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2-1 (2) [1] Analysis method and framework for radioactivity concentration of nuclides in ALPS treated

water - T=PCO

1 lLavout of analvsis facilities

W Select for an adequate analysis facility on the basis of the target sample of radio radioactivity concentration level

Environmental management building Units 5 and 6 analysis room
For Pretreatment (pretreatment of fish) For samples with high level concentration

vl p—

Analysis room + Measurement room: 850 m?

-----—. ——— Y [ Laboratory table: 23, Fume hood: 26

& L ¥ae
-;, v‘,‘ Selsmlc |solat|on building
. . \ ) S | -  The facility has been used since before the Earthquake,
* The functions were transferred to the chemical | Blgagaitin i \ " [
analysis building or the units 5 and 6 analysis room. : = E‘ e

expanded in 2016.
» Operating under limited function

Analysis room + Measurement room: 480 m?
Laboratory table: 4

Chemical analysis building
For samples with low level concentration

CY
e a :' Facilities used since before the Earthquake
L
': _:' Facilities became unusable due to the Earthquake

N ':. The new facility was constructed and in operation after the
Earthquake

The existing facility was renovated and expanded after the 3.11
Earthquake

Analysis room + Measurement room: 1,000 m?

Laboratory table: 15, Fume hood: 35

This facility has been using since 2013. Provided by: JAPAN SPACE IMAGING CORPORATION, © Digital Globe 3
The Japanese version shall prevail.
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2.1.1 Analysis Framework

T=PCO

Overview of the Analysis Framework

The ALPS Treated Water Program Department formulates analysis plans, including implementation plans.
The Disaster Prevention & Radiation Center prepares resources required to implement the plan and analysis work, etc.

Treated Water Chemical Analysis & Evaluation
Group of the ALPS Treated Water Program

Project planning and progress management
Planning for the discharge of ALPS treated water
ALPS treated water analysis conditions™

Sea area monitoring analysis conditions™
Conditions for analytical functions

Presenting required resources, etc.

Participating in Monitoring Coordination Meetings
and adjusting plans as necessary

Research and development of analytical
technologies

*1: Sampling points, sampling frequency, analytical
precision and accuracy

*2: Contractor: Tokyo Power Technology Ltd. (TPT)

Disaster Prevention & Radiation Center

Contractor™

Competence management of contract
workers

Competence management of supervisors
Quality control

Chemical Analysis & Evaluation Group
Operation of analysis facilities
Management of analysis equipment
Management of analysis work
Assessment and management of
analytical data
Preparation of analysis environment

Discharge & Environmental Radiation
Monitoring Group
Management of sampling work
Sea area monitoring and assessment
Deciding go or no-go of discharge
Management and disclosure of drainage
water data
Monitoring of land and sea environment

Development of analysis procedures
Analysis work

Skill test

Acquisition of certification
Development of sampling procedures
Sampling work

Training and securing analysts and
samplers

TPT has been engaged in sampling and radiochemical analysis works at the Fukushima Daiichi and Daini NPSs and Kashiwazaki-Kariwa NPS since before the

Earthquake. . :
The Jar?angsueaveersmn shall prevail.



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
2.1.2 Analysis Framework T=Pco

ALPS Treated Water Program Department Disaster Prevention & Radiation Center Contractor

1
1
1
:
Planning for the discharge of Coordination Plan Prior consultation |

— > :
ALPS treats fj water

ing for analysis environment development <

v
d

Determination of consignment specifications/contract conclusion

» Training and securing analysts and samplers

Presentation of plans

Examination of analysis conditions
Proposal of required resources
External trends

Investigation of analytical
technologies

Check the followings at the time of
contract
Quality control
Competence management
Ability to meet procurement
requirements

v 4

4 N

v Operation control
Implementation status check of the

Development of analytical : _
consigned operatipns

technologies

—> Implementation of the plan for training and securing
of analysts and samplers

P
<«

Work management
Competence management of
contract workers

Quality control and quality
maintenance activities

Implementation of consigned operations

Execution of operations

~ Management/improvement of the competence of
S workers
) . L
< Operation of facilities . . Quality control and quality maintenance activities
Q Xlanagemer:t ofdanaIySIS equw;mfent tical dat Revision of operation procedures
o ssessment and management of ana ytical data Collection of new knowledge and incorporation to
o Deciding go or no-go of discharge procedures
Management and disclosure of drainage water data Maintenance of certifications, acquisition plans
Monitoring of land and sea environment etc ’ ’
Causal investigation of N ’ J

nonconformances/establishment of prevention of
recurrence

Quality control and quality maintenance activities
Competence management of supervisors

Consignment operation planning for the next fiscal year Activity review for operations next fiscal year

Examination of analysis conditions
Examination of required resources
Necessity to reflect external trends
Researching analytical technologies and
considering whether to adopt them.

N A T ——

c-oapanese version shall prevail.



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water

2.2 Analysis resources T:Pco

Understanding the competence of analysis supervisors (TEPCO employees)
The in-house Technique and Skill Certification System certifies the Employees’ skills and techniques.
Conducting competence assessment regularly and effectiveness reviews to improve systematically the lack of their competence.

Competence of analysts

Securing high-skilled analysts and increasing the number of them assures to analyze nuclides that requires higher measurement sKkills
(hereinafter referred to as “difficult-to-measure nuclides”), such as C-14, and maintain the normal analysis functions together with the
competence.

In addition to the on-site inter-analysis-room analysis skill test, employees are working to pass analysis skill tests both of domestic and

overseas analysis organizations so that they can objectively assess their capabilities from a third-party perspective.

» Proficiency Test Exercise (organized by the IAEA)

»  Cross-check Japan Environmental Measurement and Chemical Analysis Association, Japan Chemical Analysis Center, and
KAKEN Co., Ltd., etc.

Understanding the competence of individual analysts
The number of analysts who can handle difficult-to-measure nuclides shall be increased through OJT, and make them routinely train.

The competence of analysts working at the chemical analysis building is checked using samples whose concentrations are known
(once a year for nuclides subject to ISO/IEC-17025 certification) (See the next page).

TEPCO checks the implementation status to obtain information about competent personnel (to be reviewed quarterly from FY 2022).

Quality assurance

The chemical analysis building, where sea area monitoring is performed, is certified with ISO/IEC-17025 for Cs-134, Cs-137, and H-3
and is subject to periodic inspections.

The validity of the wastewater data is confirmed by comparing it with the analytical values obtained by a third party. Although tritium is
now determined to be acceptable if it is within + 10%, the validity will be reviewed as well as the measured result while taking into
consideration the uncertainty.

The Japanese version shall prevail.
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2.3 Analysis resources

T=PCO

(BalL)
14

12

10

Analysts

Analysts subject to H-3 skill test: 13 analysts

Concentration of the sample: 10.2 Bq/L
The median value of 10 measurements of 3 samples by the person
who made the sample

Test period: October 9 to 29 of 2020

Location: Chemical analysis building

Judgment method: Z-score (ISO inspection method)

Judgment value: |Z] <2

The Japanese version shall prevail.
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6

The competence of analysts working at the chemical analysis building is checked every year using samples whose concentrations are

If an analysist fails to satisfy the Z-score of 2, the result will be verified, and their competence will be rechecked in the presence of the

known.
» In the competence check (skill test) conducted in FY 2020, all analysts satisfied the Z-score of 2.
>

Technical Manager.

: Z=2 concentration

ABCDEFGHI JKLMNOPQRSTUVWXY

Analysts

Analysts subject to Cs-137 skill test: 25 analysts

Concentration of the sample: 4.5 Bq/L
The median value of 10 measurements by the person who made
the sample

Test period: July 29 to August 6 of 2020

Location: Chemical analysis building

Judgment method: Z-score (ISO inspection method)

Judgment value: |Z| <2
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2.4 Quality of analysis data T:Pco

Being certified with the ISO/IEC-17025 accreditation for Cs-134/137 and H-3, the same level of analysis will be
rolled out to the analysis of other nuclides.

To obtain the accreditation for the analysis Sr-90 is in planning.

N)—=Y vy 7KT ) —
TV TF 4 TF—ary Ay

. # PERRY JOHNSON LABORATORY

oA ACCREDITATION, INC.

FJLA

Certificate of Accreditation £+ A E iE

M) —Farvy 3EF RN =TI LT F—bar { Y2,

Perry Johnson Laboratory Accreditation, Inc. has assessed the Laboratory of:
TindemetEELILE

Tokyo Power Technology Ltd. FUKUSHIMA Nuclear Power Branch

Emvironmental Chemistry Deparment: 182-1 Nishikidai Knma Ofumamachi Futaba-gun, Fukushima 975-1305 ig;{lj -— -?? Jo -/'.-Mé.& &-’f-ﬂ *-_t_ﬂg ﬁk’ﬁ%ﬂ *#‘ﬁ
Chemiical Amalysis Department / Environmenial CamdDg&nmmr:lfuMmm .\WMI'PEMJ'-S\'I\.EH:EH AL - T70-1305 i 4 A UM A BT AFRES S 1521
i i e p— ey RETHR/DRTIR.: ToTo 1201 BARRERRRTRFAR 1A 22

(Hersingfier called the Organization) and hereby declaves that Organization is accredited IR, ATORE I A ANRRSICESE AL SAAZELELLTT,

in accordance with the recogmized Inrernarional Standard:

ISOAEC 17025:2017
ISO/IEC 17025:2017 ARTIILY, ATORBACEEHREE <+ V4 b L AT LORF CEHERAYEY ¢
KETELnE LTI, (0174 4 SHISOMACIAF#E T 3 = = ¥ 231 3)
This accreditation demonstrates tachmical compatence fior 3 defined scope and the B AEA, ik, 2, RAFFED
operation of a laborstory quality management system POM R (Cs134/Cs187 AU H-3 £4-&) il
culined by the joint ISO-TLAC-TAF Commmminqué dated April 2017): i
fas TSI Apel 2017) (iR F i)

Analyrical dionuclide (inclnding Cs134/Cs137 and H-3) 1 bl i A . . .
S so:f, ash a.(:;sfmigf s dm;{ﬁf::h(m;p:l:::ndf TS WSt £ :‘j'am AR iE ’*._ = 7‘ =y B RN ﬁ.-d }!—!i&'# TEA {T. R0 ARHRET 5, KRR,
LERABORTLREF LI LA FLMTICRE GRS A, ABEEoMT AT, UTSMOEELEE TS

Accreditation claims for such testing andier calibration services shall ooly be made Som addresses refrenced within this Sl AR

certificate. This Accredifation is granted subject to the system rules govemins the Acoedifation refmed to above. and the
‘Organizaton hereby covenants with the Acoreditation body s duty to observe and comply with the said rules.

PILA wada sifa 5 42 4 S L

MEEGA 158 2020560268 MI2EGAE

e o N wia ey HEEes
@7 ! dnital Accreditation Do Laue Dare Expiration Date ( m‘?*‘!}‘% 221 F 6 26 A 20362 12135681
June 13, 2016 June 25, 2020 June 30, 2023

For PTLA:

D I T L LY IR Ry
e

Rmvision Date: Arcreditation No.: Cergjficane No. - - SR g

Tracy Szerszen b b= g PLA %L 794 b {ww piate com) T 2 wid
Dresident June 23, 202 a2 LA-355-R1 Ly b

Pemry Johnson Laboratary
Pemry Jobnson Laboratory The validity qf thiz certificate s mamtaned trough ongoing assessments bared on @ Accreditation. Inc. (PTLA) #, FETHISEBNEETEY, EXOUTELIAOLOET S
Accreditation, Inc. (PTLA) contiuows accredinmon cycle. The valiiny of this certificate should be 755 W. Big Beaver Rd | Suite 1325
755 W. Big Beaver, Suite 1325 conyfirmed hrough the PJLA website: www.pilabs com Troy, Michigan 48034

Troy, Michizan 48084
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2.5 Quality of analysis data T:Pco

TEPCO has been controlling the data in line with the Quality Control Standards and Regulations.
Based on Article 3 of the Implementation Plan (Quality Management System Plan), contractors are required to adhere to the
prescribed analysis procedures and to secure the competence of analysts, and the analysis procedures and competence
management records are submitted and checked.

The third-party organizations are selected based on the accreditations they have obtained, such as ISO/IEC-17025.

Accreditation Accreditation obtained (17025)

TPT (Fukushima Daiichi) :ggggg s (Chemical analysis building) Cs-134, Cs-137, H-3
Cs-134,Cs-137
1-131
KAKEN ISO/IEC17025 Sr-90
H-3
Gamma-emitting nuclides
Japan Chemical Analysis ISO/IEC17025 H-3
Center ISO9001 Radioactive strontium
Plutonium, etc.
Cs-134,Cs-137
ISO/IEC17025 ’
Tohoku Ryokka Kankyohozen 1SO9001 1-131

H-3

The Japanese version shall prevail.
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3.1 Quality control of the analysis process

T=PCO

Establishment of a mechanism on keeping the analysis process at a certain quality and the detection mechanism

on abnormalities of data

|

I

I

' Request

| . eques Acceptance Sampling Sample label
Analysis )

: Ianr):in for ‘ of analysis ‘ instruction :> QR code

| P 9 analysis request

|

- -: Chemical analysis data collection system (LIMS) :- ol gl Analysis room: On-site

Analysis instructions

Auto creation

Auto creation Auto creation
)
Analysis result Preparation of data
report for publication
J

- e == -

» Automatic import of
measurement values

Receiving of Sample Analysis of
samples pretreatment » samples
QR code QR code QR code

Sampling
QR code

Analysis | analyzed samples

results

» Automatic calculation
of concentrations, etc.
» Automatic graph
plotting and display

Management of

QR code

]

Receiving nalysis request number: 2019 - Environmental Management G-099-01-0001
Sample name: Seawater in the port/Point A

[Start work]

B QR of the person in charge: Taro Toden
-

w il

+ Scheduled date and time of sampling (14:00 07/26/2019)

2

Approximate sample volume (= 2.00 L) 2.00

[Continue] or [Finish]

Voice input guide 11:37 June 11, 2020

<Analysis room: On-site>
Input voice and send images following the instructions displayed on smart
glasses

The Japan€ee=vororororeanproven

[Register sample data when the data of the analyst matches the data confirmed by the supervisor in the assessment room]

<Data assessment room>
Input data to LIMS terminals from camera images
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3.2 Quality control of the analysis process T=Pco

Smart glasses are used as on-site control terminals of the chemical analysis data collection system (LIMS).

Camera Headphones
* Reads QR codes
» Sends video images

Microphone Smart glasses: SG
» Conversation with staff in the assessment * Displays instructions about what to do
room * Displays analysis procedures

* Displays trend graphs

* Responds to instructions given by the SG Analysis

—— ;
e Sample name: 2019-Environmental Management G-001-01
st Cs-137 1.432E+03 Bg/L

Sharlng Of SOou ndS and ImageS . " Deviation from AL « Variation detected (1)  Variation detected (2) Variation detected (3)

Definite (Good) Detection limit
U — .

Re-measurement

Back (Cam)
Work hold

Assessment room

Voice input guide 13:25, May 14, 2019

Di@_ assessrpe__nt room
(New office main building)

e clemm— -
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3.3 Quality control of the analysis process T=Pco

Activities at TEPCO

\

Since FY 2020, the usage of procedures and compliance with specifications have been regularly checked at the on-
site analysis room (This initiative is being rolled out targeting all analysis work performed in the 1F site).

In order to ensure the quality and safety of work, all analysts are required to follow the same procedures even when
they take turns: Ensure the continuity of data.

The method to check procedures is standardized.

Even third-party companies are required to submit work procedures by the specifications so that TEPCO will be
further involved in the quality control of work processes.

The following efforts are being made to prevent quality assurance activities and safety management from
stagnating.

Contractors are instructed to identify risks through pre-work safety assessments before starting operations.
TEPCO explains past nonconformance cases, reminds them to adhere to rules, and provides guidance.

With the aim of maintaining performances, meetings are held every month with contractors to discuss issues in
analysis work and the implementation status of measures to prevent recurrence of past nonconformance.

With the aim of ensuring safety in the field and the quality of work, field patrols are performed every month with
contractors to check analysis work, and unsafe conditions are extracted.

Last fiscal year, TEPCO started to check the implementation status of analysis procedures established by
contractors; TEPCO identifies areas for improvement regarding operations and instructs them to take corrective
actions.

Activities at contractors

Procedures will be improved to become easier to use, such as by describing applicable official laws and publicly
available literature.

In order to ensure the quality and safety of work, a system is established to enable all analysts to follow the same
procedures even when they take turns: Ensure the continuity of data.

The Japanese version shall prevail.
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4.1 Response to abnormalities T=Pco

In addition to measures to respond to new or added sea area monitoring, the following preparations are being
made.

Analysts are stationed on a 24-hour basis in case of an abnormality, such as water leakage from the system, so emergency analyses
can be performed at any time of day or night.

In order to enable swift response to the need for an emergency analysis, some measurement instruments are selected and excluded
from those used in regular analyses.

Specific system examples
Response to emergency analysis of y-ray emitting nuclides and tritium

Assuming emergency analyses during nighttime, two analyzers are stationed in the units 5 and 6 analysis room at all times (9 analysts
in total).

When a radiochemical analysis of extremely low concentrations is required to be performed urgently, analyzers move to the chemical
analysis building to protect samples from contamination.

One person is assigned exclusively to the analysis of y-ray emitting nuclides and one person to the tritium analysis.

The Japanese version shall prevail. 1 3
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4.2 Response to abnormalities T=Pco

The power source for the chemical analysis building, where emergency analyses are performed, is duplexed, and infrastructures
are reinforced to ensure the analyses of y-ray emitting nuclides and tritium.

When an emergency analysis arises during the daytime, analysts in the chemical analysis building handle it. During the nighttime,
analysts in the units 5 and 6 analysis rooms move to the chemical analysis building to perform the measurement work.

Analysts who work in nighttime shifts (Units 5 and 6 analysis room) keep a certain competence to ensure analyze, organizing
improvement plan for analysis skills on low level radioactive concentrationsamples.

Supervisors prepare to organize a framework at a nighttime emergency, that employees living in the Okuma dormitory respond to
emergency analyses. A competence improvement assistances on analysis response shall be systematically given for newly
assigned employees, those who will be able to deal with the situation independently.

PRI 911 Nonbusiness

days

Number of

Affiliation business days

emplovees Nighttime Remarks
_— (Maximum)

Chemical analysis building 34 persons 34 persons 5 persons 0 persons Day duty only
Emergency analysis during nighttime

Analysts Move to the chemical analysis building

Units 5 and 6 analysis 59 persons 37 persons 21 persons™ 2 persons Shift work and day

room duty

*1: Total number of
staff members

Supervisors Cremries] AnEliER e 15 persons 15 persons 2 persons O RIS Day duty only

Evaluation Group (7 persons™)

*2: Night shift staff are selected
The Japanese version shall prevail.
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5. Functions of the chemical analysis building T:;_,co

The layout featuring to ensure the analyses samples of lower level radio activity concentrations
Entire area: Area handling sea area samples

=== ftf--c-—-——--—======2

1st basement floor

: ALPS treated water handling area

_—

|- ='.
Area for difficult-
Ge23 Ge24 i;

: 'to measure
nuclides
E] ‘ I‘I‘ HJ
; : Measurement area

1 Gamma-ray’sl eﬁtting nuclidggs 3 (I\DJi 1;5 ¢
cezs| [ Lo b _ o i-6: ;
Ge22 o§ 3 ks H H
i g Col13m Measures to handle samples with lower radio

2129 . .

Tc-99 ] active concentration

i Measurement areas are installed underground to
reduce the impacts of environmental doses (ex.
surrounding 50 cm-thick concrete).

Samples brought in are limited, only when they are
clearly with low activity concentrations, such as
seawater (Other samples are to be brought into the

: Pre-treatment area

=

e Ot | WIAW RUAN | W

N L

| | General | ﬁ
! .
Gamma-rays emitting-nuclides Water quality

e S
S | IR W U0 SR G 0 0 R B ey 8
R W17 o

o - — units 5 and 6 analysis rooms).
Passageway ‘ Entrance/exit Bef(.)re entering rooms, the staff must put on _
E Wﬂm— /\J:%@ additional socks and undergo a survey for their
1 . .
iim :' d [ El ciapg = S bodies and items.
E Bl ™ ™ orainage 13 = S?Ei M 2 HIE Rooms are checked for contamination regularly
< Dg'r'ggn?;a”ne 2| F==water sample gilsh/seaweeds S Tollgand gl ¢ < and cleaned as necessary (floor surfaces at
S i I_MJ u l = Weighted |1 5 H [«] E entrances and exits, etc.)
— . average {5 moinsi= i
=loces U | -
I -
1st floor Analysis area 936
] | H  — | gy, e ] ———  S— ] E— }— ] a ; Sample storage area 24
Cee ] GEDEel e
Rec e|V|ng of samples l. Air conditioning 207
, [ | | :
Air conditioning equipment area ” o - = i equipment area
Sample st
e T'jp °s °|rage r°°1r Passageway and others 333
______________________________________________________ [—] — Stairca
Jil I Total floor area of the 1,500

building
The Japanese version shall prevail. 1 5
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6.1. Handling of ALPS treated water T:Pco

Preparation of analysis environment

Since the 3.11 Earthquake, maximum efforts have been focused on handling samples with high level radio
activity concentrations.

After establishing an environment for the analysis of environmental samples (as mentioned above, the
chemical analysis building was constructed in July 2013), personnel training was promoted as well for the
analysis of samples in which radio radioactive concentration are clearly low, such as seawater.

As the development of groundwater bypass and sub-drain system progressed, efforts were focused on the
training of workers in the chemical analysis building along with the training of workers in the units 5 and 6

analysis room.

With a view to the start of the discharge of ALPS treated water, the layout of the chemical analysis building
has been improved (as mentioned above), and the analysis framework has been strengthened.

In the chemical analysis building, in addition to (1) the establishment of an analysis environment for ALPS
treated water, (2) the development of an environment to respond to the strengthened sea area monitoring
(announced on August 25, 2021) has been promoted.

The Japanese version shall prevail.



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
6.2.1 Handling of ALPS treated water

T=PCO

The

Samples of ALPS treated water are samples with low radio activity concentrations. Therefore, the nuclides in the table below (tentative) are
analyzed and evaluated in the chemical analysis building the same way as samples for the sea area monitoring.

Nuclide Analysis method Nuclide Analysis method Nuclide Analysis method
1 [H3 LSC 23 |Sn-119m Evaluated value 45 |Pm-146 Ge
2 |C-14 LSC 24 |Sn-123 Ge 46 |Pm-147 Evaluated value
3 [Mn-54 Ge 25 [Sn-126 Ge 47 |Pm-148 Ge
4 |Fe-59 Ge 26 |Sb-124 Ge 48 |Pm-148m Ge
5 |Co-58 Ge 27 |Sb-125 Ge 49 | Sm-151 Evaluated value
6 |Co-60 Ge 28 [Te-123m Ge 50 |Eu-152 Ge
7 |Ni-63 LSC 29 |Te-125m Evaluated value 51 |Eu-154 Ge
8 |Zn-65 Ge 30 |Te-127 Ge 52 |Eu-155 Ge
9 |Rb-86 Ge 31 |Te-127m Evaluated value 53 | Gd-153 Ge
10 |Sr-89 B-Spec 32 | Te-129 Ge 54 | Tbh-160 Ge
11 | Sr-90 B-Spec 33 | Te-129m Ge 55 |Pu-238 ZnS
12 |Y-90 Evaluated value 34 |1-129 ICP-MS 56 |Pu-239 ZnS
13 | Y-91 Ge 35 |Cs-134 Ge 57 |Pu-240 ZnS
14 | Nb-95 Ge 36 |Cs-135 Evaluated value 58 |Pu-241 Evaluated value
15 | Tc-99 ICP-MS 37 |Cs-136 Ge 59 | Am-241 ZnS
16 |Ru-103 Ge 38 |Cs-137 Ge 60 |Am-242m Evaluated value
17 | Ru-106 Ge 39 |Ba-137m Evaluated value 61 |Am-243 ZnS
18 |Rh-103m Evaluated value 40 (Ba-140 Ge 62 |Cm-242 ZnS
19 |Rh-106 Evaluated value 41 |Ce-141 Ge 63 |Cm-243 ZnS
20 |Ag-110m Ge 42 |Ce-144 Ge 64 |Cm-244 ZnS
21 | Cd-113m LSC 43 |Pr-144 Evaluated value
a}f;angg-é Vé’rsion shall prevé?le. 44 |Pr-144m Evaluated value

Ge: Ge semiconductor detector
LSC: Low background liquid scintillation counter
B-Spec: B-nuclide analyzer

ICP-MS: Inductively coupled plasma mass

spectrometer

ZnS: o automatic measuring device

(ZnS scintillation counter)

Evaluated value: The abundance is assessed
through a calculation using the
isotopic ratio and relative ratio of

the measured nuclides.
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
6.2.2 Handling of ALPS treated water

T=PCO

Analysis method and outline for each nuclide

Nuclide Analysis method Outline Remarks
1 H-3 LSC After being isolated by distillation, the sample is mixed with a scintillator and measured.
In the measurement by Ge, the lower
2 C-14 LSC After being isolated by capturing with absorbent, a sample is mixed with a scintillator and measured. detection lower limit of nuclides of the low-
3 Mn-54 Ge Separate a homogenized sample into Marinelli Containers. energy side becomes higher due to the
effect of Compton scattering. Still, the
4 Fe-59 Ge Separate a homogenized sample into Marinelli Containers. . ) o
target” detection lower limit is secured by
5 Co-58 Ge Separate a homogenized sample into Marinelli Containers. measuring for a long time.
6 Co-60 Ge Separate a homogenized sample into Marinelli Containers.
7 Ni-63 LSC After being isolated with resin, a sample is mixed with a scintillator and measured. *Target: Values set for individual nuclides
to ensure that the sum of the
8 Zn-65 Ge Separate a homogenized sample into Marinelli Containers. ) )
ratios to regulatory concentrations
9 Rb-86 Ge Separate a homogenized sample into Marinelli Containers. limits is less than 1.
10 Sr-89 B-Spec After being isolated with resin, the precipitate is collected, mounted, and measured with -Spec in a
stainless steel plate.
11 Sr-90 B-Spec After being isolated with resin, the precipitate is collected, mounted, and measured with -Spec in a
stainless steel plate.
12 Y-90 Evaluated value | The concentration is evaluated under radioactive equilibrium with Sr-90. . .
Ge: Ge semiconductor detector
13 Y-91 Ge Separate a homogenized sample into Marinelli Containers. LSC: Low background liquid scintillation
t
14 Nb-95 Ge A homogenized sample is dispensed into Marinelli containers and measured. The half-life of the counter
parent nuclide is used. B-Spec: B-nuclide analyzer
15 Tc-99 ICP-MS The sample is diluted with HNO3 and measured. ICP-MS: Inductively coupled plasma mass
spectrometer
16 Ru-103 Ge Separate a homogenized sample into Marinelli Containers. ) ) )
ZnS: a automatic measuring device
17 Ru-106 Ge Separate a homogenized sample into Marinelli Containers.
18 Rh-103m Evaluated value | The concentration is evaluated under radioactive equilibrium with Ru-103.
19 Rh-106 Evaluated value | The concentration is evaluated under radioactive equilibrium with Ru-106.
20 Ag-110m Ge Separate a homogenized sample into Marinelli Containers.
21 Cd-113m LSC After being isolated by ion exchange, a sample is mixed with a scintillator and measured.
b J:fﬁane &g'%ﬁ@ion shall preva% Separate a homogenized sample into Marinelli Containers.

18



Th

2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
6.2.3 Handling of ALPS treated water

T=PCO

Analysis method and outline for each nuclide

P Jakane

SeMérsion sha

)l prelvaitd value

The concentration is evaluated under radioactive equilibrium with Ce-144.

Nuclide Analysis method Outline Remarks
23 Sn-119m Evaluated value | The concentration is evaluated using the relative ratio to Sn-123.
In the measurement by Ge, the lower
24 Sn-123 Ge Separate a homogenized sample into Marinelli Containers. detection lower limit of nuclides of the low-
25 Sn-126 Ge Separate a homogenized sample into Marinelli Containers. energy side becomes higher due to the
effect of Compton scattering. Still, the
26 Sb-124 Ge Separate a homogenized sample into Marinelli Containers. . ) o
target” detection lower limit is secured by
27 Sb-125 Ge Separate a homogenized sample into Marinelli Containers. measuring for a long time.
28 Te-123m Ge Separate a homogenized sample into Marinelli Containers.
— - - — - *Target: Values set for individual nuclides
29 Te-125m Evaluated value | The concentration is evaluated under radioactive equilibrium with Sb-125.
to ensure that the sum of the
30 Te-127 Ge A homogenized sample is dispensed into Marinelli containers and measured. The half-life of the ratios to regulatory concentrations
parent nuclide is used.
limits is less than 1.
31 Te-127m Evaluated value | The concentration is evaluated using the relative ratio to Te-127.
32 Te-129 Ge A homogenized sample is dispensed into Marinelli containers and measured. The half-life of the
parent nuclide is used.
33 Te-129m Ge Separate a homogenized sample into Marinelli Containers.
34 1-129 ICP-MS A reagent is added to the sample to adjust it to an iodate ion, and then the sample is measured. Ge: Ge semiconductor detector
35 Cs-134 Ge Separate a homogenized sample into Marinelli Containers. LSC: Low background liquid scintillation
counter
36 Cs-135 Evaluated value | The concentration is evaluated using the relative ratio to Cs-137. .
B-Spec: B-nuclide analyzer
37 Cs-136 Ge Separate a homogenized sample into Marinelli Containers. ICP-MS: Inductively coupled plasma mass
. . L . spectrometer
38 Cs-137 Ge Separate a homogenized sample into Marinelli Containers.
ZnS: a automatic measuring device
39 Ba-137m Evaluated value | The concentration is evaluated under radioactive equilibrium with Cs-137.
40 Ba-140 Ge Separate a homogenized sample into Marinelli Containers.
41 Ce-141 Ge Separate a homogenized sample into Marinelli Containers.
42 Ce-144 Ge Separate a homogenized sample into Marinelli Containers.
43 Pr-144 Evaluated value | The concentration is evaluated under radioactive equilibrium with Ce -144, and the half-life of the
parent nuclide is used.
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6.2.4 Handling of ALPS treated water

T=PCO

Analysis method and outline for each nuclide

b_lananea
T

se version shall nrevail
T

dryness in a stainless steel dish and measured.

Nuclide Analysis method Outline Remarks
45 Pm-146 Ge Separate a homogenized sample into Marinelli Containers.
In the measurement by Ge, the lower
46 Pm-147 Evaluated value | The concentration is evaluated using the relative ratio to Eu-154. detection lower limit of nuclides of the low-
47 Pm-148 Ge Separate a homogenized sample into Marinelli Containers. energy side becomes higher due to the
effect of Compton scattering. Still, the
48 Pm-148m Ge Separate a homogenized sample into Marinelli Containers. . . o
target” detection lower limit is secured by
49 Sm-151 Evaluated value | The concentration is evaluated using the relative ratio to Eu-154. measuring for a long time.
50 Eu-152 Ge Separate a homogenized sample into Marinelli Containers
*Target: Values set for individual nuclides
51 Eu-154 Ge Separate a homogenized sample into Marinelli Containers.
to ensure that the sum of the
52 Eu-155 Ge Separate a homogenized sample into Marinelli Containers. ratios to regulatory concentrations
53 Gd-153 Ge Separate a homogenized sample into Marinelli Containers. limits is less than 1.
54 Tb-160 Ge Separate a homogenized sample into Marinelli Containers.
55 Pu-238 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to Ge: Ge semiconductor detector
dryness in a stainless steel dish and measured.
56 Pu-239 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to s Iéguwni);ckground liquid scintillation
dryness in a stainless steel dish and measured.
57 Pu-240 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to B-Spec: B-nuclide analyzer
dryness in a stainless steel dish and measured. ICP-MS: Inductively coupled plasma mass
58 Pu-241 Evaluated value | The concentration is evaluated using the relative ratio to Pu-238. spectrometer
ZnS: a automatic measuring device
59 Am-241 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to
dryness in a stainless steel dish and measured.
60 Am-242m Evaluated value | The concentration is evaluated using the relative ratio to Am-241.
61 Am-243 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to
dryness in a stainless steel dish and measured.
62 Cm-242 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to
dryness in a stainless steel dish and measured.
63 Cm-243 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to
dryness in a stainless steel dish and measured.
64 Cm-244 ZnS After the iron is removed from the sample by ferric coprecipitation, the sample is evaporated to
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
6.2.5 Handling of ALPS treated water T=Pco

Verification of detection efficiency in daily inspections
The performance of measuring instruments is verified with standard sources and standard solutions before measuring samples.

Measuring instrument Standard source Verification method

Co-57, Ba-133, Cs-137
Mn-54, Co-60 Frequency: At the beginning of work each day

Ge semiconductor detector

Method: Calculate a detection efficiency for each energy of
standard sources, and check if it is within the

a automatic measuring device Am-241 judgment value (+ 10%).
Measures to be taken
. Sr-90 in case of deviation: Re-evaluate the samples measured after
B nuclide analyzer Cs-137 the last judgment value. If necessary,

remeasure the samples that were

Low background liquid scintillation measured during the deviation period.

counter H-3
Measuring instrument Standard solution Verification method
Frequency: Each use
Method: Measure the strength of each element to confirm that
it is the judgment value or above. Then prepare a
ICP-MS Li, Co, Y, Tl calibration curve before measurement.

Strength of the standard solution: Li: > 1000
Co-Y:>200
TI:>800

The Japanese version shall prevail.



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
6.3 ALPS treated water samples analysis method

T=PCO

Analysis method Target detection lower limit™ Applicable methods

y ray emitting
nuclides

Sr-90, Sr-89

1-129

H-3

Tc-99
Total a

radioactivity

Cd-113m

Ni-63

*1: Values set for individual nuclides to ensure that the sum of the ratios to regulatory concentrations limits is less than 1.

Separate a sample into Marinelli containers and measure with a Ge
semiconductor detector.

Sr is purified with Sr resin, and precipitated carbonate is collected and
measured with a B nuclide analyzer.

Hypochlorous acid is added to the sample to adjust it to iodate ion, and
then the sample is measured with an inductively coupled plasma mass
spectrometer.

A sample from which impurities have been removed by distillation is mixed
with a scintillator. Then the sample is measured with a low background
liquid scintillation counter.

A sample is heated after adding concentrated nitric acid and potassium
persulfate. Then, the generated CO, is collected in an absorbent, mixed
with a scintillator, and measured by a low background liquid scintillation
counter.

A sample is diluted with nitric acid and measured with an inductively
coupled plasma mass spectrometer.

a nuclides are coprecipitated with iron hydroxide, and iron is removed by an
extraction procedure. After evaporating to dryness and baked on a
stainless steel plate, the residue is measured with an a automatic
measuring device.

Cd is refined, collected by ion exchange, mixed with a scintillator, and then
measured with a low background liquid scintillation counter.

Ni is purified and collected with Ni resin and mixed with a scintillator, and
then measured with a low background liquid scintillation counter.

*2: Values for other nuclides vary according to baseline, interfering nuclides, background, and y-ray emission rate.

The ‘Japznese feesidhvatis Wihéirai. concentration.

0.07 Ba/L
Set using Cs-137"2

0.04 Bq/L
Set using Sr-9072

0.2 BqlL

30 Ba/L

10 Bg/L

2 Bg/lL

0.04 Bg/L

0.2 Bg/L

20 Bg/L

Radioactivity Measuring Method Series No.7
(Gamma-ray Spectrometry using Germanium Detector)

JAEA-Technology2009-051

(Simple and Rapid Determination Methods for Low-
level Radioactive Wastes Generated from Nuclear
Research Facilities (Guidelines for Determination of
Radioactive Waste Samples))

Radioactivity Measuring Method Series No.32
(Rapid Analytical Method for lodine 129 in
Environmental Samples)

Radioactivity Measuring Method Series No.9
(Tritium Analysis)

Radioactivity Measuring Method Series No.25
(Radiocarbon Analysis)
JGC: Radiochemical Analysis of Radioactive Waste

RWMC: Research on the enhancement and
rationalization of radiochemical analysis

PNC Tokai Plant: Standard Analytical Procedures

BUNSEKI KAGAKU, vol.63, No.4

(Study on the Analysis of '13mCd in Stagnant Water at
Fukushima Daiichi NPS by B-ray Measuring Method
Using Low Background Liquid Scintillation Counters)

JAEA-Technology2009-051

(Simple and Rapid Determination Methods for Low-
level Radioactive Wastes Generated from Nuclear
Research Facilities (Guidelines for Determination of
Radioactive Waste Samples))
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
7.1 Preparation for sea area monitoring

T=PCO

Samples with lower radioactive concentration(sea area monitoring samples) are analyzed and evaluated in the
chemical analysis building.

Target Sampling points
Within the .
port 10 points
Within 2-km
zone 7 points
(and vicinity)
Seawater
Within 20-km .
6 points
zone
Outside 20-km
zone
9 points
(Off the coast of
Fukushima Pref.)
Fishes Within 20-km zone
Within the port
Seaweeds

Outside the port

The Japanese version shall prevail.

Measurement
target

Cesium 134, 137
Tritium

Cesium 134, 137
Strontium

Tritium

Cesium 134, 137

Cesium 134, 137
lodine 129
Tritium

Current

Cesium: Daily
Tritium: Once a week

Cesium: Once a week
Tritium: Once a week

Cesium: Once a week
Tritium: Once every 2 weeks

Cesium: Once a month
Tritium: O times

Cesium: Once a month (11 points)
Strontium: Quarterly

(Top 5 samples with higher cesium concentrations)

Tritium: Once a month (1 point)

Cesium: Once a year (1 point)

Cesium: 0 times
lodine: 0 times
Tritium: O times

(Proposed) change

Cesium: Daily
Tritium: Once a week

Cesium: Once a week
Tritium: Once a week

Cesium: Once a week
Tritium: Once a week

Cesium: Once a month
Tritium: Once a month

Cesium: Once a month (11 points)
Strontium: Quarterly

(Top 5 samples with higher cesium concentrations)

Tritium: Once a month (11 points)

Cesium: 3 times a year (1 point)

Cesium: 3 times a year (2 points)
lodine: 3 times a year (2 points)
Tritium: 3 times a year (2 points)

Remarks

Daily at the discharge vertical shaft
(discharge end)

3 sampling points are added (10 points
in total)

The analysis frequency of tritium is
increased.

Tritium is added.

At present, fish are collected at 11 locations
and analyzed for cesium, and one location
is analyzed for tritium. After the change, the
remaining 10 samples are also analyzed
for tritium.

Three times a year in March, May, and July.

Two points outside the port is added.

Three times a year in March, May, and July.
(To be determined after a habitat survey)
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
7.2 Sea area monitoring samples analysis method T=Pco

“ The nuclides measured on-site are shown in the table below. External organizations measure other nuclides.

Nuclide Analysis method Target detection lower limit Applicable methods

er\:lirt?i)r/lg Separate a sample into Marinelli containers and measure 1Ba/L chj]:rﬁr?::l\r/:z g/l{;e:;%lrr:]%tll\’/lye:r;?nngerles e
nuclides with a Ge semiconductor detector. Set using Cs-137"" Germanium Detector)

A sample from which impurities have been removed by
H-3 distillation is mixed with a scintillator. Then the sample is 0.4 to 3 Bq/L
measured with a low background liquid scintillation counter.

Radioactivity Measuring Method Series No.9
(Tritium Analysis)

*1: Values for other nuclides vary according to baseline, interfering nuclides, background, and y-ray emission rate.

The Japanese version shall prevail. 24



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
8.1 Preparation of analyzers T=Pco

Analysis functions of the chemical analysis building
The following equipment is prepared to measure lower radioactive concentration samples.
The building will be expanded further to enhance the analysis functions (next page).

As of February 2022

Samples to be handled Main applications Number of units prepared

y ray emitting nuclides

Ge semiconductor detector (Cs-134, Cs-137, etc) 12
a automatic measuring device Total a 2
sileniigirlif SErpless SEslisr Gl Low background gas flow counter Total B, Sr-90 5
Drainage water samples: Groundwater
bypass, and sub-drain purification water
ALPS outlet water: Final stage
And others B nuclide analyzer Sr-90 2
Low background liquid scintillation Tritium, C-14 9
counter Cd-113m, Ni-63
Inductively coupled plasma mass 1129, Tc-99 5

spectrometer (ICP-MS)

The Japanese version shall prevail. 25



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water

8.2. Expansion of the analysis facility and addition of equipment

T=PCO

Expansion of the functions of the chemical analysis building
The following facilities are planned to be added as pretreatment facilities, and the enlarged capacity enable to process the increases

amount (The construction work scheduled to be completed by the end of FY 2023).

[Pre-treatment area]

[Measurement area]

Expansion scale Pretreatment equipment Measuring device
Target Measurement target (Meximam mambor of samples per year) (planned number of units) Measurement target (planned number of units)
Fume hood 4 H-3 LSC
H-3 156 Rotary evaporator C-14 He-MS™ 2
Electrolytic concentration device 4
y ray nuclides *
1129 8 (including Sn-126) | ©¢ (LEPS¥) 2
Experimental table 2
Seawater C-14 20 Fume hood 7
*1: He-MS:Noble gas mass spectrometer for the
measurement of H-3
i Fume hood . . .
ana:ydrj:clslc:]ef% 12 _ *2: LEPS: High purity Ge semiconductor detector for
(I cluding - ) Experlmental table low energy photons
a nuclides 12
Sr-90 12 Experimental table 1
Fume hood 4
Seaed | sn-126 20
The facility is planned to be expanded by about
C-14 1 600 mZ.
Fishes Fume hood 6
Sn-126 1 :
, The number of analyzers may increase or
Experimental table 3 . s
C-14 2 B decrease depending on monitoring plans and
Lyophilizer 6 the detailed design of facilities to be
Seaweeds Electrolytic concentration device 6 determined.
Sn-126 2 H-3 — He conversion device 2
The Jaganese version shall prevail. 26




2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.1 Review of uncertainty assessment T:Pco

Validation of analysis procedures by a third party

In the analysis using a Ge semiconductor detector, changes in environmental doses due to the accident were not taken into account
appropriately. Therefore, the analysis procedures were revised to suit Fukushima Daiichi, a unique analysis environment. The
contents of the revised analysis procedures and the analysis site were reviewed by Japan Nuclear Fuel Limited (September 2013).
The analysis procedures were developed based on the Radioactivity Measuring Method Series and publicly available papers and
literature.

Results of uncertainty assessment and future activities

When comparing uncertainty with a third party, if the results of both parties are within each other’s uncertainty range, the analytically
measured values of both parties are judged to be valid.
Uncertainty is assessed from the result of reviewing characteristic factors on nuclides analyzed among the target nuclides to be

discharged.
A comparative assessment will emerge at a time of the ALPS secondary treatment test comparing a measurement result from an

external analytical institution ( KAKEN Co., Ltd.) with TEPCO’s measurement result of uncertainty.

D) Uncertainty in net count; uX

Fluctuation of the measurement system

B) Uncertainty in sample separation volume; uV Peak net count of the target

E) Uncertainty in y-ray emission rate of a detected nuclide; uY

Sample separation volume (graduated cylinder volume)
F) Uncertainty in the attenuation correction coefficient of a detected nuclide; uZ

A) Uncertainty in the radioactivity concentration of the

Radioactivity of the calibration source sample; uc
Peak net count of the target
y-ray emission rate
Calibration formula fitting
Attenuation correction coefficient at peak efficiency calibration
C) Uncertainty in peak efficiency; uk
Example) Uncertainty characteristic factors related to the analysis of radioactive concentration of y-ray emitting 27

The Japanese version shall prevail. nuclides



2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.2.1 Review of uncertainty assessment T=Pco

D) Uncertainty in net count; uX

Fluctuation of the measurement system

B) Uncertainty in sample separation volume; uV Peak net count of the target

E) Uncertainty in y-ray emission rate of a detected nuclide; uY

Sample separation volume (graduated cylinder volume)

F) Uncertainty in the attenuation correction coefficient of a detected nuclide; uZ

A) Uncertainty in the radioactivity concentration of the
sample; uC

Radioactivity of the calibration source
Peak net count of the target

y-ray emission rate

Calibration formula fitting

Attenuation correction coefficient at peak efficiency calibration

C) Uncertainty in peak efficiency; uE

Example) Uncertainty characteristic factors related to the analysis of radioactive concentration of y-ray emitting
nuclides

| Cs-137 Co-60
Results of uncertainty assessment

The uncertainty factor that has the most significant impact is
the net count, followed in descending order by peak
efficiency, the y-ray emission rate of the detected nuclide, the
sample separation volume, and attenuation correction
coefficient of the detected nuclide.

m uVv m uX m UE m uVv m uX m UE

uy muZ uy m uzZ

28
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.2.2 Review of uncertainty assessment T:Pco

D) Uncertainty in the net counting rate of H-3; uX

Net counting rate of H-3 during sample measurement

B) Uncertainty in distilled sample separation volume; uV

Fluctuation of the measurement system

Distilled sample separation volume (micropipette volume)

A) Uncertainty in the H-3 radioactivity concentration of the
sample; uC

radioactivity concentration of source H-3 for the creation of the ESCR

Sample ESCR

curve
Net counting rate of H-3 at the time of ESCR curve creation

Half-life of H-3

ESCR curve fitting value

E) Uncertainty in the attenuation correction coefficient of H-3; uZ

Attenuation correction coefficient of H-3 at the time of ESCR curve creation

Half-life of H-3

\g

C) Uncertainty in the counting efficiency of H-3; uE

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of tritium

Results of uncertainty assessment

The uncertainty factor that has the most significant impact is the counting efficiency of H-3,
followed in descending order by distilled sample separation volume, net counting rate of H-
3, and attenuation correction coefficient of H-3.

Strictly speaking, the vapor pressure difference between HTO (or T,0) water and H,O
water is also assumed to impact the recovery rate of HTO (or T,0) water. However, this is
not taken into consideration because the distillation is performed under boiling conditions,
and most of the sample water is distilled.

ESCR is used for quench correction.

muV muE
ux uz

The Japanese version shall prevail.
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water

9.2.3 Review of uncertainty assessment T:Pco

D) Uncertainty in the net counting rate of C-14; uX

Absorbing liquid (1) net counting rate of C-14 at actual measurement

B) Uncertainty in the volume of measured sample; uV

Fluctuation of the measurement system

F) Uncertainty in the sample solution separation-constant volume ratio™; ul

separation volume (micropipette volume) Constant volume (volumetric flask volume)

separation volume (micropipette volume)

radioactivity concentration of source C-14 for the creation of the ESCR curve sample; uC

A) Uncertainty in the C-14 radioactivity concentration of the

Sample ESCR  wump,

Net counting rate of C-14 at the time of ESCR curve creation Half-life of C-14

ESCR curve fitting value v
G) Uncertainty in the attenuation correction coefficient of C-14; uZ

Attenuation correction coefficient of C-14 at the time of ESCR curve creation

Half-life of C-14

\

C) Uncertainty in collection efficiency™ of C-14; uR

C) Uncertainty in the counting efficiency of C-14; uk

*1: Dilution ratio in the dispensing and quantification operations to prepare samples for measurement.

*2: Collection efficiency by absorption bulb

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of C-14

Results of uncertainty assessment

The uncertainty factor that has the most significant impact is the counting
efficiency of C-14, followed in descending order by net counting rate of C-14, the
collection efficiency of C-14, volume of measured sample, sample solution
separation-constant volume ratio, and attenuation correction coefficient of C-14.

uvV muE

UR mul

The Japanese version shall prevail.

uXx

mu’Zz
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water

9.2.4 Review of uncertainty assessment

T=PCO

D) Uncertainty in the net counting rate of Ni-63 in the sample; uX

N Fluctuation of the measurement system

B) Uncertainty in the volume of measured sample; uVv Net counting rate of Ni-63 during sample measurement

F) Uncertainty in the sample solution separation-constant volume ratio; ul

Constant volume (volumetric flask volume)

separation volume (micropipette volume)

separation volume (micropipette volume)

A) Uncertainty in the Ni-63 radioactivity concentration of the

sample; uC

radioactivity concentration of source Ni-63 for the creation of the ESCR

curve
Net counting rate of Ni-63 at the time of ESCR curve creation Half-lite of Ni-63

ESCR curve fitting value

G) Uncertainty in the attenuation correction coefficient of Ni-63 at sample measurement; uZ

Attenuation correction coefficient of Ni-63 at the time of ESCR curve creation
< Measured Ni concentration in the sample

<«

Half-life of Ni-63
Amount of Ni carrier added

Micropipette volume Ni carrier concentration

C) Uncertainty in the counting efficiency of Ni-63; uE

g

E) Uncertainty in Ni recovery; uR

Measured Ni concentration in the recovered solution

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of Ni-63

Results of uncertainty assessment

The uncertainty factor that has the most significant impact is the counting efficiency of
Ni-63, followed in descending order by recovery of Ni, sample dispensing-constant
volume ratio, the volume of measured sample, net counting rate of Ni-63 in the
sample, and attenuation correction coefficient of Ni-63 during sample measurement.

The Japanese version shall prevail.

muV muE uX

UR mul muZ
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.2.5 Review of uncertainty assessment T=Pco

D) Uncertainty in the net counting rate of Cd-113m in the sample; uX

Fluctuation of the measurement system

B) Uncertainty in the volume of measured sample; uvV ) )
Net counting rate of Cd-113m during sample measurement

F) Uncertainty in the sample solution separation-constant volume ratio; ul

Constant volume (volumetric flask volume)

separation volume (micropipette volume)

separation volume (micropipette volume)

sample; uC

radioactivity concentration of source Cd-113m for the creation of the ESCR

curve
Net counting rate of Cd-113m at the time of ESCR curve creation

L A) Uncertainty in the Cd-113m radioactivity concentration of the
Half-

orta-Tram

ESCR curve fitting value G) Uncertainty in the attenuation correction coefficient of Cd-113m at sample measurement; uZ

ﬁ Amount of Cd carrier added

Micropipette volume Cd carrier concentration

Attenuation correction coefficient of Cd-113m at the time of ESCR curve creation

Half-life of Cd-113m

C) Uncertainty in the counting efficiency of Cd-113m; ukE

Measured Cd concentration in the recovered solution

E) Uncertainty in Cd recovery; uR

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of Cd-113m

Results of uncertainty assessment

The uncertainty factor that has the most significant impact is the counting efficiency
of Cd-113m, followed in descending order by volume of measured sample, Cd
recovery, sample solution separation-constant volume ratio, and net counting rate of

Cd-113m.
There is no impact of the uncertainty in the attenuation correction coefficient of Cd-
113m during sample measurement. = UV m UE m UX

UR mul muZ
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.2.6 Review of uncertainty assessment T:Pco

B) Uncertainty in net radioactivity concentration of Tc-99 in the measured
%Iution; uX

radioactivity concentration of Tc-99 in blank solution by the calibration
curve

radioactivity concentration of Tc-99 in the measured solution by the calibration

curve \
Calculated radioactivity concentration of Tc-99 in the measured

solution
radioactivity concentration of source

Source dispensing-constant volume ratio
; Tc-99
Source Tc-99 separation volume

Source Tc-99 constant volume Tc-99 calibration curve

Lalculated radioactivity concentration of Tc-99 in blank solution

Source Tc-99 separation volume

radioactivity concentration of source

Source Tc-99 constant volume

Attenuation correction coefficient

Tc-
of source Tc-99

. . - Source dispensing-constant volume ratio
Attenuation correction coefficient
of source Tc-99

Tc-99 calibration curve

I A) Uncertainty in the Tc-99 concentration in the sample water; uC I

Constant volume (volumetric flask volume)

separation volume (micropipette volume)

C) Uncertainty in the sample solution separation-constant volume ratio; ul

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of Tc-99

Results of uncertainty assessment

Since Tc-99 was not detected, only the uncertainty in the sample solution separation-
constant volume ratio (There is no impact of the uncertainty in the net radioactivity
concentration of Tc-99 in the measured solution).

muxX mul
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T=PCO

9.2.7 Review of uncertainty assessment

B) Uncertainty in net radioactivity concentration of 1-129 in the measured solution; uX

radioactivity concentration of I-129 in blank solution by the calibration curve
{alculated radioactivity concentration of I-129 in blank solution
. - . Source |-129 separation volume
radioactivity concentration of source |
Attenuation correction coefficient (Source 1129 constant volume
of source |-129
12 Source dispensing-constant volume ratio

Attenuation correction coefficient

radioactivity concentration of I-129 in the measured solution by the calibration

curve \

Calculated radioactivity concentration of I-129 in the measured
solution
radioactivity concentration of source [-129

of source 1-129
1-129 calibration curve

Source dispensing-constant volume ratio }
Source |-129 separation volume /

1-129 calibration curve

I A) Uncertainty in the 1-129 concentration in the sample water; uC I

Source [-129 constant volume

Constant volume (volumetric flask volume)

separation volume (micropipette volume)

g

C) Uncertainty in the sample solution separation-constant volume ratio; ul

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of 1-129

Results of uncertainty assessment
Since |-129 was detected, the uncertainty factor that has the more significant impact is

the net radioactivity concentration of I-129 in the measured solution, followed by
sample solution separation-constant volume ratio.

muxX muyl

The Japanese version shall prevail.
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.2.8 Review of uncertainty assessment T=Pco

C) Uncertainty in radioactivity of Sr-89 and Sr-90 in the sample; uX

Uncertainty in radioactivity of Sr-89 and Sr-90 in the standard sample

Uncertainty in radioactivity attenuation correction of Sr-89 and Sr-90 in the standard sample

B) Uncerta'nty n Sample Separatlon volume; uvV Uncertainty in radioactivity of Sr-89 and Sr-90 during measurement

E) Uncertainty in the attenuation correction coefficient of Sr-89 and Sr-90; uZ

Sample separation volume

C) Uncertainty in the radioactivity concentration of Sr-89 and Sr-90 in the
sample; uC

Sr carrier solution concentration
Sr standard solution constant volume

separation volume of sample water (graduated cylinder volume) Final volume of sample water

Sr concentration in the
standard solution Sr standard solution separation volume
r Weight of added Sr carrier (electronic balance)

Stable Sr concentration in sample water

Sr concentration in the measured solution by the calibration curve

L X L Weight of SrCO, precipitation X ] X . i .
Stable Sr concentration in the solution by the calibration curve and_adsorption filter paper Sr carrier solution separation volume (1) Sr carrier solution separation volume (2)
Sr concentration in the standard solution Tare weight
Electronic balance Electronic balance

Sr standard solution separation volume
SrCO; precipitation weight (electronic balance)

Stable Sr concentration in

Sr standard solution constant volume the measured solution

Sr standard solution dispensing-constant volume ratio D) Uncertainty in Sr recovery in the sample' uR

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of Sr-89 and Sr-90

Sr-89 Sr-90

Results of uncertainty assessment

The uncertainty factor that has the most significant impact is
the radioactivity of Sr-89 and Sr-90 in the sample, followed ir
descending order by Sr recovery in the sample, the sample
separation volume, and attenuation correction coefficient of

Sr-89 and Sr-90.

m UV muX muVv m uXx
m UR uz m UR uz
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water
9.2.9 Review of uncertainty assessment T=Pco

D) Uncertainty in the net counting rate of total a; uX

B) Uncertainty in sample separation volume; uV

Fluctuation of the measurement system

Net counting rate during sample measurement

Sample separation volume (graduated cylinder volume)

A) Uncertainty in the total a radioactivity concentration of the
sample; uC

Net counting rate during source measurement

a-ray emission rate of the calibration source

E) Uncertainty in total a radioactivity recovery; uR

¥

C) Uncertainty in the equipment efficiency of total a; uE

Example) Uncertainty characteristic factors related to the analysis of radioactivity concentration of total a

Results of uncertainty assessment

The uncertainty factor that has the most significant impact is the total a
radioactivity recovery, followed in descending order by net counting rate of
total a, total a equipment efficiency, and sample separation volume.

m uVv m UE
ux uR
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water

9.3.1 Verification and validation of analysis results

T=PCO

ALPS secondary treatment performance verification test (Group J1-C)
The sum of the ratios to regulatory concentrations limits of Group J1-C is [0.35].

When uncertainty is taken into account, the ratio to regulatory concentration limit is [0.49].
As the ranges of uncertainty overlap, the results of measurements by both parties are consistent; that is, TEPCO’s assessment

that the sum of the ratios to regulatory concentrations limits is less than 1 is considered valid.

Sr-90

Ru-106

Sb-125

1-129

Cs-137

Co-60

Cs-134

(Ball)

4.59E-02

1.24E+00

2.24E-01

1.24E+00

1.33E-01

3.04E-01

<2.20E-02

The Japanese version shall prevail.

Third-party analysis institute

Analysis results Extended uncertainty (k = 2)

(Ball)

3.12E-03

1.81E-01

4.77E-02

2.41E-01

2.22E-02

1.95E-02

Nuclide

Sr-90

Ru-106

Sb-125

1-129

Cs-137

Co-60

Cs-134

(Ball)

3.57E-02

1.43E+00

2.26E-01

1.16E+00

1.85E-01

3.33E-01

<7.60E-02

Example) Major 7 nuclides

TEPCOQO'’s analysis facility

Analysis results

Extended uncertainty (k = 2)
(Ba/L)

1.14E-02

3.72E-01

1.04E-01

1.83E-01

4.08E-02

6.12E-02

5.17E-02
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2-1 (2) [1] Analysis method and Framework for Concentration of Nuclides in ALPS Treated Water

9.3.2 Verification and validation of analysis results

T=PCO

“ If the uncertainty results of both parties are within each other’s uncertainty range, the measured value is
considered valid.

6.0E-02
5.0E-02
4.0E-02

§3'.OE-O2
o

2.0E-02

)

1.0E-02

radioactivity concentration

0.0E+00

2.5E-01

2.0E-01

1.5E-01

1.0E-01

radioactivity concentration
(BalL)

5.0E-02

0.0E+00

¥ Third party
B TEPCO

Sr-90

Cs-137

THE Jepanr e +orarors wrrom por oo

radioactivity concentration

radioactivity concentration

2.0E+00

1.5E+00

.0E+00

(Bail)

5.0E-01

0.0E+00

0.0E+00

Ru-106

Co-60

radioactivity concentration

radioactivity concentration

4.0E-01

3.0E-01

.0E-01

(Ba/L)

1.0E-01

0.0E+00

15601

1.0E-01

(Bq/L)

5.0E-02

0.0E+00

Sb-125

Cs-134

radioactivity concentration

2.0E+00

1.5E+00

0E+00

(Ball)

5.0E-01

0.0E+00

Range of uncertainty

I-129
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[Reference] Sea area monitoring samples analysis method (Off-site analysis facility)

T=PCO

Seawater

Nuclide

Analysis method

Target detection lower limit

Applicable methods

y ray emitting
nuclides

Sr-90

Pu-238,
239+240

Example: Kyushu Environmental Management Association

After a seawater sample is filtered and acidified, cesium
chloride is added as a carrier, and then ammonium
phosphomolybdate (AMP) is added.

The sample is allowed to stand overnight, the supernatant is
removed, and AMP is filtered out and collected. After drying,
the AMP is filled in a measuring container and measured by
a Ge semiconductor detector.

0.001 Bq/L
Set using Cs-137""

Example: Japan Chemical Analysis Center

A sample for the radioactivity measurement is prepared
through pre-concentration using ion exchange resin
columns, the concentration of strontium by a carbonate
precipitate formation, purification of strontium by an ion-
exchange method, removal of Y-90 by a scavenging
process, and milking operation. Then, the sample is
measured with a low background gas flow counter.

0.001 Bg/L

Example: Kyushu Environmental Management Association

A Pu-242 tracer and an iron (lll) carrier are added to a
sample that has been acidified in advance with nitric acid,
plutonium is coprecipitated with iron (lll) hydroxide, and then
plutonium is separated and purified by anion exchange.
Purified plutonium in the sample is electrodeposited on a
stainless steel plate to prepare a sample for a-ray
measurement, which is measured by a silicon
semiconductor detector.

0.01 mBq/L

*1: Values for other nuclides vary according to baseline, interfering nuclides, background, and y-ray emission rate.

The Japanese version shall prevail.

Radioactivity Measuring Method Series No.7
(Gamma-ray Spectrometry using
Germanium Detector)

Radioactivity Measuring Method Series
No.13

(Sample Pretreatment for Instrumental
Analysis using Germanium Detector, etc.)

Radioactivity Measuring Method Series No.2
(Radiostrontium Analysis)

Radioactivity Measuring Method Series
No.12
(Plutonium Analysis)
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[Reference] Sea area monitoring samples analysis method (Off-site analysis facility) T=Pco

Marine organisms

Nuclide Analysis method Target detection lower limit Applicable methods
Example: Environmental Division of Tokyo Power Radioactivity Measuring Method Series No.7
Technology Ltd. (Gamma-ray Spectrometry using

y ray emitting ~ The muscle part is separated from a seafood sample, 10 Ba/kg raw Germanium Detector)

nuclides minced, mixed, and filled in a measuring container (U-8 . 4271 Radioactivity Measuring Method Series
container). SEUEI Cile No.13
The filled U-8 container is measured with a Ge (Sample Pretreatment for Instrumental
semiconductor detector. Analysis using Germanium Detector, etc.)
Example: KANSO TECHNOS
A seafood sample is dried and incinerated, and Sr-90 is
extracted from the incinerated ash with nitric acid. Sr-90 is o ) _

Sr-90 purified from the extract by chemical separation such as ion 0.01 Bg/kg raw RadlgactIV|t¥ Measurmg Method Series No.2

exchange and barium chromate treatment. After that, it is (Radiostrontium Analysis)

allowed to stand for more than 2 weeks, and Y-90 in
radiation equilibrium with Sr-90 is separated by milking and
measured with a 21 gas-flow counter.

Example: Kyushu Environmental Management Association

<TFWT>

A sample is frozen and treated by vacuum freeze-drying to

obtain tissue-free water by cold trapping. The obtained

water sample is decomposed in reflux, purified, and then to

electrolytic concentration. The concentrated water is distilled 0.1 Bg/L(TFWT)

H-3 and purified to be sample water for measurement. Realioa G R LEEEUTE b Eee SEes Ned

0.3 Bg/L(OBT) (Tritium Analysis)
<OBT> Total organically bound tritium
A freeze-dried vacuum sample is treated by quartz tube
combustion to obtain combustion water. Sodium peroxide is
added to the combustion water to neutralize, potassium
permanganate is added and purified by reflux decomposition
and distillation to make sample water for measurement.
The Japanese version shall prevail. 40



[Reference] Quality control of the analysis process

T=PCO

—_——

[1] Use the voice input saying “Start work”.

~

002 ii., QR of the person in charge

[Start work]

188 Sample QR

B

&Y ou can actually,see,the,background,through.the glass!
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[Reference] Quality control of the analysis process

T=PCO

[4] The Samp|e name and the SCthUled Receiving Analysis request number: 2020-Emergency-00103

Sample name: Seawater in the port/Point A

date and time of sampling appear based
on the QR code information. 002 B sample QR

Say “Good” to move on to the next step. 005 ) & Date and time of sampling; hh-mm/MM-DD-2020

[5] Say the date and time of sampling. Receiving

004 9 Scheduled date and time of sampling (00:00 06/04/2020)

(== |

[6] Transfer the sample label image to the data assessment room.

A
g

Input the date and time of
sampling using a keyboard in the
data assessment room.

The Japanese version shall prevail.
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Reference] Quality control of the analysis process =
[ ] Quality ysis p T=PCO

[7] Data matching — “Check OK” — Register Receiving Analysis request number:
Use the voice input and say “Good” to move Sample name
on to the next step.

004 (") Scheduled date and time of sampling (00:00 06/04/2020)

o

[8] Use the voice InpUt to Inlet the Sample Receiving Analysis request number: 2019 - Environmental Management G-099-01-0001
VOIUme, Sample name: Seawater in the port/Point A
In this case, say “2” to input, then say “Good”

tO move on tO the neXt Step. EDate and time of sampling: 14:10 07/26/2019

[9] Say “Finish” to move on to the next step.

Receiving Analysis request number: 2019 - Environmental Management G-099-01-0001
Sample name: Seawater in the port/Point A

Say “Continue” to continue the receiving of
the following sample. 005 & Date and time of sampling: 14:10 07/26/2019

[Continue] or [Finish]

The Japanese version shall prevail. 43



[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021

T=PCO

Volume of discharge:
22 trillion Bg/L

Target discharge
management value for
Fukushima Daiichi before
the accident

1Bq/L area

Prefecture

Resolution: 1 km mesh in a horizontal direction, 30 layers in a vertical direction along the water depth (up
to 1 km deep).
Weather conditions, etc.: Wind velocity, atmospheric pressure, temperature, humidity, and precipitation

from January to December 2014 are used.
(Including flow conditions off the coast of Fukushima Prefe@tw@gKuroshio current and medium-scale eddies))hquake)

L] L] L]
[Ba/L]
[
m
L
I | -
|
—
o
- -3
[ ]

* Approx. 1.5 km north (Northern edge of the area where
common fishery rights are not set)

* Approx. 1.5 km south (Southern edge of the area where
common fishery rights are not set)

* Approx. 0.7 km offshore

5-1 Diffusion simulation for the discharge into the sea
(Repost of draft study)

« Simulation conditions (the model verified with measured data of cesium-137)
Target sea area: A range about 500 km north to south and about 600 km offshore, mainly in Fukushima

« Expanded images of the sea area off the coast of Fukushima Prefecture

Volume of discharge:

40 trillion Bg/L

1Bg/L area

« Approx. 6.5 km north Near Ukedo, Namie-machi
« Approx. 8 km south  Near Oragahama, Tomioka-machi
« Approx. 1 km offshore

T=PCO

Black line: 1 Bg/L area (concentration level in tap water in Fukushima Prefecture before the 3.11 E
Half-circle: Area within 10 km from the Fukushima Daiichi Nuclear Power Station
Background level: 0.1 to 1 Bg/L (concentration level off the coast of Fukushima Prefecture after the 3.11 Earthquake)

|'u ] . l ] L] L] - ]
Volume of discharge:

|| i N
100 trillion Bg/L

Volume of discharge: - |* :
| 50 trillion Bg/L

i '._ (81 ] .I'I. L] i
1N I
® I. LR , I 8
! 1@ f L] L)
. b la & - 4
| . | . _
||l —am

[Ba/L] [Ba/L] [BalL]

1+
[
=20 || I ] |
! ¢
o1 o a1
— | o | —am
Jure] [ T Ll
} } )
- 1Bq/L area e 1Ba/L area

« Approx. 10 km north  (Near the boundary between
Minamisoma City and Namie-machi)

« Approx. 20 km south (Near Iwasawa Beach, Naraha-machi)

« Approx. 2 km offshore

« Approx. 7 km north (Near Ukedo, Namie-machi)
« Approx. 10 km south (Near Obama, Tomioka-machi)
« Approx. 1.5 km offshore

<TEPCO Draft Study Responding to the Subcommittee Report on Handling ALPS Treated Water>
Japanese: https://www.tepco.co.jp/decommission/progress/watertreatment/images/200324.pdf
English: https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/200324.pdf /.j :1

The Japanese version shall prevail.

https://www.tepco.co.jp/press/release/2021/1635125_8711.html
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021

T=PCO

5-2 Sea area monitoring (plan) (seawater) (1/5) T=PCO

The simulation result (previous page) shows that the area where the radioradioactivity concentration is 1 Bg/L or
more is limited. Even so, in order to understand the diffusion situation, monitoring will be strengthened further,
such as by adding tritium measurement at points for the measurement of cesium.

* Considering that the tritium concentration in tap water in Fukushima Prefecture is about 1 Bg/L, measurement frequency
within the area where the concentration exceeds the level will be increased. Furthermore, it is well below the WHO

drinking water standard of 10,000 Bq/L.

The frequency of measurement varies according to the distance from Fukushima Daiichi NPS.
In principle, sampling outside the port is performed at a frequency equal to the current sampling frequency.

Within the port, sampling at the discharge vertical shaft (discharge end) is performed daily, whereas
sampling at other points once a week.

Three sampling points will be added.

Proposal on the measurement of tritium in seawater

Location int ST

*1 Daily at the discharge vertical shaft

Within the port 10 points Daily Once aweek + Once a week*1 (discharge end)
* No other changes

Within 2-km zone 7 points Once a week Once aweek + Once a week*2 *2 Three sampling points will be added.
W'thzlgfg'km 6 points Once aweek  Once/2 weeks + Once a week
Outside 20-km
zone 9 points Once a month 0 times » Once a month
(Off the coast of P =
Fukushima Pref.) é] 4

The Japanese version shall prevail.

https://www.tepco.co.jp/press/release/2021/1635125_8711.html
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021

1=

PCO

Within the
port

Within 2-km
zone

Within 20-
km zone

[2] Northside of the east inner
breakwater

[1] In front of the south-side
impermeable wall

[3] Seawater in front of the unloading
wharf

[4] Seawater in front of the unit 6 intake
channel

[10] Seawater at the mouth of the port
[7] Seawater in the eastside of the port
[9] Seawater in the westside of the port
[6] Seawater in the northside of the port
[8] Seawater in the southside of the port
[5] Center of the port

Near the south discharge port (T-2)
Northside of the units 5 & 6 discharge
port (T-1)

Seawater to the eastside of the port
mouth (T-0-2)

Seawater to the northside of the
northern breakwater (T-0-1)

Seawater to the southside of the
southern breakwater (T-0-3)

Seawater to the north-east side of the
port mouth (T-0-1A)

Seawater to the south-east side of the
port mouth (T-0-3A)

Discharge port to the north of 2F (T-3)
The southside of Ukedo Port (T-6)

3 km offshore from Ukedo River (T-D1)
15 km off the coast of the 1F site (T-5)
3 km off the coast of the 1F site (T-D5)

3 km off the coast of the 2F site (T-D9)

Once a week

Once a week

Once a week

Once a week

Once a week
Once a week
Once a week
Once a week
Once a week
Once a week
Once a week

Once a week

Once a week

Once a week

Once a week

Once a week

Once a week

Twice a month
Twice a month
Twice a month
Twice a month
Twice a month

Twice a month

5-2 Sea area monitoring (plan) (seawater) (2/5)

T=PCO

Within the port

=]
Within 2-km zone

AR EEREE A

'll--lll!i.ll

IL L1

[ |
|
L] ™ g
st o T o N
-
L=}
rQ
-
N -
[ & rwm wigm N
] el -
m m =
3] = e
n'
1 [ |
A
| m
-

PR Legend
FA—

B (oo By Fukastina pret)

A Ya L
R @ o A
__ Within 20-km zone
E- 1A - -
@ . .
s ~ o *
W\: 1. -
(| 1 ‘,a -
l.'ﬂ-"'l'
T Trm . =y
1 B Lt
’ ] 15 L
ot @raa :
Fukushima Pref. Sl Sat-1m o0 'I
|
B ) e g =
1. FPOE T-5A
T-R CoT-3 o L §1-T
T I
r
W oT-a4 ¥
57 ¢
. :
E l'ﬂ‘n - _.-"- Legend "
- g - i Mortorng pots
"t:', ety )
Hirono
SE-m . 2

FLLLLY
T

An area where no fishing is
conducted on a daily basis”

1.5 km east to west, 3.5 km north to south

D Tritium analysis points (Analyzed at all points within the port)

*: Area where common fishery rights are not set ,x:)

5

The Japanese version shall prevail.
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-2 Sea area monitoring (plan) (seawater) (3/5) -
T _ P C o
—-—
(Revised) Monitoring of seawater within the port and the 20-km zone: Tritium Within th
ithin the port
analysis
[2] Northside of the east inner breakwater Once a week Monitor the seawater once a day at
[1] In front of the south-side impermeable wall Once a week the discharge vertical shaft
[3] Seawater in front of the unloading wharf Once a week (discharge end)
[4] Seawater in front of the unit 6 intake channel Once a week
Within  [10] Seawater at the mouth of the port Once a week
the port (7] Seawater in the eastside of the port Once a week
[9] Seawater in the westside of the port Once a week
[6] Seawater in the northside of the port Once a week
T ) I . "
[8] Seawater in the southside of the port Once a week ; — R . P L
[5] Center of the port Once a week ithin '2- ZO L \
. Within 2-km zone,, ;. sy _ . Within 20-km zone
Near the south discharge port (T-2) Once a week - i Pl "
Northside of the units 5 & 6 discharge port (T-1) Once a week & u T ﬂ"q. ) J
Seawater to the eastside of the port mouth (T-0-2) Once a week Py Ta
Seawater to the northside of the northern breakwater o o =g i
(T-0-1) nce a wee (- . Yot
Seawater to the southside of the southern breakwater O auE : . - . - ¥ oy
Within 2- (T-0-3) . Discharge point e .
km zone Seawater to the north-east side of the port mouth (T- O & uask (Undersea tunnel outlet) : F 1-§ !
and 0-1A) el gras i
icinity Seawater to the south-east side of the port mouth (T- e Fukushima Pref. mm S 1m P .
vicinity 0-3A) Once a week -_m T-1 Ta 1A b
- & 2o,
North-east end of the area where no fishing is Once a week 2T &fﬁ ene E
conducted on a daily basis” (New sampling point: A) LR T : T R [EE] .5 -
Midpoint on the east end of the area where no fishing w0 . n ® g e . L=
. . s - X 4 T GO o o §rz
. h H .
E)conducted on a daily basis” (New sampling point: Once a week . i Tl :
[ »
South-east end of the area where no fishing is EranE: : - o T-E4 r
conducted on a daily basis” (New sampling point: C) n ie Lgro ES
Discharge port to the north of 2F (T-3) Once a week S, e ot
The southside of Ukedo Port (T-6) Once a week ot
1 s -
20km 3 km offshore from Ukedo River (T-D1) Once a week 4765 - .
: Legend " E-18 = - Legend
Zone 15 km off the coast of the 1F site (T-5) Once a week Blue: Points where sampling frequency ’ T =" ?
will be increased i Vorsorng pors T 1%_ . r- o
3 km off the coast of the 1F site (T-D5) Once a week Red: New sampling points B U s Hirong 1 I o
Black: Points where no change will be
3 km off the coast of the 2F site (T-D9) Once a week made L L ..""' - 1 =
: e : ?gnz:?;ev:jh;:ean:aﬁ;hgggiiss' D Tritium analysis points (Analyzed at all points within the port)
HEE N
1.5 km east to west, 3.5 km north to south *: Area where common fishery rights are not set '6 '6

The Japanese version shall prevail. https://www.tepco.co.jp/press/release/2021/1635125_8711.html



[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-2 Sea area monitoring (plan) (seawater) (4/5)

T=PCO

(Current) Monitoring of seawater within 20-km zone: Tritium

T Ty = -
E ]
Location Sample name Current (_'A_] E‘-«: -
- T '3-
3 km off the coast of Soma (T-22) 0 Moo /€% t d 20 k .
m off the coast of Soma (T- " ® _
J 1?;.?.,529 side m zone
= = .
5 km off the coast of Kasihma (T-MA) 0 o e e b e .
- \ QT-wA QwCl o MC
1 km offshore from Niida River (T-13-1) 0 e .-.‘.‘?f;_?a_.“ -
E-14 Q o N
15 km off the coast of lwasawa (T-7) 0 " -4 g‘ = ‘.‘ QM- O m-0)
Fukushima Pref - fra‘:?-‘ e
Outside 20-km zone 3 km off the northern coast of Iwaki City 0 S Watae ' <
(Fukushima) (T-12) v H
et 0% Pmu QM6
1 km offshore from Natsui River (T-17-1) 0 . OO PT-ik 4
L mm Q" orus
5 km off the coast of Numanouchi (T- 0 R . L * g ,"
M10) s .. -e” o1 Our on
Hirono % > ¥
3 km off the coast of Toyoma (T-20) 0 py " . R
{ E-78  ,M-a0
3 km off the coast of Onahama Port (T- 00 ¢ © OMG O M-G3
18) 0 woe -1 T-17-1 ’
" { M0 : =
i &o ) .04 o
E-78 r-a s
- 79 T-18 O W-H1 O N-+3 .
E-IF Qo R
n E0 @ .
Tritium analysis is not carried out at points T2 s Legend
. Q oM oM Monitorng eins
outside the 20-km zone, but samples are WD >
. . | (Monitored by Fukushima Pref )
collected once a month for cesium analysis. B . . o
PICY s® | "
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021

T=PCO

Outside 20 km zone
(Fukushima)

3 km off the coast of Soma (T-22)

5 km off the coast of Kasihma (T-MA)

1 km offshore from Niida River (T-13-1)

15 km off the coast of lwasawa (T-7)

3 km off the northern coast of Iwaki City
(T-12)

1 km offshore from Natsui River (T-17-1)

5 km off the coast of Numanouchi (T-
M10)

3 km off the coast of Toyoma (T-20)

3 km off the coast of Onahama Port (T-
18)

Once a month

Once a month

Once a month

Once a month

Once a month

Once a month

Once a month

Once a month

Once a month

5-2 Sea area monitoring (plan) (seawater) (5/5)

(After Review) Monitoring of seawater within 20-km zone: Tritium

T=PCO
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-3 Sea area monitoring (plan) (fish/seaweed) (1/5) T=PCO

Measurements are performed to monitor the transfer to fish and seaweeds of radioactive materials to be
released.

Analysis of fish for cesium is currently performed at 11 points within a 20-km zone off the coast of
Fukushima Prefecture (Analysis for tritium is performed at one of them at the moment). In order to check
impacts on tritium concentrations, analyses of fish for tritium will be performed at all of the 11 points and
analyses of seawater for tritium at the same points.

Analysis of seaweeds for gamma nuclides is currently performed at one point in the port. In order to check
the concentrations of iodine and tritium, seaweed samples will be collected at two more points outside the
port, and analyses for tritium and iodine 129 will be performed in addition to gamma nuclides.

Proposal on the measurement of tritium and iodine 129 in fish/seaweeds

- e
change

Fishes Within 20- [Current] Fish are collected at 11 locations, and tritium of flounder is analyzed at one of the
km zone Once a month Once a month locations.
(1 location) (11 locations) [After change] At 10 locations used for collecting fish for cesium analysis, tritium analysis will also be
performed.

Seaweeds Within the . .
3 times a year 3 times a year

port . . [Current] It is conducted three times a year in March, May, and July at 1 location within the port
(1 location) (1 location) S : A
(considering the summer growth depression and no growing in winter).
Outside the . [After change] Two locations outside the port will be added, and gamma nuclides, iodine 129, and tritium
port 0 times 3times a year will be analyzed (reviewed by habitat survey).
(2 locations)
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-3 Sea area monitoring (plan) (fish/seaweed) (2/5) T=PCO

(Current) Monitoring of marine organisms (fish): Tritium

— 7213 v >
= E . ad
Sample name
Frequency of Frequency of - —QUIS'de 20 km Zone
analysis analysis | -~ (T - .
v, lOE® b ‘\ |
Approx. 1 km offshore from Ohta River (T-S1) - - PV ‘
<2 fot-8
Approx. 3 km offshore from Odaka-ku (T-S2) - - | ‘orez
Approx. 3 km offshore from Ukedo River (T- proe wage T8 OTO8 o sty
- - AU @F-1a
S3) o \
Approx. 3 km offshore from the 1F site (T-S4) - - s Ol r-sa '.
Fukushima Pref*® Ty, [@w-1c "o“:“ ‘
Approx. 2km offshore from Kidokawa (T-S5) - - 41 ‘o 0?;‘“' - -
AW Qr-aa !
Approx. 2km offshore from the 2F site (T-S7) - - " .,,..20 4’
v-® 1- o & T-1 T2
. Once a month Once a month <7 1-8 e ’
Approx. 4km offshore from Kuma River (T-S8) (Detailed analysis) (Detailed analysis) - c}n s K
Approx. 15 km offshore from Odaka-ku (T-B1) - - '?3 Q08 P
~ ’
Approx. 18 km offshore from Ukedo River (T- _ ) [ o187 7
B2) & / e
Approx. 10km offshore from the 1F site (T-B3) - - N Ay g ’
T - i Legend
Approx. 10 km offshore from the 2F site (T-B4 - - Tredpe@Tr o
pprox. 10 km offshore from the 2F site (T-B4) Himn}%, o i
[ QE-18 8 25 S

= Fish (tritium) analysis points

Lower limit of detection Approx. 0.1 becquerel/liter

/0
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021

T=PCO

5-3 Sea area monitoring (plan) (fish) (3/5) T=PCO
=
(After review) Monitoring of fishery products (fish): Tritium
TR T-13-1
o -] ~ N
Fish Seawater £ ;'oge o o" \'ﬁ. A
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-3 Sea area monitoring (plan) (fish) (4/5) T=PCO

(No change) Monitoring of fishery products (fish): cesium, strontium

Cesium Strontium

Sample name
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-3 Sea area monitoring (plan) (seaweed) (5/5) =>CO
T=rPC
(Current and after review) Monitoring of seaweed: cesium, iodine 129, tritium (times/year)
Sampling points Analytlcal items After the review
(Inside of the southern lodine 129 0 0
breakwater) Tritium 0 0
Cesium 134, 137 0 3 X 2 points
Outside the port lodine 129 0 3 x 2 points
Tritium 0 3 x 2 points
Current X i After the revie;w i Red: New sampling points
LA .. (studied by habitat survey)
5 . Black: Points exsisting
lll-l"ll.l.ll lt -" Ili.l!{lll!
... I RSH — . em —l
‘; ‘a
@ rugI0 @ - 1 prgy Y +5.
1 R ! i
(A, o™ &' I N o . . .
n. erel | O | e eiel '-: oreu The sampling po_lnts outside the
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3 ° L ” L3 ® 3 ~a \ -
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o n u
ssmmnnunmun ¥ Illlﬂlll‘llilf
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- - ¢ s 5 . t e ) *: Area where common fishery rights are not set
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[Reference] Sea Area Monitoring Plan, excerpt from the plan published on August 25, 2021 T=PCO

5-4 Matters to be considered in the sea area monitoring T=PCO

@® Sea area monitoring will start around spring of 2022, about 1 year before the start of the
scheduled discharge.

® On the implementing sea area monitoring (sampling, radioactivity measurement, etc.), we
will ask participation and inspection visits from agriculture, forestry, fisheries companies,
and local government officials.

@® As mentioned above, measures to enhance the sea area monitoring are being studied in
accordance with the distance from the Fukushima Daiichi NPS. Further necessity and
method for improvement and expansion the sea area monitoring, TEPCO will review based
on the government’s monitoring coordination meeting.

® The improvement of the simulation of discharge and dispersion will pursue and the radiation
impact assessment on human and the environment will be maid. To improve the accuracy
of the simulation of discharge and diffusion into the sea, we will continue the investigation
and evaluate the impact of radiation on humans and the environment.
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T=PCO

Responses to major issues” concerning the content of the application for the facilities for

discharge of ALPS treated water into the sea
*Document 1-2 for (The 3rd) Review Meeting on the Implementation Plan Regarding the Handling of ALPS Treated Water

(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)
(1) Discharge Facilities of ALPS Treated Water into the Sea
[3] Methods of seawater intake and discharging ALPS treated water after dilution

[5] Structure and strength of equipment, protection against natural phenomena such as
earthquakes and tsunamis, prevention of misoperation, reliability, etc.

(Dilution facility and related facility(discharge facilities))

® The following points must be summarized and explained for each structure, system, and component consisting of the facilities for
the discharge into the sea: Safety functions, impacts in the event of the loss of safety functions, basic specifications, and the
grounds for their establishment, the main structure, applicable standards, etc.
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T=PCO

Responses to major issues” concerning the content of the application for the facilities for

discharge of ALPS treated water into the sea
*Document 1-2 for (The 3rd) Review Meeting on the Implementation Plan Regarding the Handling of ALPS Treated Water

(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)
(1) Discharge Facilities of ALPS Treated Water into the Sea
[3] Methods of seawater intake and discharging ALPS treated water after dilution
(Design related to Dilution facility/related facility(discharge facility))

The Japanese version shall prevail. 57



2-1(1) [3] Methods of seawater intake and discharging ALPS treated water after dilution

1. Overview of the ALPS treated water Dilution/Discharge Facilities

T=PCO

The figure below summarizes the structure and strength of the discharge vertical shaft (upper-stream storage and down-stream
storage), protection against natural phenomena, and their reliability in the ALPS treated water Dilution/Discharge Facilities and the

Related Facility.

Strontium treated Multi Nuclide
water, etc.
Removal
Equipment
[ALPS]

The Japanese version shall prevail.

ALPS treated
water, etc.

The sum of the ratios to regulatory concentrations
limits other than tritium is “less than 1”.

Stored water transfer puw¢

The sum of the ratios to regulator
concentrations limits other than
tritium is “1 or more”.

ALPS treated

Sampling tanks for multi-nuclide

water Sampling and analysis

removal equipment, etc., or Secondary
tanks for storing ALPS treatment
treated water, etc. facilities Measurement/confirmation tanks

ALPS treated water

Transfer facility
transfer pump

I I 150 m3/day or more

Emergency
isolation
valve

Diluted tritium concentration
Less than 1,500 becquerels per liter

Dilution facility

Unit 5 intake channel

Seawater transfer pump

r .

(Seawater pipe header ¢ Discharge facility
Mixing and diluting with the seawaterl Dlscharge vertical shaft
taken in and transferring to the i

(Down -stream storage)

discharge vertical shaft.
::: Discharge
/ outlet
7 / Discharge tunnel ¥ J=/
:j - GONE?777 7,
DIIIIIN L. ) Y7700

Discharge vertical shaft Discharge vertical shaft
(Upper-stream storage) (Down-stream storage)
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(The 3rd) Review Meeting on the Implementation
Plan Regarding the Handling of ALPS Treated
Water, Document 1-1, repost of page 12

2-1(1) [3] Methods of seawater intake and discharging ALPS treated water after dilution
2. Facility overview for ensuring safety ' =pC6

Source: This map was created by Tokyo Electric Power Company Holdings, Inc. based on a map published by the
Geographical Survey Institute (Electronic Map Web)

MeaSU rement/confi rmation faCi | |ty (K4 tank grOUpS) https://maps.gsi.go.jp/#13/37.422730/141.044970/&base=std&Is=std&disp=18&vs=c1j0h0k0I0u0t0z0r0sOmOf1

Consists of 3 groups, each of which is responsible for receiving,
measurement/confirmation, and discharge. In the
Measurement/Confirmation process, water is circulated and
agitated to become homogenized, and then sampled for analysis.
(Approx. 10,000 m3 x 3 groups)

Secondary treatment facility (new reverse osmosis
membrane equipment)

Secondarily treats treated water to be purified in which the sum
of ratios to regulatory concentration limits other than tritium is “1
to 10", ALPS Treated Water transfer pump

/ Rotation

Discharge tunnel 3.5 km in north-south direction

——
]

Area where no
: fishing is conducted

on a daily basis*

~,

Secondary treatment facility (ALPS)

eastidirection

Secondarily treats treated water to be purified in which the sum Discharge
of ratios to regulatory concentration limits other than tritium is

“not less than 1”. e
Receiving Measurement/ “
I confirmation

V flow rate control val

emergency isolation valve
(measures against tsunami

y ma

Seawall

- ~
-
’

/ Tanks containing ALPS
treated water, etc.

AT

Installed mainly around
emergency isolation valves
and transfer pipes.

\- The outlet of the discharge tunnel is installed in an
- area where no fishing is conducted on a daily
basis’, and the amount of water in the area is
estimated to be about 60 billion liters.

Seawater pipe header

(Approx. 2 m in diameter x appro:

33.5 m above sea level——p» ater flowmeter

For the time being, the discharge will be started
after verifying ALPS Treated Water is mixed and
diluted with seawater by directly checking the
water in the vertical shaft.

11.5 m above sea level ———p»

2.5 m above sea level ————

To the sea

Discharge vertical

Seawater transfer pump

(3 units)

Seawater for dilution Discharge tunnel
(Taken in from outside the port) (Approx. 1 km)
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2-1(1) [3] Methods of seawater intake and discharging ALPS treated water after dilution
3. Determination of the structure of discharge vertical shaft T=PCO
(upper-stream storage, down-stream storage) -

Regarding a discharge vertical shaft (upper-stream storage and down-stream storage), in organizing the structure and strength,
protection against natural phenomena, and reliability, the structure of the discharge vertical shaft (upper-stream storage and down-
stream storage) was determined.

ALPS treated
water, etc.

The sum of the ratios to regulatory concentrations

/\ limits other than tritium is “less than 1”.

The sum of the ratios to regulatory
concentrations limits other than

Strontium treated \Multi Nuclide
water, etc. Removal

Equipment
[ALPS]

Stored water transfer pu PP »
triium is *1 or more”.

ALPS treated

Sampling and analysis

Sampling tanks for multi- water
nuclide removal equipment, Secondary
etc., or tanks for storing treatment

ALPS treated water, etc. Measurement/confirmation tanks

facilities
..... Waste ﬁ;:?ssf;eated water 150 m3/day or more Transfer facil |ty
pump J L

Emergency  Diluted tritium concentration
isolation Less than 1,500 becquerels per liter

valve /

Dilution facility

@ (Seawater pipe header o

Mixing and diluting with the seawater
Seawater transfer pump taken in and transferring to the . .
discharge vertical shaft. -— = Discharge facility
v,
— v
I ; b ; Discharge outlet
I //////,ﬂ :: Discharge tunnel /] :,.1
L v, 2PN P7777/
Unit 5 intake channel V Y,
L 00000 ) )7 777777

Discharge vertical shaft Discharge vertical shaft
(Down-stream storage)
(Upper-stream storage)
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Repost Page 12 of document 1-1, the 3rd Review

2-1(1) [3] Methods of seawater intake and discharging ALPS treated water after dilution weeting on the mplementation Pian Regarcing the
4.Overview after determining the structure of the discharge vertical shaft NG 7 gt e . g g
(upper-stream storage, down-stream storage)

Source: This map was created by Tokyo Electric Power Company Holdings, Inc. based on a map published by the
Geographical Survey Institute (Electronic Map Web)

Measurement/confirmation facility (K4 tank groups) hitps://maps.qsi.qo.jp/#13/37.422730/141.044970/&base=std8ls=std&disp=18vs=c1j0h0K0IOU00Z0r0SOmOF1

Consists of 3 groups, each of which is responsible for receiving,
measurement/confirmation, and discharge. In the measurement/confirmation
process, water is circulated and stirred to become homogenized, and then
sampled for analysis.

Secondary treatment facility (new reverse osmosis
membrane equipment)

(Approx. 10,000 m3 x 3 groups)

Secondarily treats treated water to be purified in which the sum S " I Y A

of the ratios to regulatory concentrations limits of nuclides ekl e - ~ Areawhere no

other than tritium is 1 to 10. ALPS treated water transfer pump R s fishing |s_c0nduptf3d
on a daily basis

N,
\
’

/

N,

Rotation

Secondary treatment facility (ALPS)
Seawall

Dgéharge

ol T
Receiving Measurement/ .

e confirmation

Secondarily treats treated water to be purified in which the sum é
of the ratios to regulatory concentrations limits of nuclides -

other than tritium is 1 or higher.

mn
k)

Installed mainly around =

emergency isolation valves
and transfer pipes.

e

AT

-~ N,

/~  Tanks containing ALPS ™,
treated water, etc.

wE

The outlet of the discharge tunnel is i
installed in an area where no fishing is
conducted on a daily basis’, and the
amount of water in the area is estimated
to be about 60 billion liters.

wmeter, flow rate control valve,
emergency isolation valve
(against tsunami)

Seawater pipe header *Area where common fishery rights are not set.

(Approx. 2 m in diameter x approx. 7.n

33.5 m above sea Ievel_> awater flowmeter

For the time being, the discharge will be
started after verifying ALPS treated water is
mixed and diluted with seawater by directly
checking the water in the vertical shaft.

11.5 m above sea »

level

2.5 m above sea level
—»

et =

To the sea

Seawater transfer pump

(3 units)
Seawater for dilution

(Taken in from outside the port)

Discharge tunnel (Approx. 1 km)
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2-1(1) [3] Methods of seawater intake and discharging ALPS treated water after dilution
[Supplement] Overview of the structure of the discharge vertical shaft T=PCO
(upper-stream storage, down-stream storage) —

Details of determining the structure of the discharge vertical shaft (upper-stream storage, down-stream storage)

Referring to the offshore discharge system of other power plants in the fundamental design phase, in our original plan for the discharge
vertical shaft (upper-stream storage, down-stream storage) structure was planned: to install a partition wall (weir) inside the shaft for
directly measuring the tritium concentration to secure a capacity (about 2,000 m?3) in the upper-stream.

Regarding the discharge vertical shaft (upper-stream storage), we reassessed the structure to be a broader, shallower tank by

considering safety in construction and maintainability after being placed in service.

_ Original plan After determining the structure

Discharge vertical shaft Discharge vertical shaft
(Upper-stream storage) (Down-stream storage) /

Structure

Discharge vertical shaft

Discharge vertical shaft s (Upper-stream storage)

Partition wall (Down-stream storage) .

(weir)

*: No change was made in the original plan as for securing a capacity of about 2,000 m3 for the upper-stream storage.
*: Dimensions may change within the range where there will be no impact on the structural strength.
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2-1(1) [3] Methods of seawater intake and discharging ALPS treated water after dilution
[Supplement] Advantages of determining the structure of discharge vertical shaft T=PCO
(upper-stream storage, down-stream storage) —

We aimed that improving the efficiency during construction/after service by determining the structure of a discharge vertical
shaft (upper-stream storage, down-stream storage).

The structure of the 2,000 m3 discharge vertical shaft (upper-stream storage) was determined from the following viewpoints:
1) To improve facility quality and labor-saving and enhance the safety during construction work using of precast products.

2) In considering operational aspects such as maintainability and emergency response, it is easier to maintain shallow water
storage than deeper water storage as initially planned.

3) From the perspective of natural disaster countermeasures, placing water storage in front of the seawater transfer pipe
(orifice flow measurement range) can reduce the risk of damage at times of storm surge and frequent tsunamis (about 2 m
(about once every 10 years)). (it may be flooded but can mitigate the direct wave forces)
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T=PCO

Responses to major issues” concerning the content of the application for the facilities for

discharge of ALPS treated water into the sea
*Document 1-2 for (The 3rd) Review Meeting on the Implementation Plan Regarding the Handling of ALPS Treated Water

(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)
(1) Discharge Facilities of ALPS Treated Water into the Sea

[5] Structure and strength of equipment, protection against natural phenomena such as
earthquakes and tsunamis, prevention of misoperation, reliability, etc.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1. Design of discharge vertical shaft (upper-stream storage) T:Pco

Design of discharge vertical shaft*

Design of discharge vertical shaft (upper-stream storage)

*: This report describes the results of an examination that the design complies with the
standards and criteria for general civil engineering structures and has sufficient safety,
durability, earthquake resistance, etc.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.

1.1 Facility overview of discharge vertical shaft (upper-stream storage) T:Pco
S
) ) ) /\ ~ o.\./\ pDro*
For the yertlcal dlsch_arge sh_aft (upper-st_ream storage), pre_cast products_ will be RS \é\ NTZ
used to improve facility quality, labor-saving, and safety during construction work. 4 T
/ S
Seawater pipe /{c o)
A -
?” X
o)
<
Specifications of discharge vertical shaft (upper-stream storage)* A
/

Framework | Width approx. 18 m x Length approx. 37 m
dimensions | x Height approx. 7 m

: Dimensions may change within the range where there will be no impact on
the structural strength.

| Installatii of the
>~~._ topplate (lid)

L /Discharge vertical

shaft
(Down-stream
storage)

Top plate . 3960 350 2 : 78,77 / Discharge vertical shaft
I | £l ~ /  (Upper-stream storage)
F’*I H = H = S o
/ /) < ~ /
~ ~ /
~
Image drawing of upper-stream and down-stream storage
2l o
", o]
Sidewall Partition wall Ol i3
Ll g
4000 4000 4000 4000
l V7 7 ] 7
Base 0
300 a5 Ts]
A-A’ sectional view 2000 2300|1400
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes

and tsunamis, etc.
[Supplement] Section view of discharge vertical shaft (upper-stream storage)

T=PCO

Seawater pipe B

~

A middle wall is provided in a part of the north side inside the upper-stream storage to
guide the diluted water flowing from the seawater pipe to the down-stream storage.

Middle wall
The water flows into the down-stream storage by overflowing the weir between the

upper-stream storage and the down-stream storage.

Discharge vertical shaft
(Down-stream storage) Weir

Discharge vertical shaft

Installation of the top plate (lid)
(Upper-stream storage)

B-B’ sectional view

T

L ez A

b

Approx. 4rn

A
Approx. 3m B' ‘a o
\ T P +2 5 _1 I L I \\I 1 L I 1 | 1 | 1 i | 1 1 i) d 1
P.+2.5m
\ \ X <1 1 /S| F9 | leL=TP.+25m
o T
Approx. 7.m Middle wall A
| Approx. 5m
Approx. 25m
|
e | |
"_,.::"" o .-'. :.-' o /;:-_.-'._'/4'4” S e o '__:-'- e __:-':_.-':": A __f'__f'?: i e -"'__.:-' i __,-"f._"-::'-"?.?f:":":_':f ...-.' W
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‘ “*”r e e /” e o ’f/f/“ ’f”f/
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T=Pco

“14. Design considerations [1] Applicable standards and criteria”
® The designing, selection of materials, manufacturing and inspections of structures, systems and components having safety functions
shall comply with standards deemed appropriate to the importance of the safety functions they should perform.

Design, selection of materials, and manufacturing are evaluated in accordance with the following:

Technical Manual for Precast Rainwater Underground Storage Facilities (Revised); 2020) Japan Sewerage New Technology
Organization

Concrete Standard Specifications (Design Edition); Established in 2017), Japan Society of Civil Engineers

Concrete Standard Specifications (Structural Performance Examination Edition); established in 2002), Japan Society of Civil
Engineers

Seismic Countermeasures Guideline and Explanation for Sewerage Facilities, 2014 Edition, Japan Sewerage Works Association
Specifications for Highway Bridges and Explanation |, Common Edition, 2012, Japan Road Association

Specifications for Highway Bridges and Explanation, 1V, Lower Structural Edition, 2012, Japan Road Association

Specifications for Highway Bridges and Explanation V, Seismic Design Edition, 2012, Japan Road Association

Guidelines for Design and Construction of Reinforced Concrete Using Epoxy Resin-Coated Rebar (Revised edition); 2013), Japan
Society of Civil Engineers

Common Ditch Design Guideline 1986, Japan Road Association
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T:Pco

“14. Design considerations [2] Design considerations for natural phenomena” (earthquakes)

® Structures, systems, and components having safety functions shall be classified in terms of seismic design in consideration of the
importance of their safety functions and the impacts on the safety the loss of their function might have in the event of an earthquake,
and shall be designed to sufficiently withstand the design seismic load that is considered to be appropriate.

The discharge vertical shaft (upper-stream storage) of the ALPS treated water Dilution/Discharge Facilities handles water that has been diluted
with seawater, with the sum of the ratios to regulatory concentrations limits of all nuclides including tritium is less than 1. *Based on this, the
amount of leakage at the time of loss of function of the facilities (equivalent to about 3 m3 as ALPS treated water) is sufficiently smaller than
that of the measurement/confirmation tanks. Accordingly, it is assumed that the impact of radiation on the public at the time of loss of function
of the ALPS treated water dilution and discharge facilities can be represented by evaluating the measurement/confirmation tanks.

*When 2 or more seawater transfer pumps are operated, it is diluted 680 times or more.

At the 6th Review Meeting, the explanation was given regarding the grounds for the appropriate seismic category classification of the ALPS
treated water Dilution/Discharge Facilities as “Class C” based on the effects of the loss of the function of the measurement/confirmation tank.

*A top plate (lid) is installed to prevent overflow due to sloshing in an earthquake.

[Evaluation method]
v' It should be Seismic Class “C,” and the examination should be carried out using horizontal design seismic coefficient of kh=0.2.

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T:Pco

“14. Design considerations [2] Design considerations for natural phenomena” (natural phenomena other than earthquakes)

Structures, systems, and components having safety functions shall be designed so that the safety of facilities is not impaired by
postulated natural phenomena other than earthquakes (such as tsunamis, heavy rains, typhoons, tornados). Structures, systems,
and components having safety functions of particularly high importance shall be designed while taking into consideration the
conditions of a postulated natural phenomenon that is considered to be the severest or a case where accident loads are added to

natural forces.

The Japanese version shall prevail.

Tsunami
Since inundation against tsunami is inevitable, specifications should be provided with wave pressure resistance according to the
recoverability.

Typhoon (storm surges)
The design should also take into account the effects of sea-level rise due to typhoons (storm surges).

Snow accumulation

In order to protect facilities from damage caused by accumulated snow, buildings should be designed to withstand the snow load
designated by the Regulations for Enforcement of Building Standard Law and Detailed Rules for Enforcement of Fukushima

Prefectural Building Standard Law.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T:Pco

“14. Design considerations [4] Design considerations for fire”
® The design should be such that fire does not impair the safety of facilities by appropriately combining measures for fire prevention,
fire detection, extinguishing, and reduction of the effects of fire.

Fire (Implementation Plan: 11-2-50-5)

In order to prevent fire occurrence, ALPS treated water Dilution/Discharge Facilities use non-flammable or flame-retardant
materials as much as it is practically possible.

[Evaluation method]
v There is no concern about fire due to its RC structure.

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T:Pco

“14. Design considerations (8) Design considerations for reliability”
® Structures, systems, and components with safety and monitoring functions should be designed to ensure and maintain sufficiently
high reliability.

Structure

The discharge vertical shaft (upper-stream storage) is grounded to bedrock so that the structure will not be easily affected by an
earthquake.

Soundness

The structure is established by verifying that it is within the allowable stress intensity for stationary and earthquake loads. It has
also been confirmed that there is no structure uplift. In addition, the crack width and salt damage to be generated in the reinforced
concrete framework are examined, and it has been confirmed that the durability during the service period is ensured by setting
proper rebar cover. The reinforced concrete framework shall be designed in a conservative manner such that it does not require
maintenance during the service period. (Periodic inspection is carried out based on the long-term inspection plan.)

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken (examining items)

T=PCO

»  The discharge vertical shaft (upper-stream storage) of the ALPS treated water dilution and discharge facilities is examined as shown in the
table below. It has been confirmed that its durability during its service life is ensured.

Items to be examined for the discharge vertical shaft (upper-stream storage)*

Discharge vertical shaft
Examination items Contents of examination
(Upper-stream storage)

Structure

salt damage

At all times

At the time of the earthquake

It should be within allowable stress
intensity.™

The crack width should be equal to
or less than the allowable crack
width.™

Chloride ion concentration at the
position of steel materials should not
reach the corrosion limit of steel
materials."™

There should be no uplift.

It should be within allowable stress
intensity against earthquakes.™

*1.Safety: The stress intensity of the material caused by the action of the load should be within the allowable stress intensity.
*2. Durability: During the design service period, the performance of the structure should not deteriorate due to corrosion of steel materials caused by

cracks or intrusion of chloride ions.

*3. Seismic resistance: It should be Seismic Class “C,” and the examination should be carried out using horizontal design seismic coefficient of

kh=0.2.

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.

1.2 Compliance assurance to the matters for which measures should be taken T=PCO
(allowable stress intensity of primary materials) —

“  Stress intensity examination

»  Of the materials used for the discharge vertical shaft (upper-stream storage), concrete should be ordinary concrete (Ordinary
Portland Cement), and the design-basis strength should be 40N/mm?2. The rebar should be SD345.

~  Verify whether the stress intensity of the material caused by the action of the load is within the allowable stress intensity.

Allowable stress intensity of concrete

i [ Short-term
Design basis strength

of concrete Compression Shear Compression . >
(N/mm?) (N/mm?) (N/mm?) SIGEN (R
40N/mm? 14.0 0.55 21.0 0.825

Allowable stress intensity of rebar

Material used ] )
Tension Tension
(N/mm?) (N/mm?)

SD345 200 300

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T=PCO
(results of stress intensity examination (1)) —

The Jag

»  As aresult of stress intensity examination, it has been confirmed that the proof stress is ensured.

Load combination Top plate

Load for stud At all times At the time of the B . . ~ »—‘
y (long term) earthquake (short term)

Self-weight O O

Loading load Sidewall Partition wall

Earth pressure

Internal water pressure

Buoyancy

e : Base
Seismic inertial force

Dynamic water
pressure

Areas for study

O O O O O O

T
BT ©
EEITTETE  ©
[enarwatrpressure (RS
BT ©
[ Sefomic mertarforce _
I

» The operating stress is compared with the allowable stress. The results of examining the part where the ratio of the operating stress
to the allowable stress is maximum and the load case are shown in the table below.

~ It has been confirmed that it is within the allowable stress intensity (operating stress/allowable stress intensity < 1.00) for stationary
and seismic loads.

Results of stress intensity examination

Areas for Load case Target material Stress Operating stress | Allowable stress | Operating stress/
study 9 (N/mm?) (N/mm?2) Allowable stress
75 200

At all times Rebar Bending moment 0.38

Sidewall At all times Concrete Shear force 0.31 0.55 0.56

Partition wall AL ¢ Rebar Bending moment 94 300 0.31
the earthquake

Top plate At all times Concrete Shear force 0.15 0.55 0.27




2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken T=PCO
(results of stress intensity examination (2)) —

“ Results of examining the stress intensity at areas for study

Results of stress intensity examination

Examining stress intensity

Areas for (Operating/Allowance)

study

Bending moment Shear force

o o | /i/ :
Sidewall 0.45 0.56

il 0.31 0.22
WET

) " ] G T
Top plate 0.22 0.27 il |

*Red: maximum value for stress intensity examination

Partition

Iy /i
1/ ;
If H
¥ i
| ;
! i
L o ik o i
[T FARS PARY FERS 2 |

N — A Pl ~ s - !
ST -‘gr_’_l¥ T T T _"*‘*—1 @ |

1 T ] — 1 B —— [

Section force diagram (shear force)

The Japanese version shall prevail. O : Examination of stress intensity, maximum position 76



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken —
(durability evaluation (crack width)) T— Pco

Examination of crack width

The crack width is examined by the following formula to confirm that the crack width “w” of the concrete surface is equal to or less
than the limit value w, of the crack width against corrosion of steel materials.

w/w,<1.0
i (0}
Crack Width w w =11k, -k, -k;{4c+0.7(c, - ¢) el
S
Where:
k,: Coefficient representing the effect of crack width on the surface shape of steel materials. 1.1 due to the adoption of epoxy resin coated
rebars
k,: Coefficient by which the quality of the concrete affects the crack width based on the following formula:
15
, = +0.7
f' +20

f.. Compressive strength of concrete (N/mm?), generally using design compressive strength f ',
k;: Coefficient representing the effect of the number of stages n of tensile steel materials based on the following formula:

L 5(n+2)
==
Tn+8
c: Covering (mm), c: Center spacing of steel material (mm), @: Steel material diameter (mm), ‘Schematic diagram of the
0, .Increase in stress intensity in the rebar (N/mm?2); relationship between the number of

: : . . . . tensile steel material stages n and k;
€' .sq- Strain to take account of increase in crack width due to shrinkage and creep of concrete

(When examining the corrosion of steel materials, the value of €' is about 150 x 10-6.)

The Japanese version shall prevail. 77



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken

(durability evaluation (salt damage))

T=PCO

salt damage examination

Confirm that the chloride ion concentration at the position of steel materials does not reach the corrosion limiting concentration of steel

materials during the design service life.

The limit value of crack width against corrosion of steel materials is determined according to environmental conditions, covering, and

type of steel materials.

In the upper-stream storage, epoxy resin-coated rebars are used to ensure durability.
The environmental conditions should be a particularly severe corrosive environment, and the crack width limit should be 0.0035¢*1.1

(mm).

(c:

Pure covering)

Examination formula

Calculation formula of the
design diffusion coefficient

D, zyc'Dk+|:

w

1

]

w

W

a

'DO

Calculation formula of the
chloride ion concentration
design value at the position
of steel materials

Examination formula of the
chloride ion concentration at

the position of steel concentration of steel materials.

Cqa=Va-jl—erf 0'1/2\/5(6/\/D_d+ Cep/\/ Depd))
G

The design value of chloride ion concentration at the position of
steel materials is equal to or less than the corrosion limiting

- <1.0
Vi C

lim

materials
Dy:  Design diffusion coefficient
D,. Characteristic value of diffusion coefficient for chloride ion of concrete (cm?/year)

D,: Coefficient representing the effect of cracks on the transfer of chloride ion in concrete (cm?/year). In general, it should be 200 cm?/year.
w:  Crack width (mm)

w,:  Limit value of crack width (mm) for corrosion of steel materials), y,. structure coefficient. In general, it is 1.0.

w/l:  Ratio of crack width to crack spacing

C4.  Design value of the chloride ion concentration at the position of steel materials

Cep:  Expected thickness of epoxy resin coating film (mm)

D

epd:

A design value (cm?/year) of the apparent diffusion coefficient for chloride ions when the intrusion of chloride ions into the epoxy resin coating

film is regarded as a diffusion phenomenon. In general, it is 2.0x10-%cm?/year

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken i
(results of examining durability) T— Pco

~  As aresult of examining crack width and salt damage of a discharge vertical shaft (upper-stream storage), it has been confirmed that
durability during the service period is ensured.

[Examination of crack width]
The bending crack width generated in a discharge vertical shaft (upper-stream storage) is compared with the allowable bending crack
width. The examination result of the portion where the ratio of the generated bending crack width to the allowable bending crack width is
at its maximum is shown in the table below.

Examination results of crack width

Generated bending crack | Allowable bending crack | Generated bending crack

Areas for study width/Allowable bending
crack width

Base 0.22 0.27 0.81

Sidewall 0.25 0.27 0.93
Partition wall 0.06 0.27 0.22

Top plate 0.15 0.27 0.56

[salt damage examination]

Chloride ion concentration in a discharge vertical shaft (upper-stream storage) is compared with the corrosion limiting concentration of
rebars. The results of examining the portion where the ratio of chloride ion concentration at the position of rebars to the corrosion
limiting concentration of rebars is the maximum are shown in the table below.

Results of salt damage examination

Chloride ion Concentration of chloride

; Corrosion limiting . L
concentration . ion at the position of
Areas for study concentration of rebars : o
rebars/Corrosion limiting

at the position of rebars (kg/m3)
(kg/m3) 9 concentration of rebars

Base 0.06 1.20 0.05

Sidewall 0.07 1.20 0.06

Partition wall 0.04 1.20 0.03
Top plate 0.05 1.20 0.04 79

The Japanese versio



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken (examining uplift) T:Pco

“  Examination of uplift
Uplift is examined by the following formula.

Fs =W/U
U=Vw-yw

U: Buoyancy (kN/m)

W: Vertical load (kN/m)

Vw: Capacity equal to or less than the underground water level (m3/m)
yw: Unit weight of water (seawater) (kN/m3)

Safety factor for uplift

Applicable conditions At all times

Uplift safety factor 1.20

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
1.2 Compliance assurance to the matters for which measures should be taken (results of examining uplift) T:Pco

W As aresult of checking the uplift of a discharge vertical shaft (upper-stream storage), it has been confirmed that durability during the
service period is ensured.

The following table shows the results of examining the uplift of a discharge vertical shaft (upper-stream storage).

Examination results for uplift

Calculated value

1.48
Uplift safety factor 1.20

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
[Supplement] Connection method between precast members T:Pco

The precast concrete (PC) members are connected by a torque coupling method. Torque coupling is common connecting PC members.
In the notch, torque is controlled with a torque wrench, and grout is filled in a gap in the sheath to protect the steel material from rust.
After finishing the tightening, the notch for fixing the coupling is filled with non-shrinkage mortar for protection.

Detailed connection methods are under consideration.

[1] A set of tools for inserting and fixing PC steel bars

Notch

Portion of fixing
Hexagonal nut PC steel bar the coupling

Anchor plate

.,é ¥ i
Fixed side f / '\ Tension side

Sheath Portion filled with grout Notch

F . L o
B 4
oy > ol o < :
~ S
S o 4 :

2] Tighten the hexagonal nuts with such as a closed wrench - ' N S
[e] Tia 9 Example of precast product assembly

e

Example of torque coupling method

The Japanese version shall prevail. Notch filled with mortar 82



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
[Supplement] Precast member - connection methods of cast-in-place concrete portion T:Pco

The bar arrangement of the base cast-in-place portion is constituted of the main bar, a distributing bar, and a rebar joint of the body
block, and it is tightly bound.

For the rebar joint of the body block, common-use mechanical joints are adopted. The surface texturing of the PC member is carried out
at the manufacturing plant in advance for the integration into the cast-in-place concrete.

As a water cut-off measure, water stoppage materials for placing joints and joint sealants are commonly used. Detailed water cut-off
methods are under investigation.

Water stoppage material for placing

Joint: joints (water expansion rubber, etc.)

About 20 x 20/2
to 25 x 25/2

Mechanical joints
TR Binding wire

Upper rebars
(Main bar)

PC member
Lining material

Joint sealing material Distributing bars

Lower rebars
Cast-in-place portion  (Main bar)

Example of construction for water
cut-off measures

(Joint sealing material)

Example of mechanical joints and water stoppage
measures at the base cast-in-place portion

The Japanese version shall prevail. 83



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
[Supplement] Actual results of precast water tanks T:Pco

The technology of precast underground rainwater storage facilities is used.

As a characteristic of precast products, they are superior in earthquake resistance and, as factory products, they can improve quality,
shorten the construction period, and save construction labor.

Top slab (ferry slab)

- Cover range

Dimensional drawing of the covering range of box type facilities
GL

Covering

In principle, the standard installation conditions should be as follows.
(1) Load on top: g=10 kN/m2 (2) Covering range

| Corner block
L (Type1)

Centerblock | \
(Type 3) / \

(Type 2)

Sakurada-mon |
~_ vertical shaft

Hibiya Park

i 0l
L + ¥ e
“ - e g
) Transverse conduit = St
| 3 T El‘t‘l
2 ’ | 2 S
; Lo T g 73
S -
e

2 Ll _ -.__ i

= = F o — =
P e £
i, . R —_—— e
i
a, —

Example of an underground water storage tank in Hibiya Park
With the cooperation between the Ministry of Land, Infrastructure, Transport and Tourism
and the Tokyo Metropolitan Government Bureau of Sewerage, a precast water tank was
The Ja . hall i adopted, which can shorten the construction period under the limited construction period 84
panese version shall prevail. and construction conditions of a narrow work zone.




2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
2. Design of discharge vertical shaft (down-stream storage) T:Pco

Design of discharge vertical shaft*

Design of discharge vertical shaft (down-stream storage)

*: This report describes the results of an examination that the design complies with the
standards and criteria for general civil engineering structures and has sufficient safety,
durability, earthquake resistance, etc.

The Japanese version shall prevail. 85



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.

2. 1. Facility overview of discharge vertical shaft (down-stream storage)

T=PCO

Specifications of discharge vertical shaft (down-stream storage)

Framework
dimensions

Width approx. 7 m x Length approx. 12 m x Height
approx. 18 m

Approx. 12 m

| GL=T.P.+2.5m

' Approx. 1.2 m

t Approx. 1.2 m

D-D’ sectional view

The Japanese version shall prevail.

Discharge vertical shaft
(Down-stream storage)

Approx. 7 m

Discharge vertical shaft
(Upper-stream storage)

Image drawing of upper-stream and down-stream storage
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. . . Page 54 revised of document 1-1, the 3rd Review
2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Meeting on the Implementation Plan Regarding the
earthquakes and tsunamis, etc. i (Lo L

2.2 Compliance assurance to the matters for which measures should be taken

“14. Design considerations [1] Compliance and criteria”
® The designing, selection of materials, manufacturing and inspections of structures, systems and components having safety functions
shall comply with standards deemed appropriate to the importance of the safety functions they should perform.

Design, selection of materials, and manufacturing are evaluated in accordance with the following:

Design of Civil Engineering Structures of Thermal and Nuclear Power Plants (enlarged and revised edition), Electric Power Civil Engineering
Association

Concrete Standard Specifications (Design Edition); Established in 2017), Japan Society of Civil Engineers
Concrete Standard Specifications (Structural Performance Examination Edition); established in 2002), Japan Society of Civil Engineers*

Tunnel Standard Specifications [Common Edition] and Explanation/[Shield Method Edition], Explanation (established in 2016), Japan Society
of Civil Engineers

Tunnel Standard Specification for Excavating Methods and Explanation (established in 2016)

Technical Standards and Explanations of Port Facilities 2018: The Ports and Harbors Association of Japan
Specifications for Highway Bridges and Explanation I, Common Edition, 2017, Japan Road Association
Specifications for Highway Bridges and Explanation 1V, lower structure edition, 2017, Japan Road Association

Common Ditch Design Guideline 1986, Japan Road Association

*Red: Applied to design discharge vertical shaft (down-stream storage).

*Optimizing description in Attachment 5 of Chapter |l 2.50 of the Implementation Plan
The Japanese version shall prevail. 87




Page 55 revised of document 1-1, the 3rd Review
Meeting on the Implementation Plan Regarding the

2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as _
earthquakes and tsunamis, etc. Handling of ALPS Treated Water
2.2 Compliance assurance to the matters for which measures should be taken

“14. Design considerations [2] Design considerations for natural phenomena” (earthquakes)
® Structures, systems, and components having safety functions shall be classified in terms of seismic design in consideration of the
importance of their safety functions and the impacts on the safety the loss of their function might have in the event of an earthquake,

and shall be designed to sufficiently withstand the design seismic load that is considered to be appropriate.

Based on the fact that discharge facilities will treat the drainage water from ALPS treated water Dilution/Discharge Facilities (water
diluted with seawater and in which the sum of the ratios to regulatory concentrations limits of all radionuclides including tritium is
less than 1), the facilities are classified as Seismic Class “C” due to the impact of radiation on the public due to loss of functions of

facilities.
(Implementation Plan: [I-2-50-Attachment 5-1)
The validity of the classification as the Seismic Class “C” has been explained at the 6th review meeting.

[Evaluation method]
v It should be Seismic Class “C,” and the examination should be carried out using horizontal design seismic coefficient of kh=0.2.

38

The Japanese version shall prevail.



. . . Repost of Page 56 from document 1-1, the 3rd Review
2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Meeting on the Implementation Plan Regarding the
earthquakes and tsunamis, etc. i (LA L

2.2 Compliance assurance to the matters for which measures should be taken

“14. Design considerations [2] Design considerations for natural phenomena” (natural phenomena other than earthquakes)

® Structures, systems, and components having safety functions shall be designed so that the safety of facilities is not impaired by
postulated natural phenomena other than earthquakes (tsunami, heavy rain, typhoon, tornado, etc.). Structures, systems, and
components having safety functions of particularly high importance shall be designed while taking into consideration the conditions of
a postulated natural phenomenon that is considered to be the severest or a case where accident loads are added to natural forces.

Tsunami (Implementation Plan: 11-2-50-8)

Since inundation against tsunami is inevitable, specifications should be provided with wave pressure resistance according to the
recoverability.

Typhoon (storm surges) (Implementation Plan: [I-2-50-8)

The design should also take into account the effects of sea-level rise due to typhoons (storm surges).

39

The Japanese version shall prevail.



. . . Page 57 revised of document 1-1, the 3rd Review
2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Meeting on the Implementation Plan Regarding the
earthquakes and tsunamis, etc. i (Lo L

2.2 Compliance assurance to the matters for which measures should be taken

“14. Design considerations [4] Design considerations for fire”
® The design should be such that fire does not impair the safety of facilities by appropriately combining measures for fire prevention,
fire detection, extinguishing, and reduction of the effects of fire.

Fire (Implementation Plan: 11-2-50-8)

To avoid fire occurrence, non-flammable or flame-retardant material should be used as much as it is practically possible. The fire
risk is extremely low because the inside of the facilities is filled with seawater.

[Evaluation method]
v There is no concern about fire due to its RC structure.

The Japanese version shall prevail. 90



. . . Page 58 revised of document 1-1, the 3rd Review
2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Meeting on the Implementation Plan Regarding the
earthquakes and tsunamis, etc. i (Lo L

2.2 Compliance assurance to the matters for which measures should be taken

“14. Design considerations (8) Design considerations for reliability”

® Structures, systems, and components with safety and monitoring functions should be designed to ensure and maintain sufficiently
high reliability.

Fire (Implementation Plan: 11-2-50-7)

Discharge facility are grounded to bedrock so that the structure will not be easily affected by an earthquake. The discharge tunnel
is to be installed inside the bedrock. The shield method is adopted in consideration of the risk of advancing the seabed and its

durability during the service period. Water cut-off performance is secured by providing a sealing material on a lining plate made of
reinforced concrete constituting a discharge tunnel.

Considerations for integrity (Implementation Plan: Il 2-50-7)

The structure is established by confirming that it is within the allowable stress intensity for stationary, wave, and earthquake loads.
It has also been confirmed that there is no structure uplift. In addition, the crack width and salt damage to be generated in the
reinforced concrete framework are examined, and it has been confirmed that the durability during the service period is ensured by
setting proper rebar cover. The reinforced concrete framework shall be designed in a conservative manner such that it does not
require maintenance during the service period. (Periodic inspection is carried out based on the long-term inspection plan.)

*Red: Applied to design discharge vertical shaft (down-stream storage).

The Japanese version shall prevail. 91




Page 59 revised of document 1-1, the 3rd Review

2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Meeting on the Implementation Plan Regarding the
earthquakes and tsunamis, etc. e

2.2 Compliance assurance to the matters for which measures should be taken

“14. Design Considerations (8) Design considerations for reliability” (continued)

» By examining discharge facilities as per the below table, it has been confirmed that durability during the service period will be
ensured.

Examination items for discharge facilities

Examination items DISEETEE MEOE) Siieli Discharge tunnel | Discharge outlet Contents of examination
(Down-stream storage)

S o o It should be within allowable stress

intensity."
Structure o It should be within allowable stress
(High wave) intensity.™

The crack width should be equal to or

At all times O O less than the allowable crack width.™
Chloride ion concentration at the
salt damage o o position of steel rnatgrlgls should not
reach the corrosion limit of steel
materials.™?
O There should be no uplift.
At the time of the earthquake o o It should be within allowable stress

intensity against earthquakes.™

*1.Safety: The stress intensity of the material caused by the action of the load should be within the allowable stress intensity.

*2.Durability: During the design service period, the performance of the structure should not deteriorate due to corrosion of steel materials caused by
cracks or intrusion of chloride ions.

*3.Seismic resistance: It should be Seismic Class “C,” and the examination should be carried out using horizontal design seismic coefficient of

kh=0.2.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Page 93 revised of document 1-1, the 3rd Review

Meeting on the Implementation Plan Regarding the

earthquakes and tsunamisv etc. Handling of ALPS Treated Water
2.2 Compliance assurance to the matters for which measures should be taken —

—(allowable stress intensity of primary materials)

W Stress intensity examination

»  Of the materials used for the discharge facilities, concrete should be ordinary concrete (Ordinary Portland Cement, blast furnace
cement B type), and the design-basis strength should be 24N/mm?2, 30N/mm?2 and 42N/mm?Z. The rebar should be SD345.

»  Verify whether the stress intensity of the material caused by the action of the load is within the allowable stress intensity.

*Red: Applied to design discharge vertical shaft (down-stream storage).

Allowable stress intensity of concrete

[ i Short-term
Design basis strength

_ _ Remarks
of concrete Compression Compression

* 2
(N/mm2) (N/mm?) Shear* (N/mm?)

Discharge vertical shaft

9.0 0.45 135 0.675 (Down-stream storage)

11.0 0.50 16.5 0.75 Discharge outlet

16.0 0.73 24.0 1.095 Discharge tunnel

Allowable stress intensity of rebar

Tension Tension
(N/mm?) (N/mm?)

Material used

200 300
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.

2.2 Compliance assurance to the matters for which measures should be taken T=Pco
(results of stress intensity examination (1)) —

“ As aresult of stress intensity examination, it has been confirmed that the proof stress is ensured.
Load combination

. At the time of the
At all times
earthquake
O O

Load for study

Self-weight
Ground surface load
Lateral pressure
Uplift pressure
Internal water pressure

Inertial force

O O O O O

O O O O

Dynamic water pressure

~ The operating stress is compared with the allowable stress. The results of examining the part where the ratio of the operating stress to
the allowable stress is maximum and the load case are shown in the table below.

~ It has been confirmed that it is within the allowable stress intensity (operating stress/allowable stress intensity < 1.00) for stationary
and seismic loads.

Results of stress intensity examination

Operating Allowable Operating

Areas for

study Load case Target material Stress stress stress stress/Allowable

(N/mm?2) (N/mm?2) stress

Base At all times Rebar Bending moment 98.0 200 0.49

Sidewall At all times Rebar Bending moment 148.3 200 0.74
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.

2.2 Compliance assurance to the matters for which measures should be taken T=Pco
(results of stress intensity examination (2)) —

Results of examining the stress intensity at areas for study

Results of stress intensity examination

Examining stress intensity
(Operating/Allowance)

Areas for
study

Bending
moment

0.49 _*
Sidewall 0.74 -*

*Red: maximum value for stress intensity examination

Shear force

*Regarding the evaluation of shear force, the operating —
stress exceeds the allowable stress; however, the proof |
stress is secured by arranging shear reinforcing bars. |
(Compliance to the Concrete Standard Specifications 72\ = SEX
(Structural Performance Examination Edition); Established S e

~ — 1 T
in 2002) by Japan Society of Civil Engineers) /

L <Y

H__
|
|
H:

L <d

Section force diagram (bending moment) Section force diagram (shear force)

O : Examination of stress intensity, maximum position
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) ) . Page 94 revised of document 1-1, the 3rd Review
2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as Meeting on the Implementation Plan Regarding the
. Handling of ALPS Treated Water
earthquakes and tsunamis, etc. A=

2.2 Compliance assurance to the matters for which measures should be taken (durability evaluation (crack width)) ==

Examination of crack width

The crack width is examined by the following formula to confirm that the crack width “w” of the concrete surface is equal to or less
than the limit value w, of the crack width against corrosion of steel materials.

w/w,<1.0

Crack Width w w=11k, -k, -k, {4c+0.7(c, — ) ‘; te'

Where:

k,: Coefficient representing the effect of crack width on the surface shape of steel materials. In general, it is 1.0 for deformed bars.
k,: Coefficient by which the quality of the concrete affects the crack width based on the following formula:

ML
f' +20

+0.7

f.. Compressive strength of concrete (N/mm?), generally using design compressive strength f '
ks: Coefficient representing the effect of the number of stages n of tensile steel materials based on the following formula:

_Sn+2)

k, =
Tn+8

c: Covering (mm), c,: Center spacing of steel material (mm), @: Steel material diameter (mm),
O, Increase in stress intensity in the rebar (N/mm?);
€ .q- Strain to take account of increase in crack width due to shrinkage and creep of concrete

Schematic diagram of the
relationship between the number of
tensile steel material stages n and k,

(When examining the corrosion of steel materials, the value of €' is about 150 x 10-6.)
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as

earthquakes and tsunamis, etc.

2.2 Compliance assurance to the matters for which measures should be taken (durability evaluation (salt damag

Page 95 revised of document 1-1, the 3rd Review
Meeting on the Implementation Plan Regarding the
Handling of ALPS Treated Water, Title changed

salt damage examination

Confirm that the chloride ion concentration at the position of steel materials does not reach the corrosion limiting concentration of steel
materials during the design service life.
The limit value of crack width against corrosion of steel materials is determined according to environmental conditions, covering, and

type of steel materials.

The crack width limit should be 0.005 c* (mm). (c: Pure covering)

*Optimizing description in Attachment 5 of Chapter Il 2.50 of the Implementation Plan

Examination formula

Calculation formula of the design
diffusion coefficient

Ddzyc-Dk-l-i{-(%)-Do

Calculation formula of the chloride
ion concentration design value at
the position of steel materials

0.1-C
Cd=ycl'C0'{1_erf( d2. ,—Dd't)}""cl

Examination formula of the
chloride ion concentration at the
position of steel materials

The design value of chloride ion concentration at the position of steel
materials is equal to or less than the corrosion limiting concentration of
steel materials.

C
Yi <10

Cllm

D,: Design diffusion coefficient

D,: Characteristic value of diffusion coefficient for chloride ion of concrete (cm?/year)

D,: Coefficient representing the effect of cracks on the transfer of chloride ion in concrete (cm?/year). Lngene#aJ—rHs—Z@OJemg#year—
*Optimizing description in Attachment 5 of

w: Crack width (mm)

w,: Limit value of crack width for corrosion of steel materials (mm)
w/I Ratio of crack width to crack spacing

Chapter Il 2.50 of the Implementation Plan

400 cm?/year

C,. Design value of the chloride ion concentration at the position of steel materials
yi: Structure coefficient In general, it is 1.0.

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.

2.2 Compliance assurance to the matters for which measures should be taken (durability evaluation T=PCO
(results of evaluating durability)) =

W Results of examining crack width and salt damage of a discharge vertical shaft (down-stream storage) revealed that the durability
during the service period is ensured.

[Examination of crack width]
The bending crack width generated in a discharge vertical shaft (down-stream storage) is compared with the allowable bending crack

width. The examination result of the portion where the ratio of the generated bending crack width to the allowable bending crack width
is maximum is shown in the table below.

Examination results of crack width
Generated bending crack | Allowable bending crack | Generated bending crack

Areas for study width width width/Allowable bending
(mm) (lg)) crack width

Base 0.34 0.50 0.68

Sidewall 0.39 0.50 0.78

[salt damage examination]
Comparing chloride ion concentration in a discharge vertical shaft (down-stream storage) with the corrosion limiting concentration of

rebars, the examined results on the maximum position of rebars where the ratio of chloride ion concentration at the position of rebars
to the corrosion limiting concentration of rebars are shown in the table below.

Results of salt damage examination

o . . L Concentration of chloride
Chloride ion concentration Corrosion limiting ion at the position of

Areas for study at the position of rebars concentration . o
(kg/m?3) of rebars (kg/m?) rebars/Corrosion limiting
g 9 concentration of rebars

Sidewall 1.66 1.84 0.90

o8
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
2.2 Compliance assurance to the matters for which measures should be taken (examining uplift) T=PCO

“  Examination of uplift
Uplift is examined by the following formula.

Fs =W/U
U=Vw-yw

U: Buoyancy (kN)
W: Vertical load (kN/m)
Vw: Capacity equal to or less than the underground water level (m3)

yw: Unit weight of water (seawater) (kN/m3)

Safety factor for uplift

Applicable conditions At all times

Uplift safety factor 1.20

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena such as earthquakes and tsunamis, etc.
2.2 Compliance assurance to the matters for which measures should be taken (results of examining uplift) T=PCO

W As aresult of examining the uplift of a discharge vertical shaft (down-stream storage), it has been confirmed that durability during the
service period is ensured.

The following table shows the results of examining the uplift of a discharge vertical shaft (down-stream storage).

Examining results against uplift

At all times

Calculated value 1.68

Uplift safety factor 1.20
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T=PCO

The following slides are for reference.
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Document 1-1 (title and the form of the discharge vertical shaft
changed), the 3rd Review Meeting on the Implementation

Plan Regarding the Handlin of&PS Treated Water
[Reference] Required function of the ALPS treated water Dilution/Discharge Facilities.'c =PCO

The discharge capacity into the sea must be larger than the amount of contaminated water generated (increase due to inflow of
groundwater and rainwater).

To ensure that the undiluted water before discharge is ALPS treated water, the facilities must be able to homogenize the
concentration of radioactive materials in a tank and a tank group and collect samples.

The facilities must dilute ALPS treated water with seawater and discharge it into the sea.

The facilities must be equipped with functions to immediately stop the discharge of ALPS treated water into the sea in the event of
an abnormality.

The facilities must be capable of diluting ALPS treated water 100 times or more with seawater so that the tritium concentration in
the diluted water becomes sufficiently below the regulatory concentration limit (60,000 Bq/L).

(Implementation Plan: [I-2-50-1)

/ o X
E isolati
Measurement/confirmation tanks ALPS treated water transfer pump mergsglcvyel_io aen Emergency isolation
f‘\ valve-2
A ‘ T l \
! ~ v ) ¢
From sa:m lin Cireulating To sampling rack Seawater transfer pump
rack piing pump 0 sampling rac Seawater p|pe header
—,—_ n ?
/ Dlscharge outlet
/ Discharge tunnel
111111 /
2 @////SS/////
. /
_ _ @Afﬂﬂﬂ/ ’/’/’{’!’!’{’{’{
. ) Discharge vertical shaft  Discharge vertical shaft 1 02
The Japanese version shall prevail. (Upper-stream storage)  (Down-stream storage)



Document 1-1 (title and the form of the discharge vertical shaft
changed), the 3rd Review Meeting on the Implementation
Plan Regarding the Handling of ALPS Treated Water

[Reference] Required functions of the discharge facilities (1/2)

The facilities must be able to discharge the water from the ALPS treated water Dilution/Discharge Facilities (water diluted with

seawater so that the sum of the ratios to regulatory concentrations limits of all radionuclides including tritium is less than 1) into the
sea from a location approx. 1 km away from the coast.

(Implementation Plan: [I-2-50-7)

Emergency isolation
Measurement/confirmation tanks ALPS treated water transfer pump gva|vye_1 Emergency isolation
f'\ valve-2
A \ ¢ /] H ‘—}‘
i . 7/ *
1 . v
Circulating

i i Seawater transfer pum
FromrsairEplmg pump To sampling rack pump (Seawater pipe header \\ I
_V\
Discharge tunnel

/ 7
%’///// / Jf/////sgx////

| | /////////// 4’////////
. . Discharge vertical shaft Discharge vertical shaft
The Japanese version shall prevail. (Upper-stream storage) 1 03

(Down-stream storage)

Dlscharge outlet
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[Reference] Overview of the ALPS treated water Dilution/Discharge Fac

Document 1-1 (title and the form of the discharge vertical
shaft changed), the 3rd Review Meeting on the

. Implementation Plan Regardin% the Handling of ALPS
==

Objective

The facilities ensure that the water treated by multi-nuclide removal equipment until the radionuclide concentration becomes sufficiently low is the
ALPS treated water (water in which the sum of the ratios to regulatory concentrations limits of nuclides other than tritium is less than 1), dilute the

treated water with seawater, and then discharge it into the sea.

Facilities Overview

The Measurement/Confirmation Facility homogenizes the concentration of radionuclides all tanks of the tank group in the status of measurement/
confirmation, and then collects and analyzes samples to ensure that the water is ALPS treated water. Thereafter, the Transfer Facility sends the

ALPS Treated Water to the seawater pipe header, and then the Dilution Facility dilutes the water with seawater taken in by the seawater transfer
pump at the unit 5 intake channel until tritium concentration in it becomes less than 1,500 Bq/L, and discharge the water to the Discharge Facility.

Strontium treated Multi-Nuclide ALPS treated The sum of the ratios to regulatory concentrations
water, etc. Removal water, etc. /\ limits other than tritium is “less than 1”.
SyStem u The sum of the ratios to regulato
[ALPS] concentrations limits other than
Stored water transfer pump: tritium is “1 or more”
- ALPS treated
Sampling tanks for multi-nuclide removal water
equipment, etc., or tanks for storing ALPS Secondary
treated water, etc. treatment
facilities
ALPS treated water
Waste transfer pump

Dilution facility

Sampling and analysis

Measurement/confirmation tanks

I I 150 m¥day or more | Fansfer facility

Emergency  pijluted tritium concentration
isolation Less than 1,500 becquerels per liter
valve

/

(Seawater pipe header ¢

S

Seawater transfer pump taken in and transferring to the

discharge vertical shaft.

Unit 5 intake channel
(Upper-stream

The Japanese version shall prevail.

Mixing and diluting with the seawater

Discharge vertical shaft .

V

Discharge facility

v
j r“ ﬁ Discharge outlet
4/////’," :: Discharge tunnel  #//
P2 E7777, 7

Discharge vertical shaft
(Down-stream storage)
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Excerpt from the document 1-1, the 3rd Review Meeting on
the Implementation Plan Regarding the Handling of ALPS

[Reference] Overview of the ALPS treated water Dilution/Discharge Facilities LR

(Measurement/confirmation facility)

Measurement/confirmation facility

K4 area tanks (approx. 30,000 m? in total) are reused for the measurement/confirmation tanks, and each group from A to C consists of 10 tanks

(approximately 1,000 m3 per unit).

Each tank group takes the following steps (1) to (3) in rotation, and in the (2) measurement/confirmation process, water is circulated and stirred to

become homogenized, and then sampled for analysis.

(1) Receiving process

ALPS treated water from ALPS treated water storage tanks, etc., is transferred into a
group of empty tanks. A group of tankf (10 units: approx. 10,000 m3)

\

From ALPS treated

water tanks, etc.” * Existing transfer pipe is

used for receiving.
(2) Measurement/Confirmation process

After the quality of water in the tank group is homogenized by the agitation equipment
and circulation pumps, the water is sampled to check if it meets the discharge

standard. 5 units
A
f >
- ros From the sampling point
To the sampling point «q--+ , v
: oo oo
= sunits ——
A
l \
r Y
N ]
A E
I — A
From the sampling point—--: &o\ do : . I. N
---Pp To the sampling poin

(3) Discharge process
After confirming that the ALPS treated water satisfies the discharge standard, the
water is transferred to the Dilution facility by the Transfer facility.
A group of tanrs (10 units: approx. 10,000 m3)
r \

Transfer
The Japanese version shall prevail.

K4 area tank groups: 35 tanks

Group A
(10 units)

Chapter 2.50 ALPS treated water dilution/

- b

Group B GroupC 11
(10 units) (10 units) 11 (5 units)
___________ I -

Chapter 2.5 ALPS

discharge facilities treated water tanks

1st cycle

3rd cycle

4th cycle

2nd cycle

Group B Group C
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Excerpt from the document 1-1, the 3rd Review Meeting on
the Implementation Plan Regarding the Handling of ALPS

[Reference] Overview of the ALPS treated water Dilution/Discharge Facilities Lroated Water
(Transfer facility) —

Transfer facility
The Transfer facility consist of ALPS treated water transfer pumps and transfer pipes.
Two ALPS treated water transfer pumps are prepared, a unit in operation and a backup unit, to transfer ALPS treated water from
measurement/confirmation tanks to the Dilution facility.
Emergency isolation valves are provided both before the seawater pipe header and in the seawall as a countermeasure against
tsunami so that the transfer can be stopped immediately when an abnormality occurs.

ALPS transfer facility building ALPS electrical equipment room
|. ______________ R_d.. t_ . d_t. t_ .(;) ..... .. I o Emerg;cg1i(s:|ation I
adiation detector
: I Flowmeter (A) Installed in the seawall as

i . MO MO a countermeasure
| N . I against tsunami
. ) .

|
- ALPS treated water transfer pump (A)* L | | FCV(B Emergency isolation .
| Radiation detector (B) (B) valve-1(B)

. Flowmeter (B

Measurement/ | | MO MO

confirmation tanks | . . |

(K4 area tanks) - N l!I | | ! .
e )——E—p— ;X |

! ALPS treated water transfer pump (B)" i TTrErE T ErErE T Eﬁ_s%wa"
L m e e e e e e e s s ————
* Considering the tritium concentration in ALPS treated water to be discharged Emergelncy2isé"a“°” Emergﬁncyzisls'aﬂon
and the annual release of tritium, the maximum amount is set to approx. 500 valve-2(8) valve-2(A)
m3/day (30 m3h). AO { AO %{
Installed just before the inlet of the
seawater transfer pipe to minimize the
amount of discharge
\4
<Abbreviations> -
MO: Motor-operated Seawater pipe

AO: Air-operated
FCV: Flow rate control valve

Discharge vertical shaft
To (upper-stream storage

)
The Japanese version shall prevail. 1 06



[Reference] Overview of the ALPS treated water dilution/discharge
facilities (Dilution facility)

Document 1-1 (title and the form of the discharge vertical shaft
changed), the 3rd Review Meeting on the Implementation

Plan Regarding the Handling of ALPS Treated Water
T=PCO —
==

Dilution facility

Consisting of seawater transfer pumps, seawater pipes (including a header pipe), a discharge guide, and a discharge vertical
shaft (upper-stream storage), the Dilution facility dilute ALPS treated water with seawater, transfer it to the discharge vertical shaft

(upper-stream storage), and discharge it to the discharge facilities.

The seawater transfer pumps have a capacity that can dilute ALPS treated water transferred by the Transfer facility 100 times or

more.

Flowmeter (A)

Flowmeter (B)

N—iX M—N

*
*

©

Seawater transfer pump A

©)

X—0 X YI\ facility

Flowmeter (C)
Seawater transfer pump B !

©

Seawater transfer pump C*

Seawater pipe header C

~
B —

|

<Legends>

N : Butterfly valve

N : Check valve

! From Transfer

7
7 7
7 7 &
V/ Y Y
4 é »”5 Discharge
- - >l M
* Each unit has a capacity of approximately 170,000 m3/day (7,086 m3/h) to secure seawater necessary for Discharge vertical shaft :j 1
the dilution of ALPS treated water. (Upper—stream storag e) :;/////// — >

The Japanese version shall prevail.
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[Reference] Overview of the related facility(discharge facilities)

Document 1-1 (title and the form of the discharge vertical shaft
changed), the 3rd Review Meeting on the Implementation

Plan Regarding the Handling of ALPS Treated Water
[ ]
==

Objective

Drainage water is discharged from the ALPS treated water Dilution/Discharge Facilities (water diluted with seawater so that the sum
of the ratios to regulatory concentrations limits of all radionuclides including tritium is less than 1) into the sea from a location

approximately 1 km away from the coast.

Facilities Overview

The discharge facilities consist of a discharge vertical shaft (down-stream storage), a discharge tunnel, and a discharge outlet to

achieve the above objective.

The sum of the ratios to regulatory concentrations

Strontium treated Multi-Nuclid€| ALPS treated

limits other than tritium is “less than 1.

ALPS treated

water Sampling and analysis

water, etc. Removal water, etc. /\
SyStem u The sum of the ratios to regulato
[ALPS] concentrations limits other than
Stored water transfer pu tritium is “1 or more”.
Sampling tanks for multi-
nuclide removal equipment, Secondary
etc., or tanks for storing treatment
ALPS treated water, etc. facilities
Waste

Dilution facility

Measurement/confirmation tanks

I I 150 m3/day or more

Emergency
isolation
valve

ALPS treated water Transfer facility

transfer pump

Diluted tritium concentration
Less than 1,500 becquerels per liter

(Seawater pipe header ¢

S

Seawater transfer pump

—
“ / )

Unit 5 intake channel

The Japanese version shall prevail.

Mixing and diluting with the seawater
taken in and transferring to the
discharge vertical shaft.

‘1’ Discharge facility

Discharge outlet

’ Discharge tunnel  #T7",

7

_ _ O rrif [ rrrrs Y,
Discharge vertical shaft (A, ,//////;
(Upper-stream storage) %~ ~7“* .

Discharge vertical shaft
(Down-stream storage)

SRR

/ f
///////,)
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[Reference] Overview of related facility(discharge facilities) (1/2)

Document 1-1 (title and the form of the discharge vertical shaft
changed), the 3rd Review Meeting on the Implementation

Plan Regarding the Handling of ALPS Treated Water
[ ]
==

Discharge Facility

Discharge Facility has a design so that they can transfer water flowing out over the partition wall in the discharge vertical shaft to
the outlet, which is approximately 1 km away from the shore, by using the water head difference between water in the discharge
vertical shaft (down-stream storage) and the sea surface. In addition, the design concept includes friction losses in the Discharge

Facility and elevation of water surface.

R

Discharge
outlet

Discharge tunnel
Length: Approx. 1 km

: P ‘ Partition weir
Water Intake l--'r>\ S ! Length of the weir to be

Discharge
vertical shaft

Dilution
facility

Plane view

LS

T

Discharge vertical shaft
(Down-stream storage)
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Discharge tunnel
IS S ST I IS SIS SIS SIS S SIS

PP FF I 77777777777,
Sectional view
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Excerpt from the document 1-1, the 3rd Review
Meeting on the Implementation Plan Regarding the
Handling of ALPS Treated Water

[Reference] Overview of related facility(discharge facilities) (2/2)

Overview of the structural design
Water flows through the bedrock layer to minimize the leakage risk and to ensure a highly earthquake-resistant structure.
A shield method is adopted and double-layer seals are installed in the reinforced concrete segment to ensure water cut-off
performance.
The tunnel body (segment) is designed considering the impacts of typhoons (high waves) and storm surges (sea level rise).

Construction of tunnel (shield method)
As there are many discharge tunnels constructed by the shield method, this secure construction will minimize the possibility of
trouble.

Seal

discharge pipe

Segment assembling device Joint

*Slurry shield method was adopted this time.

Segment

Schematic diagram of a shield machine

The Japanese version shall prevail. 1 1 O



[Reference] Layout plan of ALPS treated water Dilution/Discharge Facilities

and Related Facility

Excerpt from the document 1-1, the 3rd
Review Meeting on the Implementation Plan

Regarding the Handling of ALPS Treated Water
%—
—

The layout of the ALPS treated water Dilution/Discharge Facilities and the related facility is as follows.

(Implementation Plan: 1I-2-50-Attachment 1-2)

Discharge outlet| —__g
o2
H)

<Legend>

(upper-stream storage)

N amsms 77 e ma R |

Y

e
p )
T

Lo

Circulating pump

| ALPS treated water transfer pipe | H

DR

|ALPS treated water transfer pump| | \

Y
R

[~

/

Circulating pipe

| ALPS transfer facility building |

Tamedl
Discharge vertical shaft ’
(Down-stream storage) oy
- > O s T ] R
Discharge vertical shaft BLOH - ot ey =
= R S =

Aot e . rmenld £

: Measurement/confirmation facility
: Transfer facility

: Dilution facility

: Discharge facility

R Py
=

b ”

_I__\
/_.,

BRARLTLRR RN,
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Excerpt from the document 1-1, the 3rd
Review Meeting on the Implementation Plan

[Reference] Installation schedule for ALPS treated water Dilution/Discharge RegardmgthTeHaﬂn%fALEPsnaeatedWam
Facilities and Related Facility —

Once the approval is granted after review by the Nuclear Regulatory Authority, the on-site installation and
assembly of the facilities will commence, and completion is scheduled for around mid-April 2023.

(Implementation Plan: [I-2-50-Attachment 6-1)

2022 2023

Installation of
ALPS treated
water dilution/
discharge
facilities and
Related
Facility

P|re-service inspection

- : On-site installation and assembly
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