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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 Qutcomes \

Past FY2017-FY2018 works studied radiation aging factor of FD with Cm-
containing model samples. Project showed that radiation factor can accelerate
aging by inducing chemical reactions on FD surface within prediction model limits
of 50 years: dissolution of components and oxidation in U-Zr-Fe-Si-O system

1 Research program development (Q3 2019-Q1 2020)

Stage * Analyze studies of vitrified HLW matrices chemical stability after prolonged
contact with aqueous solutions

« Analyze experience of studying real fuel debris properties changes

* Determine aging factors and develop aging methodology

2 Model samples manufacturing (Q3 2019-Q1 2020)

Stage * Cold / hot samples initial manufacturing & characterization
* Experiments infrastructure preparation

3 Tests impl tation and lysis (Q1 2020-Q4 2020)

Stage Experimental data analysis:

* Components dissolution, U (IV)>U(VI) oxidation

* XRD, SEM, Oxidation-Reduction Potential (ORP), density, porosity, etc.

+ Dependence of dissolved oxygen concentration in agqueous environment,
air and nitrogen atmosphere, H,0,, pH, T

* Degradation rates changes dependences

s +:

4 D t of the

Stage (Q2 2020-Q12021)

* Two selected mechanisms of aging: oxidation of U (IV)->U(VI) & simulant
Fuel Debris components release into a contact solution

| prediction aging model

B ] [

Sep- =

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
k and container storage

i
==

30

(" The list of implemented works (main results) \

- Review of the Russian and international experience in the field of vitrified
HLW and FD studies completed;

- Test program of samples manufacturing developed. Base mathematical
model described;

- All sample compositions (cold samples, hot samples including Pu)
reflecting different stages of Corium-Concrete interaction prepared and
characterized

- Aging test program implemented

- Experimental data study and prediction model data processed

Initial samples

Sample surface layer change after aging test
Accelerated aging dissolution and dry storage tests showed minor surface
change, layer formation, dust formation rates parameters essential for
prediction model. Powdered samples tests performed for secondary phases
formation study. Major aging factors such as pH, T, specific surface area

kidentiﬁed. Prediction model results correlate with lab experiments

J
ﬁ{emainin 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
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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) (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 b¥ laser cutting and mechanical cutting

o )

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

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

« Tests of local spray scrubbing have been implemented during
laser cutting (small scale and high renewal rate (45h1, 1F2
site ~ 1h-1)) 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

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

« Tests of transportation/filtration technologies (fig. 4) for the
dust and aerosols captured by the collection system and tests
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)

Fig. 1 simulant manufacturing Fig. 2 Grinder cutting tests

Fig. 3 Spray scrubbing
(est with laser cutting

Fig. 4 Tests with dust
collection devices prototypes

J

émainin issues/challenges and what to do in futurg

(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.)

( Numerical simulations to better design solutions on site

J

@Strategies evaluation with numerical simulations )
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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.

( - - H

Project Outline and Outcomes The list of implemented works (main results):

* Laboratory scale dust collection system manufactured and tested;
* All necessary samples selected and prepared for cutting tests;

* Cutting tests implemented;

¥' 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.

TT X
=5
'y L2 -
1
“Cold” fuel contain materials Unirrariated MOX-fuel samples, “Hot” ECM
(FCM) samples WWER-SNF samples, samples

Spent MOX-fuel 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;
v a, y—dust’ specific activity to be assessed;
¥’ Dust particles elements composition (U, Pu, Zr, Cs, Am content) to be

assessed;
v' 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;
¥’ Causes of the formation of explosive and fire hazardous situations in the -' .

gas-aerosol treatment processes to be analyzed; Cutting process Sample after Dust particles Dust “flakes”
¥ Initial requirements for full scale dust collections system to be developed; (carbide mill, laser) laser cutting after laser after laser
v Preliminary conceptual design of full scale dust collection system to be L cutting cutting

developed. Fyets P — - .

~ Remaining issues/challenges and what to do in future
Initial technical requirements for all elements | Startin November 2020
of full scale dust collection system Completed in February 2021
’ g Development of the preliminary conceptual Start in January 2020
SEM analysis of collected dust particles design of full scale dust collection system Completed in February 2021
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DFBEES. LHAENDBERIIPADESENTHN S, SBRIE (E6)
DATHZAPOCsIEEINZ B8 ATHARICEBEERBILY(SMF)E%
FAUR. PCD T, ZNUMBEMRERRAIS/(—(CL3EHMEDIIE, ZTTH

493 53KRUHEPATS IS £ IR SM IILCED I RERMR LR

Y, kb(lFWGeoMel@ICV‘“EFﬁﬁO)ﬁ&é%’&%ﬁﬁ?& )

4 »1 & SEVTHSEShEHEO L ——R SR N\
Melt- 1 2 £) 4 5 6 7
Cs (%) 9146 99.30 93.79 99.44 97.72 98.77 98.47

Sr (%) 99.76 99.99 100 99.99 100 100 100
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2.75 hours from re-start
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