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(Note)
* In this document, fuel debris may be abbreviated as “debris,” mainly due to limited space for figures and tables on paper.
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1.

Background and purpose of the project NO.2

B Background @ (Summary of Solicitation Application)

Further increase in the retrieval scale of fuel debris will require more sophisticated monitoring systems to
increase throughput and to support continuity of safe retrieval overview by providing a comprehensive and
continuous identification of environmental changes inside the PCV where the retrieval operations are taking

place.

To secure throughput in remote operations under environmental conditions with uncertain elements,
technology is needed to continuously monitor environmental changes inside the PCV over a long period of

time during retrieval.

In addition to the above, the development of technology (integrated management support technology (*1))
using the digital twin will be effective in enabling accurate and prompt on-site response by integrating and
sharing the acquired monitoring data and operational data, which includes data on troubles, etc., obtained
through actual operation of remote equipment.

(*1) Integrated management support technology is defined as a technology to grasp, whether or not there is a
deviation from the expected conditions which include the achievement of safety requirements, by processing data on
the disturbing ensuring throughput. The digital twin is one of the unique technologies similar to this definition.

——

* Itis necessary to develop as element
technology for long-term support for safe, efficient, and continuous integrated management of
the decommissioning of the Fukushima Daiichi Nuclear Power Station (hereinafter referred to as

the Fukushima Daiichi).

The development of this technology will be based on the results of the “Development of
Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals.”
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1. Background and purpose of the project

B Background @ (What that method should aim for
with respect to changes in risks over time)

No.3

Increased risk level
due to deterioration
of facility and risk
sources

v' The method must be
designed and modeled to be
acceptable for the time axis
and risk level axis shown in
the figure on the left.

The method must be capable
for the long term future of monitoring the status of
the task and its progress

Area of unacceptable risks v

)

E Area in which to determine if it is over time.

> acceptable or not, while carefully Lowering the level of risk | ¥~ The method ShOl_J|d complete

@ ’ that the method should the primary task in the
examining the difficulties aim for shortest time possible, and

the risk level at that time
must be lower than when the

Widely accepted area task began.

Note: This drawing represents a
general concept and should be
examined in accordance with the
status of progress on-site.

Time
Source: Technical Strategic Plan 2021 for Decommissioning of the Fukushima Daiichi Nuclear
Power Station of Tokyo Electric Power Company Holdings, Inc.

Appendix 5 Changes in risk over time Figure A5-1

Each method must advance to the green area by repeating the check items in

the upper right corner before reaching the red/yellow area

|
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1. Background and purpose of the project NO.4

B Background @ (Role of monitoring technology for changes in risk over time)

Maximum value is

increased by internal Controlling the increase
and external events in safety risks
(approaching the red

area)

Area of unacceptable risks

for the long term future
If the

countermeasure is

[
. > ' M
effective, the @ | Area in which to determine if it is ~. - When work delays are
T ocron value o . \/ compounded, but has not
ecreases % acceptable or not, while garefully T~ plunged into the red area
(approaching the o o ~ _ o
green area) examining the difficulties: (= When.th.e monitoring
: system is inadequate,
i etc.)
Ensure throughput I Widely accepted area
|
\ |
AN > — \
| Time If monitoring technology is introduced to continue
Start of task Termination of primary task normal work
o (The task proceeds without delay, and the actual
Maintained or shortened <:> If task accumulates, performance of the method can be demonstrated)
as task progresses it takes longer

The monitoring technology will help ensure that the task should not be delayed and the method

used can maintain its original performance (the solid blue line in the above figure). This contributes
to ensuring safety against changes in risk over time




1.

Background and purpose of the project NO.5

[Research Objectives (General Overview)]

This project aims to support the development of technologies contributing to decommissioning and contaminated
water management of the Fukushima Daiichi Nuclear Power Station (hereinafter referred to as “Fukushima Daiichi
NPS”) of the Tokyo Electric Power Company Holdings, Incorporated (hereinafter referred to as “TEPCQO”) based
upon the “Mid-and-Long-Term Roadmap towards the Decommissioning of TEPCO’s Fukushima Daiichi NPS” and
“The Development Plan of Decommissioning Research in FY2021” (The 86th Secretariat Teem Meeting for
Countermeasures for Decommissioning and Contaminated Water Treatment), so that the decommissioning and
contaminated water management of the Fukushima Daiichi NPS can be implemented smoothly, and to raise the
level of Japan’s science and technology standard.

The study of general theories unrelated to the method will proceed in FY2021 in order to continuously monitor the
environmental changes in the Primary Containment Vessel due to further increasing the scale of fuel debris retrieval
operations.

Specifically, this project focuses on investigation, organization and setup of monitoring items considering safety
requirements and task continuity, and conceptual studies of monitoring methods will be conducted and examined
with consideration of on-site applicability.

Moreover, these conceptual studies, etc, will be explained to the experts appointed by Nuclear Damage
Compensation and Decommissioning Facilitation Corporation (hereinafter referred to as “NDF”) and relevant parties
(Ministry of Economy, Trade and Industry, TEPCO, NDF) and their opinions will be sought(*).

In FY2022, the plan will be reviewed based on the opinions received and the status of progress in decommissioning,
and candidates for measuring equipment and monitoring sites will be selected. In addition, the operational policies
for the data obtained from monitoring will be studied.

*:In FY2021, NDF received opinions from the “Fuel Debris Retrieval Expert Committee (37th meeting, December 15, 2021)” established and convened by NDF.

The above objectives are detailed on the following pages

e ESS
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1. Background and purpose of the project NG 6
B Details of research objectives (Considerations in conducting research)

« When fuel debris retrieval operations are conducted on-site, not only operational errors by
equipment operators and equipment failures but events specific to the Fukushima Daiichi NPS
are also assumed to occur. Research will be conducted based on the idea that these are
disturbing ensuring throughput.

» [Assumed Roles of the Operator]
Operator: A person who operates equipment on a panel or terminal following the operation
manual
Leader: The team leader of operators. A person who understands the status of the site
and gives instructions to the operators

» The keyword “accurate and prompt on-site response” in No. 2, is carried out by equipment
operators who work daily in uncertain elements.

« Maintaining nuclear safety and ensuring targeted throughput requires a decision-making
process to determine a reliable response to the site conditions based on monitoring data (FACT
data) obtained in the PCV. This will be taken into account in the research.

[Mission and definition of continuous monitoring system inside the PCV in this project]
A system (hereafter referred to as a monitoring system) that collects monitoring data for operators to
respond accurately and promptly on-site and ensure throughput while maintaining safe conditions

[The role of this project]
Research results will be provided for the design of fuel debris retrieval methods to be studied for actual on-
site response
(Specific recipients are shown in No. 15.)




2. Research goals No.7

M Goals

Research goals are to prepare development requirements and specifications for
iIntroducing the monitoring system in the design of fuel debris retrieval methods. The
following two goals were established for this, and action items were established to
achieve each of these goals.

Goal 1: The requirements and issues for monitoring inside the PCV will be
organized under this project.
mplemented F % Investigation of important monitoring items inside the PCV
— Replaced with action item (1) in No. 10 and TRL in No. 20

fitvien F % Study of monitoring methods to actualize monitoring
— Replaced with action item (2) in No. 11 and TRL in No. 20

Goal 2: The concept of monitoring data operation (specific information
processing and flow of its application) will be studied under this project.
m * It is assumed that three kinds of support are necessary: “operator
= support, analysis support, and work plan improvement support”

— Replaced with action item (3) in No. 12 and TRL in No. 20

See the next page for how the monitoring system contributes on-site
‘_RID m




2. Research goals

B On-site data usage measures
» Monitoring data obtained on-site can be used for the three supporting technologies shown in the figure below.
Important monitoring items can be applied in “daily operator support” as monitoring data for on-site facilities to
continue fuel debris retrieval and transfer work.
« The monitoring data may be reused in “work plan improvement support” and “analysis support.”

Other monitoring systems

items for continuing
work

Important monitoring

Detailed version: Appendix 2-1

No.8

[Daily operator support]

1l l

-

Continuous
monitoring system
inside the PCV

Changes in various
equipment

informatio
due to chang

the environment in

the PCV

n
esin

oy

Debris retrieval activities
using operational
equipment/safety

equipment

Monitoring data

for on-site
equipment

Operator support
technology
Operational dataset

A 4 A 4
Leader’s situational
awareness and
judgment

Operator implementation |

Data on daily
task
erformance

[Annual work
plan
improvement
support]

Evaluation data to
reduce on-site
uncertainty

Evaluation data of the matching
characteristics between the mid-
and long-term work plan and the
environment inside the PCV

Mid- and long-term
work plan data

[Work plan updates}
S

Analysis by the
person in charge of
operation support

a

)

Analysis by the
person in charge of

operation support
a A

[Annual analysis
support]

be applied outside of

Reuse of data that can
operator support

{ Other task performance data |




2. Research goals NO.9

B Definition of terminology
» The implementation details of this project pertains to risk management. Various technical terms in this

project were set as follows as conditions for study by referring to ISO 31000 (Risk Management
Guidelines).

Terminology/ -
Abbreviation

Defined as conditions of operation for fuel debris retrieval. . Conditions in which the safety requirements of the plant,
such as the diffusion of radioactive materials are being met, and the fuel debris retrieval and transfer work are
progressing according to plan. In addition, the fuel debris retrieval and transfer work in this project will be carried out
for 200 days a year (*)(**) in which 300 kg of fuel debris will be transferred in10 hours a day. Maintenance and
replacement of equipment performed outside of these work hours and working days are not included.

Planned state of fuel
debris retrieval

Ability pertaining to the total amount of fuel debris retrieved during the period from the start to completion of fuel

AILIgafaLi debris retrieval (Retrieval phase with further increase in scale).

Factors that threaten planned state of fuel debris retrieval and worsen throughput. The two main points are as
follows:

Factor : Work is delayed due to deterioration of fuel debris retrieval and transfer functions.

Factor 2: Work is delayed due to deterioration of safety function for radiation risks.

Work delay factors
(= throughput
disturbing)

Risk is the effect of uncertainty on the objective of ensuring throughput where the effect is a deviation from the

RS planned state of fuel debris retrieval.

A means of determining if the risk is an important monitoring item in the PCV.
Risk assessment  The significance of the risk assessment is to substantiate the decision, and the risk assessment includes a
comparison of the results of the risk analysis with the risk criteria to determine where further actions should be taken.

(*) This operating condition is an assumed “value (target value).
(**) Depending on the method, fuel debris may be temporarily stored during the day and transferred in batches at night (so-called batch treatment). In this table, the expression is for
when there is continuous retrieval and transfer.



3_mplementat|on items, their co-relation, and relations with other projects
3.1 Implementation items for this project

B Implementation item (1): Investigation of monitoring items inside the PCV

(D Investigation of important monitoring items

» To enable operators to respond accurately and promptly on-site, the PCV monitoring items
that lead to work delays are investigated and risk factors are extracted.

» As a method of extracting risk factors, a fuel debris retrieval and transfer process with added
safety functions will be modeled (hereinafter referred to as a debris retrieval model).

« Extracted risk factors are weighted and evaluated in terms of the degree of deviation from the
planned state of fuel debris retrieval (evaluation items: safety, operators, throughput).

No.10

@ Organizing specifications for monitoring requirements

- Based on the results mentioned in @ above, methods of acquiring the required on-site data
will be studied. This study will verify monitoring items that can be measured currently and in
the future, and verify their excesses and deficiencies. The measurement source, range, and
accuracy required for each measurement will also be studied. Here, if @ is found to be
deficient in order, @ is reviewed.

« Based on @D and 2 above, the important monitoring items inside the PCV , necessary for
the operators to respond accurately and promptly on-site on a daily basis, are organized.
This investigation will be coordinated with and reviewed in conjunction with the results of the
subsequent implementation details (2) and (3).

Debris retrieval and transfer operations will be modeled, and the requirements

for acquisition of monitoring data to achieve the objectives will be studied
‘_RID m



Implementation items, their co-relation, and relations with other projectsy, 11
1 Implementation items for this project

B Implementation items (2): Study of the monitoring methods

(D Study of diversification of monitoring measures

« When selecting monitoring sites, assume there will be cases where direct monitoring
will be difficult, and include indirect monitoring methods that combine analysis, in the

study.

3.
3.

@ Study of installation methods for measuring equipment

« Installation methods of measuring equipment must be studied for on-site application of
the methods considered in O above.

« The penetration usage plans for monitoring equipment, will be studied, taking into
account the constraints of the penetration and the structure of the reactor building.

3 Organization of technological issues
« Basic technological issues and development elements are studied, issues are identified

for installation of each measuring equipment to be extracted, and a plan is developed
to resolve the issues (e.g. avoid interfering with fuel debris retrieval related equipment).
« The requirements for the system to collect the measurement data will also be studied.

Specific monitoring methods will be studied and issues will be organized based

on specifications of monitoring requirements

Olnternational Research Institute for Nuclear Decommissioning



Implementation items, their co-relation, and relations with other projectsy 17
1 Implementation items for this project

3.
3.

B Implementation items (3): Study of operational policies for integrated

management support technology
(D Study of on-site data usage measures
« Based on the results of implementation details (1) and (2), the usage

measures for on-site data will be studied to enable operators to respond
accurately and promptly on-site on a daily basis. In addition, in this study, the
operator's point of view is taken into consideration.

(2 Study of overall treatment process of on-site data *collaborate with the study of IRID Head Office
- Utilizing the results of the study described in D above, the on-site data

treatment process that assumes on-site operation at the Fukushima Daiichi

will be studied, and the data treatment process of the monitoring system,

which is a part of the integrated management support technology, will be

studied.

How the acquired monitoring data should be used on-site will be studied

Olnternational Research Institute for Nuclear Decommissioning



3. Implementation items, their co-relation, and relatrons with other projects
3.2 Relevance between implementation items

B Two-year flow of development
The following is the flow of development based on each of the
implementation details shown in section 3.1.
See Appendix 3.2-1 for those that take iterations associated with
determining feasibility into account.

No0.13

(2) Study of the monitoring methods

1 1
' |
: v '
: (2)® Study of diversification of monitoring :
Results of the study of subsidized Information other than ! measures :
projects prior to FY2021 subsidized projects : v H
: |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

(2)@ Study of installation methods for
measuring equipment

v

(2)@ Organizing technological issues

[Input examples]
- Definition of primary boundary
- Fuel debris properties

- Work process, etc.

() Investigation of monitoring items inside the PCV

(1)D Investigation
of important
monitoring items

Output: requirements and
issues for monitoring inside

the PCV

|
1

' (3) Study of operational policies for integrated

| management support technology \
(3)® Study of measures for on-site data
usage

A\ 4

(3)@ Study of overall treatment process of on-site
data

(1)@ Organizing specifications for monitoring
requirements

e ——————————

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-

Output: operational concepts for monitoring data

FY2021.
A detailed flow of the study
is shown on the next page.

Implementation details for
1 Equivalent to Goal 2 in No. 7




3. Implementation items, their co-relatior
3.2 Relevance between implementation items No.14
B Flow of the Study for FY2021 | Results of “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals”

1 Input e -

No. 42 to 49 _ Establishment of
disturbance elements
for fuel debris

[Results of . ;
model - Operational Safety equipment model | ___f--- | retrieval function () |
construction] No. 27 to 41 equipment model P e ey
No. 50 to 51 N - (*) No input is provided in
Definition of Pef'n_'tlon of Pans this project for disturbances
4 functions unctl(zp’s,,x in the safety equipment
4 model that correspond to
r Fuel debris retrieval function Safety external circumstances,
’_/ ) e h .
No. 37 to 38 o o _ No. 39 to 41
Functions involved in “disturbing accurate and prompt on-site response” by operators v
~ { [Procedures for constructing a risk
------------------------------------------------ assessment table] No. 54 to 59
[Risk assessment results] No. 60 to 69
)

No. 45, 51 to 53 No. 56 to 58

* Top events that impede “accurate and prompt on-site response” by operators

Defining mechanisms of disturbing Weighting in terms of safety, operators and throughput

[Examples of
important
monitoring
items]
No. 57 to 60

Three supports
were established
in FY2021

v I e

Work plan improvement
support(No. 8)

______________________________ No.70 T [Ful ]

A 4

Operator support (No. 8) Analysis support (No. 8)

1 1 Revi if i ist . in risk 1 M - — - — implementation in
- eview 1T inconsistencies occur in rs —=—a___ 11 (1)@ Organization of specifications for monitoring /‘ FY2022] No. 71

L L ] 1 requirements, (2) Study of the monitoring methods 072




3. Implementation items, their co-refation, and refations with other projects

3.3 Relation with other projects N0.15

B Main collaborations with other projects

Demand-side Provider-side : :
ID ) ) Concrete actions Information use
project project
- Work plan for inside the PCV
Debris retrieval |- Information on additional - Conditions setting for studying
project/ equipment installed inside the | important monitoring items within the
Upgrading PCV and in the reactor building | investigation of monitoring items
1 This proiect project/ - Safety system operation plan |inside the PCV
Proj Fundamental |- Work plan in the PCV - Requirements setting for the study
project/ atmosphere of diversification of monitoring
Safety project/ |- Information on additional measures within the study of the
Canister project | equipment installed inside the | monitoring methods
PCV and in the reactor building
L - Capable of establishing and
- Important monitoring items T .
: : o ) reviewing important monitoring items
Debris retrieval and monitoring requirements
: . - for each method.
project . : - Operational policies for iy
2 : This project : - Capable of specifying the
Safety project integrated management .
Canister project support technology (monitoring monitoring technology necessary for
system) each method.
y Details: See Appendix 3.3-1

Debris retrieval project
Upgrading project
Fundamental project
Safety project
Canister project

1R

1D

: Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor Internals
: Advancement of Retrieval Method and System for Fuel Debris and Reactor Internals

: Upgrading of Fundamental Technology for Retrieval of Fuel Debris and Reactor Internals

: Development of Safety Systems
: Development of Technologies for Containing, Transfer and Storage of Fuel Debris

Olnternational Research Institute for Nuclear Decommissioning



4. Implementation schedule  mmm

—1

| Implementation items
Planning schedule

-]

Actual results No
(as of the end of FY2021)

16

requirements

FY2021 FY2022

Jun. Jul Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.
Sstgation of monioring ems nsive the pov— [l ICR ICICIDIEE L IDE LR L]
monitoring items inside . i . i
the PCV o . tReview @ to @ as applicable, depending on the details of

o ®In've§t|g§1t|on of important other studies

@ Investigation of monitoring items
important monitoring
items |
@ Organizing 1 1 | (@ Organizing specifications for monitoring requirements
specifications for
monitoring

Study of the monitoring
methods

@ Study of
diversification of
monitoring measures

@ Study of installation
methods for measuring
equipment

@ Organization of
technological issues

Study of the monitoring methods

@ Study of diversification
of monitoring measures

tReview @ to @ as applicable,
depending on the details of other
studies)

measuring equipment
| | | |

 Organization of technological

[ [ |

T (*1)

MM IEERRELE
1)

@ Study of installation methods for

1
issues

Study of operational
policies for integrated
management support
technology (*2)

@ Study of on-site
data usage measures

@ Study of overall
treatment process of
on-site data

Study of operational policies for integrated

management support technolog
@ Study of on-site data usage measures

@ Study of overall treatment process of on-site
| | |

data

*1: Conduct test preparation as needed

TRID

*2 Collaborate with the

rogress in the study IRID Head Office

Olnternational Research Institute for Nuclear Decommissioning




5. Project organization

Tokyo Electric Power Company Holdings, Inc.

*Coordination for on-site applicability

International Research Institute for Nuclear Decommissioning (IRID)
(Head Office)

*Coordination of general planning and overall technology management
*Coordinate technological management, such as progress in technological
development

Toshiba Energy Systems & Solutions (ESS) Corporation

Hitachi-GE Nuclear Energy, Ltd.

(1) Investigation of monitoring items inside the PCV
(Coordinate, investigate monitoring items, and review the
implementation details of other companies)

(2) Study of the monitoring methods
(Coordinate, study monitoring methods, and review the
implementation details of other companies)

(3) Study of operational policies for integrated management
support technology (Note 1)

(Coordinate, study operational policies for integrated
management support technology,
review the implementation details of other companies)

(1) Investigation of monitoring items inside the PCV
(Investigate monitoring items, peer review of implementation
details)

(2) Study of the monitoring methods
(Study monitoring methods, peer review of implementation
details)

(3) Study of operational policies for integrated management
support technology (Note 1)
(Study operational policies for integrated management support
technology, peer review of implementation details)

[Subcontracting details]

Design support for the study of monitoring methods
(scheduled for FY2022): TBD

Design support for the study of operational policies for
integrated management support technology
(scheduled for FY2022): TBD

[Subcontracting details]
Design support for the study of monitoring methods
(scheduled for FY2022): TBD

Note 1: The IRID Head Office also organizes study policies concerning (3)

No.17

Partner development
project teams

Development of safety
systems

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

Development of Fuel
Debris Retrieval
Method

Manufacturers, Hitachi GE and Toshiba ESS, engage in this project.

TRID

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details 6.1 UbjectiveSﬁnﬂW

6.1.1 Technology Readiness Level (TRL) No.18
Implementatlon Targeted effects (Supplemental) TRL definitions
details
The items that should be monitored inside the PCV
(1) Investigation | will be investigated, extracted and organized to (Technology Readiness Level (TRL) is not
of monitoring satisfy safety requirements, such as maintaining set because research and organization of
items inside the | the confinement function of the PCV during fuel iIssues for technological development are
PCV debris retrieval, and monitoring the sub-criticality different from development items.)
condition.

Based on the organized results of implementation

(2) Study of the gletails (_1), iIssues must be gxtracte_d for the Development and engint_eering Wo.rl_< is_
monitoring msta_llat_lon _of gach measuring equipment for performed, and_ the required speC|f|c_at|ons
methods monitoring inside the PC\_/, and a plan must be are developed in areas where there is
developed to resolve the issues. almost no applicable past experience.
(Target TRL upon termination: Level 2)
(:;L s:;gc))/ncgl Support items that contribut_e to intggrgted ' '
nolicies for management at the Fukushima Da_mchl must bg Basic rqulremeqts an'o! necessary
integrated extrgcted, based on the reSL_JIts of implementation |technologies are identified for the methods
management details (1) and (2), and on-site usage measures and_systems to be developed and
support must be planned. o engineered.
technology (Targeted TRL upon termination: Level 1)

The TRL indicates why the proposed monitoring items are necessary and how they can

be useful on-site.
| S e e e e e e ]
‘ Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details 6.2 Implementation details (1)
Items Inside the PCV

6.2.1 Prerequisites for the study

B Scope of study on the system

« The figure on the right shows the
correlation of the flow of materials
such as gas, liquid, and fuel debris in
the overall configuration of the fuel

debris retrieval system (*).

* Upgrading of Fundamental Technology for
Retrieval of Fuel Debris and Reactor Internals

project

« The flow of information (data) during
retrieving and transferring fuel debris,
and their correlation (IN/OUT) are
studied each of the systems shown in
the figure on the right.

» Prior to the above, the approach to
the scope of study for this project is
shown on the next page.

3

1D

Investigation of Monitoring

No0.19

Main system Subsystem
Primary | Secondary
boundary boundary

-, Pathway for

Sub-subsystem

_» Emergency pathway = Pathway for

" materials for materials vessels
Fuel debris and waste
storage system Atmosphere Environmental control system
Fuel debris Waste e ————————————— U S Leakage
|
storage storage \|/ Gas phase system Discharge when the door is opened |
system . system — |
- Gas phase inside In leak |
) the secondary Exhaust |
Fuel debris Waste boundary
Nitrogen — i i
~ ) Gas phase inside pust| Fuel debris transfer
Criticality control ~ Nitrogen the primary < cell-system
system injection system boundary ! S
Emergency Wastewater|  Fuel debris
i i . collection system
b:;:ﬁt?;']d Recirculate Gas phase particle_ Y |
L . > " removal system Waste water Fuel debris
|nject|0n: system In-building gas ’;;‘?eiast\:: . T waste
- control system | Particle-free r ; 1
Boric .aCId control system air Particles removed Waste water AL de.bns
solution t collection
| injection system | W Gas phase system ]
S i Gas discharge waste transfer Waste water Fuel debris
' system system | waste
Am:g? | > | Dust Wastewater|  Fuel debris
transferring
1
Liquid phase system Liquid phase | | | —system
—————————————————————————————————————————————— “> inside the primary <— -
f boundary
Circulated Ventilation
: water : sic,om Fuel dlebris
Boric acid ! Boric acid ' Water Liquid ph | stagnant
solution 1 solution i ) ! ) 1quid phase ! water transferf system
"""""""""" ' -————-—=2 circulation = particle removal H §
system system
Contaminated SIS VRS | !
water treatment = Particle-free water ., Particles removed
system f Stagnant watel Liquid phase
Emergency Stagnant water waste transfer
stagnant water drainage system
drainage system system 1 1
P | v
; Liquid phase inside Groundwater
R the secondary =
Stagnant water in the torus room boundary
Dust™

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation details 6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV
6.2.1 Prerequisites for the study No.20
B Scope of study on the system

*  The approximate scope of study for this project in terms of system configuration is shown in the blue dash box below.
*  The work delay factors inside the PCV are extracted to study the monitoring requirements of systems and equipment
associated with these factors.

Fuel debris and waste

storage system Atmosphere Environmental control system
Fuel debris Waste | N PN /\(
ztvoszegn? 1 ztyosrtae%? | f h\:‘/ d |_ ™ CGas phase system | Discharge when the door 1s opened | = /_ -; Focused Systems
Gas phase inside In leak E = .
Fuel d br" Waste thebsecgndary I — Exhalist g | (Add systems In stages as
uel debris n |
ST wivogen Gas phase insid | Fuel d b" transf I needed)
) , as phase inside uel debris transfer
I Nlltrclgen the primary < il cell-system |
Criticality control system, injection REG ) . .
. : avalorn dary Wasto water | Fuel debris I Fuel debris retrieval
mergency boric v +—  collection
acid solution I Recirculard | ©3S phase system I and transfer system
injection system v particle removal ~—\waste water o ST
Inbuilding gas | Negative system Fuegenrs || | 1 (inside the PCV)
E control system | pressure Panicle-free‘ : Was.e |
Boric acid solution | A I control system' | = | Partcles Waste water | Fcuo?:edc?ibc:;ls I 1 Modify expressions using the
injection system | 4 ! Gas phase ‘ ———— I figure on the left
= E Gas d|Sl charge waste ttransfer { | Waste water Fuel debris :
' sysgem { system 1 waste Ga.S hase
E | " Dust Waste waLar\ Fuel debris | P L
- - | | transferring : system (inside
| disch S— Liquid phase ...system
el e s e I the PCV)
! 2 boundary — . .
E \N© : - Circulated water 4 { | SIC, DIW Fuel debri\gsntllatlon I LIqUId phase
T | I water Liquid phase | stagnant - : system (inside
solution—*==acid=== ===~ = > | circulation = particle removal y Water transfe SyStem |
: solution . . . . - - I the PCV)
Contaminated » This project will focus on the phenomena :
water treatment €+ o I The scope of study includes
system that OoCccur |nS|de the PCV | consideration of static
« ¢ Systems related to the phenomena of I boundary accompanying
| 93 i i - deterioration of the PCV
interest will be added to the study if o b
\ ' “water structure
necessary.
Dust !
|
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6. Implementation details 6.2 Implementation details (1) : Investigation of Monitoring ftems Inside the PCV
6.2.1 Prerequisites for the study M Scope of primary boundary No.21

« The scope of the primary boundary that has a direct static confinement function for the risk source (fuel
debris) utilizes the results of past projects in the figure below.

» Boundary definitions established through the project of upgrading of fundamental technology (*) are
utilized, taking the unique environment at the Fukushima Daiichi and the fuel debris retrieval methods into
consideration. In this definition, radiation dose area and contaminated area are setup separately based on
the perspective of whether the workers are allowed to enter or not, and four types of areas (red (two types),
yellow, and green) resulting from the combination of these two areas are defined.

L o Secondary boundary (R/B or new building)
Additional radioactive
materials generated * Pressure: approx. -64 Pa

Primary boundary
w~ (PCV +Cell, etc.)

* Pressure: Same pressure | * Pressure: left section Pressure Ieflt SeCt'O”I
as inside the PCV + approximately several approximalely severa
10 Pa j: : :
Container é 7 . ‘
ﬁ :: '%
o o I
e T
7 L
s Vi

/ ion do y
. Isolation door for emergency D Container (shielding, collection)

Fuel debris Excluded from this project because whether it is ' _ oor ' Kk

adopted or not varies depending on the method ~ (Operates in a way it does not open at the same time)

. ) ) _ - "\Workers are expected to enter the area for.short‘ + Workers are not expected to enter the area, including in an
(*) Project of Upgrading of Retrieval Method and %N_perlods of time under normal circumstances - emergency, but measures should be devised to allow
System for Fuel Debris and Reactor Internals = ____—"| = STUc,mmmmmmm e e e —m—— N workers to enter in worst case scenario.

(**) This project does not expect worker intervention in *k : Workers are expected to entree for short periods of - : Workers are not expected to enter this area even in worst
normal work. Details are presented on the next page time only in case of the emergency case scenario

The definitions shown in this figure are considered in the operational equipment model (No. 26) and ultimately included in the debris retrieval

model (No. 48).



?Implementation details N0.22
6.2 Implementation details (1) :Investigation of Monitoring Items Inside the PCV
6.2.1 Prerequisites for the study M Prerequisites for each system (1/2)

« “Safety system” may be abbreviated as “safety equipment” due to space
limitations. “Fuel debris retrieval and transfer system” may be abbreviated as
operational equipment.

« Both operational equipment and safety equipment must be setup and secured
with the defense in depth level 1 to 3 to ensure nuclear safety, according to past
subsidized projects and preliminary engineering.

« All normal works (excluding maintenance) at work facilities must be remotely
operated. The green area inside the primary boundary shown on the previous
page is an environment that workers can enter at all times, but because the
degree of worker intervention varies depending on the method, a versatile
impact assessment has been deemed difficult.

Prerequisites were determined with the goal of presenting requirements to

maintain the planned state of fuel debris retrieval.
I_RID m




6. Implementation details

6.2 Implementation details (1) :Investigation of Monitoring Items Inside the PCV No.23
6.2.1 Prerequisites for the study M Prerequisites for each system (2/2)

[Scope of study for monitoring items inside the PCV]

« Throughput must be ensured by continuation of the planned state for fuel debris
retrieval. Thus, in this project, the scope of monitoring inside the PCV will focus
on those involved in sustaining normal work(excluding maintenance).

« See Appendix 6.2.1-1 for the contribution of monitoring in accordance with the
risk levels of this project.

[Policies for generalization of each system]
« In this project, work procedures and equipment configurations for the fuel debris
retrieval methods to be studied in the subsidized project will be investigated,

and equipment and work procedures common to each method will be extracted
and organized.

The results of this project will be made more versatile so that all methods can

refer to the results of this project.
I_RID m



6. Implementation details
6.2 Implementation details (1) :Investigation of Monitoring Items Inside the PCV No.24
6.2.3 Study of the debris retrieval model

B Requirements for the debris retrieval model

The following two points must be implemented after achieving versatility that does not depend on

the type of method.

« Work delay factors inside the PCV (factors that threaten the planned state of fuel debris retrieval and
worsen throughput) must be extracted.

« Along with the above extractions, the equipment related work delay factors must be identified.

B Policy for representing the debris retrieval model

« The policy indicates only the minimum operational and safety equipment to control the fuel debris
and the environment inside the PCV under normal conditions.

« The above equipment must be simplified to deal only with the minimum amount of information
that shows how the equipment will physically act against the fuel debris and the environment
inside the PCV. In other words, equipment specifications (output, model number, detailed
configuration, etc.) are not set.

B Policy for configuring the debris retrieval model
* In order to understand the movement of materials inside the PCV including fuel debris, the
debris retrieval model must be equivalent to the schematic system drawing.

Debris retrieval model evaluates the impact of operational equipment activities on
safety equipment and defines the correlation between both equipment

| LSS
l Rl D Olnternational Research Institute for Nuclear Decommissioning




6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.25
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model

M Study policies

* The versatile flow of retrieving and transferring fuel debris that does not depend on methods is
developed based on the existing results.

* From the above flow, those with multiple work modes are organized based on the existing results.

« An equipment configuration block drawing is created to crystallize the above flow and to organize the
information for integrating with the safety equipment model.

M Input from other projects

» Fuel debris properties - Nuclear safety for the Fukushima Daiichi

* Fuel debris retrieval method (mainly processing method that is the basis for throughput evaluation)
* Fuel debris transfer method (mainly compositional elements of the primary boundary)

M Input from this project
» Prerequisites specified in section 6.2.1

B Output from this project

» Daily workflow

» Equipment configuration block
« Equipment operation mode —
« Table of safety functions

) . These correlations are
« Table of operational functions

explained on the next page

The operational equipment model will be created based on the results of other projects



©. Implementation details ' =

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.26
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
B Correlation of output ~
| debri ieval and (A) The work is disturbed =
Fuel debris retrieval an Accurate and prompt on-site (B) Functions
transfer processes response by operators is disturbed
), . . necessary to execute
— _ _ _ Table of operational functions the workflow, and
Dallv workflow Equipment configuration Functional Configuration Design “funCtior,],s d“eﬁne(.j in
block requirements | of components | requirements this table” = *functions
Inside the POV Moving involved in disturbing
Fuel debris 1ce 1 ML accurate and prompt
Start of debris retrieval ez 2 :> fltjﬂr?(\:ltlir(‘)% B JEETY on-site response by
transfer equipment \ operators” J
> Move SEIE) Equipment operation mode
mechanism .
---------------------------------------------------------------------- \d Process'ng :
T R mode Fuel Cutting
P ' . Processing :
rocessing e : Crushing
e s M ; [ rem—
: Collection | i fuel debris
: v equipment | i
: | Collection el : - .
and transfer Cell s/ (C) same as (B) }
T e g Table of safety function
Functional Configuration Design
Y requirements of components requirements
Termination of .
) . ] Confinement Cell
debris retrieval Table of required ’7 Eunction

assignment of functions
from Nuclear Safety

The above five outputs are described in the following pages



~ 6. Implementation details 6.2 Implementation details (1) :Investigation of
Monitoring Items Inside the PCV
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational
equipment model
(a) Daily workflow

No.27

« A generic workflow from the start to the termination of fuel debris
retrieval is shown on the next page. This workflow describes the
Implementation details for the operators for the on-site equipment
operators. If the operator's work is disturbed, the work will be delayed.

* In this project, in order to prevent work delays, items to be monitored
are extracted for the debris retrieval model by the workflow described
above. These monitoring items become important monitoring items
Inside the PCV.

 This workflow is a model case of continuous fuel debris retrieval and
transfer.

A common operator workflow in each method is developed(see next page)

S T e e e e e ]
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6. Implementation details
6.2 Implementation details (1)

. Investigation of Monitoring Items Inside the PCV

6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model

(a) Daily workflow

Among the fuel debris retrieval and transfer processes,
the fuel debris retrieval and transfer work were defined
as within the scope of study for the continuous
monitoring project.

* In this project, the important items inside the PCV are
extracted in ID: Sa-1 to Sa-10.

Fuel debris retrieval and transfer processes

( ID: Ko-1 Start of debris
retrieval

| g

Changes in the

environment inside the PCV
A

)

ID: Ko-2 Verification of removal
of interfering objects

Removal of
interfering
objects

No interfering objects

no

[Supplemental information on the use
of the word “transfer”]

The process of moving the processed
materials from the PCV atmosphere
(processing site) to the cell is called
“transfer” (in the sense of removal) . H H H

and the process of moving from inside ID: Ko-5 Termination Of Debrls

the cell to outside the cell is called Retrieval

“transfer” (in the sense of transport).

TRID

ID: Ko-4 Are all the
debris transferred?

No0.28

Daily workflow (target of study for continuous monitoring project)

—

ID: Sa-1 Verification of the overall situation inside the
PCV, operational equipment, and safety equipment

ID: Sa-2 Approaching the object to be processed

.

* In this project, neutron

ID: Sa-3 Work prior to debris processing absorbent is soraved

\ 4
ID: Sa-4 Processing of debris }
o

With equipment
operation mode

ID: Sa-5 Various records following processing work

A\ 4

ID: Sa-6 Cell transfer of debris (processing site — )

collection equipment in red area)

ID: Sa-7 Transfer of debris @ (Red area — Yellow
area)

/'S

ID: Sa-8 Collection of debris

v

ID: Sa-9 Transfer of debris @ (Yellow area — Green area)

v

ID: Sa-10 Transfer of Debris (green area — secondary
boundary)

With
equipment
operation
mode

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.2 Implementation details (1) :Investigation of Monitoring Items Inside the PCV No.29
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(b) Equipment operation mode (fuel debris processing work)

B Study policies

» As for “ID: Sa-4 Processing of debris” on the previous page, various processing methods
have been studied in past the Fukushima Daiichi subsidized projects. Since the
mechanism for work disturbing vary depending on the processing method, the settings for
the operation mode will be adjusted accordingly.

Specifically, when processing fuel debris, the operation mode is set from the perspectives
of (D Where will the fuel debris be processed?, 2 What properties does the fuel debris
have?, @ How is it processed?, and @ What is used for collection?

[Fukushima Daiichi subsidized projects used to gather information]

« Advancement of Retrieval Method and System for Fuel Debris and Reactor Internals

— Used to collect information for D and @ above

Upgrading of Fundamental Technology for Retrieval of Fuel Debris and Reactor Internals
— Used to collect information for @) above

Development of Technology for Fuel Debris Analysis and Characterization

—Used to collect information for 2 above

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

— Used to collect information for @ above

Aiming for versatile settings for the operation mode by collecting a wide range of information on

other R&D projects



6. Imprlementation details

6.2 Implementation details (1) :Investigation of Monitoring Items Inside the PCV No.30
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(b) Equipment operation mode (fuel debris processing work)

B Summary of study results / Equipment operation mode settings (1/2)

« The results of the settings for @ to @ on previous page are shown below. See Appendix 6.2.3.1-1
for the basis for these settings.

« Combine @ to @ below for setting equipment operation modes. These combinations will refer to
the details of the study regarding fuel debris processing procedures in the fuel debris retrieval

project.
@ Where is fuel debris processed? @ What properties does the fuel debris have?
() In air (3) Nuclear fuel
(2) Underwater (4) Existing structures (with surface

contamination)

(5) U-rich mass of fuel debris
(6) Fe-rich mass of fuel debris
(7) MCCI formations

(8) Others

® How is fuel debris processed?
(9) Crushing

(10) Cutting | | _
(11) Chipping *Inner containers refer to unit cans and canisters

(12) Picking up

@ What is used for collection?
(13) Inner containers and transfer casks

| s
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=6. Implementation details 6.2 Implemen , S
Inside the PCV No.31
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model

(b) Equipment operation mode (fuel debris processing work) B Summary of study results / Equipment operation
mode settings (2/2)

_ _ In air Fuel @ Picking up _
« Alist of task modes during fuel > uting L —
debris processing is shown.
_ o —U-rich mass of fuel debris 2) Cutting _
» There is a possibility that
underwater processing work
may be processed with the ® Crushin e ertanster casid
application of neutron absorbent
as a prerequisite. Accordingly —| Fe-fich mass of fuel debris || @ Cutting Coninertranser casi
since fuel debris change (® Grinding [ nerransfer cash
properties when it contains @ Crushing e —
neutron absorbent, it was
. . Existi .
decided to take into account the o o —I @ cutting e erfansfer cask|
figure on the right in the 5 Grinding | —
processing mode.
. MCCI formations (2 Cutting _
« Since the method of debris ® Grinding _
processing and the container in _
which the debris is collected
underwater is no different from Others | Supporied by any of 10 @ | [FHCTNNE
that in air, the description is
omitted in this figure. vt | absoment g el Cogainetranster casd
|

=S
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.32
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(c) Equipment operation mode (fuel debris collection and transfer work)

B Study policies
« For “ID: Sa-6 to Sa-10” in No. 28, various fuel debris transfer methods have been
studied in the past the Fukushima Daiichi subsidized projects. The operation mode is
set by referencing this.
« Specifically, the equipment operation is set up to realize the procedure for transfer
from the primary boundary shown in No. 21.

[Prerequisites for settings]

* Negative pressure maintenance equipment inside the PCV and cell is reflected in the
safety equipment model.

« When transferring transfer casks outside the primary boundary, verify that they meet
the on-site transfer criteria (surface contamination/surface dose rate) for the
Fukushima Daiichi. If they do not meet the criteria, decontaminate or return the casks
to cell (Y). In addition, the legally required verification inspection of on-site transfer
criteria for the Fukushima Daiichi must be conducted at the secondary boundary.

« The decontamination site of the transfer casks is assumed to be cell (G) (*).

* Depending on the operational circumstances of the transfer casks in the cell, decontamination sites may be
more reasonable in the cell (Y).

Information on the outcome of past subsidized projects for the Fukushima Daiichi will be gathered to setup the

equipment operation modes




6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.33
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model

(c) Equipment operation mode (fuel debris collection and transfer work)
The compositional elements of the equipment that transfer fuel debris outside the primary boundary are organized as shown in the
figure below. See Appendix 6.2.3.1-2 for environmental conditions in the cell.
«  The inner container directly containing the fuel debris is used in the PCV and cell (R), and the fuel debris is collected into a sealed
canister in cell (Y) and capped. Secondary boundar‘
PCV and cell =
red area

Cell
(yellow area)

Cell
(green area)

Debris . - Verification mecha}nism

. ‘ ) before transferring
processing 3 —_— —— ML= 1a] i — outside the cell
mechanism 7N\ ; : ' ‘

Inner container (*1)
(unconfined state)

Moving mechanism inside the Transfer cask Transfer cask
PCV (2) (Unconfined state — Capped state) Capped state & shielded)

/

* H i econtamination water drainage
1 Refers to unit cans and canisters |D ; mefchanismf d |

*2  Components involved other than fuel debris are transcribed as “Moving.”

| .
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.34

6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(d) Equipment configuration block

Fuel debris retrieval and transfer system

Safety
equipment

Debris processing mechanism (Operation details: make the object being

Operational | _[Debris processing
processed finer)

equipment equipment
Role: Process fuel debris Moving mechanism inside the PCV (D (Operation details: move the debris processing mechanism to the
to enable collection into object being processed)
a canister
Role: Store the . | [ Debris collection Radiation source collection mechanism (Operation details: collect the processed material into the inner
processed fuel debris equipment container)
in the ClarCIiISterd Cell transfer mechanism (Operation details: transfer the inner container to the sealed collection
(unseag )an - equipment of the cell)
transfer it to the sealed :
collection equipment Sealed collection of Door mechansm
- debris/transferring Cell (R) — RIY)
equipment
Role: Seal and collect Cell (Y) Door mechanism
temporarily stored fuel 1| (Y/G)
debris and transfer it out i i i i
of the primary boundary |_|Intra-cell transfer mechanism (D (Operation details: transfer the sealed canister to
cell (G))
Inner. Container sealing mechanism (Operation details: collect the inner container into a
L container/sealed | sealed canister)
canister 5 —
oor mechanism
Cell (G) (Gloutside the cell)
|| Intra-cell transfer mechanism @ (Operation details: transfer the sealed canister out
of the cell)
1 H Decontamination mechanism (Operation details: decontaminate the sealed
[ ) —
A block diagram of the equipment canioton
Conflguraﬂon that executes eaCh mOde Of || Decontamination water drainage mechanism (Operation details: drain the
. I kﬂ . h decontamination aid (water) out of the cell)
Operatlon and dal y wor OW IS shown. L Verification mechanism before transferring outside the cell (Operation details: verify
H H H H tamination and dose in the sealed canister)
« Each equipment shown in this figure has one =
q p . g . Mechanism for transfer
or both of the operational and safety functions. [ Loutside the cel

| Empty canister delivery
mechanism

This block diagram depicts the connection between equipment, but it is also necessary to connect the equipment to their functions (safety and operational).

Defined on the next page and beyond




6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.35
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(e) Table of operational functions

Setup the operational functions of each equipment shown on the previous page. If operational functions are
disturbed, it will cause work delays.

As shown in the table below and on the next page, “moving function inside the PCV,

fuel debris

processing function,” “fuel debris collection function,” "fuel debris packaging function,” “fuel debris transfer
function,” and “empty container delivery function” are classified into six categories.

Table. Debris Retrieval Model Launch Equipment: Table of Operational Functions (1/2)

ID Fur_1ct|onal Configuration of components Design requirements
requirements
1 Moylng function Moving mechanism inside the PCV Equipment with fuel debris processing function must be moved in and out of the RPV
inside the PCV and the pedestal.
. . . - Fuel debris must be processed so that it can be appropriately collected into the inner
Debris processing mechanism .
2 (cutting) container and transfer cask.
- Visual confirmation is needed during processing.
Fuel debris Debris processing mechanism S
o ame as above
3 processing function [(chipping)
Debris processing mechanism Same as above
4 (crushing)
5 ngr!s processing mechanism Same as above
(picking up)
Fuel debris must be collected and transferred out of the primary boundary.
6 Inner container(*), transfer cask (*) Inner container is defined in this project as a general term for unit cans and canisters studied in the
Fukushima Daiichi subsidized projects.
7 Fuel debris. Radiation source collection Fuel debris must be collected in the inner container.
collection function |mechanism
8 Cell transfer mechanism The inner container must be moved from the fuel debris processing site to cell (R).
9 cell (R) There must be a working environment to receive the inner container from the cell
transfer mechanism.




6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV

No0.36

6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(e) Table of operational functions

Table. Debris Retrieval Model Launch Equipment: Table of Operational Functions (2/2)

ID Fur_lctlonal Configuration of components Design requirements
requirements
- There must be a place to receive the inner container from cell (R).
10 Cell (Y) - There must be a working environment for collecting the inner container
Fuel debris into the transfer cask.
packaging , : :
11 function Door mechanism (R/Y) The inner container must have passage from cell (R) to cell (Y).
12 Intra-cell transfer mechanism (@ | The inner container must be transferred from cell (R) to cell (Y).
13 Collection mechanism The inner container must be collected into the transfer cask (lid closing).
- There must be a working environment to receive the transfer cask
closed by lid from cell (Y).
14 Cell (G) - There must be a working environment for inspection and
decontamination necessary for the transfer to the secondary boundary.
Fuel debris
15 | transfer function Door mechanism (Y/G) The transfer cask must have passage from cell (Y) to cell (G).
Intra-cell transfer mechanism @ |The transfer cask must be transferred from cell (Y) to cell (G).
16 Mechanism for transfer outside [The transfer cask must be transferred from cell (G) to the secondary
the cell boundary.
17
18 Empty container | Empty container delivery Empty inner containers and transfer casks must be supplied into the cell
delivery function |mechanism or PCV atmosphere.




6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.37
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(f) Table of safety functions

B Reference for the Fukushima Daiichi nuclear safety and safety

requirements

 In the Fukushima Daiichi subsidized project “Upgrading of Retrieval Method
and System for Fuel Debris and Reactor Internals,” nuclear safety and safety
requirements were established based on the circumstances unique to the
Fukushima Daiichi. Furthermore, in the Fukushima Daiichi subsidized project
“Upgrading of Fundamental Technology for Retrieval of Fuel Debris and
Reactor Internals,” safety requirements were established with a focus on fuel

debris processing.

« The above knowledge will also be utilized in this continuous monitoring
project. Safety requirements for retrieving and transferring fuel debris must be
shared between operational equipment and safety equipment.

« The result of the sharing is shown on the next page.

| EEEEES
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=6. Implementation details 6.2 Implementationdetails (I} Investigation-of-Monitoring-ltems Inside the PCV
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model
(f) Table of safety functions

B Assignment of nuclear safety requirements (1/2)

No0.38

Nuclear safety

General safety rules

(What should be

accomplished)

Basic safety
requirements

Requirements as a safety function (What should be maintained)

(When) At what timings do the requests
occur?

(How) What are the requirements involving specific
measures?

(Who) Which systems will
respond?

Protection of
people and
the
environment
from
radiation
risks

Protection of
the public
and the
lenvironment
from
radiation
risks

Prevention

of

excessive
discharge

of

radioactive
materials

Confinement
of
radioactive
substances

Confinement of
radioactive
materials using
boundaries

[During environmental control inside the
PCV]
Gas phase confinement

Dust concentration reduction function

Gas phase system

Static boundary function

Gas phase system

Dynamic boundary function

Gas phase system

Discharge control function

Gas phase system

[During environmental control inside the
PCV]
Liquid phase confinement

Static boundary function

Gas phase system

Dynamic boundary function

Liquid phase system

[During Processing]
Gas phase confinement

PCV/cell damage prevention function

Fuel debris retrieval system

Dust dispersion prevention function

Fuel debris retrieval system

Static boundary function

Fuel debris transfer system

[During Transportation]

Gas phase confinement inside the primary
boundary (fuel debris collection/transfer
area)

Static boundary function

Fuel debris transfer system

Dynamic boundary function

Gas phase system

PCV/cell damage prevention function

Fuel debris transfer system

[During Transportation]

Liquid phase confinement during transfer
cask decontamination (water
decontamination)

IContaminated water dispersion prevention function

Fuel debris transfer system

[During transportation] Confinement of
gas/liquid phase leakage during on-site
transfer

[Transfer cask confinement function

Fuel debris transfer system

Prevention of
additional
nuclear fission
reactions
(Re-criticality
due to abnormal

deformation)

[During environmental control inside the
PCV]
Criticality prevention

Criticality prevention function

Liquid phase system

[During processing] Criticality prevention

Fuel debris shape control function

Fuel debris retrieval system

[During Transportation] Criticality

Fuel debris shape maintenance function

Fuel debris transfer system

prevention

Debris shape maintenance function of transfer cask

Fuel debris transfer system

3

1D
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-6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV
6.2.3 Study of the debris retrieval model 6.2.3.1 Study of the operational equipment model (f) Table
of safety functions

B Assignment of nuclear safety requirements (2/2)

No0.39

* Referto Appendix 6.2.3.1-3 for the results of the allocation of components related

to operational equipment responsible for safety functions

Nuclear safety

General safety rules

(What should be accomplished)

Basic safety
requirements

Requirements as a safety function (What should be maintained)

(When) At what timings do the requests occur?

(How) What are the requirements involving

specific measures?

(Who) Which systems will
respond?

Protection of
the public and
the
lenvironment
from radiation
isks

Protection
of people

. IConfinement of
Prevention . .
. Jradioactive
of excessive
. substances
discharge of

radioactive

Prevention of abnormal
heatup of fuel debris
(Revolatilization of

[During environmental control inside the PCV]
Prevention of abnormal heatup

Fuel debris cooling function

Liquid phase system/Re-
circulating cooling system

[During processing] Prevention of abnormal heatup

Function to prevent excessive heatup of fuel

debris

Fuel debris retrieval system

radioactive materials due
to temperature rise)

[During Transportation] Prevention of abnormal heatup

Heat removal function of transfer cask

Fuel debris retrieval system

materials .
Prevention of

lexcessive radiation

exposure

Protection against radiation from
inside the reactor

Protection against
external exposure

Protection against radiation from
radioactive materials during
transportation

[During processing] External exposure prevention function

Shielding function of the cell

Fuel debris retrieval
Isystem/Fuel debris transfer
system

[During Transportation]
External exposure protection function

Shielding function of transfer cask

Fuel debris transfer system

land the
lenvironm
lent from
radiation

isks Protection of

workers from
radiation risks

Prevention of excessive radiation
lexposure and internal exposure
of workers

- Radiation exposure associated
With fuel debris retrieval/transfer-
related work

- Exposure of on-site workers
other than those related to fuel
debris retrieval/transfer

Design for dose
reduction of workers

[During Transportation]

IAppropriate shielding, contamination and dose
classifications to reduce exposure with remote
maintenance and fuel debris on-site transfer lines must be
lestablished

[Transfer cask decontamination function

Fuel debris transfer system

Operational control for
dose reduction of
orkers

[The operation method, maintenance plan, and task management must be designed for dose reduction.

Entire system

Protection of

people and the

lenvironment

from the
Fukushima
Daiichi-specific
isks

Prevention of fires and
lexplosions [1] due to retained
hydrogen

[1] Hereafter abbreviated

as fire and explosion.

Control of hydrogen
lconcentration or oxygen
concentration to
maintain the lower limit
of hydrogen explosion

[During environmental control inside the PCV]
Prevention of fire and explosion

(Oxygen concentration reduction function

Gas phase system

[During Transportation]
Prevention of fire and explosion inside the primary
boundary (fuel debris collection/transfer area)

Fire and explosion prevention function of the cell

IGas phase system

[During Transportation]
Prevention of fire and explosion during on-site transfer

transfer cask

Fire and explosion prevention function for

Fuel debris transfer system
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.40
6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model
(a) Overview of study policies and model

B Study policies
* In this project, in order to evaluate the process leading to deviation from the
expected safety conditions and the normal conditions of the fuel debris retrieval
operations, deviation from the normal conditions are defined as conditions in
which safety functions have been or may be adversely affected. A safety
equipment model is established to identify disturbances that may lead to
deviation from the normal conditions.

* Inthe above evaluation, out of the fuel debris retrieval/transfer operations
(disturbances) assumed in the operational equipment model, the
operations that affect the safety functions configured to achieve each
safety requirement are determined to be risks, and the risks are extracted.

» Therefore, the basic configuration of the safety equipment model consists
of each safety requirement and each safety function to achieve it.

The safety equipment model must be established to extract operational risks that

affect the safety function.

| LSS
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.41
6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model
(a) Overview of study policies and model

B Overview of the model (1/2)

» Since the safety function is defined as the role of each part in the system, fuel debris retrieval
operations that affect each safety function are studied. To that end, the following environmental
variables (physical quantities) inside the PCV and system design are both defined as elements
that realize safety functions.

(D Environmental variables (physical quantities) inside the PCV for the conditions to be
achieved by the safety functions
@ System design as a means to achieve the safety functions (countermeasures)

» The environmental variables (physical quantities) inside the PCV and the system design are the
specific objects that affect the safety functions for the operations (disturbances) assumed in the
operational equipment model. The system design referred to here refers to equipment and
design conditions that constitute the safety functions.

» In addition, there is a correlation between the design values and design conditions of the
equipment that constitutes the safety functions among the environmental variables (physical
guantities) inside the PCV and the system design. This is modeled (physical model of the
environment inside the PCV) and used to determine the transient effects of the disturbances
from the operational equipment model.

The methods of realizing the safety functions are “environmental variables inside the PCV” and “system design”

LS
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.42

6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model
(a) Overview of study policies and model

B Overview of the model (2/2)

« Itis assumed that the operating conditions of the safety equipment model assumed for
each workflow (see next page) will be different.

« Therefore, in order to extract the disturbances by the operational equipment model,
safety functions to achieve each safety requirement and the proposed countermeasures
to achieve the safety functions are organized for each workflow.

 In this project, it is important to establish a process to extract disturbances that affect
safety functions, and it is assumed that there may be multiple candidates for
countermeasure proposals to achieve safety functions that take the method and the on-
site environment between units into consideration. Based on the results of the subsidized
projects up to the previous fiscal year, one countermeasure will be selected to conduct

the study in this project.

The safety functions that constitute the safety equipment model for each workflow

must be defined to set the operating conditions of the safety system.

| S e e e e e e ]
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6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV

No0.43

6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model

(b) Relationship with daily workflow of operational equipment model

—> \Workflow

. ) i . . _ —” Physical effects
Information on operational equipment model Defined in the Opefdatllonal ]
equipment mode
[Workflow (from No.28)] qaup
(Sa-1) Fuel (Sa-3) Work (Sa-5) Various (Sa-6) Cell
debris retrieval —»\ \— before N (Sa-4) __—» records following [N transfer of —>
starts processing Processing processing processed
' p mnm\rials

l

[Source of Disturbance]

Fe-rich fuel debris

Defined in the operational
equipment model

=

Information on safety equipment

A

Generation of dust

model v
[Factors affecting | Change in shape
safety functions] of debris

A4

[Physical quantities
involved]

Neutron flux

Amount of
Dust/concentration

[Operating conditions of safety l
equipment (countermeasures)]

Set in the safety ]

v equipment model
Generation of
contaminated water

v Control parameters to be set
Caneaiiiaile @ in the safety equipment model ]

contaminated water

Criticality §4 ? >
v [ _

Gas phase % . ﬁurbance I

Liquid phase % .



6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.44
6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model
(c) Definition of safety functions for operational equipment activities;

* When extracting important monitoring items, the system configuration with safety requirements and
safety functions are defined based on the safety requirements shown in No. 38 and 39.

« If multiple system configurations with a single safety function can be identified when considering the
normal operational policies and the diversity of equipment that ensures the safety functions, not all of
them will be included, but those most likely to become the main proposal in the future will be selected
using the results of past subsidized projects as reference.

Safety requirements
(confinement (gas phase/liquid phase),

criticality, fire and explosion [1]) [1] Fire and explosion
Safety function 1 Safety function 2 Safety function 3
Proposed measure 1 Proposed measure 1 7Prop03ed measure 1

/ Proposed measure 2

If there are multiple candidates
as proposed measures, one will
be selected for consideration
based on the results of the
previous year's subsidized
projects.

Proposed measure 3

3
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.45
6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model

(d) Model Configuration

: Safety requirement
B Conceptual diagram of safety y -qu' > | No. 381030
equipment model

Safety functions

[System Design]
Components comprising the safety functions

[Physical environmental model inside the PCV]-‘% No.47

(a) Meth
achieving
functions

d for

[Environmental variables inside the
PCV (physical quantities)]
= Parameters to verify maintenance of
safety functions (e.g., dust
concentration)

Equipment design values ‘“‘
that constitute safety

No.46 f functions (e.q. filter cross

. reference
efficiency) |

Equipment design
conditions that constitute
safety functions (e.g.

| relative humidity)

The physical environmental model inside the PCV is defined as the correlation

between the environmental variables inside the PCV and the design conditions



=6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.46
6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model

(d) Model Configuration

B System design

Note: The system configuration of the safety equipment was based on preliminary
engineering information provided by Tokyo Electric Power Company Holdings, Inc. The
information provided is tentative at this time and has not been finalized. In addition, there
are multiple candidates for the system configuration of safety equipment, and one of them
was selected as a representative case for this project.

« Agas-phase system is shown as a typical example for design values and design conditions* for equipment and
components comprising the safety functions required for the system design. The same settings were used for other
liquid phase/liquid phase criticality/cooldown as well.

* Design conditions are conditions for maintaining design values

Functional Configuration
requirements of components

Design value

Design conditions(*) Control parameters

HEPA filter inlet relative humidity:

HEPA filter Filter efficiency: 99.999%
. 99% or less
Reduction of L
dust Dust concentration inside
concentration In-leakage volume: 1000 m%h the PCV
Exhauster Airflow: 3000 m3/h Nitrogen-charged amount: 1000 m3/h
Recirculation airflow: 1000 m3 /h
Static PCV (Primar Size of the opening with less than Primary boundary leakage volume: Differential pressure
boundar Boundary) y 1000 m?/h in-leakage volume at Opening with in-leakage volume of 1000 m3/h | between inside and
y y differential pressure of 400 Pa or less at differential pressure of 400 Pa outside of the PCV

Filter differential pressure:

HEPA filter inlet relative humidity:

. ' Differential pressure
Dynamic HEPA filter approximately several hundred Pa 99% or less between insFi)de and
boundary outside of the PCV

Exhaust fan Airflow: 3000 m3/h PCV negative pressure degree: 100 Pa
Discharge HEPA filter Filter efficiency: 99.999% HEPA filter inlet relative humidity: Exhaust end dust
control 99% or less concentration

1RID
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring ltems Inside the PCV No.47
6.2.3 Study of the debris retrieval model 6.2.3.2 Study of the safety equipment model
(d) Model Configuration

B Physical environmental model inside the PCV

The physical environmental model inside the PCV is broadly classified into the following two
patterns.
See Appendix 6.2.3.2-1 for specific examples of expressions for each pattern

(Pattern A)

The PCV environmental model expresses the correlation between the design values and design
conditions of the components that constitutes the safety functions and the PCV environment
variables (physical quantities) (=control parameters) using mathematical formulas. Operations
that affect this correlation are extracted as risks out of the disturbances in fuel debris retrieval
operations.

(Pattern B)

Pattern A is the basic pattern, but if it is difficult to express by a mathematical formula, factors
that have an adverse effect on environmental variables (physical quantities) (= control
parameters) inside the PCV are organized, and operations that advance these factors are
extracted as risks out of the disturbances in the fuel debris retrieval operations.

The environmental model inside the PCV is expressed by mathematical formulas. If it is difficult to do so, the

factors that adversely affect the control parameters are listed by qualitative expressions

| S e e e e e e ]
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.48
6.2.3 Study of the debris retrleval model 6.2.3.3 Creation of the debris retrieval model

Equipment layout diagram was established based on the settings information of the operational equipment model and the safety
(a) Equipment layout diagram cauipment madel,
. The system configuration for the safety equipment was established based on the design information provided by the TEPCO
N 1 Sy g
19:]9 e Holdings, Inc. (Note 1 and Note 2). Sagyou-Seru- Sagyou-Seru-3
- The design
information provided | | _gy—Sa ou Seru 1C€"(R) I I S ée”(Y) _________________ Ce”(G) ,,,,,,,,, Secondary boundary
i i ic ti o) L ] Y E ] L ] [ ]
Is tentative at t-hIS time Debris'ﬁl'l?cnon Cell transfer Intra-cell transfer Intra-cell transfer Mechanism for transfe
and not def|n|t|ve mechanism mechsanism 4 me&hgﬂismo@l)‘I 5 mechanism @ outside the cell
. . Sagyou-3 Sagyou-4 = Sagyou- =
information. NS . < - .
- There are multiple Sagyou-2 (*2) 5] Collection mechanism S Decontamination mechanism o
- Sagyou-9a 9 <]
: Moving Frar a2 ] Sagyou-6 - o8
cand_ldate_s for system e i Seovol-1 = Sagyou-6 g Sagyou-8 g :
configuration of the R o o PO 2 [ Saoyou-Seru-4 £ |- sagyou-serus 5 8| — sagyou-Seru-6
Safety SyStem, and We" ] § Transfer cask %- vgﬁggmy"gcl#a-n%m i %.
one of them was Nitrogen : 2 Sagyou: < oursie the oo 3
=80you- < » 4
selected out of these |tgroge1 L 1 e e
as the representative supply  pitrogen 3 E Secondary boundary %aqw (5 “AnzenKi-7a Anzen-Ki-8a
case in this project. system |l R 1Cooling water sze"r”;f;?r'{;ag?” s l-:llEtZrA slExhauster :Dgnex FIe
] . = O
Anzen-Ki-1 ). L Anzen-Rin-1 mechanism §§ l
Note 2 ’,' 8 Neutron absorbent supply SE ";iPA Exhauster
! ) _ «# ++++«|equipment for processing = e
This model is Nitrogen | /] X @ g . A
) : f ' work 0o -Kij- nzen-Ki To water
associated with the ; ’ treatment system
] : 1 Purified gas -Ki- -Ki- Anzen-Ki-4a -Ki- Anzen-Ki-6a
top-extraction method t 11 9 AnzenKi-2a  AnzenKi-3a _Anzen-Ki-5a Anzen-Ki-6a
. i 3 | PCV atmosphere | preveatment | HEPA .| HEPA [Charcoal sl Exhauster To exnaust
for convenience of \ 4 fecity filter fier [T e > oot
e | 4
. but th i ! Stagnant water
expression, ut the ) N rereamen] HEPA HEPA ’vharcoal haustel
side-extraction g S M iy e T fiter | T fier [ Exhauste
P> Deb - ._|ter liter
method is also a 7 g~ A : Anzen-Ki-2b Anzen-Ki-3b  Anzen-Ki-4b Anzen-Ki-5b Anzen-Ki-6b
[/ \ ‘\\ s %
target of study. The ) f S -
. . i ) | : D/W stagnant stagnant PCV stagnant
actual evaluation is i Y \water transfer water coarse e oo b stagnant weter
b d th k ! pump A/B particles tank injection pump Cooler
ased on e ‘\ ,/ h removal - ]
.. S > R - e - " Anzen-Eki-4a  Anzen-Eki-5 N
conditions common to TRSEET : Anzen-Eki-1 Anzen-Eki-2 Anzen-Eki-3 — S *1 Boundaries in piping
stagnant connected to PCV are not shown
both methods. [Detailed configuration of components]....... ‘ ‘ . . e ater scharge == "eatt 2 General term for unit cans and
: Anzen-Ki-2a Anzen-Ki- - ;
! Anzen-Eki-4b canisters
i Anzen-Ki-2b Charcoal azen-Ki-
Soe fppendx — i p— 1 fier N
4o Fe Ly 1 1 system - -
enVironmental f - Backwash dry ' f 1 [The ynderlined string of charac_ters n_efers to the model ID] » Flow of a_ur .
conditions inside the =94 Demister oS ?:;:2: - aust collection - Cf}ﬁtfgsm > Tﬁz? by ﬁrL:]lsgle;ntrelated to fuel debris retrieval and transfer system: Sagyou- Arabic == Flow of liquid
£dul me.nt — What constitutes the cell body: Sagyou-Seru- Arabic numerals - Primary boundary (*]_)
PCV. Anzen-Ki-2a-Al Anzen-Ki-2a-B1 Anzen-Ki-2a-C1  Anzen-Ki-5a-A1 Anzen-Ki-5a-B1 Gas phase System:Anzen-Ki-Arabic numerals
Liquid phase system/Cooldown system: Anzen-Eki-Arabic Numerals

' Anzen-Ki-2b-A2 Anzen-Ki-2b-B2 Anzen-Ki-2b-C2 Anzen-Ki-5b-A2 Anzen-Ki-5b-B2 Sub-criticality maintenance system: Anzen-Rin-Arabic numerals

Important monitoring items are expressed as physical quantities and detection conditions for detecting work delay factors (=errors)

that occur in any of the following components



6. Implementation details 6.2 Implen = e
6.2.3 Study of the debris retrieval model 6.2.3.3 Creation of the debrls retrleval model (b) Roadmap of No0.49
environmental changes inside the PCV

The “daily workflow” is applied to the equipment layout diagram shown on the previous page

to predict transitional changes in the environment inside the PCV due to the activities of the
operational equipment by utilizing the roadmap method.

ID: Sa-1 Verification of the overall situation inside the PCV, operational

equipment, and safety equipment T ey
v

ID: Sa-2 Approaching the object to be processed

. . : Spraying neutron absorbent
ID: Sa-3 Work prior to debris processing gugﬁg',gigzgg‘:gf sorbent on

|

ID: Sa-4 Processing of debris ) ol —= =

ID: Sa-5 Various records following processing work >

1 cell(y)

Cell (G) Secondary boundary

ID: Sa-6 Cell transfer of debris
(Processing site — collection equipment in the red area)

ID: Sa-7 Transfer of debris M
(Red area — Yellow area) —— T T
ID: Sa-8 Collection of debris
. g
. *This page shows three
ID: Sa-9 Transfer of debris @ (Yellow area — Green area) transient changes as
l examples, but in the actual
study, all task items are
ID: Sa-10 Transfer of Debris (green area — secondary charted. See Appendix
6.2.3.3.-2 and 6.2.3.3-3.




6. Implementation details '
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.50
6.2.4 Risk assessment 6.2.4.1 Settings for environmental changes inside the PCV due to
operational equipment
(a) Study policies

B Candidates for physical quantities that cause disturbances to safety equipment

See Appendix 6.2.4.1-1 for detailed flow of the study

Investigation item (D : Dust properties during processing (particle size, mass balance)

Investigation item @ : Amount of processing aid, anti-scattering agent, and heat energy input during processing

Investigation item : Amount of neutron absorbent injected during processing and properties of foreign matter (particle
size) during processing

Investigation item @ : Operational parameters of the jig during processing (e.g., cutter rotation speed, blade thickness,
etc.)

Investigation item ® : Dust properties during transfer (particle size, mass balance)

Investigation item ® : Amount of hydrogen generated from fuel debris during transfer

Investigation item @ : Amount of water used during decontamination

B Subject of investigation (IRID project)

+ FY2018 Subsidized Project “Development of Technology for Dust Collection System of Fuel Debris”

+  FY2014, 2015, and 2017 Subsidized Project “Development of Technology for Investigation inside the Reactor Pressure
Vessel (RPV)’

* FY2014 Subsidized Project “Development of Fundamental Technology for Retrieval of Fuel Debris and Reactor Internals”

+ FY2016 Subsidized Project “Upgrading of Fundamental Technology for Retrieval of Fuel Debris and Reactor Internals”

+ FY2018 Subsidized Project “Development of Technology for Retrieval of Fuel Debris and Reactor Internals”

B Subject of investigation (supplementing lack of data in the IRID project)

*  FY2006 Ministry of Economy, Trade and Industry commissioned investigation “Technical Investigation on Impact
Assessment of Decommissioning Works for Nuclear Power Reactors (Study on Environmental Impact Assessment
Parameters),” Appendix: Handbook on Environmental Impact Assessment for Decommissioning Work (third edition),
Central Research Institute of Electric Power Industry, March 2007

* METI, Decontamination Technology Catalogue
https://www.meti.go.jp/earthquake/nuclear/pdf/120626/120626_01j.pdf (URL validity verification date: 2022.8.3)

Investigation of physical quantities that can possibly cause disturbances to safety equipment


https://www.meti.go.jp/earthquake/nuclear/pdf/120626/120626_01j.pdf

=6. Implementation details 6.2 Implen

6.2.4 Risk assessment 6.2.4.1 Settings for environmental changes inside the PCV due to operational
equipment

(b) Settings for environmental changes inside the PCV

l Table of environmental changes inside the PCV

No.51

- See Appendix 6.2.4.1-2 for the method used to estimate total amount of dust generated and a
table of other changes
- See Appendix 6.2.4.1-3 for impact assessment results of static environmental changes for the

) PCV
(typ|ca|examp|e) S
Fuel Assumed properties Assumed processing methods / Particle size of dust ®
debris .| Compressive . . . . . . . .
Density strength Primary component Localized |Processing|Equipment Remarks Aerial processing (no anti-dispersion agent) Underwater processing
type - area mode name
[g/cm?] [MPa] [um] [um]
. All in range of peak particle
[U Rich] Size
Craft, on U, Zr)02-C, Blade diameter: ) b to 3 (mass concentration )
bedrock (upper| (zr, U)02-T, pedestal P00 mm Airborne distribl(mon) Airborne Unknown
ion): 2000 Inside the
Mass of 11 E)et(r:]t;cr’rtlr)]én [Fe Rich] eV Cutting Blade thickness: -1 t0 0.3 (number
i insi : concentration distribution
fuel debris above UO2, Fe, Zry-2, Jlg%rg)njg(xg” Disc cutterfl. mm )
mentioned:  jo-Zr(O), All in median diameter
230 SUS/Fe, Number of Sedimentation0.3 (number distribution) Sedimentation |Above 50
Fe2(zr, V), evolutions: 7.9 (sediment distribution)
7rB2, Fe2B, Zr(0), 1000 rpm -
Fe2zr aé:g?;g’: Either airborne/sedimentation [Floating in water|50 or less /
Z
Y m mm mm mm o mm o mm o mm mm mm mm mm mm = P
Total amount of dust Mass balance and amount of dust migration 4
generated Aerial processing = Underwater prodessmg Amount of processing aid Amount of anti-scattering
Aerial  |Underwater ( Amount 0 \ ﬁmount of dus) injected agent _|njected .
. : Mass balance dust Mass balance (Only for aerial processing)
processing | processing | miaration |1 migration I
1 Total
[a] [a] [9%6] [a] I [%] [a] I Input materials Total i?]mlj)tum of Input materials Jamount off
| | | p input
1 | | R e e
4 N\
| | ltAerial
Airborne 4 | 49.7 |A|rborne -05 Ioroces.smg] . 198 L Mist: 0.05 L/min 9.9 I1
Water: 1 L/min
12421 | 1242 : : Y (RN I N
: ! }
Sedi 1 di i | ! !
* *
edimentat 37 459.6 Bedimentati 995 *) *)
ion on
1 | 1
. | -
P_erlphgral 59 7329 |Float|ng in 6.2 |
dispersion \ ) water \ )

* Of the 10 hours of work hours during the day, the net processing time is deemed to be 3.3 hours

This information is used as a candidate for disturbance to safety equipment

the risk assessment




6. Implementation details 6.2 Implementation details
(1) : Investigation of Monitoring Items Inside the PCV
6.2.4 Risk assessment 6.2.4.2 Risk assessment procedures

——————————————————————-————————————————J OJT-style evaluation (*1) I————-|

|
General composition of OJT|

achieved

What is to be

and what

is to be protected

A

y

Issues to be
addressed

A

y

Mechani
lead to

sms that
issues

A 4

lead to

Countermeasures
to prevent
occurrences of
mechanisms that

issues

[A] Safety requirements/Work requirements

l

Important monitoring items were extracted

Risk Assessment Procedures in Continuous Monitoring Project

(Incorporating inputs based on the results of past subsidized projects) | mm s s m =

[B] Settings for safety or operational functions applied to each task detail
(Example: The following functions are required during debris processing:
Safety functions: Prevention of dust dispersion, sub-criticality maintenance,

e e w01 KlOW

Operational functions: debris processing, debris collection)

\ 4
[C] Error mode

from OJT-style methods (top-down) and No0.52
FEMA-style methods (bottom-up).

[Fuel debris retrieval model]

Table of operational functions, Table of
safety functions

Equipment layout diagram (similar to P&ID)

Input

Input Operational equipment model: daily

Error extraction table: action group sheet

- General theory - Environmental physical model
- Table of disturbances caused by operational

) . - ) ) equipment
Establishment of issues that could possibly affect the required functions Input - Knowledge gained from past subsidized
(Ex. Sub-criticality maintenance — Debris approaches critical state) === projects
|
:lllllllllllllllllllllllllllllll'lllllllllllllllllllllllllll*llllllllllll“'.........................-—r"-‘.. [H]areonthe "'t
. : _ | FMEA type evaluation (*2) == next page .
. [D] The settings of mechanisms that degrade safety or 1 dl' :
. . . . In order to specialize in extracting important monitoring  §
: operational functions Ilnke(_j _to top ev_ents that can occur : items and evaluating superiority and inferiority based =
. under speC|f|c operations I on the premise of equipment and physical values that =
:| (Example: Poor visibility due to fog reduces the sub-criticality | | cause work delays, shift to FMEA type examination .
= . . . . > procedures that allow relative score evaluations u
. maintenance function (debris shape control) of processing | _ , — _ _ ;
. . . . I | [E] Sorting of direct and indirect factors of the events set in the item D u
. equipment, and processing work take time.) I ‘ J
e L D CE LT Y T CCECE T Y PYPTEY FYFTT P FEFEre — _ —— , —
The detection requirements are directly replaced as important . [F] SpeC|flcat|on of equment dlreCtly involved in the events in "
monitoring items. Therefore, in addition to the “physical quantity,” . the item D "
the mon|tor|ng items also have the form of expression “modifier + . v
uantity.” (e.g. de = [G] Detection requirement setting for avoiding top events from  f
\~ v : occurring ]
[G'] Detection requirements for avoiding work delays .
(= Important monitoring items inside the PCV) . , :
[H1] Assessment of impact on [H2] Assessment of [H3] Assessment of .
. safety or operational functions impact on workers impact on throughput E
Importance evaluation o
*1: OJT is conventiona_lly a_safet_y ass_es_sment r_n_ethot_i for nuclef_:\r safety measures developed for each defense in E * :
e e and : 1] Completion of weighted evaluation for items in the important |
evaluating their causes and effects, in this project, it is utilized irregularly to identify detection requirements based . monltorlng items .
on the component of interest /cause and effect of the error. T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e




6. Implementation details
6.2 Implementation details (1) :

6.2.4 Risk assessment 6.2.4.2 Risk assessment procedures
M Input of weightings in the risk assessment table (1/4)

Investigation of Monitoring Items Inside the PCV

No0.53

Item [F] on the ltem D] on the Item [E] on the Item [E] on the ',fﬁ;“v,ﬁ]:;ag": 'éf?w[oﬂ‘)&fgf
* The FMEA type evaluation previous page previous page previous page pre"'ous page
| S e ) —
\'4

shown on the previous page [ ey 1 Item 2 tem3 Item 4 ltem 5 Vitem 6 V' tem 7

IS presented as a risk Safety functions _ S r—

assessment table shown on or operational _ _ Detection | erspectives in

persp
. Target | functions the |Work delay factor| Direct causes of Indirect causes of | requirements to .
the right. : : _ ) continuous
equipment | target function (= error) error error avoid work L
 Item [H] (weighted 's responsible delays mg:g:g[:'? ’
. . for
evaluation) on the previous  |HgpA fiter|Reduction of |Acceleration of [The effective flow  |Partial blockage of _|Filter differential | Details of the
page IS entered in item 7 in dust the deterioration [path area of the the filter element duejpressure evaluation are
. concentration |of dust HEPA filter is to accumulation of explained on the

the table. Details are shown concentration reduced and the filterf[dust migrating from next page

on the next page. reduction functionfperformance cannot [the processing point
° Weighting is decided after inside the PCV |be maintained to the HEPA filter

—_

verifying the validity as
shown in the flow in the

lower right figure.

Validation of the weighted

evaluation is performed in action
items (1)@ and (2)

Weighted evaluation by item 7

Are they relatively weighted
monitoring items?

No

Yes

y

A

(1)@ Organizing s

pecifications for

monitoring requirements

(1)@ Organizing specifications for
monitoring requirements

L 2

v

(2) Study of the mo

nitoring methods

No

Iltem 6 remains
unchanged

Yes

(deliverables)

Completion of risk assessment results

Completion of risk assessment table (deliverable)




6. Implementation details 6.2 Implementation details (1) : Investigation of Monitoring ftems Inside the PCV

6.2.4 Risk assessment 6.2.4.2 Risk assessment procedures

M Input of weightings in the risk assessment table (2/4)
The detection requirements (=important monitoring items) shown in item 6 in the table below are weighted in terms of
safety/operators/throughput as shown in item 7 series.

No.54

Item [H1] on the

revious two pages

Item [H2] on the

revious two pages

Item [H3] on the

revious two pages

Item 1 Item 2 ltem3 Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Vltem 7-3 Iltem 7-4
Safety functions Detection |, o cence or absence of Impact on accurate Impact on
or operational | Work delay . . requirements . ; :
Target | functions the factor (= Direct causes of | Indirect causes to avoid work countermeasures for | and prompt on-site | throughput by Estimation
equipmentftarget function is error)_ error of error delavs disturbing safety or response by countermeasures results
responsible for 4 operational functions workers in item 7-1
HEPA |Reduction of |Acceleration [The effective flow [Partial blockage[Filter
fiter |dust of the path area of the [of the filter differential
concentrationdeterioration [HEPA filter is element due to [pressure Product of
of dust reduced and the |accumulation of Scored from 1to 4 | Scored from 1 to 4 [ Scored from 1 to 4| ./ ro “7° 1°t
concentratio [filter performance [dust migrating points points points |em§ 3' v
n reduction [cannot be from the (See table below) (See table below) | (See table below) )
function maintained processing point
inside the to the HEPA
PCV filter

*The entry details for items 1 to 6 are the same as those on the previous page

< L=

B Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

H Score table for Item 7-2 (for safety systems)

[4 points] Requires constant monitoring during task
and predictability is poor
[3 points] Requires constant monitoring during task
but predictability is good
[2 points] Requires regular monitoring and
predictability is poor
[1 point] Requires regular monitoring and
predictability is good

limitations

W Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task
[2 points] Countermeasures exist, but throughput decreases due to workload

[1 point] No impact on throughput, or when 7-1 is 1 point

B Score table for item 7-2 (for fuel debris retrieval and transfer
system)
[4 points] Cannot be determined directly and there are issues with
introduction
[3 points] Cannot be determined directly and can expect
introduction to be feasible
[2 points] Can be determined directly and there are issues with
introduction
[1 point] Can be determined directly and can expect introduction
to be feasible

- Iltem 7-2 differs in details between the fuel debris retrieval and transfer
system and the safety system. See next page for the reasons

- The meaning and handling of the output scores in the evaluation results
(Item 7-4) are explained on the following pages




6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV N0.55
6.2.4 Risk assessment 6.2.4.2 Risk assessment procedures

M Input of weightings in the risk assessment table (3/4)

~ Concept of weighting @ (Conditions that result in lower scores) ~

(Item 7-1) ... If countermeasures have already been considered or technologies have been developed for countermeasures, assign lower
scores

(Item 7-2) ... If the data (mainly digital values) obtained on-site can be easily determined without the need for workers to be proficient,
assign lower scores

(Item 7-3) ... Assign lower scores if there is no impact on throughput.

~ Concept of weighting @ (Reason why item 7-2 is divided between operational equipment and safety equipment) ~

* The fuel debris retrieval and transfer system (operational system) must continue to operate in an unclear environment inside the PCV.
Therefore, the focus was placed on the feasibility of monitoring countermeasures to overcome environmental changes inside the PCV
(= Are there any issues with introduction?)

* The safety system must cope with transient environmental changes inside the PCV caused by the operational system and their
impact on the safety functions. Therefore, the focus was placed on whether the cause of deterioration of safety functions (= whether
the predictability is good) is easy to identify.

» On the other hand, regarding the definition “there are issues with introduction/can expect introduction to be feasible” for the scores
that were introduced for the operational equipment, the cases of evaluation were defined as follows to avoid discrepancies in
interpretation among evaluators.

There is a possibility of introduction:

Assuming an instrument to be applied to a detection request, direct determination can be made from the instrument’s output (e.qg., digital values). In
addition, there are no development issues in utilizing the instrument. (Example: When the detection requirement is the ambient temperature in the PCV:
Assuming that a sheathed thermocouple is used, if the threshold value is set, the digital value output from thermocouple can directly determine if an event
disturbing work is occurring even if the operator is not proficient. In addition, sheathed thermocouples have a track record of application at the Fukushima
Daiichi and there are no development issues.)

There are issues with introduction:

Assuming an instrument to be applied to a detection request, no direct determination can be made from the instrument's output (e.g., digital values). There
are also development issues in utilizing the instrument.

(Example: When the detection requirement is the dimension of debris inside the RPV: Assuming that camera images are used, the operator cannot
directly determine the dimension from the image output from the camera alone. Mechanical treatment support through image processing will be required.
In addition, cameras generally have low radiation resistance, and there are development issues for use in high-dose radiation environment.)

|
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.56
6.2.4 Risk assessment 6.2.4.2 Risk assessment procedures

. . . . * This project presents indicators from the
B Input of weightings in the risk assessment table (4/4) perspective of ensuring throughput, but there is a

~ Characteristics of the output of scores in items 7-4 ~ need to take into account the frequency of

(Characteristics as a design indicator) disturbing work in the future.

» Low scores do not mean that monitoring is unnecessary. The high or low score is one indicator for determining
the degree of focus for each important monitoring item among limited resources (*).

(Characteristics as monitoring system development)

« Those with relatively low scores are those where “ Countermeasures are being developed for disturbing work,”
“Study of countermeasures has already begun in conceptual design,” and “There is a track record of past
application at the Fukushima Daiichi. or is expected to be applied.”

« In other words, those with relatively high scores are likely to be those that have not been fully studied in the
current subsidized projects for the Fukushima Daiichi, etc., and are highly likely to require the development of
monitoring technology.

~ Treatment of items with high scores in items 7-4 ~

(Treatment in this project)

» The first thing to note as a candidate for important monitoring items to be focused on in the FY2022 research.

« Itis possible that those with high scores may drop in scores depending on the hearings for each method (whether
or not there are countermeasures to prevent disturbing work), so their acceptance or rejection will be determined
in FY2022, including corrections to the scores.

(Treatment in each method)

« Each method will be the first input to be focused on for studying the introduction of monitoring systems.

« This project proposes a generic risk assessment method that does not depend on specific methods. Therefore,
each method should reevaluate Item 7-4 after reviewing the debris retrieval model with consideration of the

Monitoring items with low scores: Monitoring is necessary, but various countermeasures are being studied when
this project is implemented

Monitoring items with high scores: There is a possibility that countermeasures, including monitoring, are
inadequate when this project is implemented




=6. Implementation details 6.2 Implementation-details=(I)--nvestigation-of-Monitoring-ltems-Insidethe PCV

6.2.4 Risk assessment 6.2.4.3 Assessment results (a) Important monitoring items
B Actual details described (gas phase system)

No.57

core table for Ttem 7-T

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still under
development

[2 points] Countermeasures exist, but have not been applied at
the Fukushima Daiichi

W Score table for item 7-2

[4 points] Requires constant monitoring during task and predictability is
poor

[3 points] Requires constant monitoring during task but predictability is
good

[2 points] Requires regular monitoring and predictability is poor

[1 point] Requires regular monitoring and predictability is good

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload limitations
[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID 4 e
Process Ko-3 : Debris retrieval | See AppendIX 6.2.4.3-2 for
work | (7529 ) | : Transfer of debris @/ \ details on this item [ % *3
\_f/ Important monitoring ite / ‘ Weighted evaluation of important monitoring items
Item 7-4
em 1 ltem 2 / Item 3 Item 4 Iltem 5-19 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 ltem 7-2 Item 7-3 (Evaluation
Results
Analysis The
number function Direct Effect " Impact on Point
i i fects on accurate i
Taroat thatthe Work del_ay Direct causes of Indirect Reasons to be D_etectlon monitoring Reason for selection of . Presence or absence of . . . throughput due to I'-jdl of
K K i ) factor (= error causes selected requirements to IIndirect detection requirements Point countermeasures for Point | and prompton-site | Point ) vidu | repre
The analysis number is defined tis error) of error avoid work delays L a disturbing functions error handling al | senta
. . i monitoring response by workers . X
by the combination of these two sibl (indirect causes) tion
character strings r
HEPATIer [ Reauction | Acceleratio | The effective Partial blockage (a) HEPA filter Direct Selected because Functionality is ensured by Filter clogging is due Because item 7-1 is
of dust n of flow path area of of the filter differential (Item 4) accumulation of dust in the switching filters through 2 to daily accumulation, 1 point
concentrati | deterioratio | the HEPAfilter is element due to pressure HEPAfilter increases series of filters (already so predictability is
on n of dust reduced and the accumulation of differential pressure, and a studied) a good a q
concentrati | filter dust migrating this tendency is affected by
on performance from the the amount and particle size
t PR reduction cannot be ® processing point distribution of the dust S
\/ function maintained to the HEPA filter flowing in.
inside the (b) Dust amount Indirect Functionality is ensured by Continuous Because item 7-1 is
PCV and patrticle size (item 5) switching filters through 2 monitoring is required, 1 point
distribution at the 1 series of filters (already 3 but predictability is 1 3
HEPAfilter inlet studied) good.
Partial damage (a) HEPAfilter Direct Deterioration of the filter Functionality is ensured by Post-detectionis Because item 7-1 is
due to corrosion upstream/downstr | (Item 4) elements due to switching filters through 2 possible by constant 1 point
of filter elements | eam dust accumulation of dust in the series of filters (already monitoring of the dust
Same as Same as Same as K i X § X k X
Same as above by dust migrating | concentration HEPAfilter causes partial 1 studied) 4 concentration on the 1 4
above above above X X . i
from processing ratio damage of the filter downstream side of
pointto HEPA elements, resulting in a the filter, but
filter decrease in the dust predictability is poor
Same as (b) Amount of dust | Indirect concentration ratio between Functionality is ensured by Continuous Becauseitem 7-1is
An-Ki-2 . N T T . . 4
above and chemical (item 5) the upstream and switching filters through 2 monitoring is required, 1 point
properties at the downstream sides. Selected series of filters (already but predictability is
HEPAfilter inlet because this tendency is studied) poor.
(pH, chloride ion affected by the amount and 1 4 1 4
concentration, chemistry (pH, chloride ion
chemical concentration, and chemical
. . . \ composition) composition) of the dust
[The numbering rules for analysis numbering] flowing in the filter

Gas phase equipment: Anzen-Ki-Arabic numerals
Liquid phase equipment: An-Eki-Arabic numerals
Cooling equipment: An-Rei-Arabic numerals
Liquid phase sub-criticality maintenance
equipment: An-Rin-Arabic numerals

IRID

(*1) The name of item 2 is omitted for layout reasons. Formal name: Safety functions or operational functions the target equipment is responsible for
(*2) The name of item 7-1 is omitted for layout reasons. Formal name: presence or absence of countermeasures for disturbing safety or operational

functions

(*3) The name of item 7-3 is omitted for layout reasons. Formal name: Impact on throughput by countermeasures in item 7-1

Olnternational Research Institute for Nuclear Decommissioning




-6. Implementation details 6.2 Implementation details (1) Investigation-of-Monitoring-ltems-Inside the PCV

6.2.4 Risk assessment 6.2.4.3 Assessment results (a) Important monitoring

B Actual details described (debris retrieval system)

See *1 on the

items

No0.58

W Score table for ftem 7-1 W Score table for item 7-2
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are il under development

[2 points] Countermeasures exist, but have not been applied at the

feasible

4 points] Cannot be determined directly and there are issues with introduction
[3 points] Cannot be determined directly and can expect introduction to be

W Score table for item 7-3

4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to suspension of task

2 points] Can be determined directly and there are issues with introduction [2 points] Countermeasures exist, but throughput decreases due to workload limitations
[

Model ID i Fukushima Daiichi [1 point] Can be determined directly and can expect introduction to be feasible 1 point] No impact on throughput, or when 7-1is 1 point
o prewous page [;luk‘p‘mhr:gw(x;u”m:rmeasures exist and have been applied to the
Process 9" | Debris retrieval *
3 See *2 on the See *3 on the
Work Sa-9 | : Transfer of debris @ _ previous page _ i _ _ previous page
Important monitoring items Weighted evaluation of important monitoring items
vV Item 7-4
Item 3 (excerpt from i
Item 1 Item 2 (excerp Item 4 ltem 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluat
error extraction table) on
Analysis Resu_l‘ts)
number The function ) )
-2 ElE
Target that the target Direct causes | Indirect causes ?ezttfifg%nents e 8| Presence or absence of - Effects on accurate and - Impact on throughput 2 s
= . . < 5
equipment | ) Work delay factor of error of error avoid work g % g8 countermeasures for - | prompt on-site response by | £ | due to error handling 51582
is responsible B ER=s disturbing functions - - ' 5 (8 S
‘ delays © workers (Indirect causes) = |5
or S
Debris Fuel debris The properties of the | Delay in FHE‘ depris [ltems 4/5] Debris retrieval project is There is a problem in that The workload is limited
with various
processing processing debris are determining properties (a) Fuel debris studying debris processing the property data necessary during sequential
mechanism | function incompatible with the | the optimum properties methods according to the for determining the optimum testing of the
processing method processing (compressive properties of debris (mainly processing method for processing methods in
. selected, and time is | method strength) in the < compressive strength), and debris is not specified item 7-1.
Sal
uB- |t required to determine processing area | 3 % is also studying work 4 | except for the compressive | 2 24 | 24
the processing procedures in which strength.
method. multiple processing
methods are sequentially
tried on a single piece of
debris.
Debris [Gas phase] Excessive heatup of | Volatilization EXCQSSI(\j/e [item 4] The following methods of - Direct judgment is possible The throughput will be
eatup due to
processing Equipment to debris in the dark of radioactive darknzss (poor (a) Dust general measures will by setting the threshold for significantly reduced
mechanism | prevent (poor visibility) and materials due | visibility) concentration at maintain safety functions, dust concentration. because of the
Sak excessive volatilization of to excessive the processing «» | but feasibility has not yet - Technology to measure unknown duration of
al ) . . . I . .
U-A- 1 heatup of radioactive materials | heatup site unaffected 3 g" been evaluated. 2 [ dust concentration at the 3 | suspension of work 18] 18
debris by darkness - Suspension of work debris processing site in a caused by the
\ - Injection of cooling water dark and high-dose countermeasures for
radiation environment is Iltem 7-1.
required.
[Item 5] - Direct judgment is possible
(b) Debris by setting the threshold for
[The numbering rules for analysis] temperature debris temperature.
Safety function related: Saku-A-Arabic unaffected by % - When measuring with a
3| & Same as above 2 ) 3 Same as above 18] 18
) r]umerals ) darkness < thermal camera, there is a
Operational function related: Saku-B-Arabic . -
numerals problem with radiation
resistance in a high-dose

1RID
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6. Implementation details 6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.59
6.2.4 Risk assessment 6.2.4.3 Assessment results (a) Important monitoring items '

B Important monitoring items of high interest in safety equipment (1/2)

* Based on the risk assessment results, the high-profile important monitoring items that have an impact on
throughput (= 2 or more points for item 7-3) and furthermore are items for which countermeasures for operational
(safety) functions are still being developed or have not been sufficiently established (= 3 or more evaluation
points for item 7-1) are shown below.

* In the evaluation of the importance of important monitoring items, among the equipment that make up the safety
functions, the PCV, which is an existing equipment and constitutes a static boundary, was extracted as having a
high degree of importance.

+ See Appendix 6.2.4.3-1 for a quick reference table of all important monitoring items, and Appendix 6.2.4.3-2 for a
detailed version.

Table. Important monitoring items for the gas phase confinement system during debris processing work (excerpt)

Weighted evaluation

Work delay factors from of risk assessment

Important monitoring items for detecting

e 1 Equipment name | which monitoring items are work delays table
well 2 set
61 : ltem7-1 | Item 7-3
= [Gas phase [Analysis number: Sa- 4 Differential pressure between inside and
confinement An-Ki-14, 15] outside of the PCV 4 3
system] As the PCV deteriorates
PCV and the size of the PCV

Amount and chemical properties (pH,
chloride ion concentration) of mist flying to
the PCV wall near the D/W water surface 4 3

opening increases, leaks
occur inside, and the
differential pressure
between inside and outside
of the PCV decreases

Other monitoring items, including those not listed above, that should be focused on in

FY2022 will be selected.

| .
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6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV
6.2.4 Risk assessment 6.2.4.3 Assessment results (a) Important monitoring items

B Important monitoring items of high interest in safety equipment (2/2)

+ Based on the risk assessment results, the typical examples of high-profile important monitoring items that have an impact on
throughput (= 2 or more points for item 7-3) and furthermore are items for which countermeasures for operational (safety) functions
are still being developed or have not been sufficiently established (= 3 or more evaluation points for item 7-1) are shown below.
These will be candidates for important monitoring items to be focused on in next year's research.

+  See Appendix 6.2.4.3-1 for a quick reference table of all important monitoring items, and Appendix 6.2.4.3-3 for a detailed version.

No0.60

Table. Important monitoring items for operational system during fuel debris processing (excerpt)

Moving mechanismr" Fuel debris
inside the PCV processing
mechanism

JRATA | N P,

I Equipment
H name

S
Nitrogent

Work delay factors from which
monitoring items are set

Important monitoring items for
detecting work delays

Weighted evaluation
of risk assessment
table

IBE Lo
: : [Debris retrieval
N system]

\, Debris
N s processing
mechanism

ltem 7-1 Item 7-3
[Analysis number: Sa-4 Saku-B-3] Degree of wear and tear of
Processing jigs wear out quickly, focessing iias 3 2
and frequent replacement make P 9)g
processing time-consuming Compressive strength of debris to be 3 5
processed
[ Analysis number: Sa-4 Saku-B-7]
Processing results (whether it was
processed to the specified size) Dimensions of processed debris 4 4
cannot be determined due to fog, unaffected by fog
and it is time consuming due to
having to redo the process

[Explanation of “Degree of wear and tear of processing jigs”]

+ If the technology for immediate replacement of jigs by a tool changer, which is being developed as a separate subsidized project, is applied
on-site, the impact on throughput can be expected to be minimized. The degree of expectations vary depending on the method.

[ Explanation of “Dimensions of processed debris unaffected by fog” |

» ltis possible that alternative countermeasures may be necessary depending on site conditions that impede visual inspection.

* Itis necessary to interview other subsidized projects that are considering each method to see if there are any countermeasures, and to

consider how to handle them in FY2022.

IRID

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.61

6.2.4 Risk assessment 6.2.4.3 Assessment results (b) Overall trends

B (Reference) Overall results including safety equipment/operational equipment (1/2)
* The details of the factors that disturbe work (= number of errors) and important monitoring items extracted from

the results of the risk assessment are shown below.
« See Appendix 6.2.4.3-4 for the correlation between the debris retrieval model and the risk assessment table.

Item 3 Item 4 Item 5 Item 6
Iltem 1 ltem 2 r \l - - - | — \l
Extraction evaluation of important monitoring items
Safety functions or
Target operational function Work delay factor (= . . Detection requirements to
X S Direct causes of error Indirect causes of error .
equipment |the target function is error) avoid work delays
responsible for
HEPA Reduction of dust Increased dust Dust concentration inside the [Partial blockage of the filter (a) Filter differential
Filter concentration oncentration inside the ||PCV increases as the HEPA |element due to accumulation Jpressure
PCV ilter deteriorates and the of dust migrating from the (b) Dust amount and
HEPA filter efficiency does not [processing point to the HEPA [particle size distribution at
meet the design value. filter the ilter inle

Number of item 6 =
Number of important
monitoring items
In the case of this

Number of item 3 =
number of errors
In the case of this

table, 1 case
table, 2 items
Safety
SEEY equipment, 94
equipment, 116
Total number of factors that impede work (errors) extracted Total number of important monitoring items extracted (*)  sgxcjude duplicate
(The number in the graph is the number of errors) (The number in the graph is the number of monitoring items) monitoring items

Total number of errors extracted: 193; total number of important monitoring items extracted: 201

|
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6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Iltems Inside the PCV No0.62

6.2.4 Risk assessment 6.2.4.3 Assessment results (b) Overall trends
B (Reference) Overall results including safety equipment/operational equipment (2/2)

Sealed canister Sagyou-10 ‘

* The green hatChmg in *The underlined character string indicates the model ID Sagyou-Seru-2 Sagyou-Seru-3
the diagram on the , oo sagvousenn1 Cell l Cell(Y) Cell(G) secondary boundary
: . . =R} x e = — S
rlght (eqUIpment Debris collection 2‘2(';";";'9' Intra-cell transfer Intra-cell transfer Mechanism for transf
H H mechanisi mechanism mechanism outside the cell
Iayqut) indicates the Saqyou- imer - Saos < 1l Saovou @ cer 4 Saavous
main ComponentS :—a_qu ZSa0youea 9 m':ﬂfs:;:ie;"""g o De::tli'gimi ¥
fediy Fuel debris g S es
mechanism " ~ 3 Sagyou-6 Il n g3
affected by factors s he Py —, I Soovou-L 8 | — saayou-seru-4 B somor maein e |52 - sagousers
e e -....-_...é z |Ne H  Sagvou- ! BE Sagyou-Seru-6
3 El 3
3 <
< [}

. o |
that impede work. Well !
_ : Sagyou-9b Vantetng ousicehace
Nitrogen H = T L
- J
Nitrogen | wivogen i e s K-
gen 1 Sagyou-9 ( Anzen-Ki-7a Anzen-Ki-8a
H ; Secondary boundary swese [ _
system H 1  Cooling water drainage mechanism o) HEPAfilter sdExhaust A=-|—0 exhaust port >
] ' < : -: A ’ Anzen-Rin-1 -
Anzen-Ki-1 J L —
\ Neutron absorbent supply 3 il Exhauste
Nit \ @ «% »=++] equipment for processing iter
itrogen: \ work Anzen-Ki-7b Anzen-Ki-8b > To water
= treatment
[
I, “ 1 Purified gas Anzen-Ki-2a Anzen-Ki-3a Anzen-Ki-4a Anzen-Ki-5a Anzen-Ki-6a <Ll
! | PCV atmosphere TEPR )
- HEPA Charcoal
a Pretreats it - - & - -
$ e - filter * fier -+  filter ] FXNAUSE hlag]  To exhaust "°">
Stagnant water ‘l.
| Prereament HEPA HEPA o] Charcoal | Exhauster
- faclity filter filter filter
1 Anzen-Ki-2b Anzen-Ki-3b Anzen-Ki-ab Anzen-Ki-5b Anzen-Ki-6b
gy o = h 4
! D/W stagnant BQA;:I::::: PCV stagnant
water transfer §—g,§ "o covee water buffer |7#]water injection -~ Cooler =
i — — ‘ Al Eki-4 Anzen-Eki-5
n n nzen-cki-4a AnZen-cki-o
— Anzen-Eki-1 Anzen-Eki-2 Anzen-Eki-3
PCV stagnant water §.. t.rrga‘;vmateer:t
[Detailed configuration of components] e ischarge pump i System
Anzen-Ki-2a Anzen-Ki-5a Anzen-Eki-4b
Vm— Anzen-Ki-2b Charcoal Anzen-Ki-5b
[y == fier  [— | o water

system
< Flow of air

| '
| Al r 1
Electric pac oy, Charcoal HEPA -—
i dust coll Flow of liquid
-D!Demlster '_.{ heater e "I filter i "{ filter ]' > ‘
= == = Primary boundary (*1)

Anzen-Ki-2a-Al  Anzen-Ki-2a-B1 Anzen-Ki-2a-C1 Anzen-Ki-5a-Al Anzen-Ki-5a-B1
Anzen-Ki-2b-A2  Anzen-Ki-2b-B2 Anzen-Ki-2b-C2 Anzen-Ki-5b-A2 Anzen-Ki-5b-B2 *Boundaries in piping connected to the PCV are not shown

Detailed descriptions of safety equipment and operational equipment are shown on the

following pages




6. Implementation details =
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV N0.63
6.2.4 Risk assessment 6.2.4.3 Assessment results (c) Trends in safety equipment

B (Reference) Overall trends in safety equipment (1/2)

» The figure below shows the number of work delay factors (= errors) and important monitoring items extracted for
each system. The number of errors is highly dependent on the number of equipment that comprise the safety
functions.

* The number of important monitoring items including direct monitoring items (process changes due to safety
equipment) and indirect monitoring items (environmental changes due to fuel debris retrieval operations) were
organized so as not to overlap.

25
Number of errors
20
20 Number of important
monitoring items
15
12 Total number of errors: 116
Total number of important monitoring items: 94
10 °
.
6
4 4 > 4
5 3
0 00 0 00 l 0 -I 00

Gas phase confinement Liquid phase confinement  Cooling Criticality

Gas phase confinement has the largest number of work delay factors and important

monitoring items

|
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6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No.64
6.2.4 Risk assessment 6.2.4.3 Assessment results (c) Trends in safety equipment

B (Reference) Overall trends in safety equipment (2/2)

» The results of the weighted evaluation of work delay factors (= errors) extracted in the risk
assessment table are shown.

« Even though it is detected that the risk to the safety function has become actualized, if the
feasibility of procedures to maintain the safety function is low, the impact on the safety function
will be large, and similarly the impact on the throughput will be large as well, resulting in a
higher score in the error weighting.

» From the above point of view, the score of gas phase confinement was high.

_ Weighted evaluation results of errors
Safety requirements :
Highest score Lowest score
Gas phase confinement 48\ 1
. . . Monitoring )
Liquid phase confinement 4 1 items shown 3
L inNo.59
Cooling A 3
Criticality prevention 4 3

The highest score in the weighted evaluation results were given to the work delay factors

for the gas phase confinement equipment
I_RID m



6. Implementation details

6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV No0.65
6.2.4 Risk assessment 6.2.4.3 Assessment results (d) Trends in operational equipment

M (Reference) Overall trends in operational equipment (1/2)

The following figure shows the trends in the extraction of work delay factors (errors) in the fuel debris retrieval and transfer system

(Figure below).

[Pattern verified in the overall trends]

» Direct operation on fuel debris (model ID Sa-4) has the largest number of errors extracted.
— Reason: Dynamic changes in the environment inside the PCV, such as dust dispersion, are conspicuous. This is because the
results (database) of existing subsidized projects are also substantial.

*  The number of errors extracted in the task of collecting fuel debris in a container and transferring it out (Model ID Sa-6 to 9) has
decreased compared to Sa-4.
— Reason: Separation from the atmosphere inside the PCV due to the cell. Reducing the impact of fuel debris packaging.

Total number of errors: 77 Model ID Name of work

25 (Total number of important monitoring items: 107)
—Not shown because the relationship between the number of errors and the number of

Verification of the overall situation
Sa-1 inside the PCV, operational
equipment, and safety equipment

20 Sa-2 Approaching the object to be
processed
Work prior to debris processing
15 Sa-3 (spraying neutron absorbent on
) submerged debris)
g Sa-4 Processing of debris
()] "
= 10 Sas Various records following processing
- - work
8 Cell transfer of debris
= 4 Sa-6 (Processing site — collection
g 5 3 equipment in the red area)
_ _ 1 _ Transfer of debris @ (Red area —
0 00 I 0 I I. U = 00 Sa7 1 vellow area)

Sa-1 Sa-2 Sa-3 Sa-4 Sa-5 Sa-6 Sa- Sa- Sa-9 Sa- Sa-8 | Collection of debris
7 8 10 Sa-9 Transfer of debris @ (Yellow area —
Green area)

Daily workflow (model ID)

Transfer of debris (green area —

Sa-10 secondary boundary)

LSS
‘ Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Iltems Inside the PCV No0.66
6.2.4 Risk assessment 6.2.4.3 Assessment results (d) Trends in operational equipment

B (Reference) Overall trends in operational equipment (2/2)

« The results of the weighted evaluation of work delay factors (= errors) extracted in the risk assessment table
are shown.

» The highest score was for the error “It takes time to confirm the fuel debris processing result (fuel debris
shredding completion)” in “Model ID Sa-4: Processing of debris.”

. TRT—
Model ID Work Name Eval.uatlon results of error weighting (*1)
Highest score Lowest score
Sa-1 Verificgtion of the overall situation insic!e the PCV,
operational equipment, and safety equipment
Sa-2 Approaching the object to be processed (¢ No.60table 9 1
Sa-3 Work prior to debris processing ‘Dimensions of 18 12
- - processed fuel
Sa-4 Processing of debris debris unaffected > 64 9
Sa-5 Various records following processing work \—_byfog,” etc.
Cell transfer of debris
Sa-6 (Processing site — collection equipment in the red 9 3
area)
Transfer of debris @
Sa-/ (Red area — Yellow area) 6 2
Sa-8 Collection of debris 12 4
Sa-9 Transfer of debris @ 4 1
(Yellow area — Green area)
Sa-10 Transfer of debris
(Green area — Secondary boundary)
*1 Quoted scores for item 7-4 in the risk assessment table

The highest score in the weighted evaluation results were given to the work delays during fuel

debris processing.



6. Implementation details
6.2 Implementation details (1) : Investigation of Monitoring Items Inside the PCV
6.2.5 Organizing specifications for monitoring requirements

No0.67

* An example setting of monitoring requirement specifications for important monitoring items is shown in the

table below.

« The following items, which are generally considered important in terms of instrument selection, were
individually set for the activities in item (2) “Study of the monitoring methods.”
[Monitoring requirement specifications]
Detection location, number of detection points, physical quantity measured, corrosion resistant environment for
measurement instruments, measurement range (approximate), measurement environmental conditions (air dose
rate, temperature, pressure, humidity), detection accuracy requirements

Important . Unit of Corrosion resistance . Environmental Required
o Detection Number of : Approximate . :
monitoring : . : measur required by conditions for the detection
. location detection points : measurement range
items ement instruments measurement accuracy
Debris Debris during |Attached to debris  [cm Corrosion due to the In the criticality project, RPV: Maximum 5000 Gy/h k1 cm
dimensions  Processing  [retrieval equipment following components  [the processing range [Temperature: Maximum 50°C
(during RPV, inside should be considered  [per occasion is limited [Pressure (gauge pressure):
Debris debri and outside of L Chlorine derived from o 16 cm x 16 cm x 16 [2000t0500Pa
. eoris Humidity: 100% (with
retrieval processing) the pedestal) seawater cm cube, so the Londensation)
system - Boric acid solution following will be used.
derived from neutron -1 cmto30cm
absorbent
- Condensation
Differential Inside and [Two locations (1 Pa Corrosion due to 2000 to +500Pa [Process conditions] +10 Pa
pressure outside of the [inside the PCV /1 condensation should be Dose: high fédlatl?)n
between PCV butside the PCV) considered remperature: 100°C or less
inside and W hether or not to P::Ssssurrg.+,;t()rggs§2erlc
Gas oh outside of measure multiple IF-)|umi(ljJity:_100% (with
as pnase the PCV !ocatlons instead Of, condensation)
confinement ust the representative
system points is to be [Ambient environmental
determined in the conditions]
future design stage Dose: high radiation
Temperature: 100°C or less
Humidity: 100% (with
condensation)

1RID
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6. Implementation details 6.3 Impiementatlonﬂe{au&%Z)—SluayLoimeMmmoFmgﬂekus%
6.3.1 Study of diversification of monitoring methods No0.68

* Itis necessary to consider some of the detection requirement items ,assuming countermeasures on the operational equipment side for the purpose of
avoiding work delays, and to consider replacement and refinement of detection requirements that can support them. An example of operational
equipment is shown below. An example of safety equipment is shown on the next page.

Process |[Ko-3 |: Debris retrieval
Work Sa-4 |: Processing of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 Item 7-4
(excerpt (Evaluati
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 on
) extraction Results
Analysis table) )
number The function Detection > _ .";5
i <] 5|15 10
Target that th? Work delay | Direct causes Indirect requirements | J |3 2 Presence or absen(_:e Of. 3 |Effects on accurate and prompt on-site response| § Impact on through_put % % o
equip [target is causes f 212 5§ countermeasures for disturbing 2 2. |due to error handling | 3 |8 3
. factor of error to avoid work| 3 |§ & : 3 |by workers = . 22
ment |responsible of error S g functions (Indirect causes) s B S
delays © D |z
for S
Debris |[Criticality] The dust Debris Fall of [ltem 5] - A technology to prevent re-criticality - The structural strength of structures must be During the application
proces |Debris dispersed by |approaching |[structure |(b) Structural by spraying neutron absorbent evaluated based on various parameters such as of the neutron
sing [processing |processing [to criticality strength of (temporary suspension of work) is defects, strain, stress, and cracks, making direct absorbent, workload
mecha|shape control |approaches |due to shape structure under development in the debris determination difficult. is limited according to
nism |function the allowable |change leading to fall retrieval project. - In general industry, there are non-destructive the countermeasure
Saku 1 dust mode 3 g,": - In the debris retrieval project, 4 inspection equipment (ultrasonic wave counter, 5 initem 7-1. 24 | 24
-A- concentratio 3 concepts such as a support arm that etc.) for evaluating the structural strength of
n inside the supports the processed materials and bridges and concrete tunnels, but there are
PCV a tray that catches falling objects are technological issues such as radiation resistance
being considered to prevent the in high-dose radiation environment and methods
processing area from becoming brittle of application to complex shapes.
and falling by gravity.

[For operational equipment Model ID “Sa-4: Processing of debris” detection requirement “Structural strength of structure leading to fall mode”

(above table)]

»  The purpose of avoiding this work delay is to “ascertain whether or not the surrounding structures are likely to fall.” In the above risk assessment table,
“Structural strength of structure leading to fall mode” was established as a detection requirement.

* In general, to evaluate the strength of structures, it is necessary to assume the stress applied on-site against the allowable stress and determine whether
various failure modes such as fracture and fatigue failures occur. Therefore, the data required to satisfy this detection requirement covers a wide range of
data such as materials, damage conditions, and dimensions, etc. of the structure on-site.

*  On the other hand, in the actual fuel debris retrieval operations, measures to avoid work delays can be considered through hardware design for operational
equipment, such as, “install dedicated arms to support the structure in order to prevent it from falling,” “provide receiving pans and buffer materials to catch
falling structures,” and “spray neutron absorbent around in places where falls are predicted in advance.”

+  Therefore, it is necessary to evaluate in FY2022 whether the detection requirement “Structural strength of structure leading to fall mode” is essential as
countermeasures for hardware design as in the above example, and whether it needs to be more detailed, or whether the objective can be achieved even if
another alternative detection requirement is established.

The important monitoring items established in FY2021 include those that need to be modified to support countermeasures against work delays

executed by operational equipment



6. Implementation details 6.3 Implementatic

6.3.1 Study of diversification of monitoring methods

— @ Particle size and amount of dispersion of dust generated during processing

No0.69

Process Ko-3 : Debris retrieval
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Iltem 1 Item 2 Item 3 Iltem 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analvsi Results)
nalysis i Impact on .
number The function . Detection . Presence or absence Effects on accurate throughput due Point
that the ] Indirect . Direct . . - of
Target N Work delay Direct causes of Reasons to be | requirements P ) Reason for selection of . of countermeasures ) and prompt on-site ) to error Indivi
. target is _ causes X monitoring/Indirect . . Point . . Point Point R repre
equipment . factor (= error) error selected to avoid work L detection requirements for disturbing response by handling dual
responsible of error monitoring N X senta
delays functions workers (Indirect X
for tion
causes)
HEPA Reduction | Increased Dust Partial (a) HEPA Direct (item 4) Selected because Functionality is Filter clogging is Because
filter of dust dust concentration blockage of filter accumulation of dust ensured by due to daily item7-1is1
concentrat | concentration | inside the the filter differential in the HEPA filter : switching filters 1 accumulation, so 1 point :
ion inside the PCV element due pressure increases differential through 2 series predictability is
PCV increases as to pressure, and this of filters (already good
the HEPA accumulation tendency is affected studied)
AnKid filter ® of dust (b) Dust Indirect (item 5) by the amount and Functionality is Continuous Because 3
n-Ki- N . .
deteriorates migrating from | amount particle size ensured by monitoring is item 7-1is 1
and the HEPA the processing | and particle distribution of the switching filters required, but point
filter efficiency point to the size dust flowing in. : through 2 series 3 predictability is 1 3
does not meet HEPA filter distribution of filters (already good.
the design at the studied)
value. HEPA filter
inlet

[For safety equipment model ID “Sa-4: Processing of debris” detection requirement “Dust concentration downstream
side of HEPA filter”]

This work delay is based on the assumption that the filter element is partially damaged due to deterioration of the filter

element caused by dust accumulation in the HEPA filter. This work delay can be detected by a decrease in the dust
concentration ratio upstream and downstream.
This detection is not aimed at predicting failure (i.e., the goal is to detect consequences of damage).
The reason why this detection goal can be established is that even if the HEPA filter is damaged, backup measures are being
considered for switching filters through 2 series of filters.
Due to the above, depending on the method, there is a possibility that it may not be necessary to study algorithms for
prediction.

There is a need to evaluate the treatment of important monitoring items with such characteristics in the next fiscal year.

Some of those that have backup measures currently in place against disturbing work do not require resource-

intensive predictive detections

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation Details 6.4 Summary
B Summary of the implementation details for FY2021
[Implementation Details (1): Investigation of monitoring items inside the PCV]
@ Investigation of important monitoring items
* Monitoring items inside the PCV that lead to work delays were investigated, risk factors
(= work delay factors) were extracted, and important monitoring items inside the PCV were
established to detect these factors with the objective of enabling operators to respond
accurately and promptly on-site on a daily basis.
» As a method for extracting risk factors, a fuel debris retrieval and transfer process with the
added safety functions were modeled.
» The extracted risk factors were weighted and evaluated in terms of the degree of deviation
from the planned state of fuel debris retrieval (evaluation items: safety, operators,

throughput).

No0.70

(@ Organizing specifications for monitoring requirements
* Required on-site data (= physical quantities to be detected) were established for the

important monitoring items inside the PCV extracted in @D above.
« In addition, the necessary parameters, range, and accuracy for measurements were studied

for each physical quantity.

[Implementation Details (2): Study of the Monitoring Methods]
(D Study of diversification of monitoring measures
* Looking to the next year's study, an initial analysis of important monitoring items was
conducted. The hardware response on the operational equipment side was assumed, and
verified the need to consider replacing or refining detection requirements capable of support.

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation details No.71
6.5 Contributions to the recipients of the results

« The planned input destination of the final deliverable is as shown in
No.15, but the results of FY2021 will be contributed as follows.

To whom What In what form
To operational Important monitoring items to
equipment to be continue normal work in
studied for each response to the risks caused by

method, environmental changes inside are entered Iin the report.

the PCV due to fuel debris
retrieval operations

To safety
equipment to be
quip Same as above Same as above
studied for each
method,
ﬁl D Olnternational Research Institute for Nuclear Decommissioning



mplementation details

| N0.72
6 Issues

6.
6.

* As shown in Section 6.2.4.3, it is necessary to select items that
should be focused on in FY2022 in response to the important
monitoring items extracted. This issue will be studied in the
Implementation Details (2) : Study of the Monitoring Methods.

« As shown in Section 6.3.1, among the extracted important
monitoring items, it is necessary to flexibly review them
depending on the content of countermeasures taken by
equipment for each method against work delays. This issue will
be studied in the Implementation Details (2) :Study of the
Monitoring Methods.

3
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6. Im Implementation details

No0.73

6.7 Level of achievement relative to the goals
B TRL (reposted from No0.18)

Implementation
details

Targeted effects

(Supplemental) TRL definitions

(1) Investigation
of monitoring
items inside the
PCV

Monitoring items that should be monitored inside
the PCV must be investigated, extracted and
organized to satisfy safety requirements
including maintaining confinement function of the
PCV during fuel debris retrieval, and monitoring
the sub-criticality condition.

(Technology Readiness Level (TRL) is not set
because research and organization of issues
for technological development are different
from development items.)

(2) Study of the

Based on the organized results of
implementation details (1), issues must be
extracted for the installation of each measuring

Development and engineering work is
performed, and the required specifications

monitoring equipment for monitoring inside the PCV, and a | are developed in areas where there is almost
methods : . :
plan must be developed to resolve the issues. no applicable past experience.
(Target TRL upon termination: Level 2)
(3) Stuc_ly of Support items that contribute to integrated
operational : S . .
" management at the Fukushima Daiichi must be | Basic requirements and necessary
policies for : : o
. extracted, based on the results of technologies are identified for the methods
integrated . : . .
management implementation details (1) and (2), and on-site and systems to be developed and
su o%t usage measures must be planned. engineered.
PP (Targeted TRL upon termination: Level 1)
technology

In 2021, important monitoring items inside the PCV were extracted

Of the above TRLs, Implementation Details (1) were accomplished on schedule

Olnternational Research Institute for Nuclear Decommissioning



6. mplementatlon detalils
6.8 Future plans

No.74

Bl Response for FY2022

« Based on the input from the results of the risk assessment conducted in
FY2021, “Implementation Details (2) Study of the Monitoring Methods” and
“Implementation Details (3) Study of Operation Policies for Integrated
Management Support Technology” will be undertaken according to the
Initial schedule.

S
' D Olnternational Research Institute for Nuclear Decommissioning
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Subsidy Project of R&D Program on Decommissioning and
Contaminated Water Management started in FY2021
Development of Support Technology for Integrated

Management of Decommissioning Fukushima Daiichi Nuclear
Power Station (Development of Continuous Monitoring
System in Primary Containment Vessel)

Accomplishment Report for FY2021
~ Appendix ~

August 2022
International Research Institute for Nuclear Decommissioning

(IRID)
All rights reserved.
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ppendix 2-1: Monitoring data operational concept (roles of three supporting technologies)

+ An example of operational concept of information based on a monitoring system is shown below. Operational data (FACT data

) No0.76

obtained from the monitoring system is utilized for operator support, analysis support, and work plan improvement support
respectively. As the operation data is accumulated, analysis to reduce uncertainty will be performed to improve the reliability of
the various support technologies.

* Improvements in support technology can contribute to decision-making based on the actual conditions (operating data) on-site
to ensure throughput and to improve daily task procedures or mid- and long-term- work plans.

Operating data ot other
equipment outside the
PCV

Where to apply the
results of action
items (1) and (2)

Technology related to measuring
equipment (e.g. Specification of
requirements, installation technology,
maintenance technology)

v
(A) l Monitoring system |
l [Daily operator A

| Monitoring data for on-site equipment I

support]

data

Hypothetical data (uncertainty) to
compensate for missing FACT

[Leader's Situational Awareness] Example: The
increase in dust concentration during debris processing

Dataset for
operating
operator support
teﬁhnology y

Mid- and long-term

work plan data

is different from usual. Safety is not an issue, but
cannot determine if the current task should continue

[Output of support Manual : l .

technology] When provided SWI'[C'h to the optimum
the dust — operation manual by [the

concentration is in leader's discretion]

the range of OO to

AN, the task of the

retrieval equipment
is 100

[Operator implementation]
Implement the switched operation
manual

—

I,
Daily task performance

(operation data) J
concentration was suppressed I

Example: After switching the operation

manual, the increase in dust

[Annual analysis support]

v

[Analysis by the person in charge of operation support]
Example. FACT data pertaining to elevated dust
concentration have been sufficiently collected to replace the
hypothetical data. The analysis support system suggests it is
possible that the operating parameters of the current air
conditioning equipment may exceed the control value

T 2

Data from the evaluation results of the
atching characteristics between the mid-an|
long-term work plan and the environment
inside the PCV

Data from evaluation results to
reduce uncertainty on-site

[Output of support technology]
Example: Indication that operation of
current air conditioning equipment and
site conditions
do not match

[Output of support
technology]
Example. Conditions for
simulation to generate more
accurate manuals

[Annual work plan
improvement support]

Where to apply
the results of
action item (3)
(examine the
concept of the
flow of
information and
its utilization as
shown in this
figure)

[Analysis by the person in charge of operation support]
Example: Desiring to increase the exhaust air flow of air-
conditioning equipment. The system for work plan
improvement support suggests that if the operation parameter
is setto A A, it will not adversely affect other systems.

}

[Activities to support operators] ———

Example. Simulations for creating a
manual

(A) «—

Reduced dependence on

hypothetical data inputs [®
to the simulation

[Output of support technology]
Renewal of work plans




“Appendix 3.2-1: Flow of development OTW
P - 1 No0.77

I (2) study of the

from the operator's point
of view (first fiscal year I

There are no development
issues in the overall

Maintenance
of
development
issues

® —
"y

1)@ Organizing specifications for monitoring
requirements

y

(3) Study of integrated
management support

Consider the accuracy of
required measurement and on-

site environmental changes |
(variation) due to the progress of

| v
on-site operations (1) Investigation-of monitoringiitems inside the PCV Output: (Goal 2) Monitoring data operational concept

|
T monitoring methods :
Example: Debris retrieval model did not 'l - l |
reflect an exhaust air motor that could | | Example:
indirectly monitor filter clogging | (2)® Study of diversification of monitoring measures = | Filter clogging
— | | cannot be
- Structural information inside and outside of the PCV & I . — = | monitored
- Law/implementation plan/safety regulations Input as reference : due to modification of Diversification 0 indirectl
- Others (current monitoring items inside the PCV, etc. ) information to I the debris retrieval I
design | Input to
\ 4 1A | desi
Input as reference Results of the study of nf i i : esign
i i i nformation other : :
information to design »lsubsidized proiects u h bsidized : Maintenance of (2)® Study of installation methods for | Plan f
| proj Pl| than subsidize I || development measuring equipment | an for
Results of system study to FY2020 projects : issues : penetration
for each subsidized @ I > ] | [ . l—y— utilization
project for the Fukushima ettt R % I @ : by plant
Daiichi | v LD o | operators
M Fuel debris retri.(—,‘ve.ll and [ : Investlgatlon of : | |
transfer system (inside the | important I : - :
PCV) I monitoring [ |
h | items [l Output: (Goal 1) I
Gas % a;she sgét\e/m I l ! s E (2)® Organizing technological issues :
(inside the ) I Was adequate settingS | monitoring
Liquid phase system information obtained to : inside the PCV | Needs of
(inside the PCV) eenstruct the model= I : i plant
: (3)@ Study of on-site data usage m¢asures | operators
|
- ' ' from th
[Measures to compensate Extraction of work delay factors | | . C; ratto ri?s
for deficiencies] Settings | : Are there any on-site data thati i Eoint of
with variations implemented | . | | .
in this project I Risk assessment I : view (next
l w ; I o ' | fiscal year)
| Deciding on the important monitoring items inside : !
I the PCV I (3)@ Study of overall treatment process of on-site data :
I (safety, operators, throughput) | |
Needs of plant operators| : | |
| l i
! | |
| I !
| |
| |
|
t

The decisions from the reviews are setup at various points to ensure output is in line with the goal




“Appendix 3.3-1: Relationship between this project and other research
B Details of contributions to other projects (delivery)

Contributions to each project are as follows.
[Main results for achieving the goals of this project]
* Important monitoring items (weighted in terms of safety, operators, and throughput) and
their implementation methods. Or issues in implementation.
[Contributions to each project based on the above results]
« Important monitoring items for each method can be set and reviewed.
« The necessary monitoring technology for each method can be identified.
[Secondary effect]
« To maintain normal work of each method,
— Present the evaluation process leading to the determination of monitoring items for the
method
(Corresponds to the details of study in Chapter 6)
— Present the process of extracting design conditions for a system that will continue to
maintain a state of safety
(Corresponds to the procedure for conducting risk assessments in Section 6.2.4.)
— Present additional details of study necessary to improve the accuracy of the above two
items
(Examples. test data, on-site data, physical model, etc.)

No0.78

In addition to presenting candidates for important monitoring items that should be

adopted for each method, this project presents various design processes to maintain
normal work as a secondary effect.

| =S
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“Appendix 6.2.1-1: Prerequisites for the
with the level of risk)

« This project will study the monitoring items necessary to maintain normal conditions, but the items to be extracted
are thought to contribute to the overall risk level. Specifically, the following A) and B) are noted.
A) Be more specific about safety risks arising from fuel debris retrieval.
B) Not only for monitoring to verify that a safety risk has become a reality under normal conditions and a shift
to an abnormal condition has occurred, but monitoring items are also extracted for taking proactive
approach to detect signs of a shift to an abnormal condition.

No0.79

. [Output from continuous monitoring project] [Input required for continuous monitoring project]
R'Sk.s based on sa_fety More specific risks that clarify the causal Configuration concepts, equipment control
requ_lremlents studied relationship between operational equipment || parameters, and control values for operational and
previously and safety equipment safety equipment operating under normal conditions

neut - - nout 5

Risks arising from
fuel debris retrieval Monitoring items subject to

. continuous monitoring project
Risk latency J Prol

" Important monitoring for normal
—> .

— °°“d“°“s
Monitoring for signs of abnormal
conditions

Loss of normal safety
functions Monitoring for abnormality
Progression of detection

events

[Output from continuous monitoring project]

- Monitoring to determine that conditions are normal
- Monitoring to predict signs of shift to abnormal
conditions

*Inherits some or all of the monitored items

Increased risk level

It is thought that the output of the continuous
monitoring project could be monitored for detecting
abnormalities and for post-accident monitoring.

During
abnormality/accident

Post-accident monitoring

Restoration

The monitoring system monitors abnormalities and signs of safety measures to help

ensure throughput



“Appendix 6.2.3.1-1: Study of the operational eqguipment model (equipment operation mode)
Details of the results of the study of debris processing work (1/4)

No0.80

B Study results @ “Where will the fuel debris be processed?”

» Fuel debris processing methods are planned by the
Fukushima Daiichi subsidized projects “Upgrading of
Approach and Systems for Retrieval of Fuel Debris and
Reactor Internals” and “Upgrading of Fundamental Technology
for Retrieval of Fuel Debris and Reactor Internals,”:
Processing methods for exposed fuel debris in the air or

submerged in water.

« As a result, the processing site is either in air or underwater.

Olnternational Research Institute for Nuclear Decommissioning
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“Appendix 6.2.3.1-1: Study of the operational equipment model (equipment operation mode)

Details of the results of the study of debris processing work (2/4)

W Study results @ “What properties does the fuel debris have?”

The properties of the fuel debris organized in the characterization project(*) were sorted into 7 types (including others)

from the viewpoint of work process.

No0.81

Shape of fuel debris assumed in the characterization project

Primary component

Classifications in the
continuous monitoring

project
Molten or damaged structures Fe Existing structure (with
Damaged CRD/CRD housing B4C, Fe surface contamination)
Damaged core support plate covered with molten debris Fe
Unmolten, damaged fuel pins and structures uo2, Zry-2 Fuel

A portion of the fuel assembly that remains without melting down

uo2, Zry-2, (U, Zr)02-C, (Zr, U)O2-T, Zr(0O), Fe

Rapidly cooled molten core material that has broken into small pieces

(U, Zr)02-C, (Zr, U)02-T

Solidified relatively early near the upper surface of the molten pool

(U, Zn02-C, (Zr, U)O2-T, Fe

Slowly cooled down and turned into lumps near the center of the
molten pool

(U, Zn02-C, (Zr, U)O2-T, Fe

Solidified relatively early near the lower surface of the molten pool

(U, Zr)02-C, (Zr, U)02-T, UO2, Fe

Molten debris solidified in the lower head

(U, ZnN02-C, (Zr, U)O2-T, Zr(0O), Fe2zr

Rapidly cooled molten core material that has broken into small pieces

(U, Zn02-C, (Zr, U)02-T

- U-rich mass of fuel
debris

- Fe-rich mass of fuel
debris

Cooled and solidified relatively early on the upper surface of the molten
pool during MCCI

(U, Zr)02-C, (Zr, U)O2-T, Al-Ca-Si-O

Molten corium slowly cooled down and turned into lumps during MCCI

(U, Zr)02-C, (Zr, U)O2-T, Al-Ca-Si-O

Metallic deposit on each part of MCCI

Fe

Boundary between molten corium pool and concrete

(U, Zr)02-C, (Zr, U)O2-T, Si02, (Zr, U)SiO4, Al-Ca-Si-O

MCCI formations

Not currently defined in the project of Fuel Debris Characterization

Others

Powdered fuel debris of 0.1 mm or less generated during processing, etc., among the above-mentioned fuel debris

Fuel debris powder(**)

(*) Research report on “Development of Analysis and Estimation Technologies for Fuel Debris Characterization” (March, 2019)
(**) (**) Among fuel debris powders, those that have the potential of migrating into the gas/liquid phase are referred to as dust




Appendix 6.2.3.1-1: Study of the operational equip
results of the study of debris processing work (3/4) No0.82

W Study results @ “How is it processed?”
« Aprecondition is set based on the throughput evaluation _ _
that does not depend on the method by the project of Sipidaimdiiaridinicnel
Upgrading and Method and Systems (*). The same method | treated as a group, but in order to extract

. . . . disturbing the normal conditions specific
IS adopted In this prOJect. to the processing method, evaluations

(*) Project of Upgrading of Methods and Systems for Retrieval of Fuel are also Co”‘?j”‘:tﬁddf‘l?r items within the
Debris and Reactor Internals ashed lines.

I R A

1 Fuel debris retrieval timeframe goals Unit 1: 10 years, Unit 2: 10 years, Unit 3: 10 years

2 Number of fuel debris retrieval days 200 days (days other than working days are considered maintenance days)
per year

/4
I
3 Fuel debris processing hours per day  Within 10 hours 1 ;
Core boring
4 Amount of fuel debris Assuming Unit 3 which has the largest total volume. (CRD instrumentation tube :
adhesion: 6 tons*, inside the pedestal: maximum 222 tons, outside the pedestal: 1 Chisel

maximum 146 tons, total: 374 tons)

5 Fuel debris processing tools 1. MCCI: chisel processing, ultrasonic core boring, etc.
2. CRD with instrumentation tube adhesion: disc cutter, AWJ, laser, etc.
3. Adhesion of metals: Disc cutter, AWJ, laser, etc.

Disc cutter

AWJ

elemental tests of this project.
2. Disc cutter, AWJ, Laser: Processing speed similar to removal of
interfering objects.
. Core boring: 3.25 kg/h (FY2016 test results)
. Laser gouging: 4.76 kg/h (FY2016 test results)

6 ﬁuel debris processing speed 1. Chisel processing, ultrasonic core boring: Based on the results ow

A i e e e

I
I
I
I
I
I
1
I
I
)
Chipping [~} Laser gouging
\

Proven collection methods such as grabbing and scooping are applied as an
estimated condition, and the results of elemental tests are also taken into
\ consideration.

Method of collecting fuel debris

8 Fuel debris handling speed Proven handling methods are applied as an estimated condition, and the results
of elemental tests are also taken into consideration.

S T e e e e e ]
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ppendix 6.2.3.1-1: Study of the operational mentir ner
Details of the results of the study of debris processing work (4/4) No0.83

B Study results @ What is used for collecting fuel debris?

«  The fuel debris powder (dust) shown in the study results @ is collected by a filter installed on the gas/liquid

phase treatment systems of the safety equipment, and is not included in the operational equipment model.

* In the Fukushima Daiichi subsidized project, “Development of Technology for Further Increasing the

Retrieval Scale of Fuel Debris and Reactor Internals,” the following construction methods are being
investigated.

Top-access retrieval method: Plan D/Plan 2

Side-access retrieval method: Plan A, Plan B, and Plan C

* For the above five methods, the following applications of containers for collecting fuel debris are being

considered.

Top-access retrieval method: Plan O — Transfer containers

Top-access retrieval method: Plan & — Unit cans

Side-access retrieval method: Plans A, B, C — Unit cans (Plans A and C also use canisters)

* Any of the above are containers for initially collecting the processed materials in the PCV atmosphere.
These containers may be collected into another container for safety reasons during transfer out of the
primary boundary.

» For example, unit cans do not have safety functions (confinement, shielding, heat removal, etc.) other than
criticality prevention function through dimensional control, so collection must be into containers such as
casks.

« Therefore, in the operational equipment model, the container where the fuel debris is stored is called the
“inner container (general term for unit cans and storage canisters)”. Furthermore, a container that stores the
inner container and is safely transferred out of the primary boundary is established as a “transfer cask.”

Fuel debris is directly stored in the inner container and stored in the transfer cask before transferred out of the

primary boundary

S T e e e e e ]
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Appendix 6.2.3.1-2: Environmental conditions of cell equipment

Secondary boundary

PCV and cell
[(—(red area) 4= Cell (yellow area)

4w Cell (green area)

[1] Debris Retrieval Project (FY2020 Final Report), 4.1.1.1(3)(i)-pp-130 to 131
[2] Debris Retrieval Project (FY2020 Final Report), 4.1.1.1(3)(i)-p.3, Table
4.1.1.1(3)(i) - 3

23]}92]4D(e2l))ri52RetrievaI Project (FY2020 Final Report), 4.1.2.4(2)-p.2, Table T e — "anéfer
o - _mechanism _mechanism < mechanism

[4] Debris Retrieval Project (FY2020 Final Report), 4.1.2.4(3)-p.18, Table ‘ AN Verfication
41.2.4(3) - 11 e N rcpetneto

mechanism the cen .

[5] METI, Decontamination Technology Catalogue, High-Pressure Water Jet ‘
Removal Method |
https://www.meti.go.jp/earthquake/nuclear/pdf/120626/120626_01j.pdf [ I l
[6] Debris Retrieval Project (FY2020 Final Report), 4.1.1.1(3)(i)-p.2, Table . \ . .
4.1.1.1(3)(i)-2, Assumes the container surface will become contaminated to ~ i

the same degree as the well and RPV inner surface by passage inside the

“ ""' 3 ... 2
¢ Fuel debris
PCV AN N4 Inner container (*1)

[8] (Container outer surface area x container surface contamination (unconfined state)

concentration) x dust dispersion rate x 24 hours -+ cell spatial volume L\
“"Moving mechanism inside the | [ i ] ‘ f "
PCV (*2) {(Unconfined state — Capped state) :\tzrgziielded)
—_—

, | —
a-®

[9] When there is an upward flow with a velocity of 10 [cm/s] inside the cell
* 1 Refers to unit cans and canister:

*2 “Move” is used for nts other than fuel debris.

Parameters Cell (R) Cell (Y) Cell (G) Secondary

boundary
Container surface dose rate | Gamma ray: approx. 1.0E+05 Same as that on the left gGamma ra sg Same as that
mSv/h] [1] . . (Before collection into urface: 2 [¥n v/h] [4] on the left
eutron radiation: approx. 10 Inner container) 1m away from the'surface: 0.1
[mSv/h] [1] [mSv/h][4]
Container surface 1.0E+08 [Bg/cm2] [6] Same as that on the left 0.4 [Bg/cm?] or less [4] Same as that
contamination (Before collection into on the left
concentration Inner container)
Dimension_of each cell Cell (Rf: height 11[m], width 11[m], | Same as that on the left Same as that on the left —
(assumed in this project) depth I4[m]
Amount of increase in Dispersion rate: 1.0E-10 [1/5] [2] Same as that on the left Dispersion rate: 1.0E-10 [1/s] Same as that
contamination. Concentration of air contamjnation | (Before collection into 2 ) ) on the left
concentration in the cell 24 hours): 1.7 E-03 [Bg/cm?] [8] Inner container) oncentration of air
due to dust dispersion from ust %artlcle size [9]: 15 [um] or contamination (24 hours):
the container surface less (UO2 6.8 E-12 [Bg/cm?] [8]
20[pm] or less (Fe), 40[u m] or less Dust particle size: Same as left
(concrete).
Amount of hydrogen | Amount generated per unit time: Same as that on the left 0 [L/n] Same as that
generated from container 0.4 [L/h] T3] (Before collection into on the left
Total amount generated (24 Inner container)
hours): 9.6 [L]
Amount of heat generated 68 [W/pc] [9] Same as that on the left Same as that on the left Same as that
by the container on the left
Contaminated water from None None (U':"r high-pressure water jet [5]] No
decontamination leaning pressure: 29.4£*\AP.a )
Cleaning flow rate: 170 [L/min
-> 1700%L] (1 minute cleaning x 10
times)




‘Appendix 6.2.3.1-3: Table of safety functions performed by components that

No0.85

make up the operational equipment (1/2)

The results of the settings of safety functions for operational equipment are shown on the next
page. If the safety functions are disturbed, it is assumed that the operator's accurate and prompt
on-site response will be disturbed.

[Explanation of the table shown on the next page]

For ease of understanding, various requirements are divided into those during processing and
those during transportation.

Classified because, even if the gas phase confinement is the same, the required functions are
not all the same between the PCV that processes the fuel debris and the cell that handles the
container (e.g. See ID 1 to 3 and ID 4 in the table on the next page).

The fuel debris processing mechanism and inner container are responsible for dust dispersion
and maintaining sub-criticality conditions during fuel debris processing (e.g. ID 2 and 5 in the
table on the next page).

The cells, door mechanisms and transfer casks are responsible for shielding and confinement of
the fuel debris and PCV atmosphere (e.g. IDs 1, 4, and 6 in the table on the next page).

The inner containers and transfer casks are responsible for most of the safety requirements
during fuel debris transfer (e.g. IDs 10 to 13 and 15 in the table on the next page).
Decontamination of the transfer cask is based on the premise of water decontamination, and the
contaminated water dispersion prevention function (ID 9 in the table on the next page) was
established because the spent decontaminated water is contaminated and there is a possibility of
dispersion outside the secondary boundary.

|
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Appéndix 6.2.3.1-3: Table of safety functions performed by components that make up the operational equipment (2/2)

Note: Inner container refers to unit cans and canisters

[1] Fire and explosion

No0.86

ID

[ Safety requirements

[ Functional requirements

[ Configuration of components

[ Design requirements

(A) Requirements during processing

PCV/cell damage prevention

Debris processing mechanism

The equipment that maintains the boundary should not exert

Door mechanism (Y/G),
Door mechanism (Y/G)

! function rlj]eé(éﬁ;lr?ig%ource collection external forces (collisions, drops, etc.) that can cause deformation
Gas phase confinement Dust dispersion prevention Do not allow generation of PCV dust concentrations exceeding
P Pt . . .
(inside the PCV) function Debris processing mechanism control parameters
Function to prevent excessive . . . Avoid re-volatilization of radioactive materials due to abnormal
3 : Debris processing mechanism : .
heatup of fuel debris temperature rise of debris
. Cell (R), Cell (Y), Cell (G)
Gas phase confinement ' 1) J . . . . .
. : . . . Door mechanism (R/Y), Avoid excessive release of radioactive materials to the secondary
4 Sgﬁgﬁﬂ:&gﬂg?g‘;ﬁgogtzén)d Static boundary function Door mechanism (Y/G), boundary when handling debris or transfer casks
it Door mechanism (Y/G)
. : . : Debris processing mechanism , inner | Debris processing must maintain the shape that does not cause re-
5 | Criticality prevention Debris shape control function container criticality
Cell (R), Cell (Y),
Cell (G),
6 |Prevention of external exposure Shielding function of the cell Door mechanism (R/Y), Do not leak excessive radiation to the secondary boundary

(B) Requirements during transportation

Static boundary function

Cell (R), Cell (Y), Cell (G),
Door mechanism (R/Y),

Avoid excessive release of radioactive materials to the secondary

during on-site transfer

casks

7 | Gas phase confinement Door mechanism (Y/G), boundary when handling debris or transfer casks

(Inside debris collection and Door mechanism (Y/G)

transfer area for cells, etc. . i . L

) PCV/cell damage prevention %?rl!dt-rcaerlllstfgnrgf?s(r:?r?glcshrgnism @ The equipment that maintains the boundary should not exert

8 function Intra-cell transfer mechanism @ external forces (collisions, drops, etc.) that can cause deformation

Liquid phase confinement during ; : : o : Prevent wastewater dispersion from outside the secondary
9 [transfer cask decontamination Cr%r\‘/frmg‘r?ﬁﬂ g}/%tr?r dispersion a%%?]gtgrsnr:?atlon water drainage boundary during decontamination of the transfer cask (water

(water decontamination) P decontamination)
10 Confinement of gas phase/liquid Transfer cask confinement Transfer cask Prevent excessive leakage of radioactive materials from the debris

phase leak during on-site transfer | function inside the container after transfer from the primary boundary

L : Debris shape maintenance . Maintain a shape that prevents debris from reaching re-criticality

11 |Criticality prevention function of transfer cask Inner container, transfer cask during transfer

Prevention of abnormal heatup of |Heat removal function of . Avoid abnormal temperature rise of debris and re-volatilization of
12 debris transfer cask Inner container, transfer cask radioactive materials during transfer

. Shielding function of transfer No excessive exposure to workers should be caused by radiation
13 | Prevention of external exposure cask Transfer cask after transfer from the primary boundary
L No excessive internal exposure to workers should be caused by
14 |Prevention of internal exposure ;Lrggt?(f)%r cask decontamination Decontamination mechanism contaminated materials dispersion from the surface of the transfer
cask after transfer from the primary boundary
. . : Fire and explosion [1] Ensure that hydrogen generated from the debris inside the vessel

15 Prevention of fire and explosion [1] prevention function of transfer | Transfer cask does not cause hydrogen combustion, which may damage the

vessel or impede other functions

IRID
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;A—ppendix 6.2.3.2-1: Study of the safety equipment model/Configuration
of physical model of environment inside the PCV (1/4)

No0.87

Using a gas phase system as an example, a physical model of the
environment inside the PCV for each safety function is shown.

Safety function (gas phase system)

Physical model of environment inside the PCV( Environmental
variables inside the PCV (physical quantity) = Dust concentration
inside the PCV)

[Dust concentration reduction function]

Control parameter: Environmental model inside the PCV for dust concentration
inside the PCV (Pattern A)

s
Ag+A,+2,

A (Dust concentration inside the PCV) X V =

S : Amount of dust generated ( = Amount of fuel debris processed [kg/day] X Dust dispersion rate [-])
: Evaluation volume [m?3 ] (Example. PCV, cell, etc.)

: Dust deposit rate(= Dust terminal velocity [m/s] = PCV height [m])
: Dust ventilation rate (= PCV gas management system exhaust airflow [m3/h] — PCV volume [m3))
A . Filter removal rate (= recirculated airflow [m3/h] = PCV volume [m3] X HEPA filter efficiency [-])

| EEEEES
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“Appendix 6.2.3.2-1: Study of the safety equipment model/Configuration
of physical model of environment inside the PCV (2/4)

No0.88

Safety function (gas phase system)
Physical model of the environment inside the PCV
(Environmental variables inside the PCV (physical quantity = PCV leakage amount)

[Static Boundary Function]
Control parameter: Physical model of the environment inside the PCV for PCV
leakage (Pattern B)

In this study, the amount of PCV leakage is assumed to depend on the size of
the PCV opening, and the factors that increase the size of the PCV opening
were organized.

Factors that increase size of the PCV opening
- Increase in size of opening due to corrosion
- Increase in size of opening due to deterioration of new structures (cell
doors, closures of existing openings, welded parts, etc.)
- Others

' D Olnternational Research Institute for Nuclear Decommissioning
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=Appendix 6.2.3.2-1: Study of the safety equipment model/Configuration of

physical model of environment inside the PCV (3/4) No.89

Safety function (gas phase system)

Physical model of the environment inside the PCV
(Environmental variables inside the PCV (physical quantity) = Negative pressure inside
the PCV)

[Dynamic Boundary Function]

Control parameter: Physical model of the environment inside the PCV for the degree
of negative pressure inside the PCV (Pattern A)

3

Steady condition (negative pressure condition)
F psa + f (degree of negative pressure inside the PCV) X B+ F ;= F .,

Degree of negative pressure inside the PCV = Atmospheric pressure - PCV pressure

Fpsa . Nitrogen-charged airflow by PSA [m3/h]
Fex : PCV gas management system exhaust airflow [m3/h]
Feel . Inflow airflow from adjacent cells [m3/h]

f (Degree of negative pressure inside the PCV): Flow velocity due to differential pressure
between inside and outside of the PCV opening [m/s]
B : Size of the PCV opening [m?]

' D Olnternational Research Institute for Nuclear Decommissioning



Appendix 6.2.3.2-1: Study of the safety equipment model/Configuration of
physical model of environment inside the PCV (4/4)

No0.90

Safety function (gas phase system)

Physical model of the environment inside the PCV

(Environmental variables inside the PCV (physical quantity) = Exhaust end dust
concentration)

[Emission control function]
Control parameter: Physical model of the environment inside the PCV for exhaust
end dust concentration (Pattern A)

« Exhaust end dust concentration C (kg/m 3)

C (exhaust end dust concentration) = A (dust concentration) X DF

A : Dust concentration (Modeled with dust concentration
reduction function [kg/m 3])
DF . Filter efficiency [-]
S T > ol ional R h Institute for Nuclear D
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Appendix 6.2.3.3-1: Debris retrieval model

No0.91

CeII_'(Y) CeII(G) Secondary boundary

Cell (R) 1

Debris collection
mechanism

Nitrogenl

Nitrogen
supply

Cell transfer
mechanis

[Cell (R)]

Dose rate > 1 mSv/h [3]
Temperature: 25° C
(consequential)

Humidity: No condensation
Pressure (gauge pressure): -
2000 to 500 Pa

Contamination concentration: [3]
[Cs-137]>3E+04 Bg/cm3
[Pu-238]>7 Bg/cm?

‘_

. Mechanism for
transfer outside the
. cell

|
ntra-cell transfer
mechanism
<—

L
Intra-cell transfer
mechanism @

Container Decontamination

system

Nitrogen

(4]

Gy/h [1])

(1]

[Inside the pedestal]
Dose rate: Maximum 100 Gy/h

(Reference: the Fukushima
Daiichi-2 measured value 8

Temperature: Maximum 50° C
(Reference: the Fukushima 1
Daiichi-2 measured value 23° C

Humidity: 100% (With
condensation )

Pressure (gauge pressure): -
2000 to 500 Pa

1RID

g . = o d
g sealing 8 mechanism 5 St
3 mechanism 3 =
5 o} Verification 2. g .
=1 ] 5 mechanism -4 > of
1 @ 7 before 3 gi
1 i 3 transferring = @l
! 2 A S outsideythe cell 3| T A
e ———————————————————— : s
Secondary boundary
Cooling water =~ '?iﬁ:f Exhaust ;ll To exhaust port >
1 ventilator
J [Inside the RPV] —
~~" Dose rate: Maximum 5000 Gy/h [4] jtron al cell (R o Exhaust
Temperature: Maximum 50° C y equif L&l (R)] - ] [Cell (R)]
Humidity: 100% (With cessi] Doserate =1 mSv/h [3] Dose rate = 0.1 mSv/h [2] To water treatment
condensation ) Temperature_: 25" C Temperature: 25° C ’ system
Pressure (gauge pressure): -2000 (consequential) ) (consequential)
t0 500 Pa Humidity: No condensation Humidity: No condensation
reveame] - Pressure (gauge pressure): - Pressure (gauge pressure): - I
Stagnant water l2cilyd 2000 to 500 Pa 2000 to 500 Pa
1 orenenm]  CONtamination concentration: 3] Contamination concentration: [3]
raciity | [CS-137] f 3E+04 Bg/cm? [Cs-137] <3E+03 Bg/cm? I
[Pu-238] =7 Ba/cm [Pu-238] <7E-01 Bg/cm?
v
[Outside the pedestal] water coarse Pev St?gnam stagnant
. : /h particles removal water water injection ——dp Cooler E
Dose rate: Maximum 100 Gy equipment || Buffer tank pump
[4]
(Reference: the Fukushima [References] _ , o _
Daiichi-2 measured value 43 [1] The 63th Secretariat Team Meeting for Countermeasures for Decommissioning and Contaminated
ts Gy/h [1]) Water Treatment Meeting, Document 3-3, Implementation Results of Investigation Inside the PCV for
. . N Unit 2, February 28, 2019
Temperature: Maximum 50" C https://www.tepco.co.jp/decommission/information/committee/roadmap_progress/pdf/2019/d190228_08
(Reference: the Fukushima —— -j.pdf
Daiichi-2 measured value 24° C [2] FY2018 Subsidized Project “Development of Technology for Further Increasing the Retrieval Scale
[1n \ of Fuel Debris and Reactor Internals,” Research Report, April 2021, Figure 4.1.1.1(3)(i)-71
Humidity: 100% (With EPA Ly | [3]1 FY2018 Subsidized Project “Development of Technology for Further Increasing the Retrieval Scale
aud condensation ) filter of Fuel Debris and Reactor Internals,” Research Report, April 2021, Table 4.1.1.1(3)(i)-9
. [4] FY2018 Subsidy Project “Development of Technology for Further Increasing the Retrieval Scale of
;(r)%%stlges(()%a;ge pressure): Fuel Debris and Reactor Internals,” MRI Final Report, March 2021
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https://www.tepco.co.jp/decommission/information/committee/roadmap_progress/pdf/2019/d190228_08-j.pdf

-Appendix 6.2.3.3-2: Example of transient c
-D: Sa-4: An example of transient changes during “processing of debris” is shown on the next page. N0.92

Cell (R) Cell (Y) Cell (G) Secondary boundary

[ J C | VE | [ ] C——
Debris collection Cell transfer Intra-cell transfer Intra-cell transfer Mechanism for transfer
mechanism mechanism mechanism @), mechanism @ outside the cell
- -
Dust migrated into T b il
5] econtamination
the gas phase S mechanism g . QY
H <] mechanism o8
moves to cell (R) 3 3 c 2
@ 2 o 3
S o P o @
- 2 = Verification @ g
= B g mechanism 8 s}
. 7] & ==
Debris collected 3 3 before g
into inner 3 < transferring 1
Nitrogen container i — @ outside the cell T A
. T | g e e e -
Nitrogen | Nitrogen ! =
suppl 2
i i Secondary boundary £% HEPA [
system ' - E filter ] Exhaust #{ To exhaust port
% £ ventilator
' £§
“ EE HEPA
7 Neutron absorbent supply g § filter
Nitrogen / @ < ====| equipment for processing S€ ventilator
/ y work To water
D a qi " treatment system
ust migrated into

- Injection of anti-
scattering agent for
dust (water spray)
- Heat input

- Injection of the gas phase [ f

processing aid (water, mo esgo tz'de the ! E— (a3 - H_EPA HEPA Charcoal __ | Exhaust

P brasies) h \Y du tI | facility (L8 ™ filter filter @ filter * | ventilator #] To exhaust por
pedesta '

retreatmer | HEPA HEPA Charcoal | Exhaust
— il P » T

filter ventilator

filter filter

Some airborne dust
reach

D/W stagnant
g D/W stagnant PCV stagnant PCV stagnant
Contaminated water that pa:(?gg;;;?;f; water Wale,mjgcﬁon g Cooler A

equipment

migrated to the liquid phase
leaks into and out of pedestal

Some of the dust
suspended/dissolved in the liquid

PCV stagnant
water discharge To water
um treatment syste
reach
t Charcoal
facility > filter | . To water
treatment system
| 1 -
3 -

[Detailed configuration of components]

[63) & r 1 Flow of air
. (), |Electy ackwas| Charcoal HEPA L
Demist # heat Q o cust collectiory [ = i P e *== Flow of liquid
equipment

= we s Primary boundary(*)

* Boundaries in piping connected to the PCV are not shown

=S
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“Appendix 6.2.3.3-2: Example of transient c

No0.93

*  An example of how environmental Cell (R) Cell (Y) Cell (G) Secondary boundary

changes inside the PCV that occur e 7| — i — it

during fuel debris processing can mecaran i m““a"'““ f"““a"'“““ i “" =

adversely affect subsequent work is pum it . Deconaminaton

Shown . moves to cell (R) @ g w
« The upper right figure depicts the ; @®© | I

possibility of some of the dust reach | l__l 2fe—yrmios | | ¢ 5 i

cell (R) due to fuel debris 1

% ooling watd] [During fuel debris processing]

4.3;3, A @ Some of the dust generated in the fuel e
dispersion 7 e debris processing work reach the cell e
/L masassane s | without a door (R), floats in the air and
settles on the floor.

] P Jl Tacilty 21‘1—‘-0' filter I-'i filter ‘Mﬂmﬂg H

Some airborne dust reach

processing in the PCV. The history
of changes in the environment will
be kept in subsequent roadmaps as
well.

* The lower right figure depicts an
error event in which the dust

remaining in cell (R) flows in when Q

- Injection of processing
aids
(water , abrasives)

the door fp_r cell (Y) is opened. cel®R) | Cell (v) Cell(G)  Secondary boundary
* It was verified that the roadmap of s -

l I . | L 1 = L » | r - | | — ”
environmental changes as pebrs ~ col ranster 2 s evo wecansmor
described above is an effective I 4 —HH —HH{

H H 3 (& - econtamination
method for extracting risks caused Inflowof residual @ 12 © [
. . dust in the air 8
by transient environmental changes N I/ 2| vercaion
In the PCV ettt 2 L % ?{:%:?{E'gbe”fme"
. e . o outside the cel
[During cell transfer] 2@ She -
By opening the door, errors embedded : - ;
. . aled debris:
in past operations became apparent, | (. g, dus. e — >
and inflow of dust occurred for i | | | e
—-— Y | § I T | I 1

Roadmap of environmental changes is effective for extracting risks due to transient environmental changes in

the PCV
| =S
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Appéndix 6.2.3.3-3: Debris retrieval model (road

map of environmental changes in

e

No0.94

ID: Sa-1 “Verification of the overall situation inside the PCV, and operational/safety equipment”

Cell (R) Cell (Y) Cell (G) Secondary boundary
[ ] v ] C—— 1
' Mech
Debris collection Cell transfer Intra-cell transfer Intra-cell transfer : ranstor outside the
mechanism mechanism mechanism mechanism @ ! cell
< =g s <+
S Container o Decontamination Sol
8 sealing 8 mechanism (:\) gl
g mechanism g - G 3 E
o =3 Verification S 3
-—-—--——-—--——-—I g 3 N ¢ =
8 g mechanism - =
We” 1 g 2 before =z
: e < transferring 3 ;
Nitrogen i ik 2 ® outside the cell | T A
——_— Ceeoo- e s S e S B S S S B S S S S e | Fm==—————wr———rrrrrr — )
Nitrogen | Njitrogen ! %
supply } ] .
system i ‘ i Cooling water Secondary boundary § T - HEPA »| Exhaust A'l] To exhaust >
i 2 filter i
E <== : A E g ventilator
/ s gE Exhaust
>\ Neutron absorbent £ g HEPA M entiator
) . 1
Nitrogen \ @ 4 +===| supply equipment for ‘“g’ 8 filter enaw
\ processing work o2 To water
\ - Plicatment system
H 1 Purified gas
; PCV atmosphere |_>
i ! P Pretreatment o HEPA .| HEPA Cr}?{coal | Exhaust »| To exhaust
T facility filter 71 filter iiter . i
Stagnant water ventilator Jolelad
Pretreatment HEPA | HEPA Chgrcoal . Exhgust
,,,,, ¥l facily filter filter filter #1 ventilator
L N et
- D/W st t
¢ D/W stagnant watef :3:22 PCV stagnant [PCV stagnant |
water transfer particles removal water water injection f==cfpo{ Cooler
pump A/B equipment Buffer tank RUID
o CV stagnant 10 water
) water discharge f===gp{  treatment
[Detailed configuration.of.cOmMPORERALS] pump sysiem
Charcoal
Pretreatment » To water
facility > filter o> P  treatment
L 1 - .
r ) r ) * Flow of air
] Electric Backwash dry Charcoal HEPA iqui
=4 Demister 1 heater Po| dustcollection femep ol e ¥ fier [P € Flow of liquid
=== Primary boundary(*)

* Boundaries in piping connected to the PCV are not shown
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Appendix 6.2.3.3-3: Debris retrieval model (road
ID: Sa-2 “Approaching the object to be processed” No0.95

Cell (R) Cell (Y) Cell (G) Secondary boundary

1 | 1 | 1 | 1 |
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i Mechanism for
[ transfer outside the
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[ —————— = 23 . 82
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. 1
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supply { 1 o
i . s |
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1 L g o filter - i . b
E ‘* : { A % -é e ventilator |
Y c
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_ / "\ @ P supply equipment for € § 1 filter 7] ventilator
Nitrogen / s ; K 8=
¥ \ processing wor To water
I \ " treatment system
i p
! i 1 Purified gas
! Debris i PCV atmosphere '
- C'j I ! P Pretreatment . "f'lEPA =] HEPA Chﬁrcoal = Exhaust To exhaust port
Move inside an ! facility e ilter =1 filter lter tilat L
; / Stagnant water R
outside the
pedestal N pretreatment | HEPA .| HEPA Charcoal o] Exhaust
g - i . " raciity "l fitter 1 ilter filter " entilator
-5 0
r’rf ‘J“\"'»\. .-"'-’%\‘
i \! ™ gt
I H TP ——r i
1' i {. D/W stagnant D/W stagnant PCV stagnant prSv———
A\ 7 \ water transfer water coarse water njectonpump - [== Cooler
)\ /. AB particles removal| Buffer tank
b A pump equipment
\_\5 d_,'
[PCV stagnant water =.| To water treatment
.-[Detailed configuration.of.components] [ischarge pump system
Pretreatment Charcoal
] f2Cillty  |e— — filter — . tTO W? tMt
H reatment system
1 L ] Pr— .
[ 1 [ ) Flow of air
. Electric Backwash dry Charcoal HEPA L — iqui
= Demister p| heater P| dust collectionfs=ir = "y ¥ e [ Flow of liquid
L_equipment__| === =  Primary boundary(*)

* Boundaries in piping connected to the PCV are not shown
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Appendix 6.2.3.3-3: Debris retrieval

mode

ID: Sa-3 “Work prior to debris processing” *This diagram shows a typical example of work inside the RPV

mechanism

|
Debris collection
mechanism

Cell transfer

Cell (Y)

N0.96

Cell (G) Secondary boundary

mechanism

-

Intra-cell transfer

|
Intra-cell transfer
mechanism @
-+

| Mechanism for
| transfer outside
i cell

o Container o Decontamination o i
g sealing 8 mechanism gl
3 mechanism 3 3 f
@ . I
| 8 2 Verifcaton 2|
W ” : g B mechanism ;;33; |
e i z g before 7 i
ransferring 3
) 1 ) < X i
Nitrogen | 1 2 o) | I -
—ry  STERS " [ T e T e oy Seesreeye ; |
Nltro?en Nitrogen ! I |
supply H i & [
svstem i v I Cooling water Secondary boundary g5 pl HEPA #] Exhaust pl Toexhaust port
i .* : { A 3 E filter ventilator |
: Neutron gt
V/ ';eUtLO”t Neutron absorbent absorbent| 5t > ;:EZ‘ p] Exhaust
. / absorben %-===| supply equipment for £8 Lventiator,
Nit s
itrogen ! spraying nrocessing work © To water
/ - Pl treatment system
; B \ 1 Purified gas
' ;
! ! | PCV atmosphere Pretreatment _| HEPA | HEPA Charcoal Exhaust |
! — it facility ™ fiter " ilter filter vontilator 1 & T 0 &xhaust port
\ / agnant water ventlator
_ I eretreatment | HEPA | rHEPA Charcoal o] Exhaust
JEECTTE d ] reciiy " ilter  itter filter " Lventilator
,’f 2 s b
f/ ! S o d‘.-"' i
1 1 ™ _'_.-' :
I ] [ D/W st t
i ] stagnan PCV stagnant PCV stagnant wate Cool
\ injection pump =h' ooler
B, ,f' Neutron absorbent leaked from
R the processing site
leaks/remains inside/outside the Some of the v —
pedestal neutron absorbent discharge pump == " treatment system
+""[Detailed configuration of components] reach
' Pretreatment Charcoal
i ) il S, I To wat
facilty filter i treatn?evr\:? s(i/rstem
] 1 P _
[ 1 f 1 Flow of air
. ». |Electric | Backwash dry | > Charcoal o] HEPA €= Flow of liquid
=#{ Demister " eater #| dust collection 1 itter " diter [ boundary(*)
=== Primary boundary(*
N * Boundaries in piping connected to the PCV are not shown
I — -
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ID: Sa-4 “Processing of debris” *This diagram shows a typical example of work inside the RPV

Cell (Y)

No0.97

Secondary boundary

] C ; ] YE i ] [ ] C ]
Debris collection Cell transfer Intra-cell transfer Intra-cell transfer :‘”e‘:hfanis": f.‘(’j'
mechanism mechanism mechanism mechanism @ L2 1S OUES!
< < -
Dust migrated into
the gas phase 9 Container o Decontamination =
moves to cell (R) 9 sealing 8 mechanism Sl
3 mechanism 3 s}
@ @ @ e ‘o f
S ————— . —————— - g g Verification ) g
Al @@ 2 2 mechanism ot
Debris Dust adheres g g before g 1
collected into : ransferring i
Py :
Nitrogen inner container in cell (R) @@@ o M o g_ i ! T A
Nirogen | . | T |—————— 5
supply Nitrogen | | _
! | g
system i . Cooling water, Secondary boundary g § #{ HEPA #{ Exhaust P Toexhaust port>
E ' % _g e iller aiatilaion
. c
£ &
Neutron absorbent § = HEPA Exhaust
. Dust <%=-==| supply equipment for 58 e LG
Itrogen dispersion i > To water >
: treatment system
L 1 Dust migrated into
- Injection of - @ : the gas phase ' - f : >
processing aid (water, icte 9 tp'd th PretreatmenbZ o) HEPAAZL HEPAZ Charcoal ol Exnaust |
: , moves outside the 2 s I o H ‘ — 3
abrasives) ) vedestal y facil 'y filter v [ C filter 7 Y - |_Toexhaust port
- Injection of anti- ; per—— -
scattering agent for Q Pretreatmer HEPA HEPA | . p Exhaust L
---- il i ] filter
dust (water spray) IRD — e flter L ilter L —
- Heat input s i
B . e Some airborne dust
~ ¢ .
. D/W stagnant D/W stagnant PCV stagnant T
. nant wi r
Contaminated water that water coars jectonmump =] Cooler A
migrated to the liquid phase
leaks into and out of pedéstal Some of the dust
. . . suspended/dissolved in the d”i%:‘rag”aﬁwa‘elg To water >
.~ [Detailed configuration of.components}- liquid reach e ”e;‘;mem
: p=) <
Pretreatment Charcoal
e — facility f———t> et filter pm el ’ To water
1 1 treatment
r 'J&) 7’@ &) f A [ Flow of air
. .| Electyi | Backwash dry Charcoal »! HEPA *=  Fow of liquid
“#| Demist@ef e | o o Z;ﬁ?;ﬁ.ﬁ?"@ @ - flter "L [ X
=== Primary boundary(*)

TRID

* Boundaries in piping connected to the PCV are not shown
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“Appendix 6.2.3.3-3: Debris retrieval model (road

FCV){o/1Y)

ID: Sa-5 “Various records following processing work”

Cell (R)

Cell (Y)

Cell

(G)

No0.98

Secondary boundary

Debris collection

Cell transfer
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|
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:outside the cell
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\ processing work =~ > To water
J treatment system
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Stagnant water
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I‘ ----
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) pump A/B particles removal tank injection pump
equipment
PCV stagnant water tTO \ItVaStet
i i i discharge pump reatmen
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*Boundaries in piping connected to the PCV are not shown
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“Appendix 6.2.3.3-3: Debris retrieval model (roadmap of environmental changesin the PCV] (6
ID: Sa-6 “Cell transfer of debris” No0.99

Cell (R) Cell () Cell (G) Secondary boundary
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i *Boundaries in piping connected to the PCV are not shown
|
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Appendix 6.2.3.3-3: Debris retrieval mode

ID: Sa-7 “Transfer of Debris 1)
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*Boundaries in piping connected to the PCV are not shown
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Appendix 6.2.3.3-3: Debris retri
ID: Sa-8 “Collection of debris”
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Appendix 6.2.3.3-3: Debris retrieval model (roadmap of environmental chandes in the PCV) (9/10y
ID: Sa-9 “Transfer of debris 2 No.102
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‘Appendix 6.2.3.3-3: Debris retrieval model (roa

ID: Sa-10 “Transfer of Debris”
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*Boundaries in piping connected to the PCV are not shown
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“Appendix 6.2.4.1-1: Flow of study of environmental changes inside the PCV due to operational
equipment activities No. 104

*  The environment inside the PCV
chang(_es with th_e normal work using changes inside the PCV
operational equipment. A part of this due to operational
change becomes a disturbance to equipment activities
the safety equipment. 7

) ThIS_ section quantifies the . Specification of physical quantities that
environmental changes inside the are disturbances to safety equipment
PCV that are candidates for
disturbances, as much as possible.
For quantification, knowledge from

Study of environmental Safety equipment model:

<--x---- Physical model of the
environment inside the PCV

Inputs for the
study

... . oes the Fukushima Daiichi P
decommissioning of the Fukushima subsidized project have evidence No klnvelstlgathn %f genelral
Daiichi or light-water reactors (i.e., data that can be used to estimate the nowerge i ; W

. . i i ired? ower Inaustr
evidence data) will be collected and hysical quantity required b /
processed for application in the
. . Yes [«
debris retrieval model.
* Here, processing refers to : e—
simplification, recalculation based Evidence data collection completed
on assumptions, and curtailing Debris retrieval model:
quantitative evidence data, etc. - - - - s oo oo Roadmap of environmental Smpification: Tecalouation
Y changes inside the PCV based on assumptions, and

Settings for environmental
changes inside the PCV

curtailing quantitative evidence

Inputs for data, etc.

the study

an this be addressed by adding
one's own assumptions in the
continuous monitoring project?

Can the evidence data
be used as is?

Yes 7
i ) Clearly indicate the data necessary
Completion of the table of environmental for extracting important monitoring
changes inside the PCV items is insufficient




=Appendix 6.2.4.1-2: Table o

vaue

to operational equipment activities (1/11)

No0.105

B Example calculation of environmental changes inside the PCV: When cutting fuel debris lumps (300 kg) with a

disc cutter
M fd=p fd x V_fd =1242.1[q]

M_fd: Total amount of dust generated [Q]
p_fd: Hypothetical debris density [g/cm?] (=11)

V_fd: Deficit volume during processing of hypothetical debris [cm?3] (=112.8) «

[Total cutting length of
hypothetical debris]
1168 mm X 7 times = 8176 mm

[Test data obtained from project of Development of

Technology for Dust Collection System of Fuel
Debris]

Deficit volume of test piece with 50 mm cut: 0.69 cm?3

— Deficit volume per 1Tmm ogsQ 0138 cm3/mm

e~

8176 x0.0138
=112.8 [cm?]

Hypothetical fuel debris

Cutting line using a
disc cutter

_________________________________

A ; Cutting

direction |

of (T

- ---%h

1168 (cut five times)
*For the sake of simplification, dimensions shown do not match the scale

1RID

[m m] Reference: Project of Development of Technology for
Dust Collection System of Fuel Debris
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‘Appendix 6.2.4.1-2: Table of dynamic environmental changes inside the PCV No.106

due to operational equipment activities (2/11)

- The following pages show a table of dynamic environmental changes inside the PCV during fuel debris processing
using the operational equipment.
Abbreviations used in the table are explained below.

[Dust collection]

Direct utilization of data from project of Development of Technology for Dust Collection System of Fuel Debris
[Investigation of dust collection]

Direct utilization of research results of other projects by Development of Technology for Dust Collection System of
Fuel Debris Project

[Dust collection theory]

Utilization of theoretical calculation values from Development of Technology for Dust Collection System of Fuel
Debris Project

[CRIEPI: Central Research Institute of Electric Power Industry]

Direct utilization of the knowledge of the Handbook on Environmental Impact Assessment for Decommissioning
Work (third edition), Central Research Institute of Electric Power Industry, March 2007

[Internal investigation]

Direct utilization of knowledge from Development of Technology for Investigation inside the Reactor Pressure Vessel
(RPV) Project

[Monitoring]

Settings with assumptions made by project of Development of Continuous Monitoring System in PCV

[Retrieval]

Direct use of project’'s knowledge in the Development of Technology for Further Increasing the Retrieval Scale of
Fuel Debris and Reactor Internals Project

[Note 1]

Due to lack of data, the mass balance for metal processing obtained from [CRIEPI] was applied

|
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Appendix 6.2.4.1-2: Table of dynamic environmental changes inside the PCV dueto operational equipmentactivities (3/11)—
No0.107

Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (1/9)

* Of the 10 hours of work hours during the day, the net processing time is deemed
to be 3.3 hours

A B C D E F G H J K L M N C P Q R S T U \Y W XY Z AA AB AC AD AE
) Total amount Mass balance and amount of dust migration
) Assumed processing . .
Assumed properties methods Dust particle size, of dust
. generated Aerial processing Underwater processing Amount of anti-
5 [v] o 0 ) 5 ] m ) T > T C Amount of scattering agent
|8 3 g e 8 g = g g2 g2 processing aid injected Others
& E. €7 2 5 2173 g Aerial ) Underwat g 2 g cg" Amount Amount injected (Only for aerial
o i o 2 | a o o erial processing (no jUnderwater 5 5 @ | Mass balance | of dust | Mass balance | of dust processing)
3 g 5 o 3 2 anti-dispersion agent) |processing @ (I migration migration
B ® o 3 % 3
] 3
) (U]
2 Total Total Total amount;
[g/lem?] [MPa] [um] [um] [a] [a] - [%] [a] - [%] [a] Input materials | amount | Input materials [ amount of | Input materials of input
of input input
d' | 11 |[Characterizatio |[Characte | 3 9] 9 |Blade 2 |Allin range of [Dust [655.[655.16| 2 6 393 |2 %”@ 2.00E| 0.0 ([Dust 198 L|[Dust 9.9 L |[Dust 102 ° C
e n] rization] 2 | 2| © |giameter| 8 [peak particle size collection | 16 8 g8|g=2|-05 collection] Ylcollection] @) [collection]
Stump fuel: 230 [UO2,zry- | = | @ | 2 2 |[dust collection] 2 theory] 3 3o [Aerial * [EEETS
p ) b = = |1 200 ® ul ° |5 © |5 . / of fuel debris
Unmolten fuel: [2,U,Zr)0| @ ol to 3 (mass g 50 or less 9 1] § processing Mist: 0.05 during
280 2-C, 2 i concentration = 9 5 @ I L/min processing
1 @Zrwoz-| < distribution) a 8 -2 Water: 1
T,Zr(0), Blade [Dust collection] ; @ == L/min
Fe thicknes 0.1t0 0.3 (number| o = ‘él 2
s 1 mm concentration and | % = ==z
’ distribution) T
=}
Number =
of 9@ |Allin median [Dust @ 47 | 3079 | 2|3 3 3| 99.5 | 651.9
) %‘- diameter collection %‘- = %‘- 552
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Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (2/9) No0.108

* Of the 10 hours of work hours during the day, the net processing time is deemed to be

3.3 hours
A B C D E F G H | J K L M N O P Q R S T U \Y W X Y Y4 AA AB AC AD AE
Assumed processing Total amount of Mass balance and amount of dust migration
Assumed properties Dust particle size, . . . A £ anti
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S section):2 |<~ [Fe- | 5 = [Dust . o S
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Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (3/9)

* Of the 10 hours of work hours during the day, the net processing time
is deemed to be 3.3 hours

2
A B C D E G H | J K L M N O P Q R S T U \Y W X Y Y4 AA AB AC AD E
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Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (4/9)

* Of the 10 hours of work hours during the day, the net processing time is deemed to

be 3.3 hours
A B C D E F G H | J K L M N o P Q R S T U \Y W X Y Z AA AB AC AD AE
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Appendix 6.2.4.1-2: Table of dynamic environmental changes inside the PCV due to operational equipment

activities

(7/11)

No

Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (5/9)

111

* Of the 10 hours of work hours during the day, the net processing time is
deemed to be 3.3 hours

Olnternational Research Institute for Nuclear Decommissioning

A B C D E F G H | J K L M N CP Q R S T 9] \Y w X Y Z AA AB AC AD AE
Total Mass balance and amount of dust migration
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E_U) 0.1t0 0.3 g o 7 0.05
< (number 3 5 fn~ L/min
g concentration and| & = 2
s] distribution) £
= e
2. 2
2 g
e —
e & |All in median [Monitorin| @ 43( 695.1 [P [=Z| 99.5 | 1608.4
g % diameter ql % % S
o @ [[Dust collection] Above 45 o | 2|8
2 % =2 | O 2|5
g[05 o 8 | ¢ 5|3
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Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (6/9)

* Of the 10 hours of work hours during the day, the net processing time
is deemed to be 3.3 hours

A B C D E F G H | J K L M N O P Q R S T U \Y W X Y Z AA AB AC AD AE
Assumed Total amount Mass balance and amount of dust migration
Assumed properties processing Dust particle size, of dust
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s O le) T =1 o] m o] EBI b Amount of scattering agent
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foemd) - [MPa] wm) (k] [l [l T rel e - ) el [l materials a"?"“”‘ of materials a"?"””‘ materials a"?"””‘ of
_ input of input input
5 81300 [Fe,B4C | §| O |AWJ |Jet 2 [[Monitoring] | 2| [Monitoring] [2950( 2950 | & B 2.E-05| 0.0 |Z[Fg2.00E-05) 0.0 [intemal [733 Lf -- [-- -—|ntemal [99 kg
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Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (7/9)

* Of the 10 hours of work hours during the day, the net processing
time is deemed to be 3.3 hours

A B C D E F G H | J K L M N O P Q R S T U \Y W X Y Z AA AB AC AD AE
_ Assumed o Total amount Mass balance and amount of dust migration
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28

29

30

31

32

Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (8/9)

* Of the 10 hours of work hours during the day, the net processing

time is deemed to be 3.3 hours

1RID

A B C D E F G H | J K L M N O P Q R S T U \Y W X Y Z AA AB AC AD AE
=
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2} Airdrive | § |collectio | & |collection gls g1(s -
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egquipment activities (11/11) No0.115

Table of environmental changes inside the PCV due to operational equipment activities (during fuel debris processing) (9/9)

* Of the 10 hours of work hours during the day, the net processing
time is deemed to be 3.3 hours

A B C D E F G H | J K L M N O P Q R S T U \Y W X Y Z AA AB AC AD AE
=
s _ Assumed processing o Total amount Mass balance and amount of dust migration
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7 SREE : 53| E z Aerial R EE Amou'ntof'd scat_telrln(‘t; dent o
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“Appendix 6.2.4.1-3: Impact study on methods due to static environment inside the

No0.116

PCV (1/14)

(i) Static environmental changes inside the PCV

>

3

The amount of gas and radioactive leakage from the PCV, which is a control parameter for the static
boundary function, depends on the size of the PCV opening. Therefore, an increase in the size of the
PCV opening is extracted as one of the risks in the section of the Study of the safety equipment model.
It is conceivable that deterioration events for PCV under static environment may increase the size of the
opening of existing damaged sections and generate new damaged sections.

Corrosion phenomena are cited as static environmental changes that cause these deterioration events.
Since the inside of the PCV is in a highly humid environment, it is expected that the liquid film will
adhere to the walls in the gas phase and corrosion of the PCV wall surface will occur not only in the
liquid phase where stagnant water exists and at the gas-liquid interface, but also in the gas phase.
Therefore, the previous findings on corrosion phenomena assumed inside the PCV will be investigated,
and based on the investigation results, whether corrosion phenomena can be extracted as an important

monitoring item or not will be studied.

l D Olnternational Research Institute for Nuclear Decommissioning



=Appendix 6.2.4.1-3; Impact study on methods due to static environment nside

the PCV (2/14)
(i) Static environmental changes inside the PCV

(a) Investigation results of previous findings (D Corrosion behavior of carbon steel in the liquid phase

No.117

section)

> Inthe liquid phase, 4.4 kGy/h gamma radiation increased the corrosion weight loss of carbon
steel by 1.7 times compared to the non-irradiation condition, and 0.2 kGy/h gamma radiation

was almost the same as the non-irradiated conditions. D(Figure 1)

20

Test temp.: 50 °C
Test time: 500 h
SGV480

m 4.4 kGy/h
@0.2 kGy/h

O Unirradiation

=y
3]
T

Weight loss (mg/cm?)
=]

o
™7

7
No additien 10 mg/L N.H; 100 mg/L NoH, 100 mg/L N,H,
of NaH,4 + N, flowing

Figure 1 Effect of gamma radiation on corrosion rate of carbon steel (50° C) D

(Source) 1) Nakano et al., Corrosion of carbon steel and low-alloy steel in diluted seawater containing hydrazine under gamma-rays irradiation, Journal of Japanese
Papers of Japan Atomic Energy Agency (In Japanese), 13, 1, pp.1-6, 2014.
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Appendix 6.2.4.1-3: Impact studv on methods due to static environment inside the PCV (3/14)

No0.118

(i) Static environmental changes inside the PCV
(a) Investigation results of previous findings (@ Corrosion behavior of carbon steel in the area of liquid film adhesion in

the gas phase section)

> It was verified that the corrosion rate increases when the liquid film thickness is approximately 10 to 100 ym when
in the gas phase environment with liquid film adhesion. 2-4(Figure 2)

> In a corrosion test in a gamma radiation environment in which a liquid film adhered to the inner surface of a
cylindrical container, the maximum corrosion depth under the liquid film corrosion environment in the gas phase is
approximately 1.9 times that of the liquid phase. It was verified that the maximum corrosion depth under the liquid
film corrosion environment in the gas phase is approximately 1.8 times at 4 kGy/h and approximately 1.5 times at

0.2 kGy/h that of the non-irradiated conditions due to the superimposed irradiation. )6

0.08 l rrTTITTTTTTTTTTYT TT YT ™ ..‘1“ T T T -T
IR €Y
v 0.06 |
(- [ d=2.5nm
an 0.04 -
& .

3 (Source)
’ 1 2) Hosoya et al., Zairyo-to-Kankyo (Materials and the Environment)(in Japanese), 54, pp.391-395, 2005.
o L/ { 3) Katayama et al., Relationship between corrosion rate of steel and water film thickness under thin
1 layer of artificial seawater, Journal of Japan Institute of Metals, 65, 4, pp. 298—-302, 2001.

RO Ul Tl SRETEE 3 i e 4) Yamamoto et al., Continuous Corrosion Rate Measurement of Carbon Steel in Outdoor Environment
0.001 0.01 0.1 1 10 100 1000 Using AC-Impedance Method , Journal of Japan Institute of Metals, 65, 6, pp.465-469, 2001.

“nm pm  mm

) 5) Tsuchiya et al., “Corrosion evaluation of carbon steel piping in gas-liquid humid environment,” Zairyo-
di Hm to-Kankyo (Materials and the Environment) 2021, A-106, 2021.
6) Tsuchiya et al., “Impact Assessment of Irradiation Effects on Corrosion Behavior of Carbon Steel
Under Atmospheric Humidity,” 68th Symposium on Materials and the Environment 2021, C-112, 2021.

Figure 2 Relationship between corrosion rate and liquid film thickness
(a) Data from Hosoya et al. (b) Tomashov's model 2
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Olnternational Research Institute for Nuclear Decommissioning



Appendix 6.2.4.1-3: Impact study on method

(i) Static environmental changes inside the PCV

(a) Investigation results of previous findings (@ Corrosion behavior of carbon steel at the gas-liquid interface)
> In the semi-immersion test, it was verified that the corrosion rate near the gas-liquid interface was 2.8 to 3.0 times

greater than that in the liquid phase, and the irradiation increased the corrosion rate at the gas-liquid interface by 1.61

. . { 0 kGy'h, 336 ll}' ' {2 11 kGy'h, 336 h
| S *'..,:.. el
times. ?(Figure 3) T e
Gas € 1D Liguid e | 1aqnd

T : . R § |

B -y

12y I IUHHHIIIII |

G 11 L Il
3 GO II IS T A9 21 23 35 27 2930 33 35 17 59 () | i1 38201 IS W f{oun]
Table 1 Estimation of water film and irradiation effects on corrosion rates

mm/year 0 kGy/h sy 2.11 kGy’h

— Water film effect Irradiation effect 2
C R *weight

i : 0.255 0.421
Full : [ 02
ull immersion il I:J:l
C‘R'Ioc.‘ll \—B
At water line 0.795 Céj—l

Figure 3 Results of corrosion rate evaluation of the test piece in each region under irradiation (2.11 kGy/h) and non-irradiated conditions after 336h")

M

(Source) 7) Abe et al., “Corrosion Rate and Long-term Prediction of Carbon Steel at Water Line under Gamma Ray Irradiation,” 67th Symposium on Materials and the
Environment 2020, A-309, 2020.
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“Appendix 6.2.4.1-3: Impact study on methods due to static environment inside the PCV (5/14)

N o No0.120
(i) Static environmental changes inside the PCV
(a) Investigation results of previous findings (® Corrosion behavior of carbon steel at gas-liquid interface)
> In a corrosion test in a gamma radiation environment in which a liquid film
adhered to the inner surface of a cylindrical container, the maximum corrosion sy 02Ky
A, Non-irradiated?
depth of the gas-liquid interface in a non-irradiation environment was 45 DOA
S 40
approximately 5.7 times that of the liquid phase. It was verified that the maximum = . oe
8
corrosion depth at the gas-liquid interface is approximately 1.7 times greater at 4 'g 30 "~ Gas phase
=25 DA
kGy/h and approximately 1.2 times greater at 0.2 kGy/h due to the superimposed 2
; 20
irradiation. ®(Figure 4) ?J- 15 The gas-liquid
. _ o _ _ o 10 fremri—s T
> It was verified that the corrosion rate in air-solution alternating condition is 3 to 5
| | o - | 3 3 A o -~ Liquid phase
times greater than that in the liquid phase. In addition, it was verified that the 0
0 S0 100 150 200
corrosion rate in air-solution alternating condition does not increase linearly with Maximum corrosion depth (pm)

Figure 4 Relationship between cylindrical
container height and maximum erosion depth
(gamma radiation, 500h) ©

increasing oxygen concentration in the air, and that the slope in the low
concentration range (0 to 5%) is greater than that in the high concentration range

oucey (0 1020.8%). 9

6) Tsuchiya et al., “Impact Assessment of Irradiation Effects on Corrosion Behavior of Carbon Steel Under Atmospheric Humidity,” 68th Symposium on Materials and the Environment 2021, C-112, 2021.
8) Ohtani et al., “Effects of seawater components on corrosion rate of steel in air/solution alternating condition,” Zairyo-to-Kankyo (Materials and the Environment), 69, pp.246-252, 2020.
9) Ohtani et al., “Effect of oxygen concentration on corrosion rate of carbon steel in air/solution alternating condition,” 67th Symposium on Materials and the Environment 2020, A-308, 2020.

|
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Appendix 6.2.4.1-3: Impact study on methods due to static environmentinside the PCV (6/14)

No.121

(i) Static environmental changes inside the PCV

(b) Summary of investigation results of previous findings and data expansion policy,

>

It was shown that the corrosion rate of the gas phase section under liquid film adhesion increased by approximately 1.9 times that of
the liquid-phase section, and furthermore, there is a possibility that the superimposed irradiation may increase the corrosion rate by
up to approximately 1.8 times. Based on the corrosion rate in the liquid phase, there is a possibility that the corrosion rate may
increase by approximately 3.4 times in an irradiation environment with liquid film adhesion.

It was shown that the corrosion rate at the gas-liquid interface increased by a maximum of approximately 5.7 times that of the liquid
phase, and furthermore, there is a possibility that the superimposed irradiation may increase the corrosion rate by up to 1.7 times.
Based on the corrosion rate in the liquid phase, there is a possibility that the corrosion rate may increase by approximately 9.7 times
at the gas-liquid interface in an irradiation environment.

Considering these increased corrosion rates, it is possible that the PCV wall, which is the boundary, could rapidly erode and thin out,
and the corrosion phenomenon could potentially be a factor that impedes fuel debris retrieval operations.

In this project, some material tests will be conducted for the purpose of verifying the previous findings, and based on the expanded
findings and the results of the investigation of previous findings, corrosion events will be examined to see if they can be extracted as

important monitoring items.

|
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“Appendix 6.2.4.1-3: Impact study on methods due to static environment inside the PCV(7/14)

No0.122

(i) Status of studies related to corrosion evaluation of structures
(a) Corrosion test

» From the results of the investigation of previous findings in item (i), it was
verified that the corrosion rate increases when there is a liquid film on the
surface.

» On the other hand, there are many unclear points about corrosion behavior
In the presence of a thin liquid film in an irradiation environment.

» Therefore, in order to evaluate the effect of irradiation dose rate on the
corrosion behavior of carbon steel in the presence of a thin liquid film, a
corrosion test under y-ray irradiation was conducted on test pieces with a
liquid film of a certain thickness formed on the surface.

l D Olnternational Research Institute for Nuclear Decommissioning
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‘Appendlx 6.2.4.1-3: Impact study on methodSﬂtmmvenwrmmmrmuﬁh?F*chsrim—
No0.123

(i) Status of studies related to corrosion evaluation of structures
(a) Corrosion test

» Test conditions
O Test material: carbon steel (JIS G 3118 SGV480) (Table 1, Figure 5)
Temperature: room temperature
Time: 50, 100, 500 h
Dose rate (gamma rays): 0, 0.2, 3 kGy/h
Liquid film thickness: 0.4, 4, 30, 40 um (control method is described below)

OO 000

External appearance of test equipment: See Figure 6

Table 1 Chemical composition of test material (wt.%0) Desiccator
steel

| ]
SIEfekiiEl =< 015 085 = [T [T
SGV480 0.27 ~0.40 ~1.20 0.020 O. 020 et L : | o' SEE piece
, installation jig
Test piece

Analyzed

O. 10 0 16 1 43* 0 014 0003 Saturated aqueous solution
value o 1

*: “For every 0.01% decrease in the upper limit of C, the upper limit of Mn 45 2
may be increased by 0.06%. However, JIS states, “the maximum value of Mn
is 1.60%,” and this satisfies the standard. Figure 5 Shape of test piece Figure 6 lllustration of test equipment

=S
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Appendix 6.2.4.1-3: Impact study on methods due to static environment inside the PCV(9/14)

(if) Status of studies related to corrosion evaluation of structures No.124

(a) Corrosion test
» Method of controlling liquid film thickness
« Controlled by the amount of sea salt particles adhering to the surface of the test piece and the relative
humidity inside the test container (Figures 7 and 8)
* When a saturated aqueous solution of salt is present in a sealed container, it is possible to create an

atmosphere of constant relative humidity depending on the type of salt (Table 2)

MgCl, NaBr Nacl  Kcl Polyimide tape Solution Se\a salt particles
Il
100E>IY’X[TYI.[TTAII]IIIY]III'I'IIIIII "é K / ¥
o Sl et St aoum 47 v AR
= | ; -
10 w,=10' gm® : ‘ ‘ ‘
R il A ; 1
g =17, =100gm? [ )0 j 3
= — r__—-_—_.——_— 1 I ji QT i lied d th i @ T=hesolut|0n is dried ant%
; O l I prolaortlonal to u':; I @ Before test agfﬂlas;s\zpblee‘ejergu;Xtasemp':nmeter salt particles are precipitated
JdF E
E W=250m ] Figure 8 Sea salt particle adhesion procedure
1 .
M LA (5. A f . o . |
e =oss o c e ees o gy e s = Table 2 Measured values of various salts at a fixed point of humidity in the test matrix'©)
0.001 E W= 10 1 T E Table 1 Relative humidity values of the humidity fixed point at 22.3'C
30 40 50 60 70 8 90 100 - MgCl, NaBr NaCl  Kcl
5 - : s, o
RH % Relative humidity (measured) 33.2 20,2 58.6 0.4 75.3 £0.5 84.2 0.5
F|g 7 Evaluation results of ||qu|d film thickness when sea salt Relative humidity (literature) 32,83+0,17 58,360, 42 75.39+0.13 84,7340.28
particle adhesion and relative humidity are varied? Ghemee 93 2 5! =03

(Source) 2) Hosoya et al., Zairyo-to-Kankyo (Materials and the Environment), 54, pp.391-395, 2005.
10) Kitano et al., A Method to Realize Humidity Fixed Points by Saturated Salt Solutions, Transactions of the Society of Instrument and Control Engineers, 23, 12, pp.1246-1253, 1987.

|
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Appendix 6.2.4.1-3: Impact study on methods dte to static environmentinside the PC

A

TA—AN

V \1LU/L14)

(i) Status of studies related to corrosion evaluation of structures

(a) Corrosion test

> Test matrix

Table 3 Test matrix
Relative | Sea salt
humidity [ particle |Liquid film| Test
No.| Test piece | Temperature Dose rate (%) adhesion | thickness | duration Number
(kGy/h) of N
amount (um) (h)
(9/m?)
1 59 1 0.4
2 84 1 4
50 3
3 75 10 30
4 84 10 40
5 59 1 0.4
6 0 84 1 4
7 (non- - 1 100 3
irradiated) > 0 30
8 84 10 40
9 59 1 0.4
10| sGVv480 Room 84 1 4
500 3
11 Slab temperature 75 10 30
12 84 10 40
13 59 1 0.4
14 84 1 4
0.2 500 3
15 75 10 30
16 84 10 40
17 59 1 0.4
18 84 1 4
3 500 3
19 75 10 30
20 84 10 40

CR/mgm?s?

0.08 p—rrrrm

F (a)
0.06 |

0.04

0.001  0.01

No0.125

0.1

—

1000

Figure 9 Comparison of target liquid film thickness and
previous findings?

Evaluation on the effect of liquid film

thickness on the amount of corrosion by

setting the liquid film thickness as a

parameter (Figure 9)

Evaluation on the effect of irradiation dose

on the amount of corrosion by setting the

irradiation dose as a parameter

Olnternational Research Institute for Nuclear Decommissioning

l R' D (Source) 2) Hosoya et al., Zairyo-to-Kankyo (Materials and the Environment), 54, pp.391-395, 2005.



Appendix 6.2.4.1-3: Impact study on me

(if) Status of studies related to corrosion evaluation of structures
(a) Corrosion test

» Corrosion test results under non-irradiated conditions

6.0
©0.4um A
5.0 04 um
o A30um a
g 4.0 40 um
50h g
s
2 3.0
= R
3 2.0 e o
‘c & °
% A
100h € 1.0 8 °
< o
g8 o
0.0
0 100 200 300 400 500 600
Time/h

Fig. 11 Amount of corrosion over time under non-irradiated conditions

» The amount of corrosion increased with increasing test

. - o N time, regardless of the liquid film thickness (Figure 11)
Flgure 10 Results of visual observatlon after corrosion test in non-irradiation

environment (typical example . .
(v s » The amount of corrosion increased at 4 um and 30 um.

|
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‘Appendix 6.2.4.1-3: Impact

(if) Status of studies related to corrosion evaluation of structures

(a) Corrosion test

» Corrosion test results under irradiated conditions s.o

7.0 | ©0.4 um -
(500h) : 04um A
v 6.0 430 um
3 i 40 um .
©5.0 < A
£
c A
240 ¢}
(@]
0.4 ym 4 30 um 40 pm § 0. 1B
e + =ir ) a -y "'6 P
€ 2.0 J
>
g
1.0 F
< 500h
o-o A A L A A A A 1 A A " A L A A A A
0.0 1.0 2.0 3.0 4.0

Irradiation dose rate /kGy-h1

Figure 13 Estimated amount of corrosion in irradiation environment
(Revised at 25° C)

» Comparing dose rates of 0.2 kGy/h and 3 Gy/h, the

Figure 12 Results of visual observation after corrosion test in irradiation amount of corrosion at 3 kGy/h is approximately 1.2 to
environment (typical example)

2 times larger, verifying that corrosion accelerates as

the dose rate increases (Figure 13)

|
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Appendix 6.2.4.1-3: Impact study on methods due to static environment inside the PCV (13/14)
No0.128

(ii) Status of studies related to corrosion evaluation of structures

(b) Corrosion evaluation of structures
» Comparing the corrosion test results in a non-irradiation environment with previous findings 2, the
values at 30 ym and 40 um were lower than the conventional knowledge (Figurel4)
» 30 to 40 um is the thickness of the liquid film near the transition zone where the amount of corrosion

increases in the previous findings. Since the actual measurement of the liquid film thickness was

not verified in this test, it is considered 0-08 (Ia')”””I R TR e ﬁ
that the results were not necessarily ::m 0.06 . a
g . d=2.5nm o
match the previous findings?. = Sl / e J
> On the other hand, several previous é 0.02 - 3
findings have shown that the corrosion 0 e s . ; ‘*
. : : : ]
rate accelerates under the condition S /\M |
where a thin liquid film adheres, so ? Iflli/f)wlts i n;rl p:m mim ~
corrosion in a gas phase environment 0.001 061 B Oll T 110 B 160 1000
with a quuid film adhesion is a subject that Figure 14 Relationship between cdorﬁotiomn rate and liquid film thickness

(this test result is over plotted)

a) Data from Hosoya et al. (b) Tomashov's model 2
should be watched carefully. @ Y ()

l R' D (Source) 2) Hosoya et al., Zairyo-to-Kankyo (Materials and the Environment), 54, pp.391-395, 2005.
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Appendix 6.2.4.1-3: Impact study on methods due to static environment inside the PCV (14/14)

No0.129

(i) Status of studies related to corrosion evaluation of structures

(b) Corrosion evaluation of structures
» Regarding the irradiation effect in a gas phase environment with a liquid film adhesion, when the irradiation effect was
examined based on 0.2 kGy/h, it was found that the corrosion rate accelerated by approximately 1.2 to 2 times at 3 kGy/h
(See Figure 13 above).
O In the liquid phase, it was verified that there was almost no difference in corrosion rate between non-irradiated and 0.2
kGy/h, and a 1.5-fold increase in corrosion rate was observed between 0.2 kGy and 4.4 kGy/h (see Figure 1 above?l)).
O In the gas-liquid interface, it was verified that an approximately 1.6-fold increase in corrosion rate was observed
between the non-irradiation and 2.11 kGy/h. (see Fig. 3 above?).

»  The acceleration magnification by irradiation verified in this test was comparable to the previous findings.

Based on the results of the investigation of previous findings and the results of the corrosion test, it is expected that the corrosion rate
in actual PCV will be significant at areas of thin liquid film adhesion in the gas-phase section and at the gas-liquid interface. Therefore,
when verifying the state of corrosion of structures, it is desirable to extract monitoring items focusing on corrosion in these areas.
(Source) 1) Nakano et al., Corrosion of carbon steel and low-alloy steel in diluted seawater containing hydrazine under gamma-rays irradiation, Journal of Japanese Papers of Japan Atomic Energy Agency

(In Japanese), 13, 1, pp.1-6, 2014.
7) Abe et al., “Corrosion Rate and Long-term Prediction of Carbon Steel at Water Line under Gamma Ray Irradiation,” 67th Symposium on Materials and the Environment 2020, A-309, 2020.
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prendix 6.2.4.3-1: Quick reference table of important monitoring items (1/12)

B Extraction methods from the risk assessment table

No0.130

Important monitoring items
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3
Analysis -
number The function Indirect ) ) Direct ) )
Target that the target | Work delay . Reasons to be Detection requirements to . . Reason for selection of detection
- h ] _ Direct causes of error causes of ) monitoring/Indirect -
equipment is responsible | factor (= error) selected avoid work delays - requirements
for error monitoring
Acceleration of | The effective flow path
deterioration of | area of the HEPA filter is
. Reduction of | dust ' reduced and the filter 6 - differentizh ' '
HEPA filter dust concentration performance cannot be Partial blockage of hA— Direct (item 4) .
concentration | reduction maintained the filter element P ffe(ljeu‘gfi ?ﬁgaﬁégz‘;ﬁ;‘e’?waﬂon
function inside e LD E Tk ol increases differential pressure
An-Ki-1 e PEY @ ?rfo(rjnufrt\ém?(r)?:izgin and this tendency is affected t;y
oint to tl?e HEPA 9 the amount and particle size
p (b) Dust amount and distribution of the dust flowing in.
Same as Same as filter - - o ) )
Same as above | Same as above particle size distribution at | Indirect (item 5)
above above A
the HEPA filter inlet )

Extracted from Item 6 (Detection
requirements) and replace names and
important monitoring items

B Safety equipment (gas phase confinement equipment)

This number is
linked to Appendix

\ 6.2.4.3-2
Analysis number

An-Ki-1, 4, 6, 8, 31, 33, 48, 51, 53, 55
An-Ki-1,28,48
An-Ki-2,3,29,30,49,50,

Table. Important monitoring items for gas phase confinement equipment in “Model ID Sa-4: Processing of debris” (1/2)

Important monitoring items

—
A

HEPA filter differential pressure

Amount and particle size distribution of dust at HEPA filter inlet

Dust concentration ratio on upstream/downstream sides of HEPA filter
Amount and chemical properties of dust at HEPA filter inlet (pH, chloride ion concentration,
chemical composition)

Amount and nuclide composition of dust at HEPA filter inlet

Amount of mist at HEPA filter inlet

Relative humidity at HEPA filter inlet

Amount of mist sprayed at processing point

Amount and particle size distribution of abrasives at HEPA filter inlet
Amount of heat input at processing point

An-Ki-2,29,49

An-Ki-3,10,30,50
An-Ki-4,6,31,33,51,53
An-Ki-5,7,9,32,34,52,54,56
An-Ki-5,7,32,34
An-Ki-8,55
An-Ki-9,13,37,56,60

Olnternational Research Institute for Nuclear Decommissioning
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“Appendix 6.2.4.3-1: Quick refe

B Safety equipment (gas phase confinement equipment) No.131
[ |inT<Z|§tr:3u/rxnp?;err:Zix Table. Important monitoring items for gas phase confinement equipment in “Model ID Sa-4: Processing of debris” (2/2)
6.2.4.3-2 Analysis number Important monitoring items
An-Ki-10,11,12,13,57,58,59,60 Temperature differential before and after the electric heater
An-Ki-11,12,58,59 Amount of mist at electric heater inlet
Differential pressure between inside and outside of the PCV
An-Ki-14,15 Amount and chemical properties (pH, chloride ion concentration) of mist flying to the PCV wall near the
D/W water surface
An-Ki-16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 |Differential pressure between inside and outside of the PCV + pressure inside the system
AN-Ki-16 Amgunjt and chemical properties of dust (pH, chloride ion concentration, chemical composition) at filter
casing inlet
An-Ki-17 Amount and nuclide composition of dust at filter casing inlet
An-Ki-18,19 Amount of mist at filter casing inlet
. Amount and chemical properties of dust (pH, chloride ion concentration, chemical composition) at
An-Ki-20, 24 L
exhaust line inlet
An-Ki-21,25 Amount and nuclide composition of dust at exhaust line inlet
An-Ki-22,23,26,27 Amount of mist at exhaust line inlet
An-Ki-28 HEPA filter differential pressure + differential pressure between inside and outside of the PCV
An-Ki-35,36,37 Airflow rate of exhauster
AN-Ki-35 Amount an_d chemical properties of dust (pH, chloride ion concentration, chemical composition) at
exhauster inlet
An-Ki-36 Amount and nuclide composition of dust at exhauster inlet
An-Ki-38,39,40,41,42 Demister differential pressure + differential pressure between inside and outside of the PCV
An-Ki-38 Amount and particle size distribution of dust at demister inlet
An-Ki-39 Amo_unt a_nd chemical properties of dust (pH, chloride ion concentration, chemical composition) at
demister inlet
An-Ki-40 Amount and nuclide composition of dust at demister inlet
An-Ki-41,42 Amount of mist at demister inlet
An-Ki-43,44,45,46,47 Differential pressure of dry backwash filter + differential pressure between inside and outside of PCV
An-Ki-43 Amount and particle size distribution of dust at dry backwash filter inlet
. Amount and chemical properties of dust (pH, chloride ion concentration, chemical composition) at dry
An-Ki-44 -
backwash filter inlet
An-Ki-45 Amount and nuclide composition of dust at dry backwash filter inlet
An-Ki-46,47 Amount of mist at dry backwash filter inlet
An-Ki-52 Amount of processing aid (mist) sprayed at processing point
An-Ki-54 Amount of anti-dispersion agent (mist) sprayed at processing point
An-Ki-57 Amount and nuclide composition of dust at electric heater inlet
|
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“Appendix 6.2.4.3-1: Quick reference table of important monitoring items (3/12)

B Safety equipment (liquid phase confinement equipment) No0.132

This number is
linked to Appendix lTabIe. Important monitoring items for liquid phase confinement equipment in “Model ID Sa-4: Processing of debris”

£.2.4.32 PAnaIysis number Important monitoring items
An-Eki-1.2.3.4.5.7 D/W stagnant water transfer pump flow rate
An-Eki-1 Chemical properties (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing into the D/W
stagnant water transfer pump
An-Eki-2.3 Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the D/W stagnant water
' transfer pump
An-Eki-4.5.7 Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the D/W stagnant
" water transfer pump
. \Water temperature inside the PCV
An-Eki-6,13

Amount of heat input at processing point
An-Eki-8,9,10,11,12,14 PCV stagnant water discharge pump flow rate

An-Eki-8 Chemical proper;ies (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing into the PCV
stagnant water discharge pump
Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the PCV stagnant water
discharge pump
Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the PCV stagnant
water discharge pump
D/W water level

An-Eki-9,10

An-Eki-11,12,14

An-Eki-15 Chemical properties (pH, chloride ion concentration, chemical composition) of D/W wall in liquid phase
An-Eki-16,19 Flow rate in the system
An-Eki-16 Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the piping
An-Eki-17,24,25 Flow rate in the system + amount of leakage
An-Eki-17 Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the liquid system
An-Eki-18, 20, 21 Flow rate in the system + leak detection
An-Eki-18, 20, 22 gys?[;nr:]cal properties (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing into the liquid
An-Eki-19 Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the piping
An-Eki-21,26 Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the liquid system
An-Eki-22 PCV stagnant water buffer tank water level + leak detection
An-EKi-23,26 Flow rate in the system + differential pressure before and after D/W stagnant water coarse particle removal equipment
An-Eki-23.24 Amount, pqrticle size distribgtion, and particle density of dust in the transferring liquid flowing into the D/W stagnant water
' coarse particle removal equipment
An-Eki-25 Chemical properties (pH, chloride ion concgntration, chemical composition) of the transferring liquid flowing into the D/W
stagnant water coarse particle removal equipment
I_R' D Olnternational Research Institute for Nuclear Decommissioning



“Appendix 6.2.4.3-1: Quick reference table of important monitoring items (4/12)

B Safety equipment (cooling equipment)

This

linked to

number is

No0.133

Table. Important monitoring items for cooling equipment in “Model ID Sa-4: Processing of debris”

2?2?2.“3({2( /Analysis number Important monitoring items
— An-Rei-1,2,3,4 D/W stagnant water transfer pump flow rate
An-Rei-1 Chemical prop_erties (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing into the D/W stagnant water
transfer pump inlet
AN-Rei-2 AT?unt, particle size distribution, and particle density of dust in the transferring liquid flowing into the D/W stagnant water transfer pump
inle
An-Rei-3 Amount of abrasives in the transferring liquid flowing into the D/W stagnant water transfer pump inlet
An-Rei-4 Amount, particle size distribution, and particle density of abrasives in the coolant flowing into the D/W stagnant water transfer pump
An-Rei5.11 Water temperatL_Jre inside the PQV .
' Amount of heat input at processing point
An-Rei-6,7 Cooler inlet/outlet temperatures
An-Rei-6 Chemical properties (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing into the cooler inlet
An-Rei-7 Amount of abrasives flowing into the cooler inlet

An-Rei-8,9,10,12

PCV stagnant water injection pump flow rate

Chemical properties (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing into the PCV stagnant water

An-Rei-8 N i
injection pump inlet

An-Rei-9 Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the PCV stagnant water injection pump

e inlet

An-Rei-10 Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the PCV stagnant water injection
pump

An-Rei-12 Amount of abrasives in the transferring liquid flowing into the PCV stagnant water injection pump

An-Rei-13 Amount of water in the PCV stagnant water buffer tank + amount of leakage

An-Rei-13,16,18 Chemical properties (pH, chloride ion concentration, chemical composition) of the coolant flowing into the liquid system
An-Rei-14,17 Flow rate in the system
An-Rei-14 Amount, particle size distribution, and particle density of dust in the coolant flowing into the piping

An-Rei-15,16,18,19,21,22

Flow rate in the system + amount of leakage

An-Rei-15 Amount, particle size distribution, and particle density of dust in the coolant flowing into the liquid system
An-Rei-17 Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the piping
An-Rei-19,23 Amount, particle size distribution, and particle density of abrasives in the coolant flowing into the liquid system
An-Rei-20, 23 Flow rate in the system + differential pressure before and after D/W stagnant water coarse particle removal equipment
An-Rei-20. 21 Am(_)unt, particle size distribution, and particle density of dust in the coolant flowing into the D/W stagnant water coarse particle removal
' equipment
AN-Rei-22 Chemical properties (pH, chloride ion concentration, chemical composition) of the coolant flowing into the D/W stagnant water coarse

particle removal equipment

1RID
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (5/12)

No.134
B Safety equipment (liquid phase/sub-criticality maintenance equipment)

This number is

linked to Appendix | Table. Important monitoring items for liguid phase/sub-criticality maintenance

6.2.4.3-2
Analysis number Important monitoring items
An-Rin-1.2,3.4.5.6.7 Am(_)unt and particle size distribution of dust downstream of the D/W stagnant water coarse particle removal
equipment
AN-Rin-1 Amount of dust in the transferring liquid flowing into the D/W stagnant water coarse particle removal
equipment
AN-RiN-2.4 Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the D/W
' stagnant water coarse particle removal equipment
. Chemical properties (pH, chloride ion concentration, chemical composition) of the transferring liquid flowing
An-Rin-3 . . .
into the D/W stagnant water coarse particle removal equipment
AN-RIN-5 Amount of abrasives in the transferring liquid flowing into the D/W stagnant water coarse particle removal
equipment
. Amount, particle size distribution, and particle density of abrasives in the transferring liquid flowing into the
An-Rin-6,7 . .
D/W stagnant water coarse particle removal equipment
—
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (6/12)

N0.135

B Operational equipment

Table. Important monitoring items for operational equipment in “Model ID Sa-1: Verification of the overall situation inside the PCV, and operational/safety

equipment

Analysis number Important monitoring items
No important monitoring items due to the environment inside the PCV

This number is
linked to Appendix
6.2.4.3-3

Table. Important monitoring items for operational equipment in “Model ID Sa-2: Approaching the object to be processed”

Analysis humber Important monitoring items
Saku-A-1 Presence of interfering objects unaffected by darkness
Saku-A-2 Presence of interfering objects unaffected by fog
Saku-A-3 Presence of interfering objects unaffected by dripping water
Saku-A-4 Presence of interfering objects unaffected by noise
Time to reach destination
Saku-B-1 .
Velocity of water flow on the transfer route
Degree of influence of equipment on hot spots (radiation resistance)
Saku-B-2 .
Location of hot spot on the transfer route
Saku-B-3 Transfer route detection unaffected by soaring sediment
Saku-B-4 Current location detection unaffected by darkness
Saku-B-5 Current location detection unaffected by fog
Saku-B-6 Current location detection unaffected by dripping water
Saku-B-7 Current location detection unaffected by noise
—
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (7/12)

B Operational equipment

This number is
linked to Appendix
6.2.4.3-3

Table. Important monitoring items for operational equipment in “Model ID Sa-3:

No0.136

Analysis number

Important monitoring items

Saku-A-1 Submerged debris detection unaffected by darkness
Saku-A-2 Submerged debris detection unaffected by fog
Saku-A-3 Submerged debris detection unaffected by dripping water
Saku-A-4 Submerged debris detection unaffected by noise
Application time for neutron absorbent
Saku-A-5 X —
\Velocity of water flow at the neutron absorbent application area
Saku-A-6 Detection of neutron absorbent application status unaffected by darkness
Saku-A-7 Detection of neutron absorbent application status unaffected by fog
Saku-A-8 Detection of neutron absorbent application status unaffected by dripping water
Saku-A-9 Detection of neutron absorbent application status unaffected by blind spots due to surrounding structures

3
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (8/12)

B Operational equipment

This number is

linked to 1 Table. Important monitoring items for operational equipment in “Model ID Sa-4:

Appendix

No0.137

6.2433 =N

Analysis number

Important monitoring items

Saku-B-1 Fuel debris properties (compressive strength) in the processing area
Dust concentration at the processing site unaffected by darkness
Saku-A-1 .
Debris temperature unaffected by darkness
Dust concentration at the processing site unaffected by fog
Saku-A-2 .
Debris temperature unaffected by fog
Saku-A-3,5 Dust concentration at the processing site unaffected by dripping water
Saku-A-3 Debris temperature unaffected by dripping water
Dust concentration at the processing site unaffected by noise
Saku-A-4 . -
Debris temperature unaffected by noise
Saku-A-5 Debris temperature unaffected by dust dispersion
Saku-A-6 Neutron flux unaffected by darkness
u-A- Debris dimensions unaffected by darkness
Saku-A-7 Neutron flux unaffected by fog
axu-A- Debris dimensions unaffected by fog
Saku-A-8 Neutron flux unaffected by dripping water
Debris dimensions unaffected by dripping water
Saku-A-9 Neutron flux unaffected by dust dispersion
Debris dimensions unaffected by dust dispersion
Saku-A-10 Neutron flux unaffected by background (noise)
Debris dimensions unaffected by background
Saku-A-11 Neutron flux around the location of the fall
Structural strength of structure leading to fall mode
Dust concentration at the processing site
Saku-A-12 — " n - -
Amount of anti-dispersion agent (mist) reaching the processing area
Saku-B-2 Time to reach the processing area
Three-dimensional shape (dimensions) of structure at the processing site
Saku-B-3 Degree of wear and tear of processing jigs

Compressive strength of debris to be processed

3
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (9/12)

B Operational equipment

This number is

linked to 1 Table. Important monitoring items for operational equipment in “Model ID Sa-4:

Appendix

62433 A Analysis number

Important monitoring items

Degree of influence of equipment on hot spots (radiation resistance)
Saku-B-4 - - -
Source location of hot spots at the processing site
Saku-B-5, 10, 11, 12, 13, 14,15 |Amount of debris filling the inner container
Saku-B-5 \Velocity and flow rate of cooling water in the debris processing area
Saku-B-6 Dimensions of processed debris unaffected by darkness
Saku-B-7 Dimensions of processed debris unaffected by fog
Saku-B-8 Dimensions of processed debris unaffected by dripping water
Dimensions of processed debris unaffected by sediments, powder from cutting (dust), or neutron
Saku-B-9 .
absorbers floating in water
Saku-B-10 Velocity and flow rate of cooling water in the debris collection area
Saku-B-11 Relative position of debris and inner container unaffected by darkness
Saku-B-12 Relative position of debris and inner container unaffected by fog
Saku-B-13 Relative position of debris and inner container unaffected by dripping water
Relative position of debris and inner container unaffected by sediments, powder from cutting (dust), or
Saku-B-14 L
neutron absorbers floating in water
Saku-B-15 Relative position of debris and inner container unaffected by noise
Saku-B-16 Amount of debris filling the inner container unaffected by darkness
Saku-B-17 Amount of debris filling the inner container unaffected by fog
Saku-B-18 Amount of debris filling the inner container unaffected by dripping water
Amount of debris filling the inner container unaffected by sediments, powder from cutting (dust), or
Saku-B-19 oo
neutron absorbers floating in water
Saku-B-20 Amount of debris filling the inner container unaffected by noise

3

1D
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (10/12)

B Operational equipment

Table. Important monitoring items for operational equipment in “Model ID Sa-5:

Analysis number

Important monitoring items

No important monitoring items due to the environment inside the PCV

This number is

nked 10 1Tab|e. Important monitoring items for operational equipment in “Model ID Sa-6: Cell

Appendix
6.2.43-3 )N Analysis number Important monitoring items
Saku-A-1 Presence of interfering objects unaffected by darkness
Saku-A-2 Presence of interfering objects unaffected by fog
Saku-A-3 Presence of interfering objects unaffected by dripping water
Saku-A-4 Presence of interfering objects unaffected by noise
Time to reach destination
Saku-B-1 ;
Velocity of water flow on the transfer route
Saku-B-2 Degree of influence of equipment on hot spots (radiation resistance)
Location of hot spot on the transfer route
Saku-B-3 Transfer route detection unaffected by soaring sediment
Saku-B-4 Current location of the inner container unaffected by inner container radiation
Saku-B-5 Transfer route detection unaffected by dust
Saku-B-6 Current location of the inner container unaffected by noise

3

1D
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prendix 6.2.4.3-1 : Quick reference table of important monitoring items (11/12) No.140

B Operational equipment

This number

is linked to Table. Important monitoring items for operational equipment in “Model ID Sa-7: Transfer of debris @ (Cell R — Cell Y)”
Appendix
6.2.4.3-3 A Analysis number Important monitoring items
Saku-B-1 Detection of transfer line interference unaffected by the inner container radiation
Saku-B-2 Detection of transfer line interference unaffected by dust
Dust concentration at cell (Y)
Saku-A-1 -
Dust concentration at cell (R)
Saku-A2 Hydrogen concentration/or oxygen concentration in cell (Y)
aku-A-
Amount of hydrogen generated in the inner container
Air dose rate of cell (Y)
Saku-B-3 N X
Surface dose rate of inner container
Saku-B-4 Transfer route detection unaffected by soaring dust
Saku-B-5 Current location of the inner container unaffected by soaring dust

This number
is linked to
Appendix

6.2.4.3-3

Table. Important monitoring items for operational equipment in “Model ID Sa-8: Collection of debris’

\ Analysis number Important monitoring items
Saku-B-1 Time to verify whether the contents are protruding from the inner container or not
aku-B- N ; .
Presence or absence of contents protruding from the inner container
Saku-B-2 Time to verify whether the inner container is damaged or not
aku-B- . X
Presence or absence of damage to the inner container
Time to remove foreign matter (debris powder) from the canister
Saku-B-3 - . X .
Amount of foreign matter (debris powder) adhering to the canister
Time to complete the inner container collection
Saku-B-4 . .
Surface dose rate of inner container
—
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Tppendix 6.2.4.3-1: Quick reference table of important monitoring items (12/12)
B Operational equipment

No.141

This number

'Zg:';i‘élf Table. Important monitoring items for operational equipment in “Model ID Sa-9: Transfer of debris @ (Cell Y — Cell GY”
62433 N\ Analysis number Important monitoring items
Dust concentration at cell (G)
Saku-A-1 .
Dust concentration at cell (Y)
Saku-A-2 Flow rate in the system
Saku-A-2,3 Amount, particle size distribution, and particle density of dust in the transferring liquid flowing into the piping
Saku-A-3 Flow rate in the system + amount of leakage
Decontamination completion time of transfer container
Saku-B-1 Inspection items not affected by contaminated water (surface dose rate, pressure discharge characteristics,
surface contamination concentration)

Table. Important monitoring items for operational equipment in “Model ID Sa-10: Transfer of debris (Cell G — Secondary boundary)”

Analysis nhumber Important monitoring items
No important monitoring items due to the environment inside the PCV

' D Olnternational Research Institute for Nuclear Decommissioning
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Appendix 6.2.4.3-2: Risk assessment tablefor safety equipment (Detalled version) (1/48)
No.142

B Supplementary information before presentation of evaluation results: Classification of
indirect factors affecting safety functions (1/2)

In conducting the risk assessment, although it is assumed the disturbances (dust/mist generation, fuel
debris properties) generated as a result of the fuel debris retrieval operations would degrade the
components that constitute safety functions, the characteristics of the disturbances were taken into
consideration and the effects on the components were categorized into the following four categories and
extracted as important monitoring items for indirect monitoring.

@ Factors in which disturbances directly affect safety functions
« Dust and mist generated at the processing point directly accumulate and adhere to the components,
causing adverse effects.
v' Components are adversely affected due to accumulation of dust (examples of indirect monitoring
items: amount and particle size distribution of dust flowing into components)
v' Components are adversely affected due to accumulation of mist (examples of indirect monitoring
items: amount of mist flowing into components)

@ Factors in which disturbances indirectly affect safety functions
« Dust and other particles generated at the processing point flow into the components, causing adverse
effects due to chemical, radiological changes, and other changes to the parts of the components.
v' Components are adversely affected as a result of changes in chemical properties (examples of
indirect monitoring items: amount and chemical composition of dust flowing into components)
v' Components are adversely affected as a result of degradation due to irradiation (examples of
indirect monitoring items: amount and nuclide composition of dust flowing into components)

|
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NO.143

B Supplementary information before presentation of evaluation results: Classification
of indirect factors affecting safety functions (2/2)

Appendix 6.2.4.3-2: Risk assessment ta

@ Factors in which disturbances affect the design conditions of equipment that
constitute safety system
» Disturbances generated at the processing point adversely affect the equipment by affecting
the design conditions of the equipment that constitute safety functions.
v' Equipment is adversely affected when worsening design conditions (examples of
indirect monitoring items: design conditions of equipment (pressure inside the PCYV,
temperature, relative humidity, composition of gas)

@ Others
* Not applicable to the above categories, but equipment is adversely affected by equipment-
specific failure modes while retrieving fuel debris.

Based on the characteristics of the disturbances (dust/mist generation, fuel

debris properties), four factors are considered to be degradation modes of the
equipment.

|
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“Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (3/48)
No.144

M Procedure for entering the information on disturbances into the risk assessment table (1/2)
- For the Table of environmental changes inside the PCV due to operational equipment activities, the
disturbances entered in item 5 of the risk assessment table were classified into disturbances (D to @) as

shown in the table below. Disturbance @
Fuel Assumed properties Assumed processing methods Particle size of dust
: .. |Compressive . . . Aerial processing :
debris
type Density strength coPr;Ipr)T:)irgnt Localized area Prorﬁ(e)zselng Equ]J;pnrjneent Remarks (no anti-dispersion agent) e eV T PSS
[g/lcm®]|  [MPa] [um] [um]
All in range of peak
] particle size
Craft, on [U Rich] Blade D t0 3 (mass
bedrock U, Zrn0o2-C, diameter: . -oncentration .
upper (Zr, U)02-T, Pedestal inside 200 mm  JAirborne Listribution) Airborne Unknown
Mass of section): the PCV 0.1 to 0.3 (number
fuel 11 |R000 [Fe Rich] Floor/Interior/ Cutting Blade -oncentration
debris Other than [UO2, Fe, Zry-2, joutside) drywell Disc cutter fhickness: distribution)
abovt(_a g gﬁ;(/?’ Fe2(z L mm All in median diameter
mentioned: e, Fe2(Zr, satribti
030 U), Number of ISedimentation 33 ggg?r?]zrn?lstnbutlon Sedimentation JAbove 50
7rB2, Fe2B, fevolutions distribution)
pr(0), Fe2zr 1000 rpm eripheral Either Floating in 50 or less
ispersion airborne/sedimentation |water
Total amount of dust Mass balance and amount of dust migration | . :
- - - . . Amount of anti-scattering
generated Aerial processing Underwater processing I Amount of processing aid agent iniected
Aerial [Underwater Amount of Amount of injected gentiny .
. . Mass balance S Mass balance S (Only for aerial processing)
lprocessing| processing dust migration dust migratio
Input Total amount Input Total amount of
_— 0, — 0,
[l [o] [%] [a] [%] (9l |‘ materials of input materials input
[Aerial
Airborne 4 49.7 Airborne | 2E-05 0.0 pr‘;f:fsl'”g] 198 L [Mist: 0.05 9.9 L
Y /min
1242.1 1242 L/min
7 1
Sedimentation | 37 459.6 Sedimentation | 99.5 1235.9 *) *)
oo | 5o | rme | Temmn Tos |
Disturbance @ Disturbance @ -

| S
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Appendix 6.2.4.3-2: Risk asse

No0.145

B Procedure for entering the information on disturbances into the risk assessment table (2/2)

No. Disturbance
@ Particle size and amount of dispersion of dust
generated during processing
@ Use of processing aid injected onto processing jigs
©) Use of anti-dispersion agent for dust
® to @ on the / Others
: Important monitorin
preVlous page @ |- Heat input during processing . P q 9
- Abrasive input during processing ltems extracte
el
v Important monitoring items
Item 1 Item 2 Item 3 Item 4 Item 5-1 | Item 5-2 Item 6-1 Item 6-2 Item 6-3
Analysis The function
number that the Indirect ) . . Direct . .
Target ) Work delay factor ’ Detection requirements to avoid work - . Reason for selection of detection
; target is _ Direct causes of error causes | Reasons to be selected monitoring/Indire -
equipment } (= error) delays LS requirements
responsible of error ct monitoring
for
Dust concentration inside the PCV
Reduction of | Increased dust increases because the HEPA filter
HEPA filter | dust concentration inside | deteriorates and the design value of Partial blockage of the filter | (a) HEPA filter differential pressure Direct (item 4) .
. . . . Selected because accumulation of
concentration | the PCV the exhaust filter efficiency is not element due to
dust in the HEPA filter increases
. ensured. accumulation of dust . . .
An-Ki-1 D L differential pressure, and this tendency
K “\\| migrating from the . .
Predict loss of safety is affected by the amount and particle
. . processing point to the ) .
Sameas |Same as S b S functions due to debris (b) Dust amount and particle size e S size distribution of the dust flowing in.
ame as above ame . : HEPA filter ndirect (item
above above ret“eva}l operat!ons by distribution at the HEPA filter inlet
extracting (a) direct/(b) —
indirect monitoring
o
As the PCV deteriorates and the size . . .
Decrease in Selected because increase in the size
PCV ) . . of the opening increases, inleakage ) ) ) .
) Static differential pressure ) . (a) Differential pressure between . ) of the opening caused by the corrosion
(Primary occurs and decreases the differential . Direct (item 4)
boundary between inside and Partial damage caused by inside and outside of the PCV of the PCV wall surface decreases the
Boundary) pressure between inside and outside i . . o
. outside of the PCV corrosion of PCV wall differential pressure between inside
An-Ki-14 of the PCV. . @ ) )
surface due to accumulation - " and outside of the PCV, and because
I\ (b) Amount and chemical properties
of processing aid (mist) o . this trend is affected by the liquid
Same as Same as o (pH, chloride ion concentration) of . )
Same as above Same as affovéOrganize the caudal ) . Indirect (item 5) | phase chemical properties on the PCV
above above relationship betwekn the mist flying to PCV wall surface near wall surface
direct cause of the errar D/W water surface

and disturbance during
debris retrieval operations

Loss of safety function is defined as a factor of throughput reduction (Item 3). Factors affecting the components that constitute safety functions

due to disturbances as a result of fuel debris retrieval operations are analyzed, and detection requirements for avoiding work delays are organized

TRID
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Appendix 6.2.4.3-2: Risk assessment tablefor safety eguipment (Detailed version) (5/48)
B Risk assessment table T

No0.146
W Score table foritem 7-1 [4 points] Requires constant monitoring during task and W Score table for item 7-3

(g a.S p h aS e C 0 n fl n em en t eq U I p m en t) [4 points] No countermeasures have been determined predictability is poor [4 points] No countermeasures, and impact on throughput is unknown

3 points] Count ist, but th till und . . . N . .
Eﬂe\?:;gpil]ﬂen?un ermeasires exist, bul They afe st under [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due to

N . predictability is good suspension of task
[2 points] Countermeasures exist, but there are no track N h T . I - .
- X L [2 points] Requires regular monitoring and predictability is| |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi AR
[1 point] Countermeasures exist, and have been applied at poor limitations
Model ID . P ! [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
the Fukushima Daiichi.
good
Process Ko-3 : Debris retrieval
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 "
(Evaluation Results)
Analysis ) Impacton
number The function . . . Direct throughput due .
that the Direct Indirect Detection L . Presence or absence of Effects on accurate and Point of
Target : Work delay factor Reasons to be . monitoring/ Reason for selection of " " . . " " to error -
. target is _ causes of | causes of requirements to " N . Point | countermeasures for disturbing | Point | prompt on-site response by | Point " Individual represent
equipment " (=error) selected N Indirect detection requirements - handling N
responsible error error avoid work delays L functions workers N ation
for monitoring (Indirect
causes,
HEPA filter | Reduction of | Increased dust Dust Partial blockage of (a) HEPA filter Direct Selected because accumulation Functionality is ensured by Filter clogging is due to Because item
dust concentration concentrati the filter element differential pressure | (item 4) of dust in the HEPA filter switching filters through 2 daily accumulation, so 7-1is 1 point
concentration | inside the PCV on inside due to accumulation increases differential pressure, series of filters (already predictability is good
the PCV of dust migrating and this tendency is affected by 1 studied) 1 1 1
increases from the processing the amount and particle size
as the point to the HEPA distribution of the dust flowing
HEPA filter filter in.
An-Ki-1 deteriorate @ 3
dth (b) Dust amount Indirect Functionality is ensured by Continuous monitoring is Because item
s and the
MERA and particle size (item 5) switching filters through 2 required, but predictability 7-1is 1 point
liter
. distribution at the series of filters (already is good.
efficiency
HEPA filter inlet studied
does not 1 ) 3 1 3
meet the
design
value.
Partial damage (a) HEPA filter Direct Deterioration of filter elements Functionality is ensured by Post-detection is possible Because item
caused by the upstream/downstre | (item 4) due to accumulation of dust in switching filters through 2 by constant monitoring of 7-1is 1 point
Same as Same as Same as deterioration of filter | am dust the HEPA filter causes partial series of filters (already the dust concentration on
Same as above 1 4 1 4
above above above elements due to concentration ratio damage to filter elements and studied) the downstream side of the
dust migrating from decreases the ratio of dust filter, but predictability is
the processing point concentration between the poor
AnKi-2 Sameas | to the HEPA filter (b) Amount and Indirect upstream and downstream Functionality is ensured by Continuous monitoring is Because item 4
n-Ki-
above chemical properties | (item 5) sides. Selected because this switching filters through 2 required, but predictability 7-1is 1 point
(pH, chloride ion trend is affected by the amount series of filters (already is poor.
concentration, and chemical properties (pH, 1 studied) 4 1 4
chemical chloride ion concentration,
composition) of dust chemical composition) of dust
N\ at HEPA filter inlet flowing into the filter.
[ —

\ \
[The numbering rules for analysis I1D]
Gas phase equipment: An-Ki-Arabic numerals Liquid phase equipment: An-Eki-Arabic numerals
Cooling equipment: An-Rei-Arabic numerals Liquid phase sub-criticality maintenance equipment: An-Rin-Arabic
numerals

|
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (6/48)

B Risk assessment table

(gas phase confinement equipment)

No.147

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under|
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good
[2 points] Requires regular monitoring and predictability

W Score table for item 7-3

unknown

[4 points] No countermeasures, and impact on throughput is

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task
[2 points] Countermeasures exist, but throughput decreases due

Model ID records of application at the Fukushima Daiichi Ny
) ; v is poor S
- - [1 point] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictabilit to workload limitations
Process Ko-3 : Debris retrieval at the Fukushima Daiichi. is qpood q 9 9 P! Y [1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Iltem 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Iltem 7-3 N
(Evaluation Results)
Analysis Tmpact on
number ] ; ) Direct throughput :
The functionthat | Work delay . Indirect Detection o . Presence or absence of Effects on accurate and Point of
Target . Direct causes of Reasons to N monitoring/Ind Reason for selection of . . N . due to error -
. the target is factor causes requirements to . . . Point countermeasures for Point prompt on-site response Point - Individual | represent
equipment ; _ error be selected K irect detection requirements " . ! handling N
responsible for (= error) of error avoid work delays S disturbing functions by workers : ation
monitoring (Indirect
causes)
HEPA filter | Reduction of Increased | Dust Partial (a) HEPA filter Direct (item Partial damage to filter Functionality is Post-detection is Because
dust dust concentration damage to upstream/downs | 4) elements due to ensured by switching possible by constant item 7-1 is
concentration concentrat | inside the PCV filter tream dust irradiation of dust filters through 2 series monitoring of the dust 1 point
ion inside | increases as elements concentration accumulated in the of filters (already concentration on the
the PCV the HEPA filter due to ratio HEPA filter decreases studied) downstream side of
deteriorates irradiation of the ratio of dust the filter, but
and the HEPA dust concentration between 2 a predictability is poor a a
filter efficiency migrating the upstream and
does not meet from the downstream sides.
An-Ki-3 the design ) processing Selected because this 4
value. point to the trend is affected by the
HEPA filter amount and nuclide
composition of inflowing
dust.
(b) Amount and | Indirect (item Functionality is Continuous monitoring Because
nuclide 5) ensured by switching is required, but item 7-1is
composition of 1 filters through 2 series 4 predictability is poor. 1 1 point 4
dust at HEPA of filters (already
filter inlet studied)
Partial (a) HEPA filter Direct (item | Selected because the Functionality is Filter clogging is due Because
blockage of | differential 4) differential pressure ensured by installing a to daily accumulation, item7-1is
Same as Same as filter pressure increases due to partial demister and electric so predictability is 1 point
Same as above Same as above X 1 ) 1 1 1
above above elements blockage caused by mist heater at the first- good
due to that accumulates in the stage filter (already
. adhesion of HEPA filter, and studied)
An-Ki-4 @ - - . — - o 3
processing (b) Amount of Indirect (item | pecause this trend is Functionality is Continuous monitoring Because
aid migrating | Mist at HEPA 5) affected by the amount ensured by installing a is required, but item7-1is
from the filter inlet of inflowing mist due to demister and electric predictability is good. 1 point
1 ) 3 1 3
processing the processing aid. heater at the first-
point to the stage filter (already
HEPA filter studied)
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=

B Risk assessment table

(gas phase confinement equipment)

W Score table for item 7-1

development

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

W Score table for item 7-2
[4 points] Requires constant monitoring during task and

predictability is poor

[3 points] Requires constant monitoring during task but

predictability is good

[2 points] Requires regular monitoring and predictability

No0.148
W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due

Model ID ) . . is poor A
[1 point] Countermeasures exist, and have been applied at the N . - . I to workload limitations
" o [1 point] Requires regular monitoring and predictability is R . . .
Process Ko-3 - Debris retrieval Fukushima Daiichi. qo0d [1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 :
: (Evaluation Results)
Analysis
number . )
The function Indirect Detection Direct Presence or absence of Effects on accurate and Impacton
Target that the target | Work delay factor | Direct causes Reasons to be . monitoring/l | Reason for selection of . . B . throughput due to . Point of
. . - _ causes of requirements to . . . Point countermeasures for Point prompt on-site response by | Point " Individual :
equipment | is responsible (= error) of error selected N ndirect detection requirements " . N error handling representation
error avoid work delays o disturbing functions workers "
for monitoring (Indirect causes)
HEPA filter Reduction of Increased dust Dust Performance (a) Relative humidity | Direct (item | Selected because the Functionality is ensured by Post-detection is possible Because item 7-1 is
dust concentration concentration degradation of the at HEPA filter inlet 4) relative humidity of gas installing a demister and an by constant monitoring of 1 point
concentration | inside the PCV inside the PCV HEPA filter caused flowing into the HEPA electric heater at the first- the temperature differential
increases as by relative humidity filter was verified to stage filter before and after the electric
the HEPA filter at HEPA filterinlet, deviate from the design 1 (already studied) 4 heater, but predictability is 1 4
deteriorates which is a design condition, and because poor
) and the HEPA condition, exceeding this trend is affected by
AT filter efficiency @ the design the amount of &
does not meet assumption, as a processing aid (mist)
the design result of debris (b) Amount of mist Indirect sprayed at the Functionality is ensured by Continuous monitoring is Because item 7-1 is
value. retrieval operations sprayed at (item 5) processing point. installing a demister and an required, but predictability 1 point
processing point 1 electric heater at the first- 3 is good. 1 3
stage filter
(already studied)
Partial blockage due | (a) HEPA filter Direct (item | Selected because the Functionality is ensured by Filter clogging is due to Because item 7-1 is
to adhesion of anti- differential pressure 4) mist accumulated in the installing a demister and an daily accumulation, so 1 point
Same as Same as Same as . . I . . " -
Same as above dispersion agent HEPA filter increases 1 electric heater at the first- 1 predictability is good 1 1
above above above I " N y
migrating from the the differential pressure stage filter
processing point to for the HEPA filter, and (already studied)
An-Ki-6 " . : 3
@ the HEPA filter (b) Amount of mist at | Indirect because this trend is Functionality is ensured by Continuous monitoring is Because item 7-1 is
HEPA filter inlet (item 5) affected by the amount installing a demister and an required, but predictability 1 point
of mist flowing into filter 1 electric heater at the first- 3 is good. 1 3
elements due to the anti- stage filter
dispersion agent. (already studied)
Performance (a) Relative humidity Selected because the Functionality is ensured by Post-detection is possible Because item 7-1 is
degradation of the at HEPA filter inlet relative humidity of gas installing a demister and an by constant monitoring of 1 point
Same as Same as Same as HEPA filter caused Direct (item | flowing into the HEPA electric heater at the first- the temperature differential
Same as above 1 4 1 4
above above above by relative humidity 4) filter was verified to stage filter before and after the electric
at HEPA filter inlet, deviate from the design (already studied) heater, but predictability is
PRI Same as | which is a design condition of the HEPA poor a
n-i- above condition, exceeding (b) Amount of mist filter, and because this Functionality is ensured by Continuous monitoring is Because item 7-1 is
the design sprayed at trend is affected by the installing a demister and an required, but predictability 1 point
assumption, as a processing point Indirect amount of anti- electric heater at the first- is good.
1 N 3 1 B
result of debris (item 5) dispersion agent stage filter
retrieval operations (mist) sprayed at the (already studied)
processing point.
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (8/48)

B Risk assessment table

No0.149

5 M Score table for item 7-2
W Score table for item 7-1 E . . . .
. . . . [4 points] Requires constant monitoring during task and M Score table for item 7-3
[4 points] No countermeasures have been determined . . . . .
aS aS e C O n I n el I I e n e u I I I I en N N y predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under X . .- . . .
development [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases
. . predictability is good significantly due to suspension of task
2 points] Countermeasures exist, but there are no track [2 points] Requires regular monitoring and predictabilit [2 points] Countermeasures exist, but throughput decreases due to|
Model ID records of application at the Fukushima Daiichi : P d 9 9 P Y P A ) Sl
. . " is poor workload limitations
[1 point] Countermeasures exist, and have been applied at X . . . - . . . .
Process Ko-3 : Debris retrieval . L [1 point] Requires regular monitoring and predictability| |[1 point] No impact on throughput, or when 7-1 is 1 point
the Fukushima Daiichi. is good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results]
number The function Direct Point
that the Work delay " Indirect Detection N . Presence or absence of Impact on throughput " of
Target B _ Direct causes of Reasons to be . monitoring/ Reason for selection of . - . . Effects on accurate and prompt . N Indiv
. target is factor (= causes of requirements to . N . Point | countermeasures for disturbing | Point N Point | due to error handling | . repres
equipment " error selected y Indirect detection requirements - on-site response by workers . idual -
responsible error) error avoid work delays monitoring functions (Indirect causes) entatio
for n
HEPA filter | Reduction of | Increased Dust concentration Partial blockage of (a) HEPA filter Accumulation of abrasives Functionality is ensured by Filter clogging is due to daily Because item 7-1is 1
dust dust inside the PCV filter elements due differential pressure flowing into the HEPA filter switching filters through 2 accumulation, so predictability point
concentration concentration increases as the to accumulation of Direct partially clogs the HEPA filter series of filters (already is good
inside the HEPA filter abrasives migrating (item 4) and increases the HEPA filter 1| studied) 1 1 1
pPcv deteriorates and from the processing differential pressure. Selected
An-Ki-8 the HEPA filter @ point to the filter because this trend is affected by 3
efficiency does not (b) Amount and the amount of abrasives flowing Functionality is ensured by Continuous monitoring is Because item 7-1is 1
meet the design particle size i into the HEPA filter due to switching filters through 2 required, but predictability is point
ndirect :
value. distribution of o) processing. 1 | series of filters (already 3 | good. 1 3
item
abrasives at HEPA studied)
filter inlet
Performance (a) Relative Selected because the relative Functionality is ensured by Post-detection is possible by Because item 7-1is 1
degradation of the | humidity at HEPA humidity at the HEPA filter inlet installing a demister and an constant monitoring of the point
Same as Same as Same as HEPA filter caused | filterinlet Direct was verified to deviate from the electric heater at the first-stage temperature differential before
Same as above 5 1 4 1 4
above above above by the design (item 4) design condition, and because filter and after the electric heater, but
condition of relative this trend is affected by the (already studied) — 2 series predictability is poor
humidity at the amount of heat input at the only
Same as | HEPA filter inlet (b) Amount of heat processing point. Functionality is ensured by Continuous monitoring is Because item 7-1is 1
Aige above exceeding the input at processing installing a demister and an required, but predictability is point .
assumed design point electric heater at the first-stage good.
condition with Indirect filter
1 _ ) 3 1 3
evaporation of D/W (item 5) (already studied) — 2 series
stagnant water as a only
result of heat input
during processing
Electric Reduction of | Increased The dust Performance (a) Temperature Selected because the Functionality is ensured by Post-detection is possible by Because item 7-1is 1
heater dust dust concentration degradation of the differential before temperature differential before switching between heaters constant monitoring of the point
[( inside the PCV electric heater and after the and after the electric heater using 2 series of electric temperature differential before
equipment) inside the increases because caused by electric heater Direct decreases due to performance 1 heaters (already studied) 4 and after the electric heater, but 1 4
PCV the electric heater irradiation of dust (item 4) degradation of the electric predictability is poor.
deteriorates and migrating from the heater, and because this trend
An-Ki-10 the design value of @ processing point to is affected by the amount and 4
the filter is not the electric heater nuclide composition of inflowing
ensured. (b) Amount and dust. Functionality is ensured by Continuous monitoring is Because item 7-1is 1
nuclide composition switching between heaters required, but predictability is point
Indirect
of dust at HEPA 1 using 2 series of electric 4 poor. 1 4
N (item 5) .
filter inlet heaters (already studied)
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B Risk assessment table

(gas phase confinement equipment)

No0.150

M Score table foritem 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development

M Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

M Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

Model ID 2 points] Countermeasures exist, but there are no track X " - . - X .
2p 1 o . - [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
Pr Ko-3 - Debris retrieval records of application at the Fukushima Daiichi . AR
ocess o - Debris retrieval ) . " is poor limitations
[ poin] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 : Processing of debris at the Fukushima Daiichi. nngd q g ] p ty p p ghput, p
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 .
(Evaluation Results)
Analysis
number Impacton
The function Indirect Detection Direct Presence or absence of throughput Point of
Target that the target | Work delay factor Direct causes of Reasons to be . . monitoring | Reason for selection of . - . . Effects on accurate and prompt . due to error -
. N - _ causes of requirements to avoid " . . Point | countermeasures for disturbing | Point N Point - Individual represent
equipment is responsible (= error) error selected /Indirect detection requirements - on-site response by workers handling N
error work delays L functions . ation
for monitoring (Indirect
causes;
Electric Reduction of Increased dust The dust Performance (a) Temperature Direct Selected because the Functionality is ensured by Post-detection is possible by Because
heater dust concentration concentration inside degradation of the differential before and | (item 4) temperature differential switching between heaters using constant monitoring of the item7-1is 1
(Pretreatmen | concentration | inside the PCV the PCV increases electric heater after the electric before and after the 2 series of electric heaters temperature differential before point
i 4 1 4
t equipment) because the electric caused by adhesion heater electric heater (already studied) and after the electric heater, but
heater deteriorates of processing aid decreases due to predictability is poor.
§ and the design migrating from the performance
An-Ki-11 - @ ) ; - - ) —— - —— é
value of the filteris processing point to (b) Amount of mist at Indirect degradation of the Functionality is ensured by Continuous monitoring is Because
not ensured. the electric heater electric heater inlet (item 5) electric heater, and switching between heaters using required, but predictability is item7-1is 1
because this trend is a 2 series of electric heaters 2 good. a point 3
affected by the amount (already studied)
of mistinflow due to the
processing aid.
Selected because the Functionality is ensured by Post-detection is possible by Because
(a) Temperature temperature differential switching between heaters using constant monitoring of the item 7-1is 1
Same as Same as Same as above Same as above Performance differential beforeand | Direct before and after the 1 2 series of electric heaters 4 temperature differential before 1 point 4
above above degradation of the after the electric (item 4) electric heater (already studied) and after the electric heater, but
electric heater heater decreases due to predictability is poor.
caused by adhesion erformance P
An-Ki-12 ©) o 4 ) P ) Functionality is ensured by Because 4
of anti-dispersion degradation of the switching between heaters using item7-1is 1
agent migrating from electric heater, and . . i itoring i .
9 grating (b) Amountof mistat | Indirect 2 series of electric heaters Continuous monitoring is point
the processing point because this trend is 1 (already studied) 3 required, but predictability is 1 3
to the electric heater | S18Ctric heateriniet (item5) affected by the amount good.
of mistinflow due to the
anti-dispersion agent.
Performance (a) Temperature Direct Selected because the Itis assumed that the Post-detection is possible by Because
degradation of the differential beforeand | (item 4) temperature differential processing work will proceed constant monitoring of the item 7-1is 1
Same as Same as electric heater after the electric before and after the without exceeding the PCV temperature differential before point
above above SEEATE || SMEESEE caused by the rise in | heater electric heater & design temperature - and after the electric heater, but & .
PCV temperature decreases due to predictability is poor.
due to heat input performance
An-Ki-13 @ during processing (b) Amount of heat Indirect | degradation of the Itis assumed that the Advance detection is possible by Because 4
input at processing (item 5) electric heater, and processing work will proceed constant monitoring of the item 7-1is 1
point because this trend is without exceeding the PCV temperature on the upstream side point
affected by the amount a design temperature 2 of the electric heater, and a 3
of heatinput at the predictability is good
processing point which
raises the temperature
of inflowing gas.
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No.151

B Risk assessment table S ST

H H . soore table for tem 7-1 . [4 points] Requires constant monitoring during task and W Score table for item 7-3
aS h aS e C 0 n fl n em en t e u I m en t [4 points] No countermeasures have been determined . P . . .
. . Ny predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under! X X . . N . I
development [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due
. P . predictability is good to suspension of task
[2 points] Countermeasures exist, but there are no track [2 points] Requires regular monitoring and predictabili [2 points] Countermeasures exist, but throughput decreases due to workload
Model ID records of application at the Fukushima Daiichi lep q 9 g and p ty| |2 por ’ Sl
[1 point] Countermeasures exist, and have been applied s poor limitations
he Fukushima Daiichi ' [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 | : Debris retrieval atthe Fukushima Daiichi. good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 1 Item 2 Item 3 Item 4 ftem 5- Item 5-2 Item 6-1 tem 6-2 Item 6-3 Item 7-1 Item 7-2 tem 7-3 ttem 7-4
1 (Evaluation Results)
Analysis
number . .
The function Work delay . Indirect Detection D_Irec_t Reast_)n for Presence or absence of Effects on accurate Impact on throughput - .
Target that the target _ Direct causes Reasons to be . monitoring/| selection of . . - . . Indivi Point of
. . ; factor (= causes requirements to " Ny Point countermeasures for Point and prompt on-site Point | due to error handling .
equipment is responsible of error selected ! ndirect detection " . ! . dual | representation
error) of error avoid work delays L . disturbing functions response by workers (Indirect causes)
for monitoring requirements
PCV Static Decrease in | As the PCV Partial (a) Differential Selected The impact on safety Post-detection is The impact on
(Primary boundary differential deteriorates damage pressure because functions is significant. possible by constant safety functions is
boundary) pressure and the size caused by between inside increase in the (Possibility of over- monitoring of the significant, and
between of the corrosion of and outside of size of the specification in case differential pressure work are shutdown
inside and opening PCV wall the PCV Direct opening caused of increased airflow between inside and until PCV repair is
outside of increases, surface due to it ?;:4 by the corrosion 4 rate of fan; there are 4 outside of the PCV, 3 completed. 48
the PCV inleakage accumulation (item 4) of the PCV wall problems with repair but predictability is
occurs and of processing surface after specifying the poor. It may be
decreases aid (mist) decreases the location of the difficult to identify the
the differential opening) area of damage.
An-Ki-14 differential ® pressure : : i 48
pressure (b) Amount and between_lnsme The impact on safety Continuous The impact on
between chemical and outside of functions is significant. monitoring is safety functions is
inside and properties (pH, the PCV, and (Possibility of over- required, but significant, and
outside of chloride ion because this specification in case predictability is poor. work are shutdown
the PCV. concentration) of . trend is affected of increased airflow until PCV repair is
g A Indirect he liquid
mist flying to PCV (item 5) by the liquid 4 | rate of fan; there are 4 3 completed. 48
wall surface near phase chemical problems with repair
D/W water properties on after specifying the
surface the PCV wall location of the
surface. opening)
Partial (a) Differential Selected The impact on safety Post-detection is The impact on
damage due pressure because functions is significant. possible by constant safety functions is
to corrosion of | between inside increase in the (Possibility of over- monitoring of the significant, and
PCV wall and outside of size of the specification in case differential pressure work are shutdown
Same as Same as i B i B sur_face by the PCV Direct opening caus_ed of |ncreasgd airflow between inside and until PCV repair is
e e . . anti- (item 4) by the corrosion 4 rate of fan; there are 4 outside of the PCV, 3 completed. 48
dispersion of the PCV wall problems with repair but predictability is
agent (mist) surface after specifying the poor. It may be
decreases the location of the difficult to identify the
differential opening) area of damage.
. pressure
An-Ki-1! N " " " 4
2 ® (b) Amount and between inside The impact on safety Continuous The impact on &
chemical and outside of functions is significant. monitoring is safety functions is
properties (pH, the PCV, and (Possibility of over- required, but significant, and
chloride ion because this specification in case predictability is poor. work are shutdown
concentration) of Indirect trend is affected of increased airflow until PCV repair is
mist flying to PCV (item 5) by the liquid 4 rate of fan; there are 4 3 completed. 48
wall surface near phase chemical problems with repair
D/W water properties on after specifying the
surface the PCV wall location of the
surface. opening)
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M Risk assessment table
(gas phase confinement equipment)

N0.152

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

to suspension of task

Model ID 2 points] Requires regular monitoring and predictabili 2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi [ P 1 Req 9 9 P ty [. p . 1 ! 9np
N X " is poor limitations
Process Ko-3 : Debris retrieval [ poinf] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
i at the Fukushima Daiiichi. e red 9 g andp P P gnput P
Work Sa-4 : Processing of debris !
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
. Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Iltem 6-2 Item 6-3 Item 7-1 Iltem 7-2 Item 7-3 (Evaluation
Analysis Results
number Direct Effects on accurate Impacton
The function Direct . Detection - . Presence or absence of " p - Point of
Target : Work delay Indirect causes Reasons to be . . monitoring/In Reason for selection of . . and prompt on-site . throughput due to | Indiv "
N that the target is _ causes of requirements to avoid N N . Point countermeasures for Point Point " . representati
equipment : factor (= error) of error selected direct detection requirements " . - response by error handling idual
responsible for error work delays - disturbing functions " on
monitoring workers (Indirect causes)
Filter casing | Static boundary | Decrease in As the filter Partial damage due | (a) Differential Selected because partial Although there is an Post-detection is Because item 7-1
differential casing to corrosion of dust pressure between damage to the filter casing impact on safety possible by is 1 point
pressure deteriorates migrating from the inside and outside of causes an increase in the functions, the frequency constant monitoring
between inside | and the size processing point to the PCV + pressure primary boundary opening of occurrence is of the differential
and outside of of the the filter casing inside the system oI which decreases the expected to be low pressure between
irect
the PCV opening ( 2 differential pressure 1 compared to other inside and outside 1 4
item
increases, between inside and boundary sections. of the PCV, but
inleakage outside of the PCV, and predictability is
. occurs and because this trend is poor. It may be
An-Ki-16 O] 4
decreases affected by the amount difficult to identify
the and chemical properties the area of damage.
differential (b) Amount and (pH, chloride ion Allhough there is an Contvlnuvousv _Becau_se item 7-1
) ) impact on safety monitoring is is 1 point
pressure chemical properties concentration, chemical functions, the frequency required, but
between (PH, chloride ion . composition) of dust of occurrence is predictability is
. Indirect expected to be low poor.
inside and concentration, (item5) flowing into the filter 1 compared to other 1 4
outside of chemical composition) casing. boundary sections.
the PCV. of dust at filter casing
inlet
Partial damage due | (a) Differential Selected because partial Although there is an Post-detection is Because item 7-1
to irradiation of dust | pressure between damage to the filter casing impact on safety possible by is 1 point
migrating from the inside and outside of causes an increase in the functions, the frequency constant monitoring
processing point to the PCV + pressure primary boundary opening of occurrence is of the differential
the filter casing inside the system - which decreases the expected to be low pressure between
irect
( 4 differential pressure 1 compared to other inside and outside 1 4
item
between inside and boundary sections. of the PCV, but
Same as Same as i i ility i
smessdme | SSmmesdEe outside of the PCV, and predictability is
above above because this trend is poor. It may be
affected by the amount difficult to identify
An-Ki-17 Sapsestboie and nuclide composition of the area of damage. 4
(b) Amount and dust flowing into the filter Although there is an Continuous Because item 7-1
nuclide composition of casing. impact on safety monitoring is is 1 point
dust at filter casing functions, the frequency required, but
inlet of occurrence is predictability is
Indirect L | expectedto be low poor. a n
(item 5) compared to other
boundary sections.
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Appendix 6.2.4.3-2: Risk assessment table for satety equipment (Detailed version) (1.2/48)

B Risk assessment table

(gas phase confinement equipment)

N0.153

development

MW Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

M Score table for item 7-2

and predictability is poor

[3 points] Requires constant monitoring during task

but predictability is good

4 points] Requires constant monitoring during task

[3 points]

M Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is unknown
Countermeasures  exist,
significantly due to suspension of task

but

throughput

decreases

2 points] Countermeasures exist, but there are no track N N - . .
Model ID @2 p 1 o . L [2 points] Requires regular monitoring and| |[2 points] Countermeasures exist, but throughput decreases due to
records of application at the Fukushima Daiichi : - A
. R X N " predictability is poor workload limitations
Process Ko-3 : Debris retrieval [1 point] Countermeasures exist, and have been applied at . . L . . . .
X L [1 point] Requires regular monitoring and| |[1 point] No impact on throughput, or when 7-1is 1 point
- N the Fukushima Daiichi. K .
Work Sa-4 : Processing of debris redictability is good
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Iltem 6-2 Iltem 6-3 Iltem 7-1 Item 7-2 Item 7-3 -
: (Evaluation Results)
Analysis
number The function Direct
that the Work delay . Indirect Detection L . . Presence or absence of Effects on accurate and Impact on throughput . .
Target . _ Direct causes of Reasons to be N monitoring/ | Reason for selection of detection . - . . - . N Indivi Point of
N targetis factor (= causes of requirements to " . Point | countermeasures for disturbing | Point | prompt on-site response by | Point | due to error handling .
equipment : error selected . Indirect requirements - " dual | representation
responsible error) error avoid work delays monitoring functions workers (Indirect causes)
for
Filter casing Static Decrease in | As the filter casing Partial damage due (a) Differential Direct Selected because partial damage Functionality is ensured by Post-detection is possible by Because item 7-1 is
boundary differential deteriorates and the to adhesion of pressure between (item 4) to the filter casing causes an installing a demister and electric constant monitoring of the 1 point
pressure size of the opening processing aid inside and outside of increase in the primary boundary heater at the first-stage filter differential pressure
between increases, migrating from the the PCV + pressure opening which decreases the 1 (already studied) 4 between inside and outside 1 4
inside and inleakage occurs processing point to inside the system differential pressure between of the PCV, but predictability
outside of and decreases the the filter casing inside and outside of the PCV, is poor. It may be difficult to
An-Ki-18 the PCV differential pressure @ and because this trend is affected identify the area of damage. 4
between inside and (b) Amount of mistat | Indirect by the amount of mist flowing into Functionality is ensured by Continuous monitoring is Because item 7-1 is
outside of the PCV. filter casing inlet (item 5) the filter casing. installing a demister and electric required, but predictability is 1 point
1 heater at the first-stage filter 3 good. 1 3
(already studied)
Partial damage due (a) Differential Selected because partial damage Functionality is ensured by Post-detection is possible by Because item 7-1 is
to adhesion of anti- pressure between to the filter casing causes an installing a demister and electric constant monitoring of the 1 point
dispersion agent inside and outside of . increase in the primary boundary heater at the first-stage filter differential pressure
Same as Same as Same as Direct
Same as above migrating from the the PCV + pressure . opening which decreases the 1 (already studied) 4 between inside and outside 1 4
above above above X X L (item 4) 3 i o
processing point to inside the system differential pressure between of the PCV, but predictability
. the filter casing inside and outside of the PCV, is poor. It may be difficult to
An-Ki-19 (©) 4
and because this trend is affected identify the area of damage.
(b) Amount of mist at by the amount of mist flowing into Functionality is ensured by Continuous monitoring is Because item 7-1 is
filter casing inlet - the filter casing. installing a demister and electric required, but predictability is 1 point
ndirect
1 heater at the first-stage filter 3 good. 1 3
(item 5)
(already studied)
Duct Static Decrease in | As the duct Partial damage due (a) Differential Selected because partial damage Although there is an impacton Post-detection is possible by Because item 7-1 is
boundary differential deteriorates and the to corrosion of dust pressure between to the duct causes an increase in safety functions, the frequency of constant monitoring of the 1 point
pressure size of the opening migrating from the inside and outside of oI the primary boundary opening occurrence is expected to be low differential pressure
irect
between increases, processing point to the PCV + pressure ( 4 which decreases the differential 1 compared to other boundary 4 between inside and outside 1 4
item
inside and inleakage occurs the duct inside the system pressure between inside and sections. of the PCV, but predictability
outside of and decreases the outside of the PCV, and because is poor. It may be difficult to
the PCV differential pressure this trend is affected by the identify the area of damage.
An-Ki-20 between inside and ® (b)(b) Amount and amount and chemical properties Although there is an impact on Continuous monitoring is Because item 7-1 is 4
outside of the PCV. chemical properties (pH, chloride ion concentration, safety functions, the frequency of required, but predictability is 1 point
(pH, chloride ion and chemical composition) of dust occurrence is expected to be low poor.
concentration, Indirect flowing into the exhaust line. 1 compared to other boundary 4 1 4
chemical (item 5) sections.
composition) of dust
at exhaust line inlet
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (13/48)
No0.154

M Risk assessment table — W Seoe e T2
. . [4 points] No countermeasures have been determined [4 points] Requires constant monitoring during task and W Score table for item 7-3
(g aS p h a.S e C O n fl n em e nt eq U I p m e n t) 3 points,] Countermeasures exist, but they are still under predictability is poor [4 points] No countermeasures, and impact on throughputis unknown
de\’jelopment ! 4 [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due
. . redictability is good nsion of task
[2 points] Countermeasures exist, but there are no track! P X ty g - . - to suspe sion of tas .
Model ID records of application at the Fukushima Daiichi [2 points] Requires regular monitoring and predictability [2 points] Countermeasures exist, but throughput decreases due to workload
ode i T
N Ny . is poor limitations
[1 point] Countermeasures exist, and have been applied P X . . . T . . . .
at the Fukushima Daiichi [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval | good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results)
number The function Direct Impacton
Target that thg Work de[ay Direct causes of Indirect Reasons to be D?‘EC“O" monitoring/l | Reason for selection of detection . Presence or absen_ce of . . Effects on accurate and prompt on-site . throughput due to | Indiv Point of
. target is factor (= causes of requirements to . . Point | countermeasures for disturbing | Point Point " B represent
equipment res bl error selected ! ndirect requirements N response by workers error handling idual N
ponsible error) error avoid work delays L functions " ation
for monitoring (Indirect causes)
As the duct Partial damage due (a) Differential Selected because partial damage Although there is an impact on Post-detection is possible by constant Because item 7-1
Decrease in | geteriorates and the to irradiation of dust | pressure between to the duct causes an increase in safety functions, the frequency of monitoring of the differential pressure is 1 point
differential size of the opening migrating from the inside and outside of the primary boundary opening occurrence is expected to be low between inside and outside of the
Sttt pressure increases, processing point to the PCV + pressure | L. which decreases the differential compared to other boundary PCV, but predictability is poor. It may
Duct ey between inleakage occurs the duct inside the system (item 4) pressure between inside and 1 | sections. 4 | be difficult to identify the area of 1 4
inside and and decreases the outside of the PCV, and because damage.
An-Ki-21 outside of differential pressure @ this trend is affected by the 4
the PCV between inside and amount and nuclide composition
outside of the PCV. of dust flowing into the exhaust - - - — - -
b) Amount and Although there is an impact on Continuous monitoring is required, but Because item 7-1
i
ine.
nuclide composition - safety functions, the frequency of predictability is poor. is 1 point
ndirect
of dust at exhaust 1 | occurrence is expectedto be low | 4 1 4
(item 5)
item
line inlet compared to other boundary
sections.
Partial damage due (a) Differential Selected because damage to the Although there is an impact on Post-detection is possible by constant Because item 7-1
to adhesion of pressure between duct causes an increase in the safety functions, the frequency of monitoring of the differential pressure is 1 point
Same as Same as Same as processing aid inside and outside of | Direct primary boundary opening which occurrence is expected to be low between inside and outside of the
S b 1 4 1 4
above above above ame as above migrating from the the PCV + pressure (item 4) decreases the differential compared to other boundary PCV, but predictability is poor. It may
processing point to inside the system pressure between inside and sections. be difficult to identify the area of
An-Ki-22 ) the duct outside of the PCV, and because damage. 4
(b) Amount of mist at this trend is affected by the Although there is an impact on Continuous monitoring is required, but Because item 7-1
exhaust line inlet ndi amount of mist flowing into the safety functions, the frequency of predictability is good. is 1 point
ndirect .
tem) exhaust line. 1 occurrence is expected to be low 3 1 3
item
compared to other boundary
sections.
Partial damage due (a) Differential Selected because partial damage Although there is an impact on Post-detection is possible by constant Because item 7-1
to adhesion of anti- ressure between to the duct causes an increase in safety functions, the frequency of monitoring of the differential pressure is 1 point
P! ty quency g P P
Same as Same as Same as dispersion agent inside and outside of | pirect the primary boundary opening occurrence is expected to be low between inside and outside of the
S b 1 4 1 4
above above above ame as above migrating from the the PCV + pressure (item 4) which decreases the differential compared to other boundary PCV, but predictability is poor. It may
processing point to inside the system pressure between inside and sections. be difficult to identify the area of
An-Ki-23 ® the duct outside of the PCV, and because damage. 4
(b) Amount of mist at this trend is affected by the Although there is an impact on Continuous monitoring is required, but Because item 7-1
exhaust line inlet amount of mist flowing into the safety functions, the frequency of predictability is good. is 1 point
Indirect exhaust line. 1 occurrence is expected to be low 3 1 3
(item 5) compared to other boundary
sections.
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (147/48)
B Risk assessment table No0.155
(g aS phase Conflnement eqUipment) [4.5321233361\:2%::2;:;2;193,and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to

W Score table foritem 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor

development . R - . N
Model ID Vel P . [3 points] Requires constant monitoring during task but suspension of task
; : [2 points] Countermeasures exist, but there are no track| redictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3 : Debris retrieval records of application at the Fukushima Daiichi predic g . R = pol ’ e
[1 point] Countermeasures exist, and have been applied at the [2 points] Requires regular monitoring and predictability is poor limitations
Work Sa-4 : Processing of debris P i ' PP [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1is 1 point
Eukushima Daiic
t
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
. Item 1 Item 2 Item 3 Iltem 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results)
number _ .
The function Indirect Direct Presence or absence of Impact on throughput due Point of
Target that the target | Work delay . Reasons to be Detection requirements| monitoring/In| Reason for selection of detection . " . . Effects on accurate and prompt on- . p oughput Indivi
. . - _ Direct causes of error| causes of N " . Point | countermeasures for disturbing | Point N Point | to error handling (Indirect represent
equipment | is responsible | factor (= error) selected to avoid work delays direct requirements - site response by workers dual N
error P functions causes) ation
for monitoring
Isolation Static Decrease in | As the isolation Partial damage due (a) Differential Selected because partial damage Although there is an impacton Post-detection is possible by Because item 7-1is 1
valve boundary differential valve deteriorates to corrosion of dust pressure between to the isolation valve causes an safety functions, the frequency of constant monitoring of the point
(Integration pressure and the size of the migrating from the inside and outside of increase in the primary boundary occurrence is expected to be low differential pressure between
of valves between opening increases, processing point to the PCV + pressure Direct opening which decreases the compared to other boundary inside and outside of the PCV, but
present in inside and inleakage occurs the isolation valve inside the system (item 4) differential pressure between 1| sections. 4 | predictability is poor. It may be 1 4
the system) outside of and decreases the inside and outside of the PCV, difficult to identify the area of
the PCV differential pressure and because this trend is affected damage.
. between inside and by the amount and chemical
An-Ki-24 @ 4
outside of the PCV. properties (pH, chloride ion - - - — - -
(b)(b) Amount and X i Although there is an impacton Continuous monitoring is Because item 7-1is 1
. . concentration, and chemical . . ) o .
chemical properties safety functions, the frequency of required, but predictability is poor. point
composition) of dust flowing into
(pH, chloride ion . occurrence is expected to be low
i Indirect the exhaust line.
concentration, 1 compared to other boundary 4 1 4
chemical (item 5) sections.
composition) of dust
at exhaust line inlet
Partial damage due (a) Differential Selected because partial damage Although there is an impacton Post-detection is possible by Because item 7-1is 1
to irradiation of dust pressure between to the isolation valve causes an safety functions, the frequency of constant monitoring of the point
migrating from the inside and outside of . increase in the primary boundary occurrence is expected to be low differential pressure between
Same as Same as Same as . i Direct . . L X
Same as above processing point to the PCV + pressure . opening which decreases the 1 compared to other boundary 4 inside and outside of the PCV, but 1 4
above above above i i . (item 4) i i X o
the isolation valve inside the system differential pressure between sections. predictability is poor. It may be
Same as inside and outside of the PCV, difficult to identify the area of
An-Ki-25 4
above and because this trend is affected damage.
(b) Amount and by the amount and nuclide Although there is an impacton Continuous monitoring is Because item 7-1is 1
nuclide composition composition of dust flowing into safety functions, the frequency of required, but predictability is poor. point
Indirect .
of dust at exhaust the exhaust line. 1 occurrence is expected to be low 4 1 4
item 5
line inlet ( ) compared to other boundary
sections.
Partial damage due (a) Differential Selected because partial damage Although there is an impact on Post-detection is possible by Because item 7-1is 1
to adhesion of pressure between to the isolation valve causes an safety functions, the frequency of constant monitoring of the point
processing aid inside and outside of . increase in the primary boundary occurrence is expected to be low differential pressure between
Same as Same as Same as Direct
Same as above migrating from the the PCV + pressure . opening which decreases the 1 | compared to other boundary 4 | inside and outside of the PCV, but [ 1 4
above above above X X o (item 4) . X X o
processing point to inside the system differential pressure between the sections. predictability is poor. It may be
. the isolation valve inside and outside of the PCV, difficult to identify the area of
An-Ki-26 @ 4
and because this trend is affected damage.
(b) Amount of mist at by the amount of mist flowing into Although there is an impact on Continuous monitoring is Because item 7-1is 1
exhaust line inlet ’ the exhaust line. safety functions, the frequency of required, but predictability is point
Indirect
1 occurrence is expected to be low 3 good. 1 3
(item 5)
compared to other boundary
sections.
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (15/48)

B Risk assessment table

N0.156

1 1 M Score table for item 7-1 W Score table for item 7-2 W Score table for item 7-3
aS as e C O n | n el Nn en e u Iom en [4 points] No countermeasures have been determined - - . ) > ) .
. . . [4 points] Requires constant monitoring during task and [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under . - . . .
development predictability is poor [3 points] Countermeasures exist, but throughput decreases significantly due to
5 . [3 points] Requires constant monitoring during task but suspension of task
Model ID [2 points] Countermeasures exist, but there are no track . o . .
0 —— N - predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi N A o . - T
- N oval [ point] Countermeasures exist, and have been applied at thel [2 points] Requires regular monitoring and predictability is poor limitations
Process Ko-3 : Debris retrieval FuEushima Daiichi ! PP [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results’
number The function Direct Impacton
Target that th? Work delfy Direct causes of Indirect Reasons to be Dgtecuon monitoring/l | Reason for selection of detection . Presence or absen;e of . . Effects on accurate and prompt . throughput due to | Individ Point of
N target is factor (= causes of requirements to " . Point | countermeasures for disturbing | Point N Point " represent
equipment " error selected H ndirect requirements ) on-site response by workers error handling ual N
responsible error) error avoid work delays L functions " ation
for monitoring (Indirect causes)
Isolation Static Decrease in | As the isolation Partial damage due (a) Differential Selected because partial damage Although there is an impact on Post-detection is possible by Because item 7-1
valve boundary differential valve deteriorates to adherence of anti- | pressure between to the isolation valve causes an safety functions, the frequency constant monitoring of the is 1 point
(Integration pressure and the size of the dispersion agent inside and outside of increase in the primary boundary of occurrence is expected to be differential pressure between
of valves between opening increases, migrating from the the PCV + pressure Direct opening which decreases the low compared to other boundary inside and outside of the PCV,
present in inside and inleakage occurs processing point to inside the system (item 4) differential pressure between the 1 sections. é but predictability is poor. It may 1 4
the system) outside of and decreases the the isolation valve inside and outside of the PCV, be difficult to identify the area of
An-Ki-27 the PCV differential pressure ® and because this trend is affected damage. 4
between inside and by the amount of mist flowing into
outside of the PCV. - the exhaust line. - - - — -
(b) Amount of mist at Although there is an impacton Continuous monitoring is Because item 7-1
exhaust line inlet - safety functions, the frequency required, but predictability is is 1 point
ndirect
X 1 of occurrence is expected to be 3 good. 1 3]
(item 5)
low compared to other boundary
sections.
HEPA filter Dynamic Decrease in | As filter elements Partial blockage of (a) HEPA filter Selected because dust Functionality is ensured by Filter clogging is due to daily Because item 7-1
boundary differential deteriorate and the the filter element due | differential pressure accumulation increases the switching filters through 2 series accumulation, so predictability is is 1 point
pressure design value of the to accumulation of + differential Direct differential pressure, and because 1 of filters (already studied) . good . i
between exhauster is not dust migrating from pressure between (item 4) this trend is affected by the
inside and ensured, the the processing point | inside and outside of amount and particle size
An-Ki-28 outside of exhaust airflow rate @ to the HEPA filter the PCV. distribution of dust flowing into the 3
the PCV decreases and the (b) Dust amount and HEPA filter. Functionality is ensured by Continuous monitoring is Because item 7-1
differential pressure particle size switching filters through 2 series required, but predictability is is 1 point
Indirect
between inside and distribution at the 1 of filters (already studied) 3 good. 1 3
item 5
outside of the PCV HEPA filter inlet ( )
decreases.
Partial damage (a) HEPA filter Deterioration of filter elements Functionality is ensured by Post-detection is possible by Because item 7-1
caused by the upstream/downstrea due to accumulation of dust in the switching filters through 2 series constant monitoring of the dust is 1 point
Same as Same as Same as o § i Direct i i § X i
Same as above deterioration of filter | m dust concentration § HEPA filter causes partial 1 of filters (already studied) 4 concentration on the downstream 1 4
above above above i (item 4) § . X X N
elements due to dust | ratio damage to filter elements and side of the filter, but predictability
migrating from the decreases the ratio of dust is poor
processing point to (b) Amount and concentration between the Functionality is ensured by Continuous monitoring is Because item 7-1
An-Ki-29 Sameas | the HEPA filter chemical properties upstream and downstream sides. switching filters through 2 series required, but predictability is poor. is 1 point "
above (pH, chloride ion Selected because this trend is of filters (already studied)
concentration, Indirect affected by the amount and
chemical (item 5) chemical properties (pH, chloride d 4 d 4
composition) of dust ion concentration, chemical
at HEPA filter inlet composition) of dust flowing into
the filter.
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“Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (16/48)

B Risk assessment table

(gas phase confinement equipment)

No0.157

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but|
predictability is good
[2 points] Requires regular monitoring and predictability|
is poor

M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload

limitations

Model ID 1 point] Countermeasures exist, and have been applied . . L . P . . . .
[ ‘; I Kushi iichi PP [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval atthe Fukushima Daiichi. good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results]
number The function Direct
Target that th_e Work delfy Direct causes of Indirect Reasons to be D?IECI'OH monitoring/ | Reason for selection of detection . Presence or absen_ce of . . Effects on accurate and prompt . Impact on through_put Indiv Point of
. target is factor (= causes of requirements to . . Point | countermeasures for disturbing | Point N Point | due to error handling | . represe
equipment : error selected N Indirect requirements 3 on-site response by workers . idual N
responsible error) error avoid work delays monitoring functions (Indirect causes) ntation
for
HEPA filter Dynamic Decrease in | As filter elements Partial damage to (a) HEPA filter Partial damage to filter elements Functionality is ensured by Post-detection is possible by Because item 7-1is 1
boundary differential deteriorate and the filter elements due upstream/downstrea due to irradiation of dust switching filters through 2 constant monitoring of the dust point
pressure design value of the to irradiation of dust | m dust accumulated in the HEPA filter series of filters (already studied) concentration on the
Direct
between exhauster is not migrating from the concentration ratio decreases the ratio of dust 1 4 downstream side of the filter, but 1 4
L : . item 4 . . A
inside and ensured, the processing point to ( ) concentration between the predictability is poor
outside of exhaust airflow the HEPA filter upstream and downstream
An-Ki-30 @ ) ) 4
the PCV rate decreases and sides. Selected because this
the differential (b) Amount and trend is affected by the amount Functionality is ensured by Continuous monitoring is Because item 7-1is 1
pressure between nuclide composition ndi and nuclide composition of switching filters through 2 required, but predictability is point
. . ndirect _ .
inside and outside of dust at HEPA (items) inflowing dust. 1 | series of filters (already studied) | 4 | poor. 1 4
item
of the PCV filter inlet
decreases.
Partial blockage due | (a) HEPA filter Functionality is ensured by Filter clogging is due to daily Because item 7-1is 1
to adhesion of differential pressure . Selected because dust installing a demister and accumulation, so predictability is point
Same as Same as Same as Direct L )
Same as above processing aid . accumulation in the HEPA filter 1 | electric heater at the first-stage 1 | good 1 1
above above above L (item 4) . " ) .
migrating from the increases the HEPA filter filter (already studied)
rocessing point to differential pressure, and
An-Ki-31 @ i ol - P A - — - - 3
the HEPA filter (b) Amount of mist because this trend is affected by Functionality is ensured by Continuous monitoring is Because item 7-1is 1
at HEPA filter inlet - the amount of mist flowing into installing a demister and required, but predictability is point
ndirect
(item5) the HEPA filter due to the 1 electric heater at the first-stage 3 good. 1 3
item
processing aid. filter (already studied)
Performance (a) Relative humidity Selected because the relative Functionality is ensured by Post-detection is possible by Because item 7-1is 1
degradation of the at HEPA filter inlet humidity of gas flowing into the installing a demister and constant monitoring of the point
Same as Same as Same as ) Direct ) » . . ’ .
Same as above HEPA filter caused X HEPA filter was verified to 1 electric heater at the first-stage 4 temperature differential before 1 4
above above above X o (item 4) X i . X X
by relative humidity deviate from the design filter (already studied) and after the electric heater, but
at HEPA filter inlet, condition, and because this trend predictability is poor
AnKi-32 Sameas | nichisa design (b) Amount of mist is affected by the amount of Functionality is ensured by Continuous monitoring is Because item 7-1is 1 2
above condition, exceeding | sprayed at processing aid (mist) sprayed at installing a demister and required, but predictability is point
the design processing point Indirect the processing point. electric heater at the first-stage good.
assumption, as a (item 5) 1 filter (already studied) 3 1 3
result of debris
retrieval operations
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (17/48)

B Risk assessment table

(gas phase confinement equipment)

Model ID

No0.158

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but|
predictability is good
[2 points] Requires regular monitoring and predictability|

W Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

[2 points] Countermeasures exist, but throughput decreases due to workload

N N . is poor limitations
[1 poini] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval at the Eukushima Daiichi. qogd q 9 g p! y P P ghput, p
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 "
Anal (Evaluation Results)
ysis
number The function Direct Impact on
Target that th_e Work del_ay Direct causes of Indirect Reasons to be D_etectlon monitoring/ | Reason for selection of detection . Presence or absenf:e of . . Effects on accurate and prompt . throughput due to - Point of
. targetis factor (= causes of requirements to " . Point | countermeasures for disturbing | Point N Point . Individual | represen
equipment " error selected . Indirect requirements - on-site response by workers error handling N
responsible error) error avoid work delays L functions N tation
for monitoring (Indirect causes)
HEPA filter Dynamic Decrease in | As filter elements Partial blockage due | (a) HEPA filter Selected because dust Functionality is ensured by Filter clogging is due to daily Because item 7-1
boundary differential deteriorate and the to dispersion of anti- | differential pressure accumulation in the HEPA filter installing a demister and electric accumulation, so predictability is is 1 point
pressure design value of the dispersion agent (Dl increases the HEPA filter 1 heater at the first-stage filter 1 good 1 1
between exhauster is not migrating from the (item 4) differential pressure, and (already studied)
inside and ensured, the processing point to because this trend is affected by
An-Ki-33 el A AN (i ® D (RIERA il (b) Amount of mist at ekl Functionality is ensured by Continuous monitoring is Because item 7-1 3
iR ey GEEEEEES it die HEPA filter inlet (B REAA A CRiDiE installing a demister and electric required, but predictability is is 1 point
it Indirect Dicee==ndalc heater at the first-stage filter good.
IR EEE (tems) 1| (already studied) 3 1 3
inside and outside
of the PCV
decreases.
Performance (a) Relative humidity Selected because the relative Post-detection is possible by Because item 7-1
degradation of the at HEPA filter inlet humidity of gas flowing into the Functionality is ensured by constant monitoring of the is 1 point
Same as Same as Same as HEPA filter caused Direct HEPA filter was verified to installing a demister and electric temperature differential before
Same as above . . . . . " 1 . . 4 . 1 4
above above above by relative humidity (item 4) deviate from the design condition, heater at the first-stage filter and after the electric heater, but
at HEPA filter inlet, and because this trend is affected (already studied) predictability is poor
AnKi-34 Same as | which is a design by the amount of anti-dispersion 4
Nn-Ki- N N P -
above condition, exceeding | (b) Amount of mist agent (mist) sprayed at the Continuous monitoring is Because item 7-1
the design sprayed at processing point. Functionality is ensured by required, but predictability is is 1 point
assumption, as a processing point Indirect 1 installing a demister and electric 3 good. 1 3
result of debris (item 5) heater at the first-stage filter
retrieval operations (already studied)
Exhauster Dynamic Decrease in | As the exhauster Partial damage to (a) Airflow rate of Corrosion of filter elements due to Functionality is ensured by Post-detection is possible by Because item 7-1
boundary differential deteriorates and the exhauster due to | exhauster dust accumulated in the switching filters through 2 series constant monitoring of the dust is 1 point
pressure the design value of corrosion of dust Direct exhauster causes partial damage a of filters (already studied) a concentration on the downstream a A
between the exhauster is not migrating from the (item 4) to the exhauster and decreases side of the filter, but predictability
inside and ensured, the processing point to the airflow rate of exhauster. is poor
outside of exhaust airflow rate the exhauster elected because this trend is
An-Ki-35 the PCV decreases and the ©) (b) Amount and affected by the amount and Functionality is ensured by Continuous monitoring is Because item 7-1 4
differential chemical properties chemical properties (pH, chloride switching filters through 2 series required, but predictability is is 1 point
pressure between (PH, chloride ion Indirect ion concentration, and chemical of filters (already studied) [EI,
inside and outside concentration, (item5) composition) of dust flowing into 1 4 1 4
of the PCV chemical the exhauster.
decreases. composition) of dust
at exhauster inlet
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Appendix 6.2.4.3-2: Risk assessmenttableforsafety eqguipment{Detailed version) (18/48)

B Risk assessment table

(gas phase confinement equipment)

No0.159

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

M Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

2 points] Countermeasures exist, but there are no track N > - . - . .
Model ID 2p ] - . o [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi : A
[1 point] Countermeasures exist, and have been applied s poor limitations
Process Ko-3 : Debris retrieval at t$1e Fukushima Daiichi ! PP [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 : Processing of debris good
Important monitoring items Weighted evaluation of important monitoring items
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 tem 6-3 tem 7-1 tem 7-2 tem 7-3 tem 7-4
Analysis (Evaluation Results)
number The function Direct Impact on
Target that th? Work delfxy Direct causes of Indirect Reasons to be Dgtectlon monitoring/l | Reason for selection of detection . Presence or absen_ce of . . Effects on accurate and prompt . throughput due to | Individ Point of
. target is factor (= causes of requirements to N . Point | countermeasures for disturbing | Point N Point " represent
equipment responsible error) error error selected avoid work delays ndirect requirements functions on-site response by workers error handling ual ation
pfor 4 monitoring (Indirect causes)
Exhauster Dynamic Decrease in | As the exhauster Partial damage to (a) Airflow rate of Irradiation of dust accumulated in Functionality is ensured by Post-detection is possible by Because item 7-1
boundary differential deteriorates and the exhauster due to | exhauster the exhauster causes partial switching filters through 2 series constant monitoring of the dust is 1 point
pressure the design value of irradiation of dust Direct damage to the exhauster and of filters (already studied| concentration on the downstream
1 4 1 4
between the exhauster is not migrating from the (item 4) decreases the airflow rate of side of the filter, but predictabili
grating P! ty
inside and ensured, the processing point to exhauster. Selected because this is poor
Same as
An-Ki-36 outside of exhaust airflow rate the exhauster trend is affected by the amount 4
above (b) Amount and . . Functionality is ensured by Continuous monitoring is Because item 7-1
the PCV decreases and the . » and nuclide composition of o X K i o i i
i al nuclide composition inflowing d switching filters through 2 series required, but predictability is poor. is 1 point
ifferential pressure " inflowin ust.
b i p.d g of dust at exhauster | Indirect 9 1 of filters (already studied) 4 1 4
etween inside an .
inlet (item 5)
outside of the PCV
decreases.
. Because item 7-1
Itis assumed that the X o
) ) Selected because the exhaust ) ) Continuous monitoring is is 1 point
Same as Same as Same as Performance (a) Airflow rate of Direct . processing work will proceed
Same as above . i airflow rate decreases due to 1 i ) 3 required, but predictability is 1 3
above above above degradation of the exhauster (item 4) L without exceeding the PCV
performance deterioration of the good.
exhauster caused by . design temperature
. . exhauster, and because this trend
An-Ki-37 @ the rise in PCV A " Ny 3
is affected by the amount of heat . Advance detection is possible by Because item 7-1
temperature due to Itis assumed that the o i )
(b) Amount of heat . input at the processing point . . constant monitoring of the is 1 point
heat input during ) . Indirect processing work will proceed X
input at processing which raises the temperature of 1 X 3 3 | temperature on the upstream side 1 3
processing X (Item 4) without exceeding the PCV
point inflowing gas. of the exhaust fan, and
9 9 q
design temperature o
predictability is good
Demister Dynamic Decrease in | As the demister Partial blockage due | (a) Demister Selected because the differential Functionality is ensured by Post-detection is possible by Because item 7-1
(Pretreatmen | boundary differential deteriorates and to accumulation of differential pressure pressure before and after the switching between demisters regular monitoring of the demister is 1 point
t equipment) pressure the design value of dust migrating from + differential demister increases due to partial using 2 series of demisters differential pressure and constant
between the exhauster is not the processing point | pressure between bi blockage of the demister, and (already studied) monitoring of the differential
irect
inside and ensured, the to the demister inside and outside of i 4 because this trend is affected by 1 3 pressure between inside and 1 3
item
outside of exhaust airflow rate the PCV the amount and particle size outside of the PCV, and advance
the PCV decreases and the distribution of inflowing dust. detection is possible from signs of
An-Ki-38 0] 3
differential pressure ~ the differential pressure between
between inside and inside and outside of the PCV.
outside of the PCV (b) Amount and Functionality is ensured by Continuous monitoring is Because item 7-1
decreases. particle size switching between demisters required, but predictability is is 1 point
distribution of dust at Indirect 1 using 2 series of demisters 3 good. 1 3
demister inlet (item 5) (already studied)
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Appendix 6.2.4.3-2: Risk assessment table for safety eguipment (Detaifed version) (19/48)
M Risk assessment table No0.160

as phase confinement equipment M Score tale for tem 71 . B Score table for item 7-2 B Score table for item 7-3
[4 points] No countermeasures have been determined N N o . ) . .
[4 points] Requires constant monitoring during task and [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under N S N N .
development predictability is poor [3 points] Countermeasures exist, but throughput decreases significantly due to
Model ID N P . [3 points] Requires constant monitoring during task but suspension of task
[2 points] Countermeasures exist, but there are no track N . . .
oo ! o predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3 - Debris retrieval records of application at the Fukushima Daiichi 5 h Lo . L AN
N . " [2 points] Requires regular monitoring and predictability is poor limitations
[1 point] Countermeasures exist, and have been applied at the 1 point] Requi I L d predictabilty i d 1 point] No i h h when 7-1is 1 poi
Work Sa-4 : Processing of debris Fukushima Daiichi. [1 point] Requires regular monitoring and predictability is goo [1 point] No impact on throughput, or when 7-1is 1 point
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results)
number The function Direct
T that the Work delay . Indirect Detection L . . Presence or absence of Impact on throughput . Point of
arget B _ Direct causes of Reasons to be A monitoring/ | Reason for selection of detection . - . . Effects on accurate and prompt . N Indiv
. targetis factor (= causes of requirements to . N Point | countermeasures for disturbing | Point N Point | due to error handling | . represen
equipment " error selected N Indirect requirements - on-site response by workers . idual N
responsible error) error avoid work delays monitoring functions (Indirect causes) tation
for
Demister Dynamic Decrease in | As the demister Partial damage due | (a) Demister Corrosion of dust accumulated in Functionality is ensured by Post-detection is possible by Because item 7-1is 1
(Pretreatmen | boundary differential deteriorates and to corrosion of dust differential pressure the demister causes partial switching filters through 2 series constant monitoring of the dust point
t equipment) pressure the design value of migrating from the + differential Direct damage to the demister and of filters (already studied) concentration on the downstream
between the exhauster is not processing point to pressure between (item 4) increases the differential pressure 1 4 side of the filter, but predictability 1 4
inside and ensured, the the demister inside and outside of before and after the demister. is poor
outside of exhaust airflow rate the PCV Selected because this trend is
Same as
An-Ki-39 ey CEEIEEES A i S (b) (b) Amount and EizaE 5y HiD el et Functionality is ensured by Continuous monitoring is Because item 7-1 is 1 4
Kifeeal chemical properties Chemical poperie=Rhilcicce switching filters through 2 series required, but predictability is point
PSR BEizar (PH, chloride ion i [ EEE e, G of filters (already studied) poor.
- . Efiee - -
inside and outside TN, v composition) of dust flowing into 1 4 1 "
of the PCV (item 5) the filter.
chemical
Keceaes composition) of dust
at demister inlet
Partial damage due | (a) Demister Irradiation of dust accumulated in Functionality is ensured by Post-detection is possible by Because item 7-1is 1
to irradiation of dust | differential pressure the demister causes partial switching filters through 2 series constant monitoring of the dust point
Same as Same as Same as migrating from the + differential Direct damage to the demister and of filters (already studied) concentration on the downstream
Same as above X . X . ! X 1 4 . X X N 1 4
above above above processing point to pressure between (item 4) increases the differential pressure side of the filter, but predictability
s the demister inside and outside of before and after the demister. is poor
ame as
An-Ki-40 b the PCV Selected because this trend is 4
above
(b) Amount and affected by the amount and Functionality is ensured by Continuous monitoring is Because item 7-1is 1
nuclide composition ’ nuclide composition of dust switching filters through 2 series required, but predictability is point
Indirect
of dust at demister flowing into the filter. 1 of filters (already studied) 4 poor. 1 4
item 5
inlet ¢ )
Partial blockage due | (a) Demister Selected because the differential Functionality is ensured by Post-detection is possible by Because item 7-1is 1
to adhesion of differential pressure pressure before and after the switching between demisters regular monitoring of the point
processing aid + differential demister increases due to partial using 2 series of demisters demister differential pressure and
migrating from the pressure between blockage of the demister, and (already studied) constant monitoring of the
Same as Same as Same as processing point to inside and outside of | Direct because this trend is affected by differential pressure between
Same as above . . . _ 1 3 o . 1 3
above above above the demister the PCV (item 4) the amount of mist flowing into inside and outside of the PCV,
the demister. and advance detection is
An-Ki-41 @ possible from signs of the 3
differential pressure between
inside and outside of the PCV.
(b) Amount of mist at Functionality is ensured by Continuous monitoring is Because item 7-1is 1
demister inlet - switching between demisters required, but predictability is point
ndirect
§ 1 using 2 series of demisters g good. 1 3
(item 5)
(already studied)
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (20/48)

B Risk assessment table ‘ No.161
. . W Score table for item 7-1 [4. S.ci:]e ;able.fm ftem 7t-2t itoring during task and B Score table for ftem 7-3
] . poin equires constant monitoring during task an core table for item 7-
(g a'S p h a'S e C O n fl n em en t eq u I p m en t) [4 points] No countermeasures have been determined predictability is poor [4 points] No countermeasures, and impact on throughput is unknown

Eesg:g:)sgq;?tumermeasures exist, but they are siill under [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due

. . predictability is good to suspension of task
Model ID [2 points] Countermeasures exist, but there are no track X " - " - N y
o . . [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi : A
. [1 point] Countermeasures exist, and have been applied 'S poor limitations
Process Ko-3 : Debris retrieval ) - ! [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
at the Fukushima Daiichi.
Work Sa-4 : Processing of debris good
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis 7 . Results) |
number The function . mpacton Point
" . Direct throughput
that the Work delay " Indirect Detection L . . Presence or absence of 8 - of
Target - _ Direct causes of Reasons to A monitoring/I Reason for selection of detection . - . . Effects on accurate and prompt on-site . due to error | Indivi
N target is factor (= causes of requirements to " . Point | countermeasures for disturbing | Point Point - repres
equipment " error be selected N ndirect requirements - response by workers handling dual -
responsible error) error avoid work delays L functions . entatio
for monitoring (Indirect n
causes)
As the demister . - " Because
. ) Partial (a) Demister Post-detection is possible by regular ) )
Decrease in | deteriorates and blockage itori f the demister diff tial item7-1is
i i monitoring of the demister differential
differential the design value of due to differential pressure Functionality i db d fant itoring of the 1 point
i i i unctionality is ensured by pressure and constant monitoring of the
Demister . pressure the exhauster is not . + differential Direct - . . . Lo
Dynamic adhesion of pressure between (item 4) Selected because the differential switching between demisters differential pressure between inside and
(Pretreatmen between ensured, the ) i 1 . ) . ) ! 1 3
boundary o anti- inside and outside pressure before and after the demister using 2 series of demisters outside of the PCV, and advance detection
t equipment) inside and exhaust airflow rate . . . . " . . . " .
. dispersion of the PCV increases due to partial blockage of the (already studied) is possible from signs of the differential
An-Ki-42 outside of decreases and the ® insi i 8
) ) agent demister, and because this trend is pressure between inside and outside of the
the PCV differential pressure -
migrating affected by the amount of mist flowing PCV.
between inside and . .
from the into the demister. " o
outside of the PCV rocessin (b) Amount of mist | Indirect Functionality is ensured by Because
decreases. P i 9 at demister inlet (item 5) 1 switching between demisters 3 Continuous monitoring is required, but 1 item 7-1is 3
pointto the using 2 series of demisters predictability is good. 1 point
demister .
(already studied)
As the dry Partial (a) Differential Partial blockage of the dry backwash Functionality is ensured by Filter clogging is due to daily accumulation, Because
backwash filter blockage pressure of dry filter increases the differential pressure switching filters through 2 and predictability is good. item7-1is
5 . deteriorates and due to backwash filter + Direct before and after the dry backwash filter. a series of filters (already a a 1 point a
ecrease in
- - - the design value of accumulatio | differential pressure | (item 4) Selected because this trend is affected studied)
ifferential
o the exhauster is not n of dust between inside and by the amount and particle size
backwash i pressure o X co o
. Dynamic ensured, the migrating outside of the PCV. distribution of dust flowing into the dry
An-Ki-43 | filter between @ " — N — - 3
boundary exhaust airflow rate from the (b) Amount and backwash filter. Functionality is ensured by Continuous monitoring is required, but Because
(Pretreatmen inside and 3 N P . A a q
decreases and the processing particle size switching filters through 2 predictability is good. item 7-1is
t equipment) outside of ) . . PP ) 5 . .
differential pressure point to the distribution of dust Indirect series of filters (already 1 point
the PCV ) 1 " 3 1 3
between inside and dry at dry backwash (item 5) studied)
outside of the PCV backwash filter inlet
decreases. filter
Partial (a) Differential Functionality is ensured by Because
damage due | pressure of dry switching filters through 2 Post-detection s possible by constant item 7-1is
to corrosion | backwash filter + Direct Cortosion of dust accumulated i the dry ) series of filters (already . monitoring of the dust concentration on the . 1 point .
Same as Same as Same as i i i . y
Same as above of dust differential pressure (item 4) § X studied) downstream side of the filter, but
above above above migrating between inside and backwash filter causes partial damage to X o
) predictability is poor
from the outside of the PCV filter elements and decreases the
same as processing differential pressure before and after the - — - — -
An-Ki-44 bove point to the (b) Awoum and . dry backwash filter. Selected because Fu‘ncn‘onalfty is ensured by Com.lnuol.J.s m.onltonng is required, but .Because. 4
dry chemical properties this trend is affected by the amount and switching filters through 2 predictability is poor. item 7-1is
backwash (pH, chloride ion chemical properties (pH, chloride ion series of filters (already 1 point
filter concentration, Indirect concentration, chemical composition) of 1 studied) 4 1 4
chemical (item 5) dust flowing into the dry backwash filter.
composition) of
dust at dry
backwash filter inlet
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment{Detailed version) (21/48

=

B Risk assessment table
(gas phase confinement equipment)

No0.162

M Score table foritem 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good
[2 points] Requires regular monitoring and predictability

M Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID records of application at the Fukushima Daiichi : A
X . " is poor limitations
[1 point] Countermeasures exist, and have been applied X . .- . - X . . .
. P [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
i . . at the Fukushima Daiichi.
Process Ko-3 : Debris retrieval good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 .
(Evaluation Results)
Analysis
number The function . h Impﬁa on
Target that the Work delay Direct causes of Indirect Reasons to be Detection moali:(e;(r:i; / | Reason for selection of detection Presence or absence of Effects on accurate and prompt ! mfog e?rltl)trdue Point of
equi ?nent target is factor (= eror causes of selected requirements to Indirectg requirements Point | countermeasures for disturbing | Point on-site response b wo?kersp Point handlin Individual | represen
quip responsible error) error avoid work delays g q functions P Y cling tation
for monitoring (Indirect
causes)
Dry Dynamic Decrease in | As the dry Partial damage due | (a) Differential Irradiation of dust accumulated in Functionality is ensured by Post-detection is possible by Because item
backwash boundary differential backwash filter to irradiation of dust | pressure of dry the dry backwash filter causes switching filters through 2 series constant monitoring of the dust 7-1is 1 point
filter pressure deteriorates and migrating from the backwash filter + e partial damage to filter elements of filters (already studied) concentration on the downstream
(Pretreatme between the design value of processing point to differential pressure fem ) and increases the differential 1 4 side of the filter, but predictability 1 4
nt inside and the exhauster is the dry backwash between inside and pressure before and after the dry is poor
equipment) outside of not ensured, the filter outside of the PCV backwash filter. Selected
An-Ki-45 the PCV exhaust airflow rate [0} because this trend is affected by 4
Amount an " Functionality is ensur ntint monitoring i: B item
i e (b) Amount and O unctionality is ensured by Continuous monitoring is ecause itel
differential nuclide composition composition of dust flowing into switching filters through 2 series required, but predictability is 7-1is 1 point
f i " f filters (alr i r.
pressure between Ricblateny Indirect the dry backwash filter. 1 Cililem(aleatyRidied) 4 pool 1 4
. backwash filter inlet (item 5)
of the PCV
decreases.
Partial blockage due | (a) Differential Selected because the differential Functionality is ensured by Filter clogging is due to daily Because item
to adhesion of pressure of dry pressure before and after the dry installing a demister and electric accumulation, and predictability 7-1is 1 point
Same as Same as Same as processing aid backwash filter + Direct backwash filter increases due to heater at the first-stage filter is good.
Same as above - " " " 1 " 1 1 1
above above above migrating from the differential pressure | (jtem 4) partial blockage of the dry (already studied)
processing pointto | between inside and backwash filter, and because this
An-Ki-46 . . 3
@ the dry backwash outside of the PCV trend is affected by the amount of
filter (b) Amount of mist mist flowing into the dry Functionality is ensured by Continuous monitoring is Because item
at dry backwash Indirect backwash filter. 1 installing a demister and electric 3 required, but predictability is i 7-1is 1 point 3
filter inlet (item 5) heater at the first-stage filter good.
(already studied)
Blockage due to (a) Differential Selected because the differential Functionality is ensured by Filter clogging is due to daily Because item
adhesion of anti- pressure of dry pressure before and after the dry installing a demister and electric accumulation, and predictability 7-1is 1 point
Same as Same as Same as dispersion agent backwash filter + Direct backwash filter increases due to heater at the first-stage filter is good.
above above above STIREDETR migrating from the differential pressure | (jtem 4) partial blockage of the dry 2 (already studied) & & &
processing pointto | between inside and backwash filter, and because this
An-Ki-47 . . 3
® the dry backwash outside of the PCV trend is affected by the amount of
filter (b) Amount of mist inflowing mist. Functionality is ensured by Continuous monitoring is Because item
at dry backwash Indirect 2 installing a demister and electric 3 required, but predictability is a 7-1is 1 point 3
filter inlet (item 5) heater at the first-stage filter good.
(already studied)
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“Appendix 6.2.4.3-2: Risk assessment table for saftety equipment (Detailed version)

22140)

B Risk assessment table

0.163

R M Score table for item 7-2
. . MW Score table for item 7-1 . . . . .
as h aS e C O n fl n em e nt e u I m ent . . [4 points] Requires constant monitoring during task and M Score table for item 7-3
[4 points] No countermeasures have been determined . A R . .
. . N predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under X " T X N . Lo
development [3 points] Requires constant monitoring during task but] |[3 points] Countermeasures exist, but throughput decreases significantly due
op . predictability is good to suspension of task
[2 points] Countermeasures exist, but there are no track [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
Model ID records of application at the Fukushima Daiichi 1 P a g 9 P < por ’ gnp
) . " is poor limitations
2 point] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
at the Fukushima Daiichi. p q 9 9 P P P gnput, P
Process Ko-3 : Debris retrieval good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results)
number The function Direct Impacton
Target that thg Work del_aly Direct causes of Indirect Reasons to be Dgtectlon monitoring/ | Reason for selection of detection . Presence or absenf:e of . . Effects on accurate and prompt . throughput due to | Individ Point of
. target is factor (= causes of requirements to " . Point | countermeasures for disturbing | Point N Point . represent
equipment N error selected N Indirect requirements - on-site response by workers error handling ual N
responsible error) error avoid work delays L functions N ation
for monitoring (Indirect causes)
HEPA filter Discharge Increase in As the HEPA filter Partial blockage of (a) HEPA filter Selected because the filter Functionality is ensured by Filter clogging is due to daily Because item 7-1
control dust deteriorates and the filter element due | differential pressure | Direct differential pressure increases . switching filters through 2 series 1 accumulation, so predictability is 1 is 1 point .
concentratio | the design value of to accumulation of (item 4) due to partial blockage caused by of filters (already studied) good
non the filter efficiency dust migrating from dust accumulation in the HEPA
An-Ki-48 downstream | is not ensured, the | @ the processing point | (b) Dust amountand filter, and because this trend is Functionality is ensured by Continuous monitoring is Because item 7-1 3
side of dust concentration to the HEPA filter particle size nd affected by the amount and switching filters through 2 series required, but predictability is is 1 point
ndirect
HEPA filter | inside the PCV distribution at the (tem's) particle size distribution of 1 | offilters (already studied) 3 | good. 1 3
increases. HEPA filter inlet inflowing dust.
Partial damage (a) HEPA filter Deterioration of filter elements Functionality is ensured by Post-detection is possible by Because item 7-1
caused by the upstream/downstrea due to dust accumulated in the switching filters through 2 series constant monitoring of the dust is 1 point
SHRES SEES SEmRES deterioration of filter | m dust concentration Direct HEPA filter causes partial of filters (already studied) concentration on the downstream
above above above Same as above elements due to dust | ratio (item 4) damage to filter elements and 1 4| side of the filter, but predictability 1 4
migrating from the decreases the ratio of dust is poor
processing point to concentration between the
9 Same  as | the HEPA filter up: and downstream sides. N — " — -
An-Ki-49 (b) Amount and Functionality is ensured by Continuous monitoring is Because item 7-1 4
above . . Selected because this trend is Lo . . . AP A o
chemical properties switching filters through 2 series required, but predictability is is 1 point
o affected by the amount and ) )
(pH, chloride ion of filters (already studied) poor.
. Indirect chemical properties (pH, chloride
concentration, 1 4 1 4
I (item 5) ion concentration, chemical
" composition) of dust flowing into
composition) of dust
L the filter.
at HEPA filter inlet
Partial damage to (a) HEPA filter Partial damage to filter elements Functionality is ensured by Post-detection is possible by Because item 7-1
filter elements due to | upstream/downstrea due to irradiation of dust switching filters through 2 series constant monitoring of the dust is 1 point
Same as Same as Same as irradiation of dust m dust concentration | Direct accumulated in the HEPA filter of filters (already studied) concentration on the downstream
Same as above X 1 4 1 4
above above above migrating from the ratio (item 4) decreases the ratio of dust side of the filter, but predictability
processing point to concentration between the is poor
Same as ¥ .
An-Ki-50 the HEPA filter upstream and downstream sides. 4
above (b) Amount and Selected because this trend is Functionality is ensured by Continuous monitoring is Because item 7-1
nuclide composition et affected by the amount and switching filters through 2 series required, but predictability is is 1 point
- ndirect ) .
of dust at HEPA filter ) nuclide composition of inflowing 1 of filters (already studied) 4 poor. 1 4
inlet (item 5) dust
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“Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (23/48)

B Risk assessment table

(gas phase confinement equipment)

No0.164

M Score table foritem 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good
[2 points] Requires regular monitoring and predictability

M Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due

to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload

records of application at the Fukushima Daiichi . AR
Model ID N PP . " is poor limitations
[ poin] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
at the Fukushima Daiichi. pd q 9 9 o P P gnput, P
Process Ko-3 : Debris retrieval 900
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Results)
Analysis
number The function Direct
that the . Indirect Detection o : Presence or absence of Impact on throughput .| Pointof
e E?rgﬂeetm target is Worlzﬁjzlre:grf)acwr D"i?;ra:rses causes of Rez:?;;ég be requirements to m&l:jl:ggg/ Reason fﬁresii? g!r‘r?:n?sf detection | point | countermeasures for disturbing | Point Egsiig?::E\::éebazsoerg:;p' Point | due to error handling :SS:I represen
quip responsible : error avoid work delays monitoring q functions P 4 (Indirect causes) tation
for
HEPA filter Discharge Increase in dust | As the HEPA Partial blockage due | (a) HEPA filter Selected because the HEPA filter Functionality is ensured by Filter clogging is due to daily Because item 7-1is 1
control concentrationon | filter to adhesion of differential pressure differential pressure increases installing a demister and electric accumulation, so predictability is point
downstream side | deteriorates processing aid Direct due to partial blockage caused 1 heater at the first-stage filter 1 good 1 1
of HEPA filter and the design migrating from the (item 4) by mist accumulationin the (already studied)
value of the processing point to HEPA filter, and because this
An-Ki-51 filter efficiency @ the HEPA filter ) trend is affected by the amount of N — ) — 3 " 3
(b) Amount of mist Functionality is ensured by Continuous monitoring is Because item 7-1is 1
is not ensured, mist inflow due to the processing
at HEPA filter inlet installing a demister and electric required, but predictability is point
the dust Indirect aid. . )
i 1 heater at the first-stage filter 3 good. 1 3
concentration (item 5)
(already studied)
inside the PCV
increases.
Performance (a) Relative humidity Selected because the relative Because item 7-1is 1
i ilter i idi ing i Post-detection is possible by i
degradation of the at HEPA filter inlet humidity of gas flowing into the Functionality is ensured by e point
HEPA filter caused . HEPA filter was verified to . . . . constant monitoring of the
Direct installing a demister and electric
Same as Same as Same as by relative humidity ) deviate from the design 1 ) y 4 | temperature differential before 1 4
Same as above (item 4) heater at the first-stage filter K
above above above at HEPA filterinlet, condition, and because this trend ) and after the electric heater, but
(already studied)
which is a design is affected by the amount of predictability is poor
Same as " AR
An-Ki-52 condition, exceeding processing aid (mist) sprayed at 4
above . (b) Amount of . . Because item 7-1is 1
the design X X X the processing point. :
assumption, as a processing aid (mist) Functionality is ensured by point
sprayed at ) . . . . Continuous monitoring is
result of debris Indirect installing a demister and electric X i o
processing point . 1 . ) 3 required, but predictability is 1 3
retrieval operations (item 5) heater at the first-stage filter "
X good.
(already studied)
Partial blockage due | (a) HEPA filter Selected because the HEPA filter Functionality is ensured by Filter clogging is due to daily Because item 7-1is 1
to adhesion of anti- | differential pressure | pjrgct differential pressure increases switching filters through 2 series accumulation, so predictability is point
Same as Same as Same as above Same as dispersion agent (item 4) due to mist accumulation, and 1| offilters (already studied) 1 [ good L &
above above above migrating from the because this trend is affected by
AL ® (S (Rl o (b) Amount of mist (D e i il G2 i Functionality is ensured by Continuous monitoring is Because item 7-1is 1 9
B lrEAR iz at HEPA filter inlet Indirect Rlelntic speiSionient switching filters through 2 series required, but predictability is point
1 s f 3 1 3
(item 5) of filters (already studied) good.
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Appendix 6.2.4.3-2: Risk assessment table forsafety equipment (Detailed version) (24/48)
M Risk assessment table No0.165

. . . M Score table for item 7-2
M Score table for item 7-1 . . . . )
g aS p aS e C O n I n e | I I e n e q u | p | I I e n R X [4 points] Requires constant monitoring during task W Score table for item 7-3
[4 points] No countermeasures have been determined h P . . .
. . . and predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under . . .- . X . .
development [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly’
X P . predictability is good due to suspension of task
[2 points] Countermeasures exist, but there are no track B . - . .
Model ID L . L [2 points] Requires regular monitoring and| |[2 points] Countermeasures exist, but throughput decreases due to
records of application at the Fukushima Daiichi h - A
. X . predictability is poor workload limitations
[1 point] Countermeasures exist, and have been applied at the X N L . - . . . .
Process Ko-3 - Debris retrieval Fukushima Daiichi [1 point] Requires regular monitoring and predictability| |[1 point] No impact on throughput, or when 7-1 is 1 point
: is good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results
number The function i
that the " Indirect Detection Dl_rec_t : . Presence or absence of Impact on . Point of
Target . Work delay factor | Direct causes Reasons to be . monitoring/ | Reason for selection of detection . - . . Effects on accurate and prompt . throughput due to | Individ
. target is _ causes of requirements to " . Point | countermeasures for disturbing | Point N Point " represent
equipment : (= error) of error selected N Indirect requirements ) on-site response by workers error handling ual N
responsible error avoid work delays L functions . ation
for monitoring (Indirect causes)
HEPA filter Discharge Increase in dust As the HEPA Performance (a) Relative humidity Selected because the relative Functionality is ensured by Post-detection is possible by Because item 7-1
control concentration on filter degradation of the at HEPA filter inlet humidity of gas flowing into the switching filters through 2 series constant monitoring of the is 1 point
downstream side | deteriorates HEPA filter caused Direct HEPA filter was verified to 1 of filters (already studied) 4 temperature differential before 1 4
of HEPA filter and the by relative humidity (item 4) deviate from the design and after the electric heater, but
design value at HEPA filter inlet, condition, and because this trend predictability is poor
of the filter which is a design is affected by the amount of anti-
An-Ki-54 efficiency i ® condition, exceeding (i?) Am?um of anti- dispersion agent (mist) sprayed Fu.nctlf)nall.ty is ensured by . Com}muous monn.onngbl.s . ?ecau#e item7-1 2
not ensured, the design dispersion agent at the processing point. switching filters through 2 series required, but predictability is is 1 point
the dust assumption, as a (mist) sprayed at ndivect of filters (already studied) good.
. . processing point 1 3 1 3
concentration result of debris (item 5)
inside the retrieval operations
PCV
increases.
(a) HEPA filter Accumulation of abrasives Functionality is ensured by Filter clogging is due to daily Because item 7-1
Partial blockage of differential pressure | Direct flowing into the HEPA filter 1 switching filters through 2 series 1 accumulation, so predictability is 1 is 1 point 1
Same as Same as Same as i (item 4) partially clogs the HEPA filter of filters (already studied) good
Same as above the HEPA filter ) )
above above above elements due to and increases the HEPA filter
accumulation of (b) Amount and differential pressure. Selected Functionality is ensured by Continuous monitoring is Because item 7-1
An-Ki-55 @ RS mEE particle size because this trend is affected by switching filters through 2 series required, but predictability is is 1 point 3
from the processing CIEaNTEm e Indirect the amount of abrasives flowing of filters (already studied) good.
i 1 3 , 3
pointtothe HEPA | 2ASVESAUHEPA | Gioms) | into the HEPA filter due to
filter filterinlet processing.
Performance (a) Relative humidity Selected because the relative Functionality is ensured by Post-detection is possible by Because item 7-1
degradation of the at HEPA filter inlet humidity at the HEPA filter inlet switching filters through 2 series constant monitoring of the is 1 point
Same as Same as Same as HEPA filter caused Direct was verified to deviate from the of filters (already studied) temperature differential before
Same as above X 1 4 1 4
above above above by the design (item 4) design condition, and because and after the electric heater, but
condition of relative this trend is affected by the predictability is poor
humidity at the amount of heat input at the
Akiss Sameas | HEPA filterinlet (b) Amount of heat processing point. Functionality is ensured by Continuous monitoring is Because item 7-1 .
above exceeding the input at processing switching filters through 2 series required, but predictability is is 1 point
assumed design point of filters (already studied) good.
ition wi Indirect
condition with ' 1 3 1 3
evaporation of D/W (item 5)
stagnant water as a
result of heat input
during processing
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Appendix 6.2.4.3-2: Risk assessment table for safety eqguipment (Detailed version) (25/48)
No0.166

B Risk assessment table

- W Score table for item 7-2
- . MW Score table for item 7-1 8 . . . :
. . [4 points] Requires constant monitoring during task W Score table for item 7-3
g aS p aS e C O n | n el I | en eq u | p | Nn en [4 points] No countermeasures have been determined o . . )
. : N and predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under N N - X . y -
development [3 points] Requires constant monitoring during task| |[3 points] Countermeasures exist, but throughput decreases significantly
X P! . but predictability is good due to suspension of task
[2 points] Countermeasures exist, but there are no track| X . L . .
L . L [2 points] Requires regular monitoring and| |[2 points] Countermeasures exist, but throughput decreases due to
Model ID records of application at the Fukushima Daiichi S -
. . . predictability is poor workload limitations
K X X [1 point] Countermeasures exist, and have been applied at the . . . . . . .
Process Ko-3 : Debris retrieval Fukushima Daiichi [1 point] Requires regular monitoring and| |[1 point] No impact on throughput, or when 7-1is 1 point
Work Sa-4 : Processing of debris _ redictability is good,
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results’
number The function Direct
Target that th_e Work delay factor Direct causes of Indirect Reasons to be Dgtectlon monitoring/ Reason for selection of . Presence or absenf:e of . . Effects on accurate and prompt . Impact on through_put Indiv Point of
. target is _ causes of requirements to " N . Point | countermeasures for disturbing | Point N Point | due to error handling | . represe
equipment " (=error) error selected H Indirect detection requirements - on-site response by workers . idual N
responsible error avoid work delays monitoring functions (Indirect causes) ntation
for
Electric Discharge Increase in dust | Due to failure of Performance (a) Temperature Selected because the Functionality is ensured by Post-detection is possible by Because item 7-1is 1
heater control concentrationon | the electric heater, degradation of the | differential before temperature differential switching between heaters constant monitoring of the point
(Pretreatme downstream side ::19 redlatl\;e electric heater and after the before and after the using 2 series of electric temperature differential before
umidity does not i
nt of the filter caused by irradiation | electric heater Direct electric heater decreases 1 heaters (already studied) 4 and after the electric heater, but 1 4
decrease and the item 4
equipment) design condition of of dust migrating (item 4) due to performance predictability is poor
the filter (relative from the processing degradation of the electric
humidity of 99% or point to the electric heater, and because this
An-Ki-57 less) is not @ heater rend is aff h 4
i) el ate (b) Amount and i aiEEEy i Functionality is ensured by Continuous monitoring is Because item 7-1is 1
’ 9 " amount and nuclide R . " . q
in the deterioration nuclide switching between heaters required, but predictability is point
. composition of dust . . 9
and damage to the composition of using 2 series of electric poor.
" . i flowing into the electric "
filter and an dust at electric cect Y 1 | heaters (already studied) 4 1 4
increase inthe heater inlet (item 5) heater.
dust concentration
on the downstream
side of the filter.
Performance (a) Temperature Selected because the Functionality is ensured by Post-detection is possible by Because item 7-1is 1
degradation of the differential before temperature differential switching between heaters constant monitoring of the point
Same as Same as Same as above Same as above electric heater and after the Direct before and after the 1 using 2 series of electric 4 temperature differential before 1 4
above above caused by adhesion | electric heater (item 4) electric heater decreases heaters (already studied) and after the electric heater, but
of processing aid due to performance predictability is poor
An-Ki-58 @ migrating from the (b) Amount of mist degradation of the electric Functionality is ensured by Continuous monitoring is Because item 7-1is 1 4
processing point to at electric heater heater, and because this switching between heaters required, but predictability is point
the electric heater . " trend is affected by the . . .
inlet Indirect 1 using 2 series of electric 3 good. 1 3
(item 5) amount of mist flowing heaters (already studied)
into the electric heater due
to the processing aid.
Performance (a) Temperature Selected because the Functionality is ensured by Post-detection is possible by Because item 7-1is 1
degradation of the differential before temperature differential switching between heaters constant monitoring of the point
Same as Same as Same as above Same as above electric heater and after the Direct before and after the 1 using 2 series of electric 4 temperature differential before 1 4
above above caused by adhesion | electric heater (item 4) electric heater decreases heaters (already studied) and after the electric heater, but
of anti-dispersion due to performance predictability is poor
An-Ki-59 ® gospinuitnoioy (b) Amount of mist Keciauatoglofiieleiesii Functionality is ensured by Continuous monitoring is Because item 7-1is 1 4
the processing point { o oectric heater EE, IRl switching between heaters required, but predictability is point
to the electric heater | . trend is affected by the . . .
inlet N, using 2 series of electric good.
ndirec i i
' SheliiolnEticuy 1 | heaters (already studied) 3 1 3
(item 5) into the electric heater due
to the anti-dispersion
agent.
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ﬁ‘ehdix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (26/48)
No0.167

M Risk assessment table
(gas phase confinement equipment)

M Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development

M Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due
to suspension of task

Model ID 2 points] Couqterrpeasures exist, b.Ut therie are no track [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi . A
[1 point] Countermeasures exist, and have been applied s poor limitations
Process Ko-3 - Debris retrieval at the Fukushima Daiichi ! [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
: good
Work Sa-4 | : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Iltem 7-3 Item 74
(Evaluation Results)
Analysis The
number i i i
Target function Work . Indirect Dgtecnon D|'rec't Reason for selection Presence or absence of Effects on accurate and Impact on L Point of
. that the delay Direct causes of Reasonsto | requirementsto [ monitoring/ - . . N . throughput due to | Individu
equipme - causes - - of detection Point countermeasures for Point prompt on-site response Point N represent
targetis factor error be selected avoid work Indirect N . . " error handling al N
nt . _ of error L requirements disturbing functions by workers . ation
responsible | (= error) delays monitoring (Indirect causes)
for
Electric | Discharge | Increase | Due to failure Performanc | (a) Selected because Functionality is Post-detection is Because item 7-
heater | control in dust of the electric e Temperature the temperature ensured by switching possible by constant 1is 1 point
(Pretre concentra | heater, the degradation | differential . differential before between heaters using monitoring of the
atment tion on relative of the before and PII’eCt and after the electric 1 2 series of electric 4 temperature differential 1 4
equipm downstre | humidity does electric after the (item 4) heater decreases heaters (already before and after the
ent) am side not decrease heater electric heater due to performance studied) electric heater, but
of the and the design caused by degradation of the predictability is poor
filter condition of the therisein [ (p) Amount of electric heater, and Functionality is Continuous monitoring Because item 7-
filter (relative PCV heat input at because this trend is ensured by switching is required, but 1is 1 point
humidity of temperature | processing affected by the between heaters using predictability is good.
99% or less) is due to heat point amount of heat input 2 series of electric
An-Ki-60 not ensured, @ input during at the processing heaters (already 4
resulting in the processing point which raises studied)
deterioration the temperature of
and damage to Indirect | inflowing gas.
] ) 1 3 1 3
the filter and an (item 5)
increase in the
dust
concentration
on the
downstream
side of the
filter.
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“Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (27/48)

M Risk assessment table
(liquid phase confinement equipment)

No0.168

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good
[2 points] Requires regular monitoring and predictability

MW Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due
to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID ) ) ) is poor limitations
[ poini] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
- - at the Fukushima Daiichi. P a 9 9 p 4 P P ghput, P
Process Ko-3 : Debris retrieval good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 1 Item 2 Item 3 Item 4 ltem51 | items-2 Item 6-1 item6-2 | Item 6-3 tem 7-1 Item 7-2 tem 7-3 ltem 7-4 (Evaluation
A : results)
nalysis
number The function Direct Impacton
that the Work delay Direct Indirect Detection L . Presence or absence of Effects on accurate and p: Point of
Target . Reasons to be A monitoring/I Reason for selection of . - . - . throughput due to -
. target is factor causes of causes of requirements to " N . Point | countermeasures for disturbing Point prompt on-site response Point . Individual representat
equipment . _ selected 5 ndirect detection requirements - error handling N
responsible (= error) error error avoid work L functions by workers " ion
for monitoring (Indirect causes)
D/W Dynamic Rise in D/W | Due to Partial blockage of | (a) D/W stagnant Selected because the Supported by multiplexing and Although constant Because item 7-1 is
stagnant boundary water level deterioration the pump due to water transfer pump pump flow rate decreases sacrificial anodes. In addition, the monitoring is required, 1 point
water of the D/W dust contamination | flow rate Direct due to partial blockage effect of short term functional detectability is good.
transfer stagnant migrating from the (item 4) caused by dust a deterioration or shutdown is S a S
pump water processing point to contamination in the D/W extremely small
transfer the D/W stagnant stagnant water transfer
pump, the water transfer (b) Chemical pump, and because this Supported by multiplexing and Constant monitoring is Because item 7-1 is
PpENL design value ) RUE properties (pH, trend is affected by the sacrificial anodes. In addition, the required because the 1 point a
for the pump chloride ion amount and particle size effect of short term functional equipment s for D/W
flowrate is concentration, distribution of dust in the deterioration or shutdown is water level management
not ensured, chemical Indirect transferring liquid flowing . extremely small . related to confinement, but N .
resulting in composition) of (item 5) into the torus room predictability is poor.
the D/W transferring liquid stagnant water transfer
water level flowing into DIW pump.
to increase stagnant water
transfer pump
Partial damage (a) D/W stagnant Selected because the Supported by multiplexing and Although constant Because item 7-1 is
due to corrosion water transfer pump X pump flow rate decreases sacrificial anodes. In addition, the monitoring is required, 1 point
Same as Same as Same as Same as Direct ) ) o
caused by flow rate due to partial damage to 1 effect of short term functional 3 detectability is good. 1 3
above above above above . (item 4) o .
potential the D/W stagnant water deterioration or shutdown is
difference transfer pump, and extremely small
resulting from (b) Amount, particle because this trend is Supported by multiplexing and Constant monitoring is Because item 7-1is
Same as P o . . .
An-Eki-2 accumulation of size distribution, and affected by the amount sacrificial anodes. In addition, the required because the 1 point 4
b : . . . .
above dust migrating particle density of and particle size effect of short term functional equipment is for D/W
from the dust in transferring Indirect distribution of dust in the deterioration or shutdown is water level management
1 4 1 4
processing point to | liquid flowing into (item 5) transferring liquid flowing extremely small related to confinement, but
the D/W stagnant | D/W stagnant water into the D/W stagnant predictability is poor.
water transfer transfer pump water transfer pump.
pump
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Appendix 6.2.4.3-2: Risk assessment table for safety eguipment(Detailed version) (287/48)

B Risk assessment table

(liquid phase confinement equipment)

No0.169

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

M Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

W Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

_— . o 2 points] Requires regular monitoring and predictabilit 2 points] Countermeasures exist, but throughput decreases due to workload
Model 1D records of application at the Fukushima Daiichi [ P 1 Req 9 9 p Y [. p . 1 9np
) ) . is poor limitations
Py Ko-3 : Debris retrieval [ poin] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
rocess o - Debris retrieval at the Fukushima Daiichi. qosd a 9 9 P! 4 p P ghput, P
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results;
number The function Direct Point
Target thatthe Work delay Direct causes Indirect Reasons to be D.e‘ecmn monitoring/ | Reason for selection of detection Presence or absen,ce of . Effects on accurate and prompt Impacton through‘pul Indivi of
: target is factor causes of requirements to " . point | countermeasures for disturbing | Point N Paint due to error handling repres
equipment " _ of error selected y Indirect requirements 3 on-site response by workers . dual N
responsible (= error) error avoid work monitorin functions (Indirect causes) entatio
for 9 n
DIW Dynamic Rise in D/W | Due to Partial damage due | (a) D/W stagnant Selected because the pump flow Supported by multiplexing. In Although constant monitoring is Because item 7-1is 1
stagnant boundary water level deterioration of to corrosion of metal | water transfer pump Bt rate decreases due to partial addition, the effect of short term required, detectability is good. point
irect
water the D/W components such as | flow rate (tem 4) damage to the D/W stagnant 1 functional deterioration or 3 1 3
item
transfer stagnant water impellers caused by water transfer pump, and shutdown is extremely small
pump transfer pump, the chemical because this trend is affected by
the design properties of (b) Amount, particle the chemical properties (pH, Supported by multiplexing. In Constant monitoring is required Because item 7-1is 1
An-Eki-3 value for the ) transferring liquid size distribution, and chloride ion concentration, addition, the effect of short term because the equipment is for point 4
pump flow rate migrating from the particle density of chemical composition) of functional deterioration or D/W room water level
: : Indirect .
is not ensured, processing pointto | dust in transferring transferring liquid flowing intothe | 1 | shutdown is extremely small 4 | managementrelated to 1 4
- v item 5 a 8 p—
resulting in the the D/W stagnant liquid flowing into ( ) torus room stagnant water confinement, but predictability is
D/W water level water transfer pump | D/W stagnant water transfer pump. poor.
to increase transfer pump
Partial blockage of (a) D/W stagnant Selected because the pump flow Supported by multiplexing. In Although constant monitoring is Because item 7-1is 1
the pump due to water transfer pump . rate decreases due to partial addition, the effect of short term required, detectability is good. point
Same as Same as Same as . Direct . K L
Same as above abrasive flow rate . blockage caused by abrasive 1 functional deterioration or 3 1 3
above above above (item 4)
contamination contamination in the D/W shutdown is extremely small
migrating from the stagnant water transfer pump,
processing point to (b) Amount, particle and because this trend is Supported by multiplexing. In Constant monitoring is required Because item 7-1is 1
An-Eki-4 @ the D/W stagnant size distribution, and affected by the amount, particle addition, the effect of short term because the equipment is for point 4
water transfer pump | Particle density of size distribution, and particle functional deterioration or D/W water level management
abrasives in Indirect density of abrasives in the . shutdown is extremely small 4 related to confinement, but . 4
transferring liquid (item 5) transferring liquid flowing into the predictability is poor.
flowing into D/W torus room stagnant water
stagnant water transfer pump.
transfer pump
Partial damage due | (a) D/W stagnant Selected because the pump flow Supported by multiplexing and Although constant monitoring is Because item 7-1is 1
to corrosion caused | water transfer pump rate decreases due to partial sacrificial anodes. In addition, required, detectability is good. point
Same as Same as Same as . Direct
Same as above by potential flow rate ! damage to the D/W stagnant 1 the effect of short term 3 1 3
above above above " . (item 4) . A
difference resulting water transfer pump, and functional deterioration or
from accumulation because this trend is affected by shutdown is extremely small
B of abrasives (b) Amount, particle the amount, particle size Supported by multiplexing and Constant monitoring is required Because item 7-1 is 1
ame as
An-Eki-5 " migrating from the size distribution, and distribution, and particle density sacrificial anodes. In addition, because the equipment is for point 4
above . . N .
processing pointto | particle density of of abrasives in the transferring the effect of short term D/W water level management
the D/W stagnant abrasives in Indirect liquid flowing into the D/W . functional deterioration or . related to confinement, but . .
water transfer pump | transferring liquid (item 5) stagnant water transfer pump. shutdown is extremely small predictability is poor
flowing into D/W
stagnant water
transfer pump
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (29/48)

B Risk assessment table

(liquid phase confinement equipment)

No.170

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

W Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

Model ID records of application at the Fukushima Daiichi [2 points] Requires regular monitoring and predictability [? Poipts] Countermeasures exist, but throughput decreases due to workload
N Ny . is poor limitations
Process Ko-3 Debris retrieval [1 poin] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
at the Fukushima Daiichi. qood ’
Work Sa-4 Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 1 ltem 2 ltem 3 item 4 Item 5-1 Item 52 ltem 6-1 Item 62 Item 6-3 tem 7-1 ltem 7-2 tem 7-3 tem 7;:5(52’:;"3"0"
er
Direct Impact on
e mgaris | (KO | et couses o aror | cuses of | Reasons 0 b seloctsa | DOEIOn rewtements | mantargin | Ressonfor selecton of detocton | oy | coummensves o douating | pomy | e on scuste snd promptansite | g | gt due o | i | pontof
responsible for error monitoring functions (Indirect causes)
Due to deterioration of Performance () Water temperature Selected because the temperature of Supported by multiplexing. In addition, Although constant monitoring is Because item 7-1 is
the D/W stagnant water degradation of the pump | inside PCV transferring liquid flowing into the DIW the effect of short term functional required, detectability is good 1 point
DIW stagnant transfer pump, the caused by the stagnant water transfer pump was deterioration or shutdown is extremely
water transfer | OV Rise in DIW design value for the temperature of the Direct verified to deviate from the design 1| sman 3 i 3
purmp boundary water level pump flow rate is not wansferring liquid, which (item 4) condiition, and because this trend is
ensured, resulting in is a design condition, affected by the amount of heat input at
the D/W water level to exceeding the design the processing point.
An-EKi-6 increase @ assumption, as a result | () Amount of heat input Supported by multiplexing. In addition, Constant monitoring is required because Because item 7-1 is 3
of debris retrieval at processing point the effect of short term functional the equipment is for D/W water level 1 point
operations deterioration or shutdown is extremely management related to confinement, but
Indirect small detectability of significant fluctuations is
(item 5) t 3 good 1 3
Partial damage to the (@) DIW stagnant water Selected because the pump flow rate Supported by multiplexing. In addition, Although constant monitoring is Because item 7-1 is
pump due to abrasives | transfer pump flow rate decreases due to partial damage caused the effect of short term functional required, detectabiliy is good. 1 point
migrating from the Direct by abrasive contamination in the DIW deterioration or shutdown is extremely
Same as above | Same as above | Same as above | Same as above S —— S ———————— O 3 1 3
DIW stagnant water because this trend is affected by the
transfer pump coming amount, particle size distribution, and
into contact with the (b) Amount, particle size particle density of abrasives in the Supported by multiplexing. In addition, Constant monitoring is required because Because item 7-1 is
An-EKi7 Same as i veller and causing the | distribution, and particle transferring liquid flowing into the torus the effect of short term functional the equipment is for DAW water level 1 point 4
boE impeller to wear out density of abrasives in room stagnant water transfer pump. deterioration or shutdown is extremely management related to confinement, but
transferring liquid flowing small predictability is poor.
B s || T 1 4 1 4
transfer pump (tem 5)
PCV stagnant | Dynamic Abnormal Due to deterioration of Partial blockage of the | (a) PCV stagnant water Selected because the pump flow rate Supported by multiplexing. In addition, Monitoring is required during operation, Because item 7-1 is
water discharge | boundary drainage of the PCV stagnant water pump due to dust discharge pump flow rate decreases due to partial blockage the effect of short term functional but detectability is good. 1 point
pump PCV stagnant | discharge pump, the contamination migrating Direct caused by dust contamination in the deterioration or shutdown is extremely
water buffer design value for the from the processing point (tem 4) PCV stagnant water discharge pump, T sman 1 1 1
tank pump flow rate is not to the PCV stagnant and because this trend is affected by the
ensured, resulting in water discharge pump amount and particle size distribution of
the water level in the (b) Chemical properties dust in the transferring liquid flowing into Supported by multiplexing. In addition, The equipment is used to establish Because item 7-1 is
An-Eki-8 PCV buffer tank to ® (pH, chloride ion he torus room stagnant water transfer the effect of short term functional circulation cooling by periodically 1 point 2
increase concentration, chemical pump- deterioration or shutdown is extremely draining water from the buffer tank, and
composition) of small requires monitoring during operation,
transferring liquid flowing | "Mdirect 1 2| but predictabiliy is poor. i 2
into PCV stagnant water | (€M 5)
discharge pump
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=Appendix 6.2.4.3-2: Risk assessmenttableforsatetyeqguipment

(Detailed versiot

1)

(S07406)

B Risk assessment table

(liquid phase confinement equipment)

No.171

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development

M Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

W Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

2 points] Countermeasures exist, but there are no track N > L . . 5 .
Model ID 2p ! - . Lo [2 points] Requires regular monitoring and predictability| |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi N o
X X X . . is poor limitations
Process Ko-3 : Debris retrieval [1 point] Countermeasures exist, and have been applied X . . . L . . . .
. - [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
R R at the Fukushima Daiichi.
Work Sa-4 : Processing of debris good
Important monitoring items Weighted evaluation of important monitoring items
tem 1 Item 2 tem 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 frem 7-4 (Evaluation
Analysis resuits)
number The function Direct Impacton
Target that ‘h.e Work delay Direct causes of Indirect Reasons to be D?‘ecuon monitoring/ Reason for selection of Presence or absen.ce of . Effects on accurate and prompt throughput due Indivi Point of "
. target is factor causes of requirements to . . N Point | countermeasures for disturbing | Point N Point : representati
equipment . _ error selected ¥ Indirect detection requirements H on-site response by workers to error handling | dual
responsible (= error) error avoid work L functions . on
for monitoring (Indirect causes)
PCV Dynamic Abnormal Due to Partial damage due | (a) PCV stagnant Selected because the pump Supported by multiplexing and Although constant monitoring is Because item 7-
stagnant boundary drainage of deterioration of the to corrosion caused | water discharge flow rate decreases due to sacrificial anodes. In addition, required, detectability is good. 1is 1 point
water PCV PCV stagnant by potential pump flow rate Direct partial damage to the PCV 1 the effect of short term 3 1 3
discharge stagnant water discharge difference resulting (item 4) stagnant water discharge pump, functional deterioration or
pump water buffer | pump, the design from accumulation and because this trend is shutdown is extremely small
(il pateicitEbunp N il R (b) Amount, particle giiccEchyiielancntand Supported by multiplexing and The equipment is used to Because item 7-
An-Eki-9 R S @ Tomielpiccessing size distribution, RalcietzedBabuiopolcis! sacrificial anodes. In addition, establish circulation cooling by 1is 1 point 4
CAENEE, UL penialtelacy and particle density itatesenng o aicnnd the effect of short term periodically draining water from
i e Slaohantiatey of dust in Indirect Mt i (LG S g el a functional deterioration or A the buffer tank, and requires a a
DS T Cectapeb transferring liquid (item 5) CIEE g (P shutdown is extremely small monitoring during operation, but
E D IEEEES flowing into PCV predictability is poor.
stagnant water
discharge pump
Partial damage due | (a) PCV stagnant Selected because the pump Supported by multiplexing. In Monitoring is required during Because item 7-
to corrosion of water discharge . flow rate decreases due to addition, the effect of short operation, but detectability is 1is 1 point
Same as Same as Same as Direct
Same as above metal components pump flow rate . partial damage to the PCV 1 term functional deterioration or 1 good. 1 1
above above above . (item 4) k X
such as impellers stagnant water discharge pump, shutdown is extremely small
caused by the and because this trend is
chemical properties (b) Amount, particle affected by the chemical Supported by multiplexing. In The equipment is used to Because item 7-
An-Eki- Same as
of transferring liquid | size distribution, properties (pH, chloride ion addition, the effect of short establish circulation cooling by 1is 1 point 2
10 above '
migrating from the and particle density concentration, chemical term functional deterioration or periodically draining water from
processing pointto | of dustin Indirect composition) of transferring 1 shutdown is extremely small R the buffer tank, and requires 1 2
the PCV stagnant | transferring liquid | (item 5) liquid flowing into the torus room monitoring during operation, but
water discharge flowing into PCV stagnant water transfer pump. predictability is poor.
pump stagnant water
discharge pump
Partial blockage of | (a) PCV stagnant Selected because the pump Supported by multiplexing. In Monitoring is required during Because item 7-
the pump due to water discharge flow rate decreases due to addition, the effect of short operation, but detectability is 1is 1 point
Same as Same as Same as Direct
Same as above abrasive pump flow rate . partial blockage caused by 1 term functional deterioration or 1 good. i i
above above above L (item 4) X o X
contamination abrasive contamination in the shutdown is extremely small
migrating from the PCV stagnant water discharge
processing pointto | (b) Amount, particle pump, and because this trend is Supported by multiplexing. In The equipment s used to Because item 7-
An-Eki- '
@ the PCV stagnant size distribution, affected by the amount, particle addition, the effect of short establish circulation cooling by 1is 1 point 2
11 !
water discharge and particle density size distribution, and particle term functional deterioration or periodically draining water from
pump of abrasivesin Indirect density of abrasives in the a shutdown is extremely small 2 the buffer tank, and requires a 2
transferring liquid (item 5) transferring liquid flowing into monitoring during operation, but
flowing into PCV the torus room stagnant water predictability is poor.
stagnant water transfer pump.
discharge pum
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (317/48)

B Risk assessment table

(liquid phase confinement equipment)

No.1/2

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

to suspension of task

2 points] Countermeasures exist, but there are no track N N L . - 5 .
Model ID 2 p 1 - . - [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi : AR
[1 point] Countermeasures exist, and have been applied s poor limitations
Process Ko-3 : Debris retrieval X o ! 1 point] Requires regular monitoring and predictability is 1 point] No impact on throughput, or when 7-1 is 1 point
at the Fukushima Daiichi. [ogd 1 Req 9 g P v (2 point] P 9hp P
Work Sa-4 : Processing of debris J
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results
number The function Direct Impacton
Target that th_e Work delay Direct causes of Indirect Reasons to be D_etecuon monitoring/ | Reason for selection of detection . Presence or absenpe of . Effects on accurate and prompt . throughput due to Indivi Point of
. target is factor causes of requirements to : . Point | countermeasures for disturbing | Point N Point " represent
equipment . _ error selected y Indirect requirements N on-site response by workers error handling dual N
responsible (=error) error avoid work L functions " ation
for monitoring (Indirect causes)
PCV Dynamic Abnormal Due to Partial damage due | (a) PCV stagnant Selected because the pump flow Supported by multiplexing and Although constant monitoring is Because item 7-1 is
stagnant boundary drainage of deterioration of the to corrosion caused | water discharge rate decreases due to partial sacrificial anodes. In addition, required, detectability is good. 1 point
water PCV PCV stagnant by potential pump flow rate Direct damage to the PCV stagnant 1 | the effectof short term 3 1 3
discharge stagnant water discharge difference resulting (item 4) water discharge pump, and functional deterioration or
pump water buffer | pump, the design from accumulation because this trend is affected by shutdown is extremely small
A Bk tank value for the pump of abrasives (b) Amount, particle the amount, particle size Supported by multiplexing and The equipmentis used to Because item 7-1 is
12 flow rate is not @ migrating from the size distribution, and distribution, and particle density sacrificial anodes. In addition, establish circulation cooling by 1 point 4
ensured, reslting processing point to particle density of of abrasives n the transferring the effect of short term periodically draining water from
in the water levelin the PCV stagnant abrasivesin Indirect liquid flowing into the PCV 1 functional deterioration or 4 the buffer tank, and requires 1 4
the PCV buffer water discharge transferring liquid (item 5) stagnant water discharge pump. shutdown is extremely small monitoring during operation, but
tank to increase pump flowing into PCV predictability is poor.
stagnant water
discharge pump
Performance (a) Water Selected because the Supported by multiplexing. In Monitoring is required during Because item 7-1 is
degradation of the temperature inside . temperature of transferring liquid addition, the effect of short term operation, but detectability is 1 point
Same as Same as Same as Direct o i o
Same as above pump caused by the | PCV § flowing into the PCV stagnant 1 functional deterioration or 1 good. 1 1
above above above (item 4) : i
temperature of the water discharge pump was shutdown is extremely small
transferring liquid, verified to deviate from the
An-Eki- Sameas | which is a design (b) Amount of heat design condition, and because Supported by multiplexing. In The equipmentis used to Because item 7-1 is
13 e condition, exceeding input at processing this trend is affected by the addition, the effect of short term establish circulation cooling by 1 point 2
the design point amount of heat input at the functional deterioration or periodically draining water from
assumption, as a [EIEE processing point. 1 shutdown is extremely small 2 the buffer tank, and requires 1 2
result of debris (Gizm ) monitoring during operation, but
retrieval operations predictability is poor.
Partial damage to (a) PCV stagnant Selected because the pump flow Supported by multiplexing. In Monitoring is required during Because item 7-1 is
the pump due to water discharge . rate decreases due to partial addition, the effect of short term operation, but detectability is 1 point
Same as Same as Same as K o Direct X X L
Same as above abrasives migrating | pump flow rate . damage caused by abrasive 1 functional deterioration or 1 good. 1 1
above above above (item 4)
from the processing contamination in the PCV/ shutdown is extremely small
point to the PCV stagnant water discharge pump,
stagnant water (b) Amount, particle and because this trend is Supported by multiplexing. In The equipment s used to Because item 7-1is
An-Eki- Same as
discharge pump size distribution, and affected by the amount, particle addition, the effect of short term establish circulation cooling by 1 point 2
14 above !
coming into contact | Particle density of size distribution, and particle functional deterioration or periodically draining water from
with the impeller abrasives in Indirect density of abrasives in the 1 shutdown is extremely small 2 the buffer tank, and requires 1 »
and causing the transferring liquid (item 5) transferring liquid flowing into the monitoring during operation, but
impellerto wear out | flowing into PCV torus room stagnant water predictability is poor.
stagnant water transfer pump.
discharge pump
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Appendix 6.2.4.3-2: Risk assessmenttableforsatetyequipment(Detaliedversion)

(52146)

B Risk assessment table

(liquid phase confinement equipment)

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good
[2 points] Requires regular monitoring and predictability

No.173
M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due
to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID records of application at the Fukushima Daiichi h <
N N . is poor limitations
[1 point] Countermeasures exist, and have been applied X . .- . L X . . .
. L [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval at the Fukushima Daiichi. good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 Item 7-4 (Evaluation
A N results)
nalysis
number The function Direct Impacton
that the Work delay " Indirect Detection L . Presence or absence of Effects on accurate and p . Point of
Target N _ Direct causes of Reasons to be p monitoring/ Reason for selection of . . " . throughput due to | Individ
. target is factor (= causes of requirements to N N N Point countermeasures for Point prompt on-site response by Point : represent
equipment " error selected 5 Indirect detection requirements " . error handling ual N
responsible error) error avoid work o disturbing functions workers . ation
for monitoring (Indirect causes)
D/wW Static Decrease in | As the D/W Partial damage due | (a) D/W water level Selected because the D/W The impact on the safety Post-detection is possible Because item 7-1
boundary D/W water deteriorates and to corrosion caused water level decreases as functionsis small. by constant monitoring of is 1 point
level the size of the by changes in the the size of the opening in (When the D/W water the D/W water level, and
opening increases, water quality of Indirect the D/W increases, and a level decreases 2 detectability is good. a g
the leakage to the stagnant water (Item 4) because this trend is excessively, the flow rate However, it may be difficult
torus room migrating from the affected by the conditions of the D/W stagnant to identify the area of
increases and the processing point to for water quality at the water transfer pump can damage.
An-Eki- D/W water level @ the DIW D/W wall surface. be adjusted.) A
15 decreases. (b) Chemical The impact on the safety Constant monitoring is Because item 7-1
properties (pH, functions is small. required because the is 1 point
chloride ion (When the D/W water equipment s related to
concentration, Indirect a level decreases a confinement, but a a
chemical (item 5) excessively, the flow rate predictability is poor.
composition) of of the D/W stagnant
D/W wall surface in water transfer pump can
liguid phase be adjusted.)
Due to Partial blockage () Flow rate in the Selected because the flow If there is a significant Detection of trends and Because item 7-1
deterioration of the due to system rate in the system trend toward blockage, it post-detection are possible is 1 point
piping, the design accumulation of decreases due to blockage can be handled by through constant
Decrease in
e f value of flow rate dust migrating from in the piping, and because flushing the piping. monitoring of the flow rate
the flow rate
for the transferring the processing this trend is affected by the in the system, and
Static of o . - Direct . . o
Piping X liquid in the point to the piping § amount, particle size 1 3 detectability is good. 1 3
boundary transferring . (item 4) o X
system is not distribution, and particle
liquid in the . . .
X ensured, resulting density of dust in the
An-Eki- system . R .
16 in the water level @ transferring liquid flowing 4
in the connected into the piping
boundary or tank
to increase or (b) Amount, particle If there is a significant Constant monitoring is Because item 7-1
decrease. size distribution, trend toward blockage, it required because the is 1 point
and particle density | Indirect 1 can be handled by 4 equipmentis related to 1 4
of dust in the (item 5) flushing the piping. confinement, but
transferring liquid predictability is poor.
flowing into piping
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(Detarted version) {33/48)
No.174

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task

Appendix 6.2.4.3-2: Risk assessmenttableforsalebyreguipment

B Risk assessment table
(liquid phase confinement equipment)

M Score table foritem 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under|
development

M Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but!

Model 1D [2 points] Countermeasures exist, but there are no track| " o . .
_ . Lo predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3 Debris retrieval records of application at the Fukushima Daiichi " h - . - A
. N " [2 points] Requires regular monitoring and predictability is poor limitations
(1 poini] Countermeasures exist, and have been applied at the 1 point] Requires regular monitoring and predictability is good 1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 Processing of debris Fukushima Daiichi. [1 point] Req g gand p yis g [1 point] p ghput, - p
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results)
number
The function . Direct
Target that the target | Work delay Indirect Detection requirements | monitoring/in Reason for selection of detection ) Presence or absence of | Etfects on accurate and prompt on-site Impact on throughput due to | - y;; | Point of
h < Direct causes of error | causes of | Reasons to be selected . Point countermeasures for disturbing Point Point error handling (Indirect represe
equipment is responsible | factor (= error) to avoid work direct requirements response by workers dual
error functions causes) ntation
for monitoring
Piping Static boundary | Decrease in the | As the piping Partial damage due to (a) Flow rate in the Selected because the flow rate of
flow rate of deteriorates and the corrosion caused by system + amount of transferring liquid in the system
transferring size of the boundary potential difference leakage decreases due to occurrences of leaks With constant monitoring of the flow
o Although there is impact on safety n o loak
i i i irect i i rate in the system and leak detection,
liquid in the opening increases, the resulting from ° resulting from damage to the piping, 1 functions, the frequency of 3 o ’ 1 Because item 7-1 is 1 point 3
system amount of transferring accumulation of dust (item 4) and because this trend is affected by . post-detection is possible, and
occurrence is expected to be low.
liquid decreases. migrating from the the amount and particle size distribution detectability is good.
processing point to the of dust flowing into the piping.
An-Eki-17 0] piping — - P - 4
(b) Amount, particle size Although there is impact on safety Constant monitoring is required Because item 7-1 is 1 point
distribution, and particle functions, the frequency of because the equipment is related to
density of dust in the occurrence is expected to be low. confinement, but predictability is poor
i Indirect
transferring liquid 1 4 i 4
flowing into liquid (item 5)
system
Partial damage due to (2) Flow rate in the Selected because the flow rate of Although there is impact on safety With constant monitoring of the flow Because item 7-1 is 1 point
corrosion caused by system + leak detection transferring liquid in the system functions, the frequency of rate in the system and leak detection,
changes in the water Direct decreases due to occurrences of leaks occurrence is expected to be low. post-detection is possible, and
Same as above | Same as above | Same as above | Same as above X 1 3 . 1 3
quality of stagnant water (item 4) resulting from damage to the piping, detectability is good.
migrating from the and because this trend is affected by
processing point to the the chemical properties (pH, chloride
piping (b) Chemical properties ion concentration, and chemical Although there is impact on safety Constant monitoring is required Because item 7-1 is 1 point
Same as .
An-Eki-18 (pH, chloride ion composition) of dust flowing into the functions, the frequency of because the equipment is related to 4
above
concentration, chemical piping. occurrence is expected to be low, confinement, but predictability is poor
composition) of
Indirect
transferring liquid 1 4 1 4
item 5)
flowing into liquid (tem 5)
system
Piping Static boundary | Same as above | Due to deterioration of Partial blockage due to | (a) Flow rate in the Selected because the flow rate in the If there is a significant trend toward Detection of trends and post-detection Because item 7-1 is 1 point
the piping, the design accumulation of system system decreases due to blockage in blockage, it can be handled by are possible through constant
value of flow rate for abrasives migrating from the piping, and because this trend is flushing the piping. monitoring of the flow rate in the
the transferring liquid the processing point to affected by the amount, particle size system, and detectability is good.
in the system is not the piping Direct distribution, and particle density of
1 3 1 3
ensured, resulting in (tem 4) abrasives in the transferring liquid
the water level in the flowing into the piping
connected boundary or
tank to increase or
An-Eki-19 decrease. @ 4
(b) Amount, particle size If there is a significant trend toward Constant monitoring is required Because item 7-1 is 1 point
distribution, and particle blockage, it can be handled by because the equipment is related to
density of abrasives in flushing the piping. confinement, but predictability is poor.
the transferring liquid Indirect
1 4 1 4
flowing into piping (item 5)
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“Appendix 6.2.4.3-2: Risk assessment tablefor safety equipment(Detailed version) (34/48)

B Risk assessment table

No0.175

. W Score table for item 7-2
- H H H M Score table for item 7-1 R . . . .
| u | aS e C o n | n em ent e u | m ent . . [4 points] Requires constant monitoring during task and W Score table for item 7-3
[4 points] No countermeasures have been determined " L 3 . .
. . . predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under X X L . X . S
development [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due
o . predictability is good to suspension of task
[2 points] Countermeasures exist, but there are no track! X - - . - X .
Model ID - . o [2 points] Requires regular monitoring and predictability [2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi Ny R
N . . is poor limitations
[1 point] Countermeasures exist, and have been applied [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 Debris retrieval at the Fukushima Daiichi. P! q 9! ‘] p y )
good
Work Sa-4 Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
ltem 1 Item 2 ltem 3 ltem 4 ltem 5-1 tem 52 Item 6-1 Item 6-2 Item 6-3 tem 7-1 tem 7-2 tem 7-3 ftem 7}2;52’:)'“3"“"
Analysis
number
The function Indirect Direct Presence or absence of Impact on throughput Point of
Target that the target Work delay Detection requirements | monitoring/in Reason for selection of detection . Effects on accurate and prompt on-site P 'ahp .
' c Direct causes of error | causes of | Reasons to be selected Point countermeasures for disturbing Point Point | due toerror handiing | Individual | represe
equipment is responsible | factor (= error) to avoid work direct requirements : response by workers
for error monitoring functions (Indirect causes) ntation
Valves Static boundary | Decrease in the | As the valve Partial damage due to | () Flow rate in the Selected because the flow rate of Although there is impact on safety With constant monitoring of the flow Because item 7-1 is 1
(Integration of flow rate of deteriorates and the corrosion caused by system + leak detection transferring liquid in the system functions, the frequency of rate in the system and leak detection, point
valves present transferring size of the boundary dust migrating from the Direct decreases due to occurrences of leaks occurrence is expected to be low. post-detection is possible, and
in the system) liquid in the opening increases, the processing point to the (tem 4) resulting from damage to the valve, and 1 3 | detectability is good. + 3
system amount of transferring valve because this trend is affected by the
liquid decreases. chemical properties (pH, chloride ion
(b) Chemical properties concentration, chemical composition) of ‘Although there is impact on safety Constant monitoring is required Because item 7-1is 1
An-EKi-20 ® (pH, chloride on dust flowing into the liquid-phase functions, the frequency of because the equipment is related 1o point 4
concentration, chemical system. occurrence is expected to be low. confinement, but predictability is poor.
composition) of
Indirect
transferring liquid 1 4 1 4
flowing into liquid (item 5)
system
The valve deteriorates Adhesion of the valve (a) Flow rate in the Selected because the flow rate of Although there is impact on safety With constant monitoring of the flow Because item 7-1 is 1
and the amount of due to accumulation of system + leak detection transferring liquid in the system functions, the frequency of rate in the system and leak detection, point
transferring liquid abrasives migrating from Direct decreases due to blockage resulting occurrence is expected to be low. post-detection is possible, and
Same as above | Same as above | Same as above 1 3 1 3
deviates from the the processing point to (item 4) from adhesion of the valve, and detectability is good.
control value. the valve because this trend is affected by the
chenmical properties (pH, chloride ion
(b) Amount, particle size concentration, chemical composition) of Although there is impact on safety Constant monitoring is required Because item 7-1 is 1
An-Eki-21 @ distribution, and particle dust flowing into the liquid-phase functions, the frequency of because the equipment is related to point 4
density of abrasives in system. occurrence is expected to be low. confinement, but predictability is poor.
the transferring liquid
- Indirect
flowing into liquid 1 4 1 4
(item 5)
system
PCV stagnant Static boundary | Decrease in the | Due to damage to the Partial damage due to (a) Water level of PCV Selected because the water level in the The impact on safety functions is With constant monitoring of the flow Because item 7-1is 1
water buffer flow rate of PCV stagnant water corrosion caused by stagnant water buffer buffer tank decreases due to damage small, and the frequency of rate in the system and leak detection, point
tank transferring bufer tank, the coolant accumulation and tank + leak detection Direct to the PCV stagnant water buffer tank, occurrence is expected to be low. post-detection is possible, and
liquid in the throughput is reduced, adhesion of dust (tem 4) and this tendency is affected by the 1 3 | detectability is good 1 3
system and the site boundary migrating from the chemical properties (pH, chioride ion
radiation dose/worker processing point to the concentration, chemical composition) of
exposure dose PCV stagnant water dust flowing into the PCV stagnant - ——
(b) Chemical properties The impact on safety functions is Constant monitoring is required Because item 7-1is 1
deviates from the . bufer tank ) water buffer tank. )
An-Eki-22 @ (pH, chloride ion small, and the frequency of because the equipment is related to point 4
control value
concentration, chemical occurrence is expected to be low. confinement, but predictability is poor.
composition) of
Indirect
transferring liquid 1 4 1 4
flowing into liquid (em 5)
system
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B Risk assessment table

(liquid phase confinement equipment)

No0.176

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but|
predictability is good
[2 points] Requires regular monitoring and predictability|

M Score table for item 7-3

to suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID records of application at the Fukushima Daiichi h o
N N . is poor limitations
[1 point] Countermeasures exist, and have been applied X . . . I X . . .
N X . - [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval at the Fukushima Daiichi. qood
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results)
number The function Direct Point
Target that thg Work delfy Direct causes of Indirect Reasons to be D_etecuon monitoring/ Reason for selection of Poin Presence or absen_ce of . Poin | Effects on accurate and prompt | Poin Impact on through_put Indiv of
N target is factor (= causes of requirements to " N . countermeasures for disturbing N due to error handling | . repres
equipment N error selected 3 Indirect detection requirements t ! t on-site response by workers t " idual )
responsible error) error avoid work o functions (Indirect causes) entatio
monitoring
for n
D/W Static Decrease in | Due to Partial blockage (a) Flow rate in the Selected because the flow rate Because the cyclone is Detection of trends and post- Because item 7-1is 1
stagnant boundary the flowrate | deterioration of the due to system + differential in the system decreases due to structured so that dust does detection are possible through point
water coarse of D/W stagnant accumulation of pressure before and blockage of the D/W stagnant not easily accumulate, the constant monitoring of the flow
particles transferring | water coarse dust migrating from | after D/W stagnant water coarse particle removal frequency of occurrence is rate in the system and the
removal liquidin the | particle removal the processing water coarse equipment, and because this low, and because the auto- differential pressure before and
Direct
equipment system equipment, the point to the D/W particle removal trend is affected by the amount, 1 strainer automatically 3 after the D/W stagnant water 1 3
. . item 4; i " . .
design value of stagnant water equipment ( ) particle size distribution, and discharges the contaminants coarse particle removal
flow rate for the coarse particle particle density of dust in the after a blockage is detected, equipment, and detectability is
transferring liquid removal equipment transferring liquid flowing into the impact on safety functions good.
An-Eki- in the system is @ the D/W stagnant water coarse is considered to be small.
4
23 not ensured, particle removal equipment
resulting in the (b) Amount, particle Constant monitoring is required Because item 7-1is 1
D/W water level to size distribution, because the equipment is point
increase and particle density related to confinement, but
of dust in the : predictability is poor.
Indirect
transferring liquid 1 Same as above 4 1 4
T (item 5)
flowing into D/W
stagnant water
coarse particle
removal equipment
Due to Partial damage due | (a) Flow rate in the Selected because leaks occur With constant monitoring of the Because item 7-1is 1
deterioration of the to corrosion caused | system + amount of due to damage to the D/W flow rate in the system and leak point
Same as Same as Same as D/W stagnant by potential leakage Direct stagnant water coarse particle detection, post-detection is
water coarse difference resulting ] removal equipment, and 1 [ Sameas above 3 | possible, and detectability is 1 3
above above above (item 4)
particle removal from accumulation because this trend is affected by good.
equipment, of dust migrating the chemical properties (pH,
leakage occur, from the processing chloride ion concentration,
i . . b) Amount, particle . - Constant monitoring is required Because item 7-1is 1
An-Eki- and the site Sameas | point to the D/W ® P chemical composition) of gls red a
24 e above size distribution, . o because the equipment is point
boundary radiation stagnant water transferring liquid flowing into
. and particle density _— related to confinement, but
dose/worker coarse particle the liquid system
. of dust in the predictability is poor.
exposure dose removal equipment Indirect
. transferring liquid 1 Same as above 4 1 4
deviates from the (item 5)
flowing into D/W
control value.
stagnant water
coarse particle
removal equipment
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=Appendix 6.2.4.3-2: Risk assessment table for safety equipment{Detailed version) (367/48)

B Risk assessment table

(liquid phase confinement equipment)

No.177

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

M Score table for item 7-2

[4 points] Requires constant monitoring during task and

predictability is poor

[3 points] Requires constant monitoring during task but

predictability is good

[2 points] Requires regular monitoring and predictability is

[3 points]

M Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is unknown
Countermeasures  exist,
significantly due to suspension of task
[2 points] Countermeasures exist, but throughput decreases due to

but throughput

decreases

Model ID records of application at the Fukushima Daiichi A
[1 point] Countermeasures exist, and have been applied at poor X . o . L workl.oad ||nj|tatnons . .
N - [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval the Fukushima Daiichi. good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results)
number The function X Direct it
rage | e | Wk | ecmsesof | 0 | easnstove | D960 | oo | messontorssctonor | | Pimcersbeeeol || Secsonsmeumenrd | tyuecton rounet | | S,
equipment responsible error) error error selected avoid work mlgr?|ltr§r(|:rt19 detection requirements disturbing functions by workers (Indirect causes) idual entatio
for n
DIW Static Decrease in | Due to Partial damage due | (a) Flow rate in the Selected because leaks The impact on safety With constant monitoring Because item 7-1is 1
stagnant boundary the flow rate | deterioration of the to corrosion caused | system + amount of occur due to damage to functionsis small, and of the flow rate in the point
water coarse of D/W stagnant by changes in the leakage Direct the D/W stagnant water the frequency of system and leak
particles transferring | water coarse water quality of (item 4) coarse particle removal ! occurrence is expected 3 detection, post-detection ! 8
removal liquidin the | particle removal stagnant water equipment, and because to be low. is possible, and
equipment system equipment, migrating from the this trend is affected by detectability is good.
leakage occur, processing pointto | (b) Chemical the chemical properties Constant monitoring is Because item 7-1is 1
EE and the site the D/W stagnant properties (pH, (pH, chloride ion required because the point
- boundary radiation (0] water coarse chloride ion concentration, chemical equipment s related to 4
dose/worker particle removal concentration, composition) of confinement, but
exposure dose equipment chemical . transferring liquid flowing predictability is poor.
deviates from the composition) of (item5) into the liquid system 1 Same as above 4 1 4
control value. transferring liquid
flowing into D/W
stagnant water
coarse particle
removal equipment
Due to Partial blockage (a) Flow rate in the Selected because the flow Because the cyclone is Detection of trends and Because item 7-1is 1
deterioration of the due to system + differential rate in the system structured so that dust post-detection are point
D/W stagnant accumulation of pressure before and decreases due to does not easily possible through constant
water coarse abrasives migrating | after D/W stagnant blockage of the D/W accumulate, the monitoring of the flow rate
particle removal from the processing | water coarse stagnant water coarse frequency of occurrence in the system and the
equipment, the point to the D/W particle removal X particle removal is low, and because the differential pressure
Same as Same as Same as i i Direct i X
above above above design value of stagnant water equipment (item 4) equipment, and because 1 auto-strainer 3 before and after the D/W 1 3
flow rate for the coarse particle this trend is affected by automatically discharges stagnant water coarse
transferring liquid removal equipment the amount, particle size the contaminants after a particle removal
An-Eki- in the system is distribution, and particle blockage is detected, the equipment, and
26 not ensured, ® density of dust in the impact on safety detectability is good. 4
resulting in the transferring liquid flowing functions is considered to
D/W water level to into the liquid system be small.
increase (b) Amount, particle Constant monitoring is Because item 7-1is 1
size distribution, required because the point
and particle density equipment s related to
of abrasivesinthe | "direct 1 Same as above 4 confinement, but 1 4
transferring liquid (item 5) predictability is poor.
flowing into liquid
system
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“Appendix 6.2.4.3-2: Risk assessment table forsafetyeguipment{(Detailed version) (37/48)

B Risk assessment table

No.1/8

. . . M Score table for item 7-2
COOIIn eqgul ment M Score table for item 7-1 ] h - . .
. . [4 points] Requires constant monitoring during task and W Score table for item 7-3
[4 points] No countermeasures have been determined " . ! . .
. . " predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under X ! - . . . I
development [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due
. . predictability is good to suspension of task
[2 points] Countermeasures exist, but there are no track! X _ .- . " X .
- . o [2 points] Requires regular monitoring and predictability| |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi : o
[1 point] Countermeasures exist, and have been applied 'S poor limitations
Model ID ’ 1 point] Requires regular monitoring and predictability is 1 point] No impact on throughput, or when 7-1is 1 point
at the Fukushima Daiichi. [1 poing Req 9 9 p 4 (2 point P ohput, P
good
Process Ko-3 : Debris retrieval
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results)
number The function Direct Point
that the Work delay ] Indirect Detection L ) : Presence or absence of Impact on throughput . of
e E?r'g_ﬂe;m target is factor (= Dlrec‘eli?;ses of | causes of Rezz?:;;g be requirements to m&ryit?encr:g/ Reason f?:i'ﬁ;:;ng detection | point | countermeasures for disturbing | Point Ef;siﬁg?::i‘::;ebawo?ﬁ?;m Point | due to error handling ISS:II repres
quip responsible error) error avoid work monitoring q functions P 4 (Indirect causes) entatio
for n
D/wW Cooldown of | Increase in Due to Partial damage to (a) D/W stagnant Selected because partial Supported by multiplexing and Continuous monitoring is Because item 7-1is 1
stagnant debris PCV liquid deterioration of the the D/W stagnant water transfer pump damage due to corrosion caused sacrificial anodes. In addition, required, but predictability is point
water phase D/W stagnant water transfer pump | flow rate Direct by dust in the D/W stagnant 1 the effect of short term 4 poor. 1 "
transfer temperature | water transfer due to corrosion of (item 4) water transfer pump reduces the functional deterioration or
pump pump, the design metal components pump flow rate, and because this shutdown is extremely small
value for the pump such as impellers, trend is affected by the chemical
e S caused by dust (b) Chemical properties (pH, chloride ion Supported by multiplexing and Although the equipment is used Because item 7-1is 1
An-Rei-1 ensured, resulting @ contained in the properties (pH, concentration, chemical sacrificial anodes. In addition, for securing the PCV cooling point 4
in the PCV liquid coolant migrating chloride ion composition) of transferring liquid the effect of short term water and required to operate
phase temperature from the processing concentration, . flowing into the D/W stagnant functional deterioration or during retrieval operations,
(® s, point to the DIW. chemical (items) water transfer pump. 1 shutdown is extremely small 3 detectability for significant 1 3
stagnant water composition) of functional deterioration is good
transfer pump transferring liquid at
D/W stagnant water
transfer pump inlet
Partial damage to (a) D/W stagnant Selected because the pump flow Supported by multiplexing. In Continuous monitoring is Because item 7-1is 1
the D/W stagnant water transfer pump . rate decreases due to the addition, the effect of short term required, but predictability is point
Same as Same as Same as Direct ) - . —
Same as above water transfer pump | flow rate X functional deterioration of the 1 functional deterioration or 4 poor. 1 4
above above above (item 4)
due to D/W stagnant water transfer shutdown is extremely small
contamination and pump, and because this trend is
entrapment of dust (b) Amount, particle affected by the amount and Supported by multiplexing. In Although the equipmentis used Because item 7-1is 1
Same as
An-Rei-2 contained in the size distribution, and particle size distribution of dust addition, the effect of short term for securing the PCV cooling point 4
above
coolant migrating particle density of in the transferring liquid flowing functional deterioration or water and required to operate
from the processing | dust in the Indirect into the D/W stagnant water 1 shutdown is extremely small 3 during retrieval operations, 1 3
point to the D/W transferring liquid (item 5) transfer pump. detectability for significant
stagnant water flowing into D/W functional deterioration is good
transfer pump stagnant water
transfer pump inlet
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Appendix 6.2.4.3-2: Risk assessment table forsatety equipment (Detaited version) (36/48)
B Risk assessment table No0.179

. - W Score table foritem 7-1 B -
" . IS table foritem 7-2 W S table for item 7-3
C o O I n e u Iom ent [4 points] No countermeasures have been determined core table foritem - ) >core table foritem ) .
[3 points] Countermeasures exist, but they are still under [4 points] Requires constant monitoring during task and [4 points] No countermeasures, and impact on throughput is unknown
Model ID devilo ment ' 4 predictability is poor [3 points] Countermeasures exist, but throughput decreases significantly due to|
2 oiﬁts] Countermeasures exist. but there are no track [3 points] Requires constant monitoring during task but suspension of task
recgrds of application at the Fukush{ma Daiichi predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3 : Debris retrieval [1 point] Countermeasures exist, and have been applied at the @ po!nts] Rqulres regular moﬂltqung and p'ef"'C‘a?’f"‘Y 'S poor I|m|t§1|or|s . . .
Fukushima Daiichi [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1is 1 point
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results;
number The function Direct Point
that the Work delay " Indirect Detection . . Presence or absence of Impact on throughput due to - of
Target N _ Direct causes of Reasons to be N monitoring/ Reason for selection of . N . Effects on accurate and prompt . . . Indivi
equipment target is factor (= error causes of selected requirements to Indirect detection requirements Point countermeasures for disturbing | Point on-site response by workers Point error handling (Indirect dual repres
responsible error) error avoid work monitorin functions causes) entatio
for 9 n
D/W stagnant | Cooldown of | Increase in Due to deterioration Partial damage to the | (a) D/W stagnant Selected because the Supported by multiplexing. In Continuous monitoring is Because item 7-1 is 1 point
water debris PCV liquid of the D/W stagnant D/W stagnant water water transfer pump pump flow rate decreases addition, the effect of short term required, but predictability is
Direct (item . . .
transfer phase water transfer transfer pump due to | flow rate ( due to the functional 1 functional deterioration or 4 poor. 1 4
4
pump temperature pump, the design abrasives discharged ) deterioration of the D/W shutdown is extremely small
value for the pump during AWJ stagnant water transfer
flow rate is not processing in the (b) Amount of pump, and because this Supported by multiplexing. In Although the equipment is used Because item 7-1 is 1 point
ensured, resulting coolant migrating abrasives in the trend is affected by the addition, the effect of short term for securing the PCV cooling
An-Rei-3 in the PCV liquid @ fromthe processing | transferring liquid amount and particle size functional deterioration or water and required to operate f
phase temperature point to the D/W flowing into D/W distribution of abrasives in shutdown is extremely small during retrieval operations,
to increase. stagnant water stagnant water Indirect the transferring liquid detectability for significant
transfer pump transfer pump inlet (item 5) flowing into the D/W 1 3 functional deterioration is good 1 3
coming into contact stagnant water transfer
with the impeller, and pump.
causing the impeller
to wear out
Same as Same as Same as Same as above Partial damage to the | (a) D/W stagnant Selected because the Supported by multiplexing. In Continuous monitoring is Because item 7-1 is 1 point
above above above D/W stagnant water | water transfer pump Direct (item pump flow rate decreases addition, the effect of short term required, but predictability is
transfer pump due to | flow rate 2 due to the functional 1 functional deterioration or 4 poor. 1 4
contamination and deterioration of the D/W shutdown is extremely small
entrapment of stagnant water transfer
An-Reid Same as | abrasives contained (b) Amount, particle pump, and because this Although the equipmentis used 4
n-Rei- . .
above in the coolant size distribution, and trend is affected by the ) ) for securing the PCV cooling
particle density of Supported by muliplexing. In water and required to operate
igrating from the abrasives in the Indirect emperature of coolant 1 addition, the effect of short term 3 during retrieval operations, 1 Bi i 7-1is 1 poi 3
i i ing i iqui g ecause item 7-1is 1 point
processing point to . (item 5) flowinginto the liquid functional deterioration or - -
the DIW stagnant coolant flowing into system ) detectability for significant
. shutdown is extremely small . . I
water transfer pump D/W stagnant water functional deterioration is good
transfer pump
Same as Same as Same as Same as above Performance (a) Water Selected because the Supported by multiplexing. In Continuous monitoring is
above above above degradation of the temperature inside Direct (it pump flow rate decreases addition, the effect of short term required, but predictability is
irect (item
pump caused by the | PCV/ 4 due to the functional 1 functional deterioration or 4 poor. i Because item 7-1 is 1 point 4
coolant temperature, deterioration of the D/W shutdown is extremely small
which is a design stagnant water transfer
Sameas | condition, exceeding (b) Amount of heat pump inlet, and because Supported by multiplexing. In Although the equipment is used
An-Rei-5 ' ) : ' - ) ) 4
above | the design input at processing this trend is affected by the addition, the effect of short term for securing the PCV cooling
assumption, as a point temperature of transferring functional deterioration or water and required to operate
! Indirect . . q a
result of debris (tem) liquid flowing into the D/W 1 shutdown is extremely small 3 during retrieval operations, 1 Because item 7-1 is 1 point 3
item . P
retrieval operations stagnant water transfer detectability for significant
pump inlet. functional deterioration is good
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Appendix 6.2.4.3-2: Risk assessment table for safety eguipment(Detailed version) (39/48)
No0.180

B Risk assessment table

H H . W Score table for item 7-2
C 0 O I n e u I m ent M Score table for item 7-1 R . . . .
. . [4 points] Requires constant monitoring during task and M Score table for item 7-3
[4 points] No countermeasures have been determined " . ! . .
. . . predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under X . L . X " .
development [3 points] Requires constant monitoring during task but| |[3 points] Countermeasures exist, but throughput decreases significantly due
. . predictability is good to suspension of task
[2 points] Countermeasures exist, but there are no track! X - - . - X .
o . - [2 points] Requires regular monitoring and predictability [2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi is poor limitations
Model ID [1 point] Countermeasures exist, and have been applied P X . - . I R . . X
t the Fukushima Daiichi [1 point] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval al : good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 y
(Evaluation Results)
Analysis
number The function Direct Impacton
Target that thg Work delﬁy Direct causes of Indirect Reasons to be Da““"" monitoring/ Reason for selection of . Presence or absenge of . Effects on accurate and prompt . throughput due to Indivi Point of .
. target is factor (= causes of requirements to . . . Point | countermeasures for disturbing | Point N Point " representatio
equipment " error selected ¥ Indirect detection requirements N on-site response by workers error handling dual
responsible error) error avoid work L functions . n
for monitoring (Indirect causes)
Cooler Cooldown of | Degradation | Attenuation of heat Performance (a) Cooler inlet/outlet Selected because it is When the circulation cooling Although the equipment is used Because item 7-1 is
debris of cooling removal due to degradation of the temperature possible to detect the system shutdown, the external for reactor water injection 1 point
functiondue | changes in the cooler caused by functional deterioration of water injection system using cooldown and required to
to reduced properties of cooler changes in the oI the cooler through the RO treated water as a water operate during retrieval
irect
amount of components properties of metal p 8 temperature differential 1 source is activated 3 operations, detectability for 1 3
item
heat removal components due to before and after the (multiplexing). In addition, the significant functional
in the cooler dust contained in the cooler, and because this effect of short term functional deterioration is good
coolant migrating trend is affected by the deterioration or shutdown is
An-Rei-6 ® from the processing amount of dust in the extremely small 3
n-Rei-
point to the cooler (b) The chemical transferring liquid flowing When the circulation cooling Continuous monitoring is Because item 7-1 is
properties (pH, into the cooler. system shutdown, the external required, and predictability is 1 point
chloride ion water injection system using good.
concentration, ) RO treated water as a water
. Indirect K X
chemical X 1 source is activated 3 1 3
(item 5)
composition) of (multiplexing). In addition, the
transferring liquid effect of short term functional
flowing into cooler deterioration or shutdown is
inlet extremely small
Same as Same as Same as Same as above Partial damage to (a) Cooler inlet/outlet Selected because it is When the circulation cooling Although the equipment is used Because item 7-1 is
above above above the cooler due to temperature possible to detect the system shutdown, the external for reactor water injection 1 point
abrasives functional deterioration of water injection system using cooldown and required to
discharged during 5l the cooler through the RO treated water as a water operate during retrieval
irect
AWJ processing in (item 4) temperature differential 1 source is activated g operations, detectability for 1 3
item
the coolant migrating before and after the (multiplexing). In addition, the significant functional
from the processing cooler, and because this effect of short term functional deterioration is good
point to the cooler trend is affected by the deterioration or shutdown is
coming into contact amount of abrasives in the extremely small
An-Rei-7 @ with the piping inside | (b) Amount of transferring liquid flowing When the circulation cooling Continuous monitoring is Because item 7-1 is g
the cooler, and abrasives flowing into the cooler. system shutdown, the external required, and predictability is 1 point
causing the piping to | into cooler inlet water injection system using good.
wear out RO treated water as a water
Indirect source is activated
(item 5) (multiplexing). In addition, the
effect of short term functional
deterioration or shutdown is
extremely small
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (40/48)
B Risk assessment table No0.181

H H M Score table foritem 7-1 . .
C O 0 | | n e u | I I l en t ’ ) W Score table for item 7-2 W Score table for item 7-3
[4 points] No countermeasures have been determined ; N . . s . .
. . " [4 points] Requires constant monitoring during task and [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under " o . N P
development predictability is poor [3 points] Countermeasures exist, but throughput decreases significantly due to
Model ID vp . [3 points] Requires constant monitoring during task but suspension of task
[2 points] Countermeasures exist, but there are no track
o ! . predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3 Debris retrieval records of application at the Fukushima Daiichi . h L - A
" Ny . [2 points] Requires regular monitoring and predictability is poor limitations
[1 point] Countermeasures exist, and have been applied at the
Work Sa-4 : Processing of debris N - [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1 is 1 point
Fukushima Daiichi.
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3
(Evaluation Results)
Analysis
number
The function Indirect Direct Presence or absence of Impact on throughput Point of
Target Work delay Detection requirements to | monitoring/in Reason for selection of detection Effects on accurate and prompt on-site P 'ahp!
that the target is < Direct causes of error causes of Reasons to be selected Point countermeasures for disturbing Point Point | due to error handling Individual | represen
equipment factor (= error) avoid work direct requirements response by workers
responsible for error functions (Indirect causes) tation
monitoring
Supported by multiplexing and sacrificial Continuous monitoring is required, but Because item 7-1 is 1
Degradation of anodes. In addition, the effect of short predictability is poor. point
pCV stagnant cooling function - term functional deterioration or
R Cooldown of Functional deterioration (a) PCV stagnant water Direct shutdown is extremely small
water injection . due to reduced partial d © th o 1 4 1 4
debris of the pump ial damage to the injection pump flow rate (item 4)
pump coolant PCV stagnant water Selected because the pump flow rate
throughput injection pump due to decreases due to the functional
corrosion and of the PCV stagnant water
of metal components (b) Chemical properties injection pump, and because this trend is Supported by multiplexing and sacrificial Although the equipment is used for PCV Because item 7-1 is 1
An-Rei-8 0] such as impellers caused | (PH, chloride ion affected by the chemical properties (pH, anodes. In addition, the effect of short cooling water injection and required to point 4
by dust contained inthe | concentration, chemical chloride ion concentration, chemical term functional deterioration or operate during retrieval operations,
coolant migrating from the | composition) of composition) of transferring liquid flowing shutdown is extremely small detectability for significant functional
processing point to the transferring liquid flowing Indirect into the PCV stagnant water injection deterioration is good
1 3 1 3
PCV stagnant water into PCV stagnant water (item 5) pump.
injection pump injection pump inlet
Supported by multiplexing. In addition, Continuous monitoring is required, but Because item 7-1is 1
the effect of short term functional predictability is poor. point
(a) PCV stagnant water Direct deterioration or shutdown is extremely
Same as above | Same as above | Same as above | Same as above - 1 4 1 4
Partial damage to the injection pump flow rate (item 4) small
Selected because the pump flow rate
pump due to
’ decreases due to the functional
an
of the PCV stagnant water
entrapment of dust (b) Amount, particle size 3 Supported by multiplexing. In addition, Although the equipment is used for PCV Because item 7-1 is 1
Same as - " injection pump, and because this trend is § Rk i i
An-Rei-9 contained in the coolant | distribution, and particle the effect of short term functional cooling water injection and required to point 4
above . . affected by the amount and particle size - X y
migrating from the density of dust in the deterioration or shutdown is extremely operate during retrieval operations,
. distribution of dust in the transferring N o B
processing point to the transferring liquid flowing small detectability for significant functional
Indirect liquid flowing into the PCV stagnant water X
PCV stagnant water into PCV stagnant water 1 3 deterioration is good 1 3
o . (item 5) injection pump.
injection pump injection pump inlet
Partial damage to the Supported by multiplexing. In addition, Continuous monitoring is required, but Because item 7-1is 1
pump due to the effect of short term functional predictability is poor. point
contamination and (a) PCV stagnant water Direct deterioration or shutdown is extremely
Same as above | Same as above | Same as above | Same as above 1 4 1 4
entrapment of abrasives | injection pump flow rate | (item 4) small
discharged during AWJ Selected because the pump flow rate
processing in the coolant decreases due to the functional
migrating from the (b) Amount, particle size deterioration of the PCV stagnant water Supported by multiplexing. In addition, Although the equipment is used for PCV Because item 7-1 is 1
An-Rei-10 @ processing point to the distribution, and particle injection pump, and because this trend is the effect of short term functional cooling water injection and required to point 4
PCV stagnant water density of abrasives in the affected by the amount of abrasives in deterioration or shutdown is extremely operate during retrieval operations,
injection pump transferring liquid flowing the transferring liquid flowing into the small detectability for significant functional
Indi t
into PCV stagnant water ndirect PCV stagnant water injection pump. 1 3 deterioration is good 1 3
ite
injection pump (tem 5)
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Appendix 6.2.4.3-2: Risk assess

At e~ F r e FaA N ATTAO)
[HETIL LADIC 11Ul Sal€ty SCyUQulpiiclrit (pbetallcu veElrslUH ) (41/40)

B Risk assessment table

No0.182

1 1 ) W Score table for item 7-2
Coo |ng equlp“len M Score table foritem 7-1 . . .- . .
. . [4 points] Requires constant monitoring during task and M Score table for item 7-3
[4 points] No countermeasures have been determined . . . . .
. X Ny predictability is poor [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under! X X . . . . -
development [3 points] Requires constant monitoring during task but] |[3 points] Countermeasures exist, but throughput decreases significantly due
. P . predictability is good to suspension of task
[2 points] Countermeasures exist, but there are no track X ? . . - X .
o . - [2 points] Requires regular monitoring and predictability] |[2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi . AR
) . " is poor limitations
Model ID [1 point] Countermeasures exist, and have been applied - . - . I X . . .
t the Fukushima Daiichi [1 point] Requires regular monitoring and predictability is [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval atthe Fukushima Daiichi. good
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Iltem 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 "
! (Evaluation Results)
Analysis
number The function
Direct Impacton ;
Target tt;atet?ies V\;g;l:odre(lfy Direct causes of c::;r:::)f Reasons to be re [L)Jiel' !eerﬁ!e"rj:s to monitoring/ | Reason for selection of detection | o, . COU:{sfgszﬁ:?;eggu%m point | Effects on accurate and prompt | o | throughputdue to | Individ repftler:ezfta
equipment res, zgmsmle error)_ error error selected qavmd work Indirect requirements functions 9 on-site response by workers error handling ual ption
pfor monitoring (Indirect causes)
PCV Cooldown of | Degradation | Functional Performance (a) Water Selected because the pump flow Continuous monitoring is Because item 7-1
stagnant debris of cooling deterioration of the degradation of the temperature inside rate decreases due to the Supported by multiplexing. In required, but predictability is is 1 point
water functiondue | pump pump caused by the | PCV Direct (item | functional deterioration of the addition, the effect of short term poor.
1 4 1 4
injection to reduced coolant temperature, 4) D/W stagnant water transfer functional deterioration or
pump coolant which is a design pump inlet, and because this shutdown is extremely small
throughput condition, exceeding trend is affected by the
An-Rei- @ the design (b) Amount of heat temperature of transferring liquid Although the equipment is used Because item 7-1 4
u assumption, as a input at processing flowing into the D/W stagnant for PCV cooling water injection is 1 point
result of debris point water transfer pump inlet. Supported by multiplexing. In and required to operate during
retrieval operations Indirect 1 addition, the effect of short term 3 | retrieval operations, detectability 1 3
(item 5) functional deterioration or for significant functional
shutdown is extremely small deterioration is good
Same as Same as Same as Same as above Partial damage to (a) PCV stagnant Selected because the pump flow Continuous monitoring is Because item 7-1
above above above the pump due to water injection pump rate decreases due to the Supported by multiplexing. In required, but predictability is is 1 point
abrasives discharged | flow rate Direct (item | functional deterioration of the 1 addition, the effect of short term 4 poor. 1 4
during AWJ 4) PCYV stagnant water injection functional deterioration or
processing in the pump, and because this trend is shutdown is extremely small
coolant migrating affected by the amount of
from the processing | (b) Amount of abrasives in the transferring liquid Supported by multiplexing. In Although the equipmentis used Because item 7-1
An-Rei- Same as " : . . T . .
point to the D/W abrasives in the flowing into the PCV stagnant addition, the effect of short term for PCV cooling water injection is 1 point 4
12 above stagnant water transferring liquid water injection pump. functional deterioration or and required to operate during
injection pump flowing into PCV shutdown is extremely small retrieval operations, detectability
Indirect A .
coming into contact | Stagnant water 1 3 | for significant functional 1 3
item 5
with the impeller, and injection pump (item 5) deterioration is good
causing the impeller
to wear out
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Appendix 6.2.4.3-2: Risk assessmenttable forsafety eqguipment(Detailed version) (42/48)

B Risk assessment table
(cooling equipment)

No0.183

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good
[2 points] Requires regular monitoring and predictability

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID records of application at the Fukushima Daiichi : AR
[1 point] Countermeasures exist, and have been applied s pon?r . .- . Lo Ilmltqtlons . . .
Process Ko-3 - Debris retrieval at the Fukushima Daiichi. Lluzglnt] Requires regular monitoring and predictability is| |[1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Iltem 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Iltem 7-3 .
(Evaluation Results)
Analysis
- Impact on
number The function i ) Direct thrgughput .
that the . Indirect Detection L . Presence or absence of Effects on accurate and - Point of
Target . Work delay Direct causes of Reasons to be N monitoring Reason for selection of . . N . dueto error | Individ
- targetis _ causes of requirements to " - ) Point countermeasures for Point | prompt on-site response by | Point - representa
equipment . factor (= error) error selected ¥ /Indirect detection requirements " . 3 handling ual 3
responsible error avoid work AN disturbing functions workers . tion
for monitoring (Indirect
causes)
PCV Cooldown | Degradation of | Due to damage Deterioration Although there is With constant monitoring Because
: : . (a) Amount of Selected because . ) i .
stagnant | of debris cooling function | to the PCV due to impact on safety of the flow rate in the item 7-1is
. water in the PCV occurrences of leaks due to . »
water due to reduced | stagnant water corrosion functions, the system and leak 1 point
stagnant water Direct damage to the PCV ) )
buffer coolant buffer tank, the caused by 1 frequency of 3 detection, post-detection 1 3
buffer tank + (item 4) stagnant water buffer tank . . .
tank throughput coolant dust . . . occurrence is is possible, and
. i . amount of which makes it impossible o
throughput is contained in expected to be low. detectability is good.
. leakage to secure a water source for
reduced, and the cooling .
. the cooling system, reduces
An-Rei- the temperature water (b) Chemical . Constant monitoring is Because
o @ o the coolant throughput in 4
13 inside the PCV migrating properties (pH, required because the item 7-1 is
. the system, and because
deviates from from the chloride ion . . equipment is related to 1 point
. this trend is affected by the
the control processing concentration, i X . confinement, but
. Indirect chemical properties (pH,
value. point to the | chemical o . 1 Same as above 4 predictability is poor. 1 4
(item 5) | chloride ion concentration,
PCV composition) of ; -
chemical composition) of
stagnant coolant flowing o
dust flowing into the PCV
water buffer | into liquid system
stagnant water buffer tank.
tank
Due to If there is a significant Detection of trends and Because
deterioration of trend toward post-detection are item7-1is
Decrease in the - ) . .
the piping, the Partial blockage, it can be possible through 1 point
. Same as flow rate of . (a) Flow rate in Direct Selected because the flow . o
Piping design value for blockage ) 1 handled by flushing 3 constant monitoring of 1 3
above coolant in the the system (item 4) | rate in the system .
the flow rate of due to the piping. the flow rate in the
system . . decreases due to blockage
coolant in the accumulatio . o system, and detectability
. . in the piping, and because
An-Rei- system is not n of dust . i is good.
©) o this trend is affected by the 4
14 ensured, migrating (b) Amount, . i Because
. amount and particle size
resulting in the from the particle size o . Constant monitoring is item 7-1is
. distribution of dust in the
temperature processing distribution, and o required because the 1 point
- . Indirect coolant flowing into the
inside the PCV point to the particle density of ( 5) . 1 Same as above 4 equipment is related to 1 4
; - item piping
to deviate from piping dust in the cooling, but predictability
the control coolant flowing is poor.
value. into piping
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detaited version) (43/48)
B Risk assessment table No0.184

I 1 m Te for item 7-1 ) .
(C o 0 I I n g eq u I p en t) - Score table foritem . M Score table for item 7-2 W Score table foritem 7-3
[4 points] No countermeasures have been determined N N - . " . .
. . . [4 points] Requires constant monitoring during task and [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under . - . . S
development predictability is poor [3 points] Countermeasures exist, but throughput decreases significantly due to
op! . [3 points] Requires constant monitoring during task but! suspension of task
[2 points] Countermeasures exist, but there are no track S . .
Model ID - ! . predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
records of application at the Fukushima Daiichi " h - " P I
. N " [2 points] Requires regular monitoring and predictability is poor limitations
2 point] Countermeasures exist, and have been applied at the 1 point] Requires regular monitoring and predictability is good 1 point] No impact on throughput, or when 7-1is 1 point
Process Ko-3 : Debris retrieval Fukushima Daiichi. [1 point] Req g gand p yis g [1 point] P ghput, - p
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis Results’
number The function Direct Point
Target !tgrat: ; V\g(r:l::re(l_ay Direct causes of Cgl(z:c;f Reasons to be re Bier :eerﬁ!eli?s to monitoring/ [ Reason for selection of detection | o, . Pr;ii’;:?;é::jzgﬁi?f point | Effects on accurate and prompt | o, . Imﬁ‘:&lﬂgﬁ:g?ﬂﬁiﬁ 10 [ inivi re o:es
equipment 9 ; error selected quire Indirect requirements " . on-site response by workers 9 dual pre:
responsible error) error avoid work monitoring disturbing functions causes) entatio
for n
Piping Cooldown of | Decrease in | Due to leakage Ahoueh here e t W TSR AT e
i though there is impac
el UiRiimyER || Eezs|hy ) (a) Flow rate in the ) ) flow rate in the system and leak
of coolantin | deterioration of the Partial damage due Direct Selected because occurrences of on safety functions, the i . . . .
to corrasion cased system + amount of tem4) - 1 o ; ) 3 | detection, post-detectionis 1 | Because item 7-1is 1 point 8
inii i u item u requency of occurrence is
DeyEEm || [, e ewaii ) leakage - possible, and detectability is
throughput is by potential piping reduces the flow rate of expected to be low.
good.
An-Rei- reduced, and the @ difference resulting — - coolant in the system, and A
15 temperature inside from accumulation of | (P) Amount, particle because this trend is affected by
o P CliEs dust migrating from size distribution, and the amount and particle size Constant monitoring is required
from the contral the processing point particle density of Indirect distribution of dust flowing into a E—— a because the equipment is related a TR a
value. to the piping dust in the coolant (item 5) the piping. to cooling, but predictability is
flowing into liquid poor.
system
With constant monitoring of the
. Although there is impact .
(a) Flow rate in the . X flow rate in the system and leak
Direct on safety functions, the X o . . .
Same as Same as Same as system + amount of Selected because occurrences of 1 3 detection, post-detectionis 1 Because item 7-1 is 1 point 3
Same as above . (item 4) frequency of occurrence is ’ o
above above above Partial damage due | leakage leaks due to damage to the possible, and detectability is
expected to be low.
to corrosion caused piping reduces the flow rate of good.
by changes in the (b) Chemical coolant in the system, and Because item 7-1 is 1 point
An-Rei- Same as .
16 b water quality of the properties (pH, because this trend is affected by 4
above o U .
coolant migrating chloride ion the chemical properties (pH, Constant monitoring is required
from the processing | concentration, Indirect chloride ion concentration, and because the equipment is related
i . 1 Same as above 4 X o 1 4
point to the piping chemical (item 5) chemical composition) of dust to cooling, but predictability is
composition) of flowing into the piping. poor.
coolant flowing into
liquid system
Due to . e Detection of trends and post- Because item 7-1 is 1 point
i . If there is a significant
deterioration of the detection are possible through
- . (a) Flow rate in the Direct trend toward blockage, it _
piping, the design o4 1 N 3 | constant monitoring of the flow 1 3
. system item i can be handle ushing
Piping Static Same as value for the flow ¥ ( ) Selected because the flow rate in he nini J g rate in the system, and
i the system decreases due to the piping. Tl
boundary above rate of coolant in Partial blockage due ' e detectability is good.
the system is not {0 accumulationof | (0) Amount, particle blockage in the piping, and Because item 7-1 is 1 point
An-Rei- ensured, resulting ) N size distribution, and because this trend is affected by "
17 i ; : the amount and particle size
in the temperature from the processing particle density of distibution of abrasives n th Constant monitoring is required
inside the PCV to . . ives i . ISl e e El e s I 1 . .
point to the piping abrasivesinthe Indirect transtering liauid flowing info th a g N a because the equipment is related a a
deviate from the o Tl ) ransferring liquid flowing into the ame as above ’ T,
transferring liquid (item 5) - to cooling, but predictability is
control value. flowing into piping piping e
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (44/48)
No0.185

B Risk assessment table

W Score table foritem 7-1 . .
H H . . W Score table for item 7-2 M Score table for item 7-3
[4 points] No countermeasures have been determined N N o . 3 . .
. . . [4 points] Requires constant monitoring during task and [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under N o . N A
development predictability is poor [3 points] Countermeasures exist, but throughput decreases significantly due to|
Model ID ‘p . [3 points] Requires constant monitoring during task but suspension of task
[2 points] Countermeasures exist, but there are no track N N . .
. ! L predictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3 Debris retrieval records of application at the Fukushima Daiichi N h Lo . L AN
. N " [2 points] Requires regular monitoring and predictability is poor limitations
[1 point] Countermeasures exist, and have been applied at the . " Lo " P N . . .
Work Sa-4 : Processing of debris £ N iichi [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1is 1 point
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
tem 1 Item 2 Item 3 item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 tem 7-2 Item 7-3 (Evaluation
Analysis Results)
number
The function that Indirect Direct Impact on throughput due to Point of
Target Work delay Detection requirements to | monitoring/ind Reason for selection of detection Presence or absence of Effects on accurate and prompt on-site P 'ghp! Individ
the target is ° Direct causes of error causes of Reasons to be selected Point Point Point error handling (Indirect represen
equipment factor (= error) avoid work irect requirements countermeasures for disturbing functions response by workers ual
responsible for error causes) tation
monitoring
Valves Static boundary | Decrease in the | Due to leakage caused 3 Because item 7-1 is 1 point
(Integration of flow rate of by deterioration of the
valves present coolant in the valve, the coolant With constant monitoring of the flow rate
3) Flow rate in the Although there is impact on safe
in the system) system throughput is reduced, ( )‘ Lo Direct . fonci N e 1 P o v in the system and leak detection, post- ) R
system + amoun unctions, the frequency of occurrence is
and the temperature v (item 4) equency detection is possible, and detectability is
inside the PCV deviates leakage Selected because occurrences of leaks expected to be low. good
from the control value. Partial damage due to due to damage to the valve reduces the
corrosion caused by dust flow rate of coolant in the system, and
An-Rei-18 @ migrating from the because this trend is affected by the 4
(b) Chemical properties 4 Because item 7-1 is 1 point
processing point to the chemical properties (pH, chloride ion
(pH, chloride ion
valve . concentration, chemical composition) of
concentration, chemical dust e i o
just flowing into the liquid-phase system. i
composition) of coolant Indirect 9 auid-p vs! Constant monitoring is required because
flowing into liquid system (tem 5) 1 Same as above the equipment is related to cooling, but 1 4
predictability is poor.
Due to adhesion caused Although there is impact on safety 3 Because item 7-1 is 1 point
by deterioration of the functions, the frequency of occurrence is
valve, the coolant OE © n expected to be low. With constant monitoring of the flow rate
@) Flow rate in the
throughput is reduced, Direct in the system and leak detection, post-
Same as above | Same as above | Same as above [ g e remperature system + amount of — 1 e BT CH R Ty 1 3
inside the PCV deviates s e Selected because the flow rate of coolant good
from the control value. Adhesion of the valve due in the system decreases due to blockage
to accumulation of resulting from adhesion of the valve, and
An-Rei-19 abrasives migrating from because this trend is affected by the 4
@ -\ graing e | © Amount. partcle size nemical " dy 4 Because item 7-1 is 1 point
the processing point to the chemical properties (pH, chloride ion
P 9 P distribution, and particle properties (p
valve concentration, chemical composition) of
density of abrasives in the st e Tauicoh
. just flowing into the liquid-phase system. itorir 2 i
coolant flowing into liquid Indirect g Iquid-pl Y Constant monitoring is required because
1 Same as above the equipment is related to cooling, but 1 4
system (tem 5) capmen o
predictability is poor.
D/W stagnant Static boundary | Decrease in the | Due to deterioration of Partial blockage due to (a) Flow rate in the Select because the flow rate in the system Because the cyclone is structured so 3 Detection of trends and post-detection Because item 7-1 is 1 point
water coarse flow rate of the D/W stagnant water accumulation of dust system + differential decreases due to blockage of the D/W that dust does not easily accumulate, the are possible through constant monitoring
particles coolant in the coarse particle removal migrating from the pressure before and after stagnant water coarse particle removal frequency of occurrence is low, and of the flow rate in the system and the
removal system equipment, the design processing point to the D/W stagnant water equipment, and because this trend is because the auto-strainer automatically differential pressure before and after the
equipment value for the flow rate of D/W stagnant water coarse particle removal affected by the amount and particle size discharges the contaminants after a D/W stagnant water coarse particle
coolant in the system is coarse particle removal equipment Diret distribution of dust in the coolant flowing blockage is detected, the impact on removal equipment, and detectability is
not ensured, resulting in equipment (tem 4) into the D/W stagnant water coarse 1 safety functions is considered to be good. 1 3
the temperature inside particle removal equipment small.
the PCV to deviate from
the control value.
An-Rei-20 ® )
(b) Amount, particle size 4 Constant monitoring is required because Because item 7-1 is 1 point
distribution, and particle the equipment is related to confinement,
density of dust in the but predictability is poor.
coolant flowing into DW | |ngirect
stagnant water coarse (item 5) L Same as above 1 4
particle removal
equipment

|
l R' D Olnternational Research Institute for Nuclear Decommissioning



Appendix 6.2.4.3-2: Risk assessment table for satety equipment (Detailed version) (45/48)

B Risk assessment table
(cooling equipment)

No0.186

W Score table foritem 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

development

[2 points] Countermeasures exist, but there are no track

M Score table foritem 7-2
[4 points] Requires constant monitoring during task and
predictability is poor
[3 points] Requires constant monitoring during task but
predictability is good

W Score table foritem 7-3

suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to

[2 points] Countermeasures exist, but throughput decreases due to workload

Mol R R | o 7 NP J oL .
Process Ko-3 Debris retrieval Fukushima Daiichi. [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1 is 1 point
Work sa4 Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
tem 7-4
tem 1 tem 2 ltem 3 tem 4 tem 5-1 tem 5-2 Item 6-1 tem 6-2 Item 6-3 tem 7-1 tem 7-2 item 7-3 (Evaluation
Analysis Results)
number P
Target The function that |y o1 jejay Indirect Detection requirements to | monitoring/ind Reason for selection of detection Presence or absence of Effects on accurate and prompt on-site Impact on throughput due to -z | Point of
et te targetis | LMW | Direct causes of eror | causes of | Reasons to be selected ARl o Toorementa PO | ountermensures for dmunbing funciions | PO et by wartors Point error handiing (Indirect | represen
responsible for error montoning causes) tation
DW stagnant | Static boundary | Decrease in the | Due to deterioration of Partial damage due to (@) Flow rate in the Selected because leaks occur due to Because the cyclone is structured so With constant monitoring of the flow rate Because item 7-1 s 1 point
water coarse flow rate of the DIW stagnant water corrosion caused by system + amount of damage to the DIW stagnant water that dust does not easily accumulate, the in the system and leak detection, post-
particles coolant inthe | coarse particle removal potential difference leakage coarse particle removal equipment, and frequency of occurrence is low, and detection is possible, and detectabilty is
removal system equipment, leaks occur, resulting from because this trend is affected by the because the auto-strainer automatically good
equipment and the temperature accumulation of dust chemical properties (pH, chloride ion discharges the contaminants after a
inside the PCV deviates migrating from the Direct and chemical 1 | blockage is detected, the impact on 3 1 3
from the control value processing point to the (tem 4) of coolant flowing into the liquid system safety functions is considered to be
DIW stagnant water small
coarse particle removal
An-Rei-21 0] equipment 4
(b) Amount, particle size Constant monitoring is required because Because item 7-1 is 1 point
distribution, and particle the equipment is related to confinement,
density of dust in the but predictabilty is poor.
coolant flowing into piw [ Indirect a . a a a
stagnant water coarse (item 5)
particle removal
equipment
Partial damage due to (@) Flow rate in the Selected because leaks occur due to The impact on safety functions is smal, With constant monitoring of the flow rate Because item 7-1 s 1 point
corrosion caused by system + amount of v damage to the DIW stagnant water and the frequency of occurrence is in the system and leak detection, post-
Same as above | Same as above | Same as above | Same as above changes in the water leakage prect coarse particle removal equipment, and 1| expected to be low. 3 | detection is possible, and detectabilty is 1 3
quality of stagnant water (tem 4) because this trend is affected by the good
migrating from the chemical properties (pH, chloride ion
processing paint to the (b) Chemical properties and chemical Constant monitoring is required because Because item 7-1 s 1 point
AnRei22 Same as | pw stagnant water (pH, choride ion of coolant flowing into the liquid system the equipment is related to confinement, B
above coarse particle removal concentration, chemical but predictability is poor.
equipment composition) of coolant | .
flowing into DIW stagnant [ . o 1 Same as above 4 1 4
water coarse particle
removal equipment
Due to deterioration of Partial blockage due to | (a) Flow rate in the Selected because the flow rate in the Because the cyclone is structured so Detection of trends and post-detection Because item 7-1 s 1 point
the DIW stagnant water accumulation of abrasives | system + differential system decreases due to blockage of the that dust does not easily accumulate, the are possible through constant monitoring
coarse particle removal migrating from the pressure before and after DIW stagnant water coarse particle frequency of occurrence is low, and of the flow rate i the system and the
equipment, the design processing point to the DIW stagnant water removal equipment, and because this because the auto-strainer automatically differential pressure before and after the
value for the flow rate of DIW stagnant water coarse particle removal , trend is affected by the amount and discharges the contaminants after a DIW stagnant water coarse particle
Same as above | Same as above | Same as above | coolant in the system is coarse particle removal | equipment Drret particle size distribution of dust in the 1 | blockage is detected, the impact on 3| removal equipment, and detectabity is 1 3
not ensured, resulting in equipment (Eng coolant flowing into the liquid system safety functions is considered to be good
the temperature inside small
the PCV to deviate from
(REA) the control value. ® &
(b) Amount, particle size Constant monitoring is required because Because item 7-1 is 1 point
distribution, and particle the equipment is related to confinement,
density of abrasives in the but predictabilty is poor.
coolant flowing into liquid [ "Mdrect a - a a a
S (item 5)
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detailed version) (46/48)

M Risk assessment table
(liquid phase/sub-criticality maintenance equipment)

No0.187

. M Score table for item 7-2 .
W Score table for item 7-1 . . . M Score table for item 7-3
. . [4 points] Requires constant monitoring . . .
[4 points] No countermeasures have been determined . " L [4 points] No countermeasures, and impact on throughput is
. X . during task and predictability is poor
[3 points] Countermeasures exist, but they are still . X T unknown
[3 points] Requires constant monitoring . .
under development . N oo [3 points] Countermeasures exist, but throughput decreases
. . during task but predictability is good L !
[2 points] Countermeasures exist, but there are no track ! . o significantly due to suspension of task
o . - [2 points] Requires regular monitoring and . N
records of application at the Fukushima Daiichi redictability is poor [2 points] Countermeasures exist, but throughput decreases
[1 point] Countermeasures exist, and have been Fl oing Re upires reqular monitoring and due to workload limitations
Model ID applied at the Fukushima Daiichi. P Red 9 9 [1 point] No impact on throughput, or when 7-1 is 1 point
K - . redictability is good
Process Ko-3 : Debris retrieval
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Iltem 6-1 Item 6-2 Item 6-3 Iltem 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results
number The function Direct Point
Target that th? Work dflay Direct causes of Indirect Reasons to be Dete}ctlon monitoring | Reason for selection of Poin Presence or absenf:e of . Poin | Effects on accurate and prompt | Poin Impacton lhroughput Indiv of
> target is factor (= causes of requirements to . N . countermeasures for disturbing N due to error handling . repres
equipment . error selected . [Indirect detection requirements t - t on-site response by workers t " idual -
responsible | error) error avoid work monitorin functions (Indirect causes) entatio
for 9 n
D/W Criticality Approaching | Due to Partial damage to (a) Amount and Selected because large The impact on safety functions Post-detection is possible from Because item 7-1is 1
stagnant prevention | Criticality deterioration of the the mesh of the filter | particle size particles pass through the D/W is small, and the frequency of the amount and particle size point
water D/W stagnant section in the distribution of dust - stagnant water coarse particle occurrence is expected to be distribution of dust downstream
irect
coarse water coarse equipment due to downstream of D/W (e ) removal equipment due to 1 low. 4 of the D/W stagnant water 1 4
item
particles particle removal contact with dust stagnant water damage to the equipment, and coarse particle removal
removal equipment, the migrating from the coarse particle because this trend is affected by equipment, but detectability is
equipment design value for processing pointto | removal equipment the amount and particle size poor.
removed particle the D/W stagnant (b) Amount of dust distribution of dust in the Constant monitoring is required Because item 7-1is 1
An-Rin-1 size is not @ water coarse in the transferring transferring liquid flowing into because the equipment is point 4
ensured, and the particle removal liquid flowing into the D/W stagnant water coarse related to criticality prevention,
accumulation of equipment (in the D/W stagnant water particle removal equipment but predictability is poor.
particles in the case of an auto- coarse particle Indirect
. X 1 Same as above 4 1 4
PCV stagnant strainer) removal equipment | (item 5)
water buffer tank
increases,
approaching
criticality.
Partial damage to (a) Amount and Selected because large The impact on safety functions Post-detection is possible from Because item 7-1is 1
the mesh of the filter | particle size particles pass through the D/W is small, and the frequency of the amount and particle size point
section in the distribution of dust . stagnant water coarse particle occurrence is expected to be distribution of dust downstream
Same as Same as Same as Direct
Same as above equipment due to downstream of D'W | removal equipment due to 1 low. 4 of the D/W stagnant water 1 4
above above above X (item 4) i i
corrosion caused by | stagnant water damage to the equipment, and coarse particle removal
the potential coarse particle because this trend is affected by equipment, but detectability is
difference resulting | removal equipment the amount and particle size poor.
Same as | from accumulation (b) Amount, particle distribution of dust in the Constant monitoring is required Because item 7-1is 1
An-Rin-2 P . . . 4
above | of dust migrating size distribution, transferring liquid flowing into because the equipment is point
from the processing | and particle density the D/W stagnant water coarse related to criticality prevention,
point to the D/W of dust in the Indirect particle removal equipment but predictability is poor.
o ndirect
stagnant water transferring liquid tems) 1 Same as above 4 1 4
item
coarse particle flowing into D/W
removal equipment | Stagnant water
(in the case of an coarse particle
auto-strainer) removal equipment
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Appendix 6.2.4.3-2: Risk assessmenttableforsatetyeguipment(Detatiedverstony{

A2\

(4 77140)

B Risk assessment table (liquid phase/sub-

M Score table foritem 7-1

criticality maintenance equipment)

No0.188

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under development

M Score table for item 7-2
4 points] Requires constant monitoring during task and
predictability is poor
Requires constant monitoring during task but

M Score table foritem 7-3

[3 points]

[4 points] No countermeasures, and impact on throughput is unknown
Countermeasures ~ exist,
significantly due to suspension of task

but throughput

decreases

Model ID [2 points] Countermeasures exist, but there are no track records of application| |[3 points]
at the Fukushima Daiichi predictability is good [2 points] Countermeasures exist, but throughput decreases due to
Process Ko-3 : Debris retrieval [1 point] Countermeasures exist, and have been applied at the Fukushima| |[2 points] Requires regular monitoring and predictability is poor workload limitations
Work Sa-4 : Processing of debris Daiichi. 1 point] Requires regular monitoring and predictability is good 1 point] No impact on throughput, or when 7-1is 1 point
Important monitoring items Weighted evaluation of important monitoring items
item 7-4.
Item 1 Item 2 Item 3 Item 4 Item 5-1 Item 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 item 7-3 (Evaluation
Analysis results)
number The Tmpact on
function |y ork detay Indirect Direct . . . throughput Point of
Target that the factor (= Direct causes of error causes of Reasons to be selected Detection requirements to avoid monitoring/ Reason for selection of detection point | Presence or absence of countermeasures | o . Effects on accurate and prompt on-site Point due to error | Individ represen
equipment target is erron) enor work Indirect requirements for disturbing functions response by workers handiing ual Bton
responsi monitoring (Indirect
ble for causes)
D/W Criticali | Approachin | Due to deterioration of the Partial damage to the (a) Amount and particle Selected because large particles The impact on safety functions is Post-detection is possible from the Because
stagnant ty g Criticality | D/W stagnant water coarse mesh of the filter section size distribution of dust pass through the D/W stagnant small, and the frequency of amount and particle size item 7-1is
water coarse | prevent particle removal equipment, in the equipment due to downstream of D/W Direct water coarse particle removal occurrence is expected to be low. distribution of dust downstream of 1 point
particles ion the design value for corrosion caused by stagnant water coarse (item4) | equipment due to damage to the ! 4 the D/W stagnant water coarse ! 4
removal removed particle size is not changes in the water particle removal equipment equipment, and because this trend particle removal equipment, but
equipment ensured, and the quality of the stagnant is affected by the chemical detectability is poor.
An-Rin-3 accumulation of particles in @ water migrating fromthe | (b) Chemical properties properties (pH, chloride ion Constant monitoring is required Because 4
the PCV stagnant water processing point to the (pH, chloride ion concentration, chemical because the equipmentis related item 7-1is
buffer tank increases, D/W stagnant water concentration, chemical Indirect | GomPosition) of transferring liquid to criticality prevention, but 1 point
approaching criticality. coarse particle removal composition) of transferring (tems) flowing into the D/W stagnant water | 1 Same as above 4 | predictability is poor. i) 4
equipment (in the case of | liquid flowing into D/W coarse particle removal equipment
an auto-strainer) stagnant water coarse
particle removal equipment
Decrease in the efficiency | (a) Amount and particle Selected because large particles The impact on safety functions is Post-detection is possible from the Because
of centrifugal removal size distribution of dust pass through the D/W stagnant small, and the frequency of amount and particle size item 7-1is
Same as Same Same as resulting from insufficient | downstream of D/W Direct water coarse particle removal occurrence is expected to be low. distribution of dust downstream of 1 point
as Same as above 1 4 1 4
above above flow rate in the equipment | stagnant water coarse (item4) | equipment due to damage to the the D/W stagnant water coarse
above caused by increased particle removal equipment equipment, and because this trend particle removal equipment, but
Same as density of the transferring is affected by the amount and detectability is poor.
An-Rin-4 liquid due to dust (b) Amount, particle size particle size distribution of dust in Constant monitoring is required Because 4
above migrating from the distribution, and particle the transferring liquid flowing into because the equipment is related item 7-1is
processing point to the density of dust in the Indirect the D/W stagnant water coarse to criticality prevention, but 1 point
D/W stagnant water transferring liquid flowing (item’s) particle removal equipment 1 Same as above 4 predictability is poor. 1 4
coarse particle removal into D/W stagnant water
equipment coarse particle removal
equipment
Partial damage to the (a) Amount and particle Selected because large particles Because the cyclone is structured Detection of trends and post- Because
mesh of the filter section size distribution of dust pass through the D/W stagnant so that dust does not easily detection are possible through item 7-1is
in the equipment due to downstream of D/W water coarse particle removal accumulate, the frequency of constant monitoring of the flow rate 1 point
contact with abrasives stagnant water coarse equipment due to damage to the occurrence is low, and because in the system and the differential
Same as Same Same as migrating from the particle removal equipment | Direct equipment, and because this trend 1 the auto-strainer automatically 3 pressure before and after the D/W 1 3
above as above Same as above processing point to the (item 4) is affected by the amount and discharges the contaminants after stagnant water coarse particle
Sl D/W stagnant water particle size distribution of a blockage is detected, the impact removal equipment, and
An-Rin-5 @ coarse particle removal abrasives in the transferring liquid on safety functions is considered detectability is good. 4
equipment (in the case of flowing into the D/W stagnant water to be small.
an auto-strainer) coarse particle removal equipment Constant monitoring is required Because
(b) Amount of abrasives in because the equipment is related item 7-1is
the transferring liquid to criticality prevention, but 1 point
flowing into D/W stagnant Indirect 1 Same as above 4 predictability is poor. 1 4
water coarse particle (fizm )
removal equipment

1R
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Appendix 6.2.4.3-2: Risk assessment table for safety equipment (Detaited version) (48/48)

M Risk assessment table
(liquid phase/sub-criticality maintenance equipment)

W Score table foritem 7-1

No0.189

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

W Score table for item 7-2
[4 points] Requires constant monitoring during task and

M Score table foritem 7-3

[4 points] No countermeasures, and impact on throughput is unknown

Model ID development predlc‘tablllty is poor o ) [3 polnt;] Countermeasures exist, but throughput decreases significantly due to
N . [3 points] Requires constant monitoring during task but suspension of task
: n [2 points] Countermeasures exist, but there are no track redictability is good [2 points] Countermeasures exist, but throughput decreases due to workload
Process Ko-3  |: Debris retrieval records of application at the Fukushima Daiichi predictability s g - o 2 pol ' anp
N . . [2 points] Requires regular monitoring and predictability is poor limitations
i N [1 point] Countermeasures exist, and have been applied at the . N L N B . . . .
Work Sa-4 : Processing of debris . - [1 point] Requires regular monitoring and predictability is good [1 point] No impact on throughput, or when 7-1is 1 point
Fukushima Daiichi.
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 1 Item 2 Item 3 Iltem 4 Item 5-1 Iltem 5-2 Item 6-1 Item 6-2 Item 6-3 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Analysis results)
number K K
The  function Indirect Detection Direct Presence or absence of Impact on throughput Point of
Target that the target|Work  delay|Direct causes of Reasons to be N [ monitoring/l |Reason for selection of detection . n . . | Effects on accurate and prompt on- . P: NPT ivi
> : : _ causes of requirements to avoid| . N Point | countermeasures for disturbing | Point | _ Point |due to error handling represe
equipment is responsible|factor (= error) |error selected ndirect requirements N site response by workers . ual N
error work L functions (Indirect causes) ntation
for monitoring
D/W stagnant |Criticality Approaching | Due to deterioration Partial damage to the |(a) Amount and Selected because large particles The impact on safety functions is Post-detection is possible from the Because item 7-1is 1
water coarse |prevention Criticality of the D/W stagnant mesh of the filter particle size pass through the D/W stagnant small, and the frequency of amount and particle size point
particles water coarse particle section in the distribution of dust water coarse particle removal occurrence is expected to be low. distribution of dust downstream of
removal removal equipment, equipment due to downstream of D/W Direct (item equipment due to damage to the 1 4 the D/W stagnant water coarse 1 4
equipment the design value for corrosion caused by | stagnant water coarse 4 equipment, and because this trend particle removal equipment, but
removed particle size the potential difference | particle removal is affected by the amount and detectability is poor.
is not ensured, and resulting from equipment particle size distribution of
th lation of lati f - brasives in the transferring liquid - B -
€ accumulation o accumutation ol (b) Amount, particle abrasives in the fransterring fiqul Constant monitoring is required Because item 7-1is 1
-Rin- articles in the PCV abrasives migratini P flowing into the D/W stagnant . . .
An-Rin-6 P @ 9 9 size distribution, and 9 9 because the equipment is related point 4
stagnant water buffer from the processing particle density of water coarse particle removal to criticality prevention, but
tank increases, oint to the D/W A equipment o
P abrasives in the quip predictability is poor.
approaching stagnant water coarse transferring liquid Indirect . Same a5 above . ) .
criticality. article removal . -
vy P flowing into D/W (item 5)
i it (in th
equipment (in the case stagnant water coarse
of an auto-strainer) .
particle removal
equipment
Decrease in the (a) Amount and Selected because large particles The impact on safety functions is Post-detection is possible from the Because item 7-1is 1
efficiency of particle size pass through the D/W stagnant small, and the frequency of amount and particle size point
centrifugal removal distribution of dust water coarse particle removal occurrence is expected to be low. distribution of dust downstream of
Same as Same as Same as Same as above resulting from downstream of D/W | PIrect (tem | o quinment due to damage to the 1 4 |the DIW stagnant water coarse 1 4
above above above insufficient flow rate in | stagnant water coarse 4 equipment, and because this trend particle removal equipment, but
the equipment caused | particle removal is affected by the amount and detectability is poor.
by increased density |equipment particle size distribution of
of the transferrin, N abrasives in the transferring liquid P N X -
g (b) Amount, particle vest ing fiqui Constant monitoring is required Because item 7-1is 1
. Sameas |liquid due to abrasives | e flowing into the D/W stagnant . . .
An-Rin-7 size distribution, and because the equipment is related point 4
above  |migrating from the ater coarse particle removal " .
grating particle density of W part V! to criticality prevention, but
rocessing point to the . . equipment . T
p 9P abrasives in the quip predictability is poor.
D/W stagnant water
transferring liquid Indirect
rticl N
coarse particle flowing into D/W. (item) 1 Same as above 4 1 4
removal equipment
stagnant water coarse
particle removal
equipment

3
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~Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (1/59)|\I 190
0.

B Supplemental information prior to presentation of assessment results: Additional procedures specific to

work ecbuilpment rior to risk assessment , _ _ o
« Unlike safety equipment, work equipment combines multiple actions to perform work within the PCV. For example, the

work of "processing fuel debris" consists of repetition of check and action operations (operation group) as shown in
STEP 2 below.

* Check items are defined as determining the nature of the next action (e.g. whether to use a disk cutter or AWJ for fuel
debris processing) or execution/non-execution (e.g. whether to process with a disk cutter, etc.) do.

* Work equipment risk assessments are performed separately for groups of actions. Therefore, as a pre-stage of risk
assessment, it is necessary to define a group of actions for each task (so-called task separation).

» The procedure for performing work separation and risk assessment is shown below. See the following pages for
specific work methods.

Classificalion of Work steps
Step 3: Step 4:

STEP 1: Work step definition STEP 2: Action group definition ) ) _
Setting work delay factors (=errors) Entry into the risk assessment table
ID Work Name Y
\Verification of the overall D Ftlon group -
cal situation and i licheck) Determl_ne the method for debris
operational/safety procgssmg . -
equipment inside the PCY i lract De?tr_ls ?rﬁ_ces_sm/g hina/oick [Error analysis table] [Risk evaluation
i i action) [(cutting/chipping/crushing/pickin
Sa-2 QpproaCh'”g dthe object to T (@ction) fjp) grenipping gPIcKNg ], | set factors that delay table]
© Processe - 1 the debris has b work for each action From STEP4
Sa-3 Work prior to debris ii(check) Verify if the debris has been i onwards, the flow is
Processing processed as expected —> the same as for risk
Sa-4 Processing of debris . . Debris is stored in the inner assessment of
- - iv|(action) tai —> fot . i
Sa-5 Various records following container safety equipment.
processing work Check whether debris is safely
. v [(check) . . : 45
Sa-6|Cell transfer of debris stored in the inner container
Sa-7 [Transfer of debris D - ﬁ . o
Sa-8|Collection of debris Input for action group definition ﬁ Input for work delay factor extraction
- Equipment configuration block diagram, table of . : .
Sa-9|Transfer of debris @ , , s
S operational functions, table of safety functions List of disturbances to work equipment
& Transfer of debris

& T e e e e ]
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Attachment 6.2.4.3-3: Risk assessment table for work equipment (detailed version) (2/59)

B Risk assessment procedures specific to operational equipment

» The execution procedure of STEP 1 and 2 shown on the previous page is shown.

OStep 1 of work

ID

Work Name

Sa-1

Verification of the overall
situation and operational/safety
equipment inside the PCV

Sa-2

Approaching the object to be
processed

Sa-3

Work prior to debris processing

ﬂ Sa-4

Processing of debris

Sa-5

processing work

Sa-6

Cell transfer of debris /

Sa-7

Transfer of debris D /

Sa-8

Collection of debris /

Sa-9

Transfer of debris ®/

Sa-10

Transfer of debris /

/

(1) Select one work to be

O Work detail sheet to determine the attributes of the

action group in STEP2

No0.191

(2) Enter ID items a to k
based on the debiris retrieval
model information.

-

ID |attribute Concrete actions [ =
a |Goal Debris is finely divided and stored in the inner container =
b_|Environment Inside the PCV
¢ |safet [Gas phase] Dust scattering prevention function, PCV damage prevention function, debris overheating
y prevention function, [Criticality] Debris shape control function
[Debris processing equipment] Debris processing mechanism, [Debris sealed storage/transfer equipment]
d |Components I )
Radiation source storage mechanism
e |Target Debris (fuel, fuel debris mass (U-rich, Fe-rich), existing structures, MCCI formations)
f |preceding work ID: Sa3
g |Work start condition Condition 1: Successful completion of preceding work
h |Action group Refer to action group sheet I
i |End of work conditior] |Completion of debris storage in the inner vessel
j |Takeover next work Delivery of the inner container containing debris (*Refer to item k)
k |Others Debris stored in the inner container maintains a subcritical state

\ 4

(3) Set a group of actions to
achieve the contents
described in ID a and i

———

O Operation group sheet for STEP2

/

3

1D

container

analyzed from the work steps. D IMovement FEmEie
i |(check) Determine the processing method for <target>
" . Processing (cutting/cracking/crushing/picking up) of
ii |(action) . . . . .
<target> by <equipment: debris processing mechanism>
Confirmation of processing results: Refers to confirming
i [(check) Confirm the processing result of <target> whether the debris has been subdivided to a size that
fits in the inner container.
. . Store <target> in <equipment: inner container> with
iv |(action) . . - f
<equipment: radiation source storage mechanism>
) . . . . . Safety confirmation: Refers to confirmation that debris is
v |(check) Safety confirmation of <target: debris> stored in the inner not spilled from the inner container and that the

subcritical state is maintained.
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Appendix 6.2.4.3-3: Risk assessment table for operational eqguipment (Detailed version) (3/59)
No0.192

B Risk assessment procedures specific to operational equipment
* The procedures for executing STEP 2 to 3 shown on page 1/59 of this Appendix is described.
* The word “error” used in this document is synonymous with work delay factor.

O STEP2 Action group (reprint of previous page) O STEP3 Table of disturbances to operational equipment
ID |[Movement Remarks _—
i |(check) Determine the processing method of the <Target > f n?g SIS Classification | Locations Disturbance candidate
i leaction) Processi_ng (cutting/cl_1ipping/crqshing/pickiqg up) of <Target> Gairan-1 |Static element| PCV |Inside the PCV is in a state of darkness
by < Equipment: Debris processing mechanism>
'f)y processing Gairan-2 |Static element| PCV |Fog is generated inside the PCV
Il | (check) Verify the processing results of <target> and
solidification Gairan-3 |Static element PCV  |Airflow is occurring inside the PCV due to heat generated by the debris
D . ) <Equipment: Radiation source storage mechanism> stores - - : : . : . -
) -
g IV |(Action) <Target> to <Equipment: Inner container> > Gairan-4 |[Static element PCV Airflow is occurring inside the PCV due to inleakage from existing openings
z v lenes Verify the safety of the <Target: Debris> stored in the inner safetyof Gairan-5 |Static element PCV  |Airflow is occurring inside the PCV due to nitrogen injection
g container chipped state Gairan-6 | Static element PCV Water is dripping inside the PCV due to the injection of cooling water
S 2 — —
c O - n S - N\
S © @ Enter the functions involved in the action
§ kS of interest. Candidate entries are those
T = M Enter top events that related to either ID c (related to safety
L 3 impede defined actions function) or d (related to operational function)
25 and delay work on the task detail sheet y.
38
o O .
& 5 O STEPS Error analysis table
] E N E K
ID Action group Error mode that stagnates work e D|st‘ur s o D|st‘urbance Error generating mechanisms Sgpplemeptary
sheet | D features interest of interest information
. . The properties of debris and the selected processing method are incompatible, and it takes
1 [ Deciding how to process debris takes time Work Disturbpnce-22 ) prop ) ) P g P
time to determine the processing method.
2 i Debris processing takes time Gas phase f|Gairan-1 Gairan-20 ?;Zfijl\ée heatup of debris in the dark (poor visibility) and volatilization of radioactive
3 i Same as above Gas phase | |Gairan-2 Gairan-20 ?;Zfijl\ée heatup of debris due to fog (poor visibility) causing volatilization of radioactive
- 2 i Same as above Gas phase || Gairan-6 ) cairan-20 \I/D;Z:ilfizls excessively heated by dripping water (poor visibility), and radioactive materials
5 i Same as above Gas Gairan-24 Gairan-20 ?;Zfijl\ée heating of debris with high background (noise) and volatilization of radioactive
6 i Same as above // ﬁlse Gairan-19 Gairan-20 Dust scattering (poor visibility) overheats debris and volatilizes radioactive materials
7 i Same as above / ﬁicality Gairan-1 Gairan-21 Debr_ls is processed into an inappropriate shape in the dark (with poor visibility), and the
debris approaches a critical state.
8 i Sanr ) lity |Gairan-2 Gairan-21 Debris is proces_sgd into an inappropriate shape by fog (poor visibility), and the debris
@ Extract the error generating approaches a critical state. i _ __
9 i Sa mechanisms related to the function of lity |Gairan-6 Gairan-21 Debr_ls is processed mtg_an inappropriate shape by dripping water (poor visibility), and the
. . R debris approaches a critical state.
interest in the form of an ObJeCt tree. Debris is processed into an inappropriate shape due to dust scattering ( poor visibility ), and
i «“ i i iran- iran-21 : . ’
| 10 " Sa Use _the Tabl_e of disturbances t.O lity |Gairan-18 Gairan the debris approaches a critical state .
operational equipment” for extraction.
|
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=Appendix 6.2.4.3-3: Risk assessme

B Risk assessment procedures specific to operational equipment
»  The procedure for executing STEP 4 shown on page 1/59 of this Appendix is described.

O STEPS3 error analysis table (reprint of previous page)

No0.193

generating
mechanisms set in the
error analysis table

Supplement
D Action group E de that t £ K Functions of Disturbances | Disturbances E i e PP
sheet | D rror mode that causes stoppage of wor [— o — o — rror generating mechanisms ooay
information
1 It takes time to determine the method of Work Gairan-22 The properties of debris are incompatible with the processing method selected,and it takes time
processing debris to determine the processing method.
2 ii Debris processing takes time Gas phase |Gairan-1 Gairan-20 | Excessive heatup of debris in the dark (poor visibility) and volatilization of radioactive materials
3 ii Same as above Gas phase |Gairan-2 Gairan-20 | Excessive heatup of debris due to fog (poor visibility) causing volatilization of radioactive materials
- . The dust dispersed by processing approaches the allowable dust concentration
13 ii Same as above Gas phase|Gairan-23 . P v P 9 app
inside the PCV
" . . It takes time to allow the processing jig to access the area where application of external
ps W Saire as agove Wiprk Gairan-13 £ oy P 9119 pp
15 i Same as above Whbrk Gairan-16 Processing jigs wear out quickly, and frequent replacement make processing time-consuming I
L 16 ii Same as above lWorkI Gairan-15 Hot spots appear and it takes time to assess thejimpact on equipment
m . No external mechanical/thermal forces are trarjsferred to the debris due to obstruction caused by water
17 i Same af above Work |Gairan-7 How Y
O SETP4 risk assessment table
Important nfonitoring items Weighted evaluation of important monitoring items
Item 3 Iltem 7-4
Item 1 Item 2 (Extracted from the errpr Item 4 Item5 Item 6 Item 7-1 Item 7-2 Iltem 7-3 (Evaluation
extraction table) Results)
Target The functlon_that Analysis | Work delg Direct causes of |Indirect causes D_etectlon . Applicable . . Effects on accurate and prompt on-site Poi Impact on throughput Indivi Point of .
. the target is requirements to Point N Impact on function | Point by addressing errors representati
equipment N 1D factor error of error K function response by workers nt N dual
avoid work delays (indirect causes) on
Debris uel debris processin Processing jigs lIExcessive wear |Fuel debris [Iltem 4] Technology for - Itis difficult to directly determine the wear The task is assumed
processing function wear out and tear of (a) Degree of wear remotely exchanging and tear of processing jigs. For visual to be temporarily
TR quickly, and forocessing jigs and tear of processing jigs on verification, training for operators in sensory restricted due to the
frequent processing jigs site, such as a tool inspection is required. For cases other than measures in ltem 7-
15 replacement 3 Work changer, is under 3 visual verification, multiple data, such as jig 2 |1 18
make development in the vibration and motor output, must be obtained
processing fuel debris retrieval to make a determination.
time- project. = General industrial technology can be
LmCQaSLDING utilized for all of the above.
@ Enter the [Item 5] = ltis difficult to directly determine the 18
_ (b) Compressive compressive strength, as itis necessary to
;equmenft _and the strength of fuel g?élect a sample and conduct a tensile test,
unction _O interest Same as Same as Same as debris 3 Work s b 3 - Since the existing technology requires 2 s b 18
entered in the error above above above i EIIIS & ElIaiS sample collection + hot lab testing, not being ame as above
analysis table (task performed at the processing s_.lte, thgre isa
] problem when measurement is required on
detail sheet) site.
|
@ Enter the error \ J \

3

1D

@ Break down the mechanisms in ltem 3
into straightforward physical phenomena

@ Implement risk assessment based on the
information inherited from the error analysis table
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“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detaited version) (5/59)

B Risk assessment table No0.194

M Score table for Item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task

[2 points] Countermeasures exist, but the throughput decreases due to task load
limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues

with introduction
[1 point] Can be determined directly and can expect
introduction to be feasible

B Score table for ltem 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still under
development [2 points] Countermeasures exist, but
there are no track records of application at the
Fukushima Daiichi [1 point] Countermeasures exist, and
have been applied at the Fukushima Daiichi.

Model ID .
Daily workflow
Process Ko-3|: Debris retrieval
Work sa-2| Verification of the overall situation and
operational/safety equipment inside the PCV_ =
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Risk Iltem 1 Item 2 from error Iltem 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction table) results)
assessment Effects on Impact on
fape i E;ﬁ:tion ; ; ; 2 |Presence or absence accurate and throughput | -‘;'5
analysis _|work [Direct Indirect Detection - | €8 < | prompt on-site | 5 by 2 |82
number Target that the Analysis | o causes of |causesof [requirements to s |3 & [of countermeasures | o | \oqnonse by | S. | addressin < |33
equipment |target is ID factgr q_ K del =3 s ] for disturbing 3 V\[I)OI‘keI’S y 3 errors 9 =3 é Py
responsible error error avoid work delays 5 Z lfunctions err 5 |25
for (indirect e
causes)
N&environmental changes inside the PCV
*2 *3

No task disturbing

(*1) The name of item 2 is omitted for layout reasons. Formal name: Safety functions or operational functions the target

equipment is responsible for
(*2) The name of item 7-1 is omitted for layout reasons. Formal name: presence or absence of countermeasures for disturbing

safety or operational functions
(*3) The name of item 7-3 is omitted for layout reasons. Formal name: Impact on throughput by countermeasures in item 7-1

(*4) For layout reasons, analysis IDs are abbreviated from this page onward.
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“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailfed version) (6/59)

B Risk assessment table

M Score table for item 7-1

the Fukushima Daiichi

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under development
[2 points] Countermeasures exist, but there are no track records of application at|

M Score table for item 7-2

with introduction

introduction to be feasible

[4 points] Cannot be determined directly, and there are issues

[3 points] Cannot be determined directly and can expect

N0.195

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist,

suspension of task

but throughput decreases significantly due to|

Model ID [1 point] Countermeasures exist, and have been applied at the Fukushima Daiichi. | |[2 points] Can be determined directly and there are issues with [2 points] Countermeasures exist, but throughput decreases due to workload limitations
introduction [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 |: Debris retrieval [1 pomt.] Can be ldetermmed directly and can expect
- - introduction to be feasible
N: Approaching the object to
Work Sa-2
““Abe processed
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (Extracted Item 7-4
Risk Item 1 Item 2 from the error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
IS ment extraction table) results)
A Direct causes Detection Presence or absence Effects on accurate and Impact on 3
: The function of error . requirements — 2 |of countermeasures prompt on-site response by throughput by 53 °
alysis Indirect : £33 . ) : ; a | 33
Target that the target to avoid work . S T |[for disturbing functions . |workers i addressing = n 9
umber - . ) Work delay factor causes of Point| 2 & Point Point Lo = e 3
equipment |is responsible delays S errors (indirect = =
f error 5o S =}
or o causes) 58 =
The analysis S
number is defined Moving Moving  |Presence or Delay in [ltems 4/5] Investigation inside the Direct determination is
by the combination mechanism [function inside|absence of ascertaining (a) Presence Fukushima Daiichi-2 possible if 3D scans or
of these two inside the the PCV |interfering objects |the presence or of interfering PCV shows the other dimensional
character strings PCV cannotlbe gbsenge of objects effectiveness of tlhe ach|S|t|oqs are mage )
determined due to [interfering unaffected method that confirms Detailed investigation
darkness, and objects by darkness v |the presence or inside the Fukushima .
Saku- e ) . ) Lo Because item
1 verification of Darkness 1 @ |absence of interfering Daiichi-2 PCV shows the 1 - ) 1 1
A- ey ) - 7-1is 1 point
safety on the < |objects on the task application of laser
N—1 transfer route route in advance using scanning technology to
takes time dedicated equipment, obtain maintenance
and application of a information on interfering
similar method is objects.
assumed.
Moving Moving Presence or Delay in [ltems 4/5]
mechanism |function inside|absence of ascertaining (a) Presence
inside the the PCV [interfering objects [the presence or of interfering
PCV cannot be absence of objects "
Saku- 2 determined due to |nt§n‘enng Fog unaffected 1 % Same as above Same as above 1 Same as 1 1
A- fog, and objects by fog 2 above
verification of
safety on the
transfer route
takes time
Moving Moving Presence or Delay in
mechanism |function inside |absence of ascertaining
. . . . [Iltem 4/5] (a)
inside the the PCV interfering objects |the presence or
Presence of
PCV cannot be absence of interfering -
Saku- 3 de_termlned due to |nt¢n‘enng Dripping objects 1 % e e 1 Same as 1 1
A- dripping water, and|objects water I above
N unaffected <
verification of by drinpin
safety on the Y aripping
water
transfer route
ltakes time
[The numbering rules for analysis ID]
— Safety function related: Saku-A-Arabic numerals

1R

Operational function related: Saku-B-Arabic numerals
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Appendix 6.2.4.3-3: Risk assessment table

Tor operational equipment (DEldIIEU VETroloH) (r1roJ)

B Risk assessment table

development

B Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been applied at

N0.196

W Score table for item 7-2

[4 points] Cannot be determined directly, and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly and there are issues with
introduction

H Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

due to suspension of task
[2 points] Countermeasures exist,
workload limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

but throughput decreases due to

. L [1 point] Can be determined directly and can expect
the Fukushima Daiichi. introduction to be feasible
Process Ko-3 _|: Debris retrieval
\Work Sa-2 : Approaching the object to
be processed
Important monitoring items Weighted evaluation of important monitoring items
G
. Item 1 Item 2 ) Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction
results)
assessment table)
table The Detection Presence or absence of Effects on accurate and prompt Impact on 3
analysis function . requirements to 2 countermeasures for disturbing on-site response by workers throughput by| = k=l
) Indirect . 3 ) ) a2 o3
number Target that the Work delay |Direct causes avoid work 0 =) functions 0 T |addressing =5 0 9
. ) causes of | = 835 e. =3 = o3
equipment target is factor of error error delays 3 oL =1 3 [errors = é 3
responsible - (indirect 21 =7
for causes) =
Moving Moving Presence or Delay in [ltems 4/5] Investigation inside the Fukushima Direct determination is
mechanism [function absence of ascertaining (a) Presence of Daiichi-2 PCV shows the effectiveness possible if 3D scans or other
inside the inside the [interfering the presence interfering of the method that confirms the dimensional acquisitions are
PCV PCV objects cannot |or absence of objects presence or absence of interfering made
be determined |interfering unaffected by o objects on the task route in advance o o
Saku-|, due to high objects Noise |noise 1 o using dedicated equipment, and P Detailed investigation , [Becauseitem| 1
A- background & application of a similar method is inside the Fukushima Daiichi-2 7-1is 1 point
noise, and assumed. PCV shows the application of
verification of laser scanning technology to
safety on the obtain maintenance information
transfer route on interfering objects.
takes time
Moving Transfer takes |Low [Iltem 4] Records from underwater ROV Can be determined directly
function time due to transferring (a) Time to reach injection exist in the investigation by acquiring the actual transfer
inside the |water flow speed destination inside thethe Fukushima Daiichi-3 time
PCV PCV, and since the flow of water is
taken into consideration in the Can be executed through
designed measures, similar response control, and there are no issues
s will be necessary. with introduction Because Item
1 ) 1 1 X . 1 2
= 7-1is 1 point
. Heavy machinery with
Moving underwater specifications exists for
Saku-I, mechanism Water general work, and it is assumed that it
B- inside the flow is possible to formulate
PCcv countermeasures that resist the flow
of water.
[Item 5] When using a Price current
(b) Velocity of meter, it is possible to directly
\water flow on the < determine the flow velocity, but Same as
transfer route 1 o Same as above 2 |there are problems because it 2 2
= - B L above
requires assessing the radiation
resistance of the flow meter in a
high-dose radiation environment

1RID
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Appendix 6.2.4.3-3: Risk assessment table foroperational-eguipment (Detailfed-version) {8/59)

B Risk assessment table

under develop

m Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still

ment

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been

No0.197

m Score table for Item 7-2

introduction

feasible

[4 points] Cannot be determined directly, and there are issues with
[3 points] Cannot be determined directly, but can expect introduction to be

[2 points] Can be determined directly, but there are issues with introduction
[1 point] Can be determined directly, and can expect introduction to be

m Score table for item 7-3

due to suspension of task

task load limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

[Point 2] Countermeasures exist, but the throughput decreases due to

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID applied at the Fukushima Daiichi. feasible
Process Ko-3|: Debris retrieval
Work Sa-2 |- Approaching the object to be processed
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction table) results)
nent Detection £ |Presence or & |Effects on accurate and Impact on
table ) requirements = absence of = |prompt on-site response by throughput _ §
analysis The function that the ’ Indirect  |to avoid work - 8 countermeasures workers o |by g 2 3
number Target - . Work delay Direct causes S =2 " : S . z @ g
equipment target is responsible factor of error causes of |delays Ey @ for dl_sturblng S addressing = $2
for error S functions errors 5 SR
a (indirect S
S causes)
Moving Moving function Transfer takes |Delay in Hot spot [[ltem 4] The operational 1 When using a dosimeter, Throughput
mechanism [inside the PCV time due to ascertaining (a) Degree of procedure of a direct determination can be is assumed
inside the assessment of |effects on effects on temporary made by setting the threshold to be
PCV impact on radiation equipment evacuation from dose based on the cumulative significantly
equipment against hot the area when a exposure dose of the reduced due
caused by spots (radiation hot spot is verified operational equipment. to the
appearance of resistance) has been . unknown
hot spots incorporated in the * The dosimeter has been duration of
1 g investigation introduced in the o_n—sne temporary 3 9
=~ inside the demonstration testing of the evacuation
Fukushima project of investigation inside due to
Daiichi-2 PCV, so the PCV. measures
a similar response taken for
Saku will be necessary. Item 7-1.
-B- 2
[ltem 5] . .
(b) Location of Wh_gn using a dosimeter,
hot spots on the specific location of the
the transfer source cannot be determined
route directly due to the surrounding
1 g Same as above | 3 |Packground. 3 Same as 9 9
= above
Development of
technology to identify hot spots
in a high-dose radiation
environment is required.

3
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“Appendix 6.2.4.3-3: Risk assessment table foroperational equipment (Detaited version) (9/59)

B Risk assessment table

No0.198

W Score table for item 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist,

development

[2 points] Countermeasures exist, but there are no track records of|

but they are still

application at the Fukushima Daiichi

under

M Score table for item 7-2

introduction

feasible

[4 points] Cannot be determined directly, and there are issues with
[3 points] Cannot be determined directly and can expect introduction to be

[2 points] Can be determined directly, but there are issues with introduction
[1 point] Can be determined directly, and can expect introduction to be

M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task
[2 points] Countermeasures exist, but throughput decreases due to workload limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

[1 point] Countermeasures exist, and have been applied at the| |feasible
Model ID Fukushima Daiichi,
Process Ko-3 |: Debris retrieval
Work Sa-2 |: Approaching the object to be processed
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt from Item 7-4
. Item 1 Item 2 °rp Item 4 Item 5 Item 6 Item 7-1 Iltem 7-2 Iltem 7-3 (Evaluation
Risk error extraction table)
Results)
a nent
table . Detection [«] Presence or absence of Effects on accurate and Impact on 3
The function . o X . N _ |8
analysis that the Indirect requirements =3 countermeasures for disturbing prompt on-site response throughput due 5 S
number Target - Direct causes of to avoid I 13 ] functions . |by workers . to error % 0 Q9
. target is Work delay factor causes 2 239 Point Point " = 3
equipment . error work delays | 2 | & S handling =3 =
responsible of error 53 ) S |Ba
= (Indirect 2 =
for = o
Q causes) S
Moving Moving Cannot detect the Delay in [ltems 4/5] The detailed investigation inside Sampling equipment to be There is no
mechanism  [function transfer route due to  |ascertaining the (a) Transfer the Fukushima Daiichi-2 PCV is deployed during the impact on
inside the inside the sediment soaring transfer route route currently developing a technology experimental fuel debris throughput with
PCV PCV during transfer, and detection that enables equipment to be retrieval phase will be the introduction
transfer takes time unaffected moved even in the PCV equipped with technology of the
Saku- 3 Soaring |by soaring 3 Work environment by obtaining 3 for acquiring information 1 technology 9 9
B- sediment [sediment information on the maintenance of on the layout of structures shown in Item
interfering objects in advance using laser scanning, and 7-1
through laser scanning. the on-site demonstration
testing is scheduled.
Moving Moving Verification of current  [Delay in [ltems 4/5] + In the investigation inside the Workers can directly
mechanism  |mechanism |location takes time due |ascertaining the (a) Current Fukushima Daiichi-2 PCV, self- determine their self-
inside the inside the to darkness current location location location was estimated based on location by the method
PCV PCV of the moving detection the amount of equipment applied in the past
mechanism unaffected movement and information from investigation inside the
inside the PCV by darkness the drawings. PCV shown in Item 7-1.
* In the Fukushima Daiichi-3 However, as the
underwater ROV investigation, construction progresses,
Saku- self-location was estimated based there is a high possibility
B- |* Darkness 3 | Work on surrounding structures and 2 |that the landmarks will 1 [Sameasabove| 6 6
information from the drawings. change, so task is
+ During debris retrieval, the necessary to update the
layout of surrounding structures information on the layout
will change due to removal of of structures inside the
interfering objects, etc., so PCV, which presents
additional measures are problems.
necessary.

3

1D

Olnternational Research Institute for Nuclear Decommissioning



=Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (10/59)

B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still
development

[2 points] Countermeasures exist, but there are no track records of|
application at the Fukushima Daiichi

[1 point] Countermeasures exist, and have been applied at the

under

No0.199

M Score table for item 7-2

[4 points] Cannot be determined directly, and there are issues with

introduction

[3 points] Cannot be determined directly and can expect introduction to be

feasible

[2 points] Can be determined directly, but there are issues with introduction
[1 point] Can be determined directly and can expect introduction to be

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task
[2 points] Countermeasures exist, but throughput decreases due to workload limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID Fukushima Daiichi. feasible
Process Ko-3 |: Debris retrieval
Work Sa-2 |: Approaching the object to be
processed
Risk Important monitoring items Weighted evaluation of important monitoring items
assessment Item 3 (excerpt from Item 7-4
table . ltem 1 Item 2 error extraction Item 4 Item 5 Item 6 Iltem 7-1 Item 7-2 Iltem 7-3 (Evaluation
analysis table) Results)
number
The function] Work delay factor Direct causes of Indirect |Detection o |Presence or absence of Effects on accurate Impact on 3
that the target| error causes of [requirements to 2 |countermeasures for and prompt on-site throughput due to| 5 | B 5
. A . c o . . . . o )
Target |is responsible error avoid work 3 = disturbing functions J |response by workers I [error handling z|g g.
equipment [for delays 3 |&§¢ =1 3 |(ndirect causes) [ & | 2 5
52 S| &=
g g
Moving Moving Verification of current|Delay in ascertaining [ltems 4/5] In the investigation inside Workers can There is no
mechanism [function location takes time  |the current location (a) Current the Fukushima Daiichi-2 PCV, directly determine their impact on
inside the inside the due to fog of the moving location self-location was estimated self-location by the throughput  with
PCV PCV mechanism inside detection based on the amount of method applied in the the introduction
the PCV unaffected by equipment movement and past investigation of the technologyj
fog information from the drawings. inside the PCV shown shown in Item 7-1
In the Fukushima Daiichi- in ltem 7-1.
3 underwater ROV However, as the
Saku 5 Fog 3 g invgstigation, self-location was 2 construction ) 1 6 6
-B- = |estimated based on progresses, there is a
surrounding structures and high possibility that the
information from the drawings. landmarks will change,
During debris retrieval, so task is necessary to
the layout of surrounding update the information
structures will change due to on the layout of
removal of interfering objects, structures inside the
etc., so additional measures PCV, which presents
are necessary. problems.
Moving Moving Verification of current|Delay in ascertaining [ltems 4/5]
mechanism [function location takes time  |the current location (a) Current
inside the inside the due to dripping water |of the moving o location
Sak_u' 6 [PCV PCv mechanism inside Dripping | detection 3 § Same as above 2 |Same as above 1 |[Same asabove | 6 6
B the PCV water  |ynaffected by =
dripping water
Moving Moving Verification of current|Delay in ascertaining [Items 4/5]
mechanism |function location takes time  |the current location (a) Current
Sl inside the inside the due to the high of the moving _ location s
B 7 |PCV PCV background noise mechanism inside Noise |detection 3 o [Same as above 2 |Same as above 1 |Same as above 6 6
the PCV unaffected by 3
noise

1RID
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“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (11/59)

B Risk assessment table

No0.200

W Score table for item 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still
development

[2 points] Countermeasures exist, but there are no track records of
application at the Fukushima Daiichi

[1 point] Countermeasures exist, and have been applied at the
Fukushima Daiichi.

under

W Score table for item 7-2

[4 points] Cannot be determined directly, and there are issues with
introduction

[3 points] Cannot be determined directly and can expect introduction to be|
feasible

[2 points] Can be determined directly, but there are issues with introduction
[1 point] Can be determined directly and can expect introduction to be
feasible

M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to

suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

Process | Ko-3|: Debris retrieval
Work Sa-3|: Work Prior to processing
Important monitoring items Weighted evaluation of important monitoring items
' Iltem 3
:;kessment (Extracted Item 7-4
;filbrlnebe;?alysi ltem 1 ltem 2 from the error Item 4 Iltem 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
e)(tt;Z(I:;;on Results)
Target Functions that § z Impact on 3
equipment :Zl’sget s, Workdelay  [irect causes of Indirect  Detection B = Ipresence or absence of o [Fffects on accurate . throughput by | 3 é 3
ponsible for causes of fequirements to Point|> & [countermeasures for disturbing | 2. fand prompt on-site Point [addressing S|l 23
factor Prror error avoid work delays ® functions ™ Fesponse by workers errors (indirect{ § | & &
causes) S
Debris [Criticality] Due to the Delay in [Item4/5] It is necessary to take Although sensory Addressing
processing  |Neutron darkness, it ascertaining (a) Submerged countermeasures against the determination (= Item 7-1 limits
mechanism |absorbent takestimeto |whether the debris detection un risk of making the wrong direct determination) the workload.
application verify if the debris is affected by decision not to apply the neutron may be possible with
function debris is submerged or darkness absorbent in spite of being camera images,
submerged or |not o |submerged in water. It is there are cases in
SaAk_u— 1 not Darkness < E: necessary to utilize the neutron 3 |which wrong 2 18 18
detector under development in determinations may
the 1 F subsidized project, and be made depending
to have an action policy for on the conditions for
immediately spraying neutron photography, and
material when criticality is certainty cannot be
approached. guaranteed.
[Criticality] Dueto fog, it |Delayin [Item4/5]
Neutron takes timeto |ascertaining (a) Submerged
absorbent verify if the whether the debris detection
Debris application debris is debris is unaffected by fog %)
Saku- . ) Same as
A 2 processmg function submerged or |submerged or |Fog 3 o Same as above 3 Same as above 2 above 18 18
mechanism not not <

1R

1D

Olnternational Research Institute for Nuclear Decommissioning



—Appendix 6.2.4.3-3: Risk assessment table TWWW%W
M Risk assessment table No0.201

W Score table for item 7-1 M Score table for item 7-2 W Score table for item 7-3
[4 points] No countermeasures have been determined | | [4 Points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still with introduction ) _ [3 points] Countermeasures exist, but throughput decreases significantly
[3 points] Cannot be determined directly and can expect due to suspension of task
under development introduction to be feasible P
i i 2 points] Countermeasures exist, but throughput decreases due to
[2 points] Countermeasures exist, but there are no - [2 points] Can be determined directly, but there are issues with \[Nolr)kload] limitations gnp
track records of application at the Fukushima Daiichi introduction A ; . .
[1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 s 1 point
applied at the Fukushima Daiichi. introduction to be feasible
Model ID
Process Ko-3 | : Debris retrieval
Work Sa-3 | : Work Prior to processing
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 ltem 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction table) Results)
is
assessme > Impact on 3
nt table o 2
analysis The function Detection % Effect e and throughput _ o
i i ‘ects on accurate an 3 >
number Target that the target Work delay Direct Indirect requirements S & Presence or absen_ce of h 3 . S | due to error B @
equipment is responsible factor causes of causes ] s ) countermeasures for disturbing S | prompt on-site response by s ] 3 g
quip p error of error | to avoid work = = functions = = | handling S 7]
for 3 workers ] 2 o]
delays = (Indirect g
S =
causes) S
[Criticality] Due to dripping | Delay in [ltems 4/5] It is necessary to take 3 Although sensory Addressing
Neutron water, it takes | ascertaining (a) Submerged countermeasures against the risk of determination (= direct Item 7-1
absorbent time to verify if | whether the debris making the wrong decision not to apply determination) may be limits the
application the debris is debris is detection the neutron absorbent in spite of being possible with camera workload.
Debris function submerged or | submerged unaffected by submerged in water. It is necessary to images, there are cases in
Saku . Dripping | . . " ' o
A. | 3 |processing not or not water | dripping water | 3 | Safety | utilize the neutron detector under which wrong determinations | 2 18 18
mechanism development in the Fukushima Daiichi may be made depending on
subsidized project, and to have an the conditions for
action policy for immediately spraying photography, and certainty
neutron material when criticality is cannot be guaranteed.
approached.
[Criticality] Due to high Delay in [Iltems 4/5]
Neutron background ascertaining (a) Submerged
. absorbent noise, it takes whether the debris
Debris licati time t ify if | debris i detecti
application ime to verify i ebris is . etection
Si\ku 4 | processing PP fy Noise 3 | Safety Same as above 3 Same as above 2 Sa[)ne as 18 18
i ) function the debris is submerged unaffected by above
mechanism .
submerged or | or not noise
not

|
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~“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (13/59)
B Risk assessment table No0.202
M Score table for item 7-3

W Score table for item 7-1

[4 points] No countermeasures have been determined [4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but they are still [3 points] Countermeasures exist, but throughput decreases significantly
due to suspension of task

under development
[2 points] Countermeasures exist, but there are no [2 points] Countermeasures exist, but throughput decreases due to
workload limitations

track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been [1 point] No impact on throughput, or when 7-1 is 1 point

MW Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

[1 point] Can be determined directly and can expect

Model ID applied at the Fukushima Daiichi. introduction to be feasible
Process Ko-3 |: Debris retrieval
Work Sa-3 |: Work Prior to processing
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Iltem 7-4
Item 1 Item 2 error Iltem 4 Item 5 Iltem 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
assessment table)
table _ > Impact on ;_?,
analysis Detecti 3 hrough z
. ) etection =3 throughput _ o
number The function ) Indirect : 8 Presence or absence of Effects on accurate and = 3
Target that the target | Work delay | Direct causes requirementsto | 9 =3 Y ] D | due to error g 3
. is responsible factor causes ] = @ countermeasures for S| prompt on-site response by | 5 . = 3
equipment of error avoid work = S disturbing functions = = [ handling S @
for of error 3 workers . 2| @
delays =5 (Indirect g
=] o
causes) S
Debris I[\(‘:”tlca"tY] The flow of | Insufficient [Item 4] - The density of the neutron - Can be determined - Based on
eutron
processing absorbent cooling water | application of (a) Application absorbent developed in the directly by obtaining actual the
mechanism ?upnpc”t(i::r?on disperses the | neutron time for neutron debris retrieval project is task hours evaluation of
wn . . . .
Saku 5 neutron absorbent Water | apsorbent 3 % high, and it is thought that it 2| Can be executed in the 2 Item 7-1, the 12 12
A absorbent, flow < [ will overcome the Marangoni control room, and there are impact on
and convection and sink. no issues with introduction throughput is
application considered to
takes time be limited.
[Item 5] When using a Price current
(b) Water flow meter, it is possible to
velocity at the directly determine the flow
velocity, but there are
neutren 3 E’U: Same as above 2 i 2 Same as 12 12
s 8 problems because it above
. requires assessing the
application area
radiation resistance of the
flow meter in a high-dose
radiation environment

3
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~“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (14/59)

B Risk assessment table

No0.203
B Score table for item 7-3

B Score table for item 7-1
determined

are still under development

[4 points] No countermeasures have been
[3 points] Countermeasures exist, but they

[2 points] Countermeasures exist, but there
are no track records of application at the

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues

with introduction

[3 points] Cannot be determined directly and can expect

introduction to be feasible

[2 points] Can be determined directly, but there are issues with

introduction

[1 point] Can be determined directly and can expect

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

[2 points] Countermeasures exist, but throughput decreases
due to workload limitations

Model ID ) : . .
~Debri - I Fukushima Daiichi introduction to be feasible [1 point] No impact on throughput, or when 7-1is 1 point
Process Ko-3 | Debris retrieva [1 point] Countermeasures exist, and have
been applied at the Fukushima Daiichi.
Work sa3 | Work Erlor to
processing
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
assessment i table)
table analysis Thehfunrc]tlon Impact on 3
number that the Indirect | Detection =3 Effects on accurate 5 g
) o
Target target is Work delay | Direct causes of . |z S = Presence or absenf:e of . 0 . e throughput due to = 23
) responsible causes of | requirements to avoid [ S | £ g | countermeasures for disturbing | S | and prompt on-site 2 | error handling = o3
equipment for factor error - S o functions - - 5 & 9
error | work delays @ response by workers (Indirect causes) = 5
5
'[\lCrititcaIity] Due to Delay in [ltems 4/5] It is necessary to take Although sensory Addressing Item 7-
eutron
absorbent darkness, ascertaining the (a) Detection of countermeasures against the determination (= direct 1 limits the
application verification | neutron neutron absorbent risk of making the wrong determination) may be workload.
function
of the absorbent application status decision not to start processing possible with camera
results of application unaffected by work despite inadequate images, there are
Debri neutron status darkness application of neutron cases in which wrong
ebris
absorbent ¢ absorbent. By utilizing the determinations may be
SE/:"“ 6 | processing Darkness 3| 2 Y 9 3 Y 2 18 | 18
i . application < neutron detector being made depending on
mechanism . . . .
takes time developed in the Fukushima the conditions for
Daiichi subsidized project, the photography, and
project is advocating an certainty cannot be
operational procedure to verify guaranteed.
the effectiveness after
spraying.
[Criticality] Due to fog, | Delay in [Items 4/5]
Neutron o . .
absorbent verification | ascertaining the (a) Detection of
) application | of the neutron neutron absorbent
" Debris function Its of bsorbent licati tat %)
results o absorben application status
SaA u 7 processing Fog PP 3 % Same as above 3 | Same as above 2 | Same as above 18 18
A . neutron application unaffected by fog <
mechanism
absorbent | status
application
takes time
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Appendix 6.2.4.3-3: Risk assessment table Tor&a&%&r&nal%awme%@e{aﬁeﬂ#ersW

B Risk assessment table

W Score table for item 7-1
[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

B Score table for item 7-2

[4 points] Cannot be determined directly and there are issues

with introduction

[3 points] Cannot be determined directly and can expect

introduction to be feasible

[2 points] Can be determined directly, but there are issues with

introduction

No0.204

W Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly
due to suspension of task
[2 points] Countermeasures exist, but throughput decreases due to
workload limitations
[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID [1 point] Cqunterm?agures exist, and have been applied at [L point] Can be determined directly and can expect
the Fukushima Daiichi. introduction to be feasible
Process Ko-3 : Debris retrieval
Work Sa-3 : Work Prior to processing
Important monitoring items Weighted evaluation of important monitoring items
tem 3 ¢ . Item 7-4
em 3 (excerpt from .
Item 1 ltem 2 error extraction table) ltem 4 Item 5 ltem 6 ltem 7-1 Item 7-2 Item 7-3 (Evaluation
Risk Results)
o
assessment > Impact on ]
k] 2
tabl? i fu::t?on Detect = Effect © and throughput due | _ | g
analysis ; etection ‘ects on accurate an 3 iy
number Target that the Work delay factor Direct causes cle?L?slvreesc;[)f i S % courftfrsrsg;‘;:u?;: tf)s;src;icsetu?{)in S i S to error % S
equipment target is y of error requirements to S| e : g S | prompt on-site response | = handii g 3
) error . c functions andling S @
responsible avoid work delays 3 by workers . = o
for = (Indirect g
S =
causes) S
[Criticality] | Due to dripping water, | Delay in [Iltems 4/5] It is necessary to take Although sensory Addressing
Neutron verification of the ascertaining (a) Detection of countermeasures against the determination (= direct Item 7-1 limits
absorbent | results of neutron the neutron neutron absorbent risk of making the wrong determination) may be the workload.
application | absorbent application | absorbent application status decision not to start processing possible with camera
function takes time application unaffected by work despite inadequate images, there are cases
Debris status dripping water «» | application of neutron in which wrong
Saku X Dripping o - L
A |8 processing water 3 | & |absorbent. By utilizing the 3 | determinations may be |2 18 18
<
mechanism neutron detector being made depending on the
developed in the Fukushima conditions for
Daiichi subsidized project, the photography, and
project is advocating an certainty cannot be
operational procedure to verify guaranteed.
the effectiveness after spraying.
[Criticality] | There are many blind | Delay in [Iltems 4/5]
Neutron spots in the spraying | ascertaining (a) Detection of
— absorbent | area and verification | the neutron neutron absorbent
ebris
application | of the results of absorbent i application status &
SAaku 9 processing op Sutrroutndlng PP 3 % Same as above 3 [ Same as above 2 Ssme as 18 18
Sas ) function neutron absorbent application Sructures | naffected by blind < Bl
mechanism o )
application takes time | status spots due to
surrounding
structures
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B Risk assessment table

N0.205

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under development
[2 points] Countermeasures exist, but there are no track records of
application at the Fukushima Daiichi

[1 point] Countermeasures exist, and have been applied at the

introduction

W Score table for item 7-2
[4 points] Cannot be determined directly and there are issues with

[3 points] Cannot be determined directly and can expect
introduction to be feasible
[2 points] Can be determined directly, but there are issues with

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to

suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload limitations
[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID Eukushima Daiichi. introduction
_ _ [1 point] Can be determined directly and can expect introduction to
Process Ko-3 | : Debris retrieval be feasible
Work Sa-4 | : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Iltem 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction table) Results)
Risk
assessment The P4 Impact on throughput
table analysis ; ; ° ) @
4 function ; ; Detection 5 due to error handling 5 |2
number Direct Indirect : 8 | Presence or absence of 2 |23
Target that the requirements S = ! h & | Effects on accurate and prompt hy di Z |g2
X . Work delay factor | causes of causes of . 2 © countermeasures for disturbing 3 X b K = (Indirect causes) s (23
equipment | target is to avoid work = 2 | functions 2 | on-site response by workers = c g9
) error error =1 D =
responsible delays Q S
o
for S
Debris Fuel debris | The properties of Delay in Fuel debris | [Items 4/5] The debris retrieval project is There is a problem in that the The workload is limited
processing | processing | the debris are determining | with (a) Fuel debris studying debris processing property data necessary for during sequential
mechanism | function incompatible with the optimum | various properties methods based on the determining the optimum testing of the
the processing processing properties | (compressive properties of debris (mainly processing method for debris is processing methods in
Saku 1 method selected, method strength) in 3 g compressive strength), and is 4 not specified except for the item 7-1. o4 o4
-B- and time is the processing = |also considering operational compressive strength.
required to area procedures where multiple
determine the processing methods are
processing sequentially tried on a single
method. piece of debris.
Debris [Gas Excessive heatup | Volatilization | Excessive | [Item 4] The following methods of - Direct judgment is possible by The throughput will be
processing | phase] of debris due to of heatup due | (a) Dust general measures will maintain setting the threshold for dust significantly reduced
mechanism | Equipment | darkness (poor radioactive | to concentration safety functions, but feasibility concentration. because of the
Saku 1 to prevent | visibility) causes materials darkness at the 3 9": has not yet been evaluated. 2 - Technology to measure dust unknown duration of 18 18
@
A excessive | volatilization of due to (poor processing < | - Suspension of work concentration at the debris suspension of work
heatup of radioactive excessive visibility) site unaffected - Injection of cooling water processing site in a dark and caused by the
debris materials heatup by darkness high-dose radiation environment countermeasures for
is required. Item 7-1.
[Item 5] - Direct judgment is possible by
(b) Debris setting the threshold for debris
temperature » temperature.
Q
unaffected by 3 oy Same as above 2 |- when measuring with a thermal Same as above 18 | 18
<
darkness camera, there is a problem with
radiation resistance in a high-
dose radiation environment.
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B Risk assessment table

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi

N0.206

B Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput
is unknown

[3 points] Countermeasures exist, but throughput
decreases significantly due to suspension of task

[2 points] Countermeasures exist, but throughput
decreases due to workload limitations

Model ID [1 point] Countermeasures exist, and have been [L point] Can be determined directly and can expect 4 L ) )
applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 |[: Debris retrieval
Work sad |’ Pro_cessmg of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Iltem 7-4
Risk Iltem 1 Item 2 error Item 4 Item 5 Item 6 Iltem 7-1 Iltem 7-2 Item 7-3 (Evaluation
assessment extraction Results)
table
. table)
analysis - =
number The function Indi Detection > Impact on —_ |3
ndirect ] 5 8 4
Target that th? Work delay | Direct causes requirementsto (3 5 =3 Presence or absence of S Effects on apcurate and & | throughput due to % B o
] targetis causes of ] 2125 countermeasures for 2. | prompt on-site response by 2 s |83
equipment | yegponsible factor of error eror avoid work R disturbing functions = | workers = | error handling S |8a
) 2 =
for delays (Indirect causes) S
Debris [EGa§ phase] |Excessive Volatilization | Excessive | [ltem 4] The following methods of - Direct judgment is possible The throughput
) uipment to . .
processing pr(lvgnt heatup of of radioactive | heatup due | (a) Dust general measures will by setting the threshold for will be
mechanis | excessive debris due to | materials due | to fog concentration at maintain safety functions, dust concentration. significantly
heatup of ] -
m debrisp fog (poor to excessive | (poor the processing but feasibility has not yet - Technology is required to reduced because
visibility) heatup visibility) | site unaffected o | beenevaluated. measure dust concentration at of the unknown
Sak ) . . . L .
uA- |2 causes by fog 3[ & |- Suspension of work 2 | the debris processing siteina | 3 | duration of 18 | 18
T <
volatilization - Injection of cooling foggy, high-dose radiation suspension of
of radioactive water environment. work caused by
materials the
countermeasures
for Iltem 7-1.
[Item 5] - Direct judgment is possible
(b) Debris by setting the threshold for
temperature debris temperature.
unaffected by o - When measuring with a
% Same as above 2 9 3 | Same as above 18 18
fog < thermal camera, there is a
problem with radiation
resistance in a high-dose
radiation environment.

3
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B Risk assessment table

B Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

NO0.207

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput
is unknown

[3 points] Countermeasures exist, but throughput
decreases significantly due to suspension of task

[2 points] Countermeasures exist, but throughput

Model ID [1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect decreases due to workload limitations
Process Ko-3 |: Debris retrieval applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Work Sa-4 |: Processing of
debris
Important monitoring items Weighted evaluation of important monitoring items
Iter:oi] (z(rt;e;rpt Iltem 7-4
Item 1 Item 2 ) Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction Results)
Risk table)
assessment
table The %> Impact on
analysis ’ ° @
function = throughput due to - 2
number ) Indirect | Detection g | Presence or absence Effects on accurate and P ER S
Target that the Work delay Direct causes ) 3 =2 of countermeasures 3 . S | error handling <z (]
. . causes of | requirements to = o for disturbin = | prompt on-site response by = a g3
equipment | target is factor of error . = = ; 9 - ~ | (Indirect causes) S 8 q
) error avoid work delays H] functions workers S =
responsible =2 1
=}
for
Debris [Gas Excessive Volatilization Excessive | [ltem 4] The following - Direct judgment is possible The throughput will
processing phase] heatup of of radioactive | heatup (a) Dust methods of general by setting the threshold for be significantly
mechanism Equipment | debris due to | materials due | due to concentration at the measures will dust concentration. reduced because of
to prevent | dripping water |to excessive | dripping | processing site maintain safety - Technology is required to the unknown
saku| , excessive | (poor visibility) [ heatup water unaffected by 3 £ |functions, but , | measure dust concentration 3 duration of 18 18
. 3
A heatup of | causes (poor dripping water < | feasibility has not yet at the debris processing site suspension of work
debris volatilization of visibility) been evaluated. in a dripping water and high- caused by the
radioactive - Suspension of work dose radiation environment. countermeasures
materials - Injection of cooling for ltem 7-1.
water
[Item 5] - Direct judgment is possible
(b) Debris by setting the threshold for
temperature debris temperature.
unaffected by - When measuring with a
dripping water Q thermal camera, there are
3 T Same as above 2 3 Same as above 18 18
< problems with interference
from dripping water and
radiation resistance in a
high-dose radiation
environment.

3
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B Risk assessment table

M Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

[1 point] Countermeasures exist, and have been applied at
the Fukushima Daiichi.

M Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

[1 point] Can be determined directly and can expect
introduction to be feasible

No0.208

B Score table for item 7-3

suspension of task

limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to

[2 points] Countermeasures exist, but throughput decreases due to workload

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 [: Debris retrieval
Work Sa-4 dekl:rri(;cessing of
Important monitoring items eighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction table) Results)
ta;tflissmem The function Detection %): Presence or absence mpact of thrOUghlPUt )
analysis Target that the Work delay Direct causes Indirect requirements p g of countermeasures | 9 Effects on accurate and 3 due-to error hencling g § S
number ] target is causes of ] =3 @ ) ] 2. | prompt on-site response by =X (Indirect causes) 5 232
equipment factor of error to avoid work - = for disturbing - = < el
responsible error 3 . workers 2 =
for delays §*» functions ]
Debris [Gas phase] | Excessive Volatilization | Excessive [ltem 4] The following - Direct judgment is possible by The throughput will
processing Prevention | heatup of debris | of radioactive | heatup due (a) Dust methods of general setting the threshold for dust be significantly
mechanism function of | due to high materials due | to high concentration measures will concentration. reduced because of
excessive background to excessive | background | at the maintain safety - Technology is required to the unknown duration
heatup of (noise) causes heatup (noise) processing i functions, but measure dust concentration at of suspension of work
S_z;k_u 4 fuel debris volatilization of site 3 %- feasibility has not yet 2 | the debris processing site 3 | caused by the 18 18
radioactive unaffected by < been evaluated. where radioactive noise is countermeasures for
materials noise - Suspension of work generated in a high-dose Item 7-1.
- Injection of cooling radiation environment.
water
[Iltem 5] - Direct judgment is possible by
(b) Debris setting the threshold for debris
temperature temperature.
unaffected by ) - When measuring with a
noise 3 % Same as above 2 [ thermal camera, there are 3 Same as above 18 18
= problems with interference
from dripping water and
radiation resistance in a high-
dose radiation environment.

3
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B Risk assessment table

N0.209

M Score table for item 7-1

under development

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

with introduction

introduction to be feasible

introduction

introduction to be feasible

M Score table for item 7-2
[4 points] Cannot be determined directly and there are issues

[3 points] Cannot be determined directly and can expect
[2 points] Can be determined directly, but there are issues with

[1 point] Can be determined directly and can expect

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly
due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to
workload limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 |: Debris retrieval
Work Sa-4 Processing  of
debris
Important monitoring items Weighted evaluation of important monitoring items
ltem 3
(excerpt Item 7-4
Risk Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
assessment extraction Results)
table table)
analysis . Impact on throughput 3
The function i i -~z sl B
number . Indirect | Detection S Effects on accurate and . 3 o
u Target that the target Work delay | Direct causes i 3 % i3 Presence or absence of 3 . 3 due to error handling % % o
) is responsible causes of | requirements to E =9 countermeasures for S- | prompt on-site response S . AR
equipment p factor of error . = ST disturbing functions = = | (Indirect causes) S| @9
for error avoid work delays © by workers 2l =
=]
Debris EEG3§ phase] Excessive Volatilization | Excessive | [ltem 4] The following methods - Direct judgment is The throughput will be
. quipment to . . ) : ) A
processing prevent heatup of of radioactive | heatup (@) Dust of general measures will possible by setting the significantly reduced
mechanism excessive debris due to | materials due | due to concentration at maintain safety threshold for dust because of the
heatup of : : . . . .
debrisp dust to excessive | dust the processing functions, but feasibility concentration. unknown duration of
Saku| dispersion heatup dispersion | site unaffected by 3 £ | has not yet been , |- Technology is required 3 | suspension of work 1l g
o @
A (poor (poor dripping water < | evaluated. to measure dust caused by the 8
visibility) visibility) - Suspension of work concentration at the countermeasures for
causes - Injection of cooling debris processing site in Item 7-1.
volatilization water a high-dose radiation
of environment.
radioactive [ltem 5] - Direct judgment is
materials (b) Debris possible by setting the
temperature threshold for debris
unaffected by temperature.
dust dispersion o - When measuring with a
3 % Same as above 2 | thermal camera, there 3 Same as above é 18
<
are problems with
interference from dust
and radiation resistance
in a high-dose radiation
environment.

3
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B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

NO.21

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

[1 point] Can be determined directly and can expect
introduction to be feasible

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to

workload limitations
[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 |: Debris retrieval
Work saa | Pro_cessmg of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Iltem 1 Item 2 from error Iltem 4 Item 5 Item 6 Iltem 7-1 Item 7-2 Iltem 7-3 (Evaluation
Risk extraction Results)
assessment table)
table analysis The function . Impact on 3
number that the Direct Indirect Detection Z Effects on accurate and throughput due to = g
= S 5
Target . Work delay requirements 3 5 % Presence or absence of 3 . 3 ghp ) % %o
. ¢ target is fact causes of causes of ‘ id K E :_J.-’., g countermeasures for 2. | prompt on-site response by 2 | error handling = e 3
equipmen actor 0 avoid worl = i i i - = c e
auip responsible error error > % disturbing functions workers (Indirect causes) 2 ==
delays S
for
Debris [Criticality] Debris is Debris Inappropriate | [ltem 4] Recriticality prevention - When using a neutron During the
processing Debris processed | approaching [ processing (a) Neutron flux technology based on detector, a direct application of the
mechanism processing into an to criticality due to unaffected by neutron absorbent determination can be made neutron absorbent,
- shape control | inappropriat | due to shape | darkness darkness «» | application (temporary by setting the neutron flux workload is limited
aku . o . . .
A 6 function e shape change (poor 3 g suspension of task) is 2 | threshold. 2 | according to the 12 24
due to visibility) being developed in the - The neutron detector is countermeasure in
darkness Fukushima Daiichi under development in the item 7-1.
(poor subsidized project. Fukushima Daiichi subsidized
visibility), project.
and the [ltem 5] - When using camera images,
debris (b) Debris it is difficult to directly
approaches dimensions determine the dimension of
the state of unaffected by debris, and image processing
iticali darkness @ is required.
aifiealiyy 3 % Same as above 4 q 2 Same as above 24 24
< - General cameras have low
radiation resistance in a high-
dose radiation environment,
and there are development
problems.

3
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B Risk assessment table

No0.211

B Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

B Score table for item 7-2

[4 points] Cannot be determined directly and there are

issues with introduction

[3 points] Cannot be determined directly and can expect

introduction to be feasible

[2 points] Can be determined directly, but there are issues

with introduction

[1 point] Can be determined directly and can expect

introduction to be feasible

B Score table for item 7-3

due to suspension of task

workload limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

[2 points] Countermeasures exist, but throughput decreases due to

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 [: Debris retrieval |
Work Sa-4 | : Processing of debris |
Important monitoring items Weighted evaluation of important monitoring item
Item 3 (excerpt ltem 7-4
Item 1 ltem 2 from error Item 4 ltem 5 Item 6 Item 7-1 Item 7-2 ltem 7-3 (Evaluation
Risk extraction table) Results)
assessment The ] Impact on 3
table analysis function Detection a_g b throughput due 5 2
number Target that the Work delay Direct causes Indirect requirement | U |32 Prfesenc:e or absence J | Effects on accurate and prompt on-site J [toerror 3 % =
i target is factor f 58 of countermeasures =4 5 [ handling g 27
equipment : of error causes of error | s to avoid S 5| for disturbing functions response by workers ; S g 9o
responsible ) (Indirect 2 =
for work delays causes) 5
Debris [Crgicality] Debris iSd Debris Inappropriate | [ltem 4] Recriticality prevention - When using a neutron detector, a direct During the
. Debris processed into X K
processing | yrocessing | an inappropriate | @PProaching to | processing (a) Neutron technology based on determination can be made by setting the application of
mechanism | shape shape due to | criticality due to | due to fog flux neutron absorbent neutron flux threshold. the neutron
control fog (poor - it
function visgik.si’iity) and shape change | (poor visibility) | unaffected application (temporary - The neutron detector is under absorbent,
Saku the debris by fog g suspension of task) is development in the Fukushima Daiichi workload is
A- 7 approaches the 3| ¢a being developed in the 2 . . 2 12 24
tate of < ) o subsidized project. limited
state o Fukushima Daiichi .
criticality o K according to
subsidized project.
the
countermeasur
einitem 7-1.
[Iltem 5] - When using camera images, it is difficult
(b) Debris to directly determine the dimension of
dimensions debris, and image processing is required.
unaffected - Image processing for countermeasures
by fog % against fog and halation suppression with
3 % Same as above 4 9 9 PP 2 Sg me as 24 24
< lighting are required. above
- General cameras have low radiation
resistance in a high-dose radiation
environment, and there are development
problems.
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B Risk assessment table

B Score table for item 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still

under development

W Score table for item 7-2

[4 points] Cannot be determined directly and
there are issues with introduction

[3 points] Cannot be determined directly and can
expect introduction to be feasible

No0.212
B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown
[3 points] Countermeasures exist, but throughput decreases

Model ID [2 points] Countermeasures exist, but there are no [2 points] Can be determined directly, but there significantly due to suspension of task
Pr Ko3 “Debris retrieval track records of application at the Fukushima Daiichi are issues with introduction ' [2 points] Countermeasures exist, but throughput decreases
0Cess o - DeDIIS TEIEVA___ [1 point] Countermeasures exist, and have been i be determined directly and due to workload limitations
Work Sa-4 |: Processing of debris X > o 1 point] Can be determined directly and can ) ) . )
applied at the Fukushima Daiichi. expect introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Iltem 7-2 Item 7-3 (Evaluation
extraction table) Results)
Risk ]
assessment The 2z 5
table analysis : . . Detection = Impact on — o
number function Direct Indirect h 8 | Presence or absence of 2 =
Target that the Work delay f requirements | 9 % countermeasures for &J | Effects on accurate and prompt on- I | throughput due to | = o
equipment | target is ork defay factor | - causes © causes of to avoid work E = disturbing functi E site response by workers El error handling e ﬁ
responsible error error =1 ISturbing tunctions SR ®
for delays g,_ (Indirect causes) g
S 5
=}
Debris [Dcrg'?a“m Debris is Debris Inappropriate | [ltem 4] Recriticality prevention - When using a neutron detector, a During the
ebris
processing processing processed into an | approaching | processing (a) Neutron technology based on direct determination can be made by application of the
mechanism shape inappropriate to criticality due to flux neutron absorbent setting the neutron flux threshold. neutron
control
function shape due to due to shape | dripping unaffected @ application (temporary - The neutron detector is under absorbent,
Saku . - & . . . . Lo .
A 8 dripping water change water (poor | by dripping 3 g suspension of task) is 2 | development in the Fukushima Daiichi | 2 | workload is 12 24
(poor visibility), visibility) water being developed in the subsidized project. limited according
and the debris Fukushima Daiichi to the
approaches the subsidized project. countermeasure
state of criticality in item 7-1.
[Iltem 5] - When using camera images, it is
(b) Debris difficult to directly determine the
dimensions dimension of debris, and image
unaffected processing is required.
by dripping - Droplets adhering to the camera
water lens need to be blown off by gas or
wn q q
other means (being developed in the
3 % Same as above 4 (being P 2 | Same as above 24 24
< project of investigation inside the
RPV) or be treated to prevent
fogging.
- General cameras have low radiation
resistance in a high-dose radiation
environment, and there are
development problems.
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B Risk assessment table

No0.213

M Score table for item 7-1

[4 points] No countermeasures have been
determined

[3 points] Countermeasures exist, but they are still
under development

M Score table for item 7-2

[4 points] Cannot be determined directly and there are issues with
introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

unknown

W Score table for item 7-3
[4 points] No countermeasures, and impact on throughput is

[3 points] Countermeasures exist, but throughput decreases

Model ID [2 points] Countermeasures exist, but there are no [2 points] Can be determined directly, but there are issues with significantly due to suspension of task
Process Ko-3 |: Debris retrieval track records of application at the Fukushima Daiichi | | introduction _ ) ) ) [2 points] Countermeasures exist, but throughput decreases due to
Work Sa-4 Processing  of [1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect introductionto | | workload limitations
debris applied at the Fukushima Daiichi. be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction table) Results)
Risk o
assessment > o.
. S 3
table analysis The function Detection S | ! _ o
number that the Direct ) ) I ) mpact on 5 >
Target ¢ ti Work delay ¢ Indirect causes | requirements | § f%’ Pziiiqgfmoéaizsrggcfirm 3 | Effects on accurate and prompt on-site [ 9 [ throughput due to % 2
i arget Is causes o i = = S| error handlin g ol
equipment ) factor of error toavoidwork | = | 2 i i i = | response by workers = _ 9 < 1]
responsible error . 5 disturbing functions p y (indirect causes) 5 g
for Y & g8
=] o
=}
Debris [Criticality] | Debris is Debris Inappropriate | [ltem 4] Recriticality prevention - When using a neutron detector, a Durilpg tt.he o
. . ) ) } ) o application of the
processing Debris processed into | approaching [ processing due | (a) Neutron technology based on direct determination can be made by neutron absorbent,
mechanism | processing | an to criticality to dust flux neutron absorbent setting the neutron flux threshold. workload is limited
) . . : o ) according to the
Saku| shape inappropriate | due to shape | dispersion unaffected by 3 E)U: application (temporary .k The neutron detector is under ) countern?easure in | 12| 24
- B ¢
A control shape due to change (poor visibility) | dust < [ suspension of task) is development in the Fukushima Daiichi item 7-1.
function dust dispersion i i A . - .
p - dispersion being developed in the subsidized project.
(poor visibility), . o
d the debri Fukushima Daiichi
and the debris
approaches the subsidized project.
tate of [Item 5] - When using camera images, it is
state 0
criticality (b) Debris difficult to directly determine the
dimensions dimension of debris, and image
unaffected by processing is required.
dust - Visibility evaluation of debris
dispersion processing status for dust dispersion
wn . . .
has been studied in the dust collection
3 % Same as above 4 2 Same as above 24 24
< project for the disc cutter, but other
processing methods have not been
evaluated.
- General cameras have low radiation
resistance in a high-dose radiation
environment, and there are

3
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— Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (25/59)

M Risk assessment table NO.
M Score table for item 7-1 M Score table for item 7-2 B Score table for item 7-3
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
(3 points] Countermeasures exist, but they are still under with introduction [3 points] Countermeasures exist, but throughput decreases significantly
?Ze\;;z:ifsr]n?:r:umermeasures exist, but there are no track [3tpo‘:ilntst1 Catnnkc))t lf)e dggltermined directly and can expect due to suspension of task
L - P Introduction 1o be feasible 2 points] Countermeasures exist, but throughput decreases due to
records of application at the Fukushima Daiichi [2 points] Can be determined directly, but there are issues with L pkl d] limitati anp
[1 point] Countermeasures exist, and have been applied at the introduction wor _Oa Im.l ations h h h i .
Model ID Fukushima Daiichi. [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1s 1 point
introduction to be feasible
Process Ko-3 : Debris retrieval
Work Sa-4 : Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(Extracted Item 7-4
ltem 1 Item 2 from the error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction results)
Risk table )
assessment
Impact on el
table > P =}
i The function . k) throughput b 2
ﬁzﬁ?kl)?slrs that th Direct Detection % ghput by _ o
at the irec . . i addressing errors = =
Target . Work delay Indirect causes [requirements to| I % Presence or absenge of . J |Effects on accurate and prompt on-site 3 9 % 2
i target is causes of ) 2 | @ | countermeasures for disturbing | S- S |(indirect causes ) | & =
equipment ) factor of error avoid work =l functions = |response by workers - < I
responsible error 3 L @
delays = T
for =] =
o
=
Debris [Criticality] |Debris is Debris Inappropriate [item 4] Recriticality prevention - When using a neutron detector, a direct During the
processing  |Debris processed approaching [processing due [(a) Neutron flux technology based on neutron determination can be made by setting the application of the
Saku-| 1o mechanism  |processing into an to criticality |to noise unaffected by . ;_u(’: absorbent application(temporary , [neutron flux threshold. , |neutron absorbent, - -
. . A @ ; ; ; . i
A- shape inappropriate |due to shape|( poor visibility ) |background & |suspension of task) is being - The neutron detector is under according to the
il shape due to |change ( noise ) developed in the Fukushima development in the Fukushima Daiichi measures in ltem
function . Lo - . o ]
high Daiichi subsidized project. subsidized project. 7-1.
background [ ltem 5] - When using camera images, it is difficult Same as above
( noise ), and (b) Debris to directly determine the shape and
the debris dimensions dimension of debris, and image
approaches unaffected by processing is required.
the state of background - Although camera noise caused by
criticality radiation from the PCV environment has
%)
3 g., Same as above 4 |also occurred in the project of 2 24 24
< investigation inside the PCV, no major
adverse effects have been reported in the
visual survey.
- The camera has low radiation resistance
in a high-dose radiation environment, and
there are development problems.
|
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Appendix 6.2.4.3-3: Risk aSsessment table for operational equipment (Detailed version) (26/59)

M Risk assessment table W Score tabie o fem 7-1 W Score tbleforterm 72 _ W Score B o Ten 73 0.
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under with introduction ) . [3 points] Countermeasures exist, but throughput decreases
development ,[31”0‘;"153_ Cat"";t ?e d_e;lermlned directly and can expect significantly due to suspension of task
Model ID [2 points] Countermeasures exist, but there are no track introcuctionto be feasile ) [2 points] Countermeasures exist, but throughput decreases due to
records of application at the Fukushima Daiichi [2_AEQ|nls]4Car! be determined directly, but there are issues workload limitations
Process Ko-3 |: Debris retrieval [1 point] Countermeasures exist, and have been applied [1 point] Can be determined directly and can expect 1 pointNo impact on throughput, or when 7-11s I point
Work Sa-4 |: Processing of debris at the Fukushima Daiichi. introduction to be feasible
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
tem1 |ltem 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
assessment table)
table analysis The function . ‘ Detection > Impact on _ s
number that the Direct Indirect . = © Presence or absence of 2 g o
Target ; Work delay requirements to| 9 s =2 . ) 3 |Effects on accurate and prompt on- [ 9 [throughput due to = o 2
. target is causes of | causes of . S =2 9 countermeasures for disturbing El 5 . a B =2
equipment |responsible factor avoid work =8 = . =~ |site response by workers = |error handling S B o
for error error ® functions . = B
delays (Indirect causes) =l
Debris [Crglcallty] Structures |Debris Fall of [item 4] - A technology to prevent re-criticality (2 |- When using a neutron detector, a During the
. Debris . ) i _— o
processing processing fall from approaching |structure  |(a) Neutron flux by spraying neutron absorbent direct determination can be made application of the
mechanism [shape the to criticality around the (temporary suspension of work) is by setting the neutron flux neutron absorbent,
?L?r?é[i%ln processing |due to shape location of the under development in the debris threshold. workload is limited
site and change fall retrieval project. - The neutron detector is under according to the
Saku- 1 collide with 3 & - In the debris retrieval project, development in the Fukushima ) countermeasure in 12 "
. @ Lo . . .
A- the debris, < |concepts such as a support arm that Daiichi subsidized project. item 7-1.
causing the supports the processed materials and a
debris to tray that catches falling objects are
approach being considered to prevent the
the state of processing area from becoming brittle
criticality and falling by gravity.
[Iltem 5] 4 |- The structural strength of
(b) Structural structures must be evaluated based
strength of on various parameters such as
structure defects, strain, stress, and cracks,
leading to fall making direct determination difficult.
mode - In general industry, there are non-
g destructive inspection equipment
3 T m Vv . 2 m Vv 24 24
E» Same as above (ultrasonic wave counter, etc.) for Same as above
evaluating the structural strength of
bridges and concrete tunnels, but
there are technological issues such
as radiation resistance in high-dose
radiation environment and methods
of application to complex shapes.
_— ;
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~— Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (27/59)

B Risk assessment table

NO0.216

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

MW Score table for item 7-2

with introduction

introduction to be feasible

introduction

introduction to be feasible

[4 points] Cannot be determined directly and there are issues
[3 points] Cannot be determined directly and can expect
[2 points] Can be determined directly, but there are issues with

[1 point] Can be determined directly and can expect

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload
limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 |: Debris retrieval
Work Sa-4 Processing of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Item 7-4
Item 1 Item 2 error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
. extraction Results)
Risk table)
assessment
. The > Impact on throughput due to
table analysis . . 3 P . 9 p 3
number function i . Detection = error handling (Indirect s| ©
Direct Indirect : - o Presence or absence of | 4 - gl g3
Target |[that the Work delay requirements 3 (=2 & |Effects on accurate and prompt 3 |causes) | o2
. ¢l ti fact causes of | causes of ‘ id 5 S © countermeasures for 2 ) b y =X S| @3
equipment |target is actor 0 avoid worl = z i i i = |on-site response by workers = c| 5
quip! 9 . error error g disturbing functions p y 5| B2
responsible delays Q S
o
for >
Debris [Gas phase]|The dust Excessive |Debris [Iltem 4] Temporary suspension of *If it is difficult to use the - Addressing ltem 7-1 will
processing |Dust dispersed by |dust processing [(a) Dust processing work eliminates monitoring data of the safety not be given 1 point since it
mechanism |dispersion |processing dispersion [beyond concentration excessive dust dispersion. equipment in gas phase, the is contingent on a temporary
prevention |approaches dust at the Example measures exist for following measures are required. suspension of task.
function the allowable dispersion [processing site similar events in the - When using a dust sampler, - Throughput is assumed to
) (] . . S
Saku- 12 dust prevention 1 % construction of the access 2 dust concentration can be 3 be significantly reduced due 6 12
A- . . = . - . . .
concentration function < route for the investigation determined directly. to the unknown duration of
inside the inside the Fukushima Daiichi- - Technology is required to temporary suspension of
PCV 1 PCV. measure dust concentration at task caused by addressing
the debris processing site in a Item 7-1.
high-dose radiation environment.
[Iltem 5] - When using camera images, it is
(b) Amount of difficult to directly determine the
anti-dispersion amount of mist reaching the
n (7)) q
agent (mist rocessing area.
gent (mist) 1 ?.7’" Same as above 4 P 9 3 [Same as above 12 12
reaching the < - The camera has low radiation
processing resistance in a high-dose
area radiation environment, and there
are development problems.
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—Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (28/59)

B Risk assessment table

B Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

No.217

M Score table for item 7-2
[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible
[2 points] Can be determined directly, but there are issues with
introduction
[1 point] Can be determined directly and can expect
introduction to be feasible

B Score table for item 7-3

workload limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 |’ Debris retrieval
Work Sa-4 Erocessmg of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
from error i
Item 1 Item 2 extraction Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk table) Results)
assessment > Impact on
’ 5 -
talbleb rebes The function Indirect Detection % h hput b |2
number X ndirec . . throughput by 3 oD
Target that the target | Work delay Direct causes requirements | 9 % Presence or absence of J | Effects on accurate and prompt on-site 3 . % 39
. is responsible causes of X 5 ® countermeasures for ES = addressmg 3 <‘3D =
equipment p factor of error to avoid work | = | £ | disturbing functions = | response by workers - o S 8 o
for error 3 errors (indirect | = [ &
delays = 5
S causes)
Debris Fuel debris It takes time to | Poor Structures | [ltem 4] Technology to improve the In the debris retrieval project “Support Addressing
. processing . ’ - . . .
processing | function allow the accessibility | at the (a) Time to accessibility of the robot arm method for remote operation of articulated Item 7-1is
mechanism processing jig | to the processing | reach the to the complexly arranged MNP,” technology is being developed to assumed to
Saku 9 to access the processing site processing 3 g structures inside the PCV is 3 support and evaluate the accessibility 1 have low 9 9
-B- area where area site = | under development in the improvements to the processing area by impact on
application of fuel debris retrieval project. acquiring information on the layout of throughput.
external force structures in advance and mechanically
is desired treating the information.
[Item 5] Sampling equipment to be deployed during
(b) Three- the experimental fuel debris retrieval phase
dimensional will be equipped with technology for
shape acquiring information on the layout of
dimensions; structures using laser scanning, and the
( ) 3 3 Same as above 3 9 9 1 | Same as above | 9 9
of the ~ on-site demonstration testing is scheduled.
structure at
the
processing
site
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=Appendix 6.2.4.3-3: Risk assess

B Risk assessment table

W Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development
[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues

with introduction

[3 points] Cannot be determined directly and can expect

introduction to be feasible

[2 points] Can be determined directly, but there are issues with

introduction

[1 point] Can be determined directly and can expect

introduction to be feasible

No0.218

B Score table for item 7-3

due to suspension of task

workload limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

[2 points] Countermeasures exist, but throughput decreases due to

Model ID
Process Ko-3 |: Debris retrieval
Work Sa-4 P_rocessmg of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction table) Results)
Risk . > Impact on 3
assessmen . P 5
table analysis The function Detection g throughput dueto | | 2
that the Direct Indirect ) ) error handlin 3 iy
. Target ) Work delay requirements 3 % Presence or absence of &S | Effects on accurate and prompt on-site | . 9 % 8
i t target is factor causes of causes to avoid work R countermeasures for 2 | response by workers 3 | (ndirect causes) g )
equipmen = |z i i i = = c
quip responsible error of error 5 disturbing functions P y 5] @
delays =3 =
for o 28
= 5]
S
Debris Fuel debris | Processing jigs Excessive | Fuel [ltem 4] Technology for remotely - It is difficult to directly determine the Addressing ltem 7-
processing processing | wear out quickly, | wear and debris (a) Degree of exchange processing jigs wear and tear of processing jigs. For 1is assumed to
mechanism function and frequent tear of wear and tear such as a tool changer on visual verification, training for operators restrict work
replacement processing of processing site, is under development in in sensory inspection is required. For temporarily.
Saku 3 make processing | jigs jigs 3 g the fuel debris retrieval 3 cases other than visual verification, 9 18 18
-B- time-consuming = | project. multiple data, such as jig vibration and
motor output, must be obtained to
make a determination.
- General industrial technology can be
utilized for all of the above.
[Item 5] - It is difficult to directly determine the
(b) compressive strength, as it is
Compressive necessary to collect a sample and
strength of conduct a tensile test, etc.
fuel debris to 3 3 SRR 6 AlEE 3 Since the existing technology requires 2 e 65 AhTE 18 18
be processed 3 sample collection + hot lab testing, not
being performed at the processing site,
there is a problem when measurement
is required on-site.
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~Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (30/59)

. Ri S k aS S eS S m e nt tab I e B Score table foritem 7-1 M Score table for item 7-2 M Score table for item 7-3 N O . 2 1 9

[4 points] No countermeasures have been [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
determined with introduction [3 points] Countermeasures exist, but throughput decreases
[3 points] Cannot be determined directly and can expect significantly due to suspension of task

[3 points] Countermeasures exist, but they are still

Model ID under development introduction to be feasible [2 points] Countermeasures exist, but throughput decreases due to
2 voi c ist. but th [2 points] Can be determined directly, but there are issues with workload limitations
[2 points] ounterme_asu_res exist, but ere are no X introduction [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 |: Debris retrieval track records of application at the Fukushima Daiichi || 11 point] Can be determined directly and can expect
Work Sa-4 |: Processing of debris [1 point] Countermeasures exist, and have been introduction to be feasible
: applied at the Fukushima Daiichi.
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
assessmen table)
ttable The function ) Impact on -
analysis that th Indirect Detection > h hout due _ |3
at the ndireci =5 roughput due to 3 il
number Target . Work delay | Direct causes requirements to 3 % =3 Presence or absence of J | Effects on accurate and prompt on-site 3 anp . % %9
. target is causes of ) 5|2 S cqunter_measure§ for = 5 | error handling a g 2
equipment . factor of error avoid work R disturbing functions = | response by workers = . s g9
responsible error ® (Indirect causes) = 5
delays 5
for
Debris Fuel debris Hot spots | Delayed Hot spot | [Item 4] The operational - When using a dosimeter, a direct Throughput is
processing processing appear determination (a) Degree of procedure of temporary determination can be made by setting the assumed to be
mechanism | function and it of effects on effects on evacuation from the area threshold dose based on the cumulative significantly
takes time | radiation equipment when a hot spot is exposure dose of the operational equipment. reduced due to the
Sak =
al
B 4 to assess against hot spots | 1 <) verified has been 1 |- The dosimeter has been introduced in the field | 3 | unknown duration 3 9
u-B- =
the impact (radiation incorporated in the demonstration testing of the project of of temporary
on resistance) investigation inside the investigation inside the PCV. evacuation due to
equipment Fukushima Daiichi-2 measures taken for
PCV. Item 7-1.
[ltem 5] - When using a dosimeter, the specific location
(b) Source of the source cannot be determined directly due
location of hot = to the surrounding background.
1 o Same as above 3 X . 3 Same as above 9 9
spots at the ~ - Development of technology to identify hot
processing site spots in a high-dose radiation environment is
required.
Debris Fuel debris Mechanica | Insufficient [Iltem 4] The condition of water It is possible to make a direct determination by Impact on
processing processing Iithermal transmission (a) Amount of flow inside the RPV, the amount of debris throughput per day, and throughput is
‘ mechanism | function external of external e debris filling the < where cooling water is introduction is feasible unknown due to
Sa 5 forces are | force to debris f inner container 4 <) directly injected, is 1 4 | inability to 16 32
-B- ow ~
uB not unknown. In addition, no determine
transmitted countermeasures have countermeasures
to debris been considered. for Item 7-1
due to [ltem 5] When using a Price current meter, it is possible
obstruction (b) Cooling to directly determine the flow velocity, but there
water veloci = are problems because it requires assessing the
By WRIE vy 4 <] Same as above 2 _p. . q . g 4 Same as above 32 32
flow and flow rate at =~ radiation resistance of the flow meter in a high-
the fuel debris dose radiation environment
processing site
_—
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“Appendix 6.2.4.3-3: Risk assessment table for operational equipment{Detailed version) (31/59)
M Risk assessment table No0.220
W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no

Model ID o ) I 2 points] Can be determined directly, but there are issues with ; )
track records of application at the Fukushima Daiichi i[ntll')oduct]ion o [2 points] Countermeasures exist, but throughput decreases due
Process Ko-3 | : Debris retrieval [1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect to workload limitations ) _
Work Sad Processing of applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction table) Results)
Risk
assessment The z Impact on
table analysis function Direct % throughput due to _ |18
number Irec i i . 3 o U
umbe Target that the Work delay Indirect Dete_ctlon 3 & Presence or absence of J | Effects on accurate and prompt 3 | error handling E % g
causes of | causes of | requirements to 2 © countermeasures for 2 2 R
equipment target is factor error avoid work delays = %“ disturbing functions = | on-site response by workers = | (Indirect causes) S g o
error 2 | =
responsible %. 8
=}
for
Debris Fuel debris | Processing Change in Darkness | [items 4/5] In the debris retrieval - When using camera images, itis |4 | Impact on
processing processing | results shape of (a) Dimensions of project, debris processing difficult to directly determine the throughput is
mechanism function (completion of processed processed debris technology is being dimension of debris, and image unknown because
debris debris is unaffected by studied, but processing is required. no
‘ shredding) unknown darkness < countermeasures against - General cameras have low countermeasures
Saku
B 6 cannot be 4 2 this error have not been 4 | radiation resistance in a high-dose have been 64 | 64
obtained due to studied in detail. radiation environment, and there determined for Item
darkness, and are development problems. 7-1
having to re-
process takes
time
Debris Fuel debris | Processing Change in Fog [ltems 4/5] In the debris retrieval - When using camera images, it is 4 Impact on
processing processing | results shape of (a) Dimensions of project, debris processing difficult to directly determine the throughput is
mechanism function (completion of processed processed debris technology is being dimension of debris, and image unknown because
debris debris is unaffected by fog studied, but processing is required. no
shredding) unknown - countermeasures against - Image processing for countermeasures
Saku 7 cannot be 4 % this error have not been 4 countermeasures against fog and have been 64 64
B- obtained due to §' studied in detail. halation suppression with lighting determined for Item
fog, and having are required. 7-1
to re-process - General cameras have low
takes time radiation resistance in a high-dose
radiation environment, and there
are development problems.
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B Risk assessment table

No0.221

M Score table for item 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no track

records of application at the Fukushima Daiichi

W Score table for item 7-2

[4 points] Cannot be determined directly and there are

issues with introduction

[3 points] Cannot be determined directly and can expect

introduction to be feasible

[2 points] Can be determined directly, but there are issues

M Score table for item 7-3

to suspension of task

limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID [1 point] Countermeasures exist, and have been applied with introduction [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 : Debris retrieval at the Fukushima Daiichi. [1 point] Can be determined directly and can expect
Work Sa-4 Processing  of introduction to be feasible
debris
Important monitoring items Weighted evaluation of important monitoring item
Item 3 (excerpt from Item 7-4
Item 1 Item 2 °TP Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluatio
) error extraction table)
Risk n Results)
assessment Z Impact on -
table The functi Detecti = throughput due to | = S
analysis € function Direct Indirect | —crocuon 8 | Presence or absence of ) 2 (2D
i 3 [=3 I | Effects on accurate and prompt on-site |3 i = e e
number Target that the target Work delay factor causes of | causes of | 'éduirements | o | = countermeasures for | & promp o[ error handling s(23
equipment | is responsible to avoid work | =2 - f : ’ 2 | response by workers 2 : c |z
error error c disturbing functions p y (Indirect causes) S |8S
for delays 2 =l
g =]
=]
Debris Fuel debris Processing results Change in | Dripping | [items 4/5] In the debris retrieval - When using camera images, it is Impact on
. . . . water . . o . . .
processing processing (completion of debris shape of (@ project, debris difficult to directly determine the throughput is
mechanism function shredding) cannot be processed Dimensions of processing technology is dimension of debris, and image unknown because
obtained due to dripping | debris is processed being studied, but processing is required. no
water, and having to re- | unknown debris countermeasures - Droplets adhering to the camera lens countermeasures
sak process takes time unaffected by < against this error have need to be blown off by gas or other have been
aku L - : ’ . ’
B- 8 dripping water | 4 S [ not been studied in 4 [ means (being developed in the project | 4 | determined for 64 | 64
=~
detail. of investigation inside the RPV) or be Item 7-1
treated to prevent fogging.
- General cameras have low radiation
resistance in a high-dose radiation
environment, and there are
development problems.
Debris Fuel debris Processing results Change in | Floating [Iltems 4/5] In the debris retrieval - When using camera images, it is Impact on
processing processing (completion of debris shape of | neutron @ project, debris difficult to directly determine the shape throughput is
mechanism function shredding) cannot be processed | absorbent | Dimensions of processing technology is and dimension of debris, and image unknown because
obtained due to debris is processed being studied, but processing is required. no
sediments, powder from | unknown debris countermeasures - Because the floating neutron countermeasures
Saku cutting (dust), and unaffected by < |against this error have absorbent has fluidity, it is possible to have been
-B- 9 neutron absorbent sediments, 41 2 |not been studied in 4 | ensure visibility with artificial water flow. | % | determined for e | e
floating in water, and powders from detail. - The camera has low radiation ltem 7-1
: cutting (dust), . . . L
having to re-process resistance in a high-dose radiation
' or neutron .
takes time. environment, and there are
absorbents
L. development problems.
floating in
water
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B Risk assessment table

No0.222

M Score table for item 7-1
[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still under
development
[2 points] Countermeasures exist, but there are no track
records of application at the Fukushima Daiichi

[1 point] Countermeasures exist, and have been applied at the
Fukushima Daiichi.

W Score table for item 7-2
[4 points] Cannot be determined directly and there are issues
with introduction
[3 points] Cannot be determined directly and can expect
introduction to be feasible
[2 points] Can be determined directly, but there are issues with
introduction

[1 point] Can be determined directly and can expect

B Score table for item 7-3

due to suspension of task

workload limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

[2 points] Countermeasures exist, but throughput decreases due to

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID introduction to be feasible
Process Ko-3 [: Debris retrieval
Work Sa-4 Pr_ocessmg of
debris
Important monitoring items Weighted evaluation of important monitoring items
Iltem 3
(excerpt Iltem 7-4
Item 1 Item 2 from error | Item 4 Item 5 Item 6 Item 7-1 Iltem 7-2 Iltem 7-3 (Evaluation
Risk exttartabtl::)on Results)
assessment
table Impact on throughput
analysis The function Direct Detection > Effect e and due to error handling N
irec i =] ects on accurate an ) 3 oo
number Target that the target | Work delay Indirect | o irements to ) S g | Presence or absence of s . I |(indirect causes) S | Gg
. t . ibl fact causes | causes id K 5 % 8 countermeasures for = |prompt on-site response by = = g =)
equipmen is responsible actor avoid wor - i i i = - c T o
quip p of error of error 5 % disturbing functions workers S 8a
for delays S
Radiation Fuel debris Debris does |Low fuel [ltem 4] The condition of water It is possible to make a Impact on throughput
source collection not fit in the |collection (a) Amount of flow inside the RPV, direct determination by the is unknown due to
collection function inner rate debris filling the where cooling water is amount of debris throughput inability to determine
mechanism container inner container directly injected, is per day, and introduction is countermeasures for
- due to unknown. In addition, no feasible Item 7-1
saku-| o | water 4| § 1 4 16 | 32
B- obstruction ow ~ |countermeasures have
by the been considered.
water flow.
(Flows
away
[Item 5] When using a Price current
(b) Cooling meter, it is possible to
water velocity directly determine the flow
and flow rate at < velocity, but there are
the fuel debris 4 °) Same as above 2 |problems because it 4 Same as above 32 32
~
collection area requires assessing the
radiation resistance of the
flow meter in a high-dose
radiation environment
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M Risk assessment table S — ST No0.223

[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues with
[3 points] Countermeasures exist, but they are still under introduction W Score table for item 7-3
Model ID development [3 points] Cannot be determined directly and can expect introductionto | [4 points] No countermeasures, and impact on throughput is unknown
[2 points] Countermeasures exist, but there are no track records be fe_aSilﬂe : ) ) ) [3 points] Countermeasures exist, but throughput decreases significantly due to suspension of
R " T . of application at the Fukushima Daiichi [2 points] Can be determined directly, but there are issues with task
Process Ko-3 : Debris r_etrleval - [1 point] Countermeasures exist, and have been applied at the introduction [2 points] Countermeasures exist, but throughput decreases due to workload limitations
Work Sa-4 |: Processing of debris Fukushima Daiichi. [ point] Can be determined directly and can expect introductionto be | [1 point] No impact on throughput, or when 7-1is 1 point
feasible
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Risk Item 1 Item 2 from error | Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
assessment extraction Results)
table table)
analysis The function Detection > Impact on throughput | _ | 3
number that the Direct Indirect f o £3 o o : 2|82
Target target is Work delay causes of | causes of requirements | g 3 e Presence or absence of countermeasures | § |Effects on accurate and prompt & |duetoerror handling | 27| @ e
i i E 5 i i i =1 . =1 . Q| o=
equipment responsible factor error error to avoid work | = 5 2 for disturbing functions 2 |on-site response by workers = (Indirect causes) clsea
delays © =| 5
for S
Radiation FUI(IEI dgbns Due to Low fuel [Darkness |[[ltem 4] - In the case of debris pick-up operation for It is possible to make a direct Among the measures
collection . . . . . - .
source AsiEn darkness |collection (@) Amount of collecting debris into the inner container, determination by the amount of for Item 7-1, there is
collection (poor rate debris filling semi-automated repetitive operations that debris throughput per day, and a possibility that
mechanism visibility), the inner do not rely on environmental introduction is feasible operator intervention
collection container measurements on site are present in may reduce the task
of debris in < general industrial technology and are speed.
Saku- i . .
g | 1L the inner 4 S [expected to reduce disturbing work from 1 2 81 24
. =
e the environment (poor visibility) inside the
takes time
PCV.
- Some shapes of the debris may require
trajectory correction through operator
manipulation, and there are development
problems.
[Item 5] - The operator's trajectory
(b) Relative correction measures (e.g.,
position of minute misalignment between
debris and debris and inner container) for
inner semi-automated operations
container shown in Item 7-1 cannot be
unaffected by < determined directly when using
darkness 3 S Same as above 4 |camera images, as it requires 2 Same as above |24 24
=~
discernment based on
proficiency.
- When detecting with camera +
lighting, impact assessment of
radiation resistance in a high-
dose radiation environment is
required.
L
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B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi

NO0.224

MW Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughputis unknown

[3 points] Countermeasures exist, but throughput decreases significantly due to
suspension of task

[2 points] Countermeasures exist, but throughput decreases due to workload
limitations

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID [1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect introduction
- - applied at the Fukushima Daiichi. to be feasible
Process Ko-3 |[: Debris retrieval
Work Sa-4 |: Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Iltem 3
(excerpt Item 7-4
Item 1 Item 2 from error | ltem 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
. extraction Results)
Risk
table)
assessment
table > Impact on
: The function 3 =
analysis ) ) Detection = throughput due |_| 3
number that the Work Direct | Indirect . IS . 2|l s 0
Target . del . requirements to g % Presence or absence of countermeasures g Effects on accurate and prompt on-site response g to error = @ g
equipment |1@"get IS elay  [causes ot f causes | - id work 2| = for disturbing functions 2 [y workers 2 |handling sl 2%
responsible factor error of error > . s| &=
delays =8 (Indirect S
for o
> causes)
Radiation Fuel debris |Due to fog |Low fuel Fog [[item 4] - In the case of debris pick-up operation It is possible to make a direct determination by the Among the
source collection (poor collection (@) Amount of for collecting debris into the inner amount of debris throughput per day, and measures for
collection function visibility), [rate debris filling the container, semi-automated repetitive introduction is feasible Item 7-1, there
mechanism collection inner container operations that do not rely on is a possibility
of debris environmental measurements on site are that operator
Saku- in the < present in general industrial technology intervention
B- 12 inner 4 % and are expected to reduce disturbing 1 2 may reduce the 8 24
container work from the environment (poor visibility) task speed.
takes time inside the PCV.
- Some shapes of the debris may require
trajectory correction through operator
manipulation, and there are development
problems.
[Iltem 5] - The operator's trajectory correction measures
(b) Relative (e.g., minute misalignment between debris and
position of inner container) for semi-automated operations
debris and shown in Item 7-1 cannot be determined directly
inner container when using camera images, as it requires
unaffected by s discernment based on proficiency. 2
fog 3|9 Same as above 4 ) ) 2 [Same as above 24
=~ - Cameras generally have image processing and 4
lighting adjustment (halation suppression)
technologies for dealing with fog.
- The camera has low radiation resistance in a
high-dose radiation environment, and there are
development problems.
B
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B Risk assessment table

MW Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under
development

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect

W Score table for item 7-3

suspension of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to

NO0.225

Model ID [2 points] Countermeasures exist, but there are no track l[r;t;%(?:tcst]l%gr? kl:s :ii?::?r:?ned directly, but there are issues I[2 points] Countermeasures exist, but throughput decreases due to workload
} . : : records of application at the Fukushima Daiichi ith introducti ' imitations ) )
Process Ko-3 |: Debris retrieval [1 point] Countermeasures exist, and have been applied ‘[,;I_I pl;il:nr]OC:ﬁ gi:delermined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
. . at the Fukushima Daiichi. int ti feasibl
Work Sa-4 |: Processing of debris Introductionto be feasible
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Item 7-4
ltem 1 ltem 2 error Item 4 ltem 5 Item 6 ltem 7-1 ltem 7-2 Item 7-3 (Evaluatio
) extraction n Results)
Risk table)
assessment > Impact on
table analysis The Detecti =1 a3
number function Direct Indirect ereeton g' Presence or absence of throughpuit by g -r% Y
requirements [ U [ & : . 3 |Effects on accurate and prompt on-site response | Y i = |o 2
‘E[alrjgi;er;em :Z?tetrtias W(;;Izg)eilay causes of| causes of | C0"C S|w® countermeasures for disturbing g promp P g [addressing errors | < 1@ 5
quip resgponsible error error  |toavoidwork | = | 2 functions = |by workers = l(indirect causes) | § |B <
) = |5
for delays 2 35
=]
Radiation Fuel debris |Due to Low fuel |Dripping [Iltem 4] - In the case of debris pick-up operation It is possible to make a direct determination by Among the
source collection  |dripping collection |water (a) Amount of for collecting debris into the inner the amount of debris throughput per day, and measures for ltem
collection function water (poor [rate debiris filling container, semi-automated repetitive introduction is feasible 7-1, there is a
mechanism visibility), the inner operations that do not rely on possibility that
collection of container environmental measurements on site operator
debris in the - are present in general industrial intervention may
Saku- i
5 13 inner 4|3 technology and are expected to reduce | 1 2 |reduce the task 8 | 24
. = |, . .
container disturbing work from the environment speed.
takes time (poor visibility) inside the PCV.
- Some shapes of the debris may
require trajectory correction through
operator manipulation, and there are
development problems.
[ltem 5] - The operator's trajectory correction measures
(b) Relative (e.g., minute misalignment between debris and
position of inner container) for semi-automated operations
debris and shown in Item 7-1 cannot be determined directly
inner when using camera images, as it requires
container s discernment based on proficiency.
3|0 Same as above 4 ; 2| Sameasabove | 24 | 24
unaffected by = - In general, there are technologies such as
dripping blowing off droplets adhering to the camera lens
water with gas, etc., and hydrophilic coating.
- The camera has low radiation resistance in a
high-dose radiation environment, and there are
development problems.
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=Appendix 6.2.4.3-3: Risk assessment table foroperational eqguipment (Detaled version) (o //o9)

B Risk assessment table EsoeaeomEn W Score able for e 72 No0,226
core table for item /- . [4 points] Cannot be determined directly and there are issues _
[4 points] No countermeasures have been determined with introduction M Score table for item 7-3
[3 points] Countermeasures exist, but they are still [3 points] Cannot be determined directly and can expect [4 points] No countermeasures, and impact on throughput is unknown
under development introduction to be feasible [3 points] Countermeasures exist, but throughput decreases significantly due to
[2 points] Countermeasures exist, but there are no [2 points] Can be determined directly, but there are issues suspension of task )
track records of application at the Fukushima Daiichi with introduction [_2 pmr_ns] Countermeasures exist, but throughput decreases due to workload
Model ID [1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect limitations . )
applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1is 1 point
Process Ko-3 _[: Debris retrieval |
Work Sa-4__|: Processing of debris |
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Item 7-4
Iltem 1 Item 2 error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
assessment table)
table P4 -
H =]
. = Im n 0}
izﬂ)t;zlrs The function Direct Indirect Detection 3] pact 2 % 3
Target that the target |Work delay ; Jlc Presence or absence of J |Effects on accurate and prompt on-site response by | 3 [throughput due % 0 9
equipment is responsible [factor causes of | causes of requirements to S | 2 | countermeasures for disturbing functions | = = ; z |32
q for error error avoid work delays | = [ £ = |workers = |toerrorhandling | § |8 o
%, (Indirect causes) S
=)
Radiation Fuel debris Due to Low fuel Floating [Item 4] - In the case of debris pick-up operation Itis possible to make a direct determination by the Among the
source collection sediments, [collection [neutron (a) Amount of for collecting debris into the inner amount of debris throughput per day, and measures for
collection function powder from |rate absorbent  |debris filling the container, semi-automated repetitive introduction is feasible Item 7-1, there is
mechanism cutting (dust), inner container operations that do not rely on a possibility that
and neutron environmental measurements on site are operator
resent in general industrial technolo . .
absorbent P g ] ) Y intervention may
o and are expected to reduce disturbing
floating in the i reduce the task
Saku- Z |work from the environment (poor
B- 14 water (poor 419 L 1 2 speed. 8 24
o = |visibility) inside the PCV.
visibility), - Some shapes of the debris may require
collection of trajectory correction through operator
debris in the manipulation, and there are development
inner problems.
container
takes time
[Item 5] - The operator's trajectory correction measures (e.g.,
(b) Relative position minute misalignment between debris and inner
of debris and inner container) for semi-automated operations shown in
container Item 7-1 cannot be determined directly when using
unaffected by camera images, as it requires discernment based on
sediments, powder = roficiency.
P 3¢9 Same as above 4 [P y 2 | Same as above | 24 | 24
from cutting (dust), ~ - Because the floating neutron absorbent has
or neutron fluidity, it is possible to ensure visibility with artificial
absorbent floating in water flow.
water - The camera has low radiation resistance in a high-
dose radiation environment, and there are
development problems.
| ;
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=Appendix 6.2.4.3-3: Risk assessment
B Risk assessment table

M Score table for item 7-2
[4 points] Cannot be determined directly and there are issues

M Score table for item 7-1 W Score table for item 7-3

[4 points] No countermeasures have been determined with introduction [4 points] No countermeasures! and impact on throughputis u‘nkrjc‘mwn
[3 points] Countermeasures exist, but they are still under [3 points] Cannot be determined directly and can expect 3 polnts_] Cm;nter&neasures exist, but throughput decreases significantly due to
development introduction to be feasible suspension of tas )
[2 points] Countermeasures exist, but there are no track [2 points] Can be determined directly, but there are issues [_2 pon_ﬂs] Countermeasures exist, but throughput decreases due to workload
Model ID records of application at the Fukushima Daiichi with introduction limitations ) ‘
[1 point] Countermeasures exist, and have been applied at [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 |: Debris retrieval the Fukushima Daiichi. introduction to be feasible
Work Sa-4 |: Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from ltem 7-4
Item 1 Item 2 error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
table)
assessment z Impact on
table analysis ) ) ) Detection = throughput - B
number The function Direct Indirect ) 9 ) 3 > O
Target . | Workdelay requirements (3 | & Presence or absence of countermeasures for J |Effects on accurate and prompt on-site I [due to error 3 n 2
X that the target is causes of | causes of K = | i . . = = . = =
equipment . factor toavoidwork [= | = disturbing functions = [response by workers = |handling = T o
responsible for error error = X S = =
delays =3 (Indirect 2
o
S causes)
Radiation  [Fuel debris Due to high |Low fuel Noise [ltem 4] - In the case of debris pick-up operation for Itis possible to make a direct determination Among the
source collection background |collection (2) Amount of collecting debris into the inner container, semi- by the amount of debris throughput per day, measures for
GallamilE DSty (i) R aeliis illling automated repetitive operations that do not rely on and introduction is feasible Item 7-1,
mechanism collection of the inner . . . .
o ) environmental measurements on site are present in there is a
debris in the container TN ‘ . .
. eneral industrial technology and are expected to ossibility tha
SEE | g inner N ) & P 1 2 P v 8 24
B- SETED = |reduce disturbing work from the environment (poor operator
takes time visibility) inside the PCV. intervention
- Some shapes of the debris may require trajectory may reduce
correction through operator manipulation, and there the task
are development problems. speed.
[Item 5] - The operator's trajectory correction
(b) Relative measures (e.g., minute misalignment
position of between debris and inner container) for
debris and semi-automated operations shown in ltem 7-
inner 1 cannot be determined directly when using
container camera images, as it requires discernment
unaffected by based on proficiency.
; 3 g Same as above 4 f it 2 SEIRES 24 24
noise = - Although camera noise caused by radiation above
from the PCV environment has also occurred
in the project of investigation inside the PCV,
no major adverse effects have been reported
in the visual survey.
- The camera has low radiation resistance in
a high-dose radiation environment, and there
are development problems.
|
l Rl D Olnternational Research Institute for Nuclear Decommissioning
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19Y)

B Risk assessment table

MW Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

development

[2 points] Countermeasures exist, but there are no track

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues

M Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

[2 points] Countermeasures exist, but throughput decreases

records of application at the Fukushima Daiichi

No0.228

Model ID [1 point] Countermeasures exist, and have been applied with introduction ) ) due to workload limitations
- - at the Fukushima Daiichi. [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 |: Debris retrieval introduction to be feasible
Work Sa-4 |: Processing of debris
Important monitoring items Weighted evaluation of important monitoring items
Ite;?oi] (gi(r(z)e,;rpt Item 7-4
Item 1 Item 2 ) Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction Results)
table)
Risk Impact on -
?ssessgzre Z throughput due 3
. The function Detection = _ o
analysis ) Indirect ) S Presence or absence of . to error 5 s
number Target |that the target | Work delay | Direct causes requirements to [ 9 (& _ . J |Effects on accurate and prompt on-site S handli = o)
] ) . causes of ] 21@| countermeasures for disturbing | £ = ["andling z | 3
equipment [is responsible factor of error avoid work Il =4 = |response by workers - : < 17
error 3 functions (Indirect =3 o]
for delays g causes) g'
o
=]
Radiation  |Fuel debris Cannot verify |Unknown Darkness |[jtems 4/5] - In the project of further increasing - In the project of further increasing the Impact on
source collection whether the amount of fuel (a) Amount of the retrieval scale, technology is retrieval scale, technology to collect a small throughput is
collection  [function debris has debris filling debiris filling the being developed to collect a small amount of debris using a camera in a capsule unknown
mechanism been collected [the inner inner container amount of debris isolated from the PCV environment is being because the
in the inner container unaffected by < - In the large-scale retrieval phase, developed, and operational tests are being response
Saku- . ) I . .
B- 16 container due |(overflowing darkness 3 g_ application of the technology in the | 2 |conducted by the operators. 4 |shown in Item 24 24
to darkness from the inner above project can be expected, but - In the large-scale retrieval phase, 7-1is not
(poor visibility) [container, etc.) detailed studies and technological application of the technology in the above determined
development have not been carried project can be expected, but detailed studies
out and technological development have not
been carried out
Radiation  |Fuel debris Cannot verify  [Unknown Fog [ltems 4/5] - In the project of further increasing - In the project of further increasing the Impact on
source collection whether the amount of fuel (a) Amount of the retrieval scale, technology is retrieval scale, technology to collect a small throughput is
collection  [function debris has debris filling debiris filling the being developed to collect a small amount of debris using a camera in a capsule unknown
mechanism been collected [the inner inner container amount of debris isolated from the PCV environment is being because the
in the inner container unaffected by fog < - In the large-scale retrieval phase, developed, and operational tests are being response
Saku-
B- 17 container due |(overflowing 3| 9 |application of the technology in the | 2 |conducted by the operators. 4 [shown in Item 24 24
=~
to fog (poor from the inner above project can be expected, but - In the large-scale retrieval phase, 7-1is not
visibility) container, etc.) detailed studies and technological application of the technology in the above determined
development have not been carried project can be expected, but detailed studies
out and technological development have not
been carried out
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B Risk assessment table

No0.229

M Score table for item 7-1

under development

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

M Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

[1 point] Can be determined directly and can expect

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to

workload limitations
[1 point] No impact on throughput, or when 7-1 is 1 point

introduction to be feasible

Model ID
Process Ko-3 [: Debris retrieval
Work Sa-4 Processing of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 [from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction table) Results)
ment <
table The function b ) 3 Irr?pacthon § -
analysis . etection 2 throughput due _ | &
number Target that the Direct causes Indirect requirements to| T g Presence or absence of o |Effects on accurate and - [toerorhanding | 8 |8 2
target is Work delay factor causes of g- @ | countermeasures for disturbing g- prompt on-site response by g- (Indirect causes) g_- o3
equipment . of error avoid work I = functions =~ |workers - S |8 <
responsible error 2 = |5
delays g 1
for =1
Radiation Fuel debris |Cannot verify Unknown Dripping  [items 4/5] - In the project of further - In the project of further Impact on
. whether the water . . . ) ) . )
source collection debris has been |@mount of (a) Amount of increasing the retrieval scale, increasing the retrieval scale, throughput is
collection function collected inthe  |fuel debris debris filling the technology is being developed to technology to collect a small unknown
. inner container - . . . . .
mechanism due to dripping filling the inner container collect a small amount of debris amount of debris using a because the
water (poor inner unaffected by - In the large-scale retrieval camera in a capsule isolated response shown
visibilit ’ L o h ’ ) )
) container dripping water phase, application of the from the PCV environment is in Item 7-1 is not
(overflowing technology in the above project being developed, and determined
- from the < [can be expected, but detailed operational tests are bein
SaBku 18 3|3 P 2 [P 9 4 24 | 24
B inner ~ |studies and technological conducted by the operators.
container, development have not been - In the large-scale retrieval
etc.) carried out phase, application of the
technology in the above project
can be expected, but detailed
studies and technological
development have not been
carried out
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B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

development

[2 points] Countermeasures exist, but there are no track

No0.230

W Score table for item 7-2
[4 points] Cannot be determined directly and there are issues
with introduction
[3 points] Cannot be determined directly and can expect
introduction to be feasible

M Score table for item 7-3

suspension of task

limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly due to

[2 points] Countermeasures exist, but throughput decreases due to workload

Model ID records of application at the Fukushima Daiichi [2 points] Can be determined directly, but there are issues with
[1 point] Countermeasures exist, and have been applied introduction [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 |: Debris retrieval at the Fukushima Daiichi. [1 point] Can be determined directly and can expect
Work Sa-4 Processing of introduction to be feasible
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt from Item 7—_4
Item 1 Item 2 error extraction table) Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk Results)
tasbslessmelnt_ Impact on 3
able analysis i > = |z
number Target The function that Direct Indirect Seetji(r:ganents D |SE | Presenceorabsence of | g |etocs on accurate and prompt on-site I :ngrr?)?%gnzlljiﬁ 2 (g8
9 the target is Work delay factor causes of |causes of ["€9UIre e [2a& countermeasures for =3 promp =3 . 91 = (3 5
equipment . to avoid work 3 |ge . . : 3 |response by workers 2 |(Indirect causes)| 2 |2
responsible for error eror | o ER=a disturbing functions s |82
elays @ 2 (=
=
Radiation  |Fuel debris Cannot verify Unknown Floating |[Items 4/5] - In the project of further 2 |- In the project of further increasing the Impact on
source collection whether the debris  |amount of |neutron | Amount of increasing the retrieval scale, retrieval scale, technology to collect a throughput is
collection function has been collected in |fuel debris  [absorbent |debris filling technology is being small amount of debris using a camera in a e
mechanism the inner container  [filling the i .
. . 9 the inner developed to collect a small capsule isolated from the PCV because the
due to sediments, inner container ) . o
) . amount of debris environment is being developed, and response shown
powder from cutting |container unaffected by . ) i ) )
gaku_ @ (dust), and neutron | (overflowing sediments, - S - In the large-scale retrieval operational tests are being conducted by A in ltem 7-1 is not 2 | 2
- - ~ hase, application of the the operators. determined
absorbent floating in |from the powder from p . pp! o : | | -
isibili i ) technology in the above - In the large-scale retrieval phase,
water (poor visibility) |inner cutting (dust), aqy g p
container, AT G project can be expected, but application of the technology in the above
etc.) oG detailed studies and project can be expected, but detailed
floating in technological development studies and technological development
water have not been carried out have not been carried out
Radiation  |Fuel debris Cannot verify Unknown Noise |[items 4/5] - In the project of further 2 |- In the project of further increasing the Impact on
source collection whether the debris  [amount of (@) Amount of increasing the retrieval scale, retrieval scale, technology to collect a throughput is
collection  [function has been collected in [fuel debris debris filling technology is being small amount of debris using a camera in a unknown
mechanism the inner container  [filling the the inner developed to collect a small capsule isolated from the PCV because the
due to high ‘ inner. zzz:el,\:zd b amount of debris environment is being developed, and response shown
Saku- background (noise) ~ [container ) Y S |- In the large-scale retrieval operational tests are being conducted by in Iltem 7-1 is not
20 ; noise 3 o 4 . 24 24
B- (overflowing % |phase, application of the the operators. determined
from the technology in the above - In the large-scale retrieval phase,
inner - .
container project can be expected, but application of the technology in the above
! . . project can be expected, but detailed
etc.) detailed studies and i i
. studies and technological development
technological development
. have not been carried out
have not been carried out
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~“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (42/59)
B Risk assessment table No0.231

B Score table for item 7-1 M Score table for item 7-2 B Score table for item 7-3
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still with introduction [3 points] Countermeasures exist, but throughput decreases significantly
under development [3 points] Cannot be determined directly and can expect due to suspension of task
[2 points] Countermeasures exist, but there are no |gtroqutct|ocn to Ee ;eis'bl? o directly. but th ) i [2 points] Countermeasures exist, but throughput decreases due to
ni n rmin Ir I rei Wi P :
track records of application at the Fukushima Daiichi i[m:)oodu;]iona © defermined directly, but fhere are 1ssues workload limitations ) )
Model ID [1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
applied at the Fukushima Daiichi. introduction to be feasible
Process Ko-3 : Debris retrieval
Work Sa-5 : Various records following processing work
Important monitoring items Weighted evaluation of important monitoring items
Iltem 3
(excerpt Iltem 7-4
Iltem 1 Item 2 fromerror | Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
assessmen table)
ttable ) ) Effects on Impact on throughput =
analysis The function Work Direct Indlirect Detection Presence or ‘ d duet handli I
or| irec ndirec . accurate an ue to error handling | 3 =)
number Target that the target requirements to . Applicable absence of . S ) S e
] ) ) delay causes | causes ] Point function countermeasures | Point [ prompt on- = | (Indirect causes) SR !
equipment is responsible avoid work for disturbing . = c 8 9
factor of error | of error functi site response 21 =
for delays unctions S
by workers
No environmental changes inside the PCV

No task disturbing

Olnternational Research Institute for Nuclear Decommissioning
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~Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (43/59)
B Risk assessment table No0.232

W Score table for item 7-1 -
B Score table for item 7-2 W Score table for item 7-3
4 points] No countermeasures have been determined i i i : . .
[4 points] ) ) [4 points] Cannot be determined directly and [4 points] No countermeasures, and impact on throughput is
[3 points] Countermeasures exist, but they are still under there are issues with introduction unknown
Model ID devel'opment . 3 pOim.S] Canno.t be dEtermin.Ed directly and can [3 points] Countermeasures exist, but throughput decreases
[2 points] Countermeasures exist, but there are no track expect introduction to be feasible sianificantly due to suspension of task
records of application at the Fukushima Daiichi [2 points] Can be determined directly, but there gninicantly P )
. h . are issues with introduction [2 points] Countermeasures exist, but throughput decreases due
; : ; 1 point] Countermeasures exist, and have been applied at imitati
Process Ko-3 |[: Debris retrieval lp 8 o2 ' PP [1 point] Can be determined directly and can to workload limitations
Work Sa6 | Cell transfer of debris the Fukushima Daiichi. expect introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 Item 2 from error Item 4 Item 5 Iltem 6 Iltem 7-1 Iltem 7-2 Iltem 7-3 (Evaluation
Risk extraction table) Results)
?astjzssmem The z Impact on
) ) throughput due 3
i function Detection E A I
analysis Direct Indirect i S Effects on accurate and to error handling | 5| 3 o
number Target that the Work delay requirementsto |3 | & Presence or absence of countermeasures S ) S | (Indirect causes) | | 4 2
; t . causes of causes of . S |® i K i S | prompt on-site response £ a 23
equipmen target is factor avoid work 2|z for disturbing functions = = | §o
) error error = by workers 21 =™
responsi delays %_ S
ble for >
Fuel Presence or Delay in [ltems 4/5] - Investigation inside the Fukushima Daiichi- - Direct determination is The safety
debris absence of ascertaining (a) Presence of 2 PCV shows the effectiveness of the possible if 3D scans or measures for
collection | interfering the presence interfering method that confirms the presence or other dimensional each feature of
function | objects cannot or absence objects absence of interfering objects on the task acquisitions are made each method
be determined of interfering unaffected by route in advance using dedicated equipment, - Detailed investigation shown in Item 7-
due to darkness, | objects darkness « | and application of a similar method is inside the Fukushima 1 are given 1
Saku Cell transfer o ) L .
A 1 ) and verification Darkness 3 | @ [assumed. 1 | Daiichi-2 PCV shows the [ 1 [ point because 3 3
mechanism < . . . o
of safety on the - Since fuel debris will be transferred during application of laser no element that
transfer route this task, it is assumed that additional safety scanning technology to greatly restrict
takes time measures will be required, and 2 points will obtain maintenance work are
be given. These countermeasures are being information on interfering extracted.
studied for each feature of each method of objects.
debris retrieval project.
Fuel Presence or Delay in [ltems 4/5]
debris absence of ascertaining (a) Presence of
collection | interfering the presence interfering
function | objects cannot or absence objects
Cell transfer be verified due to | of interferin unaffected by fo @
Se;ku 2 9 Fog ylog 3 % Same as above 1 | Same as above 1 | Same as above | 3 3
o mechanism fog, and objects <
verification of
safety on the
transfer route
takes time

1RID

Olnternational Research Institute for Nuclear Decommissioning



Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (44/59)

B Risk assessment table

MW Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due

N0.233

Process Ko-3 |: Debris retrieval . )
- M T f T [t pqmt] Countermea§ures e).(}St’. and have been [1 point] Can be determined directly and can expect to workload limitations
Work Sa-6 |: Cell transfer of debris applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Item 7-4
Item 1 ltem 2 from error Item 4 Item 5 ltem 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction table) Results)
assessment The > Impact on
table ) k=] P ~
analysis function that Detection -% throughput = 3
. i oD
number Target the target is Direct causes Indirect requirements to | D g!J Presence or absen;e of_ o Effects on a_ccurate and 2 | due to error % 23
; ) Work delay factor causes of 2 @ countermeasures for disturbing =. | prompt on-site response | = 3 L=}
equipment responsible of error avoid work 5| o A = 5 | handlin g |z
error B functions by workers 9 5 [BS
for delays é’», (Indirect S
> causes)
Cell transfer Fuel debris | Presence or Delay in [ltems 4/5] - Investigation inside the Fukushima 1 |- Direct determination is The safety
. . ascertainin Lo . S
mechanism collection absence of the presenge (a) Presence of Daiichi-2 PCV shows the effectiveness possible if 3D scans or measures
function interfering objects | or absence of interfering of the method that confirms the other dimensional for each
cannot be verified in;grfering objects presence or absence of interfering acquisitions are made feature of
. objects . . S o
due to dripping U unaffected by objects on the task route in advance - Detailed investigation each method
water, and dripping water using dedicated equipment, and inside the Fukushima shown in
verification of application of a similar method is Daiichi-2 PCV shows Item 7-1 are
L %) PP
Saku Dripping o) — . .
A 3 safety on the ETED 3| @ |assumed. the application of laser 1 [given1 point | 3 3
transfer route - Since fuel debris will be transferred scanning technology to because no
takes time during this task, it is assumed that obtain maintenance element that
additional safety measures will be information on greatly
required, and 2 points will be given. interfering objects. restrict work
These countermeasures are being are
studied for each feature of each method extracted.
of debris retrieval project.
Fuel debris | Presence or Delay in [Iltems 4/5]
. ascertaining
collection absence of the presence (a) Presence of
function interfering objects | or absence of interfering
cannot be interfering objects
objects
Cell trans determined due to unaffected by o
ell transfer ) .
Sl a high background Noise noise 3| & Same as above 1 Same as above 1| Sameas 3 3
A- . 9 g
A mechanism < above
noise, and
verification of
safety on the
transfer route
takes time
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“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (45/59y

B Risk assessment table

B Score table for item 7-1
[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

B Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

No0.234

Model ID [2 points] Countermeasures exist, but there are no [2 points] Can be determined directly, but there are issues with
- - track records of application at the Fukushima Daiichi int?oduction Y [2 points] Countermeasures exist, but throughput decreases due
Process Ko-3 |: Debris retrieval [1 p?'”t] Countermeagures e).(.ISt’. and have been [1 point] Can be determined directly and can expect to wquload !lmltatlons ) )
Work Sa-6 g (ggll transfer of applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
ebris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Risk Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
assessment extraction Results)
table table)
analysis The function Impact on 3
number . . . > s k=]
Target that the Work delay Direct Indirect | Detection - |E8 Presence or absence of - Effects on accurate and - throughput due to 3| gD
) " target is fact causes | causes of |requirements to =3 % g | countermeasures for disturbing [ £ | prompt on-site response by 2. | error handling s 23
equipmen . actor ) =S ; 2 E i 2 20
auip responsible of error error avoid work delays > % functions workers (Indirect causes) 2 % -
for =1
Fuel debris [ltem 4] - Heavy machinery with - Can be determined directly Although the specific
collection a) Time to reac underwater specifications y acquiring the actua safety measures
llect Time t h d 1t ficat b the actual fet;
function destination exists in general work transfer time shown in Item 7-1
5 technology and water currents - Can be executed through have not been
ue to
. can be resisted. control, and there are no studied in depth in
water flow,
) ) Slow - Since fuel debris will be issues with introduction the debris retrieval
Saku Cell transfer it takes time = ) ) ) o
B- I e s . transfer [ Water flow 2 S | transferred during this task, it 1 1 | project, in air 2 4
to move the | speed
i is assumed that additional transfer is expected
inner
) safety measures will be to be applied, and 1
container
required, and 2 points will be point is given.
given. It is necessary to study
these measures for each
feature of each method
When using a Price current
meter, it is possible to directly
[ltem 5] determine the flow velocity,
(b) Velocity of water % g Same as above % but there are problems 1 Same as above 4 4
flow on the transfer = because it requires assessing
route the radiation resistance of the
flow meter in a high-dose
radiation environment
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—Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (46/59)

B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi

No0.235

[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

W Score table for item 7-2

[4 points] Cannot be determined directly and there are
issues with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues
with introduction

[1 point] Can be determined directly and can expect
introduction to be feasible

B Score table for item 7-3

due to suspension of task

workload limitations

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

[2 points] Countermeasures exist, but throughput decreases due to

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 |: Debris retrieval
Work Sa-6 Cgll transfer of
debris
Important monitoring items Weighted evaluation of important monitoring items
Iltem 3
ltems ltems (Extracted Item 7-4
1 5 from the error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
Risk extraction Results)
S table)
assessment I :
> mpact on
table ) The ) g P =
analysis functi Direct Indirect Detection = throughput by I
unctions irec ndireci 3 o0
number Target . | Work delay requirements 3 % Presence or absenge Of. & | Effects on accurate and prompt | 9 | addressing % % o
) that target is causes of | causes of ) S| countermeasures for disturbing el ) S R
equipment . factor to avoid work = |z functions = | on-site response by workers = | errors (indirect | § g o
responsible error error del 3 2 =
elays = S
for Y g causes)
Cell transfer Fuel debris | Transfer takes | Delayed Inner [ltem 4] - In general, parts with low radiation - When using a dosimeter, a
mechanism collection time due to determinati | container (a) Degree of resistance, such as those used to direct determination can be
function evaluation of | on of radiation effects on transfer spent fuel, are designed to made by setting the threshold
the impact on | effects on equipment be kept away from the radiation dose based on the cumulative
Saku 9 the equipment | radiation against hot 1 g source. 1 exposure dose of the 1 Because Item 1 3
-B- for the inner spots = |- In the debris retrieval project, a operational equipment. 7-1is 1 point
container that (radiation method has also been proposed in - Dosimeters have been
has become a resistance) which cranes are used to transfer introduced in the on-site
hot spot electric drive components without validation test of the project of
getting close to the inner container. investigation inside the PCV.
[Item 5] - When using a dosimeter, it is
(b) Location of necessary to establish a
hot spots on measurement method that is
the transfer < not affected by the surrounding
route 1 [S) Same as above 3 | background. 1 | Same as above | 3 3
=
- Development of technology to
identify hot spots in a high-dose
radiation environment is
required.

3

1D

Olnternational Research Institute for Nuclear Decommissioning




Appendix 6.2.4.3-3: Risk assessment table for operational eguipment (Detailed version) (47/59)
M Risk assessment table No0.236

W Score table for item 7-1 MW Score table for item 7-2 M Score table for item 7-3
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still under with introduction [3 points] Countermeasures exist, but throughput decreases significantly due to
development [3 points] Cannot be determined directly and can expect suspension of task
[2 points] Countermeasures exist, but there are no track introduction to be feasible [2 points] Countermeasures exist, but throughput decreases due to workload
Model ID records of application at the Fukushima Daiichi _[2 points]_ Can be determined directly, but there are issues with Iimita_tions ) ) )
Process Ko-3 - Debris retrieval [1 point] Countermeasures exist, and have been applied at |ntr0c_luct|on ) : [1 point] No impact on throughput, or when 7-1 is 1 point
the Fukushima Daiichi [1 point] Can be determined directly and can expect
Work Sa-6 : Cell transfer of debris - introduction to be feasible
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Iltem 1 Item 2 from error Item 4 Iltem 5 Item 6 Item 7-1 Iltem 7-2 Item 7-3 (Evaluation
Risk extraction Results)
table)
nent >
table analysis k] Impact on 3
The function = = |s
number Direct Indirect Detection 8 . ) Effects on accurate and throughput due 2 |ao®
Target that the target [ Work delay ) ) 3 =3 Presence or absence of countermeasures for disturbing 2 ) 2 handii s |ae
- ) ) causes of causes of | requirements to avoid E3 ® functi = | prompt on-site g |toerorhanding | 5 | & 5
equipment is responsible factor = = unctions = = ) c |Bo
¢ error error work delays 3 response by workers (Indirect causes) | £ E
or Q
= >
=]
Cell transfer Fuel debris Cannot Delay in [Items 4/5] 3 g The detailed investigation inside the Fukushima Daiichi-2 | 3 Underwater laser 1 | Thereisno
mechanism collection detect the ascertaining (a) Transfer route 3 PCV is currently developing a technology that enables scanning technology impact on
function transfer the transfer detection unaffected equipment to be moved even in the PCV environment by exists in general throughput with
route due to | route by soaring sediment obtaining information on the maintenance of interfering industry, and the air the introduction
Saku- g sediment Soaring objects in advance through laser scanning. Although this dose rate in water is of the g 9
B- soaring sediment technology is based on the assumption that the scanner low, so applicability is technology
during will be used in air, it can be adapted by retrofitting the high. shown in ltem 7-
transfer, scanner with underwater specifications. 1
and transfer
takes time
Cell  transfer | Fuel debris Due to inner | Delay in
) ) ) . [Items 4/5]
mechanism collection container ascertaining
. o (a) The current
function radiation, the current Inner . .
Saku- . X X location of the inner =
4 verification | location of container . 3 ) Same as above 3 Same as above 1 | Same as above 9 9
B- X o container unaffected ~
of current the inner radiation . .
X X by the inner container
location container .
X radiation
takes time
Cell  transfer | Fuel debris Due to Delay in
mechanism collection soaring dust | ascertaining
function in cell (R), the current [Iltems 4/5]
Saku- verification | location of (a) Transfer route =
5 . Dust k 3 <] Same as above 3 Same as above 1 | Same as above 9 9
B- of current the inner detection unaffected =~
location container by dust
takes time
Cell  transfer | Fuel debris Due to high | Delay in
mechanism collection background | ascertaining
) i [Iltems 4/5]
function noise, the current .
Saku- L X X (a) Current location of =
verification | location of Noise X . 3 <] Same as above 3 Same as above 1 | Same as above 9 9
) the inner container =~
of current the inner .
X X unaffected by noise
location container
takes time
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~Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (48/59)

B Risk assessment table

No0.237

W Score table for item 7-1 M Score table for item 7-2 B Score table for item 7-3
[4 points] No countermeasures have been determined | | [4 points] Cannot be determined directly and there are issues : . .
[3 points] Countermeasures exist, but they are still with introduction [4 Eomts] No countermeasures, and impact on throughput is
under development [3 points] Cannot be determined directly and can expect unknown ]
[2 points] Countermeasures exist, but there are no introduction to be feasible [3_ p(_)l_nts] Countermeasures_ exist, but throughput decreases
p o ’ ) - [2 points] Can be determined directly, but there are issues with | | significantly due to suspension of task
Model ID track_records of application at_the Fukushima Daiichi introduction [2 points] Countermeasures exist, but throughput decreases due
[1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect to workload limitations
Process o3 | Debris retrieval applied at the Fukushima Daiichi. introduction to be feasible [1 point] No impact on throughput, or when 7-1 is 1 point
Work : Transfer of
Sa7 | yebris ©)
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt from Item 7-4
Item 1 Item 2 error extraction Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
table) Results)
Risk -5 -5
assessment > =3 Q. [ Impact on 3
table 3 = = throughput 2
analysis The function that ) Indirect Detection 2 Presence or absence of Effects on accurate 3 3
number Target ] Direct causes of requirements 3 = . due to error < 3
) the target is Work delay factor causes of |15 avoid work 5 o countermeasures for and prompt on-site . o 3
equipment . error del ~ = disturbing functions handling 5 @
responsible for error elays 3 response by workers ) = 3
5 (Indirect 51
= o
causes) =
Intra-cell Fuel debris canister | Due to inner Delay in [Iltems 4/5] Monitoring for interference - The more parallel Addressing
transfer sealing function container radiation, | ascertaining the (a) Detection between parallel operations work there are, the Item 7-1is
mechanism verification of the presence or of flow line in an unmanne more contro assumed to
h ficat f th f flow | d trol d t
@ presence of flow line | absence of flow interference environment and parameters there are, have no
interference on the | line interference unaffected by operations based on such making it impossible impact on
Sak transfer route takes | with other work Inner the inner < monitoring is widespread in for workers to make throughput.
aku ) . ) ’ ’ -
B- 1 time container | container 2 S | general industry (e.g., 3 | direct decisions. 1 6 6
=
radiation | radiation manufacturing plants), so it - Mechanical
is assumed that this monitoring needs to be
technology will be specially designed
introduced. according to the
characteristics of the
work line.
Intra-cell Fuel debris canister | Due to soaring dust | Delay in [ltems 4/5]
transfer sealing function in cell (R), ascertaining the (a) Detection
mechanism verification of flow presence or of flow line
Saku ) @ line interference on | absence of flow Dust in cell | interference ) g Same as above 3 Same as above . Same as 6 6
-B- the transfer route line interference R) unaffected by = above
takes time with other work dust
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~Appendix 6.2.4.3-3: Risk assessment table foroperationalequipment (Detaited version) (49/59)

B Risk assessment table No0.238

B Score table for item 7-1 M Score table for item 7-2 W Score table for item 7-3
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still with introduction [3 points] Countermeasures exist, but throughput decreases significantly
under development [3 points] Cannot be determined directly and can expect due to suspension of task
[2 points] Countermeasures exist, but there are no introduction to be feasible ) ) [2 points] Countermeasures exist, but throughput decreases due to
L . I [2 points] Can be determined directly, but there are issues with Kload limitati
track records of application at the Fukushima Daiichi introduction workload limitations ) )
[1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
applied at the Fukushima Daiichi. introduction to be feasible
Model ID
Process Ko-3 | : Debris retrieval
Work sa7 |’ Transfer of
debris @
Important monitoring items Weighted evaluation of important monitoring items
Iltem 3
(excerpt from Item 7-4
Risk Item 1 Item 2 error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
IS t extraction Results)
assessmen table)
table
analysis Impact on throughput 3
number he function th . di Detection =3 b ’ ” d ) s jo.
Target The unction that |, delay Direct Indirect requirements to | © s3 Presence or absence o - | Effects on accurate and | g [ due to error handling | & 29
- the target is causes of | causes - e 295 countermeasures for e. prompt on-site < ! = 3
equipment X factor avoid work =l oo " . : = 3 | (Indirect causes) 2 =
responsible for error of error delays 5¢ disturbing functions response by workers 5 3=
El
Cell (Y) Static boundary | It takes time Delay in [Item 4] - Even if the dust Direct determination is Addressing item 7-1
function to assess the | ascertaini (a) Dust concentration in cell (Y) possible by setting the limits the workload
impact of dust | ng concentration in increases temporarily, the dust concentration (temporary
from the inner | whether cell () concentration will decrease threshold. suspension of work)
q q . over time due to ventilation
Saku container on there isan | pystin g
A |1 . 1 @ and air conditioning 1 2 2 2
the increase cell (R) < i
. . equipment.
environmental |in
- The current PCV also
maintenance | contamina .
responds by temporarily
of cell (Y tion in cell )
) suspending work when dust
) . .
concentrations rise.
[Item 5]
(b) Dust
concentration in )
cell (R) 1 %’" Same as above 1 Same as above 2 Same as above 2 2
<
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ﬁendix 6.2.4.3-3: Risk assessment table foroperational eqguipment (ECLalicu' version) (507/59)

B Risk assessment table

N0.239

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still under

development

[2 points] Countermeasures exist, but there are no track

records of application at the Fukushima Daiichi

B Score table for item 7-2

[4 points] Cannot be determined directly and there are issues

with introduction

[3 points] Cannot be determined directly and can expect

introduction to be feasible

[2 points] Can be determined directly, but there are issues with

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but throughput decreases significantly
due to suspension of task
[2 points] Countermeasures exist, but throughput decreases due to
workload limitations

del [1 point] Countermeasures exist, and have been applied at the introduction X . . .
Model ID _ _FUKUShIma Daiichi. [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 | - Debris retrieval introduction to be feasible
Work sa-7 |: Transfer of debris D
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Iltem 7-4
Item 1 Item 2 error Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
. extraction Results)
Risk
table)
assessment
>
able 2 Impact on 5
analysis S throughput b 5|3
number The function h Indirect Detection o | B Presence or absence of - Effects on accurate and o gnputby 1 2 | 3 3
Target .| Work delay Direct causes A S =) ) ) S . S addressing = |29
: that the target is causes of [ requirements to 2. | @ | countermeasures for disturbing [2.| prompt on-site response by 2. - 3182
equipment . factor of error . =1 — : = 3 errors (indirect | & | 2
responsible for error avoid work delays c functions workers S|&a
3 causes) =5
g. =]
S
Cell (Y) fStatitq boundary |t takes time to | Delay in [ltem 4] - Even if the concentration of Direct determination is Addressing item
unction
assess the ascertaining (a) Hydrogen hydrogen or oxygen in the cell possible by setting the 7-1 limits the
impact of the effect of concentration/or (Y) rises temporarily, the hydrogen concentration or workload
hydrogen from | increased oxygen concentration will decrease oxygen concentration (temporary
ok the inner hydrogen Hydrogen concentration in cell 0 over time due to ventilation, air thresholds. suspension of
A 2 container on concentration | from inner | (Y) 1 | & |conditioning equipment, and 1 2 | work) 2 2
the in cell (Y) container nitrogen injection equipment.
environmental - The current PCV is also
maintenance implementing safety measures
of cell (Y) with nitrogen injection.
[ltem 5] Same as above - Direct determination is
(b) Amount of possible by using a hydrogen
hydrogen generated concentration meter and
in the inner comparing with the threshold.
. wn . . .
container - Since the inner container
1|3 2 2 | same as above | 2 2
< has a high radiation dose,
there are issues such as
providing radiation resistance
when the instrument is
brought into close proximity.
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Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (51/59y

B Risk assessment table No0.240
W Score table for item 7-3

W Score table for item 7-1

[‘31 po!n:s] (N:C’ cciuntermeasures_hf\ée :’316” deterrtr_::nec:j [4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but they are still under [3 points] Countermeasures exist, but throughput decreases significantly
due to suspension of task

development
[2 points] Countermeasures exist, but there are no track [2 points] Countermeasures exist, but throughput decreases due to
workload limitations

records of application at the Fukushima Daiichi
[1 point] Countermeasures exist, and have been applied at [1 point] No impact on throughput, or when 7-1 is 1 point

the Fukushima Daiichi.

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with
introduction

[1 point] Can be determined directly and can expect

Model ID introduction to be feasible
Process Ko-3 |: Debris retrieval
Work Sa-7 Transfer  of
debris @
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt
from error Item 7 4
Item 1 Item 2 extraction Iltem 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
table) Results)
Risk
assessment > Impact on e
table ke Effects on =4
analysis The function Direct indirect Detection '% : g throughput due to _ °
irec ndirec accurate an i =] =
number Target that the Work delay requirements | 3 | & Presence or absence of T . p error handling e | &
equipment targetis factor causes of | causes of ] S| ® countermeasures for disturbing 2. | prompt on-site S | (indirect causes) s S
responsible toavoidwork | = | £ functions ~ - S 7]
for error error 3 response by e o
delays = &
= workers =2
=
Cell (Y) fShietI_dingf It takes time to | Delay in [Item 4] - Since the radiation source (inner - Direct Addressing item 7-
unction o
the cell assess the ascertaining Air dose rate container) is small compared to the determination is 1 limits the
impact of inner | whether of cell (Y) spatial scale of cell (Y), it is thought possible by using workload
container there is an that there will be no significant a dosimeter and (temporary
Inner i
Sak radiation on increase in < |impact. comparing with BRI
U-B- 3 ] container 2 (9 . . 1 2 work) 2 2
the spatial dose o X | - If there is a problem with cell the threshold
) ) radiation )
environmental | rate in cell operation, measures such as
maintenance | (Y) temporarily returning the inner
of cell () container to cell (R) can be
considered.
[Item 5] - Direct
(b) Surface < determination is
dose rate of 2|09 Same as above 1 | possible by using | 2 Same as above 2 2
~
inner a dosimeter
container
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“Appendix 6.2.4.3-3: Risk assessment table for operational equipment (Detailed version) (52/59)
B Risk assessment table No.241

B Score table for item 7-1 M Score table for item 7-2 B Score table for item 7-3
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still with introduction [3 points] Countermeasures exist, but throughput decreases significantly
under development [3 points] Cannot be determined directly and can expect due to suspension of task
[2 points] Countermeasures exist, but there are no |r211r0c_lutct|og to Ee ;efs'bl? d directly. but th ) th [2 points] Countermeasures exist, but throughput decreases due to
track records of application at the Fukushima Daiichi i[nt:)c;)dlrt:cst]ionan © defermined directly, but fhere are issues wi workload limitations ) )
[1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-11s 1 point
applied at the Fukushima Daiichi. introduction to be feasible
Model ID
Process Ko-3 [: Debris retrieval
: Transfer of
Work Sa-7 debris @
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt from ltem 7-4
Item 1 Item 2 ot Item 4 Item 5 Item 6 Item 7-1 Iltem 7-2 Item 7-3 (Evaluation
error extraction table)
Risk Results)
assessment >
table : 3 I t )
analysis The function Detection = Presence or mpacton —_ 13
. s |8
. A ® o0
number Target that the Direct causes Indirect requirements | § | & absence of 3 EflECtS on accurate and D | throughputdueto | & | @ 2
g targetis Work delay factor causes of - 2 | @ |countermeasures| 2 | prompton-site response | 2 S| @35
equipment . of error to avoid work | = = . - = = : Q[ 2
responsible error delavs S for disturbing by workers error handling S 8 9
for 4 [z} functions . | o
3 (Indirect causes) S
=
Intra-cell Fuel ctiebns Cannot detect the Delay in [Items 4/5] Since cell (R) is Since cell (R) is a newly Addressing Item
canister
transfer sealing transfer route due to ascertaining (a) Transfer a newly installed installed structure, the 7-1is assumed to
i Soaring
Sak 4 mechanism D function soaring dust in cell the transfer dust route 5 g structure, the 1 transfer route can be 1 have no impact 2 2
B- ustin e
u-B (R), and transfer takes | route 1R) detection ~ [ transfer route defined in design stage, on throughput.
cell (R
time unaffected by can be defined in and direct determination
soaring dust design stage. is possible.
Intra-cell Fuel ?ebns Due to inner container [Iltems 4/5] - Direct determination
canister
transfer sealing radiation, verification (a) Current can be made from the
mechanism @) function of the current location location ITV and the amount of
of the inner container o detection of wheel rotation of the
. Ascertaining . o
takes time FRED the inner transfer mechanism in
Sak the current - i s
U-B- 5 ) container | container 2 9) Same as above | 1 |the cell. When the 1 | Sameas above | 2 2
location of the | radiation ~ )
) ) unaffected by accuracy of detection
inner container ) ) —
soaring dust requirements is high,
measures such as use of
limiter switches also
exist.

Olnternational Research Institute for Nuclear Decommissioning
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=Appendix 6.2.4.3-3: Risk assess
B Risk assessment table

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with

W Score table for item 7-1

[4 points] No countermeasures have been

determined

[3 points] Countermeasures exist, but they
are still under development

[2 points] Countermeasures exist, but there

W Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is
unknown

[3 points] Countermeasures exist, but throughput decreases
significantly due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due

Model ID hibe introduction S
are no track records of application at the [ point] Can be determined directly and can expect to workload limitations ‘
Process Ko-3 | : Debris retrieval Fukushima Daiichi introduction to be feasible [T point] No impact on throughnput, or when 7-11S T point
Work Sa-8 |- Sealed collection of [1 point] Countermeasures exist, and have
debris been applied at the Fukushima Daiichi.
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt from Iltem 7-4
Iltem 1 Item 2 error Iltem 4 Item 5 Item 6 Iltem 7-1 Iltem 7-2 Item 7-3 (Evaluation
extraction Results)
Risk table)
)
assessment Presence or absence of S. [ impacton 3
table _g countermeasures for =1 =
analysis The function Detection S disturbing functions - g throughput due | _ c
; i ects on accurate an 3 =
number Target that the Work delay Direct Indirect | 1o quirements I|E 3 : to error s 3
equipment target is factor causes of [ causes of ] s |@ S | prompt on-site response by a s
responsible error error toavoidwork | = & = handling g i
for del a workers = ]
elays = (Indirect =4
= o
causes) >
Sealed Fuel debris Due to inner Delay in [Item 4] If a foreign object is - Can be determined directly Addressing
collection canister container ascertaini (a) Time to protruding from the inner by obtaining actual task ltem 7-1 limits
mechanism | sealing radiation, it ng the SR verify whether container, it is expected to hours the workload.
. . resence the contents - Can be executed in the
Sak function takes time to P inner ) 2 g be returned to cell (R), and 1 2 4 12
u_%_ 1 verify whether or container are protruding ~ | there will be measures such control room, and there are
the contents absence from the inner as replacing it with another no issues with introduction
) of container or inner container.
are protruding | ., tents ool
from the inner | protruding [Iltem 5] Although sensory
container or from the (b) Presence determination (= direct
not inner or absence of determination) may be
container contents possible with camera
i s images, there are cases in Same as
protruding from 2 | S | same as above 3 ‘ o 2 12 12
the inner ~ which wrong determinations above
e may be made depending on
the conditions for
photography, and certainty
cannot be guaranteed.
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—Appendix 6.2.4.3-3: Risk assessment tablefo

B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined

[3 points] Countermeasures exist, but they are still under

development

[2 points] Countermeasures exist, but there are no track

M Score table for item 7-2

[4 points] Cannot be determined directly and there are issues with

introduction

[3 points] Cannot be determined directly and can expect introduction

to be feasible

No0.243

W Score table for item 7-3

of task

[4 points] No countermeasures, and impact on throughput is unknown
[3 poinis] Countermeasures exist, but throughput decreases significantly due to suspension

Model ID records of application at the Fukushima Daiichi [2 points] Can be determined directly, but there are issues with [2 points] Countermeasures exist, but throughput decreases due to workload limitations
- - [1 point] Countermeasures exist, and have been applied at IntrOQUCtlon X . . . [1 point] No impact on throughput, or when 7-1is 1 point
Process Ko-3 [ : Debris retrieval | the Fukushima Daiichi. [1 point] Can be determined directly and can expect introduction to
Work Sa-8 | : Sealed collection of debris | be feasible
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt Iltem 7-4
“ef‘s “eg‘s from error ltem 4 ltem 5 ltem 6 ltem 7-1 tem 7-2 ltem 7-3 (Evaluation
Risk extraction table) Results)
assessment The » | Presence or absence of Impact on
table _ f . . 8 coun_termeasures for disturbing throug_hput by 3
analysis unction Indirect S | functions addressing errors | 5 | ©
number Target that the Work delay Direct cause | cause of Detection requirements S_ % S_ Effects on accurate and prompt on-site ":_';_ (indirect causes) %‘ 2 -050
Components | arget is factor of error error to avoid work delays 2 ; 2 | response by workers 2 g % o
responsibl ;3. - g'
e for >
Sealed Fuel debris | Due to inner Delay in Damage | [ltem 4] If the inner container is - Can be determined directly by obtaining Addressing Item 7-
collection canister container ascertaining during (a) Time to verify damaged, it is expected to be actual task hours 1 limits the
Saku 5 mechanism | sealing radiation, it the presence | transfer of | whether the inner 2 § returned to cell (R), and there will | 1 | - Can be executed in the control room, 2 | workload. 4 12
-B- function takes time to or absence of |the inner | container is damaged be measures such as replacing it and there are no issues with introduction
verify whether | damage to the | container | or not with another inner container.
the inner inner container [Item 5] Although sensory determination (= direct
container is (b) Presence or determination) may be possible with
damaged or not absence of damage to , < camera |mag§s, there are cases in which N
the inner container g |sameas above 3 | wrong determinations may be made 2 | Same as above > 12
depending on the conditions for
photography, and certainty cannot be
guaranteed.
Sealed Fuel debris | Dust (debris Slow foreign [Iltems 4/5] Although the method of removing - Can be determined directly by obtaining There is no impact
collection canister powder) from matter (debris Fuel (@) Removal time of foreign matter varies depending actual task hours on throughput if a
mechanism | sealing the inner powder) debris foreign matter (debris on the mode of dust adhesion to - Can be executed in the control room, foreign matter
Saku 3 function container removal speed powder powder) caught in the ) g the container (electrostatic force and there are no issues with introduction . removal method is 5 6
-B- adheres to the inside the | transfer container = | or surface tension due to established
lid and main transfer droplets), itis assumed that there
body of the container are no major technological
transfer problems with the removal itself.
GeIEEN, S [ltems 4/5] Same as above Although sensory determination (= direct
r.emoval S (b) Amount of foreign determination) may be possible with
time matter (debris powder) camera images, there are cases in which
adhering to the transfer | 2 § 3 | wrong determinations may be made 1| Sameasabove |6 6
container depending on the conditions for
photography, and certainty cannot be
guaranteed.
|
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Appendix 6.2.4.3-3: Risk assessment tapie Tor operational equipment (Detatied version) (95/99)

B Risk assessment table

W Score table for item 7-1

[4 points] No countermeasures have been determined
[3 points] Countermeasures exist, but they are still
under development

[2 points] Countermeasures exist, but there are no
track records of application at the Fukushima Daiichi

W Score table for item 7-2

[4 points] Cannot be determined directly and there are issues
with introduction

[3 points] Cannot be determined directly and can expect
introduction to be feasible

[2 points] Can be determined directly, but there are issues with

No.244

B Score table for item 7-3

[4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but throughput decreases significantly

due to suspension of task

[2 points] Countermeasures exist, but throughput decreases due to

workload limitations

[1 point] Countermeasures exist, and have been
applied at the Fukushima Daiichi.

introduction

introduction to be feasible

[1 point] Can be determined directly and can expect

[1 point] No impact on throughput, or when 7-1 is 1 point

Model ID
Process Ko-3 |: Debris retrieval
Work sas | Sealed collection of
debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt
from error ltem 7-4
Item 1 Item 2 - Item 4 Item 5 Item 6 Item 7-1 Item 7-2 Item 7-3 (Evaluation
extraction Results)
table)
Risk Presence or absence of Impact on
assessment 3 | countermeasures for S
table The function 5 | disturbing functions throughput due to s
. = i — =]
anal)t/)ss that the Direct Indirect ) ) IS Effects on accurate error handling 3 =
number Target ) Work delay ] ¢ |Detection requirements Slg S | and promot on-site S | ondirect causes) | = o)
equipment target is factor causes 0 causes o to avoid work delays 5 —u 5 promp 5 2 @
. c response by workers S ]
responsible error error 3 = e
5 5}
for ] 2
=}
Sealed Fuel debris | Due to noise Slow . [ltem 4] o ) - Can be determined Done by taking
. . collection . If the radiation from the inner . . Lo
collection canister caused by the | c)oqq (a) Time to complete . directly by obtaining measures in line
. . . . P L . container affects the accuracy .
mechanism | sealing inner container collection into the inner ) ] . actual task hours with the
' . . of equipment operation, this ) o
function radiation, container . - Can be executed in characteristics of
. Inner error cannot be ignored, but
Saku collection into ) s |. . ) . the control room, and each method
B 4 container 3 9 | in the debris retrieval project, 1 . 1 ) 3 4
I a sealed radiation =~ . . . there are no issues shown in ltem 7-1
. debris collection methods in a o .
canister takes . o with introduction
. high-dose radiation
time ) o )
environment in line with each
method are being studied.
[Item 5] - Direct determination
(b) Surface dose rate of is possible by using a
inner container 2 § Same as above 1 | dosimeter 2 | Same as above 4 4
=
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“Appendix 6.2.4.3-3: Risk assessment table for operational eqguipment(Detailed version) (56/59)
B Risk assessment table No0.245

W Score table for item 7-1 W Score table foritem 7-2. ) W Score table for item 7-3
[4 points] No countermeasures have been determined | | [4 points] Cannot be determined directly and there are issues [4 points] No countermeasures, and impact on throughput is unknown
[3 points] Countermeasures exist, but they are still with introduction [3 points] Countermeasures exist, but throughput decreases significantly

[3 points] Cannot be determined directly and can expect
introduction to be feasible
[2 points] Can be determined directly, but there are issues with

due to suspension of task
[2 points] Countermeasures exist, but throughput decreases due to

under development
[2 points] Countermeasures exist, but there are no

track records of application at the Fukushima Daiichi introduction workload limitations
[1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
Model ID applied at the Fukushima Daiichi. introduction to be feasible
Process Ko-3 |: Debris retrieval
: Transfer of
Work Sa-9 debris @
Important monitoring items Weighted evaluation of important monitoring items
Item 3 (excerpt from ltem 7-4
Item 1 Item 2 ot Iltem 4 Item 5 Item 6 Iltem 7-1 Iltem 7-2 Item 7-3 (Evaluation
. error extraction table)
Risk Results)
assessment
table
anal)l;ss Z Impact on -
number i ° @
The function _ Detection = Effects on accurate throughput due to s o
Target that the Indirect requirements to | © | & | Presence or absence of | 5 | 4 prompt on-site | © ) 2 e
9 target is Work delay factor Direct causes of error | causes of q S|l o countermeasures for S . | error handling = ° 3
equipment i avoid work S| = ! : : 2 | response by 2 ) g 2z
responsible error delays = disturbing functions (Indirect causes) S SRS
for % workers E
=]
Cell (G) Static It takes time to assess | Delay in ascertaining [ltem 4] Direct Addressing item 7-1
boundary the i . . - Even if the dust FETS .
function e impact of airborne | whether there is an (a) Dust o determination is limits the workload
dust in cell (Y) on the increase in concentration in EonEsliEeD 1n &2l (@) possible by setting (temporary
environmental contamination in cell cell (G) TNEEERES WPy, e the dust suspension of work)
maintenance in cell (G) | (G) oA el concentration
decrease over time due to
Saku Dust in cell L o ) threshold.
A 1 1 | © | ventilation and air 1 2 2 2
A (Y) 2
conditioning equipment.
- The current PCV also
responds by temporarily
suspending work when
dust concentrations rise.
[Iitem 5]
0
a) Dust
@ 1 % Same as above 1 | Same as above 2 | Same as above 2 2
concentration in <
cell (Y)
|
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=Appendix 6.2.4.3-3: Risk assessment table foroperationaleqgtuipment{Detailfed version) (57/59)

B Risk assessment table

W Score table for item 7-1
[4 points] No countermeasures have been determined

W Score table for item 7-2
[4 points] Cannot be determined directly and there are issues with

No0.246

[3 points] Countermeasures exist, but they are still under introduction
development [3 points] Cannot be determined directly and can expect introduction M Score table for item 7-3
[2 points] Countermeasures exist, but there are no track to be feasible [4 points] No countermeasures, and impact on throughput is unknown
Model ID records of application at the Fukushima Daiichi [2 points] Can be determined directly, but there are issues with [sig’gé"::iloi";r;z;"easures exist, but throughput decreases significantly due to
_ . [1 point] Countermeasures exist, and have been applied 'mmqucuon . ) ) ) [2 points] Countermeasures exist, but throughput decreases due to workload limitations
Process Ko-3 | : Debris retrieval at the Fukushima Daiichi. [1 point] Can be determined directly and can expect introduction to [1 point] No impact on throughput, or when 7-1 is 1 point
be feasible
Work Sa-9 |: Transfer of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 7-4
Item 3 (excerpt from error (Evaluation
ltem 1 Item 2 extraction table) Item 4 Iltem 5 Item 6 Item 7-1 Item 7-2 Iltem 7-3 Results)
; Target The function that
Risk 9 -
assessment equipment | the target is 13; %-
table analysis . =3 Impact on g
responsible for H P = =3
number . . X X Effects on accurate =] o
Direct causes of Indirect causes of | Detection requirementsto [ 9 % Presence or absenpe of . 3 & | throughput due % o
Work delay factor ENR countermeasures for disturbing 2 |and prompt on-site| £ - 3 3
error error avoid work delays - g’ functions - b ‘ = | to error handling 5 @
response by workers =
2 P y (Indirect causes) 5
o =3
=} 5
=}
i} Decontamin | Decontamination Reduced drainage | Reduced drainage | contaminated [Item 4] " If there is a significant trend toward Direct determination is 5 ) ,
Saku- 2 | ationwater [ function for capacity due to partial | capacity water from water | (&) Flow rate in the 1 E: blockage, it can be handled by 1 | possible by comparing | 1 ecause item 7- 1 4
A- . . - . 1is 1 poi
drainage transport cask blockage caused by dust decontamination system flushing the piping. with the threshold. is 1 point
mechanism accumulation  migrating [Item 5] - Itis assumed that the amount of Workers cannot make
into contaminated water (b) Amount, particle size dust adhering to the surface of the direct determinations
drainage piping. distribution, and particle sealed canister is small, and that when sampling and
density of dust in the the frequency of error occurrence is hot lab analysis are
transferring liquid flowing 2 | lower than that of the liquid phase required. Because
) o 113 ] o 4 ) . 1 | same as above 4 4
into piping < equipment inside the PCV. contaminated water is
- Addressed by multiplexing piping handled, there are
as needed. In addition, the effect of problems with the
short term functional deterioration sampling methods.
or shutdown is extremely small
Decontamin | Decontamination Acceleration of piping Deterioration of Contaminated (a) Flow rate in the % Although there is impact on safety Direct determination is
. . - - ) . . . Because item 7-
Saku- ation water | function for deterioration piping water from water system + amount of 1 @ | functions, the frequency of 1 | possible by comparing | 1 1 4
3 ) A < : ) 1is 1 point
A- drainage transport cask (deterioration of decontamination leakage occurrence is expected to be low. with the threshold.
mechanism boundary function) due [item 5] Workers cannot make
to corrosion resulting (b) Amount, particle size direct determinations
from potential difference distribution, and particle when sampling and
caused by dust density of dust in the hot lab analysis are
accumulation migrating transferring liquid flowing o required. Because
; . - 1 T ; .
to contaminated water into piping 8 Same as above 2 || centeniingics wEEr s 1 | Same as above 4 4
drainage piping. handled, there are
problems with the
sampling methods.

3

1D

Olnternational Research Institute for Nuclear Decommissioning



Appendix 6.2.4.3-3: Risk assessment table foroperational-eqguipment(Detailed version) {58/59)
B Risk assessment table No.247

W Score table for item 7-1 W Score table for item 7-2 ES table for item 7-3

[4 points] No countermeasures have been determined | | [4 points] Cannot be determined directly and there are issues 4 cp{e s e orlem ) di t on th hout i K

[3 points] Countermeasures exist, but they are still with introduction L poin s] No coun ErMEAsUres, and Impact on througnput I unknown
[3 points] Countermeasures exist, but throughput decreases

[3 points] Cannot be determined directly and can expect > P X
introduction to be feasible significantly due to suspension of task

[2 points] Can be determined directly, but there are issues with | | [2 points] Countermeasures exist, but throughput decreases due to

under development
[2 points] Countermeasures exist, but there are no

Vodel 10 e of splcaton 3t e PGS DRI | | fucion
al- ; ; - > b [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
Process Ko-3 | : Debris retrieval applied at the Fukushima Daiichi. introduction to be feasible
Work Sa-9 : Transfer of debris
Important monitoring items Weighted evaluation of important monitoring items
Item 3
(excerpt Item 7-4
Risk Item 1 Item 2 from error Item 4 Item 5 Item 6 Item 7-1 Iltem 7-2 Item 7-3 (Evaluation
assessment extraction Results)
table)
table
: The Impact on 3
analysis function i i > throughput due to 5 S
number Target that the Work delay prrect Indirect causes of Petection S S8 | Presence or absence of S Effects on accurate and S error%a%dling é‘ 83
. o |35 o " S I 2 8=
equipment target is factor causes of error requirements to ER g)_ c(;:z}tregir:gee;lsjz:;;;cs)r 5 | prompt on-site response 5 | (Indirect causes) = é Z
. S = - =
resp(f)nsmle error avoid work delays o by workers 2 g
or
Otut—of—fcell ::U9| ?ebris Dispersion | Delay in [ltem 4] It is assumed that the - Can be determined Addressing Item 7-
ransfer ransfer ) . .
verification | function of inspection (@) Time to contaminated water will directly by obtaining 1is assumed to
mechanism contaminate | task Contaminated complete < splash out so actual task hours have no impact on
Saku d water - ]
B- 1 water from water | decontamination of | 2 S | countermeasures such as 1 |- Can be executed in the 1 | throughput. 2 4
contaminate .
h decontamination | transfer container dividing the cell (G) into control room, and there
s the
inspection two cells are assumed. are no issues with
equipment introduction
and [Iitem 5] By addressing item 7-1,
inspection Inspection items detection requirements
takes time. (surface dose rate, can be achieved without
degree of being affected by
hermeticity, contaminated water. Any
concentration of item can be directly
s . .
surface 2 | g |Same as above 2 | determined by comparing | 1 | same as above 4 4
=~
contamination) them with their thresholds,
unaffected by but remote operation of
contaminated water the inspection machine
poses a problem when
detecting by unmanned
operation.
|
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Appendix 6.2.4.3-3: Risk assessment table for debris retrieval and transfer operation system (Detailed version) (59/59)

B Risk assessment table No.248

B Score table for item 7-1 M Score table for item 7-2 -
[4 points] No countermeasures have been determined [4 points] Cannot be determined directly and there are issues B Score table for item 7-3 . '
[4 points] No countermeasures, and impact on throughput is unknown

[3 points] Countermeasures exist, but they are still with introduction ) ' o
under development [3 points] Cannot be determined directly and can expect [3 points] Countermeasures exist, but throughput decreases significantly
introduction to be feasible due to suspension of task

Model ID {2 plrzlnts] (iiounftermtla_astj_res P;);Et’ Ft:J ui th(;_re ar; no hi [2 points] Can be determined directly, but there are issues with [2 points] Countermeasures exist, but throughput decreases due to
rack records of application at the Fukushima Daiichi introduction workload limitations
[1 point] Countermeasures exist, and have been [1 point] Can be determined directly and can expect [1 point] No impact on throughput, or when 7-1 is 1 point
applied at the Fukushima Daiichi. introduction to be feasible
Process Ko-3 . Debris
retrieval
Work sa-10 | Tra_nsfer of
debris
Important monitoring items Weighted evaluation of important monitoring items
Iltem 3
(excerpt from Iltem 7-4
. Item 1 Iltem 2 error Iltem 4 Item 5 Item 6 Item 7-1 Iltem 7-2 Iltem 7-3 (Evaluation
Risk extraction Results)
assessment table)
table Impact on 3
i @
23%2? The function Direct | Indirect Detection g | Presenceor absence Effects on accurate and throughput due to 2| 8z
Target that the target | Work delay requirements S 3= of countermeasures | § . S 9np % 0 2
: . ) causes | causes - = 235 ) . 2. | prompt on-site response by | 2 . = o3
equipment | is responsible factor to avoid work 3 o9 for disturbing = 3 | error handling 2 =
for of error | of error delavs ST functions workers 5 8 Q
Y ® (indirect causes) -
No environmental changes inside the PCV
No task disturbing
| -
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Appendix 6.2.4.3-4: Correlation between debris retrieval modeland risk-assessmenttable

| Debris retrieval model |

State diagram at each task for
environmental changes inside the PCV

—I Operational equipment model |

~| Equipment layout diagram | (A)

~| Daily workflow

| Extraction of important monitoring items |

(K) —
(B)

Process name (Model ID: Ko-
XX)

(€)

Work Name (Model ID: Sa-XX) | (D)

XX)

Equipment operation mode (yearly debris
processing work) (Model ID: Kichu-XX, Suichu-

(E)

Collection and
transfer mode

(F)

Equipment
H configuration block
diagram

| Model IDs are shown on the equipment layout diagram

Cell/Door (Model ID: Sagyou-Seru-XX) (G)

| Model IDs are shown on the equipment layout diagram

(H)

Other than Cell/Door (Model ID: Sagyou-

XX)

Table of safety functions (Model ID: Kinou-Saku--

(1)

XX)

Table of operational functions (Model ID: Kinou-An-

(J)

—{ Safety equipment model

Physical model of the environment inside the PCV | (K)

* The upper left figure "Debris retrieval model" and the upper right figure "Extraction of
important monitoring items" have input-output relationships corresponding to (A) through (K).
When (A) to (K) on the model side are changed, the input for the side of important monitoring

No0.249

Table of disturbances to safety equipment
(Analysis ID: Gairan--XX-YY)

[Legend]
XX of Model ID  : Arabic numerals
Analysis ID XX : Arabic numerals
Analysis ID YY  : Alphabet

> : input for analysis

—| Operational equipment risk assessment

Risk Assessment
Table

@—»

| Work Name

Related to safety function (Analysis ID:
Saku-A-XX)

Error analysis
table

Related to operational function
(Analysis ID: Saku-B-XX)

®

XX)

Table of disturbances to operational equipment (Analysis ID: Gairan-

Process name

(C) —
(D)—

Work Name

(G)H) —

C€) —
D) —7—
(G)H)DA) >
(D)

—

item extraction also changes, and the important monitoring items are also modified.
« Although (A) to (K) are not direct inputs to the risk assessment table, they are related to the
error analysis table, so when the analysis table is changed, the risk assessment table is

updated via @.

Safety equipment
risk assessment

>

I Work detail sheet (analysis ID: alphabet)

L{ a. Objectives |

~| b. Environment |

~| c. Safety |

d. Equipment

e. Target

~| f. Preceding task |

~| g. Work start conditions |

Action group sheet (Analysis ID:
Roman numerals)

~| h. Action group ’—

i. Work termination
conditions

Error extraction
sheet (Analysis
ID: Arabic
numerals)

]

—| j- Handover to the next task |
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