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1. Purposes and goals of subsidy projects No.2

[Purpose of Development of Safety Systems (Liquid/Gas Systems, Criticality Control Technology)]

It is assumed that nuclear fuel has melted along with the reactor internals at Tokyo Electric Power Company
(TEPCO) Holdings, Inc. Fukushima Daiichi Nuclear Power Station (NPS) and exists in the form of molten fuel
debris in the Reactor Pressure Vessel (RPV) and the Primary Containment Vessel (PCV).

The fuel debris accumulated inside the RPV and PCV is estimated to be currently in a sub-critical state;
however the plant itself is in an unstable condition unlike its initial design, since the Reactor Building (R/B), RPV,
PCV, etc. have been damaged due to the accident. Therefore, it is necessary to retrieve the fuel debris in order to
maintain the sub-critical state, and to prevent diffusion of radioactive materials.

Against this background, this project is intended to conduct studies based on the “Mid-and-Long-Term Road-
map Towards Decommissioning of TEPCO’s Fukushima Daiichi NPS” (hereinafter “Mid-and-Long-Term Road-
map”), aiming towards the implementation of large-scale fuel debris retrieval in coordination with the
engineering and project management activities undertaken by TEPCO. The development results of this project
will be used in TEPCO’s engineering activities.

The purpose of this project is to advance the level of Japanese science and technology by supporting the
development of technologies that contribute to the safe decommissioning of the Fukushima Daiichi NPS and
handling of contaminated water, based on the Mid-and-Long-Term Roadmap and the “FY2021 Decommissioning
Research and Development Plan” (the 86th Secretariat Team Meeting for Countermeasures for
Decommissioning and Contaminated Water Treatment).

Specifically, technologies for removal of soluble a-nuclides that are considered to be eluted in circulating
cooling water from fuel debris, treatment of RO-concentrated water (*), treatment of secondary waste, and on-
site operating methods for criticality approach monitoring and neutron absorber will be developed.

*Liquid waste with a high impurity concentration generated by Reverse
Osmosis filter (RO filter) removal of impurities from cooling water

[Overall development goal]
Development goals are to develop element technology necessary for systems and to conduct tests for
technology for ensuring safety for further increasing the scale of retrieval of fuel debris and the reactor
internals based on the R&D results obtained so far.
e T e
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1. Purposes and goals of subsidy projects No.3

The material in this report deals with the following items.
The objective of each item’s implementation is shown.

(1) Liquid/gas systems

(D Development of soluble a-nuclide removal technology
- Element test assuming fuel debris retrieval work
Selection of candidates for adsorbents that can remove a-nuclides (Pu, U, etc.) during fuel debris
retrieval work, taking into account the gas phase environment inside the PCV (nitrogen
atmosphere).
2 Development of Reverse Osmosis (RO)-concentrated water treatment technology
- Selection of adsorbent and condensing agent
Selection of powder adsorbents and flocculants needed to treat RO-concentrated water through
element tests and devise a treatment method for RO-concentrated water.

@ Development of secondary waste treatment technology
- Investigation of pretreatment technologies
1) Characterization of liquid waste generated from particle removal system
Performance assessment tests on the filter components of the particle removal system are
conducted. Then the properties of the filtered liquid waste discharged into the sludge collection
system are consolidated.

2) Selection of dehydration technology for sedimentation sludge
Applicable dehydration technologies for volume reduction treatment of sedimentation sludge
from sludge collection equipment are selected from the literature research. Then a sludge

—
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2. Overview of subsidy projects

No.4

System configuration diagram of the liquid and gas systems under review for the subsidy project is shown.
In this year’s subsidy project, a soluble nuclide removal equipment and a sludge dehydration and stabilization

treatment equipment will be developed.

(D Development of soluble a-nuclide removal technology

a.

a.
Examination of soluble a-nuclide removal tests assuming use of actual liquid
b. Element test assuming fuel debris retrieval work
— |
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No.5

3. Previous fiscal year project results and remaining issues

@ Development of soluble a-nuclide removal technology

No. Items Efforts and results of the previous project* Remaining issues
The effects of powder generation for 15 nuclides of 5 elements (U, Np,
. Pu, Am, and Cm) were verified by tests. It was verified that the . . . . .
1 ta’;lugt“e%efsor necessity of adsorption and removal of U is low because its solubility B'Ssgt]tfrr:q agg dag?r?r?ggne?:%t\}:}/'oragggr}]r}?]d'gﬁt:grgr;
rgmoval near neutral pH 5 to 9 under atmospheric conditions and the er?\'/iror{men’t in the va P Y 9 9
concentration in the PCV stagnant water are about two orders of
magnitude lower than the announcement density.
: The evaluation was conducted assuming elution of seawater . . L
2 Qt%aggt?;;\tlgéer components, elution of concrete components, and injection of sodium Erfiftieccatﬁtmir?ﬂib?gj?tg]ghruc?rtl érr‘]rt‘éb'tor’ and non-soluble
pentaborate, a criticality inhibitor. y P
If an adsorption/removal system is installed in the facility that circulates
and cools the PCV stagnant water, a treatment flow rate of 10 m3/h
can be set to maintain a lower concentration of a-nuclides. If an . . " .
3 Treat?;(;:‘g tflow adsorption/removal system is installed outside of the facility that ?ggi’&%g treatment flow rate considering facility operating
circulates and cools the PCV stagnant water, only the volume of water
increase from fuel debris retrieval work is treated so the water balance
can be maintained if the treatment flow rate is 3.5 m3/h or higher.
The dissolution behavior of each a-nuclide was determined based on
Concentration the water quality that is assumed under conditions of elution of
i : . | seawater components and the injection of sodium pentaborate, a ; . . : i . .
4 gfsgu?#g (Ijl(f/sastg: criticality inhibitor. Regarding the effect of concrete elution, it was D|'_|S Sag:ltjlr%ri]nanglli?osr:):)?‘t:?onngreeqzvég:n()f(;}nQﬁtcs“des it g
ualit verified that evaluation in a nitrogen atmosphere similar to the PCV P g P
quatity environment is necessary because in an atmospheric environment a-
nuclides co-precipitate with the formation of calcium carbonate.
i Necessary DF setting accounting for the concentration of
Reqwfrgrments The target DF for reduction of public exposure effects is 100, and the pamcmaté’ q-nuc”deg J
5 : concentration reduction target for transferring to water treatment facility - - - —
concentration ;6 announcement density. (No progress) Setting of concentration reduction targets for individual
reduction nuclides

* Subsidy Project of Decommissioning and Contaminated Water Management in the FY2018 Supplementary budgets
“Development of Technology for Retrieval of Fuel Debris and Reactor Internals”
(2) (i) Technical development of treatment of fuel debris and deposit
(D Removal technology for soluble nuclides in circulating cooling water
(2 Treatment technolog i insi

l R' Dereinafter referred to as “the previous project.”

Olnternational Research Institute for Nuclear Decommissioning

5

: For examination in this project




No0.6

3. Previous fiscal year project results and remaining issues
@ Development of soluble a-nuclide removal technology

No.

Items

Efforts and results of the previous project

Remaining issues

Adsorbent
application

As a result of the evaluation of a-nuclide adsorption performance by
immersion tests, activated carbon, zirconium phosphate, and titanic
acid were selected as candidate adsorbents for application. At this
stage, since the adsorbent with a large equilibrium adsorption capacity
was selected through immersion tests, it is hecessary to verify its
performance when applied to water flow treatment. In addition, since it
is not possible to conduct high quantity a-nuclide circulation tests in a
laboratory, the evaluation method is an issue.

Method for evaluating adsorption/removal performance
when applied to water flow treatment

Adsorption
tower
configuration

Each tower has a series of activated carbon for removing colloidal a-
nuclides, zirconium phosphate for adsorbing Pu, Am, Cm, Np, titanic
acid for adsorbing Np, etc., with activated carbon at the top. Assuming
merry-go-round operation, each tower is counted as two towers. The
tower configuration should be reviewed taking into account the impact
assessment of each nuclide simultaneously present in solution, as
well as the removal performance and replacement frequency during
the water flow treatment.

Interactive effects of multiple a-nuclides

Effects of adsorption inhibitor components

Review of tower configuration based on removal
performance and replacement frequency during water flow
treatment

Replacement
timing
/Replacement
frequency

All of the adsorbents selected as candidates for application have low
cesium (CS) adsorption performance, so the risk of replacement due
to an increase in the tower surface dose is low. Although it is typical to
conduct a circulation test to determine the replacement frequency due
to the deterioration of adsorption performance, high a-nuclide quantity
makes such a test impossible in a laboratory setting. Thus, the
evaluation method remains an issue.

Evaluation method of adsorbent replacement frequency

Replacement
method

Whether replacing the entire adsorption tower or only the adsorbent,
in either case it is necessary to design equipment according to the
treatment policy of the used adsorbent (long-term storage for the time
being).

Operation at the time of replacement

Handling of used adsorbents

10

Tower size

At a treatment flow rate of 10 m3/h, the size is about the same as the
adsorption tower of the multi-nuclide removal system (outside
diameter: approx. 1 m, height: approx. 2.5 m).

Adsorption tower design with input of shielding policy,
replacement method, etc.

TRID

Olnternational Research Institute for Nuclear Decommissioning
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No.7

3. Previous fiscal year project results and remaining issues
®@ Development of RO-concentrated water treatment technology

@ Development of secondary waste treatment technology

i'ITI'D

No. Items Efforts and results of the previous project Remaining issues
The assumed water quality of the drain water and backwash water | Candidate components for the intermediate filter will be
discharged from the particle removal system, which is the input selected by literature research. Applicability will be verified
water to the sludge collection system, was regulated based on the through element tests and the properties of the generated
results of element tests and filter tests of the fuel debris retrieval liquid waste should be determined.
method project. - -
Water quality for However, since the intermediate filter of the particle removal Element tests will be conducted to assess the impacts on the
1 treatment system has not yet been selected, it is necessary to select particle removal system when treating non-spherical
candidate components and evaluate the properties of the particles. _ o
generated liquid waste. In addition, in the previous fiscal year’s If it is assessed that there is a predominating impact on the
element tests, evaluation was only possible when spherical behavior of component differential pressure increase,
particles were passed through, and it is necessary to evaluate the | recovery rate, or the amount of liquid waste generated, this
filter behavior and the properties of the generated liquid waste | Will be reflected in the assumed input water quality of the
when non-spherical particles are passed through. sludge collection system.
The treatment flow rate requirement of the sludge collection system | If the assumed input water quality of the liquid system
2 Treatment flow | was assessed based on the operating schedule of the fuel debris changes as a result of future studies, this will be reflected in
rate retrieval method, the filter test results, and the liquid system flow the treatment flow rate requirement of the sludge collection
rates. system.
Coagulation-precipitation treatment was selected as the treatment
method for filtered liquid waste and RO-concentrated water, and
usable flocculants were selected through element tests. The use of
sedimentation tanks in the coagulation-precipitation treatment Adsorption using powdered adsorbent and flocculation-
3 Treatment procedures were also examined. precipitation using flocculant as treatment methods for RO-
method It is necessary to examine the applicability to actual equipment | concentrated water will be selected. Usable powdered
for the flocculation sedimentation treatment of RO- adsorbents and flocculants will be selected.
concentrated water in the case of sedimentation tank usage. In
addition, it is necessary to investigate treatment procedures to
simplify operations and reduce the amount of sludge generated.
In order to reduce the amount of sedimentation sludge
The amount of sedimentation sludge generated was estimated generated, each step of the RO-concentrated water
Sedimentation | Pased on flocculation sedimentation test. The amount of treatmﬁnt pfrfocedu][es&/vnl.be rrel:wewed._ Thrfoftljgh ellementd
Slidge sedimentation sludge generated from RO-concentrated water teSt?a t s e(éts Of recucing the quanpty,O, occu g_n_t an
4 properties and | Was rated high due to the high treatment flow rate and the high pow e,ﬁ g sorbent, %n optimization of stirring conditions,
the amount moisture content of sedimentation sludge, and there were concerns | etc. will be examined.
generated about the complexity of the discharge process and the load The application of dehydration treatment to sedimentation
reduce the amount of the sedimentation sludge. will be selected via literature research, and the applicability

to actual equipment will be assessed through element tests.

For examination in this project




No0.8

3. Previous fiscal year project results and remaining issues

®@ Development of RO-concentrated water treatment technology
@ Development of secondary waste treatment technology

No. ltems Efforts and results of the previous Remaining issues
project
The required acceptance conditions of the soluble nuclide removal
Supernatant The quantity of suspended solids (SS) and other equipment and the existing water treatment facility will be sorted
5 liquid components remaining in the supernatant after solid-liquid out, and the necessity of neutralization treatment and removal of
properties separation were sorted. neutralized salt and trace amounts of residual SS components will
be examined.
lehe p(;olcesa of coagulgtion—precipitation éreatment of
iltered liquid waste and RO-concentrated water using a : ; : ;
6 Operating sedimentation tank was examined based on the operating Ig: ﬁ;ﬁ{’igi?fréhéis %‘;ﬁgﬁ ﬁf;?ﬁ’;tntteSﬁgcﬁﬂsbﬁfdﬁggﬁﬂ Jf[ﬁ éherevi ouS
methods schedule of fuel debris retrieval method and element test ro'gect precip P P
results. An operating cycle in which one batch process is project.
completed per day was examined.
Equipment tests verified the operability of the In element tests using RO-concentrated water treatment test
Equipment sedimentation tank and each component. equipment to be conducted from this fiscal year onwards, each
7 specifications Since large particles were caught when opening and mechanism of the sedimentation tank will be re-evaluated.
P closing the gate valve, it is necessary to reconsider the In addition, valves that can be applied to sedimentation tanks will
specifications of the gate valve. be examined.
When the sedimentation sludge is treated and disposed of as
The discharge method of sedimentation sludge using a waste, it is discharged to the waste line, so it is necessary to
sludge collection container was examined, and through an consider the final disposal of sedimentation sludge and apply
equipment test confirmed that this method can be applied pretreatment. In the future, if a policy for the final disposal of sludge
Methods for to actual equipment. _ _ o Is presented, the necessary pretreatment within the liquid system
discharge of It was verified that it is possible to insert piping from the will be examined and applied to the sedimentation sludge
8 sedimen%ation top of the sediment tank and remove sedimentation sludge | discharge method. _ _ _ o
sludge by suction pump. _ N When sedimentation sludge is stored in canisters, it is discharged
9 In the future, the required acceptance conditions of the to the canister line, so it is necessary to apply pretreatment to
sedimentation sludge discharge point will be sorted out satisfy the requirements of long-term storage. The requirements for
and sludge canister size and applicability of dehydration long-term storage of sedimentation sludge will be sorted out and
treatment will be examined. the shape and moisture content of the sludge collection container
will be examined.
Handling of Assumed properties of sedimentation sludge and the Assumed properties of sedimentation sludge will be shared to both
9 sedimentation | amount generated were arranged based on the results of the waste project and the canister project. Issues will be identified
| — sludge element test igui j ' '

TRID

OTnternational Research Institute for Nuclear Decommissioning
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4. Input/output information

No0.9

This project will be proceeded in collaboration with related projects such as the
Development of Technologies for Containing, Transfer and Storage of Fuel Debris
project and the R&D for Treatment and Disposal of Solid Waste project.

Provider-side project

Contents (overview)

Information use

Development of Technologies
for Containing, Transfer and
Storage of Fuel Debris

Acceptance conditions for
canisters

Examination of stabilization
treatment technology for
secondary waste

R&D for treatment and
disposal of solid waste

Acceptance conditions for
waste storage containers

Examination of stabilization
treatment technology for
secondary waste

Development of Analysis and
Estimation Technology for Fuel
Debris Characterization

Results of examination on
formation behavior of fuel
debris particles

Examination of properties of
particles in circulating
cooling water

Development of Safety
Systems (Liquid/Gas Systems,
Criticality Control Technology)

Properties of sedimentation
sludge generated from liquid
gas system

Identification of issues in the
handling of fuel debris in
slurry or sludge form

Development of Safety
Systems (Liquid/Gas Systems,
Criticality Control Technology)

Properties of sedimentation
sludge generated from liquid
gas system

Identification of issues in the
treatment and disposal of
radioactive waste in slurry or
sludge form

ID Demand-side project
Development of Safety
1 | Systems (Liquid/Gas Systems,
Criticality Control Technology)
Development of Safety
2 | Systems (Liquid/Gas Systems,
Criticality Control Technology)
Development of Safety
3 | Systems (Liquid/Gas Systems,
Criticality Control Technology)
Development of Technologies
4 for Containing, Transfer and
Storage of Fuel Debris
5 R&D for treatment and
disposal of solid waste
|
TRID

*Also planned to discuss collaboration with TEPCO in the future.

Olnternational Research Institute for Nuclear Decommissioning
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5. Implementation schedule No.10

Plant operator FY2021 FY2022
Cat Subcategory b(Ifthere isa
atego subcontractor or test
gory location, itis also listed) Apri May: Juni Jul i Aug| Sep: Oct iNoviDec: Jan; Febi Mar| Apr :Mayi Jun : Jul :Aug iSep:Oct Nov Dec : Jan:Feb :Mar
P A A AN A FAY
Major milestones Project steeririg meeting Interin report Project steering meeting Interim repprt Ihterimireport; Finalreport
Con stud
(1) Liquidigas & Concepual iy | 1) mitachi GE [ : Line of planning
systems estplan Subcontractor: None .
b. Test preparation/ Test location: Hitachi I : Line of results
@ arrangements Research Laboratory E
Development of Prelimi est : :
soluble a- c. Preliminary tests | @) pevelopment of soluble a-nuclide
nuclide removal d. Element tests removal technology \Jsummary
technology e. Summary A similar test was conducted at Hitachi A

GE/Toshiba ESS.
Allocated tests for each nuclide and
adsorbent.

Conc:feptualéstudy/;test pla

a. Conceptual study/ (2) Toshiba ESS

test plan Subcontractor: NFD
b. Test preparation/ Testing location:
arrangements Toshiba ESS
. Research Laboratory
c. Preliminary tests : : : : :
d. Element tests = E ; —
e. Summary m

ptualistudy/test pl

@ Development of
RO-concentrated
water treatment
technology

a. Conceptual study/
test plan

. Test preparation/trial
manufacturing of test

o

(1) Hitachi GE
Subcontractor: Hitachi
Plant Construction,
Ltd.

equipment Test location: Rinkai | |
c. Preliminary tests factory ‘—
d. Element tests %
e. Summary
(1) Hitachi G!E . X Conceptualistudy
® Development a. Conceptual study Subcontractor: Hitachi
of seconda Plant Construction, Ltd. | stiidy/test plan :
Y b. Technical study/test | Test location: Rinkai Ca studylestpian :
waste treatment facto
plan ry
technology .
c. Test preparation/test Subcontractor: Mi :
sample manufacturing Sgik‘;on rachor st : '—
d. Element tests ;Zislg(ﬁzt(i;r:al\]/lisuzu ‘i Intesim surhmary A J Sui mary
e. Summary laboratory : i :
* .
|

*Toshiba ESS: Toshiba En@kgyr@stemgﬁrsmmtehém‘p@rmmissiTBg



6. Project organization

Tokyo Electric Power Company Holdings, Inc.

International Research Institute for Nuclear Decommissioning

(IRID)

» Coordination for on-site applicability

management

Coordination of general planning and overall technology

Coordination of technology administration including
technology development progress management

No.11

Development project
teams in
cooperation with this
project

Hitachi-GE Nuclear Energy,
Ltd.

Toshiba Energy Systems &
Solutions Corporation

Mitsubishi Heavy Industries,
Ltd.

Japan Atomic Energy
Agency

[Element test, technical
development]
(1) Liquid/gas system development
(D Development of soluble a-nuclide
removal technology
- Examination of soluble a-nuclide
removal test assuming the use
of actual liquid (stagnant water
in the reactor building)
- Element test assuming fuel
debris retrieval work
@ Development of RO-concentrated
water treatment technology
- Selection of adsorbents and
flocculants
- Examination of applicability to
actual equipment
® Development of secondary waste
treatment technology
- Investigation of stabilization
treatment technology
- Examination of applicability to
actual equipment

(2) On-site operating methods for
criticality approach monitoring
technology and neutron
absorber technology

- Formulation of criticality

WOnitoring procedures

[Element test, technical
development]
(1) Liquid/gas system development
(D Development of soluble a-nuclide
removal technology
- Examination of soluble a-nuclide
removal test assuming the use
of actual liquid (stagnant water
in the reactor building)
- Element test assuming fuel
debris retrieval work

(2) On-site operating methods for
criticality approach monitoring
technology and neutron absorber
technology
- Formulation of criticality
approach monitoring procedures
- Performance assessment of
neutron detector sub-criticality
measurement
- Formulation of operating
procedures for usage of
absorbers
- Examination of the impacts of the
fuel debris on drying process

[Element test, technical

development]

(2) On-site operating methods for
criticality approach monitoring
technology and neutron
absorber technology

- Formulation of criticality
approach monitoring procedures

- Performance assessment of
neutron detector sub-criticality
measurement

[Element test, technical

development]

(2) On-site operating methods for
criticality approach monitoring
technology and neutron
absorber technology

- Development of solidified
absorber technology

~TIRTD

uc

Development of Fuel
Debris Retrieval Method

Development of
Technologies for
Containing, Transfer and
Storage of Fuel Debris

R&D on Solid Waste
Treatment and Disposal

Development of Analysis
and Estimation
Technology for Fuel
Debris Characterization

Development of
Technology for Detailed
Investigation inside PCV

Development of
Technology for
Investigation inside the
RPV

Development of Analysis
and Estimation
Technology for Fuel
Debris Characterization

Development of
Technology for Sorting of
Fuel Debris and
Radioactive Waste

11




7. Implementation details No.12

@ Development of soluble a-nuclide removal technology (element test
assuming fuel debris retrieval work)
- Development history

* Inthe FY2016 subsidy project, “Upgrading of Methods and Systems for Retrieval of Fuel Debris and Reactor
Internals,” site boundary exposure doses for liquid system during normal and accident conditions were evaluated.
The site boundary exposure dose was below the threshold value in both normal and accident conditions, but in
both cases the effects of Pu-based nuclides and daughter product (Pu-238, Pu-241, Am-241) were significant.

 Alpha-emitting nuclides (hereinafter referred to as a-nuclides) at existing nuclear facilities are not nuclides that are
discharged into the environment and the exposure due to a-nuclides should be as low as reasonably achievable.
Therefore, from the subsidy projects (FY2017/2018) “Upgrading of Methods and Systems for Retrieval of Fuel
Debris and Reactor Internals,” examination and evaluation of the effectiveness of removing a-nuclides in liquid
system have started. Candidate technologies are selected for each type of a-nuclide (hon-soluble a-nuclides and
soluble a-nuclides), and element tests are conducted to evaluate the feasibility of the selected technologies.

« Adsorption removal and RO filters have been selected as candidate technologies for removal of soluble a-
nuclides; RO filters are capable of removing a-nuclides in principle. On the other hand, although adsorption
removal is a proven technology for the Fukushima Daiichi NPS contaminated water treatment, its applicability
depends on the adsorbent selected and the form of a-nuclides present in solution.

» The previous project (subsidy project for FY2019 to 2020) dealt with the development of adsorption removal
technology and adsorption tests under open-atmospheric conditions were conducted on Pu, U, Am, Cm, and Np
a-nuclides (the 5 nuclides targeted for removal). Candidate adsorbents were selected, but their actual
effectiveness in the event of PCV water quality fluctuation has not yet been evaluated.

 In addition, in order to verify the adsorption removal technology’s efficacy in removing a-nuclides, a verification
test using actual contaminated water is required, but plans for such a test are still under discussion.

| I ——— e
l R' D Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@D Development of soluble a-nuclide removal technology
(element test assuming fuel debris retrieval work)
- Mapping out of this project

[Previous projects (FY2019/2020)

system pattern

Arrangement of Liquid

Soluble a-nuclide

No0.13

End of FY2021 Subject of report

removal equipment
System
configuration/Reesta

[Development plan for FY2023 onwards]

Equipment requirements (performance,
flow rate, maintenance, quality, etc.)

- System structure
\A System requirements

blishment of
requirements

review, etc.)

Test plan (procedure

- Test procedure (after revisio
- Adsorbents to be evaluated

Preliminary test

Policy for application
of actual equipment

[This project (FY2021/2022)]
—

Gas phase environ

(Pu, U, Am, Cm, Need for simulation
Np)
- Impacts of adhesion to
container
- Impacts of powder generation
. Adsor_ptlon Candidate adsorbentd
Immersion test |for application
(Pu, U, Am, Cm,
Np)

Conceptual study of

4 Adsorption performance data

Design issues

~

ent

Evaluation
methods

Ne

PCV environment

simulation testing plan

/\ | - Organization of gas phase
PCV environment

- Preparatory test

- Test procedures

- Adsorbents to be evaluated

Preliminary and
adsorption tests in
simulated PCV
environment

Adsorption water

Verification test using actual contaminated water

- Adsorbent applicafion

flow test

Adsorption
immersion test

- Water flow conditi

S ! a-nuclide adsorption

s, etc.

| Conceptual study of |

1 and removal
; equipment

Examination and
evaluation of
applicability to actual
equipment

| .

bd for actual contaminated water

Vv

- Contaminated water to be
used
- Test methods, etc.

7
Adsorption
performance
data, etc.

Test plan using actual
contaminated water

a-nuclide adsorption

Examination of
evaluation methods

and removal

equipment

TRID

Issues related to performance

assessment

for solving issues

Organization of data

-
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7. Implementation details No.14

@ Development of soluble a-nuclide removal technology (element test
assuming fuel debris retrieval work)
- Issues, implementation details and goals to be addressed in this project

[Issues]

« The behavior of a-nuclides in solution under conditions simulating  <lllustration of test equipment for simulating a
the PCV environment during fuel debris retrieval work has not been nitrogenous environment during fuel debris
verified. retrieval work>

« The impacts of changes in solution water quality on the soluble a-
nuclide removal performance has not yet been evaluated. r—-= ~—

Um
[Implementation details] L —
« Atest equipment was manufactured to simulate the _

environment during fuel debris retrieval work.
* Preliminary tests were conducted to verify the

dissolution behavior of a-nuclides under conditions Simple glove box

simulating the environment during fuel debris retrieval <Adsorption test>

work. - Ay r-————--- .
« Adsorption tests were conducted to verify the a-nuclide : l

removal performance under conditions simulating the ! cenuclide

environment during fuel debris retrieval work, and

|
S |
|
Y : /:/édissolved)
applicable adsorbents are selected. | VR _

’ I e a-nuclide
[Goals] K

® /:/(adsorption)
» Data acquisition on a-nuclide adsorption performance in matek | |
the environment assuming fuel debris retrieval work, and View of glove box interior /én;a;]gr for adsorption testing
select candidate adsorbents.
amstabliShMent of a water. qualin a0 SIS NL 0Ol IO ] e T tuelte ceersion B0 i 0000 |

1 =R EDa-nuclide removal equipment. o

-
~
-~
\ 3490
\ 7

™

- T




. Implementation details No0.15

@ Development of soluble a-nuclide removal technology (element test
assuming fuel debris retrieval work)
- Response flow up to element test parameter setting

After setting up the prerequisite system, the environmental and water quality conditions in the actual equipment were
examined. The test environment and test solution conditions were also examined based on the literature research
and calculation of thermodynamic equilibrium related to the dissolution state of a-nuclides. Then the test parameters
were set according to the adsorbent to be evaluated.

Prerequisite
system setup

Nuclides targeted System co_nfiguration and
_ for removal I control policy |
; Examination of Examination of
IseIECttlo? Ot]; water quality . environmental
elements 10 be assuming actual conditions assuming
evaluated equipment actual equipment

U, Np. Pu. Am.
Cm

Water quality and environmental
» conditions assuming actual equipment

L

Selection of tracer

for usage in testing Literature research Examination of test
> related to * solution and test
dissolution state environmental conditions
Candidat Tracer specifications
:n Iba ? (nuclide concentration, i -
adsorbents & solvent concentration, v g_‘”UCI“d_e solubility and
inati carrier concentration, Thermodynamic issolution state
I(ijanl])maglotn %f isotope ratio) equilibrium calculations according to water Test solution .
adsorbents to be related to dissolution quality and conditions (20 e SEiied
evaluated state environment Test in this project
Adsorbents t environmental
' bese(\)/ra |32t2d0 conditions Items that will use
- settings from the
Setting of test parameters previous project
—
l R' D | |§U| g | !ggbsl Hgg ”555 UB !8 glgl i Hgl ” !gg! Blgl ” “l Ha Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.16

@ Development of soluble a-nuclide removal technology (element test
assuming fuel debris retrieval work)
- Setting of prerequisite system (liquid/gas systems)
* In the liquid system, in order to control water level and confine the contaminated water in the PCV, water is taken from

the D/W (dry well) or S/C (PCV suppression chamber) and fuel debris is cooled by injecting and circulating water
taken from D/W or S/C after cooling.

* The gas system manages negative pressure to confine dust and other substances in the PCV, and fills the PCV with
nitrogen for hydrogen scavenging and other purposes.

« Although air flows in due to negative pressure control, the gas phase inside the PCV becomes mostly nitrogenous.

» Up until 2020 a-nuclide adsorption tests had been conducted in an atmospheric environment. Testing in a nitrogen
environment is necessary in order to further investigate application to actual equipment.

i Pretreatment o Filters »Exhauster + To exhaust
Primary = facility.
( __Containment port
L ~— __Vessel I ,
stagnan
1 Reactor water -
pressure vessel - Particle Soluble a- To existing
' removal huclide removajs=s
» system equipment - water treatment
s - M TN facility
TodD = Fuel debris <& a-nuclide removal equipment
./ (\/; Cooler p
Atmosphere \ l
Nitrogen \L,.- Pedestal
Operational ] P
water
Stagnant water P<&—» To existing water treatment facility  onvironment
/ inside the building w—— Liquid system
== m——p Gas system

TITRID Figure Schematic diagram of liquid/gas systems during fuel debris retrievak(efrgineeringelagigjar Decommissioning
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. Implementation details No.17

@ Development of soluble a-nuclide removal technology (element test
assuming fuel debris retrieval work)
- Setting of prerequisite system (soluble a-nuclide removal system)

In the previous project, to study soluble a-nuclide removal system when adsorption/removal is applied, a facility
configuration consisting of receiving tank, adsorption tower, monitoring tank, sampling equipment, etc. was
examined.

Agitator pump

Adsorption tests were conducted under

From

. /S : : N
atmospheric conditions using a-nuclides paricle
elements (the nuclides targeted for removal).  sysen Transfer —-:lM:mmg
( ) 3 To existing
water

A tower configuration with attached activated o fank
carbon on top and zirconium phosphate/titanic e~ ) T _”
treatment
‘ | Monitoring facility, etc.

acid in the second stage was proposed. The

former is assumed to remove mainly colloidal

a-nuclides while the latter is assumed to - Vo e
remove dissolved a-nuclides. Sampling equipment _|

In this project, similar adsorption tests under a
nitrogen atmosphere (simulating the gas
phase environment in the PCV) were Attached | | Attached | |, .|| S -
conducted to evaluate the impacts on the el Bl " |ohosphatel - |phosphate] - RCCE ~ BRaC
solubility of a-nuclides and adsorption carbon carbon
performance, and to investigate whether the
tower configuration and adsorbent used in the t ' I I ;

. . | Y
previous project need to be altered. Removal of U, Pu, etc. Remo‘(’:arho‘;\l';‘* Am, Removal of Np
Figure Schematic diagram of soluble a-nuclide removal system
*Supplementary information on the tower configuration and proposed tower conflguratlon*
The number of towers in each adsorption tower is provisionally set at 2 to enable merry-go-round operation. The number of required towers for each adsorption tower needs to be
evaluated in the future.
In order to reduce the number of adsorption towers as much as possible, attached activated carbon adsorption towers (which have high removal performance for colloidal a-nuclides in

lontosolubleqnuchdes)andznrconl m_phosphate adsorption towers (which have high adsorption performance for multiple soluble g-puclides) are installed, However, since the
l nperformanceoftheattache dcCtivated carbon and oniu pnospnate oniy relatively nign and e concenghgHon TEQLIGHAN QUG Water ON Heatis It 008

Discharge
pump

Adsorption

Adsorption
tower

tower

tltanlc acid adsorption tower should be installed at the post zirconium phosphate stage. 1 ;g



7. Implementation details

@ Development of soluble a-nuclide removal technology (element test assuming fuel

debris retrieval work)

- Examination of environmental conditions assuming actual equipment and policy for
applying these conditions to the test environmental conditions

» The following table summarizes the proposed control policy and control values for the gas phase environment of the PCV,
based on the analysis status in the plant operator engineering.
» Oxygen concentration is related to the degree of air inflow, and since it is under consideration to set the control value less
than 4%, this will be reflected in the conditions in the test evaluation. (Note, however, that the 4% figure is tentative, and not a
definite value.)
* The atmospheric component in the PCV gas phase is estimated to be at a concentration less than 1/5 that of the
atmosphere, which has an oxygen concentration of about 20%. (Carbon dioxide concentration in the PCV is assumed to be
70 to 80 ppm or less)
Table Proposed control policy and values for environmental items during fuel debris retrieval (gas system)

No0.18

; ; ; ; Proposed
No. Environmental item Control requirements Proposed control policy control value Remarks
PCV gas phase Gas phase confinement Negative pressure is If negative pressure control is not feasible, the
1 r%ssfre (Ierfka e prevention) managed by controlling the TBD alternatives are positive pressure control or
P gep exhaust flow rate equalization pressure control.
2 Nitrogen concentration No (Nitrogen supply control) - Nitrogen concentration itself is not a control target.
o Nitrogen supply and
@ Hvdroaen Gas phase confinement exhaust flow rate are o _ -
3 IS con)éent?ation (fire/explosion controlled to keep hydrogen | Less than 2% | This is tentative, not a definite value.
S prevention) below the lower explosive
S limit
c -
o _ Nitrogen supply and o o _
® . Gas phase confinement exhaust flow rate are Concentration increase due to air inflow during
4 S | Oxygen concentration (fire/explosion controlled to prevent the Less than 4% [negative pressure control.
o3 prevention) conditions of Zr fire This is tentative, not a definite value.
a outbreak.
Carbon dioxide _ Concentration increase due to air inflow during
° concentration No Course of events negative pressure control.
Exhaust flow rate is : - .
; At the time of full discharge, the concentration is
; Gas phase confinement controlled to keep the o
6 Dust concentration (leakage prevention activity concentration below TBD less than or equal to the public exposure dose of 5
_ﬁB | e QHEE cgeven | | Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.19
@ Development of soluble a-nuclide removal technology (element test assuming fuel

debris retrieval work) _ N _ _ _
- Examination of water quality conditions assuming actual equipment and policy for

applying these conditions to the test solution conditions (1/3)
» By the start of fuel debris retrieval work, incremental changes in water quality are assumed due to circulation cooling
operations in the liquid system and PCV negative pressure control in the gas system.
» Once fuel debris retrieval work begins, it is anticipated that the pH of the liquid phase will increase due to elution of
concrete during cutting.
* The increase in pH is also assumed to increase the amount of gas phase carbon dioxide that dissolves into the liquid

phase.
Table Evaluation status of water quality of PCV stagnant water and a-nuclide adsorption performance under
liquid/gas systems and fuel debris retrieval operating conditions

Operating conditions STEP1 STEP2 STEP3 STEP4

— ne%ag:]\;(raoﬁ)ressure Not conducted Not conducted Conducted Conducted
Fuel desvrtl)s;kretrleval NE e e Not conducted Not conducted Conducted

By managing the PCV with Increased elution of concrete due to fuel

RO-Eeise Wl s nfEsize Cllieulietien @ (RO st ety negative pressure, the carbonic debris retrieval work causes a pH increase.
8 e Iz GLIEEE Uiz FOW EnEl ) Mayy GEUSE U7 O CONE EiE, acid concentration underwater Carbonic acid concentration is positively
ORErIED thue;?i,:;?skig:ité :I? t&z\g’:ﬁ; - ﬁ}gbsgnncgtmg nge'r)g‘ﬁir'z 'IQ @ increases due to gas phase carbon correlated with pH. Injection of boric acid
Quality of Ezo-tr eated wat ery no a?m ospheri cpim acts dioxide concentration increase from solution as criticality prevention is also
PC\); ’ P pacts. air inflow into the PCV. hypothesized.
stagnant  Estimated
T oH Approx. 7 7t09 5t09 5to 12
Inorganic
carbon* Several ppm Several dozen ppm
concentratio A{plpITER o [o[pim) AR & [Pfpi (Impacts of air inflow) (Air inflow + impacts of pH increase)
n (estimated)
a-nuclide adsorption Selection of candidate adsorbents
performance evaluation (Not applicable) (Not applicable) through adsorption tests up to Not yet evaluated
status FY2020
l R' D winternational kesearcn insttute Tor Nuciear vecommissioning
19

*Collective term for CO,, HCO; and CO4?. The abundance ratio varies with the pH of the solution.
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. Implementation details No.20

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Examination of water quality conditions assuming actual equipment and policy for
applying these conditions to the test solution conditions (2/3)
The pH range required for estimation was studied because the amount of pH and carbon dioxide elution into
the liquid phase are assumed to increase due to elution of concrete components during fuel debris retrieval.

When calcium from concrete is eluted, the pH of a saturated solution of calcium hydroxide is approximately

12.4, but in the high pH region, carbon dioxide in the gas phase is more soluble, and over time the pH drops
to about 9 to 10 due to carbonic acid dissolution.

When the pH decreases due to carbonic acid dissolution, calcium carbonate precipitates and a-nuclide

concentration is assumed to decrease due to coprecipitation, in which case the need for adsorption removal
IS reduced.

In order to verify the dissolved a-nuclide adsorption performance, adsorption tests under alkaline conditions
(pH 8 to 10) are planned under this project, in which the a-nuclide concentration in the liquid phase is not
assumed to decrease significantly.

Implementation Implementation
conditions of the conditions of
previous project this project
Concrete Concrete Concrete
component component component
Approx. | elution Approx. | elution | Approx. elution » ApPprox.
pHS5to7 pH 8 to 9 pH 9 to 10 |} pH 12
. pH decrease
a-nuclide (Pu) a-nuclide a-nuclide due to a-nuclide
Pu3+ Pu(OH)4 Pu(CO3)2(0OH)2-| carbonic Precipitates with
Pu(OH)4 PU(CO3)2(OH)2- acid carbonate
dissolution precipitation and
metal hydroxides

— * Figure Water quality fitictiiation SCenaro 17 case of comcrets component slion
l R' D e al Research Institute for Nuclear Decommissioning
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7. Implementation details No.21

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)
- Examination of water quality conditions assuming actual equipment and policy for
applying these conditions to the test solution conditions (3/3)

» There are three factors that contribute to changes in PCV stagnant water quality: elution of seawater components,
elution of concrete components, and injection of boric acid solution (sodium pentaborate). The water quality
conditions assuming actual equipment with each condition as a parameter are summarized below.

» Concrete component elution-mediated pH increase is assumed to alter the form of a-nuclides. Since it is necessary to
understand the impacts of pH on adsorption performance, implementation under two conditions is planned.

Table List of PCV stagnant water quality conditions assuming actual equipment

Conditions
Boric acid -
Type of . Seawater | Concrete - ; ; Inorganic
Expected conditions solution Clion Caion Boron SS
test water componenhcomponenuComponem] Tem?%]ature concentration | concentration | concentration pH co n?:aerr?tcr)gti on concentration
[Ppm] (Ppm] (Ppm] [opm] [Ppm]
1 |Circulation with water of similar No No No 10 t0 40 0 <1 <1 6t07 | Approx. 1 <1

quality to RO-treated water

Small amount of seawater
2-1 components eluted into the Yes No No 10 to 40 20 <1 <1 6to7 | Approx. 1 <1
circulating cooling water
Large amount of seawater
2-2 components eluted into the Yes No No 10 to 40 100 Approx. 1 <1 6to7 | Approx. 1 <1
circulating cooling water
Small amount of concrete
3-1 component eluted into water Yes Yes No 10 to 40 20 Low <1 8t09 Low <1
quality 2-1

Large amount of concrete
3-2 component eluted into water Yes Yes No 10 to 40 20 High <1 9to 10 High <1
quality 2-1

Small amount of concrete
4-1 component eluted into water Yes Yes No 10 to 40 100 Low <1 8t09 Low <1
quality 2-2

Large amount of concrete
4-2 component eluted into water Yes Yes No 10 to 40 100 High <1 9to 10 High <1
quality 2-2

Boric acid solution injected into

5 water quality 2-1 to prevent Yes Yes Yes 10 to 40 20 Low 7000 8to9 High <1
' R1 criticality loning
21




. Implementation details

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Investigation and evaluation related to dissolution state

In the previous project, thermodynamic equilibrium calculations were

performed for a system in which carbon dioxide exists in the gas
phase. It was evaluated that the solubility form of coordinated
carbonate ions (carbonate complexes) as the dissolved form of a-

nuclides increases in alkaline conditions.
The increase in carbonate ion concentration accompanying the rise in

pH may cause precipitation formation with Ca (Ca carbonate), a
concrete component, accompanied by a decrease in concentration due
to coprecipitation of a-nuclides. However, this coprecipitation
phenomenon cannot be evaluated by equilibrium calculations, so
verification through test evaluation under simulated environment
assuming actual equipment is required.

1.0E-02

oé\‘\d‘Q * » =7 ==

KO ,—c5 S L

¢ o/.
ki 2
()
o)o

Molar concentration

per 10 Bg/m of
radioactive elements

1.0E-11

Seawater

Seawater + CO, (3 ppmn)
Seawater +CO, (30 ppm)

Seawater +CO, (350 ppm).

5 6

7 8

mcrefo dm

nuc

lides
bu(CO3

oH
Figure Results of evaluating Pu solubility based on thermodynamic
mmmmm equilibrium calculation with condition of carbon dioxide concentration m————thermodynamic equilibrium calculation with condition of carbon dioxide
concentration in gas phase as a parameter (50-fold diluted sezaﬁvater)

1K.

in gas phase as a parameter (50-fold diluted seawater)

n car rponi®
atlng

No0.22

(1) Carbon dioxide concentration in gas phase: 3 ppm

E 8 8 B8
§ § 8 §

Dissolved species abundance ratio (%)
.

Pu™ PuS0O,* ~—8— Pu[OH}:*
—&— Pu{OH). Pu{CO4):(OH)"
T e
AtpH 9 or

higher, the ratio
of carbonate
ion-coordinating
complexes
increases

(2) Carbon dioxide concentration in gas phase: 350 ppm

Dissolved species abundance ratio (%)

= Pu(OH). Pl CO JWOH)?

AtpH 7 or
higher, the ratio
of carbonate
ion-coordinating
complexes

\ increases

\

Figure Results of evaluating dissolved form of Pu based on



7. Implementation details No.23

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Overall test plan

* In the previous project, the soluble a removal test was conducted in an environment simulating the air atmosphere
inside the R/B, whereas in this project the test simulated the nitrogen atmosphere environment inside the PCV.

» The adsorption test was conducted after completing the preparatory and preliminary tests. The outline and
objectives of each test are as follows.

@ Preparatory test: Verification of feasibility of controlling the nitrogen atmosphere in the simple glove box
(verification of feasibility of maintaining an oxygen concentration of 4% or less)

@ Preliminary test: Verification of the impacts of a-nuclide in the liquid phase adhering to containers as well as
the impacts of precipitation formation (verification of concentration reduction factors other
than adsorbents)

(3 Adsorption test: Verification of soluble a-nuclide adsorption performance by immersion testing

[This project] Simulation of PCV environment (nitrogen atmosphere) [Previous project] Simulation of R/B environment

— — — — lairatmosphere) __ __ __ _

Comparison of nitrogen atmosphere/air atmosphere Test in air atmosphere

@ Preparatory test

A

@ Preliminary test

@ Preliminary test

A 4 A\ 4

Use of a simple glove box (under a

U
<
f
4

@ Adsorption test nitrogen atmosphere) to simulate the @ Adsorption test
PCV gas phase environment
e S ——————
——
IR'D F|gure ! ;Vera” |eS| |mp|emen|a||0n ”OW ©lnternational Research Institute for Nuclear Decommissic;i?r;g



7. Implementation details No.24

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Test system and preparatory test results

+ The diagram below (Figure A) shows the test system for evaluating simulation of the internal PCV environment (nitrogen
atmosphere).

* In order to investigate radiation control, a simple glove box (simple GB) was installed in the hood of the laboratory, and a
nitrogen-filled line from an N2 cylinder is connected to create a nitrogen atmosphere inside the simple GB.

» By verifying the impacts of air inflow into the simple GB, it was confirmed that it takes about 10 days to exceed the 4%
oxygen concentration control target, and that the atmosphere can be maintained even when human work is unavailable
(e.g., nights and holidays). (Figure B)

* In addition to periodically checking the oxygen concentration in the simple GB and filling it with nitrogen as appropriate, it
was also decided to adopt a policy of adding nitrogen prior to collecting liquid from test samples, since the GB
atmosphere is strongly affected each time the lid of the test sample container is opened.

+ Temperature control in the simple GB is difficult due to space constraints. Therefore, temperature was measured and
recorded during the test and data necessary to investigate any impacts from temperature difference was collected.

atmosphere
Laboratory .
O | Hood ! _ | —o—nmer
T) | >4 - ' =)
i Simple glove box i § .
| @©
| = g
O | F e e -
| . Test sample ' e o Oxygen concentration
| H : o A e 0
i b4 - i © oo control target 4%
()
N2 : : =y
cylinder | Shaker Pass box | & % . = = y
:_ ___________________________________________ : _ ' Number of days (day)' )
- . . changes
1 13 1 T9We A Test system simulating a nitrogen atmosphere Ol aifiE Th A iR pla Egoecommssonne
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7. Implementation details

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Preliminary test procedures

The preliminary test procedures, established based on the preparatory test results, are shown below.

The test procedures are the same as in the previous project, and the test environment was performed
under a nitrogen atmosphere.

Test container

Shaking for a specified
period under a
nitrogen atmosphere

N2 (nitrogen
tmosphere)

Test solution

lonic a-nuclides

/

phase)

Before shaking

Figure Diagram o
TRID"® 0

Precipitation
formation (solid

—

Tracer
(undiluted
solution)

Pure
water

A 4

Preliminary test
procedures

Dissolved oxygen

No0.25

Assuming operation in
a simple GB under a
nitrogen atmosphere

Test
solution

lonic

Tracer

h (diluted

Colloidal o | Adhesion to [ solution)

®  |all surface |
gt (Reference
solution) y
\ .

N Adjust the pH to
After shaking about 1 and also

Without
filtration

J |

0.1 um
Filtration

J

L

L

lonic nuclides +
colloidal nuclides
+ precipitation
(solid phase)

lonic nuclides +
colloidal nuclides

measure the counts
when almost all a-
nuclides are
dissolved

concentration
measurement Adjust nuclide
»| concentration to
10 Bg/mL
pH adjustment with ‘l'—|
NaOH and P
Ca(OH)2 adjustment
v
Shaking Approx. 2
| days
ractionation Fractionation
\ 4 ¢
pH 0.1 um
measurement fi|tration
v Jv
Nuclide Nuclide
concentration concentration
analysis analysis

©'fFﬂigﬂiPea'Pfeﬁmirfwf@%mmmé'szmsng




7. Implementation details No.26
@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Adsorption test procedures

; ; Assuming operation in
ggleo \;a\t/dsorptlon test procedures, established based on the preparatory test results, are shown a simple GB under a

. ) ) ) nitrogen atmosphere
The test procedures are the same as in the previous project, and the test environment was

. . . . Y
Figure Diagram of adsorption test : Post-immersion concentration

performed under a nitrogen atmosphere. Adsorption test Dﬂnldygn
Test container procedures solution |concentration
N2 (nitrogen TR " Sample for verifying —— . meaSL.Jrement
atmosphere) ~C analysis (evaluation  reduction of nuclide (diluted Adjust nuclide
of amount of i concentration via solution) concentration to
a-nuclides _ adsorption) 1 adsorbent addition : 10 Ba/mL
(dissolved)_ | Test solution | pH adjustment PH
~e © | 5 with NaOH and L adjustment
el o | Ca(OH), v
L 5 0.1 um filtration
— Adsorbent ; N .
| RRERER : Adsorbent™ >l
[ Shaking | 1day*2
Shaking for a specified . ! T
period under a a-nuclide 5 v E
nitrogen atmosphere (dissolved) 5 i PR *1: Some
SNe E Shaking | 7 days | adsorbents are pre-
. ° : washed to reduce
| v i pH fluctuations from
Shaking | 21 days2 | addition of
l i adsorbents.
a-nuclide ) ] . . . ) *9- i
(dissolved) t i |Fractionation| |Fractionation| |Fractionation i *2: Equilibrium
™~ ; i attainment is
a-nuclide ® - v v v v : ensured by setting a
- ) 0.1 pm filter filtration ! 1 fltrati . 1 filtrati ! 3-pattern shakin
(adsorption)<_ (solid-liquid separation) { | 0.1 pm filtration 0.1 um filtration 0.1 pm filtration | | oH ! ps 4 g
natel | — - period.
E NuUclde NucTide Nuclide
i concentration concentration concentration
: l analysis analysis analysis ]
e

E_—— " . e
TIRID Figure Adsorption test proceduresitute for Nuclear Decommissioggg



7. Implementation details

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Preliminary test parameters
Considering the PCV gas phase environmental conditions (nitrogen environment) and the alkaline conditions
during concrete cutting, the following test conditions were set.

Table Test parameters for preliminary test

No. Test parameters Setting requirements Remarks
. Based on the results of exposure assessment at the site boundary, it is highly necessary
1 Nuclide Am, Cm, Pu, Np, U to remove these particular a-nuclides
: . Particular concentrations that can be handled by the test facility and that allow for
2 Nuclide concentration 10 Bg/mL analysis of removal rates
Required conditions given the anticipated gas phase environment inside the PCV during
. . fuel debris retrieval
3 | Gas phase environment | Nitrogen atmosphere Based on preparatory test results, the atmosphere is controlled using a simple GB with an
o0xygen concentration of 4% as the reference value
. Adsorption tests are conducted under two conditions, containers with a low container
4 Maégrr']?;i?greg PP, PFA adhesion impacts are used
PP: Polypropylene, PFA: Fluoropolymer.
5 | Water quality conditions See the table below
Table Water quality conditions for preliminary test
No. Water quality conditions pH Remarks
1 1000-fold diluted seawater 6107 [The policy is to use the results of condition implementation from the previous project, and to
2 200-fold diluted seawater 6107 utilize as-yet unimplemented conditions.
3 } . Approx. 9 |- Assumed to be operated near the analysis value of the chloride ion concentration in the
1000 folg_(cj:lgzgag)zeawater stagnant water up to the present (19 ppm) due to the low elution of seawater components
4 Approx. 10 | - Assuming a rise in pH due to elution of concrete components
5 ; . Approx. 9 |- Assumed to be operated near the upper control limit (100 ppm) due to high elution of
200 fo'i%lggg?_sg awater seawater components
6 Approx. 10 | - Assuming a rise in pH due to elution of concrete components
7 Soduz%ggr;)tsrk:]o;itg;/v ater 8to9 Conditions for evaluating the impacts of sodium pentaborate injection

No0.27

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.28

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)
- Adsorption test parameters
The proposed adsorption test conditions are shown in the table below. Based on the results of the preliminary tests
to be conducted in the future, water quality conditions, adsorbent conditions, and shaking period conditions to be

implemented will be selected.
Table Test parameters for adsorption test

No. Test parameters Setting requirements Remarks

Based on the results of exposure assessment at the site boundary, it is highly necessary to

1 Nuclide Am, Cm, Pu, Np, U remove these particular a-nuclides

Particular concentrations that can be handled by the test facility and that allow for analysis of
removal rates

Nuclide

concentration 10 Ba/mL

Required conditions given the anticipated gas phase environment inside the PCV during fuel

Gas phase . debris retrieval
3 environment Nitrogen atmosphere Based on preparatory test results, the atmosphere is controlled using a simple GB with an
oxygen concentration of 4% as the reference value
. . Evaluation of near-equilibrium state by shaking for 7 and 21 days. Judgment whether the
4 Shaking period 1,7, and 21 days adsorption rate is remarkably low by shaking for a short time.
5 Material of test PP or PFA Based on the preliminary test results, the type of container to be used is selected.

PP: Polypropylene, PFA: Fluoropolymer.

Adsorbents (attached activated carbon, activated carbon, titanic acid, silicic titanic acid, zirconium
6 Adsorbent see remarks phosphate) that have obtained high adsorption performance in the evaluation under atmospheric
environmental conditions up to the previous project are targeted.

container

Water quality

7 conditions See the table below
Table Water quality conditions for adsorption test*
No. Water quality conditions pH Remarks
1 Approx. 9 |- Assumed to be operated near the analysis value of the chloride ion
1000-fold diluted seawater concentration in the stagnant water up to the present (19 ppm) due to the
2 +Ca(OH)2 Approx. |low elution of seawater components o .
10 - Assuming a rise in pH due to elution of concrete components *Since all conditions cannot be
— implemented due to restrictions in
3 200-fold diluted seawater Approx. 9 hA_Esulmtt_ed tofbe opertated near thetupper control limit (100 ppm) due to the test process, the plan 'S.to
4 +Ca(OH)2 Approx. | Mgh elution of seawater components narrow down the water quality
10 - Assuming a rise in pH due to elution of concrete components conditions to be implemented
Sodium pentaborate water " . . . L -y
ﬁ_:j (7000 ppm as B) 8to9 Conditions for evaluating the impacts of sodium pentaborate injection earchyistifise for Nuclear Decommissioning
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7. Implementation details No.29

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Preliminary test progress
» Using Cm, 1000-fold diluted seawater and 200-fold diluted seawater were adjusted to pH 9 and 10 with calcium
hydroxide, and shaken for 2 days in two types of containers (PP, PFA).
 Since the counts are reduced by 10 to 30% without filtration, it is estimated that part of Cm adheres to the
container.

 In addition, it is estimated that part of the Cm changed into particles from the decrease in the count after 0.1 pm
filtration.

» Adhesion to containers and formation of particles were verified, but since Cm exists in a dissolved state to some
extent, it was verified that an adsorption test was required. Since there is no big difference in the results between

PP and PFA, PP containers will be used in the adsorption test. = Without filtration ® 0.1 m filtration

700
Cm additive concentration (approx. 10 Bg/mL)
B00 [mmmm oo -
500
=
o 400
e
2 300
1S
@
o 200
9
c
2 100
@)
0
1000-fold diluted 1000-fold diluted 1000-fold diluted 1000-fold diluted 200-fold diluted 200-fold diluted 200-fold diluted 200-fold diluted
seawater seawater seawater seawater seawater seawater seawater seawater
Ca(OH)2 pH=9 PP Ca(OH)2 pH=9 PFA Ca(OH)2 pH=10 PP  Ca(OH)2 pH=10 Ca(OH)2 pH=9 PP Ca(OH)2 pH=9 PFA Ca(OH)2 pH=10 PP  Ca(OH)2 pH=10
PFA PFA
E_— :
' R' D | |UU| g | |!”| | ”l |a| g [gg[ |Egu"g ug” |g El ” Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.30

@ Development of soluble a-nuclide removal technology (element test assuming fuel
debris retrieval work)

- Preliminary test progress (2)

» Based on 1000-fold diluted seawater and 200-fold diluted seawater, Am was used to prepare solutions adjusted
to pH 9 and 10 with calcium hydroxide and B=7000 ppm with sodium pentaborate, and shaken for 2 days.

« The counts were lower than that of the reference solution under the unfiltered conditions of 1000-fold diluted
seawater pH 9,10 and 200-fold diluted seawater pH 10, and it is estimated that part of Am adheres to the
container. In addition, it is estimated that part of Am changed into particles from the decrease in the count after
0.1 um filtration.

« Adhesion to containers and formation of particles were verified for some liquids, but since Am exists in a
dissolved state to some extent, it was verified that an adsorption test was required.

m Without filtration m0.1 pm filtration
700

600

500

400

300

200

Counts per minute [CPM]

—
o
o

0
1000-fold diluted 1000-fold diluted 1000-fold diluted 1000-fold diluted 1000-fold diluted 200-fold diluted 200-fold diluted 200-fold diluted 200-fold diluted 200-fold diluted
seawater seawater seawater seawater seawater seawater seawater seawater seawater seawater
pH=1 (reference pH=6to 7 pH=9 pH=10 B=7000 ppm  pH=1 (reference pH=6to 7 pH=9 pH=10 B=7000 ppm
solution) solution)
L =
' R' D Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.31

@ Development of soluble a-nuclide removal technology (element test
assuming fuel debris retrieval work)

- Summary
[Results for this year]

v' Based on the control policy for the gas phase environment inside the PCV during fuel
debris retrieval, a policy was determined to control the oxygen concentration at 4% or
less as a simulation of the test environment, and it was verified that is possible to control
the atmosphere inside the simple glove box during the preparatory test.

v' Based on the gas-phase atmosphere control policy verified in the preparatory test, the
test procedures for the preliminary test and the adsorption test were devised in the simple
glove box with nitrogen atmosphere.

v' Some preliminary tests have been started, and Am and Cm exist in a dissolved state to
some extent in a nitrogen atmosphere and alkaline conditions (pH 9, 10), so it was
verified that there is a high need for nuclide removal and an adsorption test.

[Future plans]

v" Preliminary tests for Pu, U, and Np will be implemented using the proposed test
procedures to verify the behavior of a-nuclides under each water quality condition.

v' Based on the results of the preparatory and preliminary tests, conditions for adsorption
tests will be examined.

v" An adsorption test will be conducted to evaluate the adsorption performance of each
candidate adsorbent for a-nuclides.

v' Based on the results of the adsorption test, the conceptual system design will be

ﬁdeviewed and aﬁmmw



7. Implementation details
@ Development of RO-concentrated water treatment technology
» Flowchart of examination

[FY2019/2020 (previous project)] :

Arrangement of Liqui
system pattern

|
d |

- Necessity of RO filter

y treatment technology

- Necessity of RO-concentrated water

Selection of candidate
technologies for RO-
concentrated water
treatment

treatment

- Select flocculation sedimentation

Verification test using

: Preliminary '

| tests i

:.. —_—— e W = = - : |
Items to be

Il Adsorbent test 4

__JmmmmMHmML___v

Development of
soluble nuclide

removal technology

Development of technology
for flocculation sedimentation

No0.32

' . Technological development for other items (water treatment)
(Plant operator engineering) | ———————————————

Preliminary engineering

| - a-nuclide adsorbent

- Flocculant

Issue

- Selection of powder
V__adsorbent

Ireported at the
lend of FYj2021
| I

Flocculant test [€

Flocculation
sedimentation test

- Selection of flocculant I

- Beaker scale test
- Equipment test

|
|
treatment of filter liquid waste :
|
|

Technological development for other

items (canister project)

identification

- Increased amount of sludge
generated

Development of

technology

sludge stabilization

Technological
study

selectio

Element test

- Appropriate treatment method
- Volume reduction by
dehydration, etc.

- Dehydration technology

result

- Treatment method

Proposal of RO-

treatment method

concentrated water

Investigation of existing knowledge
and organization of issues in storage
of sludge or slurry form in canisters

Verification test using
———actualliguid __ _

| Conceptual

- Equipment

design

|
RO-concentrated |
water treatmenttest | |
|

|

Detailed design
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7. Implementation details

@ Development of RO-concentrated water treatment technology

[Issues]
« As a treatment method for RO-concentrated water generated from RO filters, flocculation
sedimentation is being examined, and it is necessary to establish treatment procedures.
« Powder adsorbents and flocculants that can be used for RO- concentrated water treatment have not
been selected, and data on their nuclide adsorption performance and flocculation sedimentation
performance are insufficient.

Simulated RO-

concentrated water Powder adsorbent
(pure water +
simulated nuclide Flocculant

pH adjuster

[Implementation details]
» Candidates for powder adsorbents and flocculants were
selected based on literature research and past results | | stirring

of use in the existing water treatment facility. vV

* The nuclide removal performance of the powder ' »

adsorbent was evaluated by adsorption test.
* Abeaker scale flocculation sedimentation test evaluates
the flocculant performance of a flocculant on a powder ——

adsorbent. Figure RO-concentrated water treatment
[Goals] element test image

Evaluation on the nuclide removal performance of the
powder adsorbent and the flocculation sedimentation
performance of the flocculant.

» Selection of applicable powder adsorbent and flocculant
candidates.
—2evelopment of treatment procedures for RO-

ted water. LOLGE S
IF@IW 733

Sludge

Before flocculation After flocculation
sedimentation treatment sedimentation treatment
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7. Implementation details

@ Development of RO-concentrated water treatment technology

» System configuration of sludge collection system

Solid components were collected from liquid waste generated from non-soluble nuclide removal equipment
and RO filter equipment.

Non-soluble nuclide removal equipment Soluble nuclide removal equipment .
T e e e T T — == T 3N T — — N\ T T T M/——"" \
e o T o Pl o > P et —-2 2—) cooment Ty
water : Drain/backwash water Backwash water Backwash water : : zjon-centrated :
L (R ] — L ater
sEcukftg]sgfﬁglrt(ij(ggfis Extraction > Igc?i(()jlg tr)tlaemoval > 'rl;lcj)cs”c()jlg l:r)leemoval Powdef adsorbegytfmﬁ nal TO water
(large particles) Flocculant g equipment equipment Elocculant treatment facility
I a5 i o

-

Cutting particles

[ ———

I

1

1

1

1

1

1

I .

: P (small particles) | ~\

1 1\ such as fuel Powder adsorbent R4

1 Sludge debris Sludge for nuclide Sludge

| . adsorption

1 _ _ 1 1 H To waste

: Natural sedimentation I : Flocculation sedimentation : 1 Flocculation sedimentation 1 |storage

I or emovaly i emoval I T emoval| |

1Flocculation sedimentation 1 1 1 1 |

1 1 1 1 1 1 To

| 1 1 1 1 1 .

i 1 1 1 i 4| Canister

\ / \ 7 \ / |storage

) . — A = N e 7 N o o = SN
Roughing liquid waste treatment equipment Intermediate/final treatment liquid RO-concentrated water
waste treatment equipment treatment facility

ﬁ D F|gure SyS em Cco ional Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of RO-concentrated water treatment technology

» Sludge collection system requirements
The liquid to be treated and treatment requirements for each sedimentation equipment are shown below.

*Trial calculation based on the water quality

Table System requirements for each sedimentation equipment

conditions set in the subsidy project

No ltems Roughing liquid waste Intermediate/final treatment liquid RO-concentrated water
' treatment equipment waste treatment equipment treatment facility
Backwash water generated from
i intermediate components and final treatment
1 Water to be treated Dra|newnztrgrtgdn?robr?]crlgv:/jairilnwater components RO-concentrated water generated
9 combponents ghing (It is assumed that the intermediate system will from RO filter equipment
P be in bypass operation during fuel debris retrieval
work)
Contained particle Molten fuel, core structures Molten fuel, core structures, concrete
component ' " ' . Powder adsorbent for nuclide
2 (for flocculation concrete components, other solids components, other solids adsorotion
. . (Particle size 100 to several tens of um) (Particle size several tens to 0.1 um) P
sedimentation)
3 Particle Thousands to 10000 ppm Thousands to 10000 ppm Hundreds to 10000 ppm
concentration From filter element test results From filter element test results From adsorbent element test results
_ _ _ 8to 11 m3¥/day
Intermittent drain: 100 m3/year 0.1 ym UF filter: 10 m3/year Fuel debris retrieval water
4 Treatment flow rate Regular drain: 1300 m3/year 0.05 ym UF filter: 100 m3/year Calculated assuming an RO filter
From filter element test results From filter element test results concentration ratio of 2 to 3 times at (22
m3/day)
. — 3
intermittent drain: 1.0 m/day or 0.1 um UF filter: 0.063 m¥day or more 14 m¥day or more
Treatment flow rate . 0.05 pm UF filter: 0.63 m3/day or more
5 ; Regular drain: 8.2 mé/day or more ) o : Flow rate to enable treatment at 80%
requirements Flow rate o enable treatment at 80% Flow rate to enable{;\rlzﬁztirgitlai?t at 80% equipment equipment availability
equipment availability y
. Batch treatment
6 Operating method Assuming completion of 1 batch treatment in 1 day
_— B

TRID

Olnternational Research Institute for Nuclear Decommissioning

35




: : N0.36
7. Implementation details

@ Development of RO-concentrated water treatment technology

[Issue] A large amount of flocculated sediment (hereinafter referred to as sedimentation sludge)

are generated from a sedimentation tank.
Assuming that the sludge collection container is a unit can size (200

x H400 mm), the required number of times of discharging is Sedimentation sludge properties
i - The amount generated is about 10 to 15
calculated as shown in the table below vol% of the nitial liquid volume
- The moisture content is about 90%

Table Number of discharge of sludge collection container - High fluidity

Liguid waste to Number of collection
be treated containers [pieces/day]

Roughing liquid

waste .
Final treatment 8
liquid waste RO-concentrated water  Filter liquid waste flocculation
treatment test sedimentation test
RO-concentrated 111 *Magnetite 1000 ppm *Si0, 10000 ppm
water Figure Appearance of liquid waste after flocculation sedimentation treatment

» The amount of sedimentation sludge generated from the sedimentation tank for filter liquid waste
treatment is relatively small, and it is estimated that the number of times it is discharged is on the order
that can be applied to the actual equipment

» The amount of sedimentation sludge generated from the sedimentation tank for RO-concentrated
water treatment is enormous and needs to be discharged an enormous number of times, so
improvement is necessary

Proposed plan
Selection of adsorbent with higher removal performance
Examination of optimizing the amount of powder adsorbent to be

added @ to @ = Examine via element tests
Examination of optimizing the amount of flocculant to be added ® = Perform element tests after literature research and
Review of sedimentation treatment procedures and equipment theoretical study

I@@@ SIS)

Examination of volume reduction treatment of sedimentation sludge sExamined in ltem 3
' R' ﬂdehydratmn ©International Research Institute for Nuclear Decommissioning
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7. Implementation details
@ Development of RO-concentrated water treatment technology

> Adsorbent test

[Purpose] Selection of adsorbents applicable to RO-concentrated water treatment
[Implementation details] The adsorption performance of the powder adsorbent was

Examination of test system

evaluated by an agitated batch test.

When evaluating the adsorption performance of adsorbents, it is

common to conduct an immersion batch test, but since RO-

No0.37

Figure Adsorbent test (titanic acid)

Simulated liquid

concentrated water is agitated and treated in a sedimentation tank, waste

a test system that simulates the actual equipment was adopted.

(1000-fold diluted
seawater, tracer)

Selection of powder adsorbent

The adsorbents used in this test were selected as shown in the
table below, referring to the results of literature research, the results
of use in the Fukushima Daiichi NPS, and the adsorption rate data
obtained in tests up to fiscal 2020. Adsorbents reported to have high

removal performance against a-nuclides (Pu, Am, etc.) were

adSOI’li)ent Analysis

/4

&

Figure Stirring type adsorption test Image

*Since HOT test is difficult with this test method,

all tests are performed as COLD test.
For a-nuclides (Pu, etc.) that are difficult to
simulate with a COLD tracer, item (D soluble

adsorption rate data is referred.

*Selected from a-nuclide adsorbents
Selected from adsorbents that cannot be

formed into granules and are difficult to fill in

adsorption towers

selected. Table Selection results of powder adsorbent”
No. | Adsorbenttype Pz;g;lgle Remarks
- . There is the use results at the Savannah River Site in the

1 Titanic acid 4.08 um United States (batch treatment)
2 | Titanium silicate [ 8.55 ym [There are the use results in the Fukushima Daiichi NPS
3 | Activated carbon | Several ym [There are the use results in the Fukushima Daiichi NPS

: Iron oxide-based adsorbent. There is a report of high Kd
4 Hematite 1.32 ym (partition coefficient) for a-nuclides such as Pu.

i 5 Magnetite 1.96 ym |An iron oxide-based adsorbent similar to hematite.

*Particle size of activated carbon not yet
37
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7. Implementation details

@ Development of RO-concentrated water treatment technology

Eu removal performance of

> Adsorbent test results Kd=1E6 to 7 was verified by
= " titanic acid and titanium silicate.
est conditions m Titanic acid
Test solution: 1000-fold diluted seawater, pH: 7 w Titanium silicate s\
Tracer: Cs (0.1 ppm), Sr (0.1 ppm), Eu (0.5 ppm) 1.E+08 w Activated carbon
Adsorbents: right figure (particle size: several tens Hematite —
to several um) LE+07 m Magnetite I
Concentration of adsorbent added: 20 to 500 ppm D ieio8 I
Stirring conditions: 150 rpm X 30, 60, 120 min g ' I
T LE+05 I
% 30[min] Verified decrease in tracer *qs:‘J il I
= 1E+08 | m60[min] r— — concentration even after 30 o Y
2 8 120{min I| minutes under the condition that 5 |
g LE06 I the amount of adsorbent added g 'hERR I
- c
S yee0s I ys smal S 1.E+02 :
% | However, in almost all test E
S 1E02 : cases, verified that adsorption e I
é equilibrium was reached within 1.E400 |
& Lo 30 minutes '
G Sr e B Cs Sr Eu
Figure Adsorbent test results (titanic acid 20 ppm) Change Figure Adsorbent test results: Partition coefficient

in partition coefficient over time

Titanic acid has a Kd of about 1E+7 and has the highest Eu removal performance.
Titanium silicate has a Kd of 1E+6 to 7 and has the second highest Eu removal performance after titanic acid.
Activated carbon has a Kd of about 1E+5 to 6, and hematite and magnetite both have a relatively low Kd of about 1E+3 to 4.

In addition, the Kd of titanic acid with respect to Sr and the titanium silicate with respect to Cs and Sr are comparable
(compared to the Kd of Eu), and the Kd with respect to Cs and Sr of activated carbon, hematite and magnetite are relatively
low.
mmhhie-adsorption rate is fast and it is-assumedsihaisihesatisoipionmeamiibitnimwitinge he t'I'R hl'tthl -
nternational Research Institute Tor Nuclear Decommissioning
1IRID o




7. Implementation details
@ Development of RO-concentrated water treatment technology

> Adsorbent test results

No0.39

The additive amount required to satisfy the removal requirement (DF100) was evaluated.

Evaluation of required additive amount of powder adsorbent

*1 Results with relatively high removal
performance are shown in red. No.3 is a
relatively high result, but is inferior to No.1 and
2, so it is shown in light red.

NoO Partition coefficient [mL/g] ™ Additive | Treatment

Adsorbent 2 g
Cs Sr Eu (Am) | amount time

1 Titanic acid | 1.3.E+04 | 1.9.E+06 | 1.4.E+07 | <50 ppm

o | THanium ', 6 E+06 | 2.8.E+05 | 3.2.E+06 | 50ppm
silicate

g | Actvated |, 503 | 5.8.6402 | 2.2.E405 | 200 ppm< | <30 min
carbon

4 Hematite 3.5.E+03 | 9.1.E+02 | 5.2.E+03 | 1000 ppm<

5 Magnetite 1.1.E+03 | 6.0.E+02 | 5.9.E+03 | 1000 ppm<

*2 In this test, the tracer concentration was set to
be higher than the actual water quality, so it is
possible that the amount of adsorbent added
can be reduced for liquid waste with lower
concentration. It is necessary to evaluate the
adsorption isotherm separately and evaluate
the partition coefficient in each concentration
region.

*3 If the solution can be uniformly agitated, the
treatment time is assumed to be short
(approximately 30 min) because the adsorption

rate in the initial stage is fast.

Titanic acid (No. 1) and titanium silicate (No. 2) have high removal performance against Eu, and the required additive

amount was evaluated as several tens of ppm.

Since it is possible to reduce it from the 1000 ppm that was assumed in the past, it is thought that the amount of sludge
generated can be reduced accordingly.

It was verified that the iron oxide-based (No. 4, 5) have a relatively low Eu removal rate.
— Compared to titanic acid, etc., the amount to be added must be increased (several thousand ppm or more).

Since the removal rate for Cs and Sr is low, it is possible to selectively remove only a-nuclides

(mag_netite)

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details
@ Development of RO-concentrated water treatment technology

» Adsorbent selection policy
In addition to the removal performance of a-nuclides, the removal performance of Cs

and Sr is considered to select the adsorbent.
Liguid system configuration plan 1

The liquid system shall be a system capable of selectively removing only a-nuclides and not
removing Cs and Sr as much as possible

* The a-activity concentration shall be reduced to a level that can be discharged to the
existing water treatment facility

* B andy nuclides such as Cs and Sr are removed by the existing water treatment facility

* If only a-nuclides are sludged and captured, the dose of sludge can be kept low

* The shielding function required for sedimentation equipment and sedimentation sludge
treatment equipment can be kept low, contributing to the reduction of worker exposure

Candidate powder adsorbents: activated carbon, (titanic acid, magnetite)

Adsorbents with high removal rate of a-nuclide (Eu) and low removal rate of Cs and Sr are selected
Considering the Eu removal rate, there is a concern that the additive amount must be increased (several

hundred ppm)
—The amount of sludge generated increases

Even when retrieving fuel debris, if the Cs and Sr concentrations are at a level that can be treated with the existing water
treatment facility, the only activity that needs to be reduced in the liquid system is a-nuclides. If a powder adsorbent
capable of adsorbing and removing Cs and Sr is used for RO-concentrated water treatment, a strong shielding function
will be required for the equipment itself, leading to an increase in the scale of the equipment. For the above reasons, it is
assumed that it is necessary to select a powder adsorbent capable of selectively removing only a-nuclides. As the

mmpoOWder adsorbent for selecti
l le adsorption performance for Cs and Sr Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of RO-concentrated water treatment technology

» Adsorbent selection policy

In addition to the removal performance of a-nuclides, the removal
performance of Cs and Sr are considered to select the adsorbent

Liguid system configuration plan 2

The liquid system shall be a system capable of reducing the concentration of total
activity, including a-activity

* The total activity concentration including a-activity concentration shall be reduced to a level that
can be discharged to the existing water treatment facility

* Since Cs and Sr, which are dominant as activity, are also sludged and captured, the dose of the
sedimentation sludge will be high

« From the viewpoint of worker exposure prevention, the level of shielding function required for
sedimentation equipment and sedimentation sludge treatment equipment will increase

Candidate powder adsorbents: Titanic acid *, titanium silicate *Titanic acid has a low Cs removal rate

Adsorbents with high removal rates for a-nuclides (Eu), Cs, and Sr are selected
Due to the high Eu removal rate, the additive amount is evaluated to be relatively small (<several tens of ppm)

If the total activity concentration is set as a system requirement for being discharged to the existing water
treatment facility, it will be necessary to reduce the concentrations of Cs and Sr, which are assumed to be
predominantly radioactive, in addition to a-nuclides. Therefore, it is assumed that it is necessary to select
a powder adsorbent that can reduce the total activity. As a powder adsorbent for total activity removal,
select a powder adsorb ith i

l R' D Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details
@ Development of RO-concentrated water treatment technology

> Flocculant test

[Purpose] Selection of flocculants applicable to RO-concentrated water treatment
[Implementation details] Flocculation sedimentation treatment for the simulated liquid to
which the powder adsorbent is added was performed.

Powder Flocculant (including
Simulated iquid |~ adsprbent pH adjusjment’) .
(1000-fold diluted I Stirring blade Sampling & Analysis
seawater) * ¢
Beaker corﬁlgr?eents
i Addition of - :
simtﬁ;?ggrl?éﬂg \(/)vfaste . ﬂocléllﬂgr?t . Stirring . Static
Figure Flocculant test Image Figure Flocculant test
) o Appearance of equipment
*The tracer removal rate is not evaluated because the main itemto be Al of the flocculants selected this time are acidic reagents, and it is necessary to
verified is whether the powder adsorbent flocculates and settles. adjust to the neutral region after addition, so sodium hydroxide solution is used.
Therefore, no tracer is added.
Examination of test system :
. . . Table Results of flocculant selection

A stirring jar test similar to the adsorbent test is adopted.

It simulates a scaled-down system of treatment in an actual flocculation No. Flocculant Remarks

Sedl_mentatlon tank. There are reports of high treatment
Selection of flocculant 1 |High base PAC |performance for liquid waste with

Flocculant was selected as shown in the table on the right based on the results low ionic strength _

of the literature research and the results of FY2020 test. _ Sulfuric acid |Preliminary project test verifies

mmsssin-addition to the flocculatlonw 2 Aluminum  [igh treatment performance for
T T2 FEDo the ionic strength of liquid waste was also considered. liquid waste containing boric acid
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7. Implementation details

@ Development of RO-concentrated water treatment technology

» Flocculant test results

The amount of sedimentation sludge generated after the flocculation sedimentation treatment was
less dependent on the type of flocculant, and largely dependent on the type of powder adsorbent.

Amount of sedimentation sludge generated
Conventionally, when the amount of powder adsorbent added was 1000 ppm, the amount of sludge
generated was assumed to be about 10 vol%
Titanic acid, activated carbon, magnetite — All results were found in 0.2 to 0.3 vol%.
Titanium silicate, hematite —The results of order of several vol% were frequently found(varies depending
on test conditions).

Table Flocculant test conditions (adsorbent/flocculant) 8
- S m High base
Powder adsorbent* Flocculant™ = PAC
o 6 AIlImetlnum
: i i ] sulfate
Ty pes Con;:pe;r;r]atlon Ty pes ConE;(EFJnr::]atlon Ty pes Confs;;’?tlon §
[CRY
Titanic acid 50 100 20 -
=)
Titanium silicate| 50 1000 200 s
Activated High Aluminum g -
200 base | 1000 50 g 2
carbon sulfate S
: PAC c
Hematite 500 1000 1000 S
: $ 0 |—=m . — - — — s |
Magnetite 500 1000 50 Titanic acid Titanium silicate  Activated  Hematite Magnetite
carbon
*1 Conditions set based on adsorbent test results Figure Flocculant test results Sedimentation sludge volume
*2 Conditions set based on the preparatory test
——lere Was no significant.di TalaB

J H Olnternational Research Institute for Nuclear Decommissioning
1 1=2dl §edimentation sludge generated. 23



7. Implementation details
@ Development of RO-concentrated water treatment technology

» Flocculant test results
* Alarge percentage of particles settle within 10 minutes after flocculation sedimentation treatment

* It was evaluated that it is possible to reduce the SS concentration to about 10 ppm by adding a flocculant.
« It was difficult to reduce the SS concentration to 1 ppm or less without depending on the amount of powder

adsorbent added.
*Because the turbidity measurement results were converted to SS concentration, there is a possibility that the
region of 10 ppm or less could not be evaluated appropriately
« It was verified that the less the SS components, the narrower the adjustment range of the flocculant

concentration.

— It will be difficult to adjust the amount of flocculant added in actual equipment operation.

No.44

Table Flocculant test conditions (adsorbent/flocculant)

Powder adsorbent*!

Flocculant™

Concentration Concentration Concentration

Types [pPpm] Types [Ppm] Types [ppm]
Titanic acid 50 100 20
Titanium silicate 50 1000 200
Activated carbon| 200 Fgh 1000 \[Umnump g

base sulfate

Hematite 500 PAC 1000 1000

Magnetite 500 1000 50

*1 Conditions set based on adsorbent test results
*2 Conditions set based on the preparatory test

1000 «sp— Aluminum sulfate/Titanate

g Aluminum sulfate/Titanium silicate
- @ - - High base PAC/Titanic acid

100 --a-- High base PAC/Titanium silicate

10

.....

Supernatant SS concentration [ppm]

It is possible to reduce the
SS concentration of the
supernatant to about 10 ppm
by adding a flocculant

0 10 20 30

The figure on the right
shows the transition of SS
concentration

Static time [min]
Figure Flocculant test results Transition of SS
concentration (titanic acid, titanium silicate)

40

50 60

No difference was observed in sedimentation behavior of particles between high base PAC and aluminum sulfate. Aluminum sulfate

selected as the flocculan

en water quality fluctuated due to boric acid solution conditions.

project,

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of RO-concentrated water treatment technology

» Examination on the discharge of supernatant to the existing water treatment facility

Acceptance requirements for the existing water treatment facility were
examined mainly based on the past results of accepting stagnant

*Primarily set based on the past results of accepting
PMB stagnant water in FY2018.
Acceptance requirements for the existing water

water in the process main building (PMB).

treatment facility during the fuel debris retrieval
work is an issue for future study

Table Tentative set values for acceptance requirements for the existing water treatment facility’

Items Set value Test results Remarks
Cl <700 ppm <17 ppm It is assumed that if the concentration of each ion in the circulating cooling water is below the
assumed water quality conditions, the concentration in the supernatant water will not exceed this
Ca <50 ppm - item.
However, regarding the Cl concentration, it is necessary to examine the possibility of treating
Mg <30 ppm - high Cl concentration stagnant water such as torus room water.
SOy - Schedulzc;tt;) acqui'® hwhen aluminum sulfate is used, most of the sulfate ions remain in the supernatant.
H 71085 6.710 7.2 In the process of flocculation sedimentation treatment, the pH of the supernatant is adjusted to
P ' ' ' about pH 7, so it is assumed that this item will be satisfied.
Since it is assumed that the SS concentration can be reduced to about 10 ppm or less by
flocculation sedimentation treatment, the SS concentration reference is assumed to satisfy the
SS acceptance requirements.
concentration <20 ppm <10 ppm However, since the particles remaining in the supernatant have a high amount of activity, it is
necessary to separately evaluate whether they meet the requirements for acceptance based on
the activity concentration.
99% removal rate Set from the maximum a concentration of the inlet water of the existing water treatment facility.
Total a against initial Issues for future study. It is assumed that it can be evaluated from the total a concentration of the
concentration <7.4E+0 Bg/L cc?ncentration input water and the removal performance and additive amount of the powder adsorbent.
(after 0.45 um filtration) Evaluation is also necessary from the viewpoint of public exposure dose (DF100) and
oM announcement density.

It is estimated that the supernatant water after the flocculation sedimentation treatment can be discharged to the
existing water treatment facility, considering the assumed treatment results of the existing water treatment facility.

e — ever, removal of residual pa
ITRIDY

e for Nuclear Decommissioning
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7. Implementation details
@ Development of RO-concentrated water treatment technology

» Examination of solid-liquid separation of powder adsorbent when the amount added is small
It was suggested that the amount of powder adsorbent added could be reduced from the conventional set value
(1000 ppm). Since flocculants are not applicable to the treatment of liquid waste with a small amount of SS, a system
that concentrates the SS components as a pretreatment was examined.

Concentration of powder adsorbent added  Solid-liquid separation technology

Thousands to hundreds of ppm — Solid-liquid separation by flocculant is effective
Hundreds to several tens of ppm — Solid-liquid separation by flocculant (concentration treatment if necessary)

Several tens of ppm or less — Concentration treatment + flocculant |t is assumed that cross-flow filtration and dead-end
filtration are effective for concentration treatment

@id_"quid separation Lower limit that can be reduced by flocculant \
technolo Region requiring concentration by filtration <: _ _ _
@ Cross-flow concen tré“;ltion + :} Region where flocculant is effective
concentrated water treatment @ Sedimentation by flocculant
- —— > - ———————— >
@ Dead-end filtration (total filtration
method) + backwash water treatment Conventional set value
~-—--——— 44— — . ———= —
Powder adsorbent Titarélic acid : Hematite *Since the adsorbent test was
SRS A\ctivated : _ _
Titanium silicate b Magnetite implemented at a higher tracer
carbon concentration than the assumed
Small « »Large water quality, the amount of powder
1 10 100 1000 adsorbent added may be less than
Concentration of powder adsorbent added (supernatant SS concentration) [ppm] the set value

concentrating the SS ) fj A Id-liguid separation using a Jlant |
'B|e while reduc|ng the amount of ||qu|d waste Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of RO-concentrated water treatment technology

» Examination of solid-liquid separation of powder adsorbent when the amount added is small

Application of concentration treatment to RO-concentrated water treatment

RO-concentrated water :
Powder adsorbent Permeate (SS concentration: very low)  Flocculant

Suspension (SS pH adjustment Supernatant (SS
concentration: low) Cross-flow ,_l:> Concentrated liquid reagent concentration: low)

Decrease in Sedimentation sludge
ﬂﬂ . (S concentration: high)

1 liquid @amount
ll: i ll: Concentrated quuidll: ll: ll:
(SS concentration:

medium)
.. ) R Y7 Floccutation
Receiving RO- Adsorption Cross-flow Recelving sedimentation treatment ,
concentrated water treatment concentration concentrated liquid (including pH Static
(More than once) adjustment)

Figure Proposed procedures for RO-concentrated water treatment method when cross-flow concentration is applied

If the concentration of powder adsorbent added is low (dozens of ppm or less), cross-flow filtration is performed after adsorption
treatment to separate moisture to reduce the liquid amount and concentrate SS components (approx. 1000 ppm or more).

After that, the concentrated liquid is subjected to flocculation sedimentation treatment to separate into supernatant and sedimentation
sludge.

In addition, since the liquid amount is reduced by the concentration treatment, it can be assumed that the concentrated liquid for
multiple times can be subjected to the flocculation sedimentation treatment at once. Therefore, the concentrated liquid is discharged
into a tank for flocculation sedimentation treatment, and the treatment is performed after securing a certain amount of liquid.

Mass balance (water volu 1dg ] ISing e3 A A
' W)e evaluated |n the future_ O©Ilnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

No0.48

@ Development of RO-concentrated water treatment technology

RO-concentrated water Proposed flocculation
sedimentation treatment process

RO-concentrated (dissolved radionuclides including a-nuclides)

Stirring speed: 150 rpm

e
:| Add powder Powder adsorbent: Titanium silicate | @
'| 4_[ adsorbent ] Titanic acid, activated carbon
1 . B
¥ Additive concentration: 50 to 200 pgm:
1
i Stirring (adsorption - ) . . !
iy treatment) Stirring speed: 150 rpm, time: 30 min |
P B — —— e = = o = =)
|| Concentration SS components are concentrated by filtration .

[ treatment SS concentration: 1000 ppm or more

R T —
[ 1
' Changes to Addition of Flocculant: Aluminum sulfate !
: acidity of about 4—[ flocculant ]Additive concentration: 200 ppm or mo,‘[e
: pH3to4 :
[ I Addition of pH adjuster ] |
1
| Properly (NaOH) :
! measure pH pH adjustment range: pH 7*+1 !
1 1
: High stirring Stirring speed: 150 rpm, Time: 5 min :
1 | 1
: Low stirring Stirring speed: 50 rpm, Time: 15 min :
LT e ;

Static Static time: 60 min or more
e T ——— .
| Supernatant Supernatant residual particles are 10 ppm or less |
I The amount of sludge generated is about 1 vol%
o DY |

| separation )
N —

(1) Adsorption treatment
Soluble nuclides are adsorbed by adding a powder adsorbent
and stirring for a certain period of time.

(2) Concentration treatment (adding reflecting the
examination results)

Powder adsorbents are concentrated, such as by cross-flow
filtration or dead-end filtration.

* Receiving RO-concentrated water — (D — (2) are repeated to
secure a certain amount of concentrated liquid.

(3) Flocculation sedimentation treatment

A flocculant is added to the concentrated liquid, adjusted to a
neutral region with a pH adjusting reagent, and agitated for a
certain period of time to cause flocculation and sedimentation
of the powder adsorbent. (RO-concentrated water
sedimentation sludge generation)

(4) Discharge of supernatant and sedimentation sludge
Supernatant: Filtration to remove residual particles after
extraction.

Sedimentation sludge: Extracted by pump or discharged in a
collection container.

The volume reduction of sedimentation sludge by applying
dehydration treatment will be examined in the development item 3

O©lnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of RO-concentrated water treatment technology
- Summary

[Results for this year]

v' Adsorbent tests were implemented, and powder adsorbents with high removal performance
against a-nuclides were selected. Activated carbon was evaluated as highly applicable for
selective removal of a-nuclides, and titanic acid and titanium silicate were evaluated as highly
applicable for removing total activity including a-nuclides.

v" Aflocculant test was implemented, and aluminum sulfate was selected as a flocculant for
flocculation and sedimentation of the powder adsorbent. In addition, data on the supernatant
and the amount of sedimentation sludge generated and its properties were obtained.

v' The water quality conditions under which solid-liquid separation by flocculant is effective were
organized. As a treatment method for low SS concentration liquid waste, which is difficult to
separate solid-liquid using flocculant, a system applying concentration treatment was devised.

v' Based on the results of this fiscal year, treatment procedures for RO-concentrated water were
devised.

[Future plans]
v' Beaker-scale RO-concentrated water treatment tests and equipment tests will be implemented
to obtain test data.

v' Based on the results of each test, a method for treating RO concentrated water will be devised,
and a conceptual system design for the system will be implemented.

l R' D Olnternational Research Institute for Nuclear Decommissioning



7. Implementation details
@ Development of secondary waste treatment technology

> Flowchart of examination

[FY2019/2020 (previous project)]

Arrangement of
Liquid system

pattern

particle removal

A\
Conceptual study of

A4
Conceptual study of
sludge collection

system

Technological development |

[FY2021/2022 (this projle.ci.)]_

No0.50

for other items |
(Canister PJ) :

Investigation of existing knowledge
and organization of issues in storage
of sludge or slurry form in canisters

sludge stabilization

Development of

technology

Organization of issues in RO- | |
concentrated water treatment | |
technological development :

TRID

- Dehydration of sedimentation sludge

system ] - Appropriate treatment method- — — — — — — — — — — — — — — —
- Three-system water flow method - Flocculation - Volume reduction by
% ) o J/ sedimentation method dehydration, etc.
. - Properties of liquid Flocculation Dehydration
Filter test > ; : : Particle shape
sedimentation test target setting P
- Acquisition of operational data - Selection of flocculant - Evaluation of the amount of dependence
- Selection of particle capture - Beaker scale test — — _— _ | hydrogengenerated __ evaluation
components - Equipment test N 1 - Re-selection of intermediate
- Properties of liquid waste I | Technological study | components _
WV generated \ I of dehydration I - l?)lffekrentl?]l prefssure behavior,
. ackwas errormance
. |S.S.UG . Conceptual | - Dehydration technology I - Amount of Iri)quid waste
identification design | selection result : generated
- Differential pressure rise of - Amount of sludge generated | A I \
|ntermed[ate components - Sludge properties . Conceptua|
- Increase in the amount of liquid - Sedimentation tank I | Element test planning | desian
waste generated equipment specifications || L _ _ 3 9
Proposal of 2- = T€st plan ltemsdlio be - System
system water . — N configuration plan
f}/OW method - Properties of liquid waste generated Evaluation of applicability | repgifted at the - Equipment
_ . 8 to actual machine by ermd af FY2021 specifications
- System configuration plan and element test
v operating plan Issue
COHCQD'[U&U - Amount of liquid waste generated | > identification |- Dependence of particle shape Detailed design
design distribution

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.51

@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

» System configuration of particle removal system
The system configuration of particle removal system was examined based on the results of development up to
this pOint- *1 Even particles with a size of 50 ym or less can

Roughing system Intermediate system Final treatment system be removed by centrifugation if they have a large
specific gravity such as fuel debris

50 ym auto 1.4 ym MF filter "2 0.05 ym UF filter > Performance assessment test for 1.4 um ME
; P T * rfor Ssess S A4 um
strainer (ceramic filter) (ceramic filter) filter is scheduled to be implemented this fiscal
f year
PCV stagnant Soluble nuclide
water > > . 2 > & > > removal equipment

Yy =y Yy =y

Drain water/backwash water Backwash water

Backwash wat i
ackwas Wa; Sludge collection
equipment

100 pm to 50 pm*?
Particle removal | 50 umto 1 um 1 umto 0.1 ym , ,
(Adsorption tower, RO filter)

range T

Particle size Large < ' ' » Small
100 pm 10 um 1 Hm 0.1 pm Colloid lon

Figure Conceptual diagram of the particle removal equipment system configuration

It is assumed that the fuel debris processing work performed in the PCV will atomize the processed matter, and particles of
approximately 100 um or less will float in the liquid and migrate to the liquid system.

Particles of 50 ym or larger are removed by the auto strainer in the roughing system. Particles with a high specific gravity
(e.g., fuel debris, core structures) are also removed, where their centrifugal separation effect is significant. Small particles
that have passed through the roughing system are removed by the MF and UF filters in the intermediate and final treatment
systems, with the entire system removing particles down to 0.1 pm.

Captured particles are discharged by drain/bac:kwashI and the Iiguid waste is treated in the sludge collection eguigment.
l R' D Olnternational Research Institute for Nuclear Decommissioning
51



7. Implementation details
@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

» Examination of water flow cycle during fuel debris retrieval work
3-system configuration (Roughing— Intermediate — Final treatment)

Backwashing (roughing) Backwashing (roughing/final treatment)

With particle

treatment '

Differential pressure
increase

Drainage at regular intervals
and sequential recovering of
the differential pressure
(intermittent drain)

No0.52

: Roughing; 50 ym auto strainer
: intermediate; 1.4 ym MF filter

. FiNal treatment; 0.05 pm UF filter

Backwashing (roughing/intermediate)

With particle With particle
No particle treatment | treatment | Ng particle treatment | treatment | Ng particle treatment !
Constant differential D|fferent|a| Constant differentia| le‘ferentlal Constant differentia| I

pressure pressure increase I

pressure

Differential press{ure :
recovers almost tg the I
initial value with
backwashing:
|

pressure increasel pressure I
| |
| |
| |
Since the auto ktrainer has a substantial

differential predsure recovery rate due to
backwashing, if is assumed that the initial
differential pregsure will not increase due
to water flow :

:

Differential pressure of
component

Adjust the number of MF and UF
filter elements to optimize the

Slight increase ih initial

|
MF and UF filtérs need to be replaced after a
certain period of time as the initial differential
pressure gradyally increases with repeated
water flow andbackwashing

differential preSSL:Jre after

backwashing
|

backwash and replacement cycles

Fuel debris
processing work
time
(10h)

:

Tool exchange, fuel Fuel debris | Tool exchange, fuel
debris processing work : debris
collection/storage/tra time collection/storage/tra
nsferring time (10h) I nsferring time

1

—» Q
|
: Backwash once
I every few cycles for

differential pressure
recovery

Fuel debris Tool exchange, fuel
processing work : debris
time collection/storage/tra
(10h) I nsferring time

From 1st day

From 2nd day

Work time

From 3rd day

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No0.53

@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

» MF filter water flow test

[Issue]

The intermediate filters such as an auto strainer, a sintered metal filter, and a bag filter were
selected and their applicability was evaluated by filter tests. However, both resulted in a
significant increase in the component differential pressure during water flow due to the small
effective filtration area and the small contribution of centrifugal separation effect to particles
of only a few pm. As such, a highly applicable intermediate filter component has not yet been
selected at this time.

[Purpose]
Evaluation of the applicability of a MF filter with pore size of 1.4 ym (ceramic filter) as an
intermediate filter.

[Implementation details]
Implement a filter water flow test using a 1.4 ym MF filter to obtain operational data.

1.4 um MF filter

» It was verified that the UF filter selected as the final treatment filter has a very large effective filtration
area, leading to a gentle increase in differential pressure

» Itis assumed that off-the-shelf identical ceramic filters with pore size of up to 1.4 ym can remove
particles in the intermediate filter range

» The investigation confirmed that ceramic filters with pore sizes of 1.4 um or Iarger are not available, or
l R' ﬁt Only tu be typeS WI Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details No.54

@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

» Particle shape dependence evaluation test

[Issue]

The effect of particle shape on filter performance has not been evaluated for the selected
filter components in each system. All filter tests conducted up to the previous project used
spherical particles, and there is a possibility that the filter performance was not evaluated in a
conservative manner.

[Purpose]

Evaluation of the particle shape dependence of the filter performance for the selected filter
components in each system.

[Implementation details]
A filter water flow test using spherical particles and non-spherical particles was
conducted to evaluate particle size dependence by comparative examination.
In addition, properties of the backwash water, which are the input conditions to the
sludge collection equipment were examined.

Dominated by spherical
particles

Flat particles were also observed,
but the abundance ratio was
insignificant

' R' D Olnternational Research Institute for Nuclear Decommissioning




7. Implementation details No.55

@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

» Non-spherical particles used in filter test
Simulant particles were selected based on the assumption that the cutting debris generated by
machining process is passed through a filter.

Powders generated by machining process test of simulant fuel debris in the

implementation of the characterization project* \
5 Relatively small particles: <1 ym
E’ Relatively large particles: several ym
o Particle size distribution
I= Formation of agglomerates of <1 ym powders on the
‘_35 surface of a large particle of the order of several to 10 ym
e .
& : Particle Shape
Figure. SEM image of a sample after cutting test of simulant Dominated by Block-like particles
\ fuel debris implemented in the characterization project *FY2018 Subsidy Project of “Development of Analysis and Estimation Technology
(excerpt) for Fuel Debris Characterization”
Non-spherical particles used in this
” study \
D : Relatively small particles: |/~ | Particle size distribution and shape are
© 2 o L=tum - . simulated based on the test report of the
= : Relatively large particles: e ‘= o characterization project
(] [ several ym (| _ . o ) .
o <y N N / ¢  Silica sand particles with a shape and
= PN 3 ga / g particle size that are relatively similar to
© ” 5 é those used by particle manufacturers
g SR D g L £ areused
B 5 m 4 ©

N o KSR - ‘..'.*“ Sizing to be performed as necessary

e : . Particle size (u/m)
re S|mulant particles S
©lnternational Research Institute for Nuclear Decomm|55|on




7. Implementation details No.56

@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

» Test system for water flow test
For filter components, particle capture components of each system selected up to the
previous project were used.
The 1.4 ym MF filter, which has been evaluated as having high applicability based on
literature research, was only be used for the intermediate filter.  tapje jist of particle capture components used

Main line ; ———p
: Particle capture
. System component Filter mesh size

Roughing Auto strainer 50 um
_@_® @ 2 Intermediate  MF filter (ceramic filter) 1.4 ym
I Backwash Backwash Final ' L
Flushing filter water tank oump J 3 treatment UF filter (ceramic filter) 0.05 ym
Q. .
E I Table Evaluation Items
a3 Particle inlet N "
0. ems
2®
S @ 1 Particle capture rate
> e
T i — K Time of water flow until
- : F Receiving tank for backwash pressure is
Primary Main pump / T P outlet water 2 reached
water tank Y v (Differential pressure

Particle capture component rising trend)

Y-shaped strainer

Backwashing

3 performance
i (Differential pressure
Drain Water( b_ackwash recovery performance)
Figure Filter test system configuration diagram water receiving tank Backwash wat
4 ackwash water

properties

In this test, the performan
| ]iyiquid waste was obtained.

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of secondary waste treatment technology
1) Characterization of liquid waste generated from particle removal system

»  Filter element replacement cycles

Replacement cycles for the particle capture components are assumed to be as follows
Roughing system components: 2 times/year — Rate-limiting corrosion of

materials due to chlorine

Intermediate system components: Evaluation for this year* — Rate-limiting

increase in initial differential pressure

Final treatment system components: 5 to 8 times/year — Rate-limiting increase
in initial differential pressure

>  Filter element replacement
It is necessary to evaluate worker exposure due to residual particles in the housing during the replacement

No.57

*|t is assumed that it can be operated
for a longer period of time because

the pore size is larger than that of the

Fundamentally, a cartridge system will be adopted, and it is assumed that the entire housing will be replaced.
The housing should be sufficiently shielded to prevent exposure to workers.
Another possible method is to replace the elements remotely, but the feasibility of full remote control processing needs to

be studied.

» Examination of the amount of filter liquid waste and secondary waste generated

This shows the filter specifications and approximate results of the amount of liquid waste and secondary waste generated

which was evaluated from the test results up to FY2020

Summary of filter performance assessment results based on previous element test results

final treatment system components

- Amount of Number of
ergg]]t?i?éc?f ’\élfm:rﬁtgf Rated flow | Filtering [ Removal A&?&g’éﬁgﬁf Required area dimensions |Replacement| secondary times @mgw;ge
System | Particle capture component |  base required accuracy | efficiency (per reactor) (per reactor) frequency gevr\llgfé‘?ed dra\‘,'vgi?]/gg(:k generated
E;ig’r% Number m3/h um or more | % or higher d_mx__mH __mLx__ mwW times/year kglyear times/day m®/year
Intermittent 1 1 10 t0 30 50 99 0.5 m x 1.0 mH 1.4mLx 1.4 mW 2 11 25 167
Auto strainer - -
Roughing CO’gjtr'gi‘aO“S 1 1 10 to 30 50 99 ®0.5m x 1.0 mH 1.4 mL x 1.4 mW 2 11 Co'gjtr'gilaous 1300
Liquid cyclone 1 1 10 40 80 ®0.4 m x 1.1 mH 1.6 mL x 1.6 mW Co'grigi‘ﬁlous 2000
Intermedi ) . 5
ate MF filter 1.4 pm Schgduled tg be tested in Y2022
’ 0.1 ym 2 33 6.5 0.1 99 ®0.21 m x 1.3 mH 3.0mL x 1.6 mW 8 314 0.34 11
Final )
UF filter
treatme 0.05 um 3 : 6
oK | | ) | | ) ) | ) ) g nternati!nal ReSearch |nstituge !or Nu!lear De'commis;onin_g )
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

[Issues]

« The amount of sedimentation sludge generated from the sludge collection equipment is high
due to the high moisture content, etc., so it is necessary to reduce the volume by dehydration.
Since dehydration technology applicable to sedimentation sludge has not yet been selected, it
IS necessary to select a candidate technology.

Simulated liquid waste
(Simulant particles + pure

[Implementation details]

« Assumed properties of sedimentation sludge and
supernatant were organized to select an applicable
dehydration treatment technology through literature
research, etc.

« An element test plan was developed to evaluate the
applicability of the selected candidate technology for

actual equipment.
[Goals]

« Selection of candidates for the sedimentation sludge
dehydration treatment technology.
« Planning of an element test for evaluation of applicability After flocculation sedimentation

m?ﬁl equipment™

Before flocculation sedimentation

Sedimentation sludge
Volume after flocculation:

Approx. 15 to 20%
Moisture Content: Approx. 90%
to 95%
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

Dehydration technologies that can be applied to sedimentation sludge were
selected through literature research and element tests.

The applicability of the selected dehydration technologies for actual
equipment was examined through element tests.

The sedimentation sludge for the dehydration technology to be developed shall be the
sedimentation sludge generated from the sedimentation tank for RO-concentrated water
treatment, where the amount generated is enormous.

[Implementation details]

Implementation items

1. Coordination with the canister project (connection conditions, etc.)

2. Consolidation of assumed properties of sedimentation sludge based on the previous project
results

Evaluation of the amount of hydrogen generated based on sedimentation sludge properties
Setting dehydration target (moisture content after dehydration)

Investigation of existing dehydration technologies and theoretical study of their applicability
Proposal of test plan that can evaluate the applicability to the actual equipment
Implementation of applicability evaluation test on the actual equipment

NoOOkW

The following items were coordinated among project teams: Project of Development of Technology for Containing,
Transfer and Storage of Fuel Debris*1 and project of Development of Safety Systems (liquid and gas systems)*2.
O Liquid system - Canister storage line interface requirements
O Sharing of development results
*Canister PJ: Control policy for collection, transfer, and storage
Safety system (liquid and gas systems) PJ: Properties of sedimentation sludge at the time of discharge, etc.
O Classification of the future development contents of both projects

*1 Project of Devel

—
1RID *2 Project of Development of Safety Systems (liquid and gas systems: Safety System PJ ©lnternational Research Institute for Nuclear Decomm'ss";‘gg
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

[Implementation details] The volume reduction of sedimentation sludge due to dehydration was evaluated.

The volume reduction behavior of sedimentation sludge was evaluated when moisture was removed from the

assumed moisture content of approximately 90%.
i In the region where the reduction in

In the region where superatant interstitial water results in gaps, the i

water and interstitial water decrease | sludge volume reduction rate is \é\(l)ag}e_r Con|1£§n|t ratio below
is dominant, the sludge volume small 0 _IS unlikely to

reduction rate is large :£) contribute much to the

- 120 1 sludge volume reduction,
82 Initial moisture as the space occupied by
T2 100 content Appearance of moisture results in gaps
Ss 80 99 Vol% sedimentation sludge
e .
oh- e 97 Vol% UC (unit can) _ uc
g % § 60 93 Vol% Dehydration
é £ 40 60% 60%
c
2 20 Solid Solid
o= . i content content
20 0 Moisture Moisturé
- o (a) Water content ratio (b) Water content
, . Water content .ratlo [vol%e] of 60% or more ratio of 60% or less
Figure Relationship between moisture content ) ] ) ]
and volume of sludge Figure lllustration of sludge volume reduction behavior

If the initial moisture content is 90 vol% or more, the volume can be reduced to nearly 20 vol% by dehydration treatment
to a moisture content of 60 vol%.

Volume reduction by dehydration has a small effect in the region where the water content is 60 vol% or less, because the
volume reduction reaches its limit.

Tentatively set the target value for the water content after dehydration treatment at 60 vol%*, and examine

' R' dehyd ration t . | i @®esearch Institute for Nuclear Decommissioning
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7. Implementation details
@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

[Implementation details] The amount of hydrogen generated from sedimentation sludge during the
transferring period was evaluated.

The amount of hydrogen generated was evaluated based on the collection, transfer, and

storage conditions set in the canister PJ.
= The results are shown on the next page

B Collection, transfer, and storage conditions
(1) Fuel debris: 100% UO? with maximum burnup in the Fukushima Daiichi NPS
(2) Waste filling rate: 30 vol% of fuel debris
(3) During transferring
- Transferring period: 1 week
- Gas vent (opening the coupler of the canister)
Case 1 Canister: Vent, Transfer cask: Sealed
Case 2 Canister: Sealed, Transferring cask: Sealed
(4) During storage
- Gas Vent Canister: Vent

B Assumed properties of sedimentation sludge

(a) Sedimentation sludge generated from the sedimentation tank for filter liquid waste

treatment: fuel debris content 100%
(b) Sedimentation sludge generated from the sedimentation tank for RO-concentrated water

treatment: fuel debris content 0.1%*

*Rate setting based.on.thekemo o O id . . i}
removal equipment, the assumed concentratlon rate (2to 4 t|mes) in the RO ﬂ[@eueremonal Research Institute for Nuclear Decomm|ss|cg|£g
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Period until hydrogen
concentration reaches 4% [days]

1= Dfrom the viewpoint of the amount of hyo rogen generated.

7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

[Implementation details] The amount of hydrogen generated from
sedimentation sludge during the transferring period was evaluated.

o
=]

A

Transferring period

O =N Wh YD N®O
O O O O O O O © © O

Water content ratio [vol%]
(a) Filter liquid waste
sedimentation sludge

-

.--i} _________________________

"» 100000

Period until hydrogen
concentration reaches 4% [dav

10000 |

1000
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Figure. Evaluation of sludge moisture content and amount of hydrogen generated

In both cases, it was verified that the amount of hydrogen generated was the largest when the amount of water and fuel
debris content were around 40% to 60%.

If the filter liquid waste sedimentation sludge is dehydrated from the initial moisture content of about 90%, there is a

concern that the risk of hydrogen explosion will increase unless the water content is reduced to a few percent or less.

It is unlikely that the RO-concentrated water sedimentation sludge will reach the explosive limit of hydrogen concentration

during the transferring period regardless of the water content.
Even if RO-concentrated water sed|mentat|on sludge |s stored for a long period, the amount of

hydrogen generated would

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

[Implementation details] Proven technologies were selected as the sludge collection treatment

technology for overseas nuclear facilities.
Table Results of sludge dehydration technological study at overseas nuclear power sites

No. Treatment method Advantages Disadvantages Examples/Ready-made products
Requires Backwash and
1 |MF, UF filters (DE) filtration|High DF, low cost. backwash water -
treatment.

Clogging due to fouling.
Requires concentrated
water treatment.

Used in recent PWR liquid waste treatment.
Equipment available for treatment at 300 GPM

Suitable for radioactive

2 |Cross-flow (CF) filtration colloid removal.

Suitable for
3 |RO concentration concentration of CF Clogging due to fouling. |Used in recent PWR liquid waste treatment.
filtered water.

Requires scaling
4 |Evaporator High DF. treatment, high -
equipment cost.

Solids Collection Filter (SCF) with shielding
function for treating large volumes, is used to
remove S/P pool sludge, etc.

Low waste collection

5 [Cartridge filter Space-saving, low cost. efficiency.

Decompression/thermal
6 |dehydration
(In-Drum dryer)

I Cartridge filters, which are assumed to be able to dehydrate sedimentation sludge to the target

Waste can be reduced [Treatment speed

by 85 to 95%. depends on drying level. Mobile equipment

moisture content of 60%, as well as decompression and thermal dehydration will be selected as
the dehydration technology for sedimentation sludge.

For other candidate technologies, applicability as concentration treatment technology and

secondary nudide removal technoloqy. which are assumed 1o have ik applicabilivoread
I ' ﬁ]nOIOgy, will be examined. ©lnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

[Implementation details] Proven technologies were selected as the sludge collection treatment
technology for overseas nuclear facilities.

For sludge collection in accident reactors and weapon legacy systems, the technology used is selected
according to the sludge content.

*UK: Atomic Weapons Establishment (AWE), US: TMI, Hanford Site, etc.

Table Investigation of cases of dehydration technologies applied by sludge content

No. Ar;]l%lélrg];te()f Target case Sludge removal,n(]jgtk%ddr:tion, and drying
1 Miniscule amount | SNF pool water Cartridge filter filtration
2 Miniscule amount | Radioactive liquid waste g:r:giedn%fa{:gﬁr filtration + evaporator, RO
3 (Ssrsgllpaerrrlzlé?)t ?gljt(igieduring reprocessing, Cross-flow filter filtration
4 Medium amount | Long-term corroded SNF Dehydration through filters

(a few percent) pool

Large amount
5 (several tens of
percent)

Research reactor waste

Concentrates No. 2to 4 (Solidified as is)

When the sludge content is small, there are many cases where filtration with a cartridge filter is adopted. If the sludge content is slightly low,
cross-flow filtration is used to concentrate it to a few percent. However, raising the concentration to several tens of percent is difficult.

If the sludge content is high, instead of dehydration treatment, solidification treatment such as cement solidification or vitrification is adopted
depending on the activity level and final disposal method. If the treatment/disposal method is undecided, it is stored for a long period of time,
making use of facilities such as underwater storage.

l '?icﬁﬁS of overseas sites; the"siudg - 4 o ©Intérnational Researth institute for Nuclear Decommissioning
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

» Examination of RO-concentrated water treatment system

The case results show that in many cases, appropriate dehydration methods have been adopted for
each sludge content region, and the sludge content has been concentrated to the target sludge
content.

Selection of RO-concentrated water sedimentation sludge dehydration technology

Concentration of powder adsorbent Assumed moisture content of RO- Assumed route for dehydration treatment so far
added (initial value) —p concentrated water sedimentation
(0.01% to 0.1%) sludge (up to 10%) {
. . —— Target value after

@ Dead-end filtration + back wash dehydration _,| Long-term storage
r-—-—————————— > treatment

@ Cross-flow concentration
- - —— - @ Underwater storage

@® Cement solidification

@ Flocculationi sedimentation treatment by addition of flocculant @ Vitrification

*r-—— - - - ——— — ——— — ——— — — >
@ Decompression/thermal:dehydration
@ Cartridge filter e -— >
r-— - - ——— - ———— — —— — — — — — —— — —>
Small « » Large
0.1 1 10 40% 100

Sludge content [%0]
The following two proposals were examined as treatment processes for RO-concentrated water.

(@ Flocculation

Plan 1: sedimentation treatment — @ Cartridge filter filtration — ® Long-term storage
@ Flocculation (2 Decompression/thermal
Plan 2: sedimentation treatment  — dehydration - @ Long-term storage
= * For plan 2, since.it.is.diffic

l R' D liquid by concentration treatment (cross flow etc. ) asa pretreatment was also examlned ©International Research Institute for Nuclear Decommissioning
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

» Examination of RO-concentrated water treatment system

@ Flocculation @ Long-term
Plan 1: sedimentation treatment — @ Cartridge filter filtration — storage
Cooling water circulation system No solids —
| : : Contains __,
| CTO bovle Cooler e | RO filter equipment solids
————————— -
| | SurplusI | —
: ; - To existing
| PCV stagnant . R Soluble nuclide I water I‘ Soluble nuclide Permeable water | water
water removal g removal | || removal RO filter " |treatment
| filter adsorption tower | facility
_________________ J
= !_ RO-concentrated watdr
I Powder adsorbent tank Supernatan : T isti
El t | | water R Particle Permeable wate§ Wgt?r('s g
e Element technology to | Flocculant tank > > ™ treatment
technology . | - UF filter | |facility
. be applied pH adjustment
required | reagent tank YVyv I
i . Sludge collection i
Nuclide removal  Adsorption treatment | Sedimeniation S'“gggr%egyﬂ{taetr'on |
. Cartridge filter
technology using powder adsorbent | an Permeabld water
Adsorbent solid- . . | Sedimentatio ' |
N0S 19" Sedimentation treatment | UE filter |
liquid separation .
technology Ll e el | - | To waste >
Siud I Hf[)us-:_ng + storage line
: : : ilter I_I.
uage Filter-based filtration | .
Sl EHER (cartridge filter)  __ —m—— — — — — — — — — — — — _— — _— — — _— — 4
technology g ' —— ‘ — — = storage line

mmissioning
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7. Implementation details
@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge
» Examination of RO-concentrated water treatment system

@ Flocculation @ Long-term
Plan 1: sedimentation treatment — @ Cartridge filter filtration - storage

RO-concentrated powder adsorbent __ >-Pernatant water Housing .
water, To existing water Also be used as a storage _~ UF filter element
Flocculant treatment facility container Since the average particle size of the
nowder adsorbent is on the order of
......................................................... . E : several ym, the filter pore size of
: 1 : : 1 : about 1 ym is assumed to be
appropriate

treatment facility

N i N i Extraction Permeable water
[l_‘/ [|_‘/ U : > To existing water

artridge filter equipment

RO-concentrated water 9 quip
Adsorbent suspension sedimentation sludge  Replacement

of the entire

Based on the investigation of item (2, the amount of RO- h in To waste storage
concentrated water sedimentation sludge generated was ousing or
evaluated to be about 1 vol%, so it is assumed that extraction To canister storage
by pump suction is more appropriate than discharging it in a P
sludge collection container Sludge

*Verified in the FY2020 test that it has fluidity due to its high moisture
content of about 90% and can be extracted with a pump

The structure of cartridge filters can be designed to be replaced as a module.
By handling the housing as a storage container, long-term storage is possible as it is.
Since it is not necessary to retrieve the element, worker exposure can be reduced if the housing has a shielding function.

mimisTalso simpler to operate than elementreplace and ca s pected to b —
‘@lnternational Research Institute for Nuclear Decommissioning
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7. Implementation details
@ Development of secondary waste treatment technology

2) Selection of dehydration technology for sedimentation sludge

» Examination of RO-concentrated water treatment system

No0.68

(D Flocculation @ Decompression/thermal ® Long-term
Plan 2. sedimentation treatment — dehydration — storage
_______ Cooling water circulation system No solds —
| . . Contains
| CO yayp Cooler ¢ | RO filter equipment solids
————————— -
| - - Surplus I To existin
, 9
|[Pov stagnant \ [ Paricle | Soluble nucide water |‘ Soluble nuclide | Permeable watef e
water > removal - removal | |”| removal RO filter " | reatment
| filter adsorption tower | facility
e e e e e e — — — — ——— — J I RO-concentrated water I
- -
I |Powder adsorbent tank \/Sv:?;matam Particle Permeable water | \':'vc;t(’e;r(isting
> removal >
Element Element technology to | |Flocculant tank UF filter | treatment
technology be applied — facility
: pH adjustmen
required I reagent tank > Yv'y I
) } I Sludge collection I
Nuclide removal Adsorption treatment W Condense ———
technology using powder adsorbent | — Vapor Vapor water dl | water ?
i i i | Sedimentation C(:c())rlllggtrllgr;r | " | treatment
Adsorbent solid- Sedimentation sludge facility
liquid separation treatment using | Sludge dehydration |
technology flocculant | Decompression, thermal To waste
I dehydration equipment Dried sludge (filled in container) storage line
Sludge :
dehydration Decompression, L To canister
————————————————————— storage line

thermal dehydration

technology

1RRID>

International Research Institute for Nuclear Decommissioning

68



No0.69

7. Implementation details
@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

» Examination of RO-concentrated water treatment system

@ Flocculation @ Decompression/thermal ® Long-term
Plan 2. sedimentation treatment — dehydration — storage
RO-concentrated Powder adsorbent __>UPernatantwater .
> To existing water treatment facility

treatment facility

water
Flocculant P
vacuum | apor Condenser Condensed water
P) > | > To existing water

Extraction i Heatu
: ! Dried sludge

: To waste storage
I To canlster storage

[N

Sed|mentat|on/énk ............................... \\

RO Concentrated Water llllllllllllllllllllllllllllllllllllllllllllllllllllllll
Adsorbent suspension  sedimentation sludge Decompressmn thermal deh atlon equipment
. L . Heating container
Based on the investigation of item @), the amount of RO-concentrated water sedimentation _
i Also be used as a storage container

sludge generated was evaluated to be about 1 vol%, so it is assumed that extraction by pump
suction is more appropriate than discharging it in a sludge collection container
*Verified in the FY2020 test that it has fluidity due to its high moisture content of about 90% and can be extracted with a pump
RO-concentrated water sedimentation sludge is transferred to the container for dehydration treatment, and the water is evaporated by
decompression and heating.
The generated vapor is collected and condensed in the condenser and discharged to the existing water treatment facility.
Although dried sludge remains on the container side, it is assumed that the dead space inside the container is large due to the volume

reduction.
Therefore, the cycle of receiving sedlmentatlon sludge—> dehydratlon treatment—> re3|dual drled sludge is repeated to increase the f|II|ng

mmsmiate of dried sludge in the contain
B TR B he container a shielding function, worker exposure can be reduced. Olnternational Research Institute for Nuclear Decommlsswggg
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

» Examination of RO-concentrated water treatment system (when adopting cross-flow concentration)

(D Cross-flow @ Flocculation @ Decompression, @ Long-term
concentration — sedimentation treatment — thermal dehydration — storage
Cooling water circulation system
T e T 1 No solids —»
| { ToPCV/|« Cooler |« | _RQ f'ier_ecij'ﬁnﬂ‘t_ . Contains
| | | | solids
. Surplus To existing
| PCV stagnant \ | Particle R rersn%\egllzgggpdt?on I water I‘ Soluble nuclide permeable wateir - | water
| water " | removal filter - tower P | || removal RO filter | g ]Ereéllttr;ent
aclll
_——————_————— - - ——— — — — — J I RO-concentrated water |
T
_________ - Backwash ______I
teilﬁr%?géy Element technology to |Powder adsorbent tank M— I
: be applied ' To existing
require d PP tpal-rII If\djustment reagent "\, Particle removal Permeable waterI | water
Cross-flow filter " |treatment
Nuclide removal Adsorption treatment \ ? | |facility
technology using powder adsorbent

Sludge Suspension (concentration treatmerft) I
Flocculant tank collection
Concentrated Permea ewa{er

Adsorption tank Particle removal

I
I
I
I
Solid content :
I
I
I
I
I

. . . water > ]
concentration Cross-flow filtration pg_ ent *_l g UF filter |
technolo agustmen v Supernatant water —
gy reagent tank Sludge collection Vapor . f‘ondenseF To existing
Adsorbent solid- Sedimentation Sedimentation Vapor collection (water »| water
S . . tank v Condenser | |treatment
liquid separation treatment using _ facility
technology flocculant D Sldge dehydr?ht'on | |
ecompression, therma
; ; i i To waste
Sludge Sle(élmentatlon dehydration equipment | pried sludge (filled in container) storage line >
- Decompression sludge
dehydration ’

technology thermal dehydration e l&f%nfﬁﬁ;
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7. Implementation details

@ Development of secondary waste treatment technology
2) Selection of dehydration technology for sedimentation sludge

» Examination on element test of sludge dehydration technology

The applicability of candidate technologies that were selected by the literature research
was verified through element test.

. L Possibility of Element
Sludger(]jehlydratlon Concept ltems lto be verified in dehydration up to the test
technology element test target value of 60% | Necessity

- Selection of filtration method
and conditions

- Dependence of dehydration Possible Required
performance on sedimentation
sludge properties

Depending on the sludge properties (particle size
distribution, moisture content, etc.), it is necessary to select
an appropriate filter element (pore size, filtration area),
filtration conditions, etc.

Cartridge filter

It is assumed that the dehydration treatment can be
Decompression, performed up to the target value without greatly depending
thermal dehydration |on the sludge properties (particle size distribution, particle
properties)
Solidification treatment is considered to be effective from
the viewpoint of stabilization of sludge type waste, but the
concept of final disposal of waste in the Fukushima Daiichi
NPS is currently under examination. Since solidification — — —
treatment should be performed according to the burial
requirements, it is not examined in this development, and
long-term storage after dehydration treatment is estimated.

Element tests for cartridge filters were conducted to obtain operational data.
*System using decompression and thermal dehydration will also be examined with reference to literature data, etc.
» Small-scale test (assuming 0.1 to 1L scale)

A filtration method which the sedimentation sludge moisture content after dehydration treatment satisfies the target value
of 60 vol% and the amount generated is at a level that can be discharged to a later stage equipment was selected.

— Possible Not required

(Solidification
treatment)

Tests for Vacuum filtration and pressure filtration using RO-concentrated water sedimentation sludge simulants were
m-cONducted. Information ' _ ' i

11 Dughput and dehydration effect can be satisfied. (Test content under consideratid)ernational Research Institute for Nuclear Decommissi?ilng
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7. Implementation details

@ Development of secondary waste treatment technology
- Summary

1) Characterization of liquid waste generated from the particle removal system
[Results for this year]

v A 1.4 ym MF filter was adopted as the intermediate filter. Non-spherical particles were selected
to evaluate particle shape dependence of filter apparatus for each system. A test method of
filter test was devised to evaluate the performance of each filter.

[Future plans]

v Afilter water flow test (both scheduled for FY2022) will be conducted to evaluate the
applicability of the 1.4 um MF filter (intermediate component) and the particle shape
dependence of each filter apparatus.

2) Selection of dehydration technology for sedimentation sludge

[Results for this year]

v' The required dehydration performance was examined from the viewpoint of the amount of
hydrogen generated and volume reduction, and the sludge dehydration target was tentatively
set at a moisture content of 60 vol%.

v' Based on literature research, cartridge filters and decompression and thermal dehydration were
selected as dehydration treatment methods applicable to sedimentation sludge.

[Future plans]
v' Element tests will be planned and conducted to examine the applicability of cartridge filters.

v" The sludge dehydratlon treatment system that was selected candldate technologles (cartrldge
me__filters, decompression; thermakeehydraiionsirrough-iieraiuresreseares

l R' D ©International Research Institute for Nuclear Decommissioning
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8. Specific objectives for achieving the purposes of technological developments NO.73

(1) Liquid/gas systems

(D Development of soluble a-nuclide removal
technology
- Examination of soluble a-nuclide removal
test assuming use of actual liquid

In order to verify the effectiveness and feasibility of the soluble a- nuclide
removal equipment, the test method, test equipment and test plan that assume
the use of actual liquid shall be specified.

(TRL at the end of the project: Level 3)

- Element test assuming fuel debris retrieval
work

Regarding the soluble a-nuclide removal equipment, the a-nuclide adsorption
performance data in the environment assumed during fuel debris retrieval work
shall be obtained, and candidate adsorbents shall be selected. At that time, a
water quality adjustment policy shall be established.

(TRL at the end of the project: Level 4)

@ Development of RO-concentrated water
treatment technology
- Selection of adsorbent and condensing
agent

Regarding the RO-concentrated water treatment facility, the nuclide removal
performance of the powder adsorbent and the flocculation sedimentation
performance of the flocculant shall be evaluated and the powder adsorbent and
flocculant shall be selected.

(TRL at the end of the project: Level 4)

- Examination of applicability to actual
equipment

Regarding the RO-concentrated water treatment facility, the conceptual design
of the treatment method and equipment shall be implemented from the test using
the sedimentation tank.

(TRL at the end of the project: Level 4)

® Development of secondary waste treatment
technology
- Investigation of pretreatment technologies

A candidate stabilization treatment technology shall be selected for the sludge
generated from the flocculation sedimentation tank. At that time, pretreatment
technology for liquid waste such as supernatant water shall also be selected.

(TRL at the end of the project: Level 3)

- Examination of applicability to actual
equipment

TRID

The applicability of the pretreatment technology to the actual equipment shall be
verified based on the results of element tests. In addition, the conceptual design
of the pretreatment equipment shall be established.

(TRL at the end of the project: Level 4)

) | ﬁt |eC| :nOlOgy rea: lmessaeuegonal Research Institute for Nuclear Decommissioning
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1. Purposes and goals of “Development of Safety Systems (Liquid/Gas No.2

Systems, Criticality Control Technology)”

[Purpose of Development of Safety Systems (Liquid/Gas Systems, Criticality Control Technology)]

At the Fukushima Daiichi Nuclear Power Station (NPS) of Tokyo Electric Power Company Holdings, Inc.
(TEPCO), it is believed that nuclear fuel melted together with the reactor internals and remains as fuel debris
inside the Reactor Pressure Vessel (RPV) and the Primary Containment Vessel (PCV).

The fuel debris in the RPV and PCV is likely present in a sub-criticality state. However, due to damage to the
Reactor Building (R/B), RPV, PCV and other structures, the entire nuclear power plant is in an unstable
condition deviant to the original design. In order to stabilize the plant, the fuel debris must be retrieved while
maintaining its sub-criticality state and preventing radioactive material diffusion.

This project will be examined within the above-stated background context and based on the “Mid-and-Long
Term Roadmap towards the Decommissioning of TEPCO’s Fukushima Daiichi Nuclear Power Station”
(hereinafter referred to as the “Mid-and-Long-Term Roadmap”), with the goal of realizing large-scale fuel debris
retrieval work under TEPCO engineering and project management. The development results of this project will
be utilized in the engineering conducted by TEPCO.

The purpose of this project is to advance the level of Japanese science and technology by supporting the
development of technologies that contribute to the safe decommissioning of the Fukushima Daiichi NPS and
handling of contaminated water, based on the Mid-and-Long-Term Roadmap and the “FY2021 Decommissioning
Research and Development Plan” (the 86th Secretariat Team Meeting for Countermeasures for
Decommissioning and Contaminated Water Treatment).

Specifically, development will be implemented on the technology to remove soluble a-nuclides that are
considered to be eluted in circulating cooling water from fuel debris, treatment technology of RO-concentrated
water, treatment technology of secondary waste, and on-site operating methods for criticality approach
monitoring and neutron absorber technologies.

' R' D Olnternational Research Institute for Nuclear Decommissioning




1. Purposes and goals of “Development of Safety Systems (Liquid/Gas No.3
Systems, Criticality Control Technology)”

[Overall development goal]

Applying the R&D results obtained thus far, the element technologies necessary for systems
and safety assurance technologies for further increasing the scale of retrieval of fuel debris
and the reactor internals will be developed and tested.

[Specific goals of development items]

(D Development of on-site operating procedures

® Development of on-site operating procedures for criticality approach
monitoring using neutron detectors to share among the fuel debris retrieval
method team.

® Evaluation of the sub-criticality measurement performance of the three new
types of neutron detectors to reflect it in the on-site operating procedures.

® Development of on-site operating procedures for non-soluble neutron
absorbers to share among the fuel debris retrieval method team.

@ Development of solidified absorber technology

® Acquisition of data on the impacts of fuel debris with solidified absorbers
(water glass) on the drying process to utilize it for @ Development of on-site
operating procedures as well as examination of equipment operation such
as fuel debris drying time.

' R' D Olnternational Research Institute for Nuclear Decommissioning




2. Overview of subsidy projects No.4

Development of on-site operating methods for criticality approach monitoring and
neutron absorber technologies

As for the criticality control technology, each element of criticality prevention, criticality
approach monitoring, criticality detection, and impact mitigation has been developed in the
Project of Decommissioning and Contaminated Water Management by the previous fiscal year.
Of these, criticality prevention and criticality approach monitoring, which are still the issues, will
be examined and specified based on the results of technological development up to the
previous fiscal year. @ Criticality

detection

_ @ Criticality
a. Restrict and control K. approach monitorin Cas
procedures to e i | P radiation
prevent criticality a [ —— —— monitor
' @ Criticality ¥ !
I o [
prevention I | [Neuton
N —— -I L — detector %me.rgen%y
. Injection of neutron absorbers | I_ - i igjrcl-z((::t?c():ln
Solid type Solidified type :

@ Impact
mitigation

B4C sintered  B/Gd- Gd203 glass/Gd203

| b
|
Target | LT
range of | ﬂ
this project 1 fodsl *
I Water
|

metal material containing particles granulated _ “\__,—’
[ - - i W - U1 S— | Overview of technological development for
criticality control
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3. Previous fiscal year project results and remaining issues No.5

Development results of criticality approach monitoring technology and details of this project

Goals to be achieved until

Final target application to actual Status Remaining Issues/Details of this Project
equipment

- A method that combines the reactor noise method and the neutron

@ Establishment of source multiplication method was selected.
measurement method - Detector sensitivity and placement to reduce measurement errors
@ Development of system - System specifications for detectors, measurement circuits, etc. were
specifications developed.
Establishment @ Specifications for neutron - Specifications for neutron detectors were developed and a detector
of sub- detectors for prototype was selected.
criticality
measurement . - A system consisting of a neutron detector, measurement circuit, and
technology @ System design and test an analysis PC was manufactured as a test system.
manufacturing
- The feasibility was verified under simulated conditions of Applicability verification test for
- - homogeneous fuel debris (KUCA test #1/#2). o alternative neutron detectors (corona-
® Verification of feasibility of - The feasibility was verified under large-scale fuel debris simulated type, SiC-type, multi-cell He-3 based)
sub-criticality measurement conditions (KUCA test #3) _ . (KUCA test #5) (— Section 7.1.2)
- The feasibility was verified under simulated conditions of non- KUCA: Kyoto University Critical Assembly
homogeneous fuel debris / neutron absorber (KUCA test #4).
- The specifications of the neutron detector that will be transferred by
the robot arm were organized.
e i - Cable handling concept was developed.
qgg#gg%gg&gfgg'?ﬁg'g%’_ of _ Alternative neutron detector prototype (corona-type, SiC- based,
s multicell He-3 type) was manufactured and the basic performance
was confirmed.
- Neutron detector units were designed and test-manufactured.
- Radiation resistance of preamplifier was evaluated.
Incorporation L Thei f simulated noi [ d and
L . Electromaanetic noise e impacts of simulated noise were evaluated and countermeasures
into fuel debris ®reduction mgethod for the noise impact were examined.

retrieval system

Measurement procedures before and
after processing, determination of
measurement targets, measurement
time, daily work procedures for sub-
criticality maintenance control,
repair/maintenance requirements, and
organization of requirements to the
processing side (— Section 7.1.1)

The time required for measurement was evaluated.
Procedures for criticality approach monitoring at each step of the fuel
debris retrieval method

® Examination of criticality
approach control procedures



3. Previous fiscal year project results and remaining issues
Development results of non-soluble neutron absorbers and details of this project

Final target

Establishment of
criticality
prevention
technology

Incorporation into
fuel debris
retrieval system

Goals to be achieved until

application to actual
equipment

@ Selection of candidate
materials

@ Verification of constructability
and specifications of sub-
criticality maintenance conditions

@ Evaluation of corrosion effects

@ Evaluation of secondary
impacts

(@ Examination of injecting
equipment for non-soluble
neutron absorbers and
operating methods

@ Design of absorber injecting
equipment

® Verification of combination
with retrieval equipment

Status

- Candidate materials for non-soluble neutron absorbers were
selected after verification of basic characteristics, irradiation
characteristics, and nuclear characteristics (4 types of
candidate materials were selected).

- The required amount of input was estimated according to
the assumed usage.

- Workability of chisel for crushed fuel debris was verified.
The distribution of absorber was confirmed and sub-criticality
maintenance was evaluated (solid absorber).

- From the long-term irradiation test, the hydrogen generation
G value (*) was less than the design value, and the diluted
seawater with eluted absorbent components had a pH of 6 or
higher

- The impacts of irradiation on rust inhibitor effect were
evaluated.

- The number of canisters and the amount of waste increased
by up to about 10% for solid absorbers and up to about 40%
for solidified absorbers

- A method for inserting absorbers was developed.
- Impacts of chisel processing was verified.
- Availability of underwater insertion was confirmed.

- The concept of the absorbent injecting equipment was
developed based on the weight and size restrictions of the
absorbent injecting equipment and the absorbent
transportation path restrictions.

- Applicable absorbers for fuel debris processing methods for
each fuel debris location were examined.

No0.6

Remaining Issues/Details of this Project

Impacts of water glass on fuel debris
drying (— Section 7.2)

Amount of solidified absorbers used
Applicable conditions for processing
scenes Level 2— Level 1 return
procedures

Effectiveness of pre-insertion

(— Section 7.1.3)

Downsizing and weight reduction of the
equipment (— Section 7.1.3)

(*) Hydrogen generation G value: Number of molecules of hydrogen generated when absorbing 100 eV energy



4. Input/output

No.7

This project is being conducted in collaboration with the Project of Development of Technology
for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals, and the Project of
Development of Technologies for Containing, Transfer and Storage of Fuel Debris.

u Demand-side project Provider-side project Contents (overview)

Development of Safety
Systems (Liquid/Gas
Systems, Criticality
Control Technology)

Development of
Technology for Further
2 Increasing the Retrieval
Scale of Fuel Debris and
Reactor Internals

Development of
Technologies for
Containing, Transfer and
Storage of Fuel Debris

TRID

Development of
Technology for Further
Increasing the Retrieval
Scale of Fuel Debris and
Reactor Internals

Development of Safety
Systems (Liquid/Gas
Systems, Criticality
Control Technology)

Development of Safety
Systems (Liquid/Gas
Systems, Criticality
Control Technology)

Methods of removing
interfering objects,
methods of accessing fuel
debris, methods of
processing and collecting
fuel debris and the
reactor internals

On-site operating
procedures for criticality
approach monitoring
using neutron detectors,
on-site operating
procedures for non-
soluble neutron
absorbers

June
2021

March
2023

Data on the impacts of
fuel debris with water
glass (non-soluble
neutron absorber) on the
drying process

March
2023

Examination of on-site
operating procedures for
criticality approach
monitoring and absorbent
dispersion

Examination of
throughput of fuel debris
retrieval method

Examination of the drying
process of canisters

Olnternational Research Institute for Nuclear Decommissioning



5. Implementation schedule
Criticality control technology

No0.8

F‘(Ia}ln;1 operator FY2021 FY2022
If there is a
Category Subcategory )
Iozgggg?ti;aigtglrsgr"tstsetd) ApriMay:iJun i Jul { AugiSepi Oct iNov i Deci Jan} FebiMar | Apr iMay iJun { Jul {AugiSep { Oct f Nov: Deci Jan i Feb:Mar
Major milestones ) ] " A TAY 4 . A
Rroject steefing meeting Interfm repbrt Interim|repor Interimirepor| Final yeport
2) On-site operatin - -
L @ methods (?fcriticglity a. Organization of (1) Hitachi GE Organizatipn ofpreconldltlons
approach monitoring preconditions
i ) Exafinatidn of grocedires
technology and neutron - (2) Toshiba ESS H
absorber technology b. Examination of
rocedures i ishi i
@ Development of on-site P l(ralziu'\ggis:sblsm Heavy Evaluation /review
qperatmg prpcedures ¢. Evaluation / : Sdmmar’
(i) Formulation of review Interim summary b
operating procedures for
criticality approach d. Summary
monitoring
. Test Plan
(ii) Neutron detector sub- | a. Test plan (1) Toshiba ESS
criticality measurement Subcontractor: FEO /
test b. Test CETD h/arrangemehts
preparation/ Test '°Ca}\'l°": KU(L:JA‘ , CA te Element test
arrangements agoya University I | H 3 3 B B B N N
c. Element test (2) Mitsubishi Heavy nterim summary
Industries
d. Summary Subcontractor: IPL
Test location: KUCA
(ili) Formulation of a. Organization of (1) Hitachi GE Organization of precongitions
operating procedures preconditions f Examinatién of grocedires
for non-soluble (2) Toshiba ESS A
absorbers b. Examination of
procedures (3) Mitsubishi Heavy Evaluation / review :
Industries i
c. Evaluation / Summaty
review mary
d. Summary
Test Plan
@ Development of a. Test plan =
solidified absorber b Test (1) JAEA ) y TEStpreparation/ procurement Testi preparationi/ procurement
technology . tion/ Subcontractor: Inspection = H
preti)aréll'on Development Company ! Fund Parameter fundameftal test
materia Ltd. Test location: JAEA | AR skttt et m e
procurement
c. Element test Interim summar ¥ Summ ry
co T
d. Summary kioning




6. Project organization

Tokyo Electric Power Company Holdings, Inc.

International Research Institute for Nuclear
Decommissioning (IRID)

» Coordination's for on-site applicability

management

Coordination of general planning and overall technology

Coordination of technology administration including
technology development progress management

No0.9

Partner
development
project teams

Hitachi-GE Nuclear Energy,
Ltd.

Toshiba Energy Systems &
Solutions Corporation

Mitsubishi Heavy Industries,
Ltd.

Japan Atomic Energy Agency

[Element test, technical
development]
(1) Liquid/gas system development
(D Development of soluble a-nuclide
removal technology
- Examination of soluble a-nuclide
removal test assuming the use
of actual liquid (stagnant water
in the reactor building)
- Element test assuming fuel
debris retrieval work
@ Development of RO-concentrated
water treatment technology
- Selection of adsorbents and
flocculants
- Examination of applicability to
actual equipment
® Development of secondary waste
treatment technology
- Investigation of stabilization
treatment technology
- Examination of applicability to
actual equipment

(2) On-site operating methods for
criticality approach monitoring
technology and neutron absorber
technology

- Formulation of criticality

WOnitoring procedures

[Element test, technical
development]
(1) Liquid/gas system development
(D Development of soluble a-nuclide
removal technology
- Examination of soluble a-nuclide
removal test assuming the use
of actual liquid (stagnant water
in the reactor building)
- Element test assuming fuel
debris retrieval work

(2) On-site operating methods for
criticality approach monitoring
technology and neutron absorber
technology

- Formulation of criticality
approach monitoring procedures

- Performance assessment of
neutron detector sub-criticality
measurement

- Formulation of operating
procedures for usage of
absorbers

- Examination of the impacts of the
fuel debris on drying process

[Element test, technical

development]

(2) On-site operating methods for
criticality approach monitoring
technology and neutron absorber
technology

- Formulation of criticality
approach monitoring procedures

- Performance assessment of
neutron detector sub-criticality
measurement

[Element test, technical

development]

(2) On-site operating methods for
criticality approach monitoring
technology and neutron absorber
technology

- Development of solidified
absorber technology

~TIRTD

uc

Development of Fuel
Debris Retrieval Method

Development of
Technologies for
Containing, Transfer and
Storage of Fuel Debris

R&D on Solid Waste
Treatment and Disposal

Development of Analysis
and Estimation
Technology for Fuel
Debris Characterization

Development of
Technology for Detailed
Investigation inside PCV

Development of
Technology for
Investigation inside the
RPV

Development of Analysis
and Estimation
Technology for Fuel
Debris Characterization

Development of
Technology for Sorting of
Fuel Debris and
Radioactive Waste




7. Implementation details No.10

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring

[Issues]

In the related project (*), a method of criticality approach monitoring in the rough work steps of the top/side-entry
method is being examined. (Figure 1) In order to discuss the operating procedures and throughput with the fuel
debris retrieval method team, it is necessary to further refine the work steps and materialize the criticality
approach monitoring procedures.

[Implementation details]

® Organization of the procedures for criticality approach monitoring
using neutron detectors in a step diagram for the fuel debris
retrieval method and processing/collection equipment studied in

the related project (*). During fuel debris
® Study on the neutron response when approaching criticality e
during fuel debris processing, and the procedures for ERPICRE TSI o
determining criticality approaching. during pr.ocessing'kusi?lg -
® Study on the measurement procedures before and after detector juxtapdEl L thE
H : : processing tool ) —
processing, determination of measurement targets, - L
measurement time, daily work procedures for sub-criticality -
maintenance control, repair/maintenance requirements, and :
- - - - - 3 y - D t t
organization of requirements to the processing side. W Rtapoged to Cutting tool
[G | ] P processing tool
oals
® Development of the on-site operating procedures for
criticality approach monitoring using neutron detectors to Figure 1 Criticality approach monitoring during
share them with the fuel debris retrieval method team. fuel debris retrieval (example of side-entry)
E_— e T e
' RI D Olnternational Research Institute for Nuclear Decommissioning

(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)



7. Implementation details No.11

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring
a. Organization of preconditions

Development of criticality control involving the retrieval step

Criticalitv apnroach monitoring

Possibility Criticality
of pre- L approach
sertion of Sub-criticality monitoring for
absorbers = Measurement each constant
amount of
processing

Arm

e Processing

restrictions/criticality o
control methods

Continuous Other criticality
monitoring during Prevention measures
processing

Step Sub-step Remarks (*2)

loading
weight

2. Removal of interfering Objects in the PCV/preparation for fuel debris removal

No deposits presumed
to be fuel debris: No
restrictions

\With deposits (small
amount of I
deformation):

Restrictions on the

— (")

- Prevention of cut
ieces from falling
nto sediments inside|Deformation criterion
he pedestal is minimum critical

(Loading into

amount of cuttin Prevention of heavy |weight
S’? Removal Ii)rocessing/ PCV) up to powder falling oﬁto the I ellght objects from (30 to 60 kg)
interfering |cutting of 100kg Ioottom sediments alling onto the top
objects  [interfering |(Mounted onWith deposits (large ediments in the
in the PCV lobjects arm) up to 30jamount of I edestal (measures to
l kg deformation): _ Neutron flux —  f~ i Ous revent contact with
- Processing while Possible m_easurement/crltlc monitoring during RD, etc.)
performing criticality When _ _ ality _approach processing may be | Measures to prevent
approach monitoring |approachin monitoring before ired he cutting tool from
- Restrictions on the | g criticality I L e required as a o
lamount of cutting backup alling)

powder falling onto the Bl Y

. bottom sediments — . —— ——

\ Y 1 | . __Y_ )

*1 “—" means not applicable.
*2 Left blank if there are no

Step division of
retrieval method
(Insert sub-step on

criticality side) Constraints of

Criticality control
methods, processing
restrictions, etc.

detectors and

e NOn-soluble abs

' RI Ij]jecting equipment

Potential step to
apply non-soluble

Discuss specific
procedures for

criticality approach

special notes.

Points to note from criticality control
(mainly countermeasures to prevent the
occurrence of accompanying events)

Olnternational Research Institute for Nuclear Decommissioning



~ 7. Implementation details

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring

a. Organization of

preconditions

No0.12

Functions to configure criticality approach monitoring

INET[)

Intended use

Detector for sub-criticality  Criticality approach monitoring

measurement

Understanding the state before
work

detector MNote D)

Decision to start processing

Continuous monitoring
detector Note D)

Detection of unexpected
changes

Function

Sub-criticality measurement

Criticality approach monitoring
before and after processing

Continuous monitoring of neutron

flux during processing

Absolute value measurement of
neutron multiplication factor

Measurement of relative change in neutron multiplication factor

Form

Mounted on arm

Juxtaposed to processing tool

Installed on platform /juxtaposed
to processing tool

Weight

30 kg to 100 kg

30 to 50 kg

30 kg or less

Measurement time

From several hours to a week
(depending on-site environment)

Approx. 10 min

Continuous

Measuring positionM°t¢ 2

One point near the retrieval start
position

Moves appropriately according to
the processing position

(Note 1) Depending on the conditions

such as weak gamma rays at on-site and

strong neutrons in the fuel debris, it is
possible that both “criticality approach

monitoring” and “continuous monitoring”

can be used.
(Note 2) It is not fixed and may be

chapged from time to time.
1RID

Same as left/a place that can be
viewed from a distance from the

processing position

Installed on
platform

e
missioning




7. Implementation details

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring

b. Examination of procedures
Outline of implementation of 7.1.1.b

While discussing
the operating
procedures and
throughput with
the fuel debris
retrieval method
team,
examination of 10
items that were
raised as issues
was
implemented.

- - Top access retrieval method - -

No0.13

- Method for transferring the
integrated unit -

@ Criticality monitoring
method during top-
access retrieval

(— No. 14)

@ Criticality monitoring
method during side-
access retrieval

(— No. 15)

® Criticality monitoring
method for side-entry
PLAN-B method (—
No. 16 to 18)

@ Monitoring range of three types of criticality approach monitoring (— No. 19)

® Criticality
monitoring method
for top-entry integral
transfer plan (—
No. 16 to 18)

retrieval work (— No. 20)

® Organization of measurement procedures during fuel debris processing and

® Organization of the roles of criticality approach monitoring (— No. 21)

(@ Basic concept of criticality monitoring based on environmental conditions for
aerial and underwater processing (— No. 22)

Organization of criticality risks in underwater processing (— No. 23,24)

25)

@ Monitoring procedures in typical processing example (laser processing) (— No.

Monitoring system
maintenance (— No. 26)

e
Olnternational Research Institute for Nuclear Decommissioning




7. Implementation details

No.14

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring

b. Examination of procedures

[Results of the study so far]
Taking the top-access retrieval
method as a typical example, the
method of criticality approach
monitoring in the fuel debris
retrieval step was investigated.

Criticality approach monitoring
consists of three kinds of neutron
measurements («— No.12), but it is
not necessary to perform three
types of monitoring in all work
steps. (< No. 11)

Depending on the assumed
criticality risk, use the necessary
monitoring function properly.

(3 kinds or 2 kinds of

Detector
juxtaposed to
processing tool

@ Criticality monitoring method during top-access retrieval

Detector installed Detector installed

on platform on platform
(con'gltnu.ous === (continuous
monitoring) monitoring)
Detector
juxtaposed to Detector

processing tool |
(proximity
monitoring)

juxtaposed to
processing tool
(proximity
monitoring)

Upper grid plate Remaining fuel ir

o a I
Detector installed
on platform
(continuous
monitoring)

. roximit
measurements,) ng%nitoriné) — ' Detector mounted
_ Detector on arm (sub-
juxtapo.sed to criticality
Detector mounted processing tool measurement)
on arm (sub- (proximity
criticality monitoring)

1TRID

measurement)

Olnternational Research Institute for Nuclear Decommissioning



7. Implementation details No.15

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring
b. Examination of procedures@ Criticality monitoring method during side-access retrieval

Criticality monitoring method during side-access retrieval
[Results of the study so far]

A Cri_tica_-”ty approaCh Before fuel debris
monitoring method was processing
. . Sub-criticality B
examined for the side-access measurement using a o AN
retrieval method. detector mounted on Detector
arm juxtaposedto B
= processing tool 2
Of the three criticality e
monitoring functions, sub- . J
criticality measurement is o rtus
performed by a detector Jountedonarm using a detector Detector
. mounted on
mggnt(_ed on the arm, wh!le _ During fuel debris arm
criticality approach monitoring grocessing ,
. . . re-processing
during processing are monitoring angly 7y u ||u|'| II
continuous monitoring ==
performed by a detector during processing During processing
: ; using a detector Df interfering
juxtaposed to the processing juxtapaReBiPhe :
tool, thereby reducing the processing tool ..
frequency of processing tool 8 Detector Cutting tool : i
4 i uxtaposed to
and detector replacement and = e ol Uxtaposed (0 t00] Kl AEON

minimizing the impacts on the Figure Criticality monitoring during

fuel debris retrieval work Figure Criticality monitoring during removal of interfering objects
throughgut. fuel debris retrieval (excerpt xcer

l R' D Olnternational Research Institute for Nuclear Decommissioning



7. Implementation details No.16

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring b. Examination of procedures
® Criticality monitoring methods for side-entry PLAN-B method/top-entry integral transfer plan

[Details of study]
® For the work steps of the side-entry PLAN-B method and the modified method 2 for top-entry integral transfer plan B ,

the criticality approach monitoring procedures when applying the processing and collection methods using the
following equipment were examined, and issues and risks were identified.

lllustration of removal of
interfering objects at the
bottom of the reactor
(Modified method 2 for top-
entry integral transfer plan B)

~ . .
» Loading and moving a

“ neutron detector unit
(simulant) using a heavy
weight object
transportation equipment
(Side-entry PLAN-B
method)

= < lllustration of fuel debris

7 retrieval from the bottom of the
pedestal after transferring the
RPV bottom head and CRD
housing

Loading and moving
crushing and suction
equipment by heavy weight
object transportation

equipment (Modified method 2 for top-
(Slds'ec;;”y PLAN-B entry integral transfer plan B)
metho




7. Implementation details No.17

7.1 Development of on-site operating procedures

7.1.1 Operating procedures for criticality approach monitoring b. Examination of procedures
® Criticality monitoring methods for side-entry PLAN-B method/top-entry integral transfer plan

® Outline of the side-entry PLAN-B method and the modified method 2 for top-entry integral transfer plan B

Carry-in cell Secondary boundary Retrieval equipment
Waste
transfer cell Fuel debris _ M|
as
retrieval cell Connecting = i
container ) (==
o L=l o
Maintenance cell / Extension building
¢
- Connecting Double lid
tFueI fdebl’IS" sleeve Transfer //
ransier ce i .
! 0 g = S5 carrier Transportation
A, X 7 VIR E § [F7ask container
Passage (Access tunnel) <t s container
U }A
| b |
= ]
// 1l 1 f
H II" - oy
‘r‘ | I WKL
=1 | -
|I'.| — —  — ) — — — 0 &)
Ly
i Tx—¥ Lr |

Operation
f arm

) - - Reactor nternals mcluding Tuel debris are mniegrated with soldiiied material contamning neutron
- Access from the equipment hatch absorbers and transferred
- Use multiple operation equipment (some equipment are assembled in - Fuel debris at the bottom of the pedestal is retrieved by top-entry (lower right on the previous
the PgVI age

' R' D Olnternational Research Institute for Nuclear Decommissioning




7. Implementation details No.18

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring b. Examination of procedures

® Criticality monitoring methods for side-entr‘ PLAN-B method/toE-entri inteiral transfer Elan

Can the presence and amount of fuel debris be confirmed from camera images, neutron flux
[Study results]

distribution, and characteristic gamma- ray distribution?
® |[ssues and risks were identified in

the table on the right for the work o o B
] Is it possible to measure the degree of sub-criticality for fuel debris with a critical mass or
steps of the side-entry PLAN-B more and several tens of kilograms?

method and the mOdIfled method 4 Is it possible to install neutron detectors when the fuel debris has an inclined surface?

N i Is it possible to transport a neutron detector on the platform and install the neutron detector
2 fOI’ tOp entry Integral tranSfer with appropriate positional relationship and distance?
plan B.

Z
o

Is it possible to install neutron detectors with appropriate positional relationship and distance
from the heavy weight object transportation equipment used to transport neutron detectors?

By installing the equipment directly on the fuel debris, is there any reactivity input due to crack
growth or water intrusion?

When processing and collecting sediments by lowering the water level, how to manage lumps
that cannot be collected or accumulation of water in depressions?

It is assumed that the cutting surface will be lower than the bottom of the pedestal when
retrieving bottom concrete-mixed fuel debris. Therefore, it is considered necessary to take
measures to prevent stagnation of cooling water that had been discharged from the worker
access tunnel.

[Future study]
® The optimum criticality monitoring

prOCGdeeS fOf the |dent|f|ed Measures to prevent the outflow of the filling solidifying agent may prevent the cooling water

; ; ; ; 10 from being discharged, causing reactivity input (transitional state until the solidifying agent is
issues and risks will be examined injected)

in collaboration with the project of -

Development Of Fuel Debrls Reactivity input due to falling of equipment onto fuel debris, crack growth due to impact, and

water intrusion into the crack.
Retrieval Method. During processing, crack growth due to falling fuel debris, etc., exceeding critical mass.
—

Can neutron detectors be transported between the outer periphery of the shroud and the RPV,
and installed at an appropriate positional relationship and distance?

-

Detachment of fuel debris from the solidified part, fall, crack growth due to impact, and
reactivity input by water intrusion into the crack. 18




7. Implementation details No.19

7.1 Development of on-site operating procedures

7.1.1 Operating procedures for criticality approach monitoring
b. Examination of procedures @ Monitoring range of three types of criticality approach monitoring

® The monitoring ranges for each of the three types of criticality approach monitoring
functions were organized. (The figure shows an example of top-access retrieval)

Function: Continuous monitoring of
neutron flux during processing

Function: Sub-criticality measurement Function: Criticality approach Measurement point: A place that can be

Measurement point: One point near the ~ monitoring before and after processing ;ia\wed from a distance from the

retrieval start position Measuring point: Moves appropriately processing position

Intended use: Grasping the state before according to processing position Intended use: Detection of unexpected

work Intended use: Decision to start processing changes Continuous f\}l%iidr'inﬁg;rea'
monitoring

F Monitoring ~ Sub-criticality

IR'D area measurement

Criticality approach

iternational Research Institute for Nuclear Decommissioning

Monitoring area



7. Implementation details

7.1 Development of on-site operating procedures

7.1.1 Operating procedures for criticality approach monitoring
b. Examination of procedures ® Organization of measurement
procedures during fuel debris processing and retrieval work

® The procedures for measurement
during fuel debris processing
and retrieval work was examined.

- Tthe neutron multiplication factor (keff) is
measured by reactor noise method before
starting fuel debris retrieval work @

This is the criterion for the neutron source
multiplication method.

- The neutron count rate is measured before
and after fuel debris processing. @

- Neutron count rate is continuously monitored
during fuel debris retrieval processing.

- The neutron multiplication factor is evaluated
(keff) by the neutron source multiplication
method when the neutron count rate
changes.

- The work is suspended when the neutron
multiplication factor reaches the criterion

- Use absorbers.

- The neutron multiplication factor is measured
(keff) by reactor noise method after using
absorbers. @

This is a re-measurement of the neutron
source multiplication criterion.

Measurement of

Light blue; reactor noise

method
Yellow; neutron source

Before multiplication method
retrieval k eff by the reactor
During noise method @ (up
i : to 1 h)
inspection
> Neutron flux before

Measurement before
retrieval @
(lto2m)

WOI‘k, keff (¢refv kref

Neutron flux before retrieval

Evaluation of keff before
retrieval by neutron source
multiplication method

(?)

Find

k by the relation

¢ref_ 1-k

udgment of sub=
criticality by
retrieval k,

¢

Nol

1Ky

No0.20

Sub-criticality measurement

-l

Monitoring Sub- cr|t|ca||ty
area measurement

Fuel debris

Criticality approach monitoring
before and after processing

- S
‘Jl] !Im allie 0l 'll l‘u I!I h u
3 \, Criticality approach

Fuel debrls P|anned ‘\monitoring

proc:essing?vI )
location onitoring area

Fuel debris

Suspension of
retrieval work

Continuous monitoring of
neutron flux during processing

processing/retrieval

(always on, apart from the above

¢ diagram)
' RI D I | Use Of absorbers Lh Institute for Nuclear Decommissioning




7. Implementation details No.21

7.1 Development of on-site operating procedures

7.1.1 Operating procedures for criticality approach monitoring
b. Examination of procedures ® Organization of the roles of  criticality approach monitoring
criticality approach monitoring _before and after processing

® The role of the three monitoring functions during criticality
approach was examined.

- The neutron multiplication factor (keff) is measured by reactor noise method before starting fuel
debris retrieval work. 1
This is the criterion for the neutron source multiplication method.

- The neutron count rate is measured before and after fuel debris processing. @

- The neutron count rate is continuously monitored during fuel debris retrieval processing

- The neutron multiplication factor (keff) is evaluated by the neutron source multiplication method
when the neutron count rate changes

- The work is suspended when the neutron multiplication factor reaches the criterion

- Use absorbers

- The neutron multiplication factor (keff) is measured by reactor noise method after using

absorbers @

. . , / \-\ Crltlcallty approach

- Decision to resume work - resumption of work Fuel debris  Planned \ monitoring
! - L . . processing N

As described in No.14 to 15 sheets, the above monitoring functions are used according to th uspension of  location  Monitoring area

situation of on-site. AN .
retrieval work —

Use of absorbers Continuous monitoring of

neutron flux during processing
Continuous Monitoring area
monitoring

Sub-criticality measurement

Neutrop multiplication factor

. N . '
ey 2 i &l 1) s i am sl 31,1 i“ lln

method i

:_H

' mr‘:Momtormg Sub -criticality Olnternational Research Institute for Nuclear Decommissioning
area measurement Retrieval work (|apse of time) Fuel debris  Planned processing

location



7. Implementation details No.22

7.1 Development of on-site operating procedures

7.1.1 Operating procedures for criticality approach monitoring
b. Examination of procedures (7) Basic concepts of criticality monitoring based on the
environmental conditions for aerial and underwater processing

® The environmental conditions for aerial

processing and underwater processing, which processing

are prerequisites for criticality control, were - There is no water level above fuel debris. - Water level is formed above
ordanized - There is a possibility of accumulation of water under fuel debris.
g . . L L fuel debris. - From the start of processing to
® The risk of criticality in the air is small, and the - Cooling water is flowing. collection, the process is
: : - Water droplets are falling. performed underwater.
same contr_ol as underwater is no? reqU|red1 bl_'lt - Processing is performed while water is sprinkled around
local attention such as accumulation of water is g:g processing area to prevent dust from being
required. persed

| i ] _—;l = ‘4]
» & | ; ~ "—-——__,
= ';

Sprinkling water to
prevent dust from
being dispersed

| Possibility of accumulation of water ¥
“{under debris

Figure 2 Environmental 664 itioHe for ttgerwater processing

Figure 1 Environmental conditions for aerial processing



7. Implementation details

7.1 Development of on-site operating procedures

7.1.1 Operating procedures for criticality approach monitoring

b. Examination of procedures

Organization of criticality risks in underwater processing|

® The criticality risks of the processing method examined in the
related project ) was evaluated based on the analysis, etc.

Use other than intended method

There is no criticality
risk in picking up
small pieces of fuel
debris with a size of
up to 200 mm (size
that fits in a canister)|
underwater.
However, attention is
required when fuel
debris retrieval work
by using the robot
arm including stirring|
and crushing small
pieces of fuel debris.

Attention is
required when
falling small
pieces of fuel
debris and
collapsing the
deposited small
pieces of fuel
debris.

Processing that may exceed the
minimum critical mass under the
optimum deceleration condition

(Indication: 46 cm)|

Attention is required when a large amount
of powdery fuel debris are accumulated

underwater. (Indication: radius of 35 cm or
more, weight of 499 kg or more)

No0.23

Processing where reactivity input may
exceed 0.5% dk

Attention is required when
performing multiple cuts at
short intervals (up to approx.
a few cm).

Attention is required when
opening multiple holes with
short pitches between holes (up
to approx. 100 mm) by core

When crushing fuel
debris with a chisel,
there is a risk of
criticality if the
processing area
exceeds 16 x 16 x 16

ear Decommissioning

(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)



7. Implementation details No.24

7.1 Development of on-site operating procedures Table Criticality risk for each | From the previous
7.1.1 Operating procedures for criticality approach monitoring processing method SeatNo =
b. Examination of procedures

Classifi [Processing Properties/outlines )
. . UUNT . . cation | methods
Organization of criticality risks in processing

Aerlal Underwater

ing
underwater processing P|c |ng Grabbing Pinch small pieces of fuel debris No
. . . . Clamshell Scoop up small pieces of fuel debris No aution
® The criticality risk for each processing bucket

method was Organized Separate|y for Suction Suction/collection of fuel debris in powderform  No Caution

aerial prOCGSSing and underwater @lfii[1s M Laser gouging  Laser cutting of fuel debfis surface No @
processing. -
® Even if there is no risk of criticality in the ST Core boring ampling process with a hole saw Becarefilif  Caution
- Separate cutting of the core is required ere is
processing method itself. it is necessary - Water is required to discharge chi cool accumulation of
. ! blades water
to pay attention to unexpected usage
Ultrasonic core Capable imultaneous processing of Caution
and secondary effects other than the drill ics and metals
prOCGSSIHQ pOIﬂt. ifcular saw Ceramics can be processed, but tool damage is Caution

severe. The cutting edge is serrated.

°\ Cutting wheel  Capable of simultaneous processing of Caution
ceramics and metals
Hydraulic cutter Hydraulic-driven scissors Caution
AWJ Cutting with high-pressure water mixed with Caution
KT 3 abrasives
® P / Cutting width is dispersed to the surrounding
F&l environment
Laser cutting  Thermal cutting with laser heat Caution
Examples of EXamples of Crushmg Hammer Pre;s _the_chi§el against the object and crush it Yes
unexeected usage secondary effects (chisel) :)rrehrl)tig?gnlt with the up-and-down movement of

TRID

(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)



7. Implementation details

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring

No0.25

b. Examination of procedures

(© Monitoring procedures in typical processing

example (laser processing)

The procedure of measurement during fuel debris processing
was examined using easy-to-understand laser cutting as a
typical example.

A condition was assumed in which a straight cut line generated
in the fuel debris, and water entered the cut line, causing it to
approach criticality.

It is assumed that the neutron multiplication factor of the fuel
debris before processing is around keff=0.95, which does not
exceed the criterion.

The neutron count rate before processing should be
measured.

[Evaluation conditions]

Fuel debris composition: 4 wt% enriched
uranium structural material, no FP, Gd

The air cavities in the fuel debris are filled with
water, and keff=0.95 in the initial condition
before processing.

Assuming processing to insert a cutting line
with a width of 2 cm, a depth of up to 60 cm,
and a length of up to 60 cm. (Note)

The processing speed of laser cutting is 1
[mm/sec], and processing is performed for 10
minutes.

The MVP code was used to calculate the
effective multiplication factor, and the one-
point reactor kinetics analysis was used to
calculate the neutron response.

Neutron source intensity 1 [n/sec]

Neutron detector detection efficiency 100 [%6]

When processing starts, the reactivity of Ak=0.016 is added in . —T" PO
10 minutes of processing, and the neutrons discharged from . Criticality approach monitoring a factor
the fuel debris increase by a factor of 1.5. (Figure) ' eforan after processing of 1'5A
The neutron count rate was measured after processing, = i T 1T
and it was observed that the neutron count rate increased by a = ' 60cm, k=0.967 |
factor of 1.5. The neutron multiplication factor is estimated to Q)
have increased from 0.95 to 0.967 by neutron source o
multiplication method. (— Sheet No. 20) S & [[oommoss: | [20cmwossz | 0962
It is judged that the neutron multiplication factor has exceeded 3 ; ) :
the criterion, and the retrieval work is suspended (sheet No. g FETETETE S IR P - -
21). g 30cm k=0.953 |
Procedures for other processing methods will also be = 10¢m,k=0.952 izl
examined in the future. ¥
1S
(Note) Although there is no risk of criticality due to a single cut, extreme condition was set as = e = Proc;;;ng time ES]J = = =
an easy-to-understand example.
_— e T e

TRID

Olnternational Research Institute for Nuclear Decommissioning

Figure Neutron response simulation assuming laser cutting



7. Implementation details

7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring
b. Examination of procedures

No0.26

e Exposing the neutron source from the
“~. source transfer equipment and verifying

. Monltorlng SyStem malntenance \tﬁ\e‘ciperation of the neutron detector

® Regarding the maintenance of the criticality heuron ';..m. THY

approach monitoring system, the concept of unit e

daily inspection, periodic inspection, and

corrective maintenance was organized (Table). Slide lid
® Daily inspections are performed by moving the Neutron

detector unit to a maintenance area (assuming Neutron LA source

SFP, etc. ) in the building N°t¢ ) and by remote | source e

control (Note 2)_(Figure)
® Part of the periodic inspection and corrective _»*" . Lifting and lowering of

& source holder

maintenance in the event of a problem are
decontaminated and transferred out of the

building, where workers carry out the work.

Figure Maintenance area inside the building

Table. Maintenance items of the criticality approach monitoring system

Goal Frequency | Inspection Inspection items Method
details

Preventive Daily check System integrity, Operation verification The detector unit will be moved to the remote maintenance area, and the
maintenance noise impacts by neutron source, neutron source equipment installed there will be used to perform indirect
background maintenance of the fuel debris processing/collection equipment by remote
(Note 1) It is a routine operation measurement control. (It takes about 1 hour)
for t_he fuel d_ebrls retrieval Periodic Detector/connec  Discriminator, If remote maintenance in the maintenance area is difficult, remove the
equipment with the detector inspection tor/cable insulation resistance,  detector unit from the fuel debris processing/collection equipment, lift it
unit to move to the 1to2 integrity, capacitance, cable out of the PCV, decontaminate it, and then perform maintenance directly.
maintenance area and wait. times/year detector characteristics, source (It takes several days)
sensitivity calibration

(Note 2) It is necessary to Corrective Irregular Overhaul, Gas leak, insulation If a system malfunction occurs and the detector cannot be restored in the
develop a method for remotely maintenance repair, deterioration, poor PCV, remove the detector unit from the fuel debris processing/collection

calibrating neutron detectors
using neutron source.
——

TRID

replacement,

contact, disconnection,

circuit diagnosis, etc.

equipment, lift it out of the PCV, decontaminate it, and then perform
maintenance directly. (one week or more if disassembly/assembly is
required)

WIILENTduoridl nesediunl mstuute 101 Nnuciedr veCOIninmissivning
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(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)
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7.1 Development of on-site operating procedures
7.1.1 Operating procedures for criticality approach monitoring

d. Interim Summary

[Results of this year]

While discussing operating procedures and throughput with the fuel debris retrieval
method team (top-access retrieval/side-access retrieval/integral transfer), the following
items were specified and shared.

Three types of criticality approach monitoring roles and monitoring range

Measurement procedures during fuel debris processing and retrieval work

Concept of criticality monitoring in aerial processing and underwater processing

Criticality risks in underwater processing

Monitoring procedures when approaching criticality, using laser processing as a typical example
Monitoring system maintenance

These will be the preconditions to be considered when the fuel debris retrieval method is
to be implemented in the future.

[Future plans]

Based on the above procedures, the range of study will be expanded, such as
development of processing methods other than laser, to evaluate the impacts on the
throughput of fuel debris retrieval, aiming to optimize the operating procedures.

l R' D Olnternational Research Institute for Nuclear Decommissioning

As of the middle of March 2022
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement

[Issues]

Three types of neutron detectors (corona-type, SiC-type, and multicell He-3 type) have been
developed in the related project ) from the viewpoint of sub-criticality measurement (Figure 1). To
verify the on-site applicability of these detectors, it is necessary to validate the ability to measure
sub-criticality and evaluate the performance of criticality approach monitoring.

[Implementation details]

A sub-criticality system simulating fuel debris at the Kyoto University Critical Assembly (KUCA) was
established. A sub-criticality measurement test using the developed neutron detectors was
conducted. (Figure 2)

In addition, the neutron measurement
performance was evaluated under
gamma-ray environment.

[Goals]

® Evaluation of sub-criticality
measurement performance of
neutron detectors

® Reflection in operating procedures
for neutron detectors assuming on-
site conditions

Corona detector
®25.4%x260 mm

Figure 1 Appearance of Corona-based Figure 2 Kyoto University
detector (*° B) Critical Assembly
| S e
I R' D Olnternational Research Institute for Nuclear Decommissioning

(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement
a. Test plan

Table. Summary of KUCA tests conducted in related projects up to the previous fiscal year and test items

- Measurement error (2% to 10%) for different
degrees of sub-criticality, from near-criticality with
neutron multiplication factor=0.95 to deep sub-

Verify that sub-criticality can be criticality with 0.7

KUCA tests B10 proportional : - - Uncertainty of the mixing state of fuel debris
(1st, 2nd) counter IEERES I &1 il SEiem LS and water (neutron energy spectrum) has little
uranium fuel ;
impacts on measurement errors
- The measurable distance between the fuel
debris and the detector is within 20 cm
underwater and within 35 cm in air
. Verify that sub-criticality can be Verified that local sub-criticality near the detector
KU((:3Ar‘OtI)eStS B C%rgrﬁ)tc;rrtlonal measured in a large (uniform) system can be monitored (Monitoring of the entire
using uranium fuel system is difficult)
Measured sub-criticality in a system simulating
non-uniform fuel debris, and verified position
: Verify the effects of large, non-uniform dependence.
KU((:ﬁrf)e S S0 C%rgrﬁ)toerrtlonal systems and neutron absorber Verified that the sub-criticality can be measured
placement by conducting a test in a state simulating the
surface application of non-soluble neutron
T T P absorbers. (-15 to +14%) —
I KUCA tests Corona-based Verify that alternative candidates for
(5th) ~ SiC-type neutron detectors can measure sub- June 28-July 9, 2021 Implemented
_— —
T >>E T Olnternational Research Institute for Nuclear Decommissioning
HE el -
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement
a. Test plan

Table. Neutron detector candidates for sub-criticality measurement

Fission
1 FiSSion ionization Chamber PhOtonIS ionization Neutron detectors being Considered for
. chamber  yse in the investigation_inside the PCV
1 Tested  1mproved small-sized B-10 IRID/ (considered in the related project (*)) I
I proportional counter Hitachi-GE |
I3 B-10 proportional counter CETD Neutron detectors that have been I
jfargetof o 3 proportional counter Gas (verified that these can be used for sub- |
I this test (Multicell-based He-3 CETD Detector criticality measurement by the Feynman-a
I proportional counter) method) I
5 B-10 corona detector RosRAO : :
, Neutron detectors being considered for :
I 6 He-3 corona detector RosRAO use in the investigation inside the PCV I
| _ _ (highly radiation-resistant neutron |
1 7 SIC detector IPL Semicond  §etectors being considered in the related |
_______________._.___""Ct‘e'r__prﬁecﬁ*)___________
8 CMOS detector IRID/Hitachi-GE  detector
I<IL> e 0

(*) Related project “Development of Fundamental Technology for Retrieval of Fuel Debris and Reactor Internals (Development of Small Neutron Detectors)”
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement
b. Test preparation/arrangements

Appearance of neutron detectors whose performance was evaluated in the KUCA* test

&%8"3 IGCTY e = 50 x 50 X 540 mm

SiC semiconductor-type neutron detector

() 81' e 284 mm Sensitive length 150 mm ©25.4 mm

Conventional B-10 proportional counter

Multicell-based He-3 Eroeortional counter SReference; not used for testing this timez
'?“) 7 Olnternational Research Institute for Nuclear Decommissios?i]r-mg

*KUCA: Kyoto University Critical Assembly
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement
c. Element test

KUCA* test system

® The test core was composed of a fuel assembly combining enriched uranium and polyethylene (solid
moderator)

® Neutron detectors to be tested were placed adjacent to the fuel assembly, time-series data of neutron
counts is collected, and analysis was performed by the Feynman-a method

Description

3/8” p32 EU fuel assembly
1/8” p72 EU fuel assembly
1/8” p54 EUEU fuel assembly
3/8” p10 EU fuel assembly Center
Absorbent sample cell . mount  }§
Old PE block cell - '
New PE block cell

14(15|16(17 15(20

[
[y
[
[
[
[}

8 8
1| el e
8 6
8 6
B 6

Void, KUCA instrumentation cell

Graphite cell

Control rod full stroke

C1 rod cell (adjustment rod)

C2 rod cell (adjustment rod)

C3 rod cell (adjustment rod) Chamber B > % _'1“ g B-10 corona

Safety bar cell (S4 to S5) FE i\‘ THGE/S\A B ST 1

He-3 corona counter
IPL SiC detector

B-10 corona counter
CETD multicell He-3

m|m (|| |on (on [on o o o ||on (o0 O |02 | D2 | | O =N O | O

& A ER A D O Ea  EA A Ea Ea A o
ololoo|lolle|eleolao|le]le|le|o|e|a|le]|le o 8o |w
(8 EaN =l el Rl | R R el el el el | e e e e Rl o D S
oo o oo ||e|e | oo |e|le|lo|o|o|w|o|]lo o =8 |uw
ololo|o|laolle|elea|lele|le|o| ool | o =8 e |~
ololo ool loo|lele||le|o|o oo ]|]e o =8 oo
o|lolo|o|o||loe|o|lo|o|e|le|le|o|o|o|lo|le|o e | o
ololo o|lole|e|lelale|le||le|o|e | o|le||le|o =N
ololo|o|lolle|e|lela|le]le|le|o|o|o|e]||lo|o =N o
ololo o|lolle|e|lela|le|le||le|o|e | o|le||le|o =N

P EANEGE M (O O (0 = w s

=)
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Lo
o

1= | oo [=RRV-REV-RT-Y '.DI'.D TRV RV '.DI'.D [T-RT- V-] '.DI'.D RNV BTN

[
=Y
Ln
[==3
(=]

AmBe source

for Nuclear Decommissioning

B I 1 ID»The KUCA test core and detector layout (keff=0.95) Olnternation o

*KUCA: Kyoto University Critical Assembly



~ 7. Implementation details

7.1 Development of on-site operating procedures

7.1.2 Verification of applicability of neutron detectors to

sub-criticality measurement

c. Element test

Evaluation procedure for sub-criticality measurement (Feynman-a method)

Neutron

N

* Measurement time [s]

> 2

-

0,10

0.08

=2 0,06 4

0.04

No0.33

Kor = 0.940, M = 16.71 (B.y=8.01e-03, I, = 4.82e-05(sec))

B-10 corona detector

Keff=0.95

60 minutes measurement

Fission & 0,024 | Measured
/ Measured (USED for fitting)
\L ‘l Fitted(Y, = 0,129, Alpha <« 1396, A < 0.381, 8 <« -0.028)
T”:e-“St | | | I | I | 0‘%00060 0 0&)25 O‘OZ)SO 00675 0 0'100 0 0'125 0 0'150 0 0.175 0 0'200
ata ~ sate wi y (sec)
MGate width([s] e Rostocid
Gate —1—1—1 1 = ' = S Plot the variance-to-mean ratio (Y value)
1 2 3 +1 n-l1 n

Y(AT)= Yoo(l— 1- exapi—TaAT )j

- B-10 corona detector . .
S a (prompt neutron attenuation constant) is

Keff=0.95
- determined by fitting (red line) with a theoretical
formula.
1—af

60 minutes measurement

Frequen
40000

Kepr =
Keff is determined from the measured a and pre-
calculated | and 3.
' The keff obtained above was compared with the keff

Time interval (sec) calculated bx the analxsis code ‘reference solutionz.

l R' D Frequency dlStrIbutlon Of tlme-llst data Olnternational Research Institute for Nuclear Decommissioning
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement
c. Element test
Results of KUCA* test (Corona-based, Multi-cell based)
® The availability of corona-type and multicell He-3 type detectors was verified to measure sub-
criticality with the same level of accuracy as the conventional B-10 proportional counter (Figure and

Table).
Regarding the multi-cell He-3 type detector, the event in which the counting value fluctuated and the

operation became unstable was verified.
3.0

Multicell-

S — B-10 He-3 B-10
S = proportional| corona corona brz(i)seodrtli-(|)en-§l
520 counter detector detector |P cgunter
O -
g %1_0 | +1%dk Dif;erence
S = rom 0 - 0 - 0 0
g roferance t0:05%dk  -0.39%dk  -0.80%dk  +0.08%dk
s 0.0 = { solution
= 9O ®
£ 2
SE10 } $ Uncertainty £0.09% dk *0.03% dk £0.12% dk *0.32% dk
o & -1%dk
S 2 M t
o =20 easuremen
o) b time 30, 30 10ég'oéé'2’ 10é3'0é3'2’ 10
T (min) ’ ’
©30
B-10STD He-3 B-10 He-3 Number of > 5 5 1
Corona Corona Multicell data
Figure Difference between measured value and reference Table Measurement results for each detector (keff=0.95)

solution (keff=0.95

—
I R' D Olnternational Research Institute for Nuclear Decommissioning
Since the keff calculation of the KUCA test system by the MVP code tends to overestimate by about 0.5% dk in the criticality state, this is corrected
*KUCA: Kyoto University Critical Assembly
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7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement

c. Element test
Results of KUCA* test (SiC-type semiconductor)

® The degree of sub-criticality was evaluated after the data obtained by the SiC semiconductor-type detector was
processed by the Feynman-a method. As shown in the table below, it was verified that sub-criticality can be
measured with a difference of about 1% when keff is around 0.9. When the sub-criticality is deep, the difference
from the reference value increases to approximately 7%, but it was verified that the sub-criticality can be measured
with the same accuracy as the conventional B-10 proportional counter.

SIC detector KUCA sub-criticality

measurement result
e Table Measurement results for each test system

o .
T ) Casel-1
3 /‘.’ keff=0.95 0.948 0.944 -0.4
8% = Casel-2 )
% - L, E keff=0.97 0.962 0.958 0.4
£ > 0.979  0.968 -1.1  Measurements
= o o/ Casel-3 with different
¥ // keff=0.98 0.979 0.958 2.1 pulse shape
/ (keff=0.98) discrimination
06 < 0.979 0.981 0.2 parameters
keff (reference value) kCe?fS:eol%% 0.681 0.729 7.0

_ Reference value: Core analysis value by MVP
Figure Difference between measured and reference values

J]C Semiconduc't%
' RI D - KYOlo M &hed&itye RLiDS e r Decommissioning
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7. Implementation details

7.1 Development of on-site operating procedures
7.1.2 Verification of applicability of neutron detectors to sub-criticality measurement

mlronment.

Summary of results

[Results of this year]

v Sub-criticality measurement tests for three types of new neutron detectors
(corona-type, SiC-type, and multicell He-3 type) were conducted at the Kyoto
University Critical Assembly (KUCA).

v' It was verified that sub-criticality can be measured by using corona-type,
multicell He-3 type, and SiC semiconductor-type detectors with the same
accuracy as the conventional B-10 proportional counter.

[Future plans]

v" Neutron measurement tests for the corona-type and multicell He-3 type
detectors will be conducted under gamma-ray environment.

v' The sub-criticality measurement performance will be comprehensively
evaluated, taking into account the effects of the assumed on-site gamma-ray

No0.36
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7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers

[Issues]

In the related project (), a method of inserting non-soluble neutron absorbers into fuel debris is being
examined. (Figure 1) In order to discuss operating procedures and throughput with the debris
retrieval method team, it is necessary to specify the procedures for neutron absorber dispersion and
Injecting equipment operation. e

[Implementation details]

® [or the fuel debris retrieval method and processing/collection
equipment examined in the related project ), the procedures for
dispersing non-soluble neutron absorbers to fuel debris were
consolidated in a step diagram.

® Study of applicable conditions for fuel debris processing scenes,
proper use of absorbers, effectiveness of pre-insertion, and
reduction in size and weight of the injecting equipment.

® Evaluation of the operability and feasibility of the entire

~ I
Glass material Gd203 Water glass/Gd203
containing B/Gd  particles  granulated powder

Example of injecting
equipment for solids
(powder)

procedures together with the criticality approach monitoring N
operating procedures (item 7.1.1). |
[Goals] 2
® Development of on-site operation procedures for non- 1 »
soluble neutron absorbers and sharing them with the fuel —

debris retrieval method team. Figure 1 lllustration of inserting absorbers

into fuel debris
(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)

' R' D Olnternational Research Institute for Nuclear Decommissioning




7. Implementation details

7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
a. Organization of preconditions
Appropriate use of absorbers

No0.38

« Various shapes such as rods and particles are assumed for fuel debris. So far, it has been shown that the optimum

type of neutron absorber should be used according to the shape of fuel debris.

* Non-soluble neutron absorbers are classified into solid type and type that solidifies from liquid to solid over time (water
glass type). Since the water glass type has fluidity and viscosity immediately after insertion, the type is effective when
the residual fuel (stump fuel) stands vertically (Figure 5), when the gap between fuel debris is small (Figures 3 and 4),

or when the debris surface has large unevenness (Figure 6).

Debris

Absorber (solid)

. - - Figure 3 Using a liquid —
F 1 I har i
a;)gsuorreberl#glrnge%ts)lcé_lﬁktgpe solidification type absorber for

fuel debris pebble-like fuel debris

‘

Figure 5 Using liquid —
solidification type absorber for
rod -shaped fuel debris

Figure 4 Using a liquid — k

Figure 2 Using a solid type solidification type absorber Figure 6 Using a liquid — solidification type
absorber for bedrock-like for bedrock-like fuel debris absorber for fuel debris with large unevenness
T T EEEEEmSm—=—

=D

Olnternational Research Institute for Nuclear Decommissioning



7. Implementation details

7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
a. Organization of preconditions

Positioning of defense in depth

(Note) This table covers events that become criticality due to fuel debris

No0.39

® Since the use of non-soluble neutron absorbers affects the throughput of fuel debris : > o )
. L . . o retrieval work when boric acid solution is not used at all times. See No. 46
retrieval, the policy is to use them at level 2 for the retrieval processing position. for events caused by falling fuel debris, etc.
Level 1 (normal state) Level 2 (deviation state) Level 3 (abnormal state) Functional
requirements
. Criticality shall be
Retrl_evgl work I Failure prevented by neutron
restrictions (Note) TP i
I (Occurrence of|criticality approach) absorbers and retrieval
¥ work shall be
suspended by criticality
Criticality approach monitoring approach monitoring
l. v Failure (Occurrence of cifiticalit
Retrieval work suspended ( Y)
Success I |
(Termination of v |
approaching criticality and Event progress stops
restoration of state before I
GEEXIAE) GHTEET) Non-soluble neutron \|,
absorber Y . i
Criticality detection The nuclear reaction
Neutron detector/Gas shall be suspended
sampling system _ - when criticality occurs.
Failure (Criticality The impact of
\l, continuation) radioactive materials
: : generated during
S : Emergency boric acid # = = = criticality shall be
$uccess (Criticality terminate)| solution injection v reduced
Additional boric acid Prevention of
solution injection :
Water level drop due to excessive exposure of
gfgmgtsesri gntgt]gown general public and
Success (Criticality termirate/suppression of radioactive matgrials discharge to the outside) || radioactive gas discharge | WOrkers
B B S B ™4

39




7. Implementation details No.40

7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
b. Examination of procedures

Outline of implementation details of 7.1.3.b

While discussing the operating procedures and throughput with the fuel debris retrieval
method team, six items identified as issues were examined.

- - Top access retrieval method -- --------- Side access retrieval method - - - - - - - - - - Method for transferring the
integrated unit -

(D Decision to use absorbers, procedure for returning to level 1 (— No. 41)

(@ Absorbent supply equipment specifications (— No. 42)

@ Absorbent operating processes (— No0.43)

@ Absorber carry-in and —out
process (— No0.44)

® Hardening time of solidified absorbers (— No. 45) ® Evaluation of

effectiveness of pre-
dispersion of absorbers
(— No. 46)

l R' D Olnternational Research Institute for Nuclear Decommissioning
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7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers

b. Examination of procedures (D Decision to use absorbers, procedures for returning to Level 1
Sub-criticality
Continuous monitoring of ® Organized the decision to use absorbers and the ___measurement

Criticality continuous  Criticality continuous
monitor monitoying area

Before fuel debris @
processing

ontinuous NO @ Sub-criticality I For | 1
monitoring norma / . ;:#:ég(r)n L& ]
YES Il Ui A e o i A
L NO Id".b' - fical
o Sub-criticality @ Fuel debris fgfntt::rtlcahty
normal

YES
J : YES Neutron absorber
Fuel debris Planned processing Fuel debris v | ns erti on

o ~ location o processing Proximity
Criticality approach monitoring monitoring initial | | Neulron absorber

' supplied i)
before and after processing iy o value reset upplied q
i | ¥ .-
Il R | | monitoring norma @ l \
L‘ A

A4

Proximity
monitoring
normal

Go to “Before fuel debris @

processing”
T Proximity NO The reactivity
honitoring normal suppression effect

YES after insertion is
quantified and
verified by sub-
criticality
measurement.

Fuel debris collection
after processing

riticality approa
) monitoring
Criticality approach .
monitoring area

YEUION-aRSAFD |ing

Olnternational Researgu&dbiig for Nu Y
material 41
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7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
b. Examination of procedures 2 Absorbent supply equipment specifications

Table Required amount of absorber
Based on the required amount of Non-soluble neutron Absorbent weight Absorbent
absorber (Table) reviewed in the related Hlosser e capacity
. * op . kg/da liters/da
project (*), the specifications of the
absorbent supply equipment was

6.4 1.5
: Water glass/Gd,O
reviewed and the volume was reduced At ated oo e 6.3 3.0

to about half. (Figures 1 and 2)

Gd,O4 particles

Note 1: It is assumed that the fuel debris retrieval target per day is 300 kg.
Assume that 50% of the inserted absorber functions effectively (safety factor doubled)

D356

Hopper 5L ®300 Al tUb?

N

5% Capacity: 5 L
- Electric motor
/ - Press_urized
r Nozzle lid P (é)(:]rtlta;?:;r before
screw opening/closi pressurization ( 5 £)
o ng cylinder - Container after
(o)) pressunzatlon
= Nozzle L7 Nozzle ‘
- Spring
—— Nozzle — e [ Nozzle
opening/closing lid Concept for FY2021
e A ) Figure 2 Supply equipment for solidified type (water glass'/&?mﬂlgo3
Flgure 1 Sugply equment for solid type (Gd,O, particles granulated powder)
' R' D Olnternational Research Institute for Nuclear Decommissioning

(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)
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7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
b. Examination of procedures 3 Absorbent operating procedures

® The assuming processes when using absorbers at
the site was considered (Tables 1 and 2).

® In the case of the solidified type absorber(water Table 2 Operating process of solidified type (water

glass), since it is necessary to knead the raw . glass/d203 granulated powder)
materials and to wash the injecting equipment with pera“” process S“p“c’” — |
; ; Storage of raw The five raw materials for the water glass neutron
water ,after use, the Operatmg p!’OCGSS IS more materials absorber are D water glass, @ gadolinia granulated
complicated than that of the solid type. powder, @ cement, @ monosodium phosphate, and &)
. . . water. Temporarily store these at the production site. @
Table 1 Operating process of solid type (Gd,O; particles, glass and ® can be mixed and stored as an aqueous solution.
material containing B/Gd) Weighing of raw Weigh each of the raw materials required for the amount
Operating Description materials of absorber to be applied. There is also a method of
-_ inserting a predetermined amount of raw material stored
Storage of Glass material containing B/Gd or Gd203 in tanks into a kneader using a dedicated squeeze
absorbers particles are stored ready for use as absorbers. _ feeder. —
3 Kneading of raw Knead the raw materials in a kneader to produce a water
materials ) glass neutron absorber.

2 Weighing of Weigh the amount of absorber needed for the

Loading absorber Load the water glass neutron absorber prepared by the

abso_rber work. ) R into injecting kneader into the hopper of the injecting equipment.
Loading absorber Load the absorber into the hopper of the injecting equipment

3 .
into injecting equipment. 5 Transferring injecting Connect the injecting equipment loaded with water glass
equipment equipment to the site neutron absorber to the manipulator and transfer it to

i

Transferring Connect the injecting equipment loaded with directly above the fuel debris retrieval site.

injecting absorber to the manipulator and transfer it to Inserting absorber Drop water glass absorber from directly above the fuel
equipment to the  directly above the fuel debris retrieval site. into fuel debris debris retrieval site to be applied to the surface of fuel
site debris.

5 Inserting Drop the absorber from directly above the fuel 7 Return of injecting After the completion of application, return the injecting
absorber into fuel debris retrieval site to be applied to the surface of equipment equipment to the predetermined position from the fuel
debris fuel debris. debris retrieval site.

RETEIE, After the completion of insertion, return the Cleaning of(*l)njectlng Wash the used kneade( and injecting equipment with
el e, B T E T (1) (e [ (e i ] s equipment water to wash off adhering water glass absorbers.
) 9 I g equip P P - Collect and store the wash water.

equipment from the fuel debris retrieval site.
[ B 9 § g

Olnternational Research Institute for Nuclear Decommissioning

(*) Processes in red are specific to the solidified type and are unnecessary for the solid type
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7.1 Development of on-site operating procedures

7.1.3 Operating procedures for neutron absorbers .
. ) Example of solidified type (water
b. Examination of procedures glass/Gd203 granulated powder) for top-

@ Absorber carry-in and -out DFOCGSS access retrieval method (mobile cell method)

® For the solidified type, which has many operating processes, the transfer procedures from storage to use and collection were
examined (Figures 1 and 2)

® To save the limited space in the R/B, the absorber will be stored and prepared in a separate maintenance building. In order to transfer
the contaminated absorbent injecting equipment between buildings, the transportation equipment (mobile cell) developed in the related
project ) will be used. The mobile cell is for transferring unit cans collecting fuel debris.

® The time required for transportation from preparing the water glass absorber, inserting it into fuel debris, and collecting the injecting
equipment is about 2 hours for the outward trip + about 4 hours for the return trip (for cleaning and exchanging air in the transfer area)
= Estimated 6 hours total.

® The reactivity suppression effect after insertion will be verified by sub-criticality measurement using neutron detectors. (No. 41)

e S s ———=——=—— oo ==
|——Blue line: Secondary boundary | : T =
[ Maintenance cell (C4M) ] 1 1
[Park Cell (C4M) Remotely Operatedl Temporary entry of workers 1 : CaM Maintenance cell Operatlon
1T : b ] workers | Storage of raw
g ‘ d ] : Carrylng in mobile ceII by - materials
] % ‘ : L [ cam park cel ! Remote control Weighing 'Ofl
k | I I Detaching injecting equipment from Lraw malerials
:i ies———1 ! : mobile cell 0 _ i
. : ] I 3 Kneading of
el : 1 Transferring by unit can transfer crane | 2 - Taw maferials
¥ a
— = = e o i 1 : . I g Radiation controlled area X
i1 = ] ] j | Transferring by unit can hanging _ w“ Operation
quipme! = | S ] i _equipment ] ° Input by workers
=1 1 il = 5 f
il \ - | : Robot arm connects injecting 3 1
] equipment ) c - LJ LS
” ‘ " 1 (Tool changer) kst © Loading absorber into injecting
i o ! 1 ¥ = = equipment
: & 2 (A} Fue‘:gﬂ:fnr:.:;'eval i : Robot arm moves injecting &
Lower side of platform) H 0 H p L | .
: 1 equipment to the fuel debris site | Storing injecting equipment in mobile
; 1 1 i cell )
§ & ..', | Mobile cel : | Dropping absorber on fuel debris R/B i o
J I, q i } I e Maintenance building separate from R/B
*l. 3 1 b e
¥ - -
T o o o . e s o = L—" Figure 1 Operating process flow up to insertion of absorber (water glass/Gd,O
2~3

(*) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)

Jbife (HIMaHedFAnBErREN TS I8P te)
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7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
b. Examination of procedures & Hardening time of solidified absorbers

® The issue of the solidified type absorber (water glass/ Gd,O5 granulated powder) was clarified with respect to the
transportation time.

® [tis necessary to adjust the water glass absorber so that it does not solidify before insertion (up to 2 hours). In
addition, it is necessary to adjust so that the residue remaining inside the container after insertion does not harden
before cleaning. (Approx. 3 hours for cleaning in the dryer separator pit (DSP), approx. 6 hours for cleaning in the
maintenance building)

® The range of viscosity that can be inserted and cleaned is 0 to 5000 [mPa-s].

® The test was performed by changing the concentration of the retardant (Table) (0.95 to 1.87 wt%), and the time to
reach 5000 [mPa-s] was measured. 20000

® As aresult of the test, the prospect of delaying the hardening #1 to 5: Different amount of retardants
time by more than 5 hours was obtained (Figure). Although it is
a little short of 6 hours, it is thought that there is a possibility 15000
that it will be established if the transportation process is
examined in detail in the future.

Table Raw materials of water glass/ Gd,O,
granulated powder

" : No. 1 Sodium Silicate (Baume specific
Ordinary Portland cement 0
0 60 120 180 240 300 360 420 480

Monosodium phosphate Time [minutes]

lon-exchange water Figure Elapsed time and viscosity test results after

Neutron o _ mixing water glass/Gd,O; granulated powder
_— absorption Gadolinium oxide

P ]
' ' E material Olnternational Research Institute for Nuclear Decommissioning

10000

5000

Viscosity [mPa-s]




Implementation details

7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers

b. Examination of procedures ® Evaluation of effectiveness of pre-dispersion of absorbers

No0.46

® The applicability of non-soluble absorbers were examined to response to a criticality
risk outside of fuel debris processing locations. Specific criticality risks include the fall Lid
of equipment and fuel debris _ -

® Absorbers should be inserted in advance since the local sub-criticality cannot be Fuel debris —— ‘ Solidifying
measured. RPV bottorm—_ | | RE> || agent

® The effectiveness of preventing the criticality risk associated with falling fuel inside head 1L, T Transport
a large transport cask was examined as a reference. CRD housing ~1 &g & [ilke i 7| K cask

® The necessity and applicability of measures against falling during work inside the ] ol Il {73 L Structure
pedestal will be examined. | L~ fixed frame

T
Non-soluble
FP gas < Criticality criteria™ Sub-criticality absorber

™ <

- -S\Ihen double contmgencﬁ oc
GO kg or

P 4 » > Aheavywe|ght object of

Proposed application of DCP \ more is dropped.
- Application of fall prevention equipment for heavy weight
objects above @@
. UEFressslgpngSreactlvny insertion by pre-inserting non- Criticality approach

- Small a n
shall be detected
i and criticality shall
|

within control
standard shall
be maintained

Sorper

be prevented by
suspending the
work

A\ 4

' ~Cause FP Gas > Criticality e | e
[ oor Ny red Criticality shall
( Rlninaic gliferia & Long boric aCld’ Gt
| Emergency boric acid I - arrival i and terminated

\ ‘ solution injection quickly
\ | - Local, such as falling
‘\ Ulndeci?ed Caut?wed Determined that
Cause elimination metho il P
@lnatlo outside the range of | criticality maintains Prevention of
W ﬁ?géggrrlal boric acid solution excessive
= D | Water leveldrop exposure of
. N S;S%rigzﬁg)rg:f r.adloa.cnve gﬁg?’\rglr grbslic
It is difficult to identify the falling point due to detector performance (Confinement (circulation,

T

*1) It is difficult for gas monitors to monitor the proximity of
local criticality due to fall events

Criticality control method for reactivity input due to events
other than fuel debris processing locations

(detection distance is short). Therefore, DCP prevention is applied.

TRID

——E T alls—

Free water

+
Non-soluble

lllustration of storage insid
the transport cask

e absorber

Olnternational Research Institute for Nuclear Decommissioning
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7.1 Development of on-site operating procedures
7.1.3 Operating procedures for neutron absorbers
d. Interim Summary

[Results of this year]

While discussing operating procedures and throughput with the fuel debris retrieval method team (top-
access retrieval/side-access retrieval/integral transfer), the following items were specified and shared.
® Procedures for deciding necessity of use of absorber by criticality approach monitoring

® Procedures for returning to Level 1 after using absorber

® Size reduction of absorbent supply equipment specifications

® Transfer procedures of absorber into core and time required for transfer

® Effectiveness of pre-dispersion of absorber as a measure against criticality caused by fall of fuel

These items will be the preconditions to be considered when the fuel debris retrieval method is specified
in the future.

[Future plans]
Based on the above procedures, study of the impacts on fuel debris retrieval throughput will be
expanded, aiming to optimize the operating procedures.

As of the middle of March 2022
l R' D Olnternational Research Institute for Nuclear Decommissioning
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7.2 Development of solidified absorber technology (water glass)

[Issues]

Among the non-soluble neutron absorbers developed in the related project(D), the water glass type

absorbent (hereafter referred to as water glass material) is a viscous solidified material that covers

and adheres to the fuel debris surface (Figure 1).

> If the surface of the fuel debris is covered with water glass material (Figure 2), concerns have
been pointed out that it will hinder the drying of the fuel debris.

Figure 1 Insertion of water glass

[Implementation details] type neutron ?jtést;?ir:er into

® \With reference to the conditions in the fuel debris drying Realitic possible distrbuton
process obtained in the related project(?, the change in the
water content of the test sample covered with water glass
material was measured.
> For the test sample, a porous ceramic of Al,O4 that had the
same drying behavior as UO, was adopted.
> In this year’s test, the test was conducted under the
condition that the surface in contact with the outside air
was completely coated.
> Set the dry state target value to 0.54 vol% moisture

Porous simulant fuel
debris (hydrous state)

Solidified neutron
apsorber

Stainless steel
cruc_:ible

Solidified neutron

content (equivalent to 0.3 wt% hydrous-bearing zeolite) absorber _
- Attached to some debris
[G0a|S] —Attacrr}ed to the entire‘ debfis
. ag . . . nservativi
® Acquisition of data on the impacts of fuel debris coated with S estmpion

Figure 2 Estimation of fuel debris state in canister and simulated sample

water glass material on the drying process

Major achievements:
® Acquisition of quantitative data on the impacts of fuel debris with water glass on the drying process.
® Coordination with the current projects (retrieval work and drying treatment related) enables cooperation in studies for on-site
applicability, which are necessary for understanding the impacts of the retrieval work process and setting drying conditions.
» By setting the target moisture content of the test sample to 0.3 wt% (in terms of zeolite), the evaluation is equivalent to the
fuel debris drying test conducted in the canister project, and the results of this research can be fed back.

E—
I R' D Olnternational Research Institute for Nuclear Decommissioning
(*1) Related project “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals” (FY2019/2020)

(*2) Related projects “Development of Technology for Fuel Debris Characterization and Treatment (FY2014)”, “Fuel Debris Characterization” (FY2015/2016)
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7.2 Development of solidified absorber technology (water glass) a. Test plan

Outline of solidified Absorber

- No. 1 sodium silicate (water glass) mixed with Gd,O5 granulated powder, which is a neutron absorbing material
(Table 1).

- Itis aviscous liquid that solidifies over time.

- It can be applied to uneven surfaces and slopes that are different from flat surfaces. It can be attached to fuel debris.

- Various shapes such as rods and particles are assumed for fuel debris, and neutron absorbers are used accordingly.

Table 1 Components of water glass type neutron absorber Water glass material can be used regardless of_ _

. ;
Component Chemical formula | debris shape
™)

. Absorbdr
No. 1 Sodium Na,O-nSiO,:xH,0

(solid) |

Silicate

|
. |
Cement SiO,, CaO0, Al,0O;, Fe,05, CaSO, |
- | cat | cat
: inati gure 2 Example of application Figure 3 Example of application
Monoso d ium . Figure 1 Example of application of solidified type absorber to of solidified type absorber to
NaH,PO,-2H.,0O of solid type absorber to | | ! !
hhosphate 2 4 2 pebble-like debris | pebble-like debris rod-shaped debris
Water H,O |
2

Gadolinium oxide Gd,04

Figure 4 Example of applying
solid type absorber to
bedrock-like debris

IFigure 5 Example of application Figure 6 Example of application of
of solidified type absorber to solidified type absorber to debris with
| bedrock-like debris large unevenness 1

Figurg Examples of proper use of neutron absorbers

It has been pointed out that if the surface of fuel debris is
covered with absorber, it may hinder the drying of the fuel
surface with water glass absorber

debris.
E——

Figure An example of covering uneven

' R' D Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

7.2 Development of solidified absorber technology (water glass) a. Test plan
Impact assessment of solidified neutron absorbers on fuel debris drying characteristics

Outline of implementation

Result of basic characteristics

grasp test
Evaluation of drying behavior of

porous mediain the case of fuel e,
debris Lumps Large Large -
. . _—
> Establishment of evaluation & O 8 |
method by drying “s 2 2w
characteristic curve ' )
. ' T2 Al,O; powder
\ 4 = debris, etc.
Powder Small Small

=

(1) Falling rate

(I1) Constantrate  (I) Preheating

Basic characteristics grasp test

Shape

(0

Internal
structure

Internal
structure

(Void ratio)  (Diameter of form)

air cavities)

Material/composition
(Element/chemical

Oxide
(ceramic)
(vo;)

Bench scale

il -

drying period drying period period
1 I | 1
— f .
® . Fundamental test based on proven porous media
(=]
g "
i Both porous media and Standardization of the impacts
o 7 otrbue to g f water glass materials
- U e e of water g .
% 3 P \ i.e., Amount of change in
~— i |' ‘ drying rate (time)
o - |
| v 74 W E%lils”tll?rréu(r:gment ‘\
EJS, £ . vve « Critical moisture - —'-’f Wa"'i:“'vw"ﬂ:‘:"ﬂ"wbe; -
< € * content Ruenahingwety pog)
W, W,
W: Water content ratio — I
Residual amount of water

The test conditions were determined with reference to test conditions of past projects (*1). Drying tests were
conducted in an experimental system that can be compared with the results of the past projects to understand
the differences in drying behavior. The impacts of water glass material on drying were clarified.

»  Small-scale tests using proven porous media as a base material were conducted.

(*1) Related projects “Development of Technology for Fuel Debris Characterization and Treatment (FY2014)”, “Fuel Debris Characterization” (FY2015/2016)

| =SS
I R' D Olnternational Research Institute for Nuclear Decommissioning



7. Implementation details

7.2 Development of solidified absorbent technology (water glass) b. Test preparation
Impact assessment of solidified neutron absorbers on fuel debris drying characteristics Outline of implementation

(1) Hydrous state

porous media
(Used as simulant fuel
debris in past tests)

No.51

Thermal analysis

Image inside equipment

(2) Water glass material
(single material)

Crucible (=]

measurement inside
ting furn.

(3) Water glass-coated
porous media

Coating water
glass
underwater

Porous media in
a hydrous state

Metal
containg

- J

ﬁ Thermocouple

(Temperature
measurement of sampl

Mass balance
(Measurement of
weight change of

Isample)

.

Drying characteristic curve (image)

H 1 . T —
5 i E | it . A
;; ;; o L
£ 34 ] u = = F_DJ
it iy misle o “——'I o o | = : HH:-I-II:.II-I = m
Porous media Water glass Water glass material +
material porous media

o
ii

Appearance observation using a microscope, etc.

In order to obtain test data that can prove that the water contained in the porous media coated with the water glass material evaporates and

dries,

@ Manufacture a test sample in which the route during evaporation of water is restricted to one direction so that the evaporated water from
the porous media would be discharged after passing through the water glass material

@ In order to understand the impacts of the presence of water glass material on the drying behavior, obtain data on the drying of three types
of test samples and compare with each other
»  Data required for the drying characteristic curve (drying rate, etc.), change in moisture content of the test sample over time

@ Observe changes in water
L

TRID

lass material coating conditions before and after drying treatment

Olnternational Research Institute for Nuclear Decommissioning
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7. Implementation details

7.2 Development of solidified absorber technology (water glass)

>

No0.52

Reference: Past knowledge (investigation of drying behavior of fuel debris) (*1)

In the past, in cooperation with the collection & storage project, fundamental research was conducted on the evaluation of the
drying behavior of fuel debris
In the case of fuel debris, many parameters (shape, material, drying temperature, etc.) were assumed to affect the drying
behavior, so the drying characteristic curve, which allows unified expression and comparison was focused on

In order to apply it to fuel debris with various specific gravities that cannot be compared by moisture content, a new evaluation
method was devised based on the relationship between drying rate and residual water, and an optimum diagram method was

studied

Although the mechanisms leading to the drying of water glass material and porous media are different, by clarifying the degree
of impact on the drying rate, it is possible to infer the impacts on the drying treatment

&€ Drying characteristic curve and drying theory

A : etween B-
(Saturated moisture state)|(Evaporation of water
rom the surface)

(1) Falling rate
drying period

II1

(I) Constant rate drying

period

period

() Preheating

-Water-containing sample (ima

7]

1

-}

Between C-D Between D-E
(Transition of dry (Evaporation of residual
surface) water)
AAA A
Funicular . }
| \watery ‘ NS A )7
AL AN el
A% Ve Suspend,(g.»
YL ater ¥’ -~

+ Drying rate

- W/dt

(*1) Related projects “Development of Technology for Fuel Debris Characterization and Treatment (FY2014)", ©

C.

Equilibrium
moisture content
Critical moisture
content

W: Water content ratio —

Residual amount of water

Water content ratio

W = Mx 100 [%]
1
Dry weight: W,
Wet weight: W,
Equilibrium

moisture content : We

Water content ratio at which
drying does not proceed any
further

Critical moisture
content . WC

Water content ratio when
transitioning from constant rate
drying period to falling rate drying
period

Fuel Debris Characterization” (FY2015/2016)
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7.2 Development of solidified absorbent technology (water glass) b. Test preparation
Fundamental test conditions and parameters

® Test under basic conditions (FY2021)
Test setting based on the fuel debris drying test™ conducted in the past in the fuel debris property project

v Simulated material: Al,O, (Reference conditions for past tests)

v Drying conditions
- Temperature: 200°C2 (reference conditions for past tests, basic conditions for drying equipment)
- Atmosphere: inert gas (gas flow) (reference conditions for past tests)

v" Hydrous state: Saturated moisture state (reference conditions for past tests)

v" Coating method of water glass: fixed or no coating

= The drying behavior for the above test and the water glass material alone were investigated and determine the
possibility effect on the water glass material was the drying treatment

® Test with changing parameters (FY2022)
v' Examination of changing the simulated material: Zeolite (currently used for examination of the drying process) +
Al,O5 for comparison
v' Coating method of water glass material
- Change the quantity of coating: Change the thickness of the coating by changing the quantity of coating
- Change the coating area: Change the coating ratio for the surface
v" In addition, treatment conditions such as drying temperature can be changed according to requirements
from other projects and decommissioning operators

Fiscal Simulated : . : "
year — Sample size Water glass material Hydrous state Drying conditions
No coating Saturated moisture 200°C™
2021 Al205 A t of coati ti - fixed state Ar gas atmosphere
®10xh10 mm mount of coating, coating area: fixe
. Amount of coating, coating area: Examine based on the results of the previous
2022 Al O3, Zeolite parameters year

*1 Related projects “Development of Technology for Fuel Debris Characterization and Treatment (FY2014)”, “Fuel Debris Characterization” (FY2015/2016)

*2 The temperature for the drying treatment when examining the drying process in the collection & storage project
B |

I I D Olnternational Research Institute for Nuclear Decommissioning
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7.2 Development of solidified absorbent technology (water glass) c. Element test

Drying test of water glass material alone
Thickness of water glass material: 1 mm, Underwater curing: 24 hours

Reference: Drying characteristic curve
of hydrate-bearing porous media

Thermogravimetric Drying o
analysis result characteristic curve

Evaporation of water
High fluctuation from surface to center

—Remaining Wate@temp Furnace temp
| 290 ' ol Evaporation of
- t Evaporgtion of .o\évl?rtfearcgear fhe
el ) N S"cd : i E 200 Suspended water

@
® g

' 5
the existence, of spaces |

moisture ds"dis¢harged from it. s |
« Visual observation after drying test<can céfir
moisture in the test sample can pass through.
« The drying=rate-of the water glass material was of the same oreler as thaf of the:porous medja alone. o

- The drying characteristie-curve of the water glass materiatshowed a drying behavior similarto-that of the hydrate-
bearing porous media as a whole, but showed a different trend in the fluifuatiﬁﬁﬁf—m&dfv'ma—r‘ate.i
> It was suggested that the bound water of water glass material and the stagnant water (free water) existing
between the particles of water glass material may have different drying rates.

» Future studies will also focus on the changes in the crystal structure of the water glass material and proceed
with the investigation.

£

-

ale ©

o/
D
—
=

particles, and it is inferred|that the

oderat fl.l‘Jctuation >
Brso | 2 Beo | g Bl L Observation photograph
3 s 2 | => 4 0 8 0 P after d«%lng test (side of
o 1Y = % | S S m \ waterglass material)
g 1y . . 3 = a0 | \ 2 — . 2

- Thermogtavimetric analysis results:.show:tfat the'watet glass materfal alpne éan/be dried to a state wheke no
3 ~ H
¢

| S
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7. Implementation details
7.2 Development of solidified absorbent technology (water glass) c. Element test
Correlation between water glass material thickness and amount of water

® The thickness of the water glass material was calculated
from the input amount and density of the water glass

material and the crucible diameter

(Evaluation of coating thickness before drying test) 800
800 [ 4 1hunderwater curing - water glass material only .
o) [ & 24h underwater curing - water glass material only S 700
é 700 b # 24h underwater curing - water glass material only 5 mm é
_TE » 48h underwater curing - water glass material only TE
E 600 r & 72h underwater curing - water glass material only P E
g y=B67230 + 1267 g
» 500 0
0 (2]
K] K] -
(@) (@] [
4 -
5 400 | 5 00 ¢
s s
< 300 . £
5 : 5
] L ]
S 200 } <
© ©
5 100 5
o ¢ o
€ t €
< O { N 4 1 1 i A L 1 L ] s <
0.0 2.0 4.0 6.0 8.0

N0.55

® The thickness of the water glass material was measured
with a microscope after the drying test

(Evaluation of coating thickness after drying test)

Coating thickness of water glass material [mm]

600 |

500 f

300 |
200 |

100

ok

4 1hunderwater curing - water glass material only

4 24h underwater curing - water glass material only

# 24h underwater curing - water glass material only 5 mm
* 48h underwater curing - water glass material only

4 72h underwater curing - water glass material only

y = 68.81% +234 88

1 1 I 1

1.0 2.0 3.0 4.0 5.0

Coating thickness of water glass material [mm)]

® The change in weight determined by thermal analysis was evaluated as the amount of water.
® Both methods clarified a correlation between coating thickness (mean value) and amount of water.

» Accuracy needs to be improved by accumulating data, but it is possible to quantitatively evaluate the amount of
water in water glass materials
® In underwater curing for 1 hour, it was judged that it was difficult to accurately evaluate the amount of water, and was

excluded from the quantitative evaluation.

TRID
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7.2 Development of solidified absorbent technology (water glass) c. Element test
Drying characteristic curve (Coating thickness 1 mm, Underwater curing 24 hours)

Drying characteristic curve (porous

media only)
—Drying rate curve —Sample temp

100

min)
@
o

T

Drying rate curve
[mg-H:O/cm? -

0 20 40 60 80 100 1*20
Water content [vol% (H:O / Al: O,))

1 200

1 150

41 100

4 50

Furnace temp

250

Temperature [degree C]

0

Drying characteristic curve (porous
media + water glass material)

—Drying rate curve —Sample temp Furnace temp
100 250
T 80 {1 2000
o E @ @
2 4
B 60 | { 150
o E =
82 . 2
=
20 40 100 &
ST @
5% g
= 20f} 50 @
0 0
0 20 40 60 80 100 130

Water content [vol% (H:O [ Al: O5))]

® Comparison of drying characteristic curves
@ The sample coated with water glass tend to dry faster during the preheating period.
@ The drying rate of the sample coated with the water glass material is slightly faster than that of the porous media

alone.

Reference: Drying characteristic curve
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> (@ and @ suggest the possibility that the moisture in the water glass material (bound water) and the free water
that has moved from the porous media into the water glass material evaporate at the same time

® The sample coated with the water glass material shows a slight decrease in the drying rate near the drying end

point.

> Itis inferred to be dominated by the effect of moisture generated by the intermittent thermal decomposition of the

water glass material

Overall, the change in drying rate showed behavior similar to the combination of porous media and water glass material.

*Water content ratio: A value obtained by calculating the volume ratio of “the amount of water present in the test sample” to “the volume of the porous media.”
The amount of water in the water glass material is the value obtained by the calibration curve added to the “the amount of water present in the test sample”
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7. Implementation details No.57
7.2 Development of solidified absorbent technology (water glass) c. Element test
Water content ratio change curve over time

Porous media + water glass material Porous media + water glass material Porous media + water glass material
Coating thickness 5 mm, Underwater curing Coating thickness 1 mm, Underwater Coating thickness 1 mm, Underwater
24 hours curing 24 hours curing 72 hours
—Water content —Zeolite —Sample temp Fumace temp —Water content —Zeolite — Sample temp Fumace temp —Water content —Zeolite —Sample temp Furnace temp
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) ) ) Target moisture content of the canister
It was possible to dry the porous media until the water content was project (drying test of hydrous-bearing
less than the target even for the sample with the coating thickness of zeolite on e}ft”a' scale)
the water glass material of 5 mm. 0.3 Wt% = 0.54 vol% in terms of zeolite
It was also verified that curing time underwater does not affect drying Target moisture Cvoof:})fnti less than 0.54
. . . 0
behavior within the range of 24 to 72 hours.

*Water content ratio: A value obtained by calculating the volume ratio of “the amount of water present in the test sample” to “the volume of the porous media.”
The amount of water in the water glass material is the value obtained by the calibration curve added to the “the amount of water present in the test
sample”
_— e _______________________________________
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7. Implementation details No.58
7.2 Development of solidified absorbent technology (water glass) c. Element test
Observation of water glass material-coated porous media after the test (Coating

r curing 24 hours)
: side X 30

thickness: 1. mm, Underwate

Top surface X 20|

Cracks were
confirmed on
the top
surface.

Overall
shrinkage,
gaps around
the perimeter

........

Verified gaps
between
particles

® |t was observed that the water glass material itself shrank due to the heating and cracks were generated.
» Investigation of the behavior changes until dry, such as composition analysis focusing on amorphous materials, is
under consideration.

| =
' RI D Olnternational Research Institute for Nuclear Decommissioning




7. Implementation details

No0.59

7.2 Development of solidified absorbent technology (water glass) c. Element test

Comparison of drying rate for each sample

In order to specify the impacts of the presence of water
glass material on the drying operation, the drying rate for
each sample prepared in this test was compared.

The time when the target moisture content (less than
0.54 vol%) was reached was defined as the drying end
time, and the average drying rate per unit time was
obtained.

The drying rate under each test condition was compared
with respect to the total volume of water content in the
porous media and the water glass material of the test
samples.

The drying rate (amount of evaporation per unit time) does
not change with or without the water glass material.

>

It is inferred that when the coating thickness of the water
glass material is in the range of 1 to 5 mm, the bound
water in the water glass material and the moisture
retained in the porous media can be treated equally.

The time required to complete drying tends to depend on
the total amount of water derived from each of the
porous media and the water glass material.
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* Porous ceramics

* Porous ceramics + water glass material ( coating thickness 1 mm, underwater curing 24 hours)
® Porous ceramics + water glass material (coating thickness 5 mm, underwater curing 24 hours)
#® Porous ceramics + water glass material ( coating thickness 1 mm, underwater curing 48 hours)

Porous ceramics + water glass material (coating thickness 1 mm, underwater curing 72 hours)
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7. Implementation details No.60
7.2 Development of solidified absorber technology (water glass)

d. Interim Summary

In order to evaluate whether the porous media would reach a dry state even with the water glass material attached, and

to evaluate the effect of the drying treatment, a drying test was conducted #&& /Kusing porous Al,O; as simulant fuel

debris.

« The preparation method of test samples and the test procedures were examined, and a basic evaluation method for
the drying of the water glass materials was established.

« Drying characteristics of water glass material alone
It was suggested that heating at a temperature of 200° C would dry to a state where no moisture is discharged.

« Drying characteristics of porous media coated with water glass material
The water glass material had cracks during the drying process, and no events that interfered with the evaporation of
water in the simulant fuel debris were confirmed.

> It was verified that even when covered with a water glass material, the volumetric moisture content of less than 0.54 |
vol%] (= moisture content by weight of 0.3 wt% (converted to zeolite)), which is the target for achieving the drying
treatment, was reached.

» There was no significant change in the drying rate of simulant fuel debris before and after coating with water glass
material.

> Itis possible to treat the bound water in the water glass material in the same way as the water retained in the porous
media.

[Future plans]

Tests in the next fiscal year will be conducted based on parameters such as the material of the porous media and the

coating amount of the water glass material.

Quantitative evaluation on the degree of impact of drying caused by water glass material will be performed by comparing

the obtained results with the test results of this year.

» The test results including the result of next fiscal year will be shared with the project of “Development of Technology
for Drying Fuel Debris” , to cooperate in considering how to reflect them in the drying process conditions.

As of the middle of March 2022
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8. Specific objectives for achieving the purposes of technological developments

(2) On-site operating methods for criticality approach monitoring technology and neutron absorbent

technology
(D Development of on-site operating On-site operating procedures for criticality approach monitoring with
procedures neutron detectors shall be formulated.

The sub-criticality measurement performance of neutron detectors
shall be evaluated and reflected in on-site operating procedures.

On-site operating procedures for non-soluble neutron absorbers
shall be formulated.

(TRL at the end of the project(*): Level 4)

@ Development of solidified absorber
technology

Data on the impacts on the drying process of fuel debris attached
with solidified absorber (water glass) shall be obtained.
(TRL at the end of the project(*): Level 4)

(*) TRL; Technology readiness levels
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End
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