>4)
V=, 7R=-)>1) RUEL—F-tIHICL2EET -4 (FR
I\(DM?*J‘*( X, 5310, FRE. Bfatn) ZEUSUI. Him
HIYIHEI COMMRIOVIARET L ziERU. Y&
UNZT—ADEEEZEREIT D (K2) .

(2) ZTVARISE ) FitiDREFE

EEOIEY —)UCEDREITBERT 7OV EANTZ T

A2535E>5 (J0-)WATVARUVBRRATLA) Oi&st-

HERR RN, SRTESRICTRILARISE D) DxhR %

aUlzo

L=t OBPRRAT LA RISE > E % 1TV I70

VIBENED I3 ERUE (K3) .

I»‘ri&ﬂ%ﬂ:@t&)zj’wzojtﬂ(utémom"ax—@
OKEOFFE. PCVATORESZ1L—23>) BSOS

ORERERHELTLVD,

.

295425 —

CIHIEER

K3 L—H—tAlIZE 11D R
TLARISEVT T AR

K4 FREEVRT A
S TORER

(3) K[ EPREN e T70Y )V SEEE R Al D BAFE
EEES AT LCEDHRBENAZA R IT7OV I OF3 - [BIUREE
& (K4) OHERRUL—Y-t]HIFOERES T AstiFH
Sﬁ%ﬁ’é%fj@bfb\& ERIIRBR L W) B2 W TR
KEOEEMRT —52EUFL TS,

(

(

(
(4) BEE—RFHFEERNORIZERIEOMHER

° iﬁaiﬁtwﬂ_@uﬂu+ﬁ¢®t&>®§y{ﬁ>:ll/ 23>

(

. J

[ RERVSROBAENY

1)TSZREIZ STEHORRT TULIHEY - UL LB BT —57—
TIVOVERL (MR, $BIFIE. FETZIFOVIL-FANMFME) .

2)BENRBATIVARISEL T FIRODZELL,

3EEIRTLAORSHERMARE (RFME. R YRVEERE
(ngg_é EE’JE;%E}E/XTADRD-I—)

4)BE> 21— 23U LB GE A ICRE I H1RET 5T,

J

Development of Technologies for Scaling Up Retrieval of Fuel Debris and Internal Structures (Development for Dust

Collection System of Fuel Debris) (ONET) (Progress by End of 01/2021)

Development of the technologies for a collection system of the dust generated at the time of processing fuel debris

in-air and underwater by laser cutting and mechanical cutting

]

-

Project Outline and Outcomes

(1) _Data on dust emission with different cutting methods

» New fuel debris simulants (in-vessel, ex-vessel) have been
manufactured (fig. 1)

Data have been obtained and being processed (particles size
and distribution, morphology, charges distribution) for
different mechanical processing tools (grinder, reciprocating
saw, core boring) and laser cutting. Presence of ultrafine
aerosols even with mechanical tools has been demonstrated.
Mass balances and data tables are being established (fig. 2)

(2) Development of spray scrubbing technology

have been studied and tested with simulated aerosols for
various fuel debris processing tools. Efficiency of spray
scrubbing has been demonstrated in lab facility

laser cutting (small scale and high renewal rate (45h-1, 1F2
site ~ 1h1)) demonstrating a decrease of aerosols number
concentration in close volume (fig. 3)

Studies are still on-going to test other parameters for spray
scrubbing (water droplets characteristics, numerical
simulations in PCV) in order to optimize the process

« Strategies of spray scrubbing (global & local spray scrubbing)

Tests of local spray scrubbing have been implemented during

(3) Development of local collection in air and aerosols extraction

N

Fig. 1 simulant manufacturing Fig. 2 Grinder cutting tests

Fig. 3 Spray scrubbing
\test with laser cutting

Fig. 4 Tests with dust
collection devices prototypes

J

R/emaining issues/challenges and what to do in future\

« Tests of transportation/filtration technologies (fig. 4) for the

of prototypes of collection systems with laser cutting are on-
going. Tests are performed on realistic materials. Efficiencies
of the devices are monitored

(4) Application to Fukushima site (on-going)
\- Numerical simulations to better design solutions on site

dust and aerosols captured by the collection system and tests

(1)Complete data tables to compare different fuel debris
processing means (performance, operability, aerosols and
dust characteristics) including data with plasma torch

(2) Optimization of spray scrubbing strategies (tentative)

(3) Complete study of collection systems implementation on
site (tentative of real scale system design with regards of
operability, maintainability, risks mitigation, safety, etc.)

@Strategies evaluation with numerical simulations /

J
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Development of Technologies for Scaling Up Retrieval of Fuel Debris and Internal Structures

(Development for Dust Collection System of Fuel Debris) (TENEX) (Progress by End of 01/21)

The main project goals are: to estimate dust behavior dependency on cutting methods and conditions; to estimate factors exerting influence
on nuclear, radiation and fire safety during the debris removal, on gas and water decontamination from dust; to form conservative initial
requirements for full scale dust collection system and its separate elements.

Project Outline and Outcomes

v" Four types of samples are cut in the hot cell to assess the difference in
dust behavior and provide the most conservative dust generation

conditions.
“Cold” fuel contain materials

o8
(FCM) samples

=
2
1

Unirrariated MOX-fuel samples,
WWER-SNF samples,
Spent MOX-fuel samples

“Hot” FCM
samples

Mechanical and laser cutting on-air and in-water are provided;

Dust precipitation percentage to be assessed;

Dust regularity and distribution in space to be assessed;

Dust particles granulometric composition to be assessed;

a, Y — dust’ specific activity to be assessed;

Dust particles elements composition (U, Pu, Zr, Cs, Am content) to be

assessed;

Dust mass balance to be assessed;

Dust particles shape to be assessed;

The filtering materials, elements and integrate dust collection system

efficiency to be assessed;

v’ Causes of the formation of explosive and fire hazardous situations in the
gas-aerosol treatment processes to be analyzed;

v' Initial requirements for full scale dust collections system to be developed;

v’ Preliminary conceptual design of full scale dust collection system to be

developed.

ANENENENENEN

ANENEN

B jem 4 pm

SEM analysis of collected dust particles

The list of implemented works (main results):

¢ Laboratory scale dust collection system manufactured and tested;
¢ All necessary samples selected and prepared for cutting tests;
e Cutting tests implemented;

LY A
Dust particles

after laser
cutting

Dust “flakes”
after laser
cutting

Sample after
laser cutting

Cutting process
(carbide mill, laser)

Remaining issues/challenges and what to do in future

Start in November 2020
Completed in February 2021

Initial technical requirements for all elements
of full scale dust collection system

Start in January 2020
Completed in February 2021

Development of the preliminary conceptual
design of full scale dust collection system
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