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1. Responses to major issues’ concerning the content of the application for the Discharge

facility of ALPS Treated Water into the Sea
*Document 1-2 for (The 3) 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 facility of ALPS Treated Water into the Sea

[2] Homogenization of radioactive concentration in ALPS treated water in the tanks before
discharging into the sea

® Explanations must be provided regarding the method for homogenizing the radioactive concentration in ALPS treated water in the
K4 area tanks before discharging into the sea and the validity of the method.

The Japanese version shall prevail.



2-1 (1) [2] Homogenization of radioactive concentration in ALPS treated water in tanks before discharging

into the sea

1. Homogenization of radioactive concentration in ALPS treated water in tanks T= P co

The discharge operation at the ALPS Treated Water Dilution / Discharge Facilities performs 10 tank units per discharge cycle.
Sampling will be conducted before the discharge to ensure that the ALPS Treated Water in the tanks satisfies the discharge

standards.

In accordance with the “Guidelines for the Measurement of Radioactive Materials to be Released from Light Water Nuclear Reactor
Facilities”, to homogenize the radioactive concentration in the water, agitation equipment installed in each tanks stir the water
together with circulation pumps circulate the water across the tanks in a tank group for sampling of represent water.

Agitation demonstration test, performed in November 2021, revealed the homogenization effect of agitation in a single tank. Then,
circulation and agitation test is scheduled in February 2022 (see the figure below) with 10 connected tanks to confirm the
homogenization effect of the facility configuration of this system of 10 interconnected tanks.

Charge tribasic sodium phosphate

Circulation line
sampling point
(A)

Temporary
circulation pump (A)

Temporary
circulation pump (B)

_______> Circulation line
sampling point (B)
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Agitation demonstration test: Performed in November 2021
Circulation and agitation demonstration test: Performed in February 2022




2-1 (1) [2] Homogenization of radioactive concentration in ALPS treated water in tanks before discharging

into the sea TE P co

2. Plan for the circulation and agitation demonstration test

In the circulation and agitation demonstration test, the effect of homogenizing phosphate and tritium concentrations will be confirmed
according to the plan shown in the table below.

Date of testing February 7, 2022 - February 13, 2022
Testing time Approx. 144 hours
Tanks subject to the | K4-Group B (10 units)
test
Reagent™ Tribasic sodium phosphate™ (Charged through the manhole on the top plate of K4-B6 tank)
Sampling Before the test During the test™ After the test

_ _ Tanks from K4-B1 to B10 | 2 points in the circulation line Tanks from K4-B1 to B10
Sampling point Middle (5 m) Upper (10 m)/Middle (5 m)/Lower (1 m)
Sampling volume 10 units of 1-liter samples 28 units of 1-liter samples™ 30 units of 6-liter samples
Subjects to be Phosphate™ Phosphate™ Phosphate + 7 major nuclides™ + tritium
analyzed

*1: A reagent that does not exist in the tanks is charged to monitor the concentration distribution in the tanks.

*2: The volume of tribasic sodium phosphate to be charged is set to about one-hundredth of the drainage standard prescribed by the Fukushima prefectural ordinance (phosphorus
content: “8 ppm/day on average”), having no environmental impact.

*3: Sampling is performed every six hours for 24 hours starting from the beginning of the testing, and then every 12 hours during the period from 24 to 144 hours after the start.

*4: Before the test, the concentrations of the major 7 nuclides (Cs-134, Cs-137, Sr-90, 1-129, Ru-106, Co-60, Sb-125) and tritium are not analyzed because they have already been
measured.

*5: Samples of 6 litters are collected only 6, 72, and 144 hours after the start, and the major 7 nuclides and tritium are also analyzed in addition to phosphate.

*6: Major 7 nuclides (Cs-134, Cs-137, Sr-90, 1-129, Ru-106, Co-60, Sb-125)

The Japanese version shall prevail.



2-1 (1) [2] Homogenization of radioactive concentration in ALPS treated water in tanks before discharging

into the sea

3. Results of the circulation and agitation demonstration test (phosphate ion concentration in s

drpiesf-O

In the circulation and agitation demonstration test, the concentration of phosphate ion in the tribasic sodium phosphate solution
charged in the K4-B6 tanks (approximately 23.7 liters) is about 31 g/liter, and the theoretical value of phosphate ion concentration

after dilution in the K4-Group B tanks (approx. 9168.7 m3) is about 80 ppb.

The results of the phosphate ion concentration in the samples after the temporary circulation pumps are activated are shown

below.

After approximately 65 hours have passed since the start of the test (the time for the tank water to flow once around the tanks™),

the mean concentration is 80 ppb.

(The mean value of the data obtained from 72 hours after the start of the test onward. Standard deviation is 5 ppb)

After approximately 130 hours have passed since the start of the test (the time for the tank water to flow twice around the

tanks™), the mean concentration is 84.5 ppb.

*1: Estimated based on the minimum flow rate of the temporary circulation pumps measured during the test,
142 m3/h, and the tank water volume of 9168.7 m3.

—@-Circulation line’system A

1.E+08
o

2 1.E+07 \
1.E+06

o

_5 _ —~@-Circulation linesystem B

= 1 E+05 Concentration of phosphate

= ion charged i ;

g 1.E+04 Approx. 31 glliter

o | i

g 1.E+03

o 1.E+02 ’ i

g i i

S 1.E+01 ; :

o] ETime for the tank ETime for the tank

o 1.E+00 ' water to flow once 'water to flow twice
1.E-01 {around the tanks 1around the tanks

0 24 48 72 96 120 144 168

Testing time (after activation of temporary circulation pumps) [h]
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Phosphate ion | Phosphate ion
Testing time [h]| Concentration | Concentration
(System A) (Line B)
6.4 0.1 5.4
12 0.1 65
18 3.3 85
24 0.3 131
36 43 109
48 84 82
60 91 56
72 81 77
84 80 72
96 73 84
108 71 82
120 83 82
132 82 84
144 82 90
*: Unit (ppb)

> <

1st
round

2nd
round
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into the sea —
4. Results of the circulation and agitation demonstration test (phosphate ion concentration in tanks af.gl-l'h?t p

At the point when 144 hours have passed after the start-up of the temporary circulation pumps, the phosphate ion concentration in
the samples collected from the upper (10 m), middle (5 m), and lower (1 m) layers of each 10 tanks varies slightly. Still, the mean
phosphate ion concentration in each tank is 86 ppb, close to the theoretical value of 80 ppb. The result shows that phosphate was
distributed throughout the tanks.

Tank upper | Tank middle | Tank lower
1.E+08 Tank name layer layer layer Mean value
= (0] A Tank upper layer (10 m) (10m) (5m) (1m)
o 1.E+07 . K4-B1 69.0 98.0 84.0 837
— ® Tank middle layer (5 m) '
c K4-B2 82.0 88.0 69.0
o 1.E+06 Concentration of 9.1
= phosphate Tank lower layer (1 m
i on charged yer (1m) K4-B3 68.0 85.0 710 4.7
€ 1.E+05 Approx. 31 g/liter oConcentration of phosphate K4-B4 85.0 101.0 87.0 91.0
8 ion charged '
c K4-B5 79.0 82.0 85.0
& 1.E+04 82.0
g K4-B6 84.0 82.0 85.0 83.7
2 1.E+03 K4-B7 82.0 99.0 85.0 88.7
O
s K4-B8 89.0 98.0 88.0
© - PR 1 .
clE4+02 0 2 o2 2o =w = 0 | 91.7
% K4-B9 83.0 77.0 102.0 87.3
nccf 1.E+01 K4-B10 95.0 85.0 101.0 93.7
1.E+00 Overall mean: 86 ppb

Standard deviation: 9 ppb
BT B2 B3 B4 B5 B6 B7 B8 B9 B10 Relative standard deviation: 10.5% *2 Unit (ppb)

K4 tank name
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into the sea

5. Results of the circulation and agitation demonstration test (tritium concentration in tanks afteT H-'reaegp

When a sampling test was performed for 10 tanks in the past, the mean tritium concentration was 1.61 x 10° Bg/L with a standard
deviation of 0.13 x 10° Bg/L. Compared to that, after the circulation and agitation demonstration test (144 hrs.), the mean
concentration was 1.51x10° Bq/L with a standard deviation of 0.029 x 10% Bg/L, which has verified that the combined operation of

agitation equipment and circulation pumps can effectively homogenize tritium concentration in the 10 tanks.

. .+ WTritium concentration in the|Tritium concentration in the | Tritium concentration in the . L
UGN @RER el tank lower layer after the | tank middle layer after the | tank upper layer after the Mtz WL @l i
Tank name before the test (x 10°) y y pper 'ay tanks after the test (x 10°)
[Ba/L] test test test [Ba/L]
(x 10°) [Bq/L] (x 10°) [Bq/L] (x 10°) [Bq/L]
K4'B1 1.94 1.53 1-51 1_54 1-53
K4-B2 1.63 151 1.42 1.50 1.48
K4-B3 1.49 151 1.53 1.48 1.50
K4-B4 1.54 153 1.48 1.51 1.51
K4-B5 1.67 153 1.47 1.55 1.52
K4-B6 1.69 1,52 1.51 1.52 1.52
K4-B7 1.58 1.45 153 1.49 149
K4-B8 1.50 1.49 1.50 1.48 1.49
K4-B9 1.44 150 1.52 154 152
K4-B10 1.61 151 1.54 155 153
Mean 1.61 1.51 -
Standardadewatlon 0.13 0.029 -
Relatlve. st.andard 8.1% 1.9% -
deviation

The JapgaassiMgriiem shelkase/atank was performed on May 22, 2020, and from K4-B2 to B10 tanks from June 9 to 22 of 2021 in the middle layer of the tanks.
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6. Summary of the results of the circulation and agitation demonstration test T=Pco

Based on the results of the circulation and agitation demonstration test, we concluded that the circulation and agitation operation
enables the collection of representative samples.
This test started in a very conservative initial state, in which the entire amount of tribasic sodium phosphate was charged into one
tank (K4-B6) before the start of the test. Even so, after the tank water flowed twice around the tanks, the mean phosphate
concentration in the water sampled from the circulation line sampling points (A) and (B) was 84.5 ppb, which is approximately
equal to the theoretical value of 80 ppb.
Due to the conservative initial conditions, the mean phosphate concentration in the water collected from the tanks was 86 ppb
with a standard deviation of 9 ppb, and a slight variation was observed. On the other hand, the mean tritium concentration in the
tanks was 1.51 x 10° Bg/L with a standard deviation of 0.029 x 10° Bg/L, which means that the circulation and agitation operation
has a homogenization effect.

Judging from the test results, the same facility configuration as in the present test, shown in the figure below, will be adopted. The
operation time of the circulation and agitation will be set to a value that allows the tank water to flow twice around the tanks for the
time being after the start of discharge.

The circulation and agitation operation time will be verified using a tracer, if necessary, to optimize the operation time.

From the sampling point To the sampling point

>

Circulation
pump (B)

Circulation
pump (A)

. To the sampli oint i i
Th: Japanese version sRall°pravaNe P! From the sampling point
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2. Responses to issues pointed out’ at the review meeting, etc.

*: Documents 2-2, Attachment 2 for (the 97th) Specified Nuclear Facilities Monitoring and Assessment Review Meeting

Issues pointed out [1]
(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)
(1) Discharge facility of ALPS Treated Water into the Sea

[2] Homogenization of radioactive concentration in ALPS treated water in tanks before
discharging into the sea

® If sedimentary radioactive materials are present in the tanks, they may accumulate at each tank rotation (receiving,
measurement/confirmation, and discharge). Therefore, how to deal with the influence of the water remaining in the tanks must be
explained.

The Japanese version shall prevail.
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into the sea o
Jl]-1. Influence of water remained in measurement/confirmation tanks. T=Pco

Under the normal ALPS treated water discharge operation into the sea, it is impossible to discharge water below the outlet and
connecting tubes in the measurement/confirmation tanks. Therefore, according to the plan, new ALPS treated water will be accepted
with residual ALPS treated water built up on the bottom.

To ensure that the ALPS treated water is mixed well, enough circulation and agitation time will be secured to enable the tank water to
flow twice or more around the tanks for the time being after the start of discharge (See page 8).

To address concerns about sedimentary materials, ALPS treated water will be made to flow through a filter to be on the safe side
before receiving it from the tanks of ALPS treated water, etc., to the measurement/confirmation tanks, and tanks in the K4 area will be
cleaned up before using them as the measurement/confirmation tanks.

Receiving
il 5525=s =50
I [ 1 H‘m
A 1
e
[EAH]
1 I [
Tank height: 14,565 mm .
(Maximum water level: 12,700 mm) . Water below these tubes cannot be discharged.
it
. i
Connecting tube : Outlet tube
) ,,\‘_%*4 i * —ﬂ—}' Transfer

Inner diameter: 10,000 mm

The Japanese version shall prevail. Measurement/confirmation tank (K4 tanks are used) 10
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2. Responses to issues pointed out” at the review meeting, etc.
*: Documents 2-2, Attachment 2 for (the 97th) Specified Nuclear Facilities Monitoring and Assessment Review Meeting

Issues pointed out [2]
(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)

(2) Safety measures at the time of discharge into the sea

® Points where misoperation may occur must be identified while taking a broad perspective of all processes from receiving and
measurement/confirmation to discharge. Then, reasons (basic concept) why it has been determined to provide functions to prevent
misoperation at some points, such as interlocks, must be explained.

(1) Discharge facility of ALPS Treated Water into the Sea

[4] How to detect abnormalities and stop the discharge of ALPS treated water into the sea

® An explanation must be provided about whether other facilities will be manipulated or not in the event of a malfunction of an
emergency isolation valve during normal operation. As procedures for diactivation the discharge operation, the manipulation of
emergency isolation valves is required in some cases, while it is not in others. The details of the stop procedures in both cases must
be explained, and with regards to the former emergency isolation valves, their role and rationale for the number of units set must be
clarified.

The Japanese version shall prevail.
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2-1 (2) Safety measures at the time of discharge into the sea

[2]-1. Operational plan

T=PCO

The ALPS treated water Dilution/Discharge Facilities are planned to take the following steps [1] to [3], and three tank groups will be
operated in rotation. Operations and procedures to be taken during the series of steps will be explained.

[1] Receiving process

A group of tanks (10 units: approx. 10,000 m3)

A
r \
r-i
1
1
1

From ALPS treated _ _ _ _
water tanks, etc.”

*: Existing transfer pipes are used for receiving.

[2] Measurement/confirmation process

5 units
p A
— AN -
f——— S r
To the <-- |
sampling point ] | — — | \ 4
= sunits ——
A
’r " A\
A
From the _ _: L dO 7/ dO |
sampling point w

From the
sampling point

To the

- sampling point

[3] Discharge process

A group of tanks (10 units: approx. 10,000 m3)

A
4 \

Transfer

Measurement/
confirmation tanks
(K4 area tanks)

The Japanese version shall prevail.

S,

ALPS treated water
transfer pump

170,000 m3/day/unit x
number of units in operation

o)

Up to 500 m3/day

Seawater

flowmeter

: : ALPS treated

ALPS treated water flow rate
water flowmeter control valve
Emergency

isolation valve

Seawater pipe header

Seawater transfer pump

-

12



2-1 (2) Safety measures at the time of discharge into the sea

[2]-2. Details of the operational plan

T=PCO

Procedures for the processes from [1] receiving, [2] measurement/confirmation, to [3] discharge are as follows (refer to the following
pages for procedures for each step).

Group A Group B Group C
1st round Receiving - -
2nd round Receiving -
.II T LE B B B m m LB B B m m m LE B m m o om m m
. 3rd round Receiving
IE I —— T |
E 4th round Receiving
. Receiving
’
*
“
4 B [2] 1]
Discharge Measurement/ Receiving

TheUggermf@uMlmmwmpnﬂrmatlon tanks

confirmation

[1] ReceiVing process ! *1: Almost the same as the receiving procedure to existing tanks.

1. Operation to start
i receiving

i 2. Operation to start up the transfer pump of i
the source i

(1) Line up valves in receiving
line

(2) Open receiving line
boundary valves

[2] Measurement/confirmation Sampling

i 1. Operation to execute

i the measurement/
confirmation process
(Double-action)

1) Start up agitators

2) Open circulation line boundary valves

3) Control flow with FCVs

4) Start up circulation pumps

5) Monitor operation time and integrated flow
rate

~ e~ e~~~

: Trigger operation/state

"EEEEEEEEEEEEEEEEEEE)

Standby for the
measurement/
confirmation process o

.
*

«
O

(1) Stop transfer pumps

Close receiving line boundary valves

the setpoints

confirmation process

(Double-action)

Preparation for
transfer process

i 2. Operation time and integrated flow rate reach

(1) Stop circulation pumps, close FCVs™
(2) Close circulation line boundary valves

: 3. Operation to stop the measurement/

(1) Stop agitators

[3] Discharge process

1 Operation to start up seawater
transfer pumps (Double-action)

(1) Start up seawater transfer
pumps

(2) Open seawater transfer pump
discharge /seawater pipe
header inlet valves

(3) Monitor seawater flow rate

2. Input of tritium
concentration (reading
by scanners, etc. +
Double-check)

switch)

action)

valves
(2) Start up transfer pumps

4. Run ALPS treated water :
transfer process (Double-

(1) Open transfer facility boundary

Preparation of Input of Completlon

3. Discharge operation key

tandby for

Illllllllllllllllll.

‘
*
ﬁ

receiving process o

5 Tank water level decreased

(3) Open emergency isolation and
other motor-operated valves

(4) Control flow with FCVs*2

- 6. Stop discharge (Automatic)

(1) Close FCVs*2

(2) Stop transfer pumps

(3) Close emergency isolation and
other motor-operated valves

*2: Flow rate control valve

0

13



2-1 (2) Safety measures at the time of discharge into the sea
[Supplement] Facility conditions in the measurement/confirmation process T=PCO
_[1] (Before start-up operation) —

Measurement/confirmation tanks

ol (o] e PR (™Mo ] (Mo |
XM WD | o o e

[MO ] [ MO ] —— Adtator [MO ] [ MO ]
P oo 7 o] XX

Measurement/confirmation tanks
G B

(o (o] — PP | (Mo ] [ Mo ]
X X oo 7 F oo — X

[MO | [ MO ] -— -— [ MO ][ MO ]
D o 7 oo | P

N—— N—

Measurement/confirmation tanks

(Group C)

[MO ] [MO ] — (_:FLMIMOIIMOI
Ll S S e o U B o e e o
MO | [ MO ] — -— [ MO ][ MO ]
] *—M—& 7/ oo | XY MY

[ FIT | [ Fcv |

X ()N [k

Circulation pump

(A)

[FIT | | Fcv |
l / '
<Abbreviations> . -
MO: Motor-operated Circulation pump T
FCV: Flow rate control valve (B)
FIT: Flow indicator To the sampling From the sampling

lananncn vnarcinn o hall n i H .
The JaparnCoCveTroioronan ,.revall p0|nt p0|nt



2-1 (2) Safety measures at the time of discharge into the sea

[Supplement] Equipment conditions in the measurement/confirmation process

_[2] (Start-up - Operation)

T=PCO

N

Monitoring and
control device

1.Operation to execute the
measurement/confirmation
process (Double-action)

) )

(1) Start up agitators

(2) Open circulation line boundary valves

(3) Control flow with FCVs

(4) Start up circulation pumps

(5) Monitor operation time and integrated
flow rate

(5) Monitor

operation time and
integrated flow rate

Sampling
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Measurement/confirmation tanks

(Group A)
[ MO | [ MO | v/; ~
X DX Lolog olo
(2) ? () Agitator
[mollwol] (=7 7~
/
X e 71/ olo
Measurement/confirmation tanks
o] (Mo ] S (Group B) .
— (—
/ /
X X oo 7/ oo
[ MO | [ MO ] —
X X oo
Measurement/confirmation tanks
(Group C)
L MO | [ MO | - -
/7
X X oo 7/ oo
[ MO || MO | S

X

X

N~———

) ()

¢ [mo] [Mo]
. AI—N% i

X

X

-— [ MO | [ MO |
7 oo

X

@ @
[ MO | [ MO |

X

[ MO | [ MO |

X

[ MO | [ MO |

X

- [ MO | [ MO |
o —/ :l—l—wk P—IX—

3

[ FIT | [ Fcv ]
X N X
@ Circulation pump
(A) @)
[FIT | | Fcv |
) Y\IL
_/ !

| X
l (4)

To the sampling
point

Circulation pump

(B)

T

From the sampling
point
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2-1 (2) Safety measures at the time of discharge into the sea
[Supplement] Equipment conditions in the measurement/confirmation process T=PCO
_[3] (Operation - Stop) —

Measurement/confirmation tanks

) ) ) ()

(Group A)
[MO ] [mMO ] — /—Il IMOIII\’/II:JI
/ /
g@ M P X dog 7/ oo X
(2) (2) ) Agitator (2) (2)
Monitoring and [ MO | [ MO | 3 L - [><]| “ﬁ: | | “ﬁ:) | v
trol devi
control device [)(} * oo 7/ oo

2.0Operation time and integrated

flow rate reach the setpoints Measurement/confirmation tanks

(Group B)

M

@ [FIT ] [Fcv |
M (N e M
()

(A)
1 [FT | [Fcv ]

_' (1) Stop circulation pumps, close FCVs l Circula

(2) Close circulation line boundary valves

! . MO | [ MO | — i MO | [ MO |

! 3.Operation to stop th — —

1 mZZ:J::rr:!e?‘ltslcc:)F:lfir;ation /% * N‘ / / M—* N—
: process (Double-action) v N Ob r/ Ob

| | J— — i MO | [ MO |

! Lo-- (1) Stop agitators |/ | I\ﬁ: | | MO l | / /L | M * * N

| X P b 7 oo

i Measurement/confirmation tanks

! (Group C)

| [MO ] [MO] — (_:FLNIMOIIMOI

| .

; O T I (I P m Vo PO M
| [MO ] [ MO ] — — [ MO | [ MO |

| X— 7 T e e N e o o e B

: N~~—— N~——————

o

tion pump
, (B)

. . To the sampling From the sampling
The Japanese version shall prevail. point point



2-1 (2) Safety measures at the time of discharge into the sea
[Supplement] Equipment conditions in the discharge process

_[1] (Before start-up operation) T=PCO

From *2
> To *2
[ RE [ [ MO
M I
/ N
ALPS treated water To *2
transfer pump (A) To ™1

B A

ALPS treated water
transfer pump (B)

Group C
Measurement/confirmation tanks

[Mmo ] [FT]|Fev]| [mo]
»e My

X I
Emergency ~ Emergency
From *1 isolation valve-1(A) isolation valve-2(A)

(vo ] [Fr] [Fev] [wmo
X [k Mo

Emergency Emergency
isolation valve-1(B) isolation valve-2(B)
[mo ] | AT | [ MmO ]
Ne—T—e—x—N|
Seawater transfer pump
(A) [mMo | [ AT | [ MmO | l
| | I
~rbbreviations> Seawater transfer pu!m\pl * . * X I\l
2\”8:2?22"5;?22?“ (B) Seawater pipe header
FCY: F|0V\{ ralte control valve | MO | | FIT | | MO |
QI; Igle:):i/altri]g;cgtei;ctor O T\l * I * N f\‘| 7777
| ' 1

Seawater transfer pump
The Japanese version shall prevail. (C)
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2-1 (2) Safety measures at the time of discharge into the sea

[Supplement] Equipment conditions in the discharge process T=Pc0
[2] (Start-up of Dilution facility) —
From *2
g@ L. To *2
[ RE | TMO
Monitoring and |
control device O I\l
1. Operation to start up seawater ALPS treated water To *2
transfer pumps (Double-action) transfer pump (A) To *1
A

T

ALPS treated water
transfer pump (B)

Group C
Measurement/confirmation tanks

[Mmo ] [FT]|Fev]| [mo]
¢

I

1

I

I

I

I

1

I

I

I

I

1

1

I

I

I

1

I

I

1

I

:

i X I

: cEmergency oI
: From *1 isolation valve-1(A) Isolation valv
I
I
I
I
1
I
I
1
I
1
I
I
1
I
I
I
1
1
I
I
I
I
1
I
I
[}

(Mo | [FT] [Fev] [Mo

|
X 1
Seawater Emergency Emergency
flow rate isolation valve-1(B) isolation valve-2(B)
monitoring (2) 3) ()
) [mo] [ FT | [ Mo ]

Z

K—X
Seawater transfer pump
(A) [mo ] [ AT | [ MmO | Yy

—N—b—F—h—x—N
/é

eawater transfer pump

\ 4 (B) Seawater pipe header

(1) Start up seawater transfer pumps | MO | | FIT | | MO |

(2) Open seawater transfer pump

discharge and seawater pipe header Q N * I * N N #ﬂ#

inlet valves
(3) Monitor seawater flow rate Seawater transfer pump

The Japanese version shall prevail. (C)

RE

NN




2-1 (2) Safety measures at the time of discharge into the sea
[Supplement] Equipment conditions in the discharge process T=PCO
_[3] (Input of tritium concentration - Setting FCV opening) —

From *2

] -

Monitoring and
control device
I 2.Input of tritium concentration l

(1) Reading by scanners, etc. + Double
check

To *2
T
O—N
ALPS treated water To *2

transfer pump (A) To ™1

Setting the FCV'’s opening

I 1. Seawater transfer pump startup I

Seawater transfer pump

The Japanese version shall prevail.

B A

ALPS treated water
transfer pump (B)

Group C

[mMmo| [FAT]|Fov]| [wmoO]
"

l
X |
Emergency ~ Emergency
From *1 isolation valve-1(A) isolation valve-2(A)
Seawater [FT ] [Fev] MO
flow rate M I *
monitoring ' Emergency Emergency
isolation valve-1(B) isolation valve-2(B)
[Mo] [ FT | [ MO |
—D—N]
1
Seawater transfer pump
(A) [mMo | [ FIT | | mO | Yy

E—N—F—F—k—x—N

Seawater transfer pump

(B) Seawater pipe header
[mMo | | AT | | MmO | Z %
Q N * | * X N /S,

(©)

NN




2-1 (2) Safety measures at the time of discharge into the sea
[Supplement] Equipment conditions in the discharge process T=PCO
_[4] (Discharge operation - Starting transfer of ALPS treated water) —

switch)

From *2
To *2
(3) (3)
- o I_RQ% Mo
Monitoring and N\ f\I
control device \>) |
|2 Input of tritium concentratlon | ALPS treated Water To*2
' transfer pump (A To *1
\ 4
3.Discharge operation (key I_Rg MO
/\ f\}

ALPS treated water

‘\ transfer pump (B)

____________________________________________________________________________________ > (1) Open transfer facility boundary and pump inlet valves
(2) Start up an ALPS treated water transfer pump

4.Run ALPS treated water transfer
process (Double-action)

B

. , . (3) Open emergency isolation and other MO valves
Setting the FCV’s opening \ (4) Control flow rate with FCVs

@ @ @ —
[mo | [FAT]|Fov ]| [wmoO]
e

1

|

|

1

|

! X)) I

: Emergency ~ Emergency

: From *1 isolation valve-1(A) isolation valve-2(A)
| Soawater [Fr] [Fov] [Mmo

1

' monionn X [ e

! 9 Emergency Emergency

! isolation valve-1(B) isolation.valve-2(B)
[mo ] | AT | [ MmO ]

i p—X—N

E Seawater transfer pump

: (A) Mo | | FIT | [ Mo | LA A 4
1

@—N—m ——k—x—N
I 1. Seawater transfer pump startup I 0 1

Seawater transfer pump

(B) Seawater pipe header
[mMo | | AT | | MmO | Z %
Q N * | * X N /S,

Seawater transfer pump
The Japanese version shall prevail. (C)
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2-1 (2) Safety measures at the time of discharge into the sea
[Supplement] Equipment conditions in the discharge process T=PCO

_[5] (Completion of discharge - Stop of facilities)

Fromg MO MO |.e
5

Monitoring and
control device
I 5.Checking tank water level |

v

I 6. Stop discharge (Automatic) I

(3) (1) (3)
[Mo ] [FT]|Fcv ]| [moO]
X I

Emergency
isolation valve-1(A)

Seawater From ™1 (AT | [Fov] MO
l

flow rate
monitoring X 1

Emergency
isolation valve-1(B)

[mo ] | AT | [ MmO ]

(3) (3)
To *2
3) (3)
@ [ RE [ | MO
() I
N\ N
ALPS treated water To *2

transfer pump To *1

% T

ALPS treated water

‘\tr&nsfer pump (B)

_» (1) Close the FCV
(2) Stop the ALPS treated water transfer pump
(3) Close emergency isolation and other MO valves

Emergency
isolation valve-2(A)

Emergency
isolation.valve-2(B)

XD
Seawater transfer pump
(A) [mMo | [ AT | [ MmO |

N
N

—N—ph X
I 1. Seawater transfer pump startup I @ ’ N

Seawater transfer pump

(B)

[mMo | | AT | | MmO |

M

Seawater transfer pump
The Japanese version shall prevail. (C)
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2-1 (2) Safety measures at the time of discharge into the sea
[2]-3. Emergency shutdown

T=PCO

During the discharge of the ALPS treated water, in addition to normal shutdown, the facilities may be shut down as an emergency
measure when abnormalities, such as deviation from normal operation, are detected.

In both normal and emergency shutdown cases, almost the same shutdown and operation commands will be input.

(Only the manipulation of emergency isolation valve-2 is different. Emergency isolation valve-2 is to be operated only at the time of
emergency shutdown or inspections).
Except for manual shutdowns, all facility shutdowns are designed to be controlled by the monitoring and control device, which
detects the status of the facilities.

How to

When shutting down the facilities manually
in the event of an earthquake with a

hut down ismic i i -
Controlled shutdown | seismicintensity of 5" or larger, or the Emergency shutdown
Operation issuance of a major tsu_naml warning, the
system following procedures will be taken:
Stop of the process Emergency shutdown .
(Double-action) (Double-action) Events leading to emergency shutdown
[1] ALPS treated water flowmeter failure
[2] Seawater flowmeter failure
The low water level in measurement/ An event leading to emergency [STALPS treated water flow rate high
fi . ks d d hutd detected [4] Seawater flow rate low
Monitoring confirmation tanks detecte : shutdown detecte [5] ALPS treated water transfer pump trip
9} Mlto[8 [6] Seawater transfer pump trip
and control ISR SO O B [7] Radiation monitor panel, major failure
device ; * [8] Radiation monitor high
[9] Emergency isolation valve panel, both
Stop discharge Emergency system communication abnormalities
[ shutdown
1
Operation to close an FCV Close emergency isolation valves-1 and 2 *:“[9] Emergency isolation valve panel, both system
communication abnormalities” assumes a
* * communication error of the control panels for the
emergency isolation valves, and it is assumed that
Stop an ALPS treated water transfer pump Operation to close an FCV there is no problem with the system operation.
Transfer Therefore, the same procedures as those for the
facility * + controlled stop of discharge are to be taken.

Close emergency isolation valve-1

v

Close other MO valves

The Japanese versic

n shall prevail.

Stop an ALPS treated water transfer pump

v

Close other MO valves
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2-1 (2) Safety measures at the time of discharge into the sea

[Supplement] Equipment conditions in the discharge process [6] (Emergency shutdown)

T=PCO

From *2 MO \;‘:IMO @

N

N

Monitoring and
control device

-

. Event leading to emergency

shutdown occurs

[1] ALPS treated water flowmeter failure
[2] Seawater flowmeter failure

[3] ALPS treated water flow rate high

[4] Seawater flow rate low

[5] ALPS treated water transfer pump trip
[6] Seawater transfer pump trip

[7] Radiation monitor panel, major failure

=

To *2
) @
o [ RE [ | MO
() I
N\ N
ALPS treated water To *2

To *1

transfer pump (

A)

[8] Radiation monitor high

v

2. Stop discharge
(Automatic)

transfer pump (B)
(1) Close emergency isolation valves

ALPS treated water

(2) Close the FCV
(3) Stop the ALPS treated water transfer pump
(4) Close other MO valves

(4) (2) (1) (1)
[mo| [FT]|Fov] [wmo]
X I
Emergency ~ Emergency
From *1 isolation valve-1(A) isolation valve-2(A)
Mo | AT ] [Fev] MO
X [ W Py
Emergency Emergency
isolation valve-1(B) isolation valve-2(B)
[mo ] | AT | [ MmO ]
| —N
Seawater transfer pump
(A) Mo | | FIT | [ Mo | Yy
| {% I I

CINL

Seawater transfer pump

(B)

[mMo | | AT | | MmO |

M

Seawater transfer pump
The Japanese version shall prevail. (C)
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Excerpt from the document 1-1 for (The 7th)
Review Meeting on the Implementation Plan
Regarding the Handling of ALPS Treated Water

2-1 (1) [4] How to detect abnormalities and stop the discharge of ALPS treated water

into the sea
JReference] Expected role and design of the emergency isolation valve

©  The emergency isolation valves provided in the ALPS treated water transfer line have a function to stop the discharge of ALPS
treated water into the sea by closing without manual operation in the event of detecting an abnormality that deviates from normal

operation.
©  The emergency isolation valves are made dual-redundant in series, and their installation position, working methods, and design

concept are as follows:

Emergency isolation valve-1

Emergency isolation valve-2

, Placed at the furthest downstream of ALPS treated water
Location of . : : : L . .
installation Location not subject to damage by tsunami transfer pipe to minimize the amount of discharge during

valve operation.
Operating Mot(_)r—operated (it takes 10 seconds from opening to AO (it takes 2 seconds from opening to closing)
system closing)
Two systems are installed and, in the event of failure or
Con'cept of malr_\tenance, the system can be switched by opening and (Same as on the left)
design closing the front and rear valves to keep the facility
availability.
I\/.Ieasgremen.t_/. Radiation monitor
confirmation facilities
(K4 tank) Placed in an area where it is

ALPS treated
water flowmeter

/_\'
v33.5 m above

ALPS treated water
transfer pump

valve-1

Seawall

11.5 m above
sea level

The Japanese version shall prevail.

not subject to damage by a
Japan Trench Tsunami.

Emergency isolation

Placed at the furthest
downstream of the ALPS treated
water transfer pipe to minimize
the amount of discharge.

Emergency isolation

Seawater

flowmeter ' ' valve-2
r l
A\

2.5 m above
sea level

>

Seawater

transfer pump
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Excerpt from the document 1-1 for (The 7th)

2-1 (1) [4] How to detect abnormalities and stop the discharge of ALPS treated water _Review et on e Inplemertaon ln
into the sea — g
_[Reference] Operating conditions of emergency isolation valves

The operating conditions under which the emergency isolation valve is “closed ” are as shown in the figure below, which is designed
to prevent “unintentional discharge of ALPS treated water into the sea.”

| [1] ALPS treated water flowmeter failure

The logic is that when various kinds of abnormalities are
detected, the sound seawater transfer system will continue | [2] Seawater flowmeter failure
the operation and dilution as much as possible. |

[3] ALPS treated water flow rate high

| [4] Seawater flow rate LOW

| [5] ALPS treated water transfer pump trip

| [6] Seawater transfer pump trip

| [7] Radiation monitor panel, major failure

| [8] Radiation monitor high

[7], [8] [9] Emergency isolation valve panel, both system
communication abnormalities

*A precondition is that the discharge
process is being executed.

Abnormal
discharge process
4
Emergency isolation
valves “Closed”

[10] Emergency shutdown
Measurement/ Radiation monitor |

confirmation facilities [1], [3]
(K4 tank)

Logic circuit for emergency isolation valves

/ 2], [4]

Emergency isolation
valve-1 Seawater

flowmeter ' ' valve-2

ALPS treated
water flowmeter

Emergency isolation

ALPS treated water

transfer pump

Seawall

11.5 m above
sea level

2.5 m above

sea level
Seawater

transfer pump

The Japanese version shall prevail. 25



2-1 (1) [4] How to detect abnormalities and stop the discharge of ALPS treated water

into the sea —
JReference] Specifications for emergency isolation valves T= P co

Spring for closing

Emergency isolation valve-1 (MO valve) Limit switch (detects

opsration b open/close)
Spring return type motor-operated emergency isolation valve, which closes fully in the event g a/ o Brake clutch
of loss of power G = Motor for opening
The motor is activated to wind the spring to fully open the valve. L*-- o ?  Operation
Once the valve is fully opened, the built-in brake will be activated to keep the wound-up spring ]
from moving back (under normal operation).
With the loss of power, the brake will be released, and the valve will be closed by the force of the
spring. l $——Valve element

Open — Close: within 10 seconds (Butterfly valve)

Outline of the structure of

Emergency isolation valve-2 (AO valve) emergency isolation valve-1
Under normal During power outage
operation (energized) (de-energized)

F Solenoid valve Released air Solenoid valve

Air-operated emergency isolation valve, which closes fully in the event
of loss of power
The piston in the cylinder is pressurized, and the linear motion generated

by the movement of the piston is converted into rotary motion (to drive the | —
valve). Coil spring” 18388 | Jo Nearad I )
Cylinder

This valve has a coil spring in it, and when the solenoid valve of the

Spring restoring force Cylinder

working air is de-energized at the time of power outage, the air in the Valve driving shaft

cylinder is released to move the piston. The cylinder is filled with air fo Once the solenoid valve is d e
. ” : " " nce the solenoid valve Is de-energizeq,

Open — Close: about 2 seconds maintain the valve “Open. the air in the cylinder will be released,

. and the valve driving shaft will be moved
Measures against water hammers by the restoring force of the spring.

Since the emergency isolation valve-2 is designed to shut off the discharge
as quickly as possible, countermeasures against water hammers must be

VR
taken. Therefore, a three-way valve is adopted. Unper-st |=> Down-st =>
— The receiving tank is designed to have a capacity of 1.1 m3 or more, that is, prersEam I
the volume larger than the amount of water transferred when the emergency
T

isolation valve-1 is closed and the amount contained in the piping from the he flow path is ﬂ

emergency isolation valve-1 to the emergency isolation valve-2. changed by
operating the valve.

Under normal operation When shut off

Receiving tank

20
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T=PCO

2. Responses to issues pointed out” at the review meeting, etc.
*: Documents 2-2, Attachment 2 for (the 97th) Specified Nuclear Facilities Monitoring and Assessment Review Meeting

Issues pointed out [3]

(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)
(1) Discharge facility 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.

® Regarding the monitoring and control device, the frequency of reqistration operations and the areas requiring human intervention
must be clearly indicated.

It is also important to comprehensively consider where and what errors can occur. From the viewpoint of preventing human errors, it
is sometimes considered that human intervention should be minimized. On the other hand, however, such an idea can cause the
device to become a black box. Therefore, misoperation prevention measures that are appropriate from a comprehensive perspective
must be clarified.

The Japanese version shall prevail. 27



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena
such as earthquakes and tsunamis, etc. T'PCO
_[3]-1. Points where misoperation can occur and concept for interlock -

The countermeasures to prevent misoperation by operators and other postulated misoperation occurring while the ALPS treated
water Dilution/Discharge Facilities are in service are summarized as follows.

No. Possible misoperation
_ _ Double-actions are required when
1] Pressing a wrong operation button when manipulating facilities (After pressing an
manipulating facilities. [1] operation button, the operator has to confirm

whether to move on to the following process).

Pressing a wrong button because all of the . N
Key switches are adopted for critical

[2]

operation buttons are identical. [2] _ _ _
operations (discharge operation).
Making mistakes during the transcription of The measured tritium concentrations are input
[3] measured tritium concentration into the [3] to the monitoring and control device by
monitoring and control device. mechanical means, such as a scanner’.

*. Before inputting data into the monitoring control device, entered
values are checked by two or more people to ensure they are correct.

In addition to the above measures, in order to further augment the function to prevent “unintentional discharge of ALPS treated
water into the sea”, an interlock is provided to stop proceeding to the following process (including the operation of equipment),
mainly even when an operation that cannot be undone is performed by mistake.

Release of radioactive materials from measurement/confirmation tanks due to lack of confirmation
— Even when a wrong tank group is selected for measurement and confirmation by mistake, the operation of the equipment will be

stopped.
Discharge of water with a tritium concentration of 1,500 Bg/L or more after dilution with seawater

— If the tritium concentration is not below the discharge limit or the dilution ratio is not acceptable, the system cannot proceed to the
following process (discharge operation).

28
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena
such as earthquakes and tsunamis, etc.

|Reference| Ogeratin_q Erocedures for Measurement/confirmation facility

Document 1-1 (amended) for The 7t Review
Meeting on the Implementation Plan Regarding

the Handling of ALPS Treated Water

The operating procedures for the Measurement/confirmation facility are as follows.
The measurement/confirmation process is designed to start operation automatically after selecting the target tank group and
executing the operation procedure.
To prevent mixing and accidental discharge of water between tank groups, a monitoring and control device is provided with an

interlock to check that only selected tank groups are in the measurement/confirmation process and that the boundary valves are fully

Process
Op$

closed.

Start up circulation pumps

v

Stop agitators

system
Operation Shift Team Workers Operation Shift Team
Operation to execute the . Operation to stop the
measurement/confirmation Sampling —> measurement/confirmation
process (Double-action) A process (Double-action)
Notification
Not proceeding to the Homogenizing
following process time passed
Monito ring Operation signal Operation signal
received received
and control
device Flow rate control and :
monitoring Reaching th&
Interlock T set integrated
nr:ar Ok(i Set time I Set fi low rate
chect elapsed Ie 'ms :
: Details are | elapse
OK mentioned later. 1
|
v 4 !
1
Start-up agitators Line up circulation line boundary valves | Stop circulation pumps, fully close FCVs
I
Measurement I
/confirmation
facilit v |
acility | Fully close circulation line boundary valves
|
I
|
|

The Japane

se version shall prevail.

Control flow by FCV
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena st om e Toomeniation Plan Regordimg

the Handling of ALPS Treated Water

such as earthquakes and tsunamis, etc.
|Reference| Interlock in the measurement/confirmation process

Operation to execute the measurement/confirmation process

(Example) When moving to Group A’s measurement/confirmation process.

Tank groups not on the “measurement/
confirmation process standby” cannot proceed
to the following process. \

Standby for Grogp AS. Operation to execute Group A’s q
measurement/confirmation . . > AND
measurement/confirmation . ,
process . Executing Group A’s measurement/
OK " confirmation process
Interlock
check’

*: Interlock check

v Group A should be on the “measurement/confirmation process standby” (it should be lower than “circulating water
level high”) -> Check the condition of the target tank group.

v" Groups B and C should not be in the measurement/confirmation process -> Check the condition of the other tank
groups.

v" Circulation line switching valves of Groups B and C should be “fully closed” -> Check the condition of the valves
(to prevent water mixing in other tank groups)

(Example) Even if, due to human error, the tank group for implementing the measurement/confirmation is mistaken and [Operation to execute
Group B’s measurement/confirmation process] is performed, it cannot proceed to the “measurement/confirmation process” when
the applicable tank group is not in the “measurement/confirmation process standby” (in the “receiving process” or in the “discharge
process”).

The Japanese version shall prevail. 30



2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena Moaing on e lotomantation Pian Rogaraing
such as earthquakes and tsunamis, etc.
Reference] Operating procedures for transfer facility/Dilution facilit

the Handling of ALPS Treated Water

The operating procedures for discharging ALPS treated water are as follows.
To prevent human error, the tritium concentrations should be mechanically imported to the monitoring and control device, such as by
scanners (several people will check if the entered values are correct).
To prevent accidental discharge, the monitoring and control device is provided with an interlock to check that selected tank groups
have completed the measurement/confirmation process and that the boundary valves of other tank groups are fully closed.

Process Preparation of Dilution facility Input of analysis results Discharge operation
Operation . . . o . . (Operation to open emergency isolation valves, start-up of an ALPS treated water transfer pump in the
system (Ozertat:;)n to ¢f>pen dlstch?rge \flalves in tr;e seawater transfer system, (Tritium concentration input into the system) ALPS treated water transfer system, and operation to open an FCV)
and start-up of seawater transfer pumps
N Tritium concentration input ‘
Operation to stagul::psseawater transfer (reading by scanners, etc.) Discharge operation Execute the ALPS treated water transfer
Operation (Double-action) (key switch) process (Double-action)
Shift Team
Tritium concentration check
(checking of values)
Operation signal Tritium concentration registration Operation signal Operation signal
received received received
H H Not proceeding to
Mon |t0r| ng the following process
and control -
device I
|
- - Interlock check*
Seawater flow rate I Calculation of ALPS treated water transfer
monitorin — - -> flow rate based on the seawater flow rate . .
9 and tritium concentration. *: Details are mentioned later.
A I >,

I ) 4

| “Open” transfer facility boundary and pump inlet valves
Tra nsfe r : ALPS treated water transfer pump start-up
fac' I Ity 1 . ; . “Open” emergency isolation and MO valves

I Setting the FCV’s opening Start of

____________________ “Open” FCV discharge

Seawater transfer pump start-up
Dilution v
facility
“Open” seawater transfer pump discharge
valves
The Japanese ve 31




Excerpt from document 1-1, The 7t Review

2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena Mosting on the Implemniotion Pren Ragarding

the Handling of ALPS Treated Water

such as earthquakes and tsunamis, etc.
|Reference| Interlock in the discharge process

Discharge operation

(Example) When executing discharge from Group A
Unless the analysis results are

input, it cannot proceed to the Operation to execute Group >
following process. A’s transfer process
Preparation of Group A’s Operation to input analysis Judging on OK
transfer process result (tritium concentration)™ discharge or rjzot AND
Q discharge Executing Group A’s
discharge process
L AND
Discharge operation (key < > |”te”0§3k <YV, >
switch) " check
Unless the “measurement/confirmation

process” is completed, it cannot
proceed to the following process.

*1: Mechanical reading by a scanner or the like

*2: Judging on discharge or not to discharge
v' Check that the water can be diluted to the specified concentration against the volume of seawater for dilution (the number of

seawater pumps in operation).

*3: Interlock check

v" Group A should be in preparation for the transfer process.
(The previous process, measurement/confirmation process, must have been completed) = Confirm that no process has
been skipped.

v' The discharge switching valves for Groups B and C should be “fully closed.” = It prevents the discharge of water from tank
groups that are not subject to discharge.

v' Seawater transfer pumps should be operating. = It prevents the discharge of undiluted ALPS treated water.

v" The key switch should be in “discharge permitted.” = It prevents misoperation resulting from changing operation procedures.

(Example 1) Even if the [Operation to execute Group A’ s transfer process] is performed with an incomplete analysis of the ALPS treated
water by human error, it cannot proceed to the following process unless the analysis result is input.
(Example 2) Even if the [Operation to execute Group B’s transfer process] is performed by human error, it cannot proceed to the “discharge
process” unless the previous process, “measurement/confirmation process,” has been completed.
The Japanese version shall prevail. 32



T=PCO

2. Responses to issues pointed out” at the review meeting, etc.
*: Documents 2-2, Attachment 2 for (the 97th) Specified Nuclear Facilities Monitoring and Assessment Review Meeting

Issues pointed out [4]

(2-1 Major issues to be reviewed based on the Nuclear Reactor Regulation Act)
(1) Discharge facility 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.

® According to the analysis procedures, most processes are implemented within the core system to prevent human errors. An
explanation must be made about what measures and mechanisms are established to enable operators to ensure that the system is
appropriately carrying out analyses.

The Japanese version shall prevail.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena Meatit oo e Inlermotston Bram Reomraing

the Handling of ALPS Treated Water

such as earthquakes and tsunamis, etc.

[4]-1 Analysis procedures

The post-sampling operating procedures for the Measurement/confirmation facility are as follows:
After measurement by the analyzer, confirmation/approval work is carried out by the core system (hereinafter referred to as
‘chemical management system”) (There is no manual calculation or transcription).
All actions performed by the chemical management system are designed to be recorded.

Confirmation on

Process Receiving sample, analyzing, and Approval and notification discharge or not to Implementation
Overation reporting the analysis results of analysis results . of the discharge
P discharge
system
Analysts r—-—=—=-=777 Reanalysis, stc. | Reanalysis/notificaon; T 7 'Notfficationtothe Tloﬁica‘tio?tc?the';
. ) | ' ) . to related parties, etc. ) - related parties related parties
Receiving of samples (confirm Chemical Analysis & Environmental Radiation K . I
¥ ” Analysts : - Shift Manager
with the responsible group) I G Evaluation Group Manager NG Monitoring Group Manager NG NG I
| Analysis Analysi Confirm that the
e ysis result | . . Judgment on
* | + con d ition _’ verification I> dlscharge.s!andard s o _> the discharge I
verification satisfied. 1
Setting the sample to the analyzer I OK OK OK OK 1
(QR code for each sample is read | I
with smart glasses) | * See page 31 for detailed
| : facility operations. I
\ 4 ! :
Pretreatment and | Report Notification Notification I
Analyzer measurement | I
|
. |
|
__________ -
. \ 4 A4 A 4 \ 4 !
| Analysis and Summarize analysis Finalize analysis Create drainage water |
I evaluation results results analysis report 1
| |
|
Chemical I \ 4 !
management I Check drainage water records Create drainage water records :
t | (summarize drainage water 4 (amount gischarged) |
system I Operations by the chemical management system amount discharged) |
_________________________________________________________________ -

*:  Ensure that the ALPS treated water in the tank group subject to discharge is being measured.
Ensure that the sum of the ratios to regulatory concentration limits of radionuclides other than tritium in the
target water is less than 1.
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena
such as earthquakes and tsunamis, etc.
4]-2. Verification points in the analysis procedures

T=PCO

Verification points in the analysis procedures are as follows:

Points to be verified

Quality assurance

Analysts

Check the received assay samples against the analysis schedule.
Implement and check analysis operation and sample measurement

according to the analysis procedures.
Check analysis conditions (measurement equipment, measurement

time, sample volume).

ISO/IEC17025
1ISO9001

Chemical Analysis &
Evaluation Group
Manager

Verify the analysis results reported from the chemical management

system.
Input data such as sample name and analysis conditions.

Validity of analysis results (comparison with the past trend of analysis values,

etc.)
Report to the Environmental Radiation Monitoring Group Manager”

Environmental
Radiation Monitoring
Group Manager

Judge whether to permit water discharge based on the analysis results
notified from the chemical management system.”
Ensure that the analysis was performed for the tank group subject to

discharge.
Ensure that the analysis results satisfy the discharge standard.

Shift Manager

Verify the wastewater analysis results reported by the Environmental

Radiation Monitoring Group Manager.
Judgment on the discharge

The Japanese version shall prevail.

Part 1, Chapter lll,
Implementation Plan
Article 3 (Quality
Management System Plan)

*Acts based on Article 41
(Management of Radioactive
Liquid Waste, etc.)
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena Montreron e Inotomaniation Brom Rogarding

the Handling of ALPS Treated Water

such as earthquakes and tsunamis, etc.
[Reference] Quality control of the analysis process

A mechanism has been established to keep the analysis process at a certain quality and detect data abnormalities.

[T T == == == "= "= -=-="=-=-"="="=-"=-"="=-==-=== 1
Data assessment room [ S——— - Core system: Chemical management system L = = = = = = = = = = = = = m m o e oo oo -
1

\

T e e e - = = |

: Auto creation Auto creation |

1

| ) |
I . Request Acceptance Samplin Sample label i i

Analysis , pling p Analysis result Preparation of data !

I planning for of analysis Instruction QR code report for publication !

! I

| [

analysis request { "’I/- )
r-—=-=-=-"=-"=-"=-"=-"=-"=-"=-"=-"="="="-"="=""=="="=-"===== |
- -: Chemical analysis data collection system (LIMS) :- ol gl Analysis room: On-site

Analysis instructions » Automatic import of

Auto creation

measurement values

1
I
I
. . < Automatic calculation of
Receiving of Sample Analysis of ) Management of : )
SaREanicrjlg samples pretreatment » samples 'Al"zszs's — analyzgd samples : . Z%Tgrir:triitgrg%hetjétting o
QR code QR code QR code QR code GR code : display
]

Receiving Analysis request number: 2019 - Envil Management G-099-01-0001

Sal >: Seawater in the port/Point A

[Start work]

BE QR of the person in charge: Taro Toden

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

Approximate sample volume (2 2.00 L) 2.00

[Continue] or [Finish]

Voice input guide 11:37 June 11, 2020

<Analysis room: On-site> <Data assessment room>
Input voice and send images following the instructions displayed on the smart glasses Input data to LIMS terminals from camera images

[Register sample data when the data of the analyst matches the data confirmed by the supervisor in the assessment room]
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2-1 (1) [5] Structure and strength of equipment, protection against natural phenomena Montreron e Inotomaniation Brom Rogarding
. he Handling of ALPS Treated Water
such as earthquakes and tsunamis, etc. the Handiing of ALPS Treated Wat

[Reference] Quality control of the analysis process —
Activities at TEPCO N

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 initiatives are 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.

. 7

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.
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T=PCO

2. Responses to issues pointed out” at the review meeting, etc.
*: Documents 2-2, Attachment 2 for (the 97th) Specified Nuclear Facilities Monitoring and Assessment Review Meeting

Issues pointed out [5]

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

[1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater

® The real-time tritium concentration after dilution with seawater is calculated using the ratio of the volume of dilution water to the
volume of treated water, and the reliability of the flow rate measurement is important. Therefore, the specific design of the facilities
must be clarified.

® An explanation must be made regarding the errors of ALPS treated water flowmeters and seawater flowmeters and how the tritium
concentration in the dilution seawater will be set while taking into account the errors.

[4] How to detect abnormalities and stop the discharge of ALPS treated water into the sea

® Based on the results of the validity assessment of facilities in case of failure, the ALPS treated water flowmeter is to be made dual-
redundant. When there is a certain difference between the indicated values of the two systems and the difference is regarded as
abnormal, how will the abnormal values be set in consideration of the fluctuation of the flowmeters must be explained together with
the concept.

The Japanese version shall prevail.
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-1. Flowmeter specifications T=rPCO

In the ALPS treated water Dilution/Discharge Facilities, ALPS treated water and seawater flow rates will be measured with
“differential pressure-type flowmeters (orifice).”*!

Each flowmeter consists of a detector, a computation element (including the indicator). The specifications and configuration are as
follows:

When setting the flow rate of ALPS treated water and assessing the tritium concentration after dilution with seawater to ensure that
the tritium concentration after dilution with seawater is below 1,500 Bq/L, the instrument error is taken into account to obtain a

conservative result.

*1:A measurement system in which an orifice (throttle valve) is installed in the flow path, and the difference (differential pressure) in pressure
between the front and back of the orifice is detected and converted to a flow rate.

Flowmeter specifications

Measurement system Differential pressure type (Orifice)

Specification (Orifice) JIS Z 8762-2"2

0 to 40 m3/h (ALPS treated water)
0 to 10,000 m3/h (seawater)

/\ | l | Measurement range

Flow of water

j Instrument error +2.1% FS (ALPS treated water, seawater)
\ *2:Measurement of fluid flow using pressure differential devices inserted in circular
/ cross-section conduits running full-Part 2: Orifice plates
Orifice Monitoring and control device
. _ . . Differential pressure [~~~ " T T T T T T T T T T T T T T E T EEEEEEE TN
Measuring using a differential pressure flow rate detector Control panel

flowmeter (orifice)

Computation device Indication

The Japanese version shall prevail.



2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-2 Controlling the flow rate of ALPS treated water T=rPCO

Equipped with ALPS treated water transfer pumps, flowmeters, and ALPS treated water flow rate control valves, the transfer facility
are designed to enable constant flow rate monitoring. Furthermore, the flowmeter is made dual-redundant to perform the flow rate
measurement appropriately even when a single equipment failure occurs.

In the dual-redundant flowmeter system, values that will lead to more conservative results will be adopted to monitor the mixing and
dilution rate and control the ALPS treated water flow rate control valve. Measurement values for the monitoring and control will also
take into account the instrument error. In addition, the dual-redundant flowmeters mutually monitor each other’s flow rate. When a
deviation larger than an instrument error occurs, they will detect it as an abnormality, issuing an alert to stop the discharge.

An upper limit flow is set for the flowmeters depending on the set dilution rate. When the flow rate reaches the upper limit or in the
event of a failure of the flowmeters, an alert activates for early detection of any abnormalities.

Flowmeter (A-1) Flowmeter (A-2) ALPS treated water flow rate control valve

O Emergency isolation valve-1
ALPS treated water FT
transfer pump FCV MO

@_ (‘(‘ M {>k} P To seawater pipe header

Measurement/
confirmation tanks
(K4 area tanks)

Conservatively correct the value according to the instrument error (+)

ALPS treated water flowmeter (A-1) f=——p» \4 » Monitoring mixed and dilution ratio

Select higher Correclztion > Controlling ALPS treated water flow
value (HVG) [—®| according to rate control valve

instrument error
P ALPS treated water flowmeter ANN

ALPS treated water flowmeter (A-2) |

Adopt the higher value of (A-1) and (A-2) readings.
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-3. Controlling the flow rate of seawater

T=PCO

Equipped with seawater transfer pumps and flowmeters, the dilution facility is designed to constantly monitor the flow rate in each

operating system.

The instrument error is incorporated in the measurement values used to monitor the mixing and dilution ratio and control the ALPS
treated water flow rate control valves.
In addition, the operating systems mutually monitor the flow rates. When a deviation larger than the instrument error or a flowmeter
failure occurs, they will detect it as an abnormality, issuing an alert to stop the discharge.

Flowmeter (A}

©)

Seawater transfer pump A

@

Seawater transfer pump B

@

N

N—ix-
N

) 4

~

Flowmeter (B}

X

Flowmeter (C}

eawater transfer pump C

Conservatively correct the value
according to the instrument error (-)

Flowmeter (A)

Seawater pipe header C

Correction according
to instrument error

Flowmeter (B)

Correction according
to instrument error

—)4

From transfer
facility

v

Add up

]

an
VY
7

AL SIS

——J» Monitoring mixed and dilution ratio

Flowmeter (C)

LYoy
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Correction according
to instrument error

by

— Controlling ALPS treated water flow

rate control valve
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-4 Monitoring the mixing/dilution ratio of ALPS treated water with seawater (1/2) T=rPCO

m Before discharging ALPS treated water into the sea, tritium concentration in the ALPS treated water after dilution with seawater is
assessed using that was measured and confirmed by the Measurement/confirmation
facility and the flow rates of ALPS treated water and seawater at the discharge into the sea.

B During the discharge into the sea, the flow rates of ALPS treated water and seawater are monitored to ensure that the tritium
concentration after dilution with seawater is below 1,500 Bg/L. In the assessment process, and the uncertainty of analyses into the
tritiuinstrument error is incorporated into the flow rates of ALPS treated water and seawater m concentration in ALPS treated water.
By doing so, measurement values leading to conservative results are adopted for the assessment and monitoring.

O Formula for the assessment of tritium concentration
x ALPS treated water flow rate

Tritium concentration after dilution with seawater (Assessed value) =
ALPS treated water flow rate + Seawater flow rate

Tritium concentration after dilution with
seawater (Assessed value)

Result of sampling
ALPS treated water flow rate

control device

>/ ;
Up to 500 m3/day :

M Y ALPS treated water T

easuremen transfer pump ALPS treated
confirmation tanks water flow rate

(K4 area tanks) control valve

3 .
170,000 m /da_y/u_nlt X _ ALPS treated Emergency
number of units in operation Seawater water flowmeter isolation valve
flowmeter

(s

eawater pipe header

)

Seawater transfer pump
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-4 Monitoring the mixing/dilution ratio of ALPS treated water with seawater (2/2) T=rPCO

B The details of the assessment of tritium concentration after dilution with seawater are as follows.
B The monitoring and control device calculates and assesses the concentration in consideration of the instrument error in the flow
rates of ALPS treated water and seawater and the uncertainty of analyses.

Mechanical reading by
scanners + Double-

g [Input value] check [Indicated value]
= Seawater flow rate (C ALPS treated water flow rate
I2 \ Seawater flow rate (B) (A-2)

8 ALPS treated water flow rate

Seawater flow rate (A) (A-1)

©

c

©
i

=

o
£ vV Vv

4 Negative correction™ Select higher value

- Positive correction™ ¢ ¢

(o]

"é' Add up Positive correction™
)

2 v

o " ) . )

I Tritium concentration after dilution with <
seawater (Assessed value)

*1: Assuming a non-conservative case due to an error of instruments (when the actual flow rate is lower than the indicated value), the value is corrected according to the instrument error (2.1% FS).

*2: Assuming a non-conservative case due to an error of instruments (when the actual flow rate is higher than the indicated value), the value is corrected according to the instrument error (2.1% FS).

*3: Assuming a non-conservative case due to an uncertainty of analyses (when the actual concentration is higher than the analysis value), the value is corrected according to the uncertainty
([Tentative] 10%).
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-5 Controlling the mixing/dilution ratio of ALPS treated water with seawater (1/2) T=rPCO

B The flow rate of ALPS treated water is calculated using the following formula, converted from the formula for the calculation of tritium
concentration after dilution with seawater, and the opening degree of the ALPS treated water flow rate control valves is adjusted accordingly.

B The opening degree of ALPS treated water control valves are controlled as follows: an operation value is set for the tritium concentration
after dilution with seawater (a value with a sufficient margin against 1,500 Bg/L), and then while monitoring the difference between the
calculated ALPS treated water flow rate (operation value) and actual indication value, the opening degree of flow rate control valves are
adjusted accordingly. In the assessment process, instrument error is incorporated into the flow rates and the uncertainty of analyses into the
tritium concentration in ALPS treated water. By doing so, measurement values leading to conservative results are adopted for calculations.

O Formula to calculate the ALPS treated water flow rate

ALPS treated water flow rate (Operation value) =

Seawater flow rate x tritium concentration after dilution with seawater (Operation value)

- tritium concentration after dilution with seawater (Operation value)

ALPS treated water flow rate

Tritium concentration after .
(Operation value)

dilution with seawater ~. Control opening
(Operation value) \.\degree of FCV
Result of sampling '~
ALPS treated water flow rate I
G GRnEECEE R - :
el |
Seawater flow rate ! | |
SRR b :
mMonitoring and control device ! | E I
(—>) ; — J
Up to 500 m3/day I ‘
ALPS treated water : T K
Measurement/ transfer pump i

confirmation tanks
(K4 area tanks)

The Japanese version shall prevai

ALPS treated
water flow rate
1 3 . control valve
70,000 m /daylunlt x . ALPS treated Emergency
number of units in operation Seawater water flowmeter isolation valve

flowmeter

@ [Seawater pipe header
Seawater transfer pump \
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-5 Controlling the mixing/dilution ratio of ALPS treated water with seawater (2/2) T=rPCO

c
o
=
T
c
o
o
-]
c
©
wid
S
o
=

Operation

*1:
*2:
*3:
*4:

Set at a value with | Mechanical reading
sufficient margin : by scanners + :
[Operation value]\2gainst 1,500 Ba/L JiTInput value]] Double-check || [Indicated value]
/ : : Seawater flow rate (C) ALPS treated water flow rate
A 4 1 o 1 B
Tritium concentration after | | Seawater flow rate (B) (A-2)
dilution with seawater | | ALPS treated water flow rate
: :
: :
________________________________________________________ ey
» )
Positive correction Negative correction™2 v v
¢ Select higher value
Add up
A
ALPS treated water flow rate | Positive correction™
(Operation value) h

l

Which of the three relationships is the
[1] ALPS treated water flow rate (Operation value) and
[2] ALPS treated water flow rate (indicated value +
positive correction) in?

[1]1>[2] [11<I[2]

[11=1[2]
\ 4 A \ 4
Command to Maintain FCV Command to
open FCV opening degree close FCV

The concentration is registered into the monitoring and control device before the facilities are put into service. Unless there is a change in the planned conditions, it must not be changed in principle.
Assuming a non-conservative case due to error of instruments (when the actual flow rate is lower than the indicated value), the value is corrected according to the instrument error (2.1% FS).
Assuming a non-conservative case due to error of instruments (when the actual flow rate is higher than the indicated value), the value is corrected according to the instrument error (2.1% FS).
Assuming a non-conservative case due to an uncertainty of analyses (when the actual concentration is higher than the analysis value), the value is corrected according to the uncertainty

([Tentative] 10%).
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-6. Concept of setting “ALPS Treated Water Flow Rate HIGH” (1/2) T=rPCO

B The upper limit is set for the flow rate of ALPS treated water under the condition that the tritium concentration after dilution is 1,500
Bqg/L. When the concentration reaches the upper limit, an alert will be issued, and the emergency isolation valve will be shut off.

O Formula to calculate the ALPS treated water flow rate

Seawater flow rate x tritium concentration after dilution with seawater (1,500 Bq/L)
ALPS treated water flow rate (Upper limit) =

- tritium concentration after dilution with seawater (1,500 Bg/L)

Tritium concentration after dilution

with seawater (1,500 Bg/L) “ALPS Treated Water Flow

Rate HIGH”

‘<. Command to close

ALPS treated water flow rate = ~.
G . S

Result of sampling

mMonitoring and control device E
>/ ;
Up to 500 m3/day I

ALPS treated water
Measurement/ transfer pump

confirmation tanks
(K4 area tanks)

ALPS treated
water flow rate
1 3 . control valve
70,000 m /daylunlt x . ALPS treated Emergency
number of units in operation Seawater water flowmeter isolation valve

flowmeter

@ eawater pipe header
Seawater transfer pump \
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2-1 (1) [1] Control and monitoring of mixing/dilution ratio of ALPS treated water with seawater
[5]-6. Concept of setting “ALPS Treated Water Flow Rate HIGH” (2/2) T=rPCO

Mechanical reading
by scanners +

g [Upper limit] [Input value] Double-check i[lndicated value]
% i Seawater flow rate (C) ALPS treated water flow rate
5 Tritium concentration i | Tritum concentration in Seawater flow rate (B) (A-2)
o after dilution with ! ALPS treated water § ALPS treated water flow rate
-g seawater (1,500 Bq/L) ! Seawater flow rate (A) (A-1)
© |
e 1
=] |
] : !
3 e Wb W N W
Positive correction™ Negative correction™ 4
* Select higher value
Add up +
< ALPS treated water flow rate ¢ Positive correction™
(Upper limit)

Interlock induced by “ALPS
Treated Water Flow Rate
HIGH”

c
9o
wid

©

1

o

o
o

ALPS treated water

flow rate (Upper limit)
\Y/

ALPS treated water flow rate (Indicated value

+ positive correction)

\ 4
Continue Close emergency
operation isolation valves

*1: Assuming a non-conservative case due to an error of instruments (when the actual flow rate is lower than the indicated value), the value is corrected according to the instrument error (2.1% FS).

*2: Assuming a non-conservative case due to an error of instruments (when the actual flow rate is higher than the indicated value), the value is corrected according to the instrument error (2.1% FS).

*3: Assuming a non-conservative case due to an uncertainty of analyses (when the actual concentration is higher than the analysis value), the value is corrected according to the uncertainty
([Tentative] 10%).
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The Japanese version shall prevail.

The following slides are for reference.
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[Reference] Agitation demonstration test plan (1/2)

Excerpt from document 1 for (The 5) Review
Meeting on the Implementation Plan Regarding

the Handling of ALPS Treated Water

® In the agitation demonstration test to be conducted this time, agitators will be installed at the
bottom of the tanks, and the operation of the agitators will be checked. In addition, the
agitation effect will be evaluated by charging a reagent into the tanks.

® Circulation demonstration test to analyze 8 nuclides™ and the same reagent is scheduled to

be performed with K4-Group B tanks in February 2022.

*1: The major 7 nuclides (Cs-134, Cs-137, Sr-90, 1-129, Ru-106, Co-60, Sb-125) and tritium

Date of testing November 23, 2021

Testing time About 8 hours

Sampling Every approx. 30 min/9 times including pre-test sampling

Sampling volume 1 liter from each of the three sampling points (upper (11.6
m), middle (7.6 m), and lower (2.6 m) parts of the tank)

Subjects to be Reagent™

analyzed

Tanks subject to the K4-A5

test

*2: Since there is no difference in the density of tritium concentration in the
measurement/confirmation tanks, a reagent that does not exist in the tanks (tribasic

; sodium phosphate™) is charged to check the concentration distribution.

- *3: The volume of tribasic sodium phosphate to be charged is set to about one-hundredth

of the drainage standard prescribed by the Fukushima prefectural ordinance

(phosphorus content: “8 ppm/day on average”), having no environmental impact.

The Japanese version shall prevail.

Reagent is charged through
the manhole on the top plate.

~ Ogerators and supervisors
P —

N—_

|

Sampling

— Approx. 15 m
points ®

ﬁ'@/} K4-A5 tank

|

Approx. 10 m
Agitator

(Installed on the bottom panel of the tank)
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Excerpt from document 1, The 5" Review
Meeting on the Implementation Plan Regarding

the Handling of ALPS Treated Water

[Reference] Agitation demonstration test plan (2/2)

[Agitation demonstration test]
Date of demonstration test : November 23, 2021

Testing time : 5 hours 25 minutes (agitation time: 4 hours)

Sampling : Every approx. 30 minutes

Sampling volume : 1 liter from each of the three sampling points (upper (11.6 m), middle (7.6 m), and lower (2.6 m) parts
of the tank)

Subjects to be analyzed : phosphate” (Difference from a theoretical average of 80 ppb was confirmed)

Tanks subject to the test - K4-A5

*  Put the tracer (tribasic sodium phosphate™) into the tank
and check the concentration distribution.

- The volume of tribasic sodium phosphate to be charged is
set to about one-hundredth of the drainage standard
prescribed by the Fukushima prefectural ordinance, having
no environmental impact.

- The concentration is measured by absorption photometry.

[Testing method]

8:00 Perform sampling (1st) before agitation testing

8:30 Charge tribasic sodium phosphate solution (about 2.6 L)

9:00 Activate an agitator

9:30 Deactivate the agitator (agitation time: 30 min)

9:30~  Perform sampling (2nd) after confirming that the water surface in
the tank is stable

After that, sampling will be performed 9 times in total while activating and

deactivating the agitator repeatedly (scheduled to finish at around 16:30).

After completion, the sample bottles (27 bottles in total) will be submitted to

the units 5/6 hot laboratory.

. itator, Watr surface in the tank while the agitator is in operatidn Water sampling on the day of the
The Japanese version shaﬁ‘%revaﬂ. (Picture shot at T/R) agitation demonstration test 50



Excerpt from document 1, The 5" Review
Meeting on the Implementation Plan Regarding
the Handling of ALPS Treated Water

[Reference] Result of the agitation demonstration test

The concentration of about 2.6 liters of tribasic sodium phosphate that was charged in the tank was about 30 g/l, and the theoretical
concentration, when diluted with about 970 m3 of water contained in the tank, is about 80 ppb.

After agitation with the agitator for 30 minutes, the tribasic sodium phosphate concentration in the sample was stable at around 80
ppb, which shows that the agitator has an agitation effect (The standard deviation o from the standard sample of 80 ppb is 3.0

ppb).

Analysis results of the agitation demonstration test

1 E+09 (November 23)

1.E+08

1.E+07

1.E4+06 Phosphate concentration
' in the solution charged
1.E+05 30g/L

1.E+04
1.E+03
1.E+02

1.E+01 %

1.E+00

—e—Tank upper layer
—e—Tank middle layer

Tank lower layer

Tribasic sodium phosphate concentration
[ppb]

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Values analyzed before

the input of phosphate Agitation time [h] (Ppb)
1st 2nd 3rd 4th 5th 6th 7th 8th 9th
(0h) [(0.5h)|(1.0h)|(1.5h)|(2.0h)[(2.5h)|(3.0h)|(3.5h)]| (4.0 h)
Upper layer 6 80 85 81 84 g3 78 83 83
[Middle layen 1 82 81 82 81 81 75 81 82
Lower layer 3 80 82 83 81 84 79 79 81
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Excerpt from document 2-1, The 97t
Specified Nuclear Facilities Monitoring
and Assessment Review Meeting

[Reference] Overview of the ALPS treated water Dilution/Discharge Facilities T=rPCO

Objective

The facilities ensure that the water treated by Multi-Nuclide Removal System (ALPS) until the radionuclide concentration becomes sufficiently low
is the ALPS Treated Water (that is the water in which sum of the ratios to regulatory concentration limits other than tritium is less than 1), and dilute

the treated water with seawater, 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 concentration limits

of radionuclides other than tritium is “less than 1”

water, etc. water, etc.
Removal Sum of ratios to re
T FIU|BIO|'V concentration
SyStem Stored water transfer pump Himits other than titium is not less than 1
[ALPS] ALPS treated i )
Sampling tanks for ALPS, water Sampling and analysis
etc., or ALPS treated Secondary
water storage tangs, treatment . .
etcg ’ facilities Measurement/confirmation tanks
ALPS treated water =
Waste transfer pump ﬂﬁo m¥day ormore | ransfer facility

Emergency  riitium concentration after
isolation dilution: Less than 1,500 Bq/L

valve
Dilution facility /
Seawater pipe header J

S

Seawater transfer pump

Unit 5 intake channel
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seawater taken in and transferring

Mixing and diluting with the
to the discharge vertical shaft.

Discharge facility

/
;“ :“ 4 Discharge outlet
4’/////"" ;: Discharge tunnel ? ”
. . 77777, 7
Discharge vertical shaft’.
///////‘(".

(upper-stream storage) 7SI

Discharge vertical shaft
(Down-stream storage)
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Excerpt from document 2-1, The 97t
Specified Nuclear Facilities Monitoring

[Reference] Overview of the ALPS treated water Dilution/Discharge Facilities __enasessment Reviw loetng
(Measurement/confirmation facility) T=PCO

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 tankAs (10 units: approx. 10,000 m3)

\

4

r=-

1

1
From ALPS treated !

water tanks, etc. *: Existing transfer pipes

are 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 I
4 A
D r-- From the I
SamTﬁnthioint <--1 | , é sampling point Group A Group B ! GroupC 11
Ping ; o oo (10 units) (10units) ! (10 units) 11 (5 units)
= 5units —— L__________l _____ e -
A
[ \ Chapter 2.50 ALPS treated water Chapter 2.5 ALPS
- Dilution/Discharge Facilities treated water tanks
A
1 /
From the _a &o 7 do ]
sampling point w_ E— v To the Group B Group C

sampling point

1st round

(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 tan){(s (10 units: approx. 10,000 m3) 3rd round
( \

2nd round

Transfer
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Excerpt from document 2-1, The 97t
Specified Nuclear Facilities Monitoring

[Reference] Overview of the ALPS treated water Dilution/Discharge Facilities and Assessment Review Mecting

(transfer facility) T=PCO

Transfer Facility
The Transfer Facility consists of ALPS Treated Water transfer pumps and transfer pipes.
Two ALPS Treated Water transfer pumps are prepared, a unit in operation and the other backup unit, to transfer ALPS Treated
Water from Measurement/Confirmation tanks to the Dilution Facility.
Emergency isolation valves are provided both before the seawater piping header and in the seawall as a countermeasure against
tsunami so that the transfer can be stopped immediately when an abnormality occurs.
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* Considering the tritium concentration in ALPS treated water to be Emergency isolation Emergency isolation
discharged and the annual release of tritium, the maximum amount is valve-2(B) valve-2(A

set to approx. 500 m3/day (30 m?/h). AO { AO

seawater transfer pipe to minimize the

Installed just before the inlet of the
amount of discharge

<Abbreviations> Seawater pipe V

MO: Motor-operated :
AO: Air-operated Seawater pipe header
FCV: Flow rate control valve

To the discharge vertical shaft
(upper-stream storage) 5 4
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[Reference] Overview of the ALPS treated water Dilution/Discharge Facilities and Assessment Review Mecting

(Dilution facility) T=PCO

Dilution facility
Consisting of seawater transfer pumps, seawater pipes (including a header pipe), 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 facility.
The seawater transfer pumps have a capacity that can dilute ALPS treated water transferred by the transfer facility 100 times or
more.
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*: Each unit has a capacity of approx. 170,000 m3/day (7,086 m3/h) to secure seawater necessary for D'SCharge vertical shaft j: —
the dilution of ALPS treated water. (upper-stream storage) {,// o
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[Reference] Overview of Related Facility (Discharge facility) T=PCO

Objective

Drainage water is discharged from the ALPS Treated Water Dilution/Discharge Facilities (water diluted with seawater that satisfies
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.

Facility overview
The discharge facility consists of a discharge vertical shaft (down-stream storage), a discharge tunnel, and a discharge outlet to
achieve the above objective.

Multi-Nuclid ALPS treated
water, etc.

s,

The sum of the ratios of radionuclides
other than tritium is “less than 1.”

u' Sum of ratios to regulatory concentration

limits other than tritium is “not less than 1”

Strontium treated

water, etc. Removal
— > System

[ALPS]

Stored water transfer pump

ALPS ) )
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treated water storage tangs, etc. Secondary
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Waste ﬁ';:;;’fﬂ;iwater ﬂ150 miday ormore  Transfer facilities

Emergency  Tritium concentration after
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Dilution facility
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Seawater transfer pump seawater taken in and transferring . .
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L . Discharge
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Discharge vertical shaft J //// /// i
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[Reference] Overview of Related Facility (Discharge facility) (1/2) T=rPCO

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.

-
g

Discharge
outlet

Discharge tunnel yz /. 74
Length: Approx. 1 km S ///

Partition weir
Length of the weir to be
constructed: Approx. 65 m
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(Down-stream storage)
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[Reference] Overview of Related Facility (Discharge facility) (2/2) T=PCO

Overview of the structural design
Water is made to flow 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, secure construction will minimize the possibility of trouble.

Seal

Bludge discharge pipe

Segment assembling device Joint

*: The slurry shield method was adopted this time.

Schematic diagram of a shield machine
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The layout of ALPS treated water Dilution/Discharge Facilities and Related Facility is as follows.

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

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

2022 2023

Installation of
ALPS treated
water
Dilution/Disch
arge Facilities
and Related
Facility Fre-service inspection

- : On-site installation and assembly
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