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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 02/20)

[

Obtaining knowledge regarding micronization, morphological change and migration behavior into water due to aging of fuel debris, and
predict long-term aging behavior of fuel debris.

]

[F‘roiect Outline and Outcomes

N

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

Research program development (Q3 2019-Q1 2020)

* 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

1 Stage

Model samples manufacturing (Q3 2019-Q1 2020)
2 Stage * Cold / hot samples initial characterization
* Experiments infrastructure preparation

Tests implementation (Q1 2020-Q4 2020)

Experimental data analysis:

* Components dissolution, U (V1) oxidation

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

* Dependence of dissolved oxygen concentration in aquatic environment,
atmosphere, pH

* Degradation rates changes dependences

3 Stage

\ and container storage

Develop of the h
(Q2 2020-Q1 2021)
¢ Two selected mechanisms of aging: oxidation of U (IV)->U(VI) & model

Fuel Debris components release into a contact solution

ical prediction aging model
4 Stage

o g >
Theory e

Evaluatlon
Limits

[roucion )

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

19

(The list of implemented works (main results) )

Review of the Russian and international experience in the field of vitrified
HLW studies completed;
- Test program of samples manufacturing developed (mathematical model
requirements taken into account; ‘large’ samples compositions modified to
reflect different stages of Corium-Concrete interaction; base mathematical
model described);
- All sample compositions (cold sample, hot sample including Pu) prepared,
cutting implemented;
- sample characterization procedure determined by the Research Program
in progress: SEM, XRD, composition tests etc.

ME e

; Ingot after the 1cm step cuttin
Large-sized Cold Samples Preparation g . " P . &
in perpendicular direction

Small-sized samples are made of ingots by mechanical cutting with diamond
thread into cubic fragments with an edge of 10 mm (the estimated mass of
\each small-sized sample is 5 to 8 g) with a total mass of 300 g per sample. Y,

[Remaining issues/challenges and what to do in future \
- Accelerated aging test (oxidation and dissolution factors);

- Experimental data study;

- Study of model samples of FD dissolution and oxidation depending on dissolved
oxygen concentration in water, hydrogen peroxide concentration, pH,
temperature, Zr/Si ratio;

- Evaluation of aging possibility of F1 debris below respective environments;

- Development of mathematical prediction model;

- Comprehensive forecasting on aging for respective periods 10, 20, 30, 50 years,
Qvestigation on FD retrieval, transportation, and storage
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Development of Technologies for Retrieving Fuel Debris and

Internal Structures (Development for Dust Collection

System of Fuel Debris) (ONET) (Progress by End of 02/2020)

f 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) with larger mass to enable both
mechanical and laser cutting with significant cutting time
First data have been obtained with mechanical cutting
(grinder, reciprocating saw) and demonstrated the presence
of ultrafine aerosols even with mechanical tools (fig. 2)
Design and preparation of cutting tests with several cutting
tools

(2) Development of spray scrubbing technology

Tests of local spray scrubbing have been implemented during
laser cutting demonstrating a decrease of aerosols number
concentration (fig. 3)

Selection of aerosols simulants for spray scrubbing tests
Design and preparation of tests for the definition of the best
strategies of spray scrubbing are on-going

(3) Development of local collection in air and aerosols extraction
Improvement of the collection technology is on-going with :

« Development of transportation / filtration technologies (fig.
4) for the dust captured by the collection system
Improvement of the local collection heads embedded on the
processing tools taking into account realistic cutting
configurations and operational constraints as maintenance
Design of tests for operational prototypes essential tests with
laser and association particles transport and filtration

(4) Application to Fukushima site
Operating constraints for the technologies have been identified
and optioneering for site implementation is on-going.

-

J
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Fig. 3 Spray
scrubbing test

Fig. 4 Dust
transportation
test bench

J

(emainin issues/challenges and what to do in futug

(1) Alignment of aerosols instrumentation for obtaining
comparable results

(2)Understanding of all influent parameters for the spray
scrubbing efficiency

(3)Industrial scale prototypes adapted to realistic operating
conditions

(4) Complete scenarios with limited knowledge about site
real conditions
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Development of Technologies for Retrieving Fuel Debris and Internal Structures

(Development for Dust Collection System of Fuel Debris) (TENEX) (Progress by End of 02/20)

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 (A to D) will be cut in the hot cell to assess the difference in
dust behavior and provide the most conservative dust generation conditions.
Samples A: “Cold” fuel contain material to simulate silicate phase of 1F corium;

o8
2.
A-1 samples A-2 samples

o
1

Samples B: Unirradiated MOX fuel to examine the operability of laboratory scale dust

collection system and optimize sampling and measurement procedures;

Samples C: C-1 WWER SNF (Units 1-2 1F SNF analogue) and C-2 MOX SNF BN-600

(Unit 3 1F SNF analogue) to provide the most conservative tests condition (a-nuclides

activity and huge dose rate);

Samples D: “Hot” fuel contain material to simulate metal oxides phase of 1F corium.

v’ Several types of cutting technologies (including laser cutting) on air and in-water

will be provided.

Dust generation regularity, amount, content and distribution depend on several

cutting methods and conditions 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;

Sols precipitation rate (in case of in-water cutting) to be determined.

Recommendations for design of full scale dust collection system to be developed

"3 z ; BT .9’.’_ mear

v

v

S

Image (4000x magnification)
of dust samples (<1 um)

Hot cell general view

( The list of implemented works (main results):

=

- Review of the Russian experience in the field of development and operating
of dust collection and gas cleaning systems (especially on site of SNF
management) completed;

- “Cold” FCM sample A manufacturing and cutting completed;

I\

)
A-1 dust samples

A-2 samples A-2 dust samples

cutting process

A-1samples
cutting process

- Program and methodic of cutting tests is developed;
- Laboratory scale dust collection system technical design is completed.

L & Laboratory scale dust collection system basic design '
s N
Remaining issues/challenges and what to do in future
Start in March 2020

Completed in July 2020

Manufacturing and assembling the
laboratory scale dust collection system in
the hot cell

Start in September 2020
Completed in October 2020

Cutting tests implementation in the hot
cell

Start in November 2020
Completed in February 2021

Conceptual recommendations for full
scale dust collection system development

25
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