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Design and Operation of Necessary Facilities T=PCO

[Conceptual diagram of facilities for Redl: area explained in current session, Blue: area previously explained,
discharging ALPS treated water into . .
Green: area to be explained in the future
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Topics Regarding the Application for the Authorization of Changes in
Implementation Plan

T=PCO

e Topics @, @, @ and ® shall be explained in this session.
® Method of collecting samples for thoroughly measuring and assessing tritium, 62 isotopes (subject to
Topic @ removal by ALPS) and the radiation concentration of Carbon-14; facilities required for the sampling
(Measurement/ method and its management.
assessment) ® Securing tanks required for thoroughly measuring and assessing radiation concentration.
® Quality assurance in the strict measurement and assessment of radiation concentration.
Topic @ R

I (Specification of
dilution facility)

Topic @
(Assessment of
dilution)

Topic @
(Measures in the
event of
abnormality)

----T---

(Intake and
discharge)
Topic ®
(General items)

® Specification of the seawater transfer pump (capacity) used for dilution and measurement method of
seawater flow rate. =p. 3~9

® Measurement of tritium concentration requires half a day to an entire day, so abnormality cannot be
continuously detected through continuous measurement like those conducted for gamma emitting
isotopes. The feasibility of confirming the tritium concentration of water discharged being less than 1,500
Becquerel/liter using measurement of tritium concentration prior to discharge and water for dilution
(however, measure tritium concentration at the discharge end periodically) needs to be verified.

=p.10~15

® An interlock mechanism to stop the discharge in an emergency when the tritium concentration of the
water discharged cannot be confirmed to be less than 1,500 Becquerel/liter.

® Redundancy of emergency isolation valve and location of its installation

® ALPS treated water is measured and assessed for its radiation concentration prior to dilution and
discharge, and it is confirmed that the sum of ratios of the concentration of each radionuclide to the

|
|
|
|
|
|
-l
|
|
|
|
regulatory standard of each is less than one (excluding tritium). Radiation monitor (for gamma ray) and :

an emergency shutdown interlock in preparation for the unlikely discharge of particulate radioactive I
material. =p.16~18 |
® Intake and discharge method (Preventing radioactive material near the sea floor of the harbor being
blown upwards during intake and discharge, and promoting dispersion during discharge)
® Design of necessary facilities, organization for the conduct of construction and implementation I
® Preparations for the reliable management of facilities in general (securing auxiliary parts and measures I

for natural disasters, etc.) =p.19,20
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Topic®@ Specification of dilution facility

T=PCO
TOPIC 2 Specification of dilution facility

e Specification of the seawater transfer pump used for

dilution (capacity), and seawater flow rate measurement
method

[Conceptual diagram of facilities for discharging ALPS treated water into the seal
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1. Design Principles of the Sea Water Transfer Pump

for Transferring ALPS Treated Water

Topic®@ Specification of dilution facility

T=PCO

The tritium concentration of ALPS treated water currently stored on the Fukushima Daiichi NPS site premises

is approx. 150,000-2,160,000 Becquerel/liter, with an average nhumbering at approx. 620,000

Becquerel/liter (evaluated value on April 1, 2021)

The amount of ALPS treated water transferred shall be set based on the standard for the amount of annual

tritium discharged, and also considering the number of days discharged which accounts for facility maintenance
and switching systems, and also the tritium concentration of ALPS treated water to be discharged.

The flow rate of ALPS treated water is at its highest when its tritium concentration is at a low level of around

150,000 Becquerel/liter. The maximum flow rate would be approx. 500m3/day.

Tritium discharged Number of days

annually discharged 292 days

22 trillion sid]
Becquerel/year (availability factor 80%)

Tritium concentration in ALPS treated water, etc.
Approx. 150,000-approx. 2,160,000
Becquerel/liter

—

Amount of tritium discharged per
day

75.3 billion Becquerel/day

¢

75.3 billion Becquerel/day
<+ 150,000 Becquerel/liter
= approx. 500m3/day




[Reference] Relationship Between Total Amount of Tritium Discharged LT B BT G C IR By

and Amount of Water Discharged/Flow Rate of Treated Water T=PCO

e If the standard for annual discharge of tritium is set below 22 trillion Becquerel, the amount
of water that can be discharged fluctuates in accordance with the tritium concentration in the
ALPS treated water (less concentration equates to more discharge being possible)

APP“;X- 147,000m*/year=approx. Assume that the annual days discharged is

® 15 500m?/day 292 days (availability rate of 80%) for

a D calculating the annual amount of ALPS treated

2 water discharged and its daily flow rate
— C
g 8 4 )
g If this concentration of ALPS treated water

10 discharge is assumed to be at around

8 . FY2050, the concentration at the time of
T S discharge is approx. 400,000 Becquerel/liter.
Qo .
5 2
VoXed)
& E
<5 5 5
5 @ Approx. 35,000m3/year=approx. 120m3/day
£5 ‘
S C
g O Approx. 10,000m3/year=approx. 35m3/day
G O 0 < I Bl
g Minimum approx. 150,000 Average approx. 620,000 Maximum approx. 2,160,000
= 0 50 100 150 200 250
< Ten thousand

ALPS treated water tritium concentration [Becquerel/liter] 5



2-1. Design Principles Regarding the Topic Specification of dilution facility

Seawater Transfer Pump (1/4) T=PCO

« Consider the points below to secure the flexibility in pump management while keeping the
tritium concentration after seawater dilution to less than 1,500 Becquerel/liter and keeping
the annual tritium discharged to below 22 trillion Becquerel.

@ Discharge of ALPS treated water can be responded to various tritium concentration ranging
from approx. 150,000-2,160,000 Becquerel/liter in a flexible manner.

@ The maximum amount of ALPS treated water that can be discharged shall be set up to
approx. 500m3/day, and action can be taken in a flexible manner to respond to the increase
of treated water caused by heavy rain, and fluctuating work speed to disassemble tanks for
the construction of facilities required for the decommissioning project.

3 A wide range of action is available in implementing the seawater transfer pump and
conducting its maintenance and inspection.



2-2. Design Principles Regarding the Sea Water ~ ToPic@ Specification of dilution facility

Transfer Pump (2/4) T=PCO

« From the perspectives of © and @:

— Risk case (Part 1: Discharge of ALPS treated water with high concentration)
Assume a situation where ALPS treated water with approx. 2,160,000
Becquerel/liter needs to be temporarily discharged with contaminated water of
150m>3/day being generated (to prevent the total amount stored from increasing).

The seawater flow rate necessary to bring the trittum concentration to less than
1,500 Becquerel/liter after seawater dilution is:
2,160,000 Becquerel/liter = 1,500 Becquerel/liter x150m3/day=approx.

220,000m3/day

— Risk case (Part 2: Discharge of a large amount of ALPS treated water)
As approx. 400m3/day of contaminated water is generated when there is heavy
precipitation (maximum rainfall recorded in 2020), assume a situation where
approx. 400m3/day of ALPS treated water with an average of approx. 620,000
Becquerel/liter needs to be discharged.

The seawater flow rate necessary to bring the trittum concentration to less than
1,500 Becquerel/liter after seawater dilution is:
620,000 Becquerel/liter +1,500 Becquerel/liter x400m3/day=approx.

170,000m3/day



Topic®@ Specification of dilution facility

2-3. Design Principles Regarding the Sea -
Water Transfer Pump (3/4) T=PCO

« From the perspectives of @ and @:

— Risk case (Part 3 : Drop in the availability factor)
Assume a situation where long-term maintenance of facilities decrease the
availability factor, and ALPS treated water with 22 trillion Becquerel
(220billion Becquerel/day) with the annual days discharged being at 100 days.

The seawater flow rate necessary to bring the tritium concentration to less than
1,500 Becquerel/liter after seawater dilution when discharging at 220billion
Becquerel/day is:

220billion Becquerel/day + 1,500 Becquerel/liter =approx. 150,000m3/day

— Due to the points described, a minimum seawater flow rate of 220,000m3/day is
necessary when considering various risk cases. Further design margin of 50% margin
shall be accounted for, and a capacity for approx. 330,000m3/day of seawater
flow rate shall be prepared.




2-4. Design Principles Regarding the Sea Topic®@ Specification of dilution facility

Water Transfer Pump (4/4) T=PCO

« From the perspective of 3

— Prepare three pumps to allow response when one pump fails and also considering
maintenance and inspection. Reliable discharge can be achieved with two units operating
and one unit on standby.

— In other words, reliable discharge can be achieved by securing three seawater
transfer pumps.

e To secure the necessary flow rate based on the information above,
Select a pump with the capacity of approx. 170,000m3/day based on approx.
330,000m3/day +2 units

— In the previously mentioned risk cases (2 and 3), the value of less than 1,500
Becquerel/liter can be secured with only one pump unit.

— To verify that ALPS treated water has been diluted to less than 1,500 Becquerel/liter by

seawater, it is important to precisely measure the ALPS treated water tritium
concentration before dilution, ALPS treated water flow rate and the seawater flow rate.

It has been confirmed that a pump with capacity of 170,000m3/day for each unit is
equipped with a flow meter (orifice type) which can measure the required values.

— The design review assumes a two-unit operation to be normal, but three units can also
be operated depending on the circumstances.




Topic® Method for assessing dilution

T=PCO

TOPIC ® Method for assessing dilution

« Feasibility of assessing tritium concentration of discharged
water using measurement of tritium concentration prior to

discharge and water for dilution

[Conceptual diagram of facilities for discharging ALPS treated water into the seal
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Topic® Method for assessing dilution
1. Tritium Concentration After Dilution with Seawater T=PCO

* In general nuclear power stations, tritium concentration is measured prior to dilution, but due to the vast
amount of seawater used for dilution, the amount of seawater is not constantly measured to assess tritium
concentration.

« Due to ALPS treated water being designed to be discharged with an upper limit of 500m3/day, and the seawater
flow rate per day being either 170,000m3, 340,000m3 or 510,000m3, the design shall be to dilute at approx.
340 times or more, approx. 680 times or more, approx. 1020 times or more respectively. Also, analysis
has confirmed that seawater and ALPS treated water are mixed in the discharge pipe.

o ) o ALPS treated water tritium concentration X ALPS treated water flow rate (controlled using flow rate
Tritium concentration after seawater dilution= control valve)

ALPS treated water flow rate ( controlled using flow rate control valve ) + sea water flow rate

»  During normal operation, it shall be assured that the tritium concentration after seawater dilution be kept
below 1,500 Becquerel/liter after seawater dilution based on the tritium concentration derived from analysis
results of measuring and assessment facilities and ALPS treated water and seawater flow ratio.

Specific details on the implementation of pumps shall be reviewed based on the information above.

* Details on the method for confirming at the discharge end that water has been mixed, diluted as designed, and
the tritium concentration being below 1,500 Becquerel/liter, shall be reviewed.

\Upper limit 500m?*/day
—>
\—/  Assess dilution degree based on flow.ratio
ALPS treated
water transfer 1 70,000m3/day L | ALPS treated
pump 3 water flow
340,000m3/day A}Il_cF)’vSvtr:]e:t‘frd rate control
Measurement/A 51 0,000m /days » valve
Time required: Approx y eawate
2 months SSGSS.rT:]ent m flow meter f
facility —_— Discharge tube
(K4 tank) _/
Seawater transfer
pump
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. . . ) Topic(® Method for assessing dilution
[Reference] Relationship Between Tritium Concentration

and Flow Rate of ALPS Treated Water T=PCO

» By combining ALPS treated water tritium concentration, ALPS treated water flow rate and seawater
flow rate, keep tritium concentration after seawater dilution below 1,500 Becquerel/ liter, and
realize a facility that can reliably continue discharge of ALPS treated water.

Dilution magnitude
5000 — ALPS treated water flow rate : 500m3/day approx. 340 times

c
e) (o)
E= N ALPS treated water flow rate : approx. 120m3/day (1. p“.mp' 80%
3 availability factor)
O — . — .. ALPS treated water flow rate : approx. 35m3/day
E)’ 4000 X G line ( /blue) ts diff i ter fl t
> @ Green line (green/blue) represents difference in seawater flowrate T :

%’ Green : Seawater flow rate 170,000m3/day (one pump) Dilution magr?ltUde
o = Blue : Seawater flow rate 340,000m3/day (two pumps) approx. 680times
O = (2 pumps, 80%
2 = 3000 availability factor)
O -

O
S5
+— O
g 2 2000 Reference: seawater flow rate of 170,000m3/day, 100
S — 1500 B 1/1i operating days (risk case: 3), but below 1,500
2 ! ecquere / r Becquerel/liter B
5 ——=—=
U 4"'_"_'"_"'_"'_"'_"'_"' I D . '_"'_"'_"'_"'_"_"'_"'_"'_"'_'"_"""_"'_':_:':"—_' EREEEEEEEEEEE CEEEEEEEEED E
e 1000 - i
= Approx. 440, 2 L bt bl _ O

Approx 220 : AP PP T LE LSt S
Minimum approx. 150,000 Average approx. 620,000 Maximum approx. 2,160,000
100 150 200 250

.. . . Ten thousand
Tritium concentration of ALPS treated water [Becquerel/liter] 12



[Reference] Image of ALPS Treated Water and

Seawater Joining

T=PCO

Topic(® Method for assessing dilution

ALPS treated water

Maximum 500m3/Day
(Approx. 0.006m3/second =
Approx. 6liters/second)

— »lle— Diameter approx.

0.1m

/ A
iameter

If operating two seawater
transfer pumps

P2% | 340,000m?/day

o (approx.4m3/second)
Diameter J
approx. 0.9m [

r———-'\

Each pipe with capacity of
170,000m3/day of seawater
(approx. 2m3/second)
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[Reference] Result of Analyzing Diffusive Mixing Topic@iMethod forassessing|dilution

Within Discharge Pipe Interior (1/2) T=PCO

Result of analyzing diffusive mixing within
discharge pipe if diluted at ALPS treated
water flow rate 500m3/day and seawater flow
rate 340,000m3/day

Confirmed that dilution is below 5% near the E . LPS treated
intake pipe (below 1/20) ALPS treated water mass fraction (non unit) ¥~ water transfer

Mass Fraction of H20_injection

0.0e+00 2.0e—01 4.0e-01 &.0e-01 8.0e-01 pun_‘pi’.OEJ.—OO
I - 1l

The drawing to the right does not indicate Expanded drawing of area near intake pipe
a dilution of below 5%, so a logarithmic
representation shall be presented in the
next slide

Discharge From seawater
vipe transfer pipe

Red indicates ALPS
treated water being more
than 95%

Blue indicates ALPS
treated water being
less than 5%

Mass Fraction ofglgt’O_inject
2.0e-01 4.0e-01

14



[Reference] Result of Analyzing Diffusive Mixing

Within Discharge Pipe Interior (2/2)

Topic(® Method for assessing dilution

T=PCO

Approx. 20m

Approx. 13m

\ 4

ALPS treated water mass fraction (non unit)

Mass Fraction of H2O_infection

1.0e-05 1.0e-04 1.0e-03F 1.0e-02
£
. — -

1/100,000 1/10,000 1/1,000 1/100

Approx. 5m'

1.0e-01

1/10

DO

Seawater

=)

water

Reference :
Convert from mass fraction to volume
fraction
M
F =

A-mELiym
Pr

ALPS F:Volume fraction(—) p;: ALPS treated water density(998.3 kg/m?)

Treated M: Mass fTﬂCtiO'ﬂ(—) Pr: seawater density(1025 kg/ma)

© Water injection position

@ Mix header outlet

@Prior to dropping elbow joint

3 After dropping elbow joint (entrance to straight
ipe)

" @ngnter of straight pipe

(® Outlet of straight pipe (entrance to ascending

elbow joint)

e The mass fraction of the ALPS treated water is 0.23% at maximum (approx. 1/430), and diluted to 0.14% on average (approx. 1/710)
» If ALPS treated water of 150,000 Becquerel/liter is discharged, the maximum is approx. 350 Becquerel/liter and the average is
approx. 220 Becquerel/liter. (Average concentration is equivalent to tritium concentration after seawater dilution calculated (see

slide 12))
® - @ @ @
i
Downstream< ] Upstream
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Topic@ Measures in the event of abnormality

T=PCO

TOPIC @ Measures in the event of abnormality

Interlock for emergency shutdown of discharge
(Abnormal concentration of discharge water, detection of gamma ray)
 redundancy of emergency shut-off valve, installation location

[Conceptual diagram of facilities for discharging ALPS treated water into the seal
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Topic@® Measures in the event of abnormality

1. Response to Abnormality T=PCO

* Inthe event of an abnormality in the dilution rate of ALPS treated water (shutdown of seawater pump, decrease
in seawater flow rate, increase in ALPS treated water flow rate, malfunction of flowmeter) or when the
properties of the ALPS treated water is abnormal (actuation/malfunction of radiation monitor), close the two
emergency shut-off valves promptly, and shutdown the ALPS treated water transfer pump.

*  One of the emergency shut-off valves shall be installed near the seawater transfer pipe to minimize the
discharge of ALPS treated water in an abnormal event, and the other valve shall be installed on the inner side of
the seawall to protect against flooding caused by tsunami.

« Although not an abnormality in facilities, discharge shall also be stopped if abnormal values are confirmed in
the sea area monitoring.

Radiation monitor Placement of emergency shut-off valve
Measurement, Radiation detection/malfunction Emergency shut-off valve (1)
asseszsment Iia)CIllty monitor Install on the inner side of the seawall as tsunami
K4 tan Flow meter reading prevention measure

Emergency shut-off valve (2)
Install at point prior to mixing with diluted seawater

—p to minimize disch 4 X
ALPS treated water O MiniMmize disc arge amoun
EL. 33.5m

flow meter

abnormal/malfunction

ALPS treated water

transfer pump Emergency shut-off !
valve (1) Diluted
N N seawater

flowmeter Emergency shut-off
Seawall

Implement safeguards qualve (2)

for emergency ShUt._Off Seawater transfer

valve such as enabling pump trip e

its closure in the event EL25m

of outages. Seawater transfer |
pump v
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Topic@ Measures in the event of abnormality

2. Interlock T=PCO

<Detected signal>

If ALPS treated water dilution rate is abnormal If ALPS treated water radiation is abnormal or
or cannot be confirmed. cannot be confirmed.
Seawater transfer Pump failure Radiation monitor [ malfunction ]
system > .
Flow meter i
failure [ Level high ]
Flow rate low

, \ Other facility abnormality and
ALPS treated water Pump failure voluntary emergency shutdown
transfer system \
Flow meter Other Emergency
failure shutdown
Flow meter ) Communication
. high abnormal

X1
Emergency shutdown valve Close J Manual shutdown if sea area

] monitoring shows abnormal

value

[ ALPS treated water transfer pump
shutdown™?

21 : Design shall allow ALPS treated water to shutoff discharge if abnormality such as outages occurs
22 : Continue operation of normal seawater transfer pump so that ALSP treated water can be diluted 18
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Topic® General items

T=PCO

TOPIC® GENERAL ITEMS

® Design of necessary facilities, organization for the conduct of
construction and implementation
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(6 General items

[Conceptual diagram of facilities for discharging ALPS treated water into the seal
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1. Establishment of a Project Organization

Topic® General items

T=PCO

A plan to establish an organization specialized for ALPS treated water discharge
work, which considers government policy, to execute the discharge of ALPS treated

water into the sea.

Fukushima Daiichi D&D
Engineering Company

Assign a staff as an
administrator responsible for
measures regarding ALPS
treated water

Establish three projects under the
ALPS treated water program
department (tentative)

Project Management Office

D&D Safety Quality Office

D&D Communications Center

D&D Procurement Center

Fukushima Daiichi Nuclear Power Station

Business Management Office

Kaizen Office
Contaminated Water Management Program Department
Pool Fuel Removal Program Department

Fuel Debris Retrieval Program Department

Site General Management
Program Department
Waste Management Program Department

ALPS treated water program department
(tentative)

Planning and Design Center
Construction, Operation and Maintenance Center

Emergency Preparedness/Radiation
Control Center

Responsible for works regarding mechanical
and electrical facilities

Mechanical Equipment for Treated
Water Installation Project

Installation management/quality

Administrative team Facility plan/design team control team

Responsible for works regarding civil
engineering facilities

Civil Equipment for Treated Water
Installation Project

Team responsible for

Team responsible for harbor Team responsible for work
administrating works

related works on discharge facility

Responsible for analyzing treated water and
sea area monitoring

Planning Radioactive/Chemical Analysis
& Evaluation for Treated Water Project
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