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Executive summary

This report compiles the results of the assessment of the radiological impacts on humans
and the environment resulting from the discharge of the water treated by the Advanced
Liquid Processing System (Multi-Nuclide Removal Facility, hereinafter called “ALPS”)
(hereinafter, the water called “ALPS treated water”) from the Fukushima Daiichi Nuclear
Power Station (hereinafter “FDNPS”) into the sea in accordance with the standards and
guidelines established by internationally recognized organizations such as International
Atomic Energy Agency (hereinafter called “IAEA”) and International Commission on
Radiological Protection (hereinafter called “ICRP”).

This report first describes how contaminated water has been generated, managed,
treated, and stored as a result of the accident of FDNPS following the Great East Japan
Earthquake in 2011, and what on-going efforts are to ensure public and environmental
safety (Chapter 1).

Next, the report describes how several proposals for handling of ALPS treated water
have been discussed among experts for more than six years since the potential risk
associated the storage of contaminated water became apparent in 2013 (Chapter 2), the
purpose of this assessment (Chapter 3), the concept of this assessment (Chapter 4), and
the mechanism to removal of the target nuclides by ALPS and the overview of the ALPS
treated water discharge facility (Chapter 5), respectively.

Subsequent chapters 6 and 7 describe the assessment of the radiological impacts on
humans and marine plants and animals. Each chapter details the concepts of source term,
modeling of diffusion and transfer in seawater, exposure pathways, and establishment of
representative persons and reference animals and plants, which are the main components
of radiological impact assessment. The results of the sea diffusion simulation indicate that
the concentration of radioactive materials exceeds the background level only within a few
kilometers of sea area around the FDNPS because the discharged ALPS treated water is
quickly advected and diffused by tidal currents, etc. (Details can be found in “the Summary
of Evaluation” and chapter 6-1-3.(1) “Diffusion simulation result”).

The results of the assessment of the radiological impacts obtained by in-house and
external experts based on the above-mentioned reasonable and conservative assumption
indicate that (1) in the case of discharge of ALPS treated water from the seabed
approximately 1km offshore from the FDNPS, the foreseeable radiological impact on the
people who are most likely to be affected in the vicinity of the discharge point is sufficiently
small, that is approximately 1/30,000 to 1/3,000 of Japanese safety standard set
according to the international guidelines; (2) the impact on plants and animals inhabiting in
10km x 10km sea area around the FDNPS is only about 1/500,000 to 1/20,000 of the
lower limit of the level proposed by ICRP as the threshold range beyond which there is
concern that some impact may occur on the corresponding plants and animals (derived
consideration reference level); and (3) the impact on areas far from the discharge point
(transboundary impact) was evaluated undetectably low. This indicates that advanced
water treatment by ALPS and the discharge plan to effectively use the period of time
required for decommissioning will restrain the impacts on humans and marine plants and
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animals, and the impacts will be well within Japan’s regulatory standard in accordance
with the internationally established safety guidelines.

Chapter 8 describes the considerations related to uncertainties in the assessments
described above. It concludes that considering uncertainties does not impair the
conservatism of the assessment.

Chapter 9 describes the monitoring plan to be implemented in conjunction with the
discharge of ALPS treated water into the sea. This includes an enhanced and expanded
monitoring plan that includes increased sampling points, target of measurement and
frequency. This monitoring plan is regarded as appropriate based on the results of the
radiological impact assessment conducted up to Chapter 7.

In preparing this report, TEPCO has invited external experts from domestic institutes and
universities to review and obtain comments in three field of human radiation protection,
environmental protection, and ocean diffusion calculation.

The assessments in this report were conducted on the based on the information
available at the design stage of the plan regarding to the discharge into the sea. After the
original report was published last November, this report was reviewed and revised based
on the progress of our study, opinions received through the public comment survey,
reviews by the IAEA experts, and discussions with the Nuclear Regulation Authority.
TEPCO plans to further review the assessment and revise this report as necessary to
reflect the progress of studies on design and implementation including rigorous selection
of target nuclides for measurement, opinions from various sectors, and the knowledge
obtained through cross-checks by third-party assessments, etc. and to reflect in the plan
and other necessary items respectively.

Before discharging ALPS treated water, TEPCO will analyze the radionuclides contained
in the ALPS treated water which is pre-diluted and publish the results. In addition, during
the initial period of the water discharge into the sea, TEPCO will also directly confirm the
conditions of mixing and dilution prior to the discharge into the sea, and publish the
results. Moreover, for discharge into the sea, the plan is to start the discharge with a small
amount of discharge, while monitoring the impact on the surrounding environment, etc. In
the unlikely event of a malfunction of the dilution facility due to trouble, power failure, or
other reasons, or if abnormal value is detected by monitoring enhanced and expanded
after the start of discharge, TEPCO will stop discharging until it is confirmed that the
conditions have been established for safe discharge and will make every effort to ensure
the safety of human and marine plants and animals.
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Overview of the assessment

We conducted the dose assessment for humans in respect of the planned discharge, as
described in the IAEA safety standard document GSG-9 “Regulatory Control of Radioactive
Discharges to the Environment” [1] (hereinafter called “GSG-9”) as well as conducted the
dose assessment of potential exposure! and environmental protection, which is out of scope
of the assessment under GSG-9, based on the current consideration of the discharge
method of ALPS treated water into the sea. The specific procedure of the assessment
follows the IAEA safety standard document GSG-10 “Prospective Radiological
Environmental Impact Assessment for Facilities and Activities” [2] (hereinafter called “GSG-
10”). The result of this assessment finds that advanced water treatment by ALPS and the
discharge plan that effectively utilizes the decade-long decommissioning period will restrain
the impact of discharge of ALPS treated water into the sea on humans and marine plants
and animals, and will keep within the domestic safety standard determined in accordance
with the internationally established safety guidelines.

In compiling this report, in-house experts with knowledge on the radiological impact
assessments were selected and assigned, and external experts were invited as members to
submit their opinions in three fields of human radiation protection, environmental protection,
and marine diffusion calculation.

In this report, the contents conducted by the government on handling of ALPS treated water
and enhancement and expansion of future monitoring are also taken into account.

Assessment of radioactive nuclides and diffusion

The nuclides to be assessed are a total of 64 nuclides including tritium (H-3), carbon 14 (C-
14), and 62 nuclides subject to removal by ALPS (for the rationale behind the procedure to
estimate radioactive materials contained in contaminated water and select 62 nuclides as
nuclides subject to removal by ALPS, see Attachment | “Rationale behind the selection of
nuclides subject to removal by ALPS”). The nuclide composition of ALPS treated water
differs for each tank groups? depending on the composition and concentrations of
radioactive materials in contaminated water before treatment, and lifetime of each adsorbent
at the time of treatment in ALPS, etc. Therefore, the nuclide compositions of ALPS treated
water used for the assessment were the nuclide compositions of the three tank groups in
which measurement and assessment of 64 nuclides had actually been completed (for details,
see 6-1-2.(1)).

1 Potential exposure: Exposure caused by possible events in operation or events or possible events sequences including
accidents of radiation sources or failures and operation mistakes of equipment. It was considered for the future.
2 Multiple tank groups used in connection. Usually, 1 tank group consists of about 8 to 10 tanks.
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According to the Japanese regulatory standard based on the internationally recognized
guidelines specified by ICRP [3], it is stipulated that that the sum of the ratios of
concentrations to the regulatory concentration limits®, which are the regulatory standards,
(hereinafter called “the sum of the ratios to regulatory concentrations limits”#) should be less
than 1 after dilution with a large amount of seawater at the discharging point. However, we
have decided to minimize the amount of radioactive materials discharged into the
environment as possible by appropriately treating nuclides other than tritium using water
treatment facilities including ALPS, and reducing the sum of the ratios to regulatory
concentrations limits less than 1 before dilution. In other words, we will not only confirm that
the results of the individual assessments of radioactive nuclides such as cesium 137 (Cs-
137) and iodine 129 (1-129) are below the regulatory standards, but also manage to ensure
never to exceed the regulatory standards even when the overall effect of the overlapping
effects of all those multiple radionuclides is taken into account.

Tritium is an isotope of hydrogen. In most cases, it exists as the molecule, which is one of
the two hydrogen atoms in normal water molecule (H-O) replaced by one tritium atom (HTO
in chemical formula). The tritium concentration in the water stored in the tanks exceeds
60,000 Becquerel® (Bq)/L, which is the regulatory standard value (regulatory concentration
limit), even after treatment by ALPS, etc., and tritium is almost impossible to remove, so the
water shall be diluted until it meets the regulatory standard. In addition to strict compliance
with regulatory standards to protect the public, the government required us to ensure that the
tritium concentration of ALPS treated water at the point of discharge does not exceed
1,500Bq/L®, which is much sufficiently lower compared to the level of regulatory
concentration limit, in order to dispel any concerns of consumers and others and to control
reputational effects to the maximum extent possible. In “TEPCO Holdings’ Action in
Response to Government’s Policy on the Handling of the ALPS Treated Water from the
Fukushima Daiichi Nuclear Power Station” (hereinafter called “TEPCQO’s Action in response
to Government’s Policy,”) we stipulated that we shall keep the tritium concentration in the
discharged water less than 1,500Bqg/L and set the upper limit of the annual discharge amount

3 The regulatory concentration limit is the standard of discharge of radioactive waste into the sea set for each radioactive nuclide
in “Pronouncement which set the dose limit based on the regulations such as the Regulations on Business of Smelting of
Nuclear Source Materials or Nuclear Fuel Materials.” If a person drinks 2L of water equivalent to the regulatory concentration
limit every day all their life (for 70 years in the case of an adult), the annual exposure dose will be 1 mSv/year.

4 Sum of the ratios to the regulatory concentration limits [34], which are legal concentration limits specified for each nuclide in
the case that multiple radioactive materials, are contained. If multiple radioactive materials are contained, the sum of the ratio
to the concentrations to the regulatory concentration limit specified for each nuclide by laws must be less than 1.

5 Unit indicating the amount of radiation. Becquerel is the number of nuclei whose radioactive nuclide changes into another one
by radioactive disintegration in one second.

61t is set to the same value as the operation target value of the discharge concentration of the groundwater bypass and
subdrain, through which water has been discharged. This value has been described in “Implementation plan 11l 3.2.1
Management of radioactive waste, etc.” and permitted by the Nuclear Regulation Authority.

The tritium concentration of 1,500Bg/L is 1/40 of the regulatory concentration limit of 60,000Bg/L and about 1/7 of 10,000Bq/L,
which is the WHO Guidelines for Drinking Water Quality.
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22 TBq’ (2.2E+13Bq)8. To keep the tritium concentration in the discharged water less than
1,500Bq/L, the ALPS treated water shall be diluted with seawater at least 100 times or more
(at most 1,400 times or more considering the maximum measured tritium concentration of
approximately 2.16 million Bg/L in the water stored in the tank measured so far) before
discharge.

The concentration of nuclides other than tritium in the ALPS treated water is already below
the regulatory standard even before the dilution. The concentration will be further reduced by
dilution with seawater. Therefore, the sum of the ratios to regulatory concentrations limits of
63 nuclides other than tritium in discharged water after seawater dilution is less than 0.01,
and the impact of radiation will be further reduced (for details, see 5-2).

The diffusion calculation for the discharged water into the sea area was executed by the
model of the sea area near the FDNPS using a high resolution, based on the model [4]
whose reproducibility had been verified by the reproduction calculation of the cesium
concentration in the seawater after the accident of the FDNPS (for details, see 6-1-2.(2)). For
the assessment, only the radiation amount per unit time of tritium released (flow rate and
concentration are not considered) is used in the diffusion calculations. Therefore, the effect
of dilution is not considered in this assessment.

In this assessment, the concentration of radioactive materials in seawater does not take into
account the decrease in dissolved concentration through absorbance of radionuclides to
seabed and other materials. On the other hand, the concentration of radionuclides in fish,
shellfish and seabed sediment assumed to be in equilibrium with the concentration in
seawater after the adsorption, etc. (no further adsorption occurs). Also it is assessed using
concentration coefficient and concentration ratio including the impact to the food chain. In
reality, it takes a long period of time for radionuclides in seawater, fish and shellfish and
seabed sediment to reach an equilibrium, however by using conservative assumptions
mentioned above, this model verifies that there is no further increase in exposure to humans,
fish and shellfish even if the discharge continues for a long time. This assessment actually
verified the impact for a year of discharge of ALPS treated water, and it can also verify
accumulation of radioactive materials in the environment for long term discharge (For details,
see 4.(3)).

Human exposure pathways

In the setting of exposure pathways, they are roughly divided into external exposures and
internal exposures. In line with previous practice, etc.®, external exposures were assessed

" Target discharge control value of the FDNPS before the accident.
8 E+XX means the XXth power of 10. 2.2E+13 indicates 2.2x10%,
® Handbook for Determining Environmental Impacts of Decommissioning Work, etc. For details, see Chapter 6.
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assuming the following five pathways: (1) external exposure from the sea surface, (2)
external exposure from ship hulls, (3) external exposure under water during swimming, etc.,
(4) external exposure from beach sands, and (5) external exposure from fishing nets. Internal
exposure was assessed assuming the following three pathways: (6) internal exposure from
ingestion of seawater, (7) internal exposure from inhalation of seawater spray, and (8)
internal exposure from ingestion of seafood (for details, see 6-1-2.(3)).

The exposure pathway to human is set with an assumption of a representative person in
vicinity of the discharge point who are considered most affective. For the living habits and
characteristics of the representative person for some exposure pathways should be used the
highest group (e.g. 95 percentile value) from some lifestyle data distribution, etc. However, in
considering current situation around FDNPS, we have instead assumed the representative
persons are engaged in fishing for 120 days a year (2,880 hours), of which they work near
fishing nets for 80 days (1,920 hours), stay on the seashore for 500 hours, and swim for 96
hours, according to “Dose Assessment to the General Public in the Safety Review of
Commercial Light Water Reactor Facilities” [5]. Following the preconditions, the ingestion
amount of seafood was investigated for two cases based on the ingestion amount data from
“National Health and Nutrition Survey in Japan in 2019” [6] for each of (1) person who ingest
an average amount of seafood and (2) person who ingest more seafood than average (one
fifth of the amount of an adult for an infant, and half of the amount of an adult for child under
school age) (for details, see 6-1-2.(4)).

The result of the assessments was compared with the dose limit'® of ImSv/year for the
general public, and the dose constraint!! of 0.05 mSv/year established by the Nuclear
Regulation Authority, and the sum of internal and external exposure was below both the
public dose limit and the dose constraint in all cases®?. The dose limit of 1 mSv/year is the
internationally recognized standard of public exposure (for details, see 6-1-3).

In addition, the potential exposure assessment based on the IAEA safety standard!?, which
was also conducted, assumed that (1) in case of leakage from the piping, a piping rupture
occurs near the ocean and all the ALPS Treated Water about 10,000 m? in one group of
tanks at the facility for measurement and confirmation of water is discharged from north
breakwater into the ocean for 20days without being diluted, as well as (2) the case of
massive leakage from tanks, all three groups of tanks for measurement and confirmation are

10 Dose limit: Effective dose or equivalent dose to a person which must not be exceeded in the planned exposure situation
(GSR Part 3).

11 Dose constraint: Predictive value of individual dose related to radiation sources used as a parameter for the optimization of
protection and safety at the radiation source in planned exposure situation. It is useful as the boundary for setting of the
range of options in optimization. For public exposure, this is a value related to the radiation source established or approved
by the government or regulatory body considering the dose from planned handling of all radiation sources under control
(GSR Part 3).

12 The dose limit is the limit for the total of the exposure amount of an individual from all related acts subject to the regulations.
The dose constraint is used as the limit value of the dose from a specific radiation source related to a planned act.

3 GSG-10
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damaged simultaneously due to great earthquake, etc. and of 30,000 m? of ALPS treated
water is discharged into the sea in a single day. In this case, the migration pathways and
exposure pathways of this case shall be the same as for normal exposure excluding for the
discharge location near the north breakwater. The exposure time of leakage from piping is
conservatively set to about one month (27 days), and about one week (8 days) in the case of
huge earthquake. As a result, even in such cases, the effective dose of potential exposure
was significantly smaller compared to the standard of the accident assessment shown in the
IAEA safety standard®® (for details, see 6-2).

Impact on marine plants and animals

As the assessment of environmental protection, we also assessed the protection of plants
and animals during normal operation of the facility for discharging ALPS treated water
according to the procedure shown in Annex | of the IAEA safety standard®®. As the
composition of nuclides in ALPS treated water used in the assessment, three cases based
on the measured values were adopted in the same way as the human exposure assessment.
As the plants and animals to be assessed, the standard flatfish (left-eyed and right-eyed
flounders), the standard crabs (Ovalipes punctatus and Portunus trituberculatus) and the
standard brown seaweeds (sargassum and Eisenia bicyclis) were selected from the list of
standard animals and plants'* indicated by the guideline of ICRP. The dose was assessed
by the method shown by ICRP and the dose rate in the habitat of the standard animals and
plants was compared with the derived consideration reference level (DCRL)*. As a result, all
dose rates in the habitats of the standard animals and plants are much less than the lower
limit value of the derived consideration reference level (for details, see Chapter 7).

Just for a precaution, the evaluation results of environmental impact from the factors other
than radioactive materials from the ALPS treated water reveal that there is no severe
pollution or no serious and hazardous changes to the environment (for details, see
Reference D “Assessment result of environmental impacts including other elements than
radiation related to discharge of ALPS treated water”).

Changes in response to new information and the result of monitoring

The assessment described in this report was conducted based on the information available
at this point in time during the design stage of the plan for discharge into the sea. After the
original report was issued last November, and revised based on the assessment reflecting

14 Standard animals and plants: Specific types of animals and plants assumed in order to associate radiation exposure from the
environment with the dose and impact.

15 Derived consideration reference level (DCRL): Range of the dose rates within a range of one digit specified for each species
advocated by ICRP. Dose rate level at which the impact has to be considered if is exceeded.
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the comments received from the public, comments pointed out by the Nuclear Regulation
Authority, the findings of review by the IAEA, etc. We are planning to revise this report further
in order to reflect findings obtained through consideration of design and operation associated
with the plan, opinions from various sectors, reviews by experts of the IAEA, cross-checks by
third-party assessments, etc., and to modify the planned discharge program and its
implementation as necessary.

Before discharging ALPS treated water, we will analyze the radionuclides contained in the
ALPS treated water before dilution, and publish the results. In addition, during the initial
period of the water discharge into the sea, we will also directly confirm the conditions of
mixing and dilution before discharge into the sea and publish the results. Moreover, for
discharge into the sea, TEPCO will carefully start the discharge with a small amount while
monitoring the impact on the surrounding environment, etc. In case that the dilution facility
fails due to malfunction, power failure, or other reasons, or if abnormal value is detected by
monitoring after the start of discharge, TEPCO will stop discharge until it is confirmed that the
conditions for safe discharge of the ALPS treated water have been securely re-established,
and make every effort to ensure the safety of human and marine plants and animals.

This report concludes that the result of the assessment according to internationally
recognized documents shows that exposure from radioactive materials contained in ALPS
treated water discharged from the FDNPS is sufficiently lower than the dose limit, the dose
constraint and the derived consideration reference level.
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1. Background

At the FDNPS, which experienced an unprecedented accident in the event of the Great East
Japan Earthquake in 2011, it has been continued to inject of cooling water into the reactor in
order to cool the damaged reactor and nuclear fuel since the accident. The injected water
contacts so-called fuel debris, which is fuel overheated, damaged, and molten in the event of
the accident, and then solidified together with surrounding structures, passes through the
reactor pressure vessel and reactor containment vessel damaged by the accident, and finally
got stagnant on the lowest floor of the reactor building as building stagnant water (hereinafter
called “stagnant water”). According to the previous investigation, it has turned out that
stagnant water contains damaged fuel and structures of reactor core due to the damage in
the event of the accident, or a high volume of water-derived radioactive materials, which are
reactor coolants. From the viewpoint of prevention of diffusion of radioactive materials into
the environment, it is especially necessary to prevent leakage of stagnant water outside the
building.

On the other hand, seawater entered the basement floor of the building due to the tsunami,
which was the direct cause of the accident, and then became stagnant water. In addition,
rainwater has been entering the building through the ceiling damaged due to debris scattered
by the hydrogen explosion of the reactor buildings that occurred in Units 1, 3, and 4 in the
event of the accident. Moreover, the underground water level around the building is kept a
little higher than the stagnant water level to prevent leakage of stagnant water mentioned
above, which cause a little amount of groundwater to enter the building. It is considered that
all of such water is mixed with the cooling water mentioned above and becomes new
contaminated water.

Currently, by multilayered countermeasures!®, we manage to prevent leakage of
contaminated water out of the building and also reduce the daily generated amount from
about 540 m? (as of May 2014) to about 140 m? (as of 2020), and we are aiming to further
reduce the daily generated amount to less than 100 m® by 2025. The contaminated water
which will be generated in future must be treated in the same way and discharged
appropriately.

16 Examples of multilayered countermeasures:

a To reduce the generated amount of contaminated water, contaminated water pumped and purified by the cesium
adsorption device and desalinated by the reverse osmosis membrane device is reused as cooling water used to cool the
nuclear fuel damaged by the accident.

b In addition, the amount of groundwater entering the building is controlled. Specifically, the groundwater level near the
building is kept low by pumping groundwater from uplands and the area adjacent to the building, installing land-side
impermeable walls (frozen soil walls) around the building, etc.

c To prevent leakage of contaminated water generated in the building to outside the system, the contaminated water level
in the building is kept a little lower than the groundwater level outside the building by pumping contaminated water in the
building.

d Pumped contaminated water is stored in tanks installed on uplands after treatment by water treatment facilities which
consist of the cesium adsorption device, ALPS, etc., in order to prevent contamination and reduce the dose.
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Contaminated water is purified by the cesium adsorption equipments?’ and ALPS, which can
remove 62 nuclides, and stored in tanks on the site. ALPS treatment makes the sum of the
ratios to regulatory concentrations limits of nuclides other than tritium less than 1 (water in
which the sum of the ratios to regulatory concentrations limits of nuclides other than tritium is
less than 1 is called “ALPS treated water.” Water in which the sum of the ratios to regulatory
concentrations limits is not less than 1 even after treatment is called “treated water to be
purified.” “ALPS treated water” and “treated water to be purified” are collectively called “ALPS
treated water, etc.”) (See Reference A “Site boundary dose assessment of Fukushima
Daiichi Nuclear Power Station and the regulatory concentration limit in the Japanese laws”).
As of January 2022, there are 1,047 tanks that store strontium treated water (water before
ALPS treatment)!® and ALPS treated water, etc., and the stored amount is about 1.29 million
m?3, while the capacity is about 1.37 million m3. Although it is necessary to carefully examine
the effect of the measures to control the generation of contaminated water and prediction of
the amount of contaminated water generated, the planned capacity is expected to reach after
the summer of 2023.

As shown in “Mid- to Long-Term Roadmap towards Decommissioning of the Fukushima
Daiichi Nuclear Power Station” [7] revised by the government at the ministerial meeting on
decommissioning and contaminated water measures (current “the ministerial meeting on
decommissioning, contaminated water and treated water measures”) in December, 2019,
decommissioning at the FDNPS is a continuous risk reduction activity to protect people and
the environment from risks associated with radioactive materials manifested by the accident.
In the long-term process toward decommissioning of the FDNPS for several decades, it is
necessary to deal with the issues with greater radiation risks such as extraction of fuel debris
and securing temporary storage locations of spent fuel, and it is essential to steadily reduce
total risks from medium- to long-term viewpoints in order to appropriately deal with these
issues.

The requirement to reduce the overall risks with the view of medium- to long-term views is
the same in handling the contaminated water problem. So far, we have been steadily
reducing the risks to the dose of less than 1 mSv/year, which is the dose limit for general
public recommended by the ICRP in Publication 60 issued in 1990, for additional exposure
dose associated with decommissioning on the site boundary by controlling the amount of
contaminated water generated containing large amount of radioactive materials through so-
called multi-layered countermeasures, and by removing radioactive materials contained in
contaminated water through water treatment facilities including ALPS. In order to safely and
steadily proceed with the decades-long decommissioning, it is necessary to continue to
steadily reduce overall risk at the FDNPS by removing as much radioactive material as

17 Equipments to purify contaminated water by adsorbing cesium and strontium.
18 Water with most of the cesium and strontium removed before purification by ALPS.
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possible using water treatment facilities including ALPS, implementing discharge in a safe
manner that does not substantially affect humans and plants and animals, and appropriately
storing spent fuels in temporary storage in dry cask to be installed in the future.



2. Consideration of handling of ALPS treated water

The details are as described in Reference B “Timeline of consideration of each disposal
method of ALPS treated water,” the method of handling of contaminated water and ALPS
treated water, etc., has been discussed for several years initially with the Ministerial
Conference of Contaminated Water, Treated Water and Decommissioning issues, the
government, the IAEA, municipal administrations, local residents and experts. In 2013, the
government established the Tritiated Water Taskforce under the Committee on
Countermeasures for Contaminated Water Treatment, with participation of nine members of
experts from the fields such as nuclear, environmental science, radiology, radiation biology,
fish chemistry in addition to members from Nuclear Regulation Authority and related
ministries. The Taskforce conducted technical studies on the five disposal methods
(geosphere injection, discharge into the sea, vapor release, hydrogen release, and
underground burial), which were proposed based on the scientific knowledge on tritium and
the preceding cases [8]*°. In addition, since 2016, the Sub-committee on Handling of ALPS
Treated Water has been established with 13 members of experts from the fields of such as
nuclear, geological engineering, sociology, environmental science, agriculture, radiation
biology, radiation science, fish chemistry as well as members from related ministries, to
conduct a comprehensive deliberations, including social viewpoints such as reputation
damage based on the results of the Tritiated Water Taskforce [9]. The Sub-committee on
Handling ALPS Treated Water compiled the report in February 2020, in which it examined
five disposal methods from various perspective, including monitoring feasibility. The Sub-
committee then stated that the methods of geosphere injection, hydrogen release and
underground burial have many issues as realistic option in terms of regulatory, technology
and time schedule, while the methods of the discharge into the sea and the vapor release
are considered as more realistic options. The conclusion was that in comparison to the vapor
release, the method of the water discharge into the sea has already established regarding
the amount of release. Furthermore, the ease of handling of discharge facilities and the way
of monitoring should be conducted. In accordance with these reasons, the Sub-committee
also pointed out the limited room for expansion of tanks for long-term storage and the
increased risk of leakage due to natural disasters and deterioration, and concluded that
discharge of ALPS treated water into the sea ensure the steady implementation.

In addition, the Government of Japan has Hosted the decommissioning review missions by
the IAEA five times from 2013 to 2021 and has incorporated their opinions into
considerations. The decommissioning review missions by the IAEA have pointed out the
importance of the disposal plan for ALPS treated water. In the IAEA’s report in 2015, IAEA
assessed that storage in tanks was “at best a temporary measure while a more sustainable

19 Discussion on continuation of tank storage was included.



solution was needed?°.” Subsequently, in the IAEA’s report in 2019, it was stated that “a
decision on the disposition path for the stored ALPS treated water containing tritium and
other radionuclides, after further treatment as needed, must be taken urgently?.”

In addition, in the report of the IAEA following-up review for the progress decommissioning of
FDNPS in 2020, also assessed the technical aspects of the report of the Sub-committee, as
being "based on a sufficiently comprehensive analysis and sound scientific and technical
basis?2.”

Moreover, after the report was compiled in the Sub-committee on the Handling of ALPS
Treated Water, the government held the Meeting to hear the Opinions of Related Parties on
the Handling of ALPS Treated Water and widely solicited for opinions including those in
writing. As a result, among the submitted opinions, some expressed concerns about the
impact of discharge of ALPS treated water into the sea on the surrounding environment, etc.
Based on these considerations and opinions, the government announced the Basic Policy to
handling ALPS treated water into the sea upon securing the safety as “Basic Policy on
handling of ALPS treated water at the Tokyo Electric Power Company Holdings’ Fukushima
Daiichi Nuclear Power Station” (April 13, 2021, the Ministerial Conference of Contaminated
Water, Treated Water and Decommissioning, hereinafter called “Basic Policy”) [10].
Considering the Basic Policy, on April 16th of the same year, we announced “TEPCO’s
Action in response to Government’s Policy” [11] which include the following approach:

e Regarding the discharge of the ALPS treated water into the sea, we will ensure the
safety of the public, surrounding environment as well as agricultural, forestry and fishery
products through compliance with safety standards based on relevant laws and
legislations. We will take further measures based on international standards and
practices to confirm the safety of the water to be discharged.

- To ensure the safety of the public and surrounding environment, we will surely
comply with regulatory standards and relevant laws for concentration of tritium and
other radioactive materials in the water to be discharged, which are set based on
international recognized methods (e.g. International Commission on Radiological
Protection (ICRP) publication).

- With regard to the radiological impact of the discharge on the humans and the
environment under the condition indicated in the Basic Policy and international
recognized method, we will assess its safety and publish the results prior to starting

20 Mission Report, IAEA International Peer Review Mission on Mid-And-Long-Term Roadmap Towards the Decommissioning of
TEPCO's Fukushima Daiichi Nuclear Power Station Units 1-4, issued 13 May, 2015, p. 13,
https://www.iaea.org/sites/default/files/missionreport130515.pdf

2L Mission Report, IAEA International Peer Review Mission on Mid-And-Long-Term Roadmap Towards the Decommissioning of
TEPCO's Fukushima Daiichi Nuclear Power Station Units 1-4, issued 31 January, 2019, p. 8,
https://www.iaea.org/sites/default/files/19/01/missionreport-310119.pdf

22 Review Report IAEA Follow-up Review of Progress Made on Management of ALPS Treated Water and the Report of the
Subcommittee on Handling of ALPS treated water at TEPCO's Fukushima Daiichi Nuclear Power Station, issued 2 April,
2020, p. 6, https://www.meti.qo.jp/press/2020/04/20200402002/20200402002-2.pdf
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the necessary procedure for approval by Nuclear Regulation Authority. Additionally,
we will receive reviews by experts such as those of International Atomic Energy
Agency (IAEA) and others. (The original report was issued in November 2021. We
will publish the results including this revision and continue to receive reviews by
experts of IAEA, etc.)



3. Objectives of the assessment

The objective of this Radiological Impact Assessment is as follows.

Objective 1: Evaluate the impact of radiation on humans and the environment in the case of
our disposal of ALPS treated water by the internationally recognized method
(IAEA safety standard and ICRP recommendation).

Objective 2: Announce the result of the assessment inside and outside Japan and consider
the method to minimize the risks associated with disposal by making revisions,
etc., as needed considering opinions from related parties.



4. Concept of assessment

This report was drafted assuming a dose assessment of the representative person by
planned discharge shown in GSG-9, but the specific assessment method was based on
GSG-10 and we also assessed potential exposure and environmental protection, which is not
required in GSG-9.

The following shows the concepts of the assumptions in the assessment and the evaluation
method.

(1) Dose constraints

The Japanese nuclear regulation system does not specifically set any dose constraints?®
and instead sets a target dose value of 0.05 mSv/year for the general public outside the
surrounding monitoring area of light water reactor for power generation in normal
operation.

On February 16, 2022, the Nuclear Regulation Authority issued the “Concept and
Assessment Guidelines for Verifications in the Radiological Impact Assessment,” which
says that “it must be verified that the estimated result of the representative person is
small when compared to the fluctuation range of the annual radiation dose in humans in
the region are exposed to through their living habits, etc., that is less than 50 ySv/year.
The value of 50 pSv/year is the target dose for commercial light water reactors in normal
operation, which corresponds to the dose constraint set in the IAEA Safety Standards. ”
[12]. In this assessment, “Determine appropriate constraints” in GSG-9 Fig.3, “Steps in
setting discharge limits, indicating those responsible.” corresponds to it and the target
dose value of 50uSv/year = 0.05mSv/year as the dose constraint value.

However, the annual total amount of tritium contained in ALPS treated water actually
discharged into the sea was specified in the Basic Policy of the Government of Japan
before the assessment by this report, etc., in order to keep it below the discharge control
value of 22 TBg/year (2.2E+13Bg/year) of the FDNPS before the accident from the
viewpoints of various factors, such as the risk optimization of the whole of
decommissioning, the effect of natural decay of radioactive materials expected during
land storage of ALPS treated water, the leakage risk and occupational exposure during
long-term storage, the plan to complete disposal of ALPS treated water before the
completion of decommissioning, and the policy to dispel even little of the concerns of
stakeholders. As shown in “TEPCQO’s Action in response to Government’s Policy” (April
2021) above, we set the annual discharge amount of tritium to 22 TBqg/year
(2.2E+13Bg/year) as an evaluation condition of this report and assessed the impact of
radiation.

The relationship between the dose constraint and the annual discharge amount of tritium
of 22 TBq/year (2.2E+13Bg/year) is discussed in 6-1-3.

% See footnote No0.12.



(2) About tritium

A part of tritiated water (HTO) is converted to organically bound tritium (OBT) by plants
and animals, etc., in the environment.
The following shows the effective dose factor in the case of ingestion of tritium [13].

Tritiated water 1.8E-11 Sv/Bq
OBT 4.2E-11 Sv/Bq

The effective dose factor of tritiated water reflects conversion of a part of tritium to OBT
in the body after a human ingests tritium. As shown in Table 11-9-1 and 11-9-2 in chapter
11-6 “Water quality other than radioactive materials” of Attachment Il “Properties of ALPS
treated water, etc.,” the ALPS treated water to be discharged contains almost no organic
matter and almost the whole of it is considered to be tritiated water when discharged, so
the case of directly drinking seawater or inhaling seawater spray is assessed by the
effective dose factor of tritiated water.

On the other hand, as with humans, a part of tritiated water is converted to OBT when
ingested by plants and animals. If OBT is ingested directly through seafood, etc., the
effective dose factor of OBT is applied, so for the ingestion of seafood, the effective dose
factor is used after correction assuming that 10% of tritium ingested is OBT. Specifically,
we used adult: 2.0E-11Sv/Bq, child under school age: 3.5E-11Sv/Bq, and infant; 7.0E-
11Sv/Bq as the corrected effective dose coefficient of tritium for the exposure
assessment of ingestion of seafood.

In monitoring of fish, we performed near the FDNPS, no OBT was detected and no event
of concentration of tritium compared with the tritium concentration in the seawater in the
surrounding area was observed. In addition, there is a general understanding that no
evidence for biological concentration of OBT from HTO has been found in international
studies [14]%.

2 For example, “Tritium and the environment,” which was issued by Institute for Radiological Protection and Nuclear Safety in
France in 2012 [14] says “To date, no phenomenon of tritium bioaccumulation has been observed in marine organisms on
the French Channel coast. This observation leads to the conclusion that discharge from nuclear industry, led by the spent
fuel processing plant in La Hague, are overwhelmingly in the form of HTO.”
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For OBT, see Attachment Il “Impact of the organically bound tritium in the exposure
assessment of tritium.”

(3) Assessment of migration and accumulation of nuclides other than tritium

The assessment of this report assumed that nuclides other than tritium was advected
and diffused while dissolved in the seawater. A part of discharged nuclides is adsorbed
to suspended particles in the seawater, seabed sediment, hulls, beach sand, and fishing
nets, or advected or concentrated in marine organisms depending on the chemical forms
of radioactive materials, etc., so the disposition in the environment is assumed not to be
the same as that of tritium. As for this trend, the higher the distribution factor to seabed
sediment, etc., or biological concentration factor the element has, the more significant
the concentration decrease in the seawater side and the concentration increase in the
soil and organism side may become because of more significant migration from the
seawater to the soil and organisms.

However, ALPS treated water to be discharged is purified by coagulating sedimentation,
adsorption, filtration, etc., and contains almost no impurities, so even if it is adsorbed to
suspended patrticles, it will be unlikely that a lot of sediment is generated, and only a
limited amount of seawater directly contacts the seabed sediment, etc., which means
that initially the amount of radioactive materials adsorbed to seabed sediment is much
smaller than the total amount of discharged radioactive materials. Therefore, while the
decrease in the concentration in the seawater caused by adsorption to the seabed
sediment in diffusion is not considered from the viewpoint of model simplification,
considerations have been made so that such differences in the disposition in the
environment need not be considered, by assuming that adsorption has proceeded until
the concentration in the seawater reaches the equilibrium state as for adsorption to
seabed sediment, etc., and biological concentration, which proceeds in the long term in
reality, and setting both of them conservatively. This is shown in Figure 4-1.

For advection and diffusion in the sea, we also verified that annual variation was small,
by simulated calculation of seven years

Thanks to these considerations, we can assess accumulation of radioactive materials in
the environment due to long-term discharge, though this assessment is performed for
just one year. Thus, the peak dose value is considered not higher than the value in this
assessment.
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Accumulation process in seabed sediment, etc. in actual phenomena

Radioactive materials

W' @ suspended particles

If discharge into the sea starts, advection and
diffusion of radioactive materials discharged from the
discharge outlet supplies radioactive materials, which
increases the concentration in the seawater.

Supply of radioactive materials by advection and diffusion

=> Adsorption to suspended particles and adsorption and
deposition on seabed sediment

Due to arise in the concentration, some of the
supplied radioactive materials are adsorbed to
seabed sediment, suspended particles, etc. As a
result, the radioactive material concentration in the
seawater drops and the radioactive material
concentrations in seabed sediment, suspended
particles, etc., rises and reaches the equilibrium
states depending on the distribution factors.

Supply of radioactive materials by advection and diffusion

=> Rise in the concentration

. <

Then, more radioactive materials are discharged and
the radioactive material concentration in the seawater
rises.

Supply of radioactive materials by advection and diffusion
=> Rise in the concentration => Adsorption and deposition on

seaied sediment
o @

o *)

»

Some of the radioactive materials are adsorbed near
seabed sediment, suspended particles, etc., the
concentration in the seawater side drops, and the
concentrations in seabed sediment and suspended
particles rises and reaches equilibrium. Long-term
repetition of this process raises the radioactive
material concentrations in seabed sediment,
suspended particles, etc., as well as the radioactive
material concentration in the seawater, which reaches
the equilibrium state.
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It is assumed that adsorption occurs but the concentration in

Itis assumed that adsorption on seabed sediment, etc., which
instantaneously reaches the concentration at which there is no
room for further adsorption (=equilibrium state) occurs

Model of this report

In this assessment, if radioactive materials are
supplied due to advection and diffusion, radioactive
materials will be accumulated instantaneously up to
the equilibrium state, and the concentrations in
seabed sediment, etc. set along with the
concentration in the seawater.

On the other hand, the concentration in the seawater
was assumed not to drop even in the event of
adsorption in seabed sediment, etc.

This simulates the state that the seawater, seabed
sediment, etc., reaches the equilibrium states
(balance of adsorption and desorption) due to long-
term continuation of discharge and no more

adsorption occurs.

Figure 4-1 Actual accumulation process in seabed sediment, etc., and model in this

report (image)
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5. Properties of ALPS treated water, etc. and discharge method
5-1. Properties of ALPS treated water, etc.

ALPS treated water, etc., of about 1.28 million m2 currently stored in tanks is water purified
by ALPS (excluding strontium treated water), which is designed to be able to remove 62
nuclides excluding tritium and C-14 among the radioactive nuclides contained in
contaminated water. Contaminated water newly generated during the period of discharge
into the sea has to be treated appropriately by ALPS, etc., in the same manner and
discharged into the sea. The rationale behind the selection of 62 nuclides subject to removal
by ALPS is shown in Attachment | “Rationale behind the selection of nuclides subject to
removal by ALPS” and the mechanism to remove radioactive materials from contaminated
water is shown in Attachment Il “Properties of ALPS treated water, etc.”

ALPS can purify 62 radioactive materials other than tritium and C-14 up to less than 1 of sum
of the ratios to regulatory concentrations limits, but about 70% of ALPS treated water (based
on the breakdown of the tank groups fully filled with water by December 31, 2019) is so-
called “treated water to be purified,” which contains more radioactive materials other than
tritium than the standard applicable to discharge into the environment (sum of the ratios to
regulatory concentrations limits of less than 1) due to the treatment before performance
improvement in the early stage of the treatment plan, priority on the treatment amount for
reduction of additional exposure dose on the site boundary, etc. Such treated water to be
purified, which is yet to be purified sufficiently, is surely purified until the sum of the ratios to
regulatory concentrations limits of radioactive materials other than tritium becomes less than
1 before discharge (secondary treatment) and then discharged as ALPS treated water. Table
5-1-1 shows the regulatory concentration limit of tritium, C-14, and 62 nuclides subject to
removal by ALPS.

As for the secondary treatment by ALPS, we conducted a secondary treatment performance
verification test for a total of 2,000 m?® of two tank groups since September 2020 and verified
that the sum of the ratios to regulatory concentrations limits of nuclides excluding tritium in
each tank group can be reduced to less than 1 [15]. The water quality of ALPS treated water,
etc., including the result of the secondary treatment performance verification test, is shown in
Attachment Il “Properties of ALPS treated water, etc.”

The targets in this report include not only about 1.28 m? of ALPS treated water, etc., already
stored in the FDNPS, but also contaminated water generated even after discharge into the
sea is started, because such water is planned to be discharged into the sea as ALPS treated
water after the purification by water treatment facilities including ALPS.
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Table 5-1-1 Regulatory concentration limits of

62 nuclides subject to removal b

ALPS, tritium, and C-14

Regulatory Regulatory
Target nuclides concentration Target nuclides concentration
(physical half-life) limit (physical half-life) limit
(Ba/L) (Ba/L)
1 H-3 (about 12 years) 6.0E+04 33 | Te-129m (about 34 days) 3.0E+02
2 C-14 (about 5700 years) 2.0E+03 34 |1-129 (about 16 million years)| 9.0E+00
3 Mn-54 (about 310 days) 1.0E+03 35 Cs-134 (about 2.1 years) 6.0E+01
4 Fe-59 (about 44 days) 40E+02 | 36| 51 (afeo:rts)m million | g 6402
5 Co-58 (about 71 days) 1.0E+03 37 Cs-136 (about 13 days) 3.0E+02
6 Co-60 (about 5.3 years) 2.0E+02 38 Cs-137 (about 30 years) 9.0E+01
7 Ni-63 (about 100 years) 6.0E+03 39 |Ba-137m (about 2.6 minutes)| 8.0E+05
8 Zn-65 (about 240 days) 2.0E+02 40 Ba-140 (about 13 days) 3.0E+02
9 Rb-86 (about 19 days) 3.0E+02 41 Ce-141 (about 33 days) 1.0E+03
10 Sr-89 (about 51 days) 3.0E+02 42 Ce-144 (about 280 days) 2.0E+02
11 Sr-90 (about 29 years) 3.0E+01 43 | Pr-144 (about 17 minutes) 2.0E+04
12 Y-90 (about 64 hours) 3.0E+02 44 | Pr-144m (about 7.2 minutes) | 4.0E+04
13 Y-91 (about 59 days) 3.0E+02 45 | Pm-146 (about 5.5 years) 9.0E+02
14 Nb-95 (about 35 days) 1.0E+03 46 | Pm-147 (about 2.6 years) 3.0E+03
15 | Tc-99 (about 210,000 years) 1.0E+03 47 Pm-148 (about 5.4 days) 3.0E+02
16 Ru-103 (about 39 days) 1.0E+03 48 | Pm-148m (about 41 days) 5.0E+02
17 Ru-106 (about 370 days) 1.0E+02 49 Sm-151 (about 90 years) 8.0E+03
18 | Rh-103m (about 56 minutes) 2.0E+05 50 Eu-152 (about 14 years) 6.0E+02
19 | Rh-106 (about 30 seconds) 3.0E+05 51 Eu-154 (about 8.6 years) 4.0E+02
20 | Ag-110m (about 250 days) 3.0E+02 52 Eu-155 (about 4.8 years) 3.0E+03
21 | Cd-113m (about 14 years) 4.0E+01 53 Gd-153 (about 240 days) 3.0E+03
22 Cd-115m (about 45 days) 3.0E+02 54 Th-160 (about 72 days) 5.0E+02
23 | Sn-119m (about 290 days) 2.0E+03 55 Pu-238 (about 88 years) 4.0E+00
24 Sn-123 (about 130 days) 4.0E+02 56 |Pu-239 (about 24,000 years) | 4.0E+00
25 |Sn-126 (about 230,000 years)| 2.0E+02 57 | Pu-240 (about 6600 years) 4.0E+00
26 Sb-124 (about 60 days) 3.0E+02 58 Pu-241 (about 14 years) 2.0E+02
27 Sbh-125 (about 2.8 years) 8.0E+02 59 | Am-241 (about 430 years) 5.0E+00
28 | Te-123m (about 120 days) 6.0E+02 60 | Am-242m (about 140 years) 5.0E+00
29 | Te-125m (about 57 days) 9.0E+02 61 | Am-243 (about 7400 years) 5.0E+00
30 Te-127 (about 9.4 hours) 5.0E+03 62 | Cm-242 (about 160 days) 6.0E+01
31 | Te-127m (about 110 days) 3.0E+02 63 Cm-243 (about 29 years) 6.0E+00
32 | Te-129 (about 70 minutes) 1.0E+04 64 Cm-244 (about 18 years) 7.0E+00

* The half-lives are indicated 2-digit accuracy using ICRP Publication 107 “Nuclear Decay Data for Dosimetric

Calculations” [16]
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5-2. Discharge method

The following shows the policy on the method of discharge into the sea following “TEPCO’s

Action in response to Government’s Policy.”

The design and operation of the facilities necessary for discharge into the sea shall
comply with laws and get the necessary permissions from the Nuclear Regulation
Authority.

The amount of radioactive materials excluding tritium in treated water will be reduced by
repeating secondary treatment prior to the discharge until the concentration before
dilution surely falls below the regulatory standard value related to safety (until the sum of
the ratios to regulatory concentrations limits of nuclides other than tritium becomes less
than 1). We shall not discharge treated water of which sum of the ratios to regulatory
concentrations limits of radioactive materials excluding tritium before dilution is not less
than 1.

Before dilution and discharge, we shall measure and assess the concentration of the
radioactive materials in ALPS treated water (tritium, 62 nuclides, and C-14) and
announce the results of the measurement and assessment every time, as well as
perform third-party measurement, assessment, announcement, etc., and announce the
results.

After that, tritium, which is difficult to exclude, is diluted with a massive amount of
seawater (to be determined depending on the tritium concentration in the treated water
to be discharged; about 100 to 1,400 times or more) before discharge, in order to meet
the standard of the safety regulations of the government (regulatory concentration limit)
set to reduce the impact on the environment immediately after discharge (at site
boundary), dispel concerns of consumers, etc., as much as possible, and minimize
reputation damage. Thanks to this, the sum of the ratios to regulatory concentrations
limits of radioactive materials other than tritium becomes less than 0.01. Besides, in
actual operation, two sea water transfer pumps are enough to dilute the ALPS treated
water to be discharged by setting the concentration limit of tritium before dilution below 1
million Bqg/L.

The tritium concentration of discharged water shall be sufficiently lower than 60,000Bg/L,
which is the standard of the safety standards of the government (regulatory
concentration limit), and 10,000Bqg/L, which is the WHO Guidelines for Drinking Water
Quiality: specifically, less than 1,500Bg/L as with the operation target of the currently
applied discharge concentration of the groundwater bypass, subdrain, etc.

Discharge into the sea shall be started carefully with a small amount. The soundness of
facilities, the transfer procedure of ALPS treated water, measurement process of the
concentration of radioactive materials, assessment of dilution of tritium in discharged
water, the state of diffusion into the sea, etc., shall be verified.

If the transfer facility or dilution facility does not function as planned due to malfunction,
power failure, etc., we will stop the discharge immediately. If any abnormal value is
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detected in sea area monitoring, we will stop discharge and investigate the state. When
resuming discharge, confirm the safety of discharge.

The upper limit of the annual discharge amount of tritium, which cannot be removed by
ALPS, shall be 22 TBq (2.2E+13Bq) per year, which is the discharge control value of the
FDNPS before the accident, for the time being. Moreover, we shall minimize the
discharge amount as well as secure the site for facilities necessary for decommissioning
by preferentially discharging water with a low tritium concentration and waiting for natural
decay based on the half-life for water with a high concentration. Attachment IV “Analysis
on the period of discharge of ALPS treated water” shows the simulation result related to
discharge of ALPS treated water assuming that discharge will be started in FY 2023 and
completed in FY 2051.

Table 5-2-1 shows the specific items to be implemented as shown in “TEPCO’s Action in

response to Government’s Policy.”

Table 5-2-1 Specific items to be implemented

Secondary treatment of
treated water to be purified

The amount of radioactive materials excluding tritium in treated water to be
purified to be discharged into the environment is reduced by secondary
treatment by ALPS, etc., to ensure that radioactive materials other than
tritium surely falls below the regulatory standard value related to safety (until
the sum of the ratios to regulatory concentrations limits of nuclides other
than tritium becomes less than 1).

Analysis of ALPS treated
water

Before dilution and discharge, we shall announce the measurement and
assessment results of the concentration of radioactive materials of 62
nuclides (nuclides subject to removal by ALPS) and C-14 every time, as well
as perform third-party measurement, assessment, announcement, etc.

Dilution and discharge
(including emergency
actions)

Tritium, which is difficult to remove, is diluted with a sufficient amount of
seawater (100 or more times) before discharge so that the concentration will
be sufficiently lower than the regulatory concentration limit. Thanks to this,
the sum of the ratios to regulatory concentrations limits of nuclides other
than tritium in discharged water becomes less than 0.01.

- The tritium concentration shall be the same as the operation target of the
discharge concentration of the groundwater bypass, subdrain, etc. (less
than 1,500Bq/L).

The upper limit of the annual discharge amount of tritium shall be 22 TBq

(2.2E+13Bq) per year, which is the discharge control value at FDNPS before

the accident, for the time being.

The annual discharge amount of tritium is reviewed as needed based on the

progress of decommissioning.

If the transfer facility or dilution facility does not function as planned due to a

failure, outage, etc., stop the discharge immediately.

If any abnormal value is detected in sea area monitoring, stop discharge and

investigate the state. When resuming discharge, confirm the safety of

discharge.

Sea area monitoring

Sea area monitoring is started according to the plan enhanced since about
one year before the scheduled date to start discharge.
Monitoring of seawater, fish, and seaweeds are enhanced.
Tritium is intensively measured and assessed in addition to the past
measurement and assessment focusing on Cs-137.
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The measurement sample continued to be seawater but the sampled
amount of fish and seaweeds are increased.

* The radioactivity measurement result at the time of discharge is announced.
Third-party analysis, announcement, etc., are considered.

In addition, management values before dilution are set voluntarily for further reduction of the
impact of radiation on the environment for eight nuclides with relative impacts of human
exposure due to concentration in fish, etc., with the same ratio to regulatory concentration
limit as management before discharge of ALPS treated water. The consideration of
management values is shown in Reference C “Setting of Management Values and Exposure
Assessment of Hypothetical ALPS Treated Water.” Table 5-2-2 shows the nuclides subject to
management and the management values. If the concentration of any of these eight nuclides
exceeds the management value as a result of analysis in the measurement/confirmation
facility before discharge, the water shall not be discharged but subject to secondary
treatment. These eight nuclides will be reviewed as needed, together with the review result of
nuclides subject to measurement, which will be conducted prior to discharge.

Table 5-2-2 Management values (before dilution)

. Ratio to
Regulatory Operation
. R regulatory
Target nuclide | concentration limit | management value concentration
(Bg/L) (Bg/L) limit
C-14 2.0E+03 5.0E+02 2.5E-01
Fe-59 4.0E+02 2.0E-01 5.0E-04
Ag-110m 3.0E+02 6.0E-02 2.0E-04
Cd-113m 4.0E+01 2.0E-01 5.0E-03
Cd-115m 3.0E+02 4.0E+00 1.3E-02
Sn-119m 2.0E+03 6.0E+01 3.0E-02
Sn-123 4.0E+02 8.0E+00 2.0E-02
Sn-126 2.0E+02 4.0E-01 2.0E-03
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5-3. Facilities for discharge

“TEPCO'’s Action in response to Government’s Policy” shows a conceptual diagram of the
facilities for discharging into the sea (Figure 5-3-1), but the assessment was performed
reflecting the state of consideration of the facilities for discharge shown below by the
following design clarification.

5-3-1. Overview of the facilities for discharge

The facilities for discharge into the sea mainly consist of “the measurement/confirmation
facility” to verify the radioactive material concentration of ALPS treated water before dilution,
“the dilution facility” which consists of seawater transfer piping and discharge vertical shaft
(upper-stream storage) including the seawater transfer pump and seawater pipe header to
pump and discharge seawater for dilution, “the transfer facility” which consists of the treated
water transfer pump and treated water transfer piping and valves to transfer ALPS treated
water from the measurement/confirmation facility to the seawater piping, and “the discharge
facility (related facility)” which consists of the discharge tunnel and discharge outlet.

After confirming the water, of which radioactive materials have been removed by ALPS up to
a sufficiently law concentration, is so-called “ALPS treated water” (water whose sum of the
ratios to regulatory concentrations limits of nuclides other than tritium is verified to be less
than 1), and then diluted with a large amount of seawater 100 or more times.

The water to be discharged is received by the measurement/confirmation facility, the
radioactive material concentration is homogenized by circulation and stirring, and then it is
verified by sampling and analysis that the water is ALPS treated water. The verified water is
transferred to the dilution facility by the transfer facility, mixed with a large amount of
seawater pumped with the seawater transfer pump through the Unit 5 intake channel by the
dilution facility, and drained to the discharge facility after dilution of the tritium concentration
up to less than 1,500Bq/L.

The details of each facility are shown in the following pages. Figure 5-3-1 shows the
conceptual diagram of the discharge facility. Figure 5-3-2 shows the big picture of the facility
for discharge into the sea and related facilities.
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Figure 5-3-1 Conceptual diagram of facilities for discharging ALPS treated water into

the sea
M /confi ion facility (K4 tank group)
ili i Comprised of three sets of tank groups each with the role of
Secondary trea'tment _fac'l'ty (!I_ewly installed receﬁing, measurement/conﬁrm%tior?, and discharge. In the
facullty) measurement/confirmation stage, water that has been made

Secondary treatment of treated water to be ¥e-
urified (sum of the ratios of nuclides, excluding
ritium, is between 1 and 10)

analyZed (approx. 10,000m?x 3 groups)

7[ homogenized through circylatlon and agitating is sampled and

"""""""""" ~, ALPS treated water

Secondary treatment facility (ALPS) transferpump

Seawall
Installed around
emergency
isolation valves
and transfer pipes

urified (sum of the ratios of nuclides, excluding
ritium, is 1 or higher)

\
Secondary treatment of Treated water to be re- \

Utilize the vertical shaft for the time
being, and initiate discharge after
confirming directly that seawater
and ALPS treated water has mixed
EL11.5m and diluted.

Discharge
to sea

Seawater transfer pump

3 units
Discharge tunnel

(approx. 1km)

Seawater used for dilution
(intake from outside the harbor)

Figure 5-3-2 Overview of facilities for discharging into the sea and related facilities
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5-3-2. Measurement/confirmation facility

For the measurement/confirmation facility, we will use 30 out of 35 tanks installed in the K4
tank areas in the center of the site 33.5 m above sea level near ALPS. To sample and
analyze homogenized water, use 10 tanks, whose total capacity is about 10,000 m?, as 1
group, and install a stirring device in each tank and a circulation device in each tank group.
Since we have to deal with three purposes, hamely receiving, measurement/confirmation,
and discharge, set up three tanks groups and operate them on a rotation basis.

Figure 5-3-3 shows the schematic diagram of the measurement/confirmation facility. This
figure also outlines the operation of the measurement/confirmation facility.

(1) Receiving process - K4 area tank group: 35 tanks
The ALPS treated water in ALPS treated water storage tanks, etc., is received by an empty tank — o — — I
roup.
group Group 1 (10 tanks: approx. 10,000 m3) 1 1 " I
. \ \ 1
™ 1 I |
From ALPS treated water ___ H | 1 |
storage tanks, etc.* *  Existing transfer piping is | |
used for receiving. |

o | 1 I
(2) Measurement/confirmation process I 1
After the water quality of the tank group is homogenized by agitating equipment and circulation pump, 1 I

sampling is carried out to confirm whether the discharge standard is satisfied. 1 I
5 tanks 1 ”l |
- =- From the sampling device I I I
To the sampling device < -+ ; Group A ] GroupB | GroupC | | |
1 o oo I (10tanks) | (10tanks) | (10tanks) | | (5 tanks) |
5 tanks L Jd_ L.
ALPS treated water Storage tank

_ — dilution/discharge facility for ALPS
7y treated water,
- e dovt : b |— Ao , etc.
Tom the sampling device - - w - To the sampling device

1st cycle

(3) Discharge process
After confirming that the discharge criteria are satisfied, the ALPS treated water is transferred to the 2nd cycle
dilution facility by the transfer facility.

Group 1 (10 tanks: approx. 10,000 m?) 3rd cycle

Figure 5-3-3 Schematic diagram of measurement/confirmation facilities

4th cycle
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5-3-3. Transfer facility

The transfer facility is mainly composed of ALPS treated water transfer pump and transfer
piping, etc.

In the transfer facility, the ALPS treated water transfer pump consists of two units, namely
operating unit and spare unit, and is installed in the ALPS transfer facility building near the
measurement/confirmation facility to transfer ALPS treated water from the tanks of the
measurement/confirmation facility 33.5 m above sea level to the dilution facility. Install a
radiation detector to detect gamma rays for emergency isolation in the building in order to
prevent water from being discharged without sufficient purification.

In the transfer facility, the transfer piping is installed to connect the
measurement/confirmation facility 33.5 m above sea level to the seawater piping 2.5 m
above sea level. Install an emergency isolation valve in two points in the transfer piping to
enable to stop transfer of ALPS treated water in the event of an abnormality. One point is set
before the injection part of the seawater piping in order to minimize the discharge amount of
ALPS treated water in the event of an abnormality. The other point is set in the ALPS
electrical equipment room set up inside the seawall to be newly constructed 11.5m above
sea level in preparation for cases that the former emergency isolation valve does not work
due to water immersion, etc., caused by the expected Japan Trench tsunami. In the same
room, a flowmeter to measure the flow rate of ALPS treated water to be transferred to the
seawater pipe header and the flow rate adjustment valve to adjust the flow rate as specified
are installed.

Figure 5-3-4 shows the schematic diagram of the transfer facility

ALPS electrical equipment room

ALPS transfer facility building
N EEE O EES P B § S O ESE O B O B f . w ._ ''''' FE/(A.) Ener‘gerﬁ |S(.)\am - I
I I valve-1 (A)

Installed within the seawall
from the viewpoint of tsunami
countermeasures

ALPS treated water

transfer pump (A)* Radiation detector (B)

Measurement/
confirmation tank I
(K4 area tank)

ALPS treated water I : .u Seawall

transfer pump (B)*

- mm s mm o mm o mm o mm o mm s mm s =
*  Amaximum of about 500 m*/day is assumed based on the tritium concentration in ALPS Emergency isolation| Emergency isolatior
treated water and the annual amount of tritium discharged. valve-2 (B) valve -2 (A)

o] X

/
L A

Installation in front of the seawater transfer
piping inlet to minimize the amount of
discharge

<Abbreviations>
MO: Motor-operated Seawater pipe
AO: Air-operated

FCV: Water flow rate

control valve

Dischargevertical shaft
To (upstream water tank)

Figure 5-3-4 Schematic diagram of the transfer facility
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5-3-4. Dilution facility

The dilution facility consists of a seawater transfer pump, seawater piping (including header),
and a discharge shaft (upstream water tank) with the purpose of diluting the ALPS treated
water with seawater, transferring it to the discharge shaft (upstream water tank), and
discharging it to the discharge facility (related facility). Dilution is done by injecting ALPS
treated water into the seawater pipe header and mixing it.

The dilution facility is installed in a location 2.5 m above sea level in the sea side of Units 5/6.
A flowmeter is installed in the seawater transfer piping to ensure that the tritium
concentration is less than 1,500Bqg/L by dilution with a high volume of water (100 or more
times). For the seawater transfer pump, the intake channel for the existing Unit 5 circulation
water pump is reused. Conservatively, three pumps are installed. The capacity of the
seawater transfer pump shall be about 170, 000 m3/day/unit, at which the flowrate of the
seawater transfer pump can be measured, in order to enable sufficient dilution with seawater.
Figure 5-3-5 shows the schematic diagram of the dilution facility.

Flowmeter (A) < Valve Description >

! . Butterfly valve

fp\ | N

—/ 1 Flowmeter (B) L] : Check Valve
Seawater transfer pump A

AN ! '\: From transfer facility

\P/ N 1

1
Seawater transfer pump B Flowmeter (C)

O p—1

Sdawater transfer pump C

=

Seawater pipe header

/
y
ISP P77 Water discharge

tunnels
Discharge 44

vertic.a\ shaft A rr
(upper-stream

storage)

\\\\\\\'

*. To ensure the amount of seawater required for dilution of ALPS
treated water, the volume of water per unit shall be approx. 170,000
md/day

i

Figure 5-3-5 Schematic diagram of the dilution facility

As mentioned above, because dilution is performed by injecting ALPS treated water into the
seawater pipe header and mixing it; the mixing behavior in the seawater piping of ALPS
treated water was calculated, the expected dilution effect was assessed, the maximum mass
concentration on the cross section of the concentration assessment at the seawater piping
outlet of injected water was assessed to be 0.28%, and it was concluded that the water was
diluted about 357 times.
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5-3-5. Discharge facility (related facility)

In this discharge of ALPS treated water into the sea, as a result of optimization of the design
process, the water diluted and mixed with a large amount of seawater is discharged not
through the existing discharge outlet installed on the coast to the north of the northern
breakwater, but through the discharge outlet installed on the seabed about 1 km off the coast
of the FDNPS (See Figures 5-3-6 to 5-3-7).

The discharge facility consists of the discharge vertical shaft (down-stream storage),

discharge tunnel, and discharge outlet, and is designed to transfer water flowing out over the

partition wall (weir which separates the upper-stream storage from the down-stream storage)
in the discharge vertical shaft to the outlet, which is approximately 1 km away, by making use
of the head between water in the discharge vertical shaft (down-stream storage) and the sea
surface. The discharge tunnel passes through bedrock to minimize the leakage risk and
improve seismic resistance.

This proposal has the following advantages compared with the proposal to use the existing

discharge outlet.

* Compared with water intake inside and outside the port using the existing intake and
discharge facilities, water inside the port, of which radioactive material concentration is
higher than that of water outside the port, is not discharged. To take water outside the
port, isolation from the inside of the port is secured with a partition weir in the south side
of the Unit 5 intake gate, and a part of the permeation prevention work of the north
breakwater of the port is removed. Attachment V “Impacts of intake and discharge of
diluted water on outside” shows discussion about the impact of the radioactive material
concentration in the port. As a result of the exposure assessment, the assessment
results of both water intake inside and outside the port was much smaller than the dose
limit and target dose value, but it turned out that the external impact of water intake
outside the port is smaller.

* Since discharged water is diffused offshore, seawater is hard to recirculate (hard to be
taken again as seawater for dilution).

* The impact on fishing is reduced by setting the position of the discharge outlet within
“area where common fishery rights are not set” where fishing is not done on a daily
basis.

e As aresult of a geological investigation, a stable bedrock is exposed on the seabed, so
construction can be performed safely and steadily (See Figure 5-3-8).

Figures 5-3-9 shows the overview of the structure of the discharge vertical shaft (upper-
stream storage/down-stream storage) in the water discharge tunnel side. Figure 5-3-10
shows the image of the discharge outlet, which is the discharge tunnel outlet. Figure 5-3-11
shows its sectional view.
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Figure 5-3-6 Discharge location map
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Figure 5-3-7 General view of the intake and discharge facilities
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Figure 5-3-10 Image drawing of discharge outlet

v [TP+0.76m
Water depth of — < Approx. 12m N _
I approx. 13 m - Discharge o
. ) 200 jam0 o | outlet caisson_ 3
% Caisson upper lid 2500 o
) Water discharge tunnels 2
o 2
2 / 1P -11.861 O
n NN NN : BB )
ORNCLete .’f
'! /1
= 3 —_ VIOK B
Approx. 11 ! A |
/1
v v i i i
[P ot |
N 4
Approx. 40 m

Figure 5-3-11  Section view of the discharge outlet
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6. Assessment of protection of humans (general public)
6-1. Exposure assessment under normal conditions
6-1-1. Assessment procedure

We assess the dose of the representative person in order to verify the risk from the
viewpoint of radiation protection for human based on the current consideration situation.
The specific procedure of the assessment is as shown in the procedure of Figure 6-1-1
shown in GSG-10.

Selection of the source terms?®

Modeling of direct irradiation,
dispersion and transfer in the
environment

Identification of exposure pathways

Identification of the representative person

Assessment of the dose to
the representative person

Comparison of estimated dose
with dose constraints and dose
limits

Figure 6-1-1 Exposure assessment procedure (prepared from GSG-10)

% In this assessment, the source term means the annual discharge amount (total amount) of each nuclide contained in the
ALPS treated water discharged into the sea in a certain period (e.g. one year).
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6-1-2. Assessment method
(1) Source term (annual discharge amount of each nuclide)

The target nuclides of the radioactive impact assessment related to discharge into the
sea of ALPS treated water are a total of 64 nuclides: tritium, C-14, and 62 nuclides
subject to removal by ALPS (Table 5-1-1). In “TEPCQO’s Action in response to
Government’s Policy,” the upper limit of the annual discharge amount of tritium is set to
22 TBq (2.2E+13Bq), which is the discharge control value of the FDNPS before the
accident, for the time being.

The discharge amount of 63 nuclides other than tritium is calculated by the product of
the composition of nuclides in ALPS treated water (concentration of each nuclide) and
the annual discharge volume of water. Though the composition of nuclides in ALPS
treated water varies among tank groups, it is to be set using the compaositions of
nuclides of three tank groups, namely K4, J1-C, and J1-G, of which the analysis results
of all of the 64 nuclides are available.

i. K4 tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.29)

ii. J1-Ctank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.35)

iii. J1-G tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.22)

The water in the K4 tank group has been treated by one treatment process using the
performance of ALPS to make the sum of the ratios to regulatory concentrations limits
less than 1, as described in b.2016 of II-7. “Reason for generation of treated water to be
purified” of Attachment Il “Properties of ALPS treated water, etc.”

On the other hand, the water in the J1-C and J1-G tank groups has been treated while
the operating rate of ALPS was high and stored as treated water to be purified because
the sum of the ratios to regulatory concentrations limits did not fall below 1 after the first
treatment by ALPS. The tank groups were selected as groups with a higher
concentration (J1-C tank group; the sum of the ratios to regulatory concentrations limits
before secondary treatment is about 2,400) and with a lower concentration (J1-G tank
group; the sum of the ratios to regulatory concentrations limits before secondary
treatment is about 390). Secondary treatment was performed for each of them and the
sums of the ratios to regulatory concentrations limits of both of them were much less
than 1 after secondary treatment.
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We compared the concentration of the 7 major nuclides?® and Tc-99 of these three tank
groups with the measurement results of the tank groups in which the sum of the ratios to
regulatory concentrations limits other than tritium is estimated to be less than 1 from the
analysis result of the tank groups currently used for storage of water. Figure 6-1-2 shows
the result. Though I-129 varies in the three tank groups as well as the other tank groups,
the concentrations of the other nuclides are normal in the analysis results of the other
tank groups as well. The reason why the three tank groups have lower Cs-134 result, the
detection limits of the three tank groups were 0.1 Bg/L, while the detection limits of many
other tank groups were from 0.1 to 0.2 Bg/L. Cs-134, a short half-life nuclide, of most
tank groups were nevertheless undetected.

In addition, tritium and C-14, which are not subject to removal by ALPS, were compared
with the measurement results of all tank groups. The comparison result is shown in
Figure 6-1-3. The concentration of C-14 is also normal in the analysis results of the other
tank groups.

Based on these comparisons, the compositions of the nuclides of the three tank groups
are considered typical as the composition of concentrations in ALPS treated water.
These source terms include uncertainties, which is described in chapter 8.

The 62 nuclides to removal by ALPS had been selected from fission products derived
from fuel in the reactors of Unit 1 to 3 and the corrosion products derived from water
retained in operating nuclear reactors. However, a gap found later between sum of the
measured radioactive concentration of the 7 major nuclides of ALPS treated water and
measured gross beta. Examinations has identified Tc-99 and C-14 as the cause of the
gap and C-14 has been added into the required nuclides to be measured.

On the other hands, abundance of some nuclides may be sufficiently small at present
due to enough decay, because of using inventory data of one year after the earthquake
to select 62 nuclides for removal targets by ALPS.

In light of the above circumstances, for discharging ALPS treated water into the sea, the
selection of targert nuclides for measurement will be carried out after thorough
verification once again, in which case this assessment will be revised. New target
nuclides may be added, but the revision of the target nuclides for measurement is
expected to have almost no impact on the exposure assessment, because it was verified
that the sum of the measured radioactive concentration of 7 major nuclides, Tc-99 and
C-14 of ALPS treated water is not differ from the measured gross beta as to suspect the
existence of nuclides other than the current 64 nuclides, and because the nuclides to be
added as targets for measurement are expected to have only a small impact on the
human body due to low-energy radiation.

% Seven nuclides which are significantly detected in the process of ALPS treatment at the facility inlet and outlet (Cs-134, Cs-
147, Co-60, Sb-125, Ru-106, Sr-90, 1-129)
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Figure 6-1-2 Concentration distribution of the seven major nuclides and
Tc-99 in the analysis result of ALPS treated water (as of the end of March 2021), and

comparison among the three tank groups

*  The analysis results in which the sum of the ratios to regulatory concentrations limits of the 7 major

nuclides is less than 0.59 (for 80 tanks) (excluding secondary treatment test water)

*  The vertical axis indicates the number of tanks (counted as the detection limit if not detected)

*  Values are measured values at the times and no half-life correction is considered.

30



Number of tanks
= - N N
w o w o o

o

w
o

/ E / K4, J1-C, J1-G mC-14

'V Maximum measured detection value of . .
the tank: 2.5 million Bq/L* YV Maximum measured detection value of the
tank: 215Bg/L

Regulatory concentration limit: 60,000 Bg/L . .
* Number as of the measurement not considering Regulatory concentration limit: 2,000 Bg/L

decay

NN W
(SIS

Number of tanks
=
"

z
L1
0 50 I—

{ 10
1l .. 0 altanalia. »
O o9 oo o 09090099290 QQQ 99 Q99 SR 89 8B38RIE833888833k88383¢88¢
S R8988R88838888383R88328¢¢8 SS9 3ISS583INLI
o o o o 0o 0 o g o o o d 494 4 4 4 40 NN NN 2 2 2 2 2 2 2 e ¢
~~~~~~~~~ R EEEEEEEEE 2 228 2822282222282 2e2e2e
cgg9ogoggeogZzgseses2eSs2s2es S22 8888B83B8R8occogogoococoocgoosoo o
SRB8SBER8E33993893832883288¢% N 8§ 83 33T B3B3 RIS IS
o Hd Hd Hd H Hd d Hd HdH NN N NN = = 4 4 4 9 4 9 9 S d A NA
H-3 concentration (10,000Bg/L) C-14 concentration [Bg/L]

Figure 6-1-3 Concentration distribution of tritium and C-14 in the
analysis result of ALPS treated water, etc. (as of the end of March

2021) and comparison among the three tank groups
* The analysis results of the tank group (189 tanks for tritium and 81 tanks for C-14) are plotted
(excluding secondary treatment test water)
* The vertical axis indicates the number of tanks (counted as the detection limit if not detected)
* Values are measured values at the times and no half-life correction is considered.

On the other hand, the tritium concentration of stored ALPS treated water, etc., varies as
shown in Figure 6-1-3, so the assumed annual discharge volume of treated water
depends on the concentration of tritium contained in ALPS treated water to be
discharged. The annual discharge volume of water is in inverse proportion to the tritium
concentration; the lower the tritium concentration is, the greater the annual discharge
amount of 63 nuclides other than tritium becomes. The relationships are as shown in the
following equation.

where
Si:  Annual radioactivity amount of discharged nuclide i (Bq)

V: Annual discharge volume of ALPS treated water (L)
Ci:  Concentration of nuclide i contained in the ALPS treated water discharged (Bg/L)

Sw-a: Annual radioactivity amount of tritium discharged
(=22 TBq (2.2E+13Bq) )

Cu-s: Concentration of tritium contained in the ALPS treated water discharged (Bg/L)

Among them the values of C; and Cy.3 are given by the definition of each nuclide’s
compositions in this assessment, which means that the annual discharge amount of
each nuclide is uniquely determined from the concentration of tritium of the nuclide’s
compositions.
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The source term using the analysis result of each tank group is set by the following
procedure. In actual discharge, the source term varies among tank groups, but this
assessment assumes that it does not vary throughout the year for simplification of the
model.

Tables 6-1-1 to 6-1-3 show the concentration, annual discharge volume of water, and
annual discharge amount of each nuclide based on these settings.

(1) The annual discharge amount of tritium shall be the upper limit: 22 TBq
(2.2E+13Bq).

(2) The annual discharge volume of water is calculated from (1) and the tritium
concentration.

(3) The annual discharge amount of each nuclide is calculated from the
concentration of 63 nuclides and the product of the annual discharge amount
calculated in (2). Some of the nuclides below the detection limit value have short
half-lives or have already decayed because more than 11 years have elapsed
since the accident, but conservatively they are assumed to exist at the detection
limit.

Actually, when ALPS treated water is discharged, the sum of the ratios to regulatory
concentrations limits of nuclides other than tritium becomes less than 0.01 because as
shown in 5-2, the water is diluted with seawater 100 or more times before discharge into
the sea so that the tritium concentration falls below 1,500Bg/L, which is the target value
of the groundwater bypass and subdrain.

Table 6-1-1 Source term based on the nuclide composition of measured values
(K4 tank group) (annual discharge amount)

Nuclide Annual Annual
Target . discharge discharge
? concentration Remarks
nuclide (B/L) volume of amount
9 water (L) (Bq)
H-3 1.9E+05 1.2E+08 2. 2E+13 » For the annual discharge
amount of tritium, the upper limit

c-14 1.5E+01 1.7E+09 value of the annual discharge
Mn-54 6.7E-03 7.8E+05 amount is used

Fe-59 1.7E-02 2 OE+06 . Dllufce with seawater 100 or

more times before discharge so

Co-58 8.0E-03 9.3E+05 that the tritium concentration
Co-60 4.4E-01 5.1E+07 becomes less than 1,500Bg/L
Ni-63 2.2E+00 2.5E+08
Zn-65 1.5E-02 1.7E+06
Rb-86 1.9E-01 2.2E+07

Sr-89 1.0E-01 1.2E+07

Sr-90 2.2E-01 2.5E+07

Y-90 2.2E-01 2.5E+07

Y-91 2.2E+00 2.5E+08
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Nuclide _Annual _Annual
Target . discharge discharge
nuclide conzgg}rljtlon volume of amount Remarks
water (L) (Bq)
Nb-95 1.0E-02 1.2E+06
Tc-99 7.0E-01 8.1E+07
Ru-103 1.0E-02 1.2E+06
Ru-106 1.6E+00 1.9E+08
Rh-103m 1.0E-02 1.2E+06
Rh-106 1.6E+00 1.9E+08
Ag-110m 5.6E-03 6.5E+05
Cd-113m 1.8E-02 2.1E+06
Cd-115m 6.4E-01 7.4E+07
Sn-119m 1.7E-01 2.0E+07
Sn-123 1.2E+00 1.4E+08
Sn-126 2.7E-02 3.1E+06
Sh-124 9.5E-03 1.1E+06
Sb-125 3.3E-01 3.8E+07
Te-123m 9.2E-03 1.1E+06
Te-125m 3.3E-01 3.8E+07
Te-127 3.2E-01 3.7E+07
Te-127m 3.2E-01 3.7E+07
Te-129 8.1E-02 9.4E+06
Te-129m 3.2E-01 3.7E+07
1-129 2.1E+00 2.4E+08
Cs-134 4.5E-02 5.2E+06
Cs-135 2.5E-06 2.9E+02
Cs-136 3.0E-02 3.5E+06
Cs-137 4.2E-01 4 9E+07
Ba-137m 4.2E-01 4 9E+07
Ba-140 9.5E-02 1.1E+07
Ce-141 2.5E-02 2.9E+06
Ce-144 6.3E-02 7.3E+06
Pr-144 6.3E-02 7.3E+06
Pr-144m 6.3E-02 7.3E+06
Pm-146 9.8E-02 1.1E+07
Pm-147 1.9E-01 2.2E+07
Pm-148 5.0E-01 5.8E+07
Pm-148m 8.4E-03 9.7E+05
Sm-151 9.0E-04 1.0E+05
Eu-152 2.8E-02 3.2E+06
Eu-154 1.2E-02 1.4E+06
Eu-155 3.3E-02 3.8E+06
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Nuclide _Annual _Annual
Target . discharge discharge
nuclide conzgg}rljtlon volume of amount Remarks
water (L) (Bq)
Gd-153 3.2E-02 3.7E+06
Tb-160 2.8E-02 3.2E+06
Pu-238 6.3E-04 7.3E+04
Pu-239 6.3E-04 7.3E+04
Pu-240 6.3E-04 7.3E+04
Pu-241 2.8E-02 3.2E+06
Am-241 6.3E-04 7.3E+04
Am-242m 3.9E-05 4.5E+03
Am-243 6.3E-04 7.3E+04
Cm-242 6.3E-04 7.3E+04
Cm-243 6.3E-04 7.3E+04
Cm-244 6.3E-04 7.3E+04

Table 6-1-2 Source term based on the nuclide composition of measured values

(J1-Ctank group) (annual discharge amount)

Nuclide Annual Annual
Target . discharge discharge
- concentration Remarks
nuclide (By/L) volume of amount
a water (L) (Ba)
H-3 8.2E+05 2 7E+07 2. 2E+13 » For the annual discharge
amount of tritium, the upper limit
c-14 18E+01 4.8E+08 value of the annual discharge
Mn-54 3.8E-02 1.0E+06 amount is used
Fe-59 8.7E-02 2 3E+06 D|IuFe with seawaper 100 or
more times before discharge so
Co-58 4.1E-02 11E+06  Jthat the tritium concentration
Co-60 3.3E-01 8.9E+06 becomes less than 1,500Bg/L
Ni-63 8.5E+00 2.3E+08
Zn-65 9.4E-02 2.5E+06
Rb-86 5.0E-01 1.3E+07
Sr-89 5.4E-02 1.4E+06
Sr-90 3.6E-02 9.7E+05
Y-90 3.6E-02 9.7E+05
Y-91 1.7E+01 4.6E+08
Nb-95 5.0E-02 1.3E+06
Tc-99 1.2E+00 3.2E+07
Ru-103 5.3E-02 1.4E+06
Ru-106 1.4E+00 3.8E+07
Rh-103m 5.3E-02 1.4E+06
Rh-106 1.4E+00 3.8E+07
Ag-110m 4.3E-02 1.2E+06
Cd-113m 8.5E-02 2.3E+06
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Nuclide _Annual _Annual
Target . discharge discharge
nuclide conzgg}rljtlon volume of amount Remarks
water (L) (Bq)
Cd-115m 2.7E+00 7.2E+07
Sn-119m 4.2E+01 1.1E+09
Sn-123 6.6E+00 1.8E+08
Sn-126 2.9E-01 7.8E+06
Sbh-124 9.7E-02 2.6E+06
Sb-125 2.3E-01 6.2E+06
Te-123m 9.2E-02 2.5E+06
Te-125m 2.3E-01 6.2E+06
Te-127 4. 7E+00 1.3E+08
Te-127m 4.9E+00 1.3E+08
Te-129 6.2E-01 1.7E+07
Te-129m 1.4E+00 3.8E+07
1-129 1.2E+00 3.2E+07
Cs-134 7.6E-02 2.0E+06
Cs-135 1.2E-06 3.2E+01
Cs-136 4.7E-02 1.3E+06
Cs-137 1.9E-01 5.1E+06
Ba-137m 1.9E-01 5.1E+06
Ba-140 2.0E-01 5.4E+06
Ce-141 2.6E-01 7.0E+06
Ce-144 5.7E-01 1.5E+07
Pr-144 5.7E-01 1.5E+07
Pr-144m 5.7E-01 1.5E+07
Pm-146 6.7E-02 1.8E+06
Pm-147 8.0E-01 2.1E+07
Pm-148 2.3E-01 6.2E+06
Pm-148m 4.8E-02 1.3E+06
Sm-151 1.1E-02 3.0E+05
Eu-152 2.8E-01 7.5E+06
Eu-154 1.1E-01 3.0E+06
Eu-155 3.4E-01 9.1E+06
Gd-153 2.6E-01 7.0E+06
Th-160 1.4E-01 3.8E+06
Pu-238 3.3E-02 8.9E+05
Pu-239 3.3E-02 8.9E+05
Pu-240 3.3E-02 8.9E+05
Pu-241 1.2E+00 3.2E+07
Am-241 3.3E-02 8.9E+05
Am-242m 5.9E-04 1.6E+04
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Nuclide Annual Annual
Target . discharge discharge
- concentration Remarks
nuclide (Ba/L) volume of amount
q water (L) (Bq)
Am-243 3.3E-02 8.9E+05
Cm-242 3.3E-02 8.9E+05
Cm-243 3.3E-02 8.9E+05
Cm-244 3.3E-02 8.9E+05

Table 6-1-3 Source term based on the nuclide composition of measured values

(J1-G tank group) (annual discharge amount)

Nuclide Annual _Annual
gfcrﬁ]((;é concentration sloslﬁrrl?égoi dlaségizgte Remarks
(Ba/L) water (L) (Bq)
H-3 2.7E+05 8.1E+07 2 2E+13 * Forthe ar_1r_1ua| discharge o
Mn-54 3.8E-02 3.1E+06 amount is used
Fe-59 7 2E-02 5 9E+06 . DiIuFe with seawa_ter 100 or
more times before discharge so
Co-58 3.7E-02 3.0E+06  Jthat the tritium concentration
Co-60 2 3E-01 1.9E+07 becomes less than 1,500Bg/L
Ni-63 8.8E+00 7.2E+08
Zn-65 8.0E-02 6.5E+06
Rb-86 4.7E-01 3.8E+07
Sr-89 4.5E-02 3.7E+06
Sr-90 3.2E-02 2.6E+06
Y-90 3.2E-02 2.6E+06
Y-91 1.2E+01 9.8E+08
Nb-95 4.7E-02 3.8E+06
Tc-99 1.3E+00 1.1E+08
Ru-103 5.1E-02 4.2E+06
Ru-106 4.8E-01 3.9E+07
Rh-103m 5.1E-02 4.2E+06
Rh-106 4.8E-01 3.9E+07
Ag-110m 4.0E-02 3.3E+06
Cd-113m 8.6E-02 7.0E+06
Cd-115m 2.3E+00 1.9E+08
Sn-119m 4.0E+01 3.3E+09
Sn-123 6.3E+00 5.1E+08
Sn-126 1.5E-01 1.2E+07
Sh-124 8.4E-02 6.8E+06
Sb-125 1.4E-01 1.1E+07
Te-123m 6.7E-02 5.5E+06
Te-125m 1.4E-01 1.1E+07
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Nuclide _Annual _Annual
Target . discharge discharge
nuclide conzgg}rljtlon volume of amount Remarks
water (L) (Bq)
Te-127 4.3E+00 3.5E+08
Te-127m 4.5E+00 3.7E+08
Te-129 5.9E-01 4.8E+07
Te-129m 1.2E+00 9.8E+07
1-129 3.3E-01 2.7E+07
Cs-134 6.7E-02 5.5E+06
Cs-135 2.1E-06 1.7E+02
Cs-136 3.6E-02 2.9E+06
Cs-137 3.3E-01 2.7E+07
Ba-137m 3.3E-01 2.7E+07
Ba-140 1.7E-01 1.4E+07
Ce-141 1.2E-01 9.8E+06
Ce-144 5.5E-01 4 5E+07
Pr-144 5.5E-01 4 5E+07
Pr-144m 5.5E-01 4 5E+07
Pm-146 6.3E-02 5.1E+06
Pm-147 7.2E-01 5.9E+07
Pm-148 4.5E-01 3.7E+07
Pm-148m 4.1E-02 3.3E+06
Sm-151 1.0E-02 8.1E+05
Eu-152 1.9E-01 1.5E+07
Eu-154 1.0E-01 8.1E+06
Eu-155 1.8E-01 1.5E+07
Gd-153 1.9E-01 1.5E+07
Th-160 1.4E-01 1.1E+07
Pu-238 2.8E-02 2.3E+06
Pu-239 2.8E-02 2.3E+06
Pu-240 2.8E-02 2.3E+06
Pu-241 1.0E+00 8.1E+07
Am-241 2.8E-02 2.3E+06
Am-242m 5.1E-04 4.2E+04
Am-243 2.8E-02 2.3E+06
Cm-242 2.8E-02 2.3E+06
Cm-243 2.8E-02 2.3E+06
Cm-244 2.8E-02 2.3E+06
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(@)

Modeling of diffusion and transfer after discharge

(1) Selection of the migration model

As the migration model of radioactive materials discharged into the sea, the following
was selected referring to GSG-10, domestic cases, etc. For the timeline of selection,
etc., see Attachment VI “Transfer pathways and exposure pathways other than the
assessment targets.”

Advection and diffusion by tidal currents, etc.
Advection and diffusion in the sea were selected because the water will be discharged
into the sea.

. Advection and diffusion by tidal currents, etc. -> Adhesion to hulls

Adhesion to hulls is selected because ships sail for fishing, etc., in the sea.
Advection and diffusion by tidal currents, etc. -> Adhesion to seabed sediment and
beach sand

Selected because radioactive materials will be advected and diffused by tidal currents,
etc., and migrate to seabed sediment, beach sand, etc.

iv. Advection and diffusion by tidal currents, etc. -> Adhesion to fishing nets

Vi.

Migration to fishing nets is selected because radioactive materials will be advected and
diffused by tidal currents, etc., and adhered to fishing nets used in the surrounding
area.

Advection and diffusion by tidal currents -> Resuspension to air by seawater spray
Selected because radioactive materials will be advected and diffused by tidal currents,
etc., and seawater spray will occur due to waves, etc., at beaches.

Advection and diffusion by tidal currents, etc. -> Intake and concentration by marine
organisms such as fish

Selected because radioactive materials will be advected and diffused by tidal currents,
etc., and migrate to and concentrate in fish.

(2) Assessment of advection and diffusion in the sea area

For the calculation of diffusion of radioactive materials in the sea area, the area sea
model “ROMS: Regional Ocean Modeling System” applied to off-shore of Fukushima by
Central Research Institute of Electric Power Industry (CRIEPI) is used. This model was
verified to have high reproducibility by reproduction calculation of the cesium
concentration in the seawater from actual past meteorological and oceanographic data
and comparison with actual data for diffusion of cesium leaked into the sea due to the
Accident at the FDNPS (Tsumune et al., 2020) [4], and also used in “TEPCO Draft Study
Responding to the Subcommittee Report on Handling ALPS Treated Water,” [17] which
was issued on March 24, 2020. The concentration was calculated from the model of the
sea area near the FDNPS at high resolution in order to set the discharge point and the
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FDNPS port facilities more correctly. It was verified that higher resolution improved the
reproducibility of the concentration in the seawater of cesium leaked due to the accident
at the FDNPS. Attachment VII “Validity of the diffusion simulation” shows discussion
about the validity of diffusion simulation.

In this report, the concentration in the seawater was calculated from this model in the
case of discharge of a total of 22 TBq (2.2E+13Bq) of tritium per year at an even pace
throughout the year, and those of the other nuclides were calculated by proportionate
calculation of the annual discharge amount with tritium.

In this model, tritium equivalent to the discharge rate is added to the mesh including the
discharge point so that it instantaneously spreads evenly in the mesh. Due to the
characteristics of the model, dilution of ALPS treated water with the seawater and the
promotion effect of the discharge flow velocity on mixing dilution are not considered, so it
may be different from the contribution distribution in the actual discharge near the
discharge outlet, but there is considered to be no significant difference in the case of
diffusion away from the discharge outlet.

This can also be verified by comparing the diffusion simulation results with different
discharge points, shown in Attachment VIl “Difference in the diffusion area by discharge
location.” The annual mean concentration in the 10 km x 10 km area when ALPS treated
water is discharged from the unit 5/6 discharge outlet on the sea surface is higher only
by 20% than the concentration when ALPS treated water is discharged from an outlet on
the seabed 1 km off the coast.

The following shows the major calculation conditions.

Flow data of the sea area

e For the advection term of the flow and tracer as a setting of ROMS (term
representing migration with the flow velocity), third-order upwind difference and
MPDATA, respectively, were used; for the harmonic viscosity and diffusion terms,
forth-order central difference. The horizontal viscosity and diffusion coefficients
are set to 5.0 m?/s. For the vertical viscosity and diffusion, the K-profile
parameterization mixing (KPP) model (Large et al., 1994) is used and the
minimum limit value of the vertical viscosity and diffusion coefficients are set 10°
m?/s and 10° m?/s, respectively.

e For the drive force of the sea surface, we used the result of reanalysis (wind
velocity, short wave, long wave, atmospheric pressure, ambient temperature,
humidity, and precipitation) with a short-term weather prediction system
(Numerical Weather Forecasting and Analysis System (NuWFAS), Hashimoto et
al., 2010) [18], which interpolate the short-term weather prediction of the Japan
Meteorological Agency (JMA-GSM) using the mesoscale weather model
(Weather Research and Forecasting model (WRF), Skamarock, et al, 2008 [19]).
The time resolution of the output of NUWFAS is about 1 hour and the horizontal
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resolution is 5 km, so in the simulation, the result with the time and horizontal
direction interpolated was given.

e As the original data of the boundary conditions and data assimilation (nudging)?’,
we used the results (water temperature, salt content, and sea surface height) of
the reanalysis data of tidal currents updated in real-time (Japan Coastal Ocean
Prediction Experiment 2 (JCOPE2, Miyazawa et al., 2009)# [20].

e Since the off-shore of Fukushima, which is a mixed area of Oyashio and
Kuroshio (a cold current form north and a warm current from south, respectively)
is affected by the mesoscale vortex, data assimilation (nudging) was applied
which mitigates the simulation result into the reanalysis result of the water
temperature and salt content by JCOPE2 (The mitigation factor is a daily
reciprocal) for the purpose of reproducing complex behavior such as the
mesoscale vortex.

e The drive force by tide was set by interpolating the result (8-divided tide: M2, S2,
N2, K2, K1, 01, P1, Q1) of the global tide model (TPXO; Egbert and Erofeeva,
2002) as the tidal level, the tidal ellipse, and their phases near the open
boundary. Since the resolution of the result of TPXO is 0.25° x 0.25°, it is likely
that the tidal level amplitude and phase associated with synthesis of reflected
wave near the coast cannot be set correctly near the boundary. To correct the
tidal components of the boundary, harmonic analysis to resolve each tidal level
component for the simulation result at the tidal observation points of JIMA
(Ofunato, Ayukawa, Onahama, and Choshi) was performed to compare tidal level
observation data to adjust the scales and phases of the tidal level and tide of the
boundary conditions. Actually, the difference between the simulation and
observation results was averaged, and adjustments were made with the
averaged difference.

Range of the model (See Figure 6-1-4)
Resolution (overall): North-south about 925 m x East-west about 735 m (about 1
km), 30 vertical layers
Resolution (adjacent area): North-south about 185 m x East-west about 147 m
(about 200 m), 30 vertical layers

Model range: The resolution of the sea area surrounded by the blue and red lines is
improved in stages from a mesh of about 1 km mesh so that the sea
area where the red and blue batches of the northern latitude of 35.30
to 39.71 degrees, the eastern longitude of 140.30 to 143.50 degrees
(490 km x 270 km), and north-south about 22.5 km x east-west about
8.4 km around the FDNPS get crossed becomes a 200-m mesh

27 Data assimilation: Method to incorporate actual data in numerical simulation.
2 JCOPEZ2: Tidal current prediction model developed by JAMSTEC to ascertain the variations of the Kuroshio/Kuroshio
Extension, the Oyashio current, the mesoscale vortex, etc., in the northwestern Pacific Ocean.
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(3) Setting of exposure pathways

A total of eight exposure pathways are selected based on the existing assessments,
GSG-10, etc.?: five external exposure pathways and three internal exposure pathways.
The following shows the concept of selection. In revising the report, we clarified the
beach assessment point described below and added ingestion of seawater and

inhalation of seawater spray as express pathways related to beaches.

(1) External exposure from sea surface
Selected as an exposure pathway because external exposure may occur from radiation
from radioactive materials in the seawater during offshore navigation by ship or

offshore work.

(2) External exposure from hulls
Selected as an exposure pathway because external exposure may occur from radiation
from radioactive materials that have migrated from the seawater to hulls (deck) during

offshore navigation by ship or offshore work.

(3) Underwater external exposure during swimming, etc.
Selected as an exposure pathway because external exposure may occur from radiation

from radioactive materials in the surrounding seawater during swimming, etc.

(4) External exposure from beach sand
Selected as an exposure pathway because external exposure may occur from radiation

from radioactive materials that have moved from seawater to beach sand.

(5) External exposure from fishing nets
Selected as an exposure pathway because external exposure may occur from radiation
from radioactive materials that have migrated from the seawater to fishing nets

because fishing nets are used in the seawater for fishing.

2 JAEA-TECDOC-1759, "Determining the Suitability of Materials for Disposal at Sea under the London Convention 1972 and
London Protocol 1996: A Radiological Assessment Procedure” (2015)
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(6) Internal exposure from ingestion of seawater

Selected as an exposure pathway because internal exposure may occur from radiation

from radioactive materials in the seawater due to accidental ingestion of seawater.

(7) Internal exposure from inhalation of seawater spray

Selected as an exposure pathway because internal exposure may occur from radiation

from radioactive materials in the seawater due to inhalation of seawater spray caused
by waves on beaches.

(8) Internal exposure from ingestion of seafood

Selected as an exposure pathway because internal exposure may occur from ingestion
of seafood that radioactive materials in the seawater have moved to and concentrated.

The following shows the assessment model and used parameters of each exposure
pathway.

a. External exposure

(1) External exposure from sea surface

Assess the external exposure from radioactive materials in the seawater during
swimming and offshore work by the model shown in Figure 6-1-6.

Equation (6-1-1) shows the calculation equation of the effective dose Di(mSv/year) from
radiation from the sea surface.

Dy = ) (K- (vt (6-1-1)

L

where

(Ky); Iis the effective dose conversion factor from gamma radiation from nuclide i
from sea surface ((mSv/h)/(Bg/L))

(x1); s the concentration of nuclide i in seawater (Bg/L)

ty is the annual exposure time (h/year)
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For the effective dose conversion factor®® from the gamma rays from the sea surface,
the value in the Handbook for Determining Environmental Impacts of Decommissioning
Work [21] (hereinafter called “Decommissioning Handbook”) was used. For the
calculation of the dose conversion factor for the effective dose, the simple shielding
calculation code QAD-CGGP2 is used using the point attenuation nuclear integration
method. For 3 and y nuclides and a nuclides not shown in the Decommissioning
Handbook, conservatively, the highest values, Co-60 and Am-243, respectively were
used (Table 6-1-5).

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.

Assessment point: 1 m high

Sea-surfac

500m

Figure 6-1-6 Assessment model of exposure from the sea surface in the
decommissioning handbook

(2) External exposure from hulls

Assess the external exposure from radioactive materials that have migrated from the
seawater to hulls during offshore work such as movement by ship by the model shown
in Figure 6-1-7.

Equations (6-1-2) and (6-1-3) show the calculation equation of the effective dose
D2(mSv/year) from hulls.

D, = Z(Kz)i *(S2)i "ty (6-1-2)
(S2)i = (F2);i " (x2); (6-1-3)
where

(K;); is the effective dose conversion factor from gamma radiation from nuclide i
from hulls ((MSv/h)/(Bg/m?))

(S,); is the contamination density of nuclide i in hulls (Bgq/m?)

t, is the annual exposure time (h/year)

(F,); is the migration factor of nuclide i from seawater to hulls ((Bgq/m?)/(Bg/L))

(x2); is the concentration of nuclide i in seawater (Bqg/L)

%0 Radiation dose per hour (mSv/h) from radiation from radioactive materials contained in the seawater ingested by those
working above the sea surface when any radioactive materials are contained in the seawater at a concentration of 1Bg/L, as
shown in the model of Figure 6-1-6.
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For the effective dose conversion factor®! from the gamma rays from radioactive
materials adhered to hulls, the value of the Decommissioning Handbook was used. For
the calculation of the dose conversion factor for the effective dose, the simple shielding
calculation code QAD-CGGP?2 is used using the point attenuation nuclear integration
method. For 3 and y nuclides and a nuclides not shown in the Decommissioning
Handbook, conservatively, the highest values, Co-60 and Am-243, respectively were
used (Table 6-1-6). The factor of migration to hulls® was assumed to be constantly in
the equilibrium state with the concentration in the seawater at 100((Bg/m?)/(Bg/L))
according to “Application for the Designation of Reprocessing Business of Rokkasho
Plant” (Japan Nuclear Fuel Service, 1989). [22]

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.

/X Assessment point: 1 m high
—

Hull
Adhesio Radioactive materials in the seawater

=

10m
Figure 6-1-7 Assessment model of exposure from hulls in the decommissioning handbook

(3) Underwater external exposure during swimming, etc.

Assess the external exposure from gamma rays from radioactive materials in the
surrounding seawater during swimming and underwater work by the submersion
model*.

Equation (6-1-4) shows the calculation equation of the effective dose Ds;(mSv/year) from
radiation during swimming and underwater work.

D3 = Z(K3)i “(x3); " t3 (6-1-4)

where

(K3); Iis the effective dose conversion factor from gamma radiation from nuclide i
from seawater ((mSv/h)/(Bg/L))

(x3); is the concentration of nuclide i in seawater (Bg/L)

t3 is the annual swimming time (h/year)

31 Radiation dose ingested by people on ships from radiation emitted from radioactive materials that have migrated from the

seawater to hulls; evaluated by the model of Figure 6-1-7; and shown as a coefficient for the deposit density of radioactive
materials adhered to hulls.
32 Degree of adhesion of radioactive materials to what contacts the seawater if the concentration of radioactive materials
contained in the seawater is 1Bg/L, shown as radiation per unit area.

33 Model to calculate exposure from radiation from the surrounding radioactive materials.
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For the effective dose conversion factor from the gamma rays in the seawater, the value
of the Decommissioning Handbook was used. For 3 and y nuclides and a nuclides not
shown in the Decommissioning Handbook, conservatively, the highest values, Co-60
and Am-243, respectively were used (Table 6-1-7).

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.

(4) External exposure from beach sand

Assess the external exposure from radioactive materials migrated from seawater to
beach sand while staying on a beach by the model shown in Figure 6-1-8.

Equation (6-1-5) shows the calculation equation of the effective dose D.(mSv/year) from
the gamma radiation from beach sand.

Dy = ) (K~ (xai~ (Fo)i - o (6-1-5)

L

where
(Ky); s the effective dose conversion factor from gamma radiation from nuclide
i from beach sand ((mSv/h)/(Bg/kg))
(x4); s the concentration of nuclide i in seawater (Bg/L)
(F,); is the migration factor of nuclide i from seawater to beaches ((Bq/kg)/(Bqg/L))
ty is the annual exposure time (h/year)

For the effective dose conversion factor from the gamma rays from beach sand, the
value of the Decommissioning Handbook was used. For the calculation of the dose
conversion factor for the effective dose, the simple shielding calculation code QAD-
CGGP2 is used using the point attenuation nuclear integration method. For 3 and y
nuclides and a nuclides not shown in the Decommissioning Handbook, conservatively,
the highest values, Co-60 and Am-243, respectively were used (Table 6-1-8). The
migration factor of nuclides to beaches is assumed to constantly in the equilibrium state
with the concentration in the seawater at 1,000((Bag/kg)/(Bg/L)) for all nuclides based on
“‘Dose Assessment to the General Public in the Safety Review of Commercial Light
Water Reactor Facilities.”

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.
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Figure 6-1-8 Assessment model of exposure from beach sand in the
decommissioning handbook

(5) External exposure from fishing nets

Assess external exposure from radioactive materials that have migrated from the
seawater to fishing nets and adhered to fishing nets when they are placed on a ship or
ground during fishing work, by the model shown in Figure 6-1-9.

Equations (6-1-6) and (6-1-7) show the calculation equation of the effective dose
Ds(mSvlyear) from radioactive materials adhered to fishing nets.

Ds = ) (Ks)i- (Ss)i ts (6-1-6)
(Ss)i = (Fs)i - (x5)i (6-1-7)
where

(Ks); Iis the effective dose conversion factor from gamma radiation from nuclide i
from fishing nets ((mSv/h)/(Bg/kg))

(S5); s the concentration of nuclide i on fishing nets (Bg/kg)

ts is the annual exposure time (h/year)

(Fs); s the migration factor of nuclide i from seawater to fishing nets
((Ba/kg)/(Ba/L))

(x5); is the concentration of nuclide i in seawater (Bg/L)

For the effective dose conversion factor, the value of the Decommissioning Handbook
was used. For the calculation of the dose conversion factor for the effective dose, the
simple shielding calculation code QAD-CGGP2 is used using the point attenuation
nuclear integration method. For B and y nuclides and a nuclides not shown in the
Decommissioning Handbook, conservatively, the highest values, Co-60 and Am-243,
respectively were used (Table 6-1-9). The factor of migration to fishing nets was
assumed to be constantly in the equilibrium state with the concentration in the seawater
at 4,000((Bg/kg)/(Bg/L)) for all nuclides other than tritium according to “Application for
the Designation of Reprocessing Business of Rokkasho Plant.”
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The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.

Assessment Fishing-het
point
D —
1.5m 2m

Figure 6-1-9 Assessment model of exposure from fishing nets in the
decommissioning handbook

b. Internal exposure

(6) Internal exposure from ingestion of water

Accidental ingestion of seawater while swimming in the sea may happen; therefore,
assess internal exposure from ingestion of water while swimming.

Equation (6-1-8) shows the calculation equation of the effective dose Ds(mSv/year) from
radioactive materials from ingestion of water.

Dg= ) te® Hs » (xe)c+ (KF°), (6-1-8)

L

where
te is the annual swimming time (h/year)
Hs is the seawater intake rate during swimming and conservatively set to
0.2L/h for adult and child under school age
(x¢); is the concentration of nuclide i in seawater (Bg/L)
(K2%); is the committed effective dose factor from ingestion of nuclide i

((mSv)/(Ba))

For the committed effective dose factor from ingestion, the factor specified in Table
111.2D. “Members of the Public: Committed Effective Dose per Unit Intake e(g) via
ingestion (Sv/Bq)” of the IAEA No. GSR Part 3 “Radiation Protection and Safety of
Radiation Sources: International Basic Safety Standards” (hereinafter called “GSR Part
3”) was used (Table 6-1-10).

Infant was excluded from the assessment targets because it rarely swims.

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.
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(7) Internal exposure from inhalation of seawater spray

Internal exposure from inhalation of seawater spray is assessed because seawater
spray caused by waves is considered to be inhaled at beaches. The assessment
procedure is based on the IAEA-TECDOC-1759 “Determining the Suitability of Materials
for Disposal at Sea under the London Convention 1972 and London Protocol 1996: A
Radiological Assessment Procedure” [23] (hereinafter called “TECDOC-1759”).
Equation (6-1-9) shows the calculation equation of the effective dose D;(mSv/year) from

radioactive materials from inhalation of seawater spray.

C
D7 = 103 . Z ty; e Rs e p_s(x7)i . (K}?O)i (6-1-9)
- w

L

where

t, is the annual beach stay time (h/year)

Rs s the respiration rate, and 0.925 m%h, 0.363 m?®h, and 0.119 m%h are
used for adult, child under school age, and infant, respectively, according
to “Guidelines for the Assessment of Dose Target Values Around Light
Water Reactor Facilities” [24].

Cs is the air concentration of seawater spray (kg/m?) and the recommended
value of TECDOC-1759, 1.0E-02kg/m?3, is used

Pw is the density of seawater and 1.0E+03 kg/m? is used.

(x;); is the concentration of nuclide i in seawater (Bg/L)

(K:2°); is the committed effective dose factor from inhalation of nuclide i (mSv/Bq)

10 s the factor converted to the unit (103L/m?3)

For the committed effective dose factor from inhalation, the factor specified in Table
I1I.2E. “Members of the Public: Committed Effective Dose per Unit Intake e(g) via
inhalation (Sv/Bq)” of GSR Part 3 was used, but only for tritium, the one specified in
Table I11.2G. “Inhalation: Committed Effective Dose per Unit Intake e(g) (Sv/Bq) for
soluble or reactive gases and vapours” was used. (Table 6-1-11).

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.

(8) Internal exposure from ingestion of seafood

Internal exposure from ingestion of radioactive materials that have migrated from the
seawater to marine organisms through ingestion of seafood is assessed.

Equations (6-1-10) and (6-1-11) show the calculation equation of the effective dose

Dg(mSvlyear) from ingestion of seafood

49



34

35

36

Dg = zZ(KEO)i “Hyi (6-1-10)
% 1
Hy; = 365107+ (xg); * (CF)k; " Fie " Wy * fis (6-1-11)

where
(KR%); is the committed effective dose factor from ingestion of nuclide i
(mSv/BQq)
Hy; is the ingestion rate (Bg/year) of nuclide i through ingestion of seafood k
(xg) Concentration of nuclide i in seawater (Bg/L)
(CF),; isthe concentration factor of nuclide i to seafood k ((Bg/kg)/(Bg/L))**

Fy is the market dilution factor®®
W, is the ingestion amount of seafood k (g/day)
fri is the decay ratio of nuclide i from catching to ingestion of seafood k

365-1073is the factor converted to the unit (365 days/year, 10°kg/g)

The committed effective dose coefficient from ingestion is the same as that from
ingestion of water during swimming (Table 6-1-10).

For the concentration factor of seafood36, the factor specified in IAEA Technical
Reports Series No.422 "Sediment Distribution Coefficients and Concentration Factors
for Biota in the Marine Environment” [25] (hereinafter called “TRS-422") and UCRL-
50564 Rev.1 "CONCENTRATION FACTORS OF CHEMICAL ELEMENTS IN EDIBLE
AQUATIC ORGANISMS” [26] (hereinafter called “UCRL-50564 Rev.1”) was used (Table
6-1-12).

Actually, market dilution which must occur during market distribution of seafood from
other production areas and decay of nuclides from catching to ingestion of seafood
were ignored to secure conservativeness.

The concentration in the seawater used for the assessment and the annual exposure
time are set by the characteristics of representative persons.

Expedient factor indicating the relationship between the radioactive nuclide concentration in marine organisms (per wet
weight) in marine organisms (in principle, edible parts) and the radioactive nuclide concentration in the seawater in the
environment where such organisms live, which is used for the assessment model for migration to organisms (IAEA, 2004).
Generally, it is extremely rare that all foods are local products, and products caught in other places not affected by discharge
of radioactive materials considered are distributed together. This reduces the impact of discharge of radioactive materials to
the environment to be performed, so it is instructed to set and assess the percentage of intake (market dilution factor) for
each food, but conservatively all products are assumed to be caught in the sea area in question without considering market
dilution in this assessment.

Radioactive materials are ingested in organisms which live for a long time in the seawater containing radioactive materials
depending on the types of elements, and it reaches equilibrium at a certain concentration. This refers to the ratio of the
concentration of the radioactive materials in the seawater in the surrounding environment to the equilibrium concentration of
radioactive materials in organisms.
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Table 6-1-5 Dose conversion factor for the effective dose of radiation from the sea
surface
(Decommissioning handbook [21] and others are shown in remarks)

Dose conversion factor for

Nuclide the effective dose Remarks
((mSv/h)/(Bg/L))
H-3 0.0E+00 Defined 0 due to pure B nuclide
C-14 0.0E+00 Defined 0 due to pure B nuclide
Mn-54 1.7E-07
Fe-59 3.2E-11
Co-58 2.0E-07
Co-60 5.0E-07
Ni-63 0.0E+00 Defined 0 due to pure B nuclide
Zn-65 1.2E-07
Conservatively, the same value as that of Co-60
Rb-86 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sr-89 5.0E-07 is set because no value is given to this nuclide in
the source
Sr-90 1.6E-09
Y-90 - Contained in the parent nuclide Sr-90
Conservatively, the same value as that of Co-60
Y-91 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Nb-95 5.0E-07 is set because no value is given to this nuclide in
the source
Tc-99 1.5E-11
Conservatively, the same value as that of Co-60
Ru-103 5.0E-07 is set because no value is given to this nuclide in
the source
Ru-106 4.5E-08
Rh-103m - Contained in the parent nuclide Ru-103
Rh-106 - Contained in the parent nuclide Ru-106
Ag-110m 5 0E-07 Conservatively set to the same value as that of
Co-60
Cd-113m 7.4E-11
Conservatively, the same value as that of Co-60
Cd-115m 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-119m 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-123 5.0E-07 is set because no value is given to this nuclide in
the source
Sn-126 1.1E-08
Conservatively, the same value as that of Co-60
Sbh-124 5.0E-07 is set because no value is given to this nuclide in
the source
Sb-125 8.7E-08
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Dose conversion factor for

Nuclide the effective dose Remarks
((mSv/h)/(Bg/L))
Conservatively, the same value as that of Co-60
Te-123m 5.0E-07 is set because no value is given to this nuclide in
the source
Te-125m 6.6E-09
Conservatively, the same value as that of Co-60
Te-127 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Te-127m 5.0E-07 is set because no value is given to this nuclide in
the source
Te-129 - Contained in the parent nuclide Te-129m
Conservatively, the same value as that of Co-60
Te-129m 5.0E-07 is set because no value is given to this nuclide in
the source
1-129 4.6E-09
Cs-134 3.1E-07
Conservatively, the same value as that of Co-60
Cs-135 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Cs-136 5.0E-07 is set because no value is given to this nuclide in
the source
Cs-137 1.2E-07
Ba-137m - Contained in the parent nuclide Cs-137
Conservatively, the same value as that of Co-60
Ba-140 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Ce-141 5.0E-07 is set because no value is given to this nuclide in
the source
Ce-144 1.3E-08
Pr-144 - Contained in the parent nuclide Ce-144
Pr-144m - Contained in the parent nuclide Ce-144
Conservatively, the same value as that of Co-60
Pm-146 5.0E-07 is set because no value is given to this nuclide in
the source
Pm-147 8.2E-12
Conservatively, the same value as that of Co-60
Pm-148 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Pm-148m 5.0E-07 is set because no value is given to this nuclide in
the source
Sm-151 1.7E-12
Eu-152 2.3E-07
Eu-154 2.5E-07
Conservatively, the same value as that of Co-60
Eu-155 5.0E-07 is set because no value is given to this nuclide in

the source
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Dose conversion factor for

Nuclide the effective dose Remarks
((mSv/h)/(Bg/L))

Conservatively, the same value as that of Co-60

Gd-153 5.0E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60

Th-160 5.0E-07 is set because no value is given to this nuclide in
the source

Pu-238 4.7E-11

Pu-239 2.6E-11

Pu-240 4.6E-11

Pu-241 2.9E-08

Am-241 4.6E-09

Am-242m 3.1E-09

Am-243 4.4E-08

Cm-242 4.8E-11
Conservatively, the same value as that of Am-

Cm-243 4.4E-08 243 is set because no value is given to this
nuclide in the source

Cm-244 4.5E-11

Table 6-1-6 Dose conversion factor for the effective dose of radiation from hulls
(Decommissioning handbook [21] and others are shown in remarks)

Dose conversion factor
Nuclide for the effective dose Remarks
((mSv/h)/(Bg/m?))
H-3 0.0E+00 Defined 0 due to pure B nuclide
C-14 0.0E+00 Defined 0 due to pure B nuclide
Mn-54 1.4E-09
Fe-59 4.2E-12
Co-58 1.6E-09
Co-60 3.5E-09
Ni-63 0.0E+00 Defined 0 due to pure B nuclide
Zn-65 1.0E-09
Conservatively, the same value as that of Co-60 is
Rb-86 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Sr-89 3.5E-09 set because no value is given to this nuclide in the
source
Sr-90 5.8E-11
Y-90 - Contained in the parent nuclide Sr-90
Conservatively, the same value as that of Co-60 is
Y-91 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Nb-95 3.5E-09 set because no value is given to this nuclide in the
source
Tc-99 2.8E-12
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/m?))
Conservatively, the same value as that of Co-60 is
Ru-103 3.5E-09 set because no value is given to this nuclide in the
source
Ru-106 4.0E-10
Rh-103m - Contained in the parent nuclide Ru-103
Rh-106 - Contained in the parent nuclide Ru-106
Conservatively, the same value as that of Co-60 is
Ag-110m 3.5E-09 set because no value is given to this nuclide in the
source
Cd-113m 7.2E-12
Conservatively, the same value as that of Co-60 is
Cd-115m 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Sn-119m 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Sn-123 3.5E-09 set because no value is given to this nuclide in the
source
Sn-126 2.3E-10
Conservatively, the same value as that of Co-60 is
Sb-124 3.5E-09 set because no value is given to this nuclide in the
source
Sb-125 8.3E-10
Conservatively, the same value as that of Co-60 is
Te-123m 3.5E-09 set because no value is given to this nuclide in the
source
Te-125m 4.4E-10
Conservatively, the same value as that of Co-60 is
Te-127 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Te-127m 3.5E-09 set because no value is given to this nuclide in the
source
Te-129 - Contained in the parent nuclide Te-129m
Conservatively, the same value as that of Co-60 is
Te-129m 3.5E-09 set because no value is given to this nuclide in the
source
1-129 3.0E-10
Cs-134 2.4E-09
Conservatively, the same value as that of Co-60 is
Cs-135 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Cs-136 3.5E-09 set because no value is given to this nuclide in the
source
Cs-137 9.5E-10
Ba-137m - Contained in the parent nuclide Cs-137
Conservatively, the same value as that of Co-60 is
Ba-140 3.5E-09 set because no value is given to this nuclide in the

source
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/m?))
Conservatively, the same value as that of Co-60 is
Ce-141 3.5E-09 set because no value is given to this nuclide in the
source
Ce-144 1.6E-10
Pr-144 - Contained in the parent nuclide Ce-144
Pr-144m - Contained in the parent nuclide Ce-144
Conservatively, the same value as that of Co-60 is
Pm-146 3.5E-09 set because no value is given to this nuclide in the
source
Pm-147 1.9E-12
Conservatively, the same value as that of Co-60 is
Pm-148 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Pm-148m 3.5E-09 set because no value is given to this nuclide in the
source
Sm-151 8.7E-13
Eu-152 1.8E-09
Eu-154 1.8E-09
Conservatively, the same value as that of Co-60 is
Eu-155 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Gd-153 3.5E-09 set because no value is given to this nuclide in the
source
Conservatively, the same value as that of Co-60 is
Th-160 3.5E-09 set because no value is given to this nuclide in the
source
Pu-238 1.1E-10
Pu-239 3.9E-11
Pu-240 1.0E-10
Pu-241 7.7E-10
Am-241 2.0E-10
Am-242m 8.3E-10
Am-243 1.1E-09
Cm-242 1.1E-10
Conservatively, the same value as that of Am-243
Cm-243 1.1E-09 is set because no value is given to this nuclide in
the source
Cm-244 1.0E-10
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Table 6-1-7 Dose conversion factor for the effective dose of radiation from seawater
during swimming and underwater work
(Decommissioning handbook [21] and others are shown in remarks)

Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Ba/L))
H-3 0.0E+00
C-14 0.0E+00
Mn-54 4.8E-07
Fe-59 6.8E-07
Co-58 4.7E-07
Co-60 1.4E-06
Ni-63 0.0E+00
Zn-65 3.3E-07
Conservatively, the same value as that of Co-60
Rb-86 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sr-89 1.4E-06 is set because no value is given to this nuclide in
the source
Sr-90 7.2E-13
Y-90 - Contained in the parent nuclide Sr-90
Conservatively, the same value as that of Co-60
Y-91 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Nb-95 1.4E-06 is set because no value is given to this nuclide in
the source
Tc-99 4.0E-13
Conservatively, the same value as that of Co-60
Ru-103 1.4E-06 is set because no value is given to this nuclide in
the source
Ru-106 1.2E-07
Rh-103m - Contained in the parent nuclide Ru-103
Rh-106 - Contained in the parent nuclide Ru-106
Conservatively, the same value as that of Co-60
Ag-110m 1.4E-06 is set because no value is given to this nuclide in
the source
Cd-113m 4.2E-11
Conservatively, the same value as that of Co-60
Cd-115m 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-119m 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-123 1.4E-06 is set because no value is given to this nuclide in
the source
Sn-126 3.2E-08
Conservatively, the same value as that of Co-60
Sbh-124 1.4E-06 is set because no value is given to this nuclide in
the source
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/L))
Sb-125 2.5E-07
Conservatively, the same value as that of Co-60
Te-123m 1.4E-06 is set because no value is given to this nuclide in
the source
Te-125m 2.0E-08
Conservatively, the same value as that of Co-60
Te-127 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Te-127m 1.4E-06 is set because no value is given to this nuclide in
the source
Te-129 - Contained in the parent nuclide Te-129m
Conservatively, the same value as that of Co-60
Te-129m 1.4E-06 is set because no value is given to this nuclide in
the source
1-129 1.4E-08
Cs-134 9.0E-07
Conservatively, the same value as that of Co-60
Cs-135 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Cs-136 1.4E-06 is set because no value is given to this nuclide in
the source
Cs-137 3.4E-07
Ba-137m - Contained in the parent nuclide Cs-137
Conservatively, the same value as that of Co-60
Ba-140 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Ce-141 1.4E-06 is set because no value is given to this nuclide in
the source
Ce-144 2.8E-08
Pr-144 - Contained in the parent nuclide Ce-144
Pr-144m - Contained in the parent nuclide Ce-144
Conservatively, the same value as that of Co-60
Pm-146 1.4E-06 is set because no value is given to this nuclide in
the source
Pm-147 2.5E-12
Conservatively, the same value as that of Co-60
Pm-148 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Pm-148m 1.4E-06 is set because no value is given to this nuclide in
the source
Sm-151 8.3E-12
Eu-152 6.6E-07
Eu-154 6.4E-07
Conservatively, the same value as that of Co-60
Eu-155 1.4E-06 is set because no value is given to this nuclide in

the source
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Dose conversion factor
Nuclide for the effective dose Remarks
((mSv/h)/(Bg/L))

Conservatively, the same value as that of Co-60

Gd-153 1.4E-06 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60

Th-160 1.4E-06 is set because no value is given to this nuclide in
the source

Pu-238 1.1E-09

Pu-239 5.2E-10

Pu-240 9.9E-10

Pu-241 8.1E-08

Am-241 1.9E-08

Am-242m 1.4E-08

Am-243 1.4E-07

Cm-242 1.1E-09
Conservatively, the same value as that of Am-

Cm-243 1.4E-07 243 is set because no value is given to this
nuclide in the source

Cm-244 9.0E-10

Table 6-1-8 Dose conversion factor for the effective dose of radiation from beach
sand
(Decommissioning handbook [21] and others are shown in remarks)

Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/kg))
H-3 0.0E+00 Defined 0 due to pure B nuclide
C-14 0.0E+00 Defined 0 due to pure 3 nuclide
Mn-54 1.6E-07
Fe-59 1.6E-11
Co-58 1.9E-07
Co-60 4.7E-07
Ni-63 0.0E+00 Defined 0 due to pure 3 nuclide
Zn-65 1.1E-07
Conservatively, the same value as that of Co-60
Rb-86 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sr-89 4.7E-07 is set because no value is given to this nuclide in
the source
Sr-90 1.2E-09
Y-90 - Contained in the parent nuclide Sr-90
Conservatively, the same value as that of Co-60
Y-91 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Nb-95 4.7E-07 is set because no value is given to this nuclide in
the source
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/kg))
Tc-99 6.3E-12
Conservatively, the same value as that of Co-60
Ru-103 4.7E-07 is set because no value is given to this nuclide in
the source
Ru-106 4.3E-08
Rh-103m - Contained in the parent nuclide Ru-103
Rh-106 - Contained in the parent nuclide Ru-106
Conservatively, the same value as that of Co-60
Ag-110m 4.7E-07 is set because no value is given to this nuclide in
the source
Cd-113m 4.1E-11
Conservatively, the same value as that of Co-60
Cd-115m 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-119m 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-123 4.7E-07 is set because no value is given to this nuclide in
the source
Sn-126 5.2E-09
Conservatively, the same value as that of Co-60
Sbh-124 4.7E-07 is set because no value is given to this nuclide in
the source
Sb-125 8.3E-08
Conservatively, the same value as that of Co-60
Te-123m 4.7E-07 is set because no value is given to this nuclide in
the source
Te-125m 1.9E-09
Conservatively, the same value as that of Co-60
Te-127 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Te-127m 4.7E-07 is set because no value is given to this nuclide in
the source
Te-129 - Contained in the parent nuclide Te-129m
Conservatively, the same value as that of Co-60
Te-129m 4.7E-07 is set because no value is given to this nuclide in
the source
1-129 1.3E-09
Cs-134 3.1E-07
Conservatively, the same value as that of Co-60
Cs-135 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Cs-136 4.7E-07 is set because no value is given to this nuclide in
the source
Cs-137 1.2E-07
Ba-137m - Contained in the parent nuclide Cs-137
Conservatively, the same value as that of Co-60
Ba-140 4.7E-07 is set because no value is given to this nuclide in

the source
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/kg))
Conservatively, the same value as that of Co-60
Ce-141 4.7E-07 is set because no value is given to this nuclide in
the source
Ce-144 1.0E-08
Pr-144 - Contained in the parent nuclide Ce-144
Pr-144m - Contained in the parent nuclide Ce-144
Conservatively, the same value as that of Co-60
Pm-146 4.7E-07 is set because no value is given to this nuclide in
the source
Pm-147 3.5E-12
Conservatively, the same value as that of Co-60
Pm-148 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Pm-148m 4.7E-07 is set because no value is given to this nuclide in
the source
Sm-151 6.3E-13
Eu-152 2.1E-07
Eu-154 2.3E-07
Conservatively, the same value as that of Co-60
Eu-155 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Gd-153 4.7E-07 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Th-160 4.7E-07 is set because no value is given to this nuclide in
the source
Pu-238 3.6E-11
Pu-239 2.1E-11
Pu-240 3.5E-11
Pu-241 2.0E-08
Am-241 1.7E-09
Am-242m 2.0E-09
Am-243 3.1E-08
Cm-242 3.7E-11
Conservatively, the same value as that of Am-
Cm-243 3.1E-08 243 is set because no value is given to this
nuclide in the source
Cm-244 3.6E-11
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Table 6-1-9 Dose conversion factor for the effective dose of radiation from fishing

nets

(Decommissioning handbook [21] and others are shown in remarks)

Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Ba/kg))
H-3 0.0E+00 Defined 0 due to pure B nuclide
C-14 0.0E+00 Defined 0 due to pure  nuclide
Mn-54 3.2E-08
Fe-59 2.2E-12
Co-58 3.7E-08
Co-60 9.9E-08
Ni-63 0.0E+00 Defined 0 due to pure B nuclide
Zn-65 2.3E-08
Conservatively, the same value as that of Co-60
Rb-86 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sr-89 9.9E-08 is set because no value is given to this nuclide in
the source
Sr-90 2.1E-10
Y-90 - Contained in the parent nuclide Sr-90
Conservatively, the same value as that of Co-60
Y-91 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Nb-95 9.9E-08 is set because no value is given to this nuclide in
the source
Tc-99 7.9E-13
Conservatively, the same value as that of Co-60
Ru-103 9.9E-08 is set because no value is given to this nuclide in
the source
Ru-106 8.2E-09
Rh-103m - Contained in the parent nuclide Ru-103
Rh-106 - Contained in the parent nuclide Ru-106
Conservatively, the same value as that of Co-60
Ag-110m 9.9E-08 is set because no value is given to this nuclide in
the source
Cd-113m 5.9E-12
Conservatively, the same value as that of Co-60
Cd-115m 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-119m 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Sn-123 9.9E-08 is set because no value is given to this nuclide in
the source
Sn-126 7.0E-10
Conservatively, the same value as that of Co-60
Sbh-124 9.9E-08 is set because no value is given to this nuclide in

the source
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/kg))
Sb-125 1.5E-08
Conservatively, the same value as that of Co-60
Te-123m 9.9E-08 is set because no value is given to this nuclide in
the source
Te-125m 2.3E-10
Conservatively, the same value as that of Co-60
Te-127 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Te-127m 9.9E-08 is set because no value is given to this nuclide in
the source
Te-129 - Contained in the parent nuclide Te-129m
Conservatively, the same value as that of Co-60
Te-129m 9.9E-08 is set because no value is given to this nuclide in
the source
1-129 1.6E-10
Cs-134 5.9E-08
Conservatively, the same value as that of Co-60
Cs-135 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Cs-136 9.9E-08 is set because no value is given to this nuclide in
the source
Cs-137 2.2E-08
Ba-137m - Contained in the parent nuclide Cs-137
Conservatively, the same value as that of Co-60
Ba-140 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Ce-141 9.9E-08 is set because no value is given to this nuclide in
the source
Ce-144 2.0E-09
Pr-144 - Contained in the parent nuclide Ce-144
Pr-144m - Contained in the parent nuclide Ce-144
Conservatively, the same value as that of Co-60
Pm-146 9.9E-08 is set because no value is given to this nuclide in
the source
Pm-147 4.2E-13
Conservatively, the same value as that of Co-60
Pm-148 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60
Pm-148m 9.9E-08 is set because no value is given to this nuclide in
the source
Sm-151 5.8E-14
Eu-152 4.3E-08
Eu-154 4.7E-08
Conservatively, the same value as that of Co-60
Eu-155 9.9E-08 is set because no value is given to this nuclide in

the source
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Dose conversion factor

Nuclide for the effective dose Remarks
((mSv/h)/(Bg/kg))

Conservatively, the same value as that of Co-60

Gd-153 9.9E-08 is set because no value is given to this nuclide in
the source
Conservatively, the same value as that of Co-60

Th-160 9.9E-08 is set because no value is given to this nuclide in
the source

Pu-238 1.7E-12

Pu-239 1.9E-12

Pu-240 1.8E-12

Pu-241 3.1E-09

Am-241 2.1E-10

Am-242m 2.7E-10

Am-243 4.8E-09

Cm-242 1.8E-12
Conservatively, the same value as that of Am-

Cm-243 4.8E-09 243 is set because no value is given to this
nuclide in the source

Cm-244 2.1E-12

Table 6-1-10 Effective dose factor of ingestion (GSR Part 3[13])

Effective dose factor
(mSv/BQq)
Target nuclide Child Remarks
Adult under Infant
school age
H-3 (THO) 1.8E-08 | 3.1E-08 | 6.4E-08 | Used forthe assessment of
ingestion of water
H-3 (considerin Used for the assessment of

OBT) g 2.0E-08 3.5E-08 7.0E-08 | ingestion of seafood assuming that
10% of tritium to be ingested is OBT

C-14 5.8E-07 9.9E-07 1.4E-06

Mn-54 7.1E-07 1.9E-06 5.4E-06

Fe-59 1.8E-06 7.5E-06 3.9E-05

Co-58 7.4E-07 2.6E-06 7.3E-06

Co-60 3.4E-06 1.7E-05 5.4E-05

Ni-63 1.5E-07 4.6E-07 1.6E-06

Zn-65 3.9E-06 9.7E-06 3.6E-05

Rb-86 2.8E-06 9.9E-06 3.1E-05

Sr-89 2.6E-06 8.9E-06 3.6E-05

Sr-90 2 8E-05 4.7E-05 2 3E-04 Inclgdlng the impact of the progeny
nuclide

Y-90 2.7E-06 1.0E-05 3.1E-05

Y-91 2.4E-06 8.8E-06 2.8E-05

Nb-95 5.8E-07 1.8E-06 4.6E-06
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Effective dose factor

(mSv/Bq)
Target nuclide Child Remarks
Adult under Infant
school age
Tc-99 6.4E-07 2.3E-06 1.0E-05
Ru-103 73E-07 | 24E-06 | 7.1E-06 :]”ucc'ﬁg'e”g the impact of the progeny
Ru-106 7.0E-06 | 25E-05 | 8.4E-05 | 'Mcludingthe impact of the progeny
nuclide
Rh-103m 3.8E-09 1.3E-08 4.7E-08
Independent intake is not
Rh-106 - - - considered because the half-life is
short enough (about 30 seconds).
Ag-110m 2.8E-06 7.8E-06 2.4E-05
Cd-113m 2.3E-05 3.9E-05 1.2E-04
Cd-115m 3.3E-06 9.7E-06 4.1E-05
Sn-119m 3.4E-07 1.3E-06 4.1E-06
Sn-123 2.1E-06 7.8E-06 2.5E-05
Sn-126 4.7E-06 1.6E-05 5.0E-05
Sh-124 2.5E-06 8.4E-06 2.5E-05
Sh-125 1.1E-06 3.4E-06 1.1E-05
Te-123m 1.4E-06 4.9E-06 1.9E-05
Te-125m 8.7E-07 3.3E-06 1.3E-05
Te-127 1.7E-07 6.2E-07 1.5E-06
Te-127m 2.3E-06 9.5E-06 4.1E-05
Te-129 6.3E-08 2.1E-07 7.5E-07
Te-129m 30E-06 | 1.2E-05 | 4.4g-5 | !'ncludingtheimpactofthe progeny
nuclide
1-129 1.1E-04 1.7E-04 1.8E-04
Cs-134 1.9E-05 1.3E-05 2.6E-05
Cs-135 2.0E-06 1.7E-06 4.1E-06
Cs-136 3.0E-06 6.1E-06 1.5E-05
Cs-137 1.3E-05 | 06E-06 | 2.1E-05 | ncludingtheimpact of the progeny
nuclide
Independent intake is not
Ba-137m - - - considered because the half-life is
short enough (about 2.6 minutes).
Ba-140 2.6E-06 9.2E-06 3.2E-05
Ce-141 7.1E-07 2.6E-06 8.1E-06
Ce-144 5.2E-06 1.9E-05 6.6E-05 | ncluding the impact of the progeny
nuclide
Pr-144 5.0E-08 1.7E-07 6.4E-07
Independent intake is not
Pr-144m - - - considered because the half-life is
short enough (about 7.2 minutes).
Pm-146 9.0E-07 2.8E-06 1.0E-05
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Effective dose factor
(mSv/Bq)
Target nuclide Child Remarks
Adult under Infant
school age

Pm-147 2.6E-07 9.6E-07 3.6E-06
Pm-148 2.7E-06 9.7E-06 3.0E-05
Pm-148m 1.7E-06 5.5E-06 1.5E-05
Sm-151 9.8E-08 3.3E-07 1.5E-06
Eu-152 1.4E-06 4.1E-06 1.6E-05
Eu-154 2.0E-06 6.5E-06 2.5E-05
Eu-155 3.2E-07 1.1E-06 4.3E-06
Gd-153 2.7E-07 9.4E-07 2.9E-06
Th-160 1.6E-06 5.4E-06 1.6E-05
Pu-238 2.3E-04 3.1E-04 4.0E-03
Pu-239 2.5E-04 3.3E-04 4.2E-03
Pu-240 2.5E-04 3.3E-04 4.2E-03
Pu-241 4.8E-06 5.5E-06 5.6E-05
Am-241 2.0E-04 2.7E-04 3.7E-03
Am-242m 1.9E-04 2.3E-04 3.1E-03
Am-243 2.0E-04 2.7E-04 3.6E-03
Cm-242 1.2E-05 3.9E-05 5.9E-04
Cm-243 1.5E-04 2.2E-04 3.2E-03
Cm-244 1.2E-04 1.9E-04 2.9E-03

Table 6-1-11 Effective dose factor of inhalation (GSR Part 3 [13])

Effective dose factor
(mSv/Bq)
Target nuclide Child Remarks
Adult under Infant
school age
H-3 1 8E-08 3.1E-08 6.4E-08 The conversion factor of tritium
vapor is used
C-14 5.8E-06 1.1E-05 1.9E-05
Mn-54 1.5E-06 3.8E-06 7.5E-06
Fe-59 4.0E-06 8.1E-06 2.1E-05
Co-58 2.1E-06 4.5E-06 9.0E-06
Co-60 3.1E-05 5.9E-05 9.2E-05
Ni-63 1.3E-06 2.7E-06 4 .8E-06
Zn-65 2.2E-06 5.7E-06 1.5E-05
Rb-86 9.3E-07 3.4E-06 1.2E-05
Sr-89 7.9E-06 1.7E-05 3.9E-05
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Effective dose factor

(mSv/Bq)
Target nuclide Child Remarks
Adult under Infant
school age
Sr-90 1.6E-04 2 7E-04 4.9E-04 Inclgdlng the impact of the progeny
nuclide
Y-90 1.5E-06 4.2E-06 1.3E-05
Y-91 8.9E-06 1.9E-05 4.3E-05
Nb-95 1.8E-06 3.6E-06 7.7E-06
Tc-99 1.3E-05 2.4E-05 4.1E-05
Ru-103 3.0E-06 | 6.0E-06 | 1.3E-05 'n”ucc'ﬁg:a”g the impact of the progeny
Ru-106 6.6E-05 | 14E-04 | 26E-04 | Ncludingtheimpactof the progeny
nuclide
Rh-103m 2.7E-09 6.7E-09 2.0E-08
Independent intake is not
Rh-106 - - - considered because the half-life is
short enough (about 30 seconds).
Ag-110m 1.2E-05 2.6E-05 4.6E-05
Cd-113m 1.1E-04 1.8E-04 3.0E-04
Cd-115m 7.7E-06 1.7E-05 4.6E-05
Sn-119m 2.2E-06 4.7E-06 1.0E-05
Sn-123 8.1E-06 1.8E-05 4.0E-05
Sn-126 2.8E-05 6.2E-04 1.2E-04
Sbh-124 8.6E-06 1.8E-05 3.9E-05
Sb-125 1.2E-05 2.4E-05 4.2E-05
Te-123m 5.1E-06 9.8E-06 2.0E-05
Te-125m 4.2E-06 7.8E-06 1.7E-05
Te-127 1.4E-07 3.9E-07 1.2E-06
Te-127m 9.8E-06 2.0E-05 4.1E-05
Te-129 3.9E-08 1.0E-07 3.5E-07
Te-129m 79E-06 | 1.7E-05 | 3.8E-05 | 'Mcluding the impact of the progeny
nuclide
1-129 3.6E-05 6.1E-05 7.2E-05
Cs-134 2.0E-05 4.1E-05 7.0E-05
Cs-135 8.6E-06 1.6E-05 2.7E-05
Cs-136 2.8E-06 6.0E-06 1.5E-05
Cs-137 39E-05 | 7.0E-05 | 1.1E-04 | 'Mcludingtheimpactof the progeny
nuclide
Independent intake is not
Ba-137m - - - considered because the half-life is
short enough (about 2.6 minutes).
Ba-140 5.8E-06 1.2E-05 2.9E-05
Ce-141 3.8E-06 7.1E-06 1.6E-05
Ce-144 5 3E-05 1 4E-04 3 6E-04 Including the impact of the progeny

nuclide
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Effective dose factor

(mSv/Bq)
Target nuclide Child Remarks
Adult under Infant
school age
Pr-144 1.8E-08 5.2E-08 1.9E-07
Independent intake is not
Pr-144m - - - considered because the half-life is
short enough (about 7.2 minutes).
Pm-146 2.1E-05 3.9E-05 6.4E-05
Pm-147 5.0E-06 1.1E-05 2.1E-05
Pm-148 2.2E-06 5.5E-06 1.5E-05
Pm-148m 5.7E-06 1.2E-05 2.5E-05
Sm-151 4.0E-06 6.7E-06 1.1E-05
Eu-152 4.2E-05 7.0E-05 1.1E-04
Eu-154 5.3E-05 9.7E-05 1.6E-04
Eu-155 6.9E-06 1.4E-05 2.6E-05
Gd-153 2.1E-06 6.5E-06 1.5E-05
Tb-160 7.0E-06 1.5E-05 3.2E-05
Pu-238 1.1E-01 1.4E-01 2.0E-01
Pu-239 1.2E-01 1.5E-01 2.1E-01
Pu-240 1.2E-01 1.5E-01 2.1E-01
Pu-241 2.3E-03 2.6E-03 2.8E-03
Am-241 9.6E-02 1.2E-01 1.8E-01
Am-242m 9.2E-02 1.1E-01 1.6E-01
Am-243 9.6E-02 1.2E-01 1.8E-01
Cm-242 5.9E-03 1.2E-02 2.7E-02
Cm-243 6.9E-02 9.5E-02 1.6E-01
Cm-244 5.7E-02 8.3E-02 1.5E-01
Table 6-1-12 Concentration factor for seafood
(TRS-422 [25] and others are shown in remarks)
Target Concentration factor ((Bg/kg)/(Bg/L))
Nuclide _ Remarks
Fish Invertebrate | Seaweeds
H-3 1.0E+00 1.0E+00 1.0E+00
C-14 2.0E+04 2.0E+04 1.0E+04
Mn-54 1.0E+03 5.0E+04 6.0E+03
Fe-59 3.0E+04 5.0E+05 2.0E+04
Co-58 7.0E+02 2.0E+04 6.0E+03
Co-60 7.0E+02 2.0E+04 6.0E+03
Ni-63 1.0E+03 2.0E+03 2.0E+03
Zn-65 1.0E+03 8.0E+04 2.0E+03
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Target Concentration factor ((Bg/kg)/(Bg/L))
Nuclide : Remarks
Fish Invertebrate | Seaweeds
Rb-86 9.0E+00 | 17E+01 | 1.7E+01 E’é‘\:/_e{pte‘j from UCRL-50564
Sr-89 3.0E+00 1.0E+01 1.0E+01
Sr-90 3.0E+00 1.0E+01 1.0E+01
Y-90 i i i Equilibrium state with the parent
nuclide Sr-90
Y-91 2.0E+01 1.0E+03 1.0E+03
Nb-95 3.0E+01 1.0E+03 3.0E+03
Tc-99 8.0E+01 5.0E+02 3.0E+04
Ru-103 2.0E+00 5.0E+02 2.0E+03
Ru-106 2.0E+00 5.0E+02 2.0E+03
Rh-103m i i i Egazgt)er|;:1_fé%te with the parent
Rh-106 i i i Eggzl(ljt)er|§$fé%te with the parent
Ag-110m 1.0E+04 6.0E+04 5.0E+03
Cd-113m 5.0E+03 8.0E+04 2.0E+04
Cd-115m 5.0E+03 8.0E+04 2.0E+04
Sn-119m 5.0E+05 5.0E+05 2.0E+05
Sn-123 5.0E+05 5.0E+05 2.0E+05
Sn-126 5.0E+05 5.0E+05 2.0E+05
Sbh-124 6.0E+02 3.0E+02 2.0E+01
Sb-125 6.0E+02 3.0E+02 2.0E+01
Te-123m 1.0E+03 1.0E+03 1.0E+04
Te-125m 1.0E+03 1.0E+03 1.0E+04
Te-127 1.0E+03 1.0E+03 1.0E+04
Te-127m 1.0E+03 1.0E+03 1.0E+04
Te-129 i i i EL(Jq‘l:,lliiI(ijt;ri_lI_Jgj132tgtr$l with the parent
Te-129m 1.0E+03 1.0E+03 1.0E+04
1-129 9.0E+00 1.0E+01 1.0E+04
Cs-134 1.0E+02 6.0E+01 5.0E+01
Cs-135 1.0E+02 6.0E+01 5.0E+01
Cs-136 1.0E+02 6.0E+01 5.0E+01
Cs-137 1.0E+02 6.0E+01 5.0E+01
Ba-137m i i i Eﬂ;lllét;rlgrsn féz;te with the parent
Ba-140 1.0E+01 1.0E+01 7.0E+01
Ce-141 5.0E+01 2.0E+03 5.0E+03
Ce-144 5.0E+01 2.0E+03 5.0E+03
Pr-144 i i i Equilibrium state with the parent

nuclide Ce-144
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Target Concentration factor ((Bg/kg)/(Bg/L))
Nuclide : Remarks
Fish Invertebrate | Seaweeds
Pr-144m i i i Egangrlgngite with the parent
Pm-146 3.0E+02 7.0E+03 3.0E+03
Pm-147 3.0E+02 7.0E+03 3.0E+03
Pm-148 3.0E+02 7.0E+03 3.0E+03
Pm-148m 3.0E+02 7.0E+03 3.0E+03
Sm-151 3.0E+02 7.0E+03 3.0E+03
Eu-152 3.0E+02 7.0E+03 3.0E+03
Eu-154 3.0E+02 7.0E+03 3.0E+03
Eu-155 3.0E+02 7.0E+03 3.0E+03
Gd-153 3.0E+02 7.0E+03 3.0E+03
Th-160 6.0E+01 3.0E+03 2.0E+03
Pu-238 1.0E+02 3.0E+03 4.0E+03
Pu-239 1.0E+02 3.0E+03 4.0E+03
Pu-240 1.0E+02 3.0E+03 4.0E+03
Pu-241 1.0E+02 3.0E+03 4.0E+03
Am-241 1.0E+02 1.0E+03 8.0E+03
Am-242m 1.0E+02 1.0E+03 8.0E+03
Am-243 1.0E+02 1.0E+03 8.0E+03
Cm-242 1.0E+02 1.0E+03 5.0E+03
Cm-243 1.0E+02 1.0E+03 5.0E+03
Cm-244 1.0E+02 1.0E+03 5.0E+03

*

For invertebrates, the value of molluscs (excluding cephalopods) was used.
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(4) Setting of the representative person subject to the exposure assessment

(1) Situation around the FDNPS

According to GSG-9, the living habits and characteristics of the representative person for
some of the exposure pathways should be based on the highest group from the distribution
of the living habit data (e.g. 95 percentile value), etc.

However, as shown in Figure 6-1-10, in the area around the FDNPS, measures to prevent
the general public from living in the area are taken by setting Difficult-to-Return Zones set in
response to the accident, installing intermediate storage facilities surrounding the land side of
the FDNPS, etc. In addition, fishing industry in Fukushima is yet in the middle of
reconstruction.

This situation is expected to improve gradually thanks to the lifting of the setting of Difficult-
to-Return Zones, mitigation of residence restriction, etc., but it is not desirable as a future
prediction to make judgment based on the current data, so no assessment shall be
performed based on the actual data of the current situation and instead an assessment shall
be performed using the data used for the safety review of the existing reactor facilities, etc.
We will consider the adoption of the actual data about living habits and characteristics of the
representative person which will be accumulated in the future as the reconstruction of this
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Source: Support for victims of the nuclear
accident of the Ministry of Economy,
Trade and Industry

(Regarding evacuation orders)] Prepared
by Tokyo Electric Power Company
Holdings, Inc. based on the map of the
area surrounding Difficult-to-Return Zones
(from R2.12.10)
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Figure 6-1-10 Condition of Difficult-to-Return Zones, etc. around the FDNPS
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(2) Characteristics of the representative person
The characteristics of the representative person subject to exposure assessment was set as
follows according to “Dose Assessment to the General Public in the Safety Review of

Commercial Light Water Reactor Facilities,” etc.

» Engage in fishing 120 days (2,880 hours) a year, of which 80 days (1,920 hours) are
spent near fishing nets.
+ Stay at the beach 500 hours a year and swim for 96 hours.

The ingestion of seafood was set based on classification into fish (total of the fishery product
(excluding shellfish, squid, octopus, shrimp, and crab) and processed fishery products),
invertebrates (total of shellfish, squid, octopus, shrimp, and crab), and seaweeds (algae)
extracting the data of ingestion of fishery products, processed fishery products, and algae
from “National Health and Nutrition Survey (2019)"%" of the Ministry of Health, Labour and
Welfare, which is the latest large-scale survey result regarding ingestion of foods of the entire
Japanese people. It was decided to assess the ingestion of seafood considering three age

groups (adult, child under school age, and infant) in the following two cases.

i. Individual who ingests the average amount of seafood
The average ingestion amount of those who are aged 20 or older is used as the
value of adult. 1/2 and 1/5 of the value of adult are used as the values of child under
school age (assumed to be aged 5 or older) and infant (assumed to be aged 1),
respectively, based on “Guidelines for the Assessment of Dose Target Values
Around Light Water Reactor Facilities” [24].

ii. Persons who ingests the large amount of seafood
The value of adult is set to the average ingestion of those who are aged 20 or older
plus twice the value of the standard deviation. Those of child under school age and
infant are set to 1/2 and 1/5, respectively, of the value of adult.

Tables 6-1-13 and 6-1-14 show the set ingestion of seafood.

For external exposure, no age group is set because ICRP Publication 101a “Assessing Dose
of the Representative Person for the Purpose of the Radiation Protection of the Public” [27]
stipulates “It is generally recognized that for external exposure in the environment, there is

little variability in dose per unit of exposure with age.”

37 In 2020 and 2021, the survey itself was not performed due to the novel coronavirus.
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The assessment points related to exposure and the seawater concentration used for the
assessment are as follows.

i. External exposure from sea surface and external exposure from hulls
The nearest ports to the south and north of the FDNPS is 5 km or more away from
the FDNPS. Fishing is widely performed by ships from fishing ports in the sea area,
including the area around the FDNPS centering on the fishing ports. In the
assessment, conservatively, fishing is assumed to be performed within 5 km to the
north and south and 10 km off the coast of the FDNPS (range of 10 km x 10 km
around the FDNPS (Figure 6-1-11)). The concentration in the seawater used for the
assessment is the annual average concentration on the sea surface (top layer)
within 10 km x 10 km around the FDNPS, including areas where no fishing is
conducted on a daily basis.

ii. External exposure from seawater during swimming, etc., external exposure from
beach sand, internal exposure from ingestion of water, and internal exposure from
inhalation of seawater spray

All of these were assumed as exposure while staying on a beach. The coastline
around the FDNPS is a Difficult-to-Return Zone and intermediate storage facilities
are installed there, but there is a beach in the habitable area in the north side.
Therefore, the assessment point is set to the nearby beach to the north of the
FDNPS and the concentration in the seawater is set to the annual average
concentration in the seawater (all layers) in front of the beach. Since the water
depth is less than 5m near the coast, mixing of the upper and lower layers is
remarkable, so that there is little difference between the concentration on the sea
surface and the average concentration of all layers.

iii. External exposure from fishing nets and internal exposure from ingestion of seafood
It is considered that radioactive materials will migrate from seawater to fishing nets
at the time of fishing. In addition, fish are caught by fishing and delivered to the
dinner table as seafood. Therefore, fishing is performed only within the range of 10
km x 10 km around the FDNPS for point of assessment as with i. conservatively,
but fish are found from the surface layer to the bottom layer and fishing nets are
used at depths appropriate for the fish to be caught, so the concentration in the
seawater is the annual average concentration in the seawater (all layers) in front of
the beach.
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The specific calculation method of the concentration in the seawater is shown in 6-1-3.(1) to

A).

Table 6-1-13 Ingestion of persons who ingest the average amount of seafood (g/day)
(Set based on the National Health and Nutrition Survey in Japan in 2019 (Ministry of
Health, Labour and Welfare) [6])

Fish Invertebrate Seaweeds
Adult 58 10 11
Child under 29 51 53
school age
Infant 12 2.0 2.1

Table 6-1-14 Ingestion of persons who consume a large amount of seafood (g/day)
(Set based on the National Health and Nutrition Survey in Japan in 2019 (Ministry of
Health, Labour and Welfare) [6])

Fish Invertebrate Seaweeds
Adult 190 62 52
Child under 97 31 26
school age
Infant 39 12 10
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Figure 6-1-11 Point to determine concentrations in seawater used for the assessment of
exposures in normal conditions

Source: Geographical Survey Institute (Electronic Map Web) and support for
victims of the nuclear accident of the Ministry of Economy, Trade and Industry
(Regarding evacuation orders) Prepared by Tokyo Electric Power Company
Holdings, Inc. based on the map of the area surrounding Difficult-to-Return Zones
(from R2.12.10)
https://maps.qgsi.go.jp/#13/37.422730/141.044970/&base=std&Is=std&disp=1&vs=
€1j0h0k0I0u0t0z0r0sOmOfl

(5) Dose assessment method

Exposure is calculated by the assessment method set in 6-1-2.(3).

The calculation result is compared with the dose limit of 1 mSv/year for the general public,
and the dose target of 0.05 mSv/year for domestic nuclear power plants, which is deemed to
be equivalent to the dose constraint by the Nuclear Regulation Authority, as shown in 4.(1).

74


https://maps.gsi.go.jp/
https://maps.gsi.go.jp/
https://maps.gsi.go.jp/

6-1-3. Assessment result
(1) Diffusion simulation result

The tritium concentration in the seawater after advection and diffusion was calculated using
the model shown in 6-1-2.(2) assuming discharge of a total of 22 TBq (2.2E+13Bq) of tritium
per year at an even pace throughout the year from the seabed about 1 km off the coast of
the FDNPS. The calculation based on the meteorological and oceanographic conditions was
performed for two years: 2014 and 2019. Though there is no large difference between the
results of the two years, we decided to use the calculation result based on the meteorological
and oceanographic conditions of 2019, in which the average concentration around the
FDNPS is higher, for the assessment. Figures 6-1-12 to 6-1-16 show the calculation result.
Figures 6-1-12 and 6-1-13 show the annual average concentrations of the sea surfaces of a
wide area and the area around the FDNPS, respectively. The range of concentrations over
1Bg/L on the sea surface is about 3 km around the FDNPS.

Figures 6-1-14 and 6-1-15 diagrammatically show the annual average concentrations in the
seawater with east-west and north-south sectional views, respectively. The stored water
amount of the assessed cell near the discharge point of the seabed is large, so the
concentration is assessed to be about 30Bg/L and immediately drop in the area around the
power station.

Figure 6-1-16 shows the average concentration distribution diagram of the sea surface in
each season. The range of concentrations over 1Bg/L on the sea surface has more seasonal
variation than in Figure 6-1-12, but it is limited to the area around the FDNPS.

Figures 6-1-17 and 6-1-18 diagrammatically show the daily average concentrations on the
sea surface throughout the year, which are expanded the most to the north, south, and east,
respectively.

Attachment VIl “Difference in the diffusion range in the discharge position” shows the
comparison between the discharge from the coast compared in the consideration of the
discharge method and the calculation result.

To verify the impact of the variation of meteorological and oceanographic data between
years, simulation calculation was performed using the meteorological and oceanographic
data of 2015 to 2018 and 2020. Table 6-1-15 and Figure 6-1-19 show the calculation results
of 7 years from 2014 and 2020. The calculation of the seven years is not a continuous
calculation of the seven years but a collection of calculations of individual years, but the flow
in the sea area changes on a daily basis and no accumulation trend is observed. On the
other hand, the annual variation of the average concentration and diffusion range within 10
km x 10 km from the FDNPS is so small that there is no problem with using the calculation
result of 2019 for a long-term assessment.

We also verified the concentration on the boundary of the calculation area from the
calculation result of seven years mentioned above. As a result, it turned out that the
maximum value of daily average concentrations on the boundary of the calculation area was
1.0E-02Bg/L. The maximum annual mean concentration was up to 1.6 E-04 Bqg/L (2015, top
layer), measured at the eastern boundary of the region. This concentration is 3 to 4 orders of
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magnitude lower than the tritium concentration in the sea water in the sea area around Japan
(about 0.1 to 1Bg/L) and 2 to 3 orders of magnitude lower than the assessment result of 10
km x 10 km around the FDNPS, and no large variation in the concentration between years is
observed, so the scale of the calculation area is sufficient and the impact of radiation outside
the calculation area of this assessment is sufficiently small. Table 6-1-16 shows the
maximum concentration on the model boundary of each assessment year.
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Figure 6-1-12 Distribution of annual mean concentration on the sea surface
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Figure 6-1-14 Distribution of annual mean concentration on the sea surface (east-west
section view of the discharge position)
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Figure 6-1-15 Distribution of annual mean concentration on the sea surface (north-
south section view of the discharge position)
(Discharge tritium 2.2E+13Bg constantly throughout the year)
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Figure 6-1-16(1) Average concentration distribution diagram of the sea
surface in each season
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Figure 6-1-16(2) Average concentration distribution diagram of the sea
surface in each season
(Average of April to June)
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Figure 6-1-16(3) Average concentration distribution diagram
of the sea surface in each season
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Figure 6-1-16(4) Average concentration distribution diagram of
the sea surface in each season
(Average of October to December)
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Figure 6-1-17(1) Distribution of daily mean concentration on the sea surface
(When the range of 0.1 Bg/L extends to the northernmost point)

20191027 20191027
0 15 30
[Ba/L] [Ba/L]
30 3
28 2.8
26 26
24 2.4
22 22
20 5
18 1.8
:i 16
i 1.4
o 1.2
8 1
6 0.8
4 0.6
> 0.4
1 { 0.2
0.1 0.1
0 0

Detailed concentration classification
in the left figure

Figure 6-1-17(2) Distribution of daily mean concentration on the sea surface
(When the range of 0.1 Bg/L extends to the southernmost point)
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Figure 6-1-17(3) Distribution of daily mean concentration on the sea surface
(When the range of 0.1 Bg/L extends to the easternmost point)
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Figure 6-1-18(1) Distribution of daily mean concentration on the sea surface
(When the range of 1 Bg/L extends to the easternmost point)
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Figure 6-1-18(2) Distribution of daily mean concentration on the sea surface
(When the range of 1 Bg/L extends to the southernmost point)
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Figure 6-1-18(3) Distribution of daily mean concentration on the sea surface
(When the range of 1 Bg/L extends to the easternmost point)
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Figure 6-1-19 Range of the annual average concentration of 0.1Bqg/L between 2014 and
2020

Table 6-1-15 Calculation result of the annual average concentration within the range
of 10 km x 10 km between 2014 and 2020

Year Annual average concentration within 10 km x 10 km around the FDNPS (Bg/L)
All layers Top layer Bottom layer
2014 4.8E-02 1.0E-01 5.0E-02
2015 4.9E-02 9.6E-02 5.3E-02
2016 4.9E-02 9.6E-02 5.3E-02
2017 5.8E-02 1.2E-01 6.3E-02
2018 5.0E-02 1.1E-01 5.4E-02
2019 5.6E-02 1.2E-01 6.0E-02
2020 5.4E-02 1.1E-01 6.0E-02
Mean 5.2E-02 1.1E-01 5.6E-02
Standard 3.8E-03 9.3E-03 4.4E-03
deviation
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Table 6-1-16 Maximum concentration on the boundary of the calculation area (all of
the north, east, and south sides)

Coordinate
Year Concentration East - West North - South Depth
(Bq/L) (0: West boundary, 460: (0: South boundary, 658: (0: Bottom layer, 29:
East boundary) North boundary) Top layer)
2014 1.1E-04 460 (East boundary) 80 23
2015 2.6E-04 460 (East boundary) 145 29
2016 1.4E-04 460 (East boundary) 318 25
2017 2.4E-04 460 (East boundary) 224 23
2018 1.9E-04 460 (East boundary) 150 29
2019 1.6E-04 460 (East boundary) 181 28
2020 1.9E-04 460 (East boundary) 232 28
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(2) Concentration of each nuclide used for the assessment in the seawater

The concentration of the other nuclides was calculated from the ratio of tritium to the annual
discharge amount of the other nuclides in the source term based on the assessment result of
advection and diffusion to tritium.

Table 6-1-17 shows the concentration of tritium in the seawater within 10 km x 10 km around
the FDNPS and at the beach assessment point to the north of the FDNPS (annual discharge
amount) in the case of the annual discharge amount of 22 TBq (2.2E+13Bq) of tritium. The
change rate of the concentration of 2019 from the concentration of 2014 is about 20%.
Though the impact of annual variation is small, we decided to use the concentration of 2019,
which is higher, for the exposure assessment.

Tables 6-1-18 to 20 show this result and the radioactive material concentration in the
seawater for the assessment calculated from the annual discharge amount of each nuclide
shown in Tables 6-1-1 to 6-1-3.

Table 6-1-17 Tritium concentration in the seawater in the case of the annual tritium
discharge amount of 2.2E+13Bq

Calculation result (Bg/L)

Meteorological | Meteorological Concentration
Depth and and Difference for assessment
oceanographic | oceanographic (%) (BalL)
data of 2014 | data of 2019
All
4.8E-02 5.6E-02 17 5.6E-02
Annual average layers
concentration within 10 km
x 10 km around the FDNPS Top
1.0E-01 1.2E-01 20 1.2E-01
layer
Annual average All
concentration of the beach lavers 7.2E-01 8.8E-01 22 8.8E-01
assessment point y
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Table 6-1-18 Concentration in the seawater used for the assessment

(Source term based on the composition of nuclides in the K4 tank group)

Annual Concentration in the seawater used for the assessment (Bg/L)
nuchde | ‘amoumt | Wi 10kn xa0km | WiRin10)m < 10im T Beach assessment
(Ba) Average of all layers layer Average of all layers

H-3 2.2E+13 5.6E-02 1.2E-01 8.8E-01
C-14 1.7E+09 4.4E-06 9.5E-06 6.9E-05
Mn-54 7.8E+05 2.0E-09 4.2E-09 3.1E-08
Fe-59 2.0E+06 5.0E-09 1.1E-08 7.9E-08
Co-58 9.3E+05 2.4E-09 5.1E-09 3.7E-08
Co-60 5.1E+07 1.3E-07 2.8E-07 2.0E-06
Ni-63 2.5E+08 6.5E-07 1.4E-06 1.0E-05
Zn-65 1.7E+06 4.4E-09 9.5E-09 6.9E-08
Rb-86 2.2E+07 5.6E-08 1.2E-07 8.8E-07
Sr-89 1.2E+07 2.9E-08 6.3E-08 4.6E-07
Sr-90 2.5E+07 6.5E-08 1.4E-07 1.0E-06
Y-90 2.5E+07 6.5E-08 1.4E-07 1.0E-06
Y-91 2.5E+08 6.5E-07 1.4E-06 1.0E-05
Nb-95 1.2E+06 2.9E-09 6.3E-09 4.6E-08
Tc-99 8.1E+07 2.1E-07 4.4E-07 3.2E-06
Ru-103 1.2E+06 2.9E-09 6.3E-09 4.6E-08
Ru-106 1.9E+08 4.7E-07 1.0E-06 7.4E-06
Rh-103m 1.2E+06 2.9E-09 6.3E-09 4.6E-08
Rh-106 1.9E+08 4.7E-07 1.0E-06 7.4E-06
Ag-110m 6.5E+05 1.7E-09 3.5E-09 2.6E-08
Cd-113m 2.1E+06 5.3E-09 1.1E-08 8.3E-08
Cd-115m 7.4E+07 1.9E-07 4.0E-07 3.0E-06
Sn-119m 2.0E+07 5.0E-08 1.1E-07 7.9E-07
Sn-123 1.4E+08 3.5E-07 7.6E-07 5.6E-06
Sn-126 3.1E+06 8.0E-09 1.7E-08 1.3E-07
Sbh-124 1.1E+06 2.8E-09 6.0E-09 4.4E-08
Sbh-125 3.8E+07 9.7E-08 2.1E-07 1.5E-06
Te-123m 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Te-125m 3.8E+07 9.7E-08 2.1E-07 1.5E-06
Te-127 3.7E+07 9.4E-08 2.0E-07 1.5E-06
Te-127m 3.7E+07 9.4E-08 2.0E-07 1.5E-06
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_Annual Concentration in the seawater used for the assessment (Bg/L)
nicnde | ‘amoum | Witin 0k x1okm | Wil 10k x 10km T Beach sssessment
(Ba) Average of all layers layer Average of all layers

Te-129 3.7E+07 9.4E-08 2.0E-07 1.5E-06
Te-129m 3.7E+07 9.4E-08 2.0E-07 1.5E-06
1-129 2.4E+08 6.2E-07 1.3E-06 9.7E-06
Cs-134 5.2E+06 1.3E-08 2.8E-08 2.1E-07
Cs-135 2.9E+02 7.4E-13 1.6E-12 1.2E-11
Cs-136 3.5E+06 8.8E-09 1.9E-08 1.4E-07
Cs-137 4.9E+07 1.2E-07 2.7E-07 1.9E-06
Ba-137m 4.9E+07 1.2E-07 2.7E-07 1.9E-06
Ba-140 1.1E+07 2.8E-08 6.0E-08 4.4E-07
Ce-141 2.9E+06 7.4E-09 1.6E-08 1.2E-07
Ce-144 7.3E+06 1.9E-08 4.0E-08 2.9E-07
Pr-144 7.3E+06 1.9E-08 4.0E-08 2.9E-07
Pr-144m 7.3E+06 1.9E-08 4.0E-08 2.9E-07
Pm-146 1.1E+07 2.9E-08 6.2E-08 4.5E-07
Pm-147 2.2E+07 5.6E-08 1.2E-07 8.8E-07
Pm-148 5.8E+07 1.5E-07 3.2E-07 2.3E-06
Pm-148m 9.7E+05 2.5E-09 5.3E-09 3.9E-08
Sm-151 1.0E+05 2.7E-10 5.7E-10 4.2E-09
Eu-152 3.2E+06 8.3E-09 1.8E-08 1.3E-07
Eu-154 1.4E+06 3.5E-09 7.6E-09 5.6E-08
Eu-155 3.8E+06 9.7E-09 2.1E-08 1.5E-07
Gd-153 3.7E+06 9.4E-09 2.0E-08 1.5E-07
Tb-160 3.2E+06 8.3E-09 1.8E-08 1.3E-07
Pu-238 7.3E+04 1.9E-10 4.0E-10 2.9E-09
Pu-239 7.3E+04 1.9E-10 4.0E-10 2.9E-09
Pu-240 7.3E+04 1.9E-10 4.0E-10 2.9E-09
Pu-241 3.2E+06 8.3E-09 1.8E-08 1.3E-07
Am-241 7.3E+04 1.9E-10 4.0E-10 2.9E-09
Am-242m 4.5E+03 1.1E-11 2.5E-11 1.8E-10
Am-243 7.3E+04 1.9E-10 4.0E-10 2.9E-09
Cm-242 7.3E+04 1.9E-10 4.0E-10 2.9E-09
Cm-243 7.3E+04 1.9E-10 4.0E-10 2.9E-09
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Annual Concentration in the seawater used for the assessment (Bg/L)
Target discharge ey
- I Within 10 km x 10 km Beach assessment
nuclide amount V\Xt/rgpalg l(()TaTI iio le(g Average of the top point
(Ba) 9 Y layer Average of all layers
Cm-244 7.3E+04 1.9E-10 4.0E-10 2.9E-09

Target exposure
assessment

From fishing nets
Ingestion of seafood

From sea surface
From hulls

During swimming
From beach sand
Ingestion of seawater
Inhalation of seawater

spray

Table 6-1-19 Concentration in the seawater used for the assessment

(Source term based on the compaosition of nuclides in the J1-C tank group)

Annual Concentration in the seawater used for the assessment (Bg/L)

Target nuclide d;ﬁg‘zﬁe Within 10 km x 10 km W:hin 10 km x 10 km Beach assessment

(Ba) Average of all layers vera?:yg:;he op Averagepglfnetlll layers
H-3 2.2E+13 5.6E-02 1.2E-01 8.8E-01
C-14 4.8E+08 1.2E-06 2.6E-06 1.9E-05
Mn-54 1.0E+06 2.6E-09 5.6E-09 4.1E-08
Fe-59 2.3E+06 5.9E-09 1.3E-08 9.3E-08
Co-58 1.1E+06 2.8E-09 6.0E-09 4.4E-08
Co-60 8.9E+06 2.3E-08 4.8E-08 3.5E-07
Ni-63 2.3E+08 5.8E-07 1.2E-06 9.1E-06
Zn-65 2.5E+06 6.4E-09 1.4E-08 1.0E-07
Rb-86 1.3E+07 3.4E-08 7.3E-08 5.4E-07
Sr-89 1.4E+06 3.7E-09 7.9E-09 5.8E-08
Sr-90 9.7E+05 2.5E-09 5.3E-09 3.9E-08
Y-90 9.7E+05 2.5E-09 5.3E-09 3.9E-08
Y-91 4.6E+08 1.2E-06 2.5E-06 1.8E-05
Nb-95 1.3E+06 3.4E-09 7.3E-09 5.4E-08
Tc-99 3.2E+07 8.2E-08 1.8E-07 1.3E-06
Ru-103 1.4E+06 3.6E-09 7.8E-09 5.7E-08
Ru-106 3.8E+07 9.6E-08 2.0E-07 1.5E-06
Rh-103m 1.4E+06 3.6E-09 7.8E-09 5.7E-08
Rh-106 3.8E+07 9.6E-08 2.0E-07 1.5E-06
Ag-110m 1.2E+06 2.9E-09 6.3E-09 4.6E-08
Cd-113m 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Cd-115m 7.2E+07 1.8E-07 4.0E-07 2.9E-06
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Annual Concentration in the seawater used for the assessment (Bg/L)
Target nuclide dj,;igilﬁte Within 10 km x 10 km W:hin 10km x 10 km | Beach assessment
(Ba) Average of all layers veraglg:ygghe op Averagepglfnatlll layers

Sn-119m 1.1E+09 2.9E-06 6.1E-06 4.5E-05
Sn-123 1.8E+08 4 5E-07 9.7E-07 7.1E-06
Sn-126 7.8E+06 2.0E-08 4.2E-08 3.1E-07
Sh-124 2.6E+06 6.6E-09 1.4E-08 1.0E-07
Sb-125 6.2E+06 1.6E-08 3.4E-08 2.5E-07
Te-123m 2.5E+06 6.3E-09 1.3E-08 9.9E-08
Te-125m 6.2E+06 1.6E-08 3.4E-08 2.5E-07
Te-127 1.3E+08 3.2E-07 6.9E-07 5.0E-06
Te-127m 1.3E+08 3.3E-07 7.2E-07 5.3E-06
Te-129 3.8E+07 9.6E-08 2.0E-07 1.5E-06
Te-129m 3.8E+07 9.6E-08 2.0E-07 1.5E-06
1-129 3.2E+07 8.2E-08 1.8E-07 1.3E-06
Cs-134 2.0E+06 5.2E-09 1.1E-08 8.2E-08
Cs-135 3.2E+01 8.2E-14 1.8E-13 1.3E-12
Cs-136 1.3E+06 3.2E-09 6.9E-09 5.0E-08
Cs-137 5.1E+06 1.3E-08 2.8E-08 2.0E-07
Ba-137m 5.1E+06 1.3E-08 2.8E-08 2.0E-07
Ba-140 5.4E+06 1.4E-08 2.9E-08 2.1E-07
Ce-141 7.0E+06 1.8E-08 3.8E-08 2.8E-07
Ce-144 1.5E+07 3.9E-08 8.3E-08 6.1E-07
Pr-144 1.5E+07 3.9E-08 8.3E-08 6.1E-07
Pr-144m 1.5E+07 3.9E-08 8.3E-08 6.1E-07
Pm-146 1.8E+06 4.6E-09 9.8E-09 7.2E-08
Pm-147 2.1E+07 5.5E-08 1.2E-07 8.6E-07
Pm-148 6.2E+06 1.6E-08 3.4E-08 2.5E-07
Pm-148m 1.3E+06 3.3E-09 7.0E-09 5.2E-08
Sm-151 3.0E+05 7.5E-10 1.6E-09 1.2E-08
Eu-152 7.5E+06 1.9E-08 4.1E-08 3.0E-07
Eu-154 3.0E+06 7.5E-09 1.6E-08 1.2E-07
Eu-155 9.1E+06 2.3E-08 5.0E-08 3.6E-07
Gd-153 7.0E+06 1.8E-08 3.8E-08 2.8E-07
Th-160 3.8E+06 9.6E-09 2.0E-08 1.5E-07
Pu-238 8.9E+05 2.3E-09 4.8E-09 3.5E-08
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Annual Concentration in the seawater used for the assessment (Bg/L)

Target nuclide dsrzgi:?te Within 10 km x 10 km Within 10 km x 10 km Beach assessment

(Ba) Average of all layers Averaglg:ygghe op Averagepglfnatlll layers
Pu-239 8.9E+05 2.3E-09 4.8E-09 3.5E-08
Pu-240 8.9E+05 2.3E-09 4.8E-09 3.5E-08
Pu-241 3.2E+07 8.2E-08 1.8E-07 1.3E-06
Am-241 8.9E+05 2.3E-09 4.8E-09 3.5E-08
Am-242m 1.6E+04 4.0E-11 8.6E-11 6.3E-10
Am-243 8.9E+05 2.3E-09 4.8E-09 3.5E-08
Cm-242 8.9E+05 2.3E-09 4.8E-09 3.5E-08
Cm-243 8.9E+05 2.3E-09 4.8E-09 3.5E-08
Cm-244 8.9E+05 2.3E-09 4.8E-09 3.5E-08

Target exposure
assessment

From fishing nets
Ingestion of seafood

From sea surface
From hulls

During swimming
From beach sand
Ingestion of seawater
Inhalation of seawater

spray

Table 6-1-20 Concentration in the seawater used for the assessment

(Source term based on the composition of nuclides in the J1-G tank group)

Annual Concentration in the seawater used for the assessment (Bg/L)
Target nuclide discharge - Within 10 km x 10 km Beach assessment
amount Within 10 km x 10 km Average of the top point

(Ba) Average of all layers layers Average of all layers
H-3 2.2E+13 5.6E-02 1.2E-01 8.8E-01
C-14 1.3E+09 3.3E-06 7.1E-06 5.2E-05
Mn-54 3.1E+06 7.9E-09 1.7E-08 1.2E-07
Fe-59 5.9E+06 1.5E-08 3.2E-08 2.3E-07
Co-58 3.0E+06 7.7E-09 1.6E-08 1.2E-07
Co-60 1.9E+07 4.8E-08 1.0E-07 7.5E-07
Ni-63 7.2E+08 1.8E-06 3.9E-06 2.9E-05
Zn-65 6.5E+06 1.7E-08 3.6E-08 2.6E-07
Rb-86 3.8E+07 9.7E-08 2.1E-07 1.5E-06
Sr-89 3.7E+06 9.3E-09 2.0E-08 1.5E-07
Sr-90 2.6E+06 6.6E-09 1.4E-08 1.0E-07
Y-90 2.6E+06 6.6E-09 1.4E-08 1.0E-07
Y-91 9.8E+08 2.5E-06 5.3E-06 3.9E-05
Nb-95 3.8E+06 9.7E-09 2.1E-08 1.5E-07
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Annual Concentration in the seawater used for the assessment (Bg/L)

Target nuclide dj,;igilﬁte Within 10 km x 10 km W:hin 10km x 10 km | Beach assessment

(Ba) Average of all layers veraglg:ygghe op Averagepglfnettll layers
Tc-99 1.1E+08 2.7E-07 5.8E-07 4.2E-06
Ru-103 4.2E+06 1.1E-08 2.3E-08 1.7E-07
Ru-106 3.9E+07 1.0E-07 2.1E-07 1.6E-06
Rh-103m 4.2E+06 1.1E-08 2.3E-08 1.7E-07
Rh-106 3.9E+07 1.0E-07 2.1E-07 1.6E-06
Ag-110m 3.3E+06 8.3E-09 1.8E-08 1.3E-07
Cd-113m 7.0E+06 1.8E-08 3.8E-08 2.8E-07
Cd-115m 1.9E+08 4.8E-07 1.0E-06 7.5E-06
Sn-119m 3.3E+09 8.3E-06 1.8E-05 1.3E-04
Sn-123 5.1E+08 1.3E-06 2.8E-06 2.1E-05
Sn-126 1.2E+07 3.1E-08 6.7E-08 4.9E-07
Sbh-124 6.8E+06 1.7E-08 3.7E-08 2.7E-07
Sb-125 1.1E+07 2.9E-08 6.2E-08 4.6E-07
Te-123m 5.5E+06 1.4E-08 3.0E-08 2.2E-07
Te-125m 1.1E+07 2.9E-08 6.2E-08 4.6E-07
Te-127 3.5E+08 8.9E-07 1.9E-06 1.4E-05
Te-127m 3.7E+08 9.3E-07 2.0E-06 1.5E-05
Te-129 9.8E+07 2.5E-07 5.3E-07 3.9E-06
Te-129m 9.8E+07 2.5E-07 5.3E-07 3.9E-06
1-129 2.7E+Q7 6.8E-08 1.5E-07 1.1E-06
Cs-134 5.5E+06 1.4E-08 3.0E-08 2.2E-07
Cs-135 1.7E+02 4.4E-13 9.3E-13 6.8E-12
Cs-136 2.9E+06 7.5E-09 1.6E-08 1.2E-07
Cs-137 2.7TE+07 6.8E-08 1.5E-07 1.1E-06
Ba-137m 2.7TE+07 6.8E-08 1.5E-07 1.1E-06
Ba-140 1.4E+07 3.5E-08 7.6E-08 5.5E-07
Ce-141 9.8E+06 2.5E-08 5.3E-08 3.9E-07
Ce-144 4.5E+07 1.1E-07 2.4E-07 1.8E-06
Pr-144 4.5E+07 1.1E-07 2.4E-07 1.8E-06
Pr-144m 4. 5E+07 1.1E-07 2.4E-07 1.8E-06
Pm-146 5.1E+06 1.3E-08 2.8E-08 2.1E-07
Pm-147 5.9E+07 1.5E-07 3.2E-07 2.3E-06
Pm-148 3.7E+07 9.3E-08 2.0E-07 1.5E-06
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Annual Concentration in the seawater used for the assessment (Bg/L)

Target nuclide d;ﬁgﬁﬁe Within 10 km x 10 km W:hin 10km x 10 km | Beach assessment

(Ba) Average of all layers veraglg:ygghe op Averagepglfnettll layers
Pm-148m 3.3E+06 8.5E-09 1.8E-08 1.3E-07
Sm-151 8.1E+05 2.1E-09 4.4E-09 3.3E-08
Eu-152 1.5E+07 3.9E-08 8.4E-08 6.2E-07
Eu-154 8.1E+06 2.1E-08 4.4E-08 3.3E-07
Eu-155 1.5E+07 3.7E-08 8.0E-08 5.9E-07
Gd-153 1.5E+07 3.9E-08 8.4E-08 6.2E-07
Th-160 1.1E+07 2.9E-08 6.2E-08 4.6E-07
Pu-238 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Pu-239 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Pu-240 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Pu-241 8.1E+07 2.1E-07 4.4E-07 3.3E-06
Am-241 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Am-242m 4.2E+04 1.1E-10 2.3E-10 1.7E-09
Am-243 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Cm-242 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Cm-243 2.3E+06 5.8E-09 1.2E-08 9.1E-08
Cm-244 2.3E+06 5.8E-09 1.2E-08 9.1E-08

Target exposure assessment

From fishing nets
Ingestion of seafood

From sea surface
From hulls

During swimming
From beach sand
Ingestion of seawater
Inhalation of seawater

spray

(3) Exposure assessment result

Tables 6-1-21 to 22 show the result of the exposure assessments of the following three

cases using the concentrations in the seawater shown in Tables 6-1-18 to 6-1-20.

Source term based on the measured composition of nuclides

I K4 tank group (Sum of the ratios to regulatory concentration limits of 63

nuclides other than tritium: 0.29)

. J1-C tank group (Sum of the ratios to regulatory concentration limits of 63

nuclides other than tritium: 0.35)

iii. J1-G tank group (Sum of the ratios to regulatory concentration limits of 63

nuclides other than tritium: 0.22)
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The result of human exposure assessment is 0.00003 (3E-05) to 0.0004 (4E-04) mSv/year.
In all cases, the results were much smaller than the dose limit of 1 mSv/year for the general
public and the dose target of 0.05 mSv/year for domestic nuclear power plants, which is
equivalent to the dose constraint value.

The assessment in the source term based on the measured value was assessed assuming
that nuclides below the detection limits (undetected nuclides) were contained at the detection
limits, so the assessment result is considered to be conservative. Attachment IX
“Contribution to the undetected nuclides in the source term based on the measured value”
shows the contribution of undetected nuclides in the assessment result.

Even in the exposure assessment of infant, of which the assessed value of internal exposure
is high because the effective dose factor is large, the assessment result of internal exposure
is 0.000029 (2.9E-05) mSv/year to 0.00071 (7.1E-04) mSv/year. This result is much lower
than the dose limit of ImSv/year as well as the target dose value of 0.05mSv/year, which is
equivalent to the dose constraint.

Attachment X “Breakdown of the exposure assessment result by nuclide” shows the nuclide-
specific breakdown of these assessment results.

In terms of the basic concept of radiation protection®®, which is to make every effort to reduce
exposure as low as reasonably achievable while also considering social and economical
balance, optimization of radiation protection does not necessarily equal to the minimization of
exposure. Radiation protection is optimized to the extent that it does not exceed the dose
constraint, so the upper limit of annual discharge amount calculated from “the annual
discharge amount of treated water”, “Dose constraints”, and “Exposure assessment result by
the source term” is shown below.

For example, if the calculation is performed the annual discharge amount of tritium from the
assessment result of the J1-G tank group of which value of the exposure assessment result
is the largest among the source terms based on the measured values, the result is as follows
considering the dose constraint is 0.05mSv/year and the exposure assessment result based
on the source term of the J1-G tank group (if the ingestion of seafood is large amount) is 4E-
04mSvlyear:

2.2E+13(Bg/year)x0.05 (mSv/year)+0.0004(mSv/year)=2.7E+15(Bq/year)=2,700 TBa/year

% The principle of “ALARA” (As Low As Reasonably Achievable), which means radiation can be utilized with optimizing
exposure as low as reasonably achievable when benefits from a practice with the radiation outweigh risks by the exposure
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As the same calculation, if the calculation is performed using the assessment result of the K4
tank group of which value of the exposure assessment result is the smallest, the result is as
follows:

2.2E+13(Bg/year)x0.05 (mSv/year)+0.00003(mSv/year)=3.6E+16(Bqg/year)=36 PBq/year
(36,000 TBg/year)

The actual discharge amount will be determined setting the minimum value of 2,700 TBq
(source term: J1-C tank group, seafood ingestion: large amount) as the limit value, which is
the lowest value depends on source term and seafood ingestion at a result of optimization of
radiation protection.

On the other hand, the Basic Policy of the government in April 2021 stipulates “The total
annual amount of tritium to be discharged will be at a level below the operational target
valuel0 for tritium discharge of the Fukushima Daiichi NPS before the accident (22
TBg/year).” This is a policy-making decision with consideration of the viewpoint of risk
optimization of the whole decommissioning process as well as ALPS treated water, the effect
of natural decay of radioactive materials expected to occur during land storage of ALPS
treated water, leakage risk and occupational exposure during long-term storage, and social
acceptance such as understanding from stakeholders. Based on this circumstance, we set
the annual discharge amount of tritium 22 TBg/year (2.2E+13Bg/year) in accordance with
above mentioned “TEPCO’s Action in response to Government’s Policy,” and assessed
radiological impact.

In accordance with the Basic Policy of the government, the annual discharge amount of
tritium is to be reviewed periodically below the dose constraint, by closely examining the
circumstances of contaminated water generation and tritium concentration of newly
generated ALPS treated water, and paying sufficient attention to the optimization including
viewpoint of stakeholders.
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Table 6-1-21 Results of human exposures assessment

Source Source term based on measured values
Assessed term i. K4 tank group ii. J1-C tank group | iii. J1-G tank group
case Ingestion
of Average | Large | Average | Large | Average Large
seafood
Sea surface 6.5E-09 1.7E-08 4.7E-08
Hull 4.8E-09 1.2E-08 3.3E-08
External Durin
exposure | _--nng 4.5E-09 1.2E-08 3.2E-08
swimming
(mSvlyear)
Beach sand 7.8E-06 2.1E-05 5.6E-05
Fishing net 1.6E-06 4.3E-06 1.2E-05
Ingestion of 3.3E-07 3.1E-07 3.2E-07
water
Internal Inhalation
exposure of spra 9.3E-08 2.0E-07 4.0E-07
(mSvlyear) pray
Ingestion of| ) 5¢ 5 | 6.1E-05 | 2.8E-05 | 1.1E-04 | 7.9E-05 | 3.0E-04
seafood
Total
3E-05 7E-05 5E-05 1E-04 1E-04 4E-04
(mSvlyear)
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Table 6-1-22 Results of internal exposures assessment by age

Source term based on measured values

Source
Assessed term K4 tank group |ii. J1-C tank group |iii. J1-G tank group
case Ingestion
of Average | Large |Average | Large |Average | Large
seafood
Internal Adult 3.3E-07 3.1E-07 3.2E-07
exposure
from Child under
ingestion of | school age 5.7E-07 o.4E-07 5.5E-07
water
(mSvlyear) Infant ) ) )
Internal Adult 9.3E-08 2.0E-07 4.0E-07
exposure
_from — |Child under 6.2E-08 1.1E-07 2.2E-07
inhalation of| school age
spray
(mSviyean) | | rant 4.0E-08 6.5E-08 1.2E-07
Internal Adult 1.5E-05 | 6.1E-05 | 2.8E-05 | 1.1E-04 | 7.9E-05 | 3.0E-04
exposure
_from = |Childunder , ,- o | 9 4E-05 | 5.1E-05 | 2.0E-04 | 1.5E-04 | 5.6E-04
ingestion of | school age
seafood
(mSviyean) | |itant | 2.9E-05 | 1.1E-04 | 6.7E-05 | 2.5E-04 | 1.9E-04 | 7.1E-04
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6-2.

Potential exposure assessment

Potential exposure was assessed according to the assessment procedure of potential

exposure shown in GSG-10 (Figure 6-2-1).

Assessment of potential exposures
Identification and selection of B Identify and select events that may
potential exposure scenarios lead to potential exposures
v
Selection of the source terms ®  Define the type and amount of
radioactive materials released as a
e result of the selected events
Modeling of dispersion and B Study how the various radioactive
transfer in the environment materials discharged into the sea
disperse, transfer, and accumulate
v p
denificat o B Study the pathways by which people
Identification of exposure pathways are exposed to the dispersed and
= transferred radioactive materials
Identification of the representative person B Setthe representative person for
~g potential exposures
Assessment of the dose B Assess the dose to the representative
person for potential exposures
v
Comparison of estimated B Compare the estimated doses and
doses and risks with criteria risks with criteria.

Figure 6-2-1.

6-2-1. Assessment method

(1)

Assessment procedure of potential exposures

Identification and selection of potential exposure scenarios

The facilities for discharging ALPS treated water into the sea are measurement/confirmation
facility, transfer facility, dilution facility, and discharge facility. The target facilities contain two
types of radioactive water: diluted and undiluted ALPS treated water. Therefore, unintentional
discharge of ALPS treated water into the ocean is defined as the top event, and the following
three types of specific abnormal events are defined:
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(1) Discharge radioactive materials with defective measurement/ confirmation
(2) Discharge with insufficient seawater dilution

(3) Leakage from facilities

In the design, to prevent these:

For (1)

* Set up interlock for discharge

*  Duplication of tank valves

+ Comparison with the analysis by a third-party institution

* Homogenization of samples by stirring and circulation equipment
For (2)

» Surveillance of the dilution rate based on the flow rate

* Set up interlock to stop discharge when the seawater flow rate is abnormal
» Installation of double emergency isolation valves

For (3)

+ Stop in the event of earthquake

* Implementation of periodic patrol inspection

»  Connection between the polyethylene pipes shall be a fusion structure.

Installation of a leakage detector and weir in the flange

» Installation of a water level gauge in the receiving tank

Thanks to these and other measures, the unintentional discharge amount of ALPS treated
water in the event of a single failure is limited to about 1.2 m? at the most.

As for (1) and (2), discharge is prevented or mitigated by design and operation, but as for (3)
leakage from facilities, there remains a possibility of occurrence caused by external events
beyond design assumptions, etc., so we selected scenarios.

As mentioned at the beginning, the facilities for discharging ALPS treated water into the sea
are measurement/confirmation facility, transfer facility, dilution facility, and discharge facility.
Among these facilities, dilution facility and discharge facility are facilities containing ALPS

treated water after dilution and the risk of exposure from leakage is negligible.
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On the other hand, the measurement/confirmation facility mainly consists of tanks for
measurement and confirmation, pumps, piping, and valves, and the transfer facility mainly
consists of pumps, piping, and valves. As scenarios of leakage from these facilities, we
selected case 1: leakage from piping, and case 2: leakage from tanks as the severest event,
as follows.

+ Casel Leakage from piping

In the case of leakage from piping, the flow rate of ALPS treated water is considered to be
the same as in normal conditions, but the water flows into the sea without dilution. As the
severest scenario of leakage from piping, selected is the event of leakage of the whole
amount of the maximum flow rare in the normal operation (500 m®/day) from near the north
breakwater due to piping rupture near the sea. In addition, in reality, leakage is considered to
stop on the following day because the flow rate is monitored constantly and a patrol
inspection is performed every day, but here it is assumed that leakage was overlooked and
continued for 20 days until one tank series for measurement/confirmation of 10,000 m3
became empty.

+ Case?2 Leakage from tanks

As the severest scenario, selected is the event of leakage of ALPS treated water of 30,000
m? per day into the sea due to damage of all of the 3 tank groups for
measurement/confirmation caused by an enormous earthquake, etc. In reality, it is
conceivable that some of ALPS treated water may remain in the tanks and weirs or penetrate
into the ground within the site, but it was decided that the whole volume would flow into the
sea in this case.

(2) Source term (daily discharge amount of each nuclide)

Case 1 (Piping rupture)

Leaked ALPS treated water is the one which is usually discharged after dilution, and the
source term was calculated from the product of the composition of nuclides based on the
measured value and the maximum daily discharge volume of water (500 m3/day). Tables 6-2-
1 to 6-2-3 show the source term used for the assessment.

Table 6-2-1 Source term based on the nuclide composition of measured
values (K4 tank group) (Case 1)

Daily
T Nuclide discharge Daily discharge
arget . | p R K
nuclide concentration volume o amount emarks
(Bg/L) water (Bg/day)
(L/day)
H-3 1.9E+05 5.0E+05 9.5E+10
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
C-14 1.5E+01 7.5E+06 The daily discharge amount
was calculated from the
Mn-54 6.7E-03 3.4E+03 product of the maximum value
Fe-59 1.7E-02 8.5E+03 of the daily discharge volume
Co-60 4.4E-01 2.2E+05 of each nuclide
Ni-63 2.2E+00 1.1E+06
Zn-65 1.5E-02 7.5E+03
Rb-86 1.9E-01 9.5E+04
Sr-89 1.0E-01 5.0E+04
Sr-90 2.2E-01 1.1E+05
Y-90 2.2E-01 1.1E+05
Y-91 2.2E+00 1.1E+06
Nb-95 1.0E-02 5.0E+03
Tc-99 7.0E-01 3.5E+05
Ru-103 1.0E-02 5.0E+03
Ru-106 1.6E+00 8.0E+05
Rh-103m 1.0E-02 5.0E+03
Rh-106 1.6E+00 8.0E+05
Ag-110m 5.6E-03 2.8E+03
Cd-113m 1.8E-02 9.0E+03
Cd-115m 6.4E-01 3.2E+05
Sn-119m 1.7E-01 8.5E+04
Sn-123 1.2E+00 6.0E+05
Sn-126 2.7E-02 1.4E+04
Sbh-124 9.5E-03 4.8E+03
Sb-125 3.3E-01 1.7E+05
Te-123m 9.2E-03 4.6E+03
Te-125m 3.3E-01 1.7E+05
Te-127 3.2E-01 1.6E+05
Te-127m 3.2E-01 1.6E+05
Te-129 8.1E-02 4.1E+04
Te-129m 3.2E-01 1.6E+05
1-129 2.1E+00 1.1E+06
Cs-134 4.5E-02 2.3E+04
Cs-135 2.5E-06 1.3E+00
Cs-136 3.0E-02 1.5E+04
Cs-137 4.2E-01 2.1E+05
Ba-137m 4.2E-01 2.1E+05
Ba-140 9.5E-02 4.8E+04
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Ce-141 2.5E-02 1.3E+04
Ce-144 6.3E-02 3.2E+04
Pr-144 6.3E-02 3.2E+04
Pr-144m 6.3E-02 3.2E+04
Pm-146 9.8E-02 4.9E+04
Pm-147 1.9E-01 9.5E+04
Pm-148 5.0E-01 2.5E+05
Pm-148m 8.4E-03 4.2E+03
Sm-151 9.0E-04 4.5E+02
Eu-152 2.8E-02 1.4E+04
Eu-154 1.2E-02 6.0E+03
Eu-155 3.3E-02 1.7E+04
Gd-153 3.2E-02 1.6E+04
Th-160 2.8E-02 1.4E+04
Pu-238 6.3E-04 3.2E+02
Pu-239 6.3E-04 3.2E+02
Pu-240 6.3E-04 3.2E+02
Pu-241 2.8E-02 1.4E+04
Am-241 6.3E-04 3.2E+02
Am-242m 3.9E-05 2.0E+01
Am-243 6.3E-04 3.2E+02
Cm-242 6.3E-04 3.2E+02
Cm-243 6.3E-04 3.2E+02
Cm-244 6.3E-04 3.2E+02

Table 6-2-2 Source term based on the nuclide composition of measured
values (J1-C tank group) (Case 1)

Daily
Nuclide discharge Daily discharge
Target .
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
H-3 8.2E+05 5.0E+05 A41E+11 The daily discharge amount
was calculated from the
C-14 1.8E+01 9.0E+06 product of the maximum value
Mn-54 3.8E-02 1.9E+04 of the daily discharge volume
Fe-59 8.7E-02 4 AE+04 of water in normal operatior_1,
500 m?3, and the concentrations
Co-60 3.3E-01 1.7E+05
Ni-63 8.5E+00 4.3E+06
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Zn-65 9.4E-02 4.7E+04
Rb-86 5.0E-01 2.5E+05
Sr-89 5.4E-02 2.7E+04
Sr-90 3.6E-02 1.8E+04
Y-90 3.6E-02 1.8E+04
Y-91 1.7E+01 8.5E+06
Nb-95 5.0E-02 2.5E+04
Tc-99 1.2E+00 6.0E+05
Ru-103 5.3E-02 2.7E+04
Ru-106 1.4E+00 7.0E+05
Rh-103m 5.3E-02 2.7E+04
Rh-106 1.4E+00 7.0E+05
Ag-110m 4.3E-02 2.2E+04
Cd-113m 8.5E-02 4.3E+04
Cd-115m 2.7E+00 1.4E+06
Sn-119m 4.2E+01 2.1E+07
Sn-123 6.6E+00 3.3E+06
Sn-126 2.9E-01 1.5E+05
Sh-124 9.7E-02 4 9E+04
Sb-125 2.3E-01 1.2E+05
Te-123m 9.2E-02 4.6E+04
Te-125m 2.3E-01 1.2E+05
Te-127 4.7E+00 2.4E+06
Te-127m 4.9E+00 2.5E+06
Te-129 6.2E-01 3.1E+05
Te-129m 1.4E+00 7.0E+05
1-129 1.2E+00 6.0E+05
Cs-134 7.6E-02 3.8E+04
Cs-135 1.2E-06 6.0E-01
Cs-136 4.7E-02 2.4E+04
Cs-137 1.9E-01 9.5E+04
Ba-137m 1.9E-01 9.5E+04
Ba-140 2.0E-01 1.0E+05
Ce-141 2.6E-01 1.3E+05
Ce-144 5.7E-01 2.9E+05
Pr-144 5.7E-01 2.9E+05
Pr-144m 5.7E-01 2.9E+05
Pm-146 6.7E-02 3.4E+04
Pm-147 8.0E-01 4.0E+05
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Pm-148 2.3E-01 1.2E+05
Pm-148m 4.8E-02 2.4E+04
Sm-151 1.1E-02 5.5E+03
Eu-152 2.8E-01 1.4E+05
Eu-154 1.1E-01 5.5E+04
Eu-155 3.4E-01 1.7E+05
Gd-153 2.6E-01 1.3E+05
Th-160 1.4E-01 7.0E+04
Pu-238 3.3E-02 1.7E+04
Pu-239 3.3E-02 1.7E+04
Pu-240 3.3E-02 1.7E+04
Pu-241 1.2E+00 6.0E+05
Am-241 3.3E-02 1.7E+04
Am-242m 5.9E-04 3.0E+02
Am-243 3.3E-02 1.7E+04
Cm-242 3.3E-02 1.7E+04
Cm-243 3.3E-02 1.7E+04
Cm-244 3.3E-02 1.7E+04

Table 6-2-3 Source term based on the nuclide composition of measured
values (J1-G tank group) (Case 1)

Daily

T Nuclide discharge Daily discharge

arget . | ‘ R K
nuclide concentration volume o amount emarks

(Bg/L) water (Bg/day)
(L/day)
H-3 2 7E+05 5.0E+05 1.4E+11 The daily discharge amount
was calculated from the

C-14 1.6E+01 8.0E+06 product of the maximum value

Mn-54 3.8E-02 1.9E+04 of the daily discharge volume
i ] of water in normal operation,

Fe-59 7.2B-02 3.6E+04 500 m?3, and the concentrations
Co-58 3.7E-02 1.9E+04 of each nuclide
Co-60 2.3E-01 1.2E+05

Ni-63 8.8E+00 4.4E+06
Zn-65 8.0E-02 4.0E+04
Rb-86 4.7E-01 2.4E+05

Sr-89 4.5E-02 2.3E+04

Sr-90 3.2E-02 1.6E+04

Y-90 3.2E-02 1.6E+04

Y-91 1.2E+01 6.0E+06

104




Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Nb-95 4.7E-02 2.4E+04
Tc-99 1.3E+00 6.5E+05
Ru-103 5.1E-02 2.6E+04
Ru-106 4.8E-01 2.4E+05
Rh-103m 5.1E-02 2.6E+04
Rh-106 4.8E-01 2.4E+05
Ag-110m 4.0E-02 2.0E+04
Cd-113m 8.6E-02 4.3E+04
Cd-115m 2.3E+00 1.2E+06
Sn-119m 4.0E+01 2.0E+07
Sn-123 6.3E+00 3.2E+06
Sn-126 1.5E-01 7.5E+04
Sh-124 8.4E-02 4.2E+04
Sh-125 1.4E-01 7.0E+04
Te-123m 6.7E-02 3.4E+04
Te-125m 1.4E-01 7.0E+04
Te-127 4.3E+00 2.2E+06
Te-127m 4.5E+00 2.3E+06
Te-129 5.9E-01 3.0E+05
Te-129m 1.2E+00 6.0E+05
1-129 3.3E-01 1.7E+05
Cs-134 6.7E-02 3.4E+04
Cs-135 2.1E-06 1.1E+00
Cs-136 3.6E-02 1.8E+04
Cs-137 3.3E-01 1.7E+05
Ba-137m 3.3E-01 1.7E+05
Ba-140 1.7E-01 8.5E+04
Ce-141 1.2E-01 6.0E+04
Ce-144 5.5E-01 2.8E+05
Pr-144 5.5E-01 2.8E+05
Pr-144m 5.5E-01 2.8E+05
Pm-146 6.3E-02 3.2E+04
Pm-147 7.2E-01 3.6E+05
Pm-148 4.5E-01 2.3E+05
Pm-148m 4.1E-02 2.1E+04
Sm-151 1.0E-02 5.0E+03
Eu-152 1.9E-01 9.5E+04
Eu-154 1.0E-01 5.0E+04
Eu-155 1.8E-01 9.0E+04
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Daily

Nuclide discharge Daily discharge
Target .
nuclide concentration volume of amount Remarks

(Bg/L) water (Bg/day)

(L/day)
Gd-153 1.9E-01 9.5E+04
Tb-160 1.4E-01 7.0E+04
Pu-238 2.8E-02 1.4E+04
Pu-239 2.8E-02 1.4E+04
Pu-240 2.8E-02 1.4E+04
Pu-241 1.0E+00 5.0E+05
Am-241 2.8E-02 1.4E+04
Am-242m 5.1E-04 2.6E+02

Am-243 2.8E-02 1.4E+04
Cm-242 2.8E-02 1.4E+04
Cm-243 2.8E-02 1.4E+04
Cm-244 2.8E-02 1.4E+04
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Case 2 (Tank damage)
Leaked ALPS treated water is the one which is usually discharged after dilution, and the
source term was calculated from the product of the composition of nuclides based on the
measured value and the daily discharge volume of water (30,000 m3/day). Tables 6-2-4 to 6-
2-6 show the source term used for the assessment.

Table 6-2-4 Source term based on the nuclide composition of measured
values (K4 tank group) (Case 2)

Daily
Nuclide discharge Daily discharge
Target .
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
H-3 1.9E+05 3.0E+07 5.7E+12 * Itwas assumed that all of 3
tank groups for
C-14 1.5E+01 4.5E+08 measurement/confirmation were
Mn-54 6.7E-03 2.0E+05 damaged and whole capacity
(30,000 m?) leaked in 1 day
Fe-59 1.7E-02 51E+05 + The daily discharge amount
Co-58 8.0E-03 2.4E+05 was calculated from the product
_ _ of the daily discharge volume of
Co-60 4.4E-01 1.38+07 water, 30,000 m3, and the nuclide
Ni-63 2.2E+00 6.6E+07 concentration
Zn-65 1.5E-02 4 5E+05
Rb-86 1.9E-01 5.7E+06
Sr-89 1.0E-01 3.0E+06
Sr-90 2.2E-01 6.6E+06
Y-90 2.2E-01 6.6E+06
Y-91 2.2E+00 6.6E+07
Nb-95 1.0E-02 3.0E+05
Tc-99 7.0E-01 2.1E+07
Ru-103 1.0E-02 3.0E+05
Ru-106 1.6E+00 4.8E+07
Rh-103m 1.0E-02 3.0E+05
Rh-106 1.6E+00 4.8E+07
Ag-110m 5.6E-03 1.7E+05
Cd-113m 1.8E-02 5.4E+05
Cd-115m 6.4E-01 1.9E+07
Sn-119m 1.7E-01 5.1E+06
Sn-123 1.2E+00 3.6E+07
Sn-126 2.7E-02 8.1E+05
Sbh-124 9.5E-03 2.9E+05
Sb-125 3.3E-01 9.9E+06
Te-123m 9.2E-03 2.8E+05
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Te-125m 3.3E-01 9.9E+06
Te-127 3.2E-01 9.6E+06
Te-127m 3.2E-01 9.6E+06
Te-129 8.1E-02 2.4E+06
Te-129m 3.2E-01 9.6E+06
1-129 2.1E+00 6.3E+07
Cs-134 4.5E-02 1.4E+06
Cs-135 2.5E-06 7.5E+01
Cs-136 3.0E-02 9.0E+05
Cs-137 4.2E-01 1.3E+07
Ba-137m 4.2E-01 1.3E+07
Ba-140 9.5E-02 2.9E+06
Ce-141 2.5E-02 7.5E+05
Ce-144 6.3E-02 1.9E+06
Pr-144 6.3E-02 1.9E+06
Pr-144m 6.3E-02 1.9E+06
Pm-146 9.8E-02 2.9E+06
Pm-147 1.9E-01 5.7E+06
Pm-148 5.0E-01 1.5E+07
Pm-148m 8.4E-03 2.5E+05
Sm-151 9.0E-04 2.7E+04
Eu-152 2.8E-02 8.4E+05
Eu-154 1.2E-02 3.6E+05
Eu-155 3.3E-02 9.9E+05
Gd-153 3.2E-02 9.6E+05
Th-160 2.8E-02 8.4E+05
Pu-238 6.3E-04 1.9E+04
Pu-239 6.3E-04 1.9E+04
Pu-240 6.3E-04 1.9E+04
Pu-241 2.8E-02 8.4E+05
Am-241 6.3E-04 1.9E+04
Am-242m 3.9E-05 1.2E+03
Am-243 6.3E-04 1.9E+04
Cm-242 6.3E-04 1.9E+04
Cm-243 6.3E-04 1.9E+04
Cm-244 6.3E-04 1.9E+04
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Table 6-2-5 Source term based on the nuclide composition of measured
values (J1-C tank group) (Case 2)

Daily
T Nuclide discharge Daily discharge
arget .
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
H-3 8.2E+05 3.0E+07 2 5E+13 + It was assumed that all of 3
tank groups for
c-14 1.8E+01 o-4E+08 measurement/confirmation were
Mn-54 3.8E-02 1.1E+06 damaged and whole capacity
(30,000 m?3) leaked in 1 day
Fe-59 8.7E-02 2.6E+06 * The daily discharge amount
Co-58 4.1E-02 1.2E+06 was calculated from the product
_ _ of the daily discharge volume of
Co-60 3.3E-01 9.9E+06 water, 30,000 m3, and the nuclide
Ni-63 8.5E+00 2.6E+08 concentration
Zn-65 9.4E-02 2.8E+06
Rb-86 5.0E-01 1.5E+07
Sr-89 5.4E-02 1.6E+06
Sr-90 3.6E-02 1.1E+06
Y-90 3.6E-02 1.1E+06
Y-91 1.7E+01 5.1E+08
Nb-95 5.0E-02 1.5E+06
Tc-99 1.2E+00 3.6E+07
Ru-103 5.3E-02 1.6E+06
Ru-106 1.4E+00 4.2E+07
Rh-103m 5.3E-02 1.6E+06
Rh-106 1.4E+00 4.2E+07
Ag-110m 4.3E-02 1.3E+06
Cd-113m 8.5E-02 2.6E+06
Cd-115m 2.7E+00 8.1E+07
Sn-119m 4.2E+01 1.3E+09
Sn-123 6.6E+00 2.0E+08
Sn-126 2.9E-01 8.7E+06
Sb-124 9.7E-02 2.9E+06
Sb-125 2.3E-01 6.9E+06
Te-123m 9.2E-02 2.8E+06
Te-125m 2.3E-01 6.9E+06
Te-127 4 7E+00 1.4E+08
Te-127m 4.9E+00 1.5E+08
Te-129 6.2E-01 1.9E+07
Te-129m 1.4E+00 4 2E+07
1-129 1.2E+00 3.6E+07
Cs-134 7.6E-02 2.3E+06
Cs-135 1.2E-06 3.6E+01
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Cs-136 4.7E-02 1.4E+06
Cs-137 1.9E-01 5.7E+06
Ba-137m 1.9E-01 5.7E+06
Ba-140 2.0E-01 6.0E+06
Ce-141 2.6E-01 7.8E+06
Ce-144 5.7E-01 1.7E+07
Pr-144 5.7E-01 1.7E+07
Pr-144m 5.7E-01 1.7E+07
Pm-146 6.7E-02 2.0E+06
Pm-147 8.0E-01 2.4E+07
Pm-148 2.3E-01 6.9E+06
Pm-148m 4.8E-02 1.4E+06
Sm-151 1.1E-02 3.3E+05
Eu-152 2.8E-01 8.4E+06
Eu-154 1.1E-01 3.3E+06
Eu-155 3.4E-01 1.0E+07
Gd-153 2.6E-01 7.8E+06
Th-160 1.4E-01 4.2E+06
Pu-238 3.3E-02 9.9E+05
Pu-239 3.3E-02 9.9E+05
Pu-240 3.3E-02 9.9E+05
Pu-241 1.2E+00 3.6E+07
Am-241 3.3E-02 9.9E+05
Am-242m 5.9E-04 1.8E+04
Am-243 3.3E-02 9.9E+05
Cm-242 3.3E-02 9.9E+05
Cm-243 3.3E-02 9.9E+05
Cm-244 3.3E-02 9.9E+05

Table 6-2-6 Source term based on the nuclide composition of measured
values (J1-G tank group) (Case 2)

Daily

T Nuclide discharge Daily discharge

arget .
nuclide concentration volume of amount Remarks

(Bg/L) water (Bg/day)
(L/day)
H-3 2 7E+05 3.0E+07 8.1E+12 * |t was assumed that all of 3
tank groups for

c-14 16E+01 4.8E+08 measurement/confirmation were

Mn-54 3.8E-02 1.1E+06
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Fe-59 7.2E-02 2.2E+06 damaged and whole capacity
Co-60 2.3E-01 6.9E+06 was calculated from the product
Zn-65 8.0E-02 2.4E+06 concentration
Rb-86 4.7E-01 1.4E+07
Sr-89 4.5E-02 1.4E+06
Sr-90 3.2E-02 9.6E+05
Y-90 3.2E-02 9.6E+05
Y-91 1.2E+01 3.6E+08
Nb-95 4.7E-02 1.4E+06
Tc-99 1.3E+00 3.9E+07
Ru-103 5.1E-02 1.5E+06
Ru-106 4.8E-01 1.4E+07
Rh-103m 5.1E-02 1.5E+06
Rh-106 4.8E-01 1.4E+07
Ag-110m 4.0E-02 1.2E+06
Cd-113m 8.6E-02 2.6E+06
Cd-115m 2.3E+00 6.9E+07
Sn-119m 4.0E+01 1.2E+09
Sn-123 6.3E+00 1.9E+08
Sn-126 1.5E-01 4 5E+06
Sh-124 8.4E-02 2.5E+06
Sb-125 1.4E-01 4.2E+06
Te-123m 6.7E-02 2.0E+06
Te-125m 1.4E-01 4.2E+06
Te-127 4.3E+00 1.3E+08
Te-127m 4.5E+00 1.4E+08
Te-129 5.9E-01 3.6E+07
Te-129m 1.2E+00 3.6E+07
1-129 3.3E-01 9.9E+06
Cs-134 6.7E-02 2.0E+06
Cs-135 2.1E-06 6.3E+01
Cs-136 3.6E-02 1.1E+06
Cs-137 3.3E-01 9.9E+06
Ba-137m 3.3E-01 9.9E+06
Ba-140 1.7E-01 5.1E+06
Ce-141 1.2E-01 3.6E+06
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Daily
Target Nuclide_ discharge Daily discharge
nuclide concentration volume of amount Remarks
(Bg/L) water (Bg/day)
(L/day)
Ce-144 5.5E-01 1.7E+07
Pr-144 5.5E-01 1.7E+07
Pr-144m 5.5E-01 1.7E+07
Pm-146 6.3E-02 1.9E+06
Pm-147 7.2E-01 2.2E+07
Pm-148 4.5E-01 1.4E+07
Pm-148m 4.1E-02 1.2E+06
Sm-151 1.0E-02 3.0E+05
Eu-152 1.9E-01 5.7E+06
Eu-154 1.0E-01 3.0E+06
Eu-155 1.8E-01 5.4E+06
Gd-153 1.9E-01 5.7E+06
Th-160 1.4E-01 4.2E+06
Pu-238 2.8E-02 8.4E+05
Pu-239 2.8E-02 8.4E+05
Pu-240 2.8E-02 8.4E+05
Pu-241 1.0E+00 3.0E+07
Am-241 2.8E-02 8.4E+05
Am-242m 5.1E-04 1.5E+04
Am-243 2.8E-02 8.4E+05
Cm-242 2.8E-02 8.4E+05
Cm-243 2.8E-02 8.4E+05
Cm-244 2.8E-02 8.4E+05

(3) Modeling of diffusion and transfer, and exposure pathway

In the assessment of potential exposure, the location of discharge into the sea changes from
1 km offshore to the coast, but these discharge destinations are the same sea area and
diffusion and advection are assumed as same as those of the normal exposure, so the
migration pathways are the same as those of the normal exposure set in 6-1-2.(2). Though
the same model is also used for simulation, the calculation result based on discharge from
near the Unit 5/6 discharge outlets was used because it is the leakage from the coast.

The target regions, sea areas, and migration pathways are the same, so exposure pathways

are the same as those of the normal exposure.
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(4) Setting of the representative person

For the representative person subject to the potential exposure assessment, the region, sea
area, migration pathways, and exposure pathways are the same, so the same characteristics
as 6-1-2.(4) are applied. After leakage of ALPS treated water, diffusion dilution proceeds due
to tidal currents and the concentration immediately drops, but exposure was assumed to
continue for one week even after the end of leakage considering the case that the flow
velocity continues to be small for 3 to 4 days. Conservatively, the concentration in the
seawater is assumed to continue to be the same during such a period. For each case, the
exposure time, etc., was set by a time proportion calculation of the exposure continuation
period from the annual operation hours, etc. The set exposure time, etc., are as shown in
Table 6-2-7.

Table 6-2-7 Exposure time of the representative person used for the
potential exposure assessment, etc.

Item Case 1 (27 days) Case 2 (8 days)

Operation hours on a ship 210 hours 63 hours
Swimming time 7.1 hours 2.1 hours
Coastline stay time 37 hours 11 hours
Operation hours near fishing 140 hours 42 hours

nets

Ingestion of seafood

Ingestion of persons who
consume a large amount of
seafood in 27 days

Ingestion of persons who
consume a large amount of
seafood in 8 days

The exposure assessment point is near the beach assessment point to the north of the

FDNPS used for the normal exposure, and conservatively the concentration in the seawater

near the beach assessment point was used for all pathways.

(5) Dose assessment method

The exposure amount of the representative person is compared with 5mSv, which is the

typical decision criteria for simple assessment based on conservatively defined potential

exposure scenarios for facilities and activities as described in 5.69 of GSG-10.
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6-2-2. Assessment result
(1) Concentration in the seawater used for the assessment

The concentration in the seawater is the concentration near the beach assessment point to
the north of the FDNPS calculated based on the result of simulation of the case of discharge
from the Unit 5/6 discharge outlets of a total of 22 TBq (2.2E+13Bq) of tritium per year at an
even pace throughout the year (equivalent to 6.0E+10Bg/day) as follows.

* Case 1 (Piping rupture)

We calculated the 20 days moving average of the daily average tritium concentration at the
assessment point from the simulation results of tritium of 2014 and 2019, and then calculated
the maximum value of each year. Table 6-2-8 shows the result. We selected the result of
2014, of which concentration is higher, 5.6Bg/L from the results of the two years.

Since this concentration assumed the daily discharge amount of tritium 6.0E+10Bqg/day, we
calculated the concentration of each nuclide by comparing the daily discharge amount of
each nuclide in Tables 6-2-1 to 3. Tables 6-2-9 to 6-2-11 show the concentration of each
nuclide used for the assessment.

* Case 2 (Tank damage)

From the simulation results of tritium of 2014 and 2019, we calculated the maximum daily
average tritium concentration of each year at the assessment point. Table 6-2-8 shows the
result. We selected the higher result, namely 15Bg/L in 2014, from the results of two years.
Since this concentration assumed the daily discharge amount of tritium 6.0E+10Bqg/day, we
calculated the concentration of each nuclide by comparing the daily discharge amount of
each nuclide in Tables 6-2-4 to 6. Tables 6-2-9 to 6-2-11 show the concentration of each
nuclide used for the assessment.

Table 6-2-8 Concentration of tritium in the seawater near the beach assessment
point on which the potential exposure assessment is based

(Calculated daily average concentration from a simulation of the case of discharge
from the Unit 5 and 6 discharge outlets at an even pace throughout the year of a total
of 22 TBq (2.2E+13Bq) per year)

Case 1 (Piping rupture) Case 2 (Tank damage)
Assessment year Maximum value of the Maximum value of the daily
20-day moving average average concentration
concentration (Bg/L) (Bg/L)
2014 5.6 15
2019 55 12
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Table 6-2-9 Concentration in the seawater used for the assessment (Source term
based on the composition of nuclides in the K4 tank group)

Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in Concentration in

nuclide Daily discharge the seawater near Daily discharge the seawater near
amount the beach amount the beach

(Bag/day) assessment point (Bg/day) assessment point

(Ba/L) (Bg/L)

H-3 9.5E+10 8.8E+00 5.7E+12 1.4E+03
C-14 7.5E+06 7.0E-04 4.5E+08 1.1E-01
Mn-54 3.4E+03 3.1E-07 2.0E+05 5.0E-05
Fe-59 8.5E+03 7.9E-07 5.1E+05 1.3E-04
Co-58 4.0E+03 3.7E-07 2.4E+05 6.0E-05
Co-60 2.2E+05 2.0E-05 1.3E+07 3.3E-03
Ni-63 1.1E+06 1.0E-04 6.6E+07 1.6E-02
Zn-65 7.5E+03 7.0E-07 4.5E+05 1.1E-04
Rb-86 9.5E+04 8.8E-06 5.7E+06 1.4E-03
Sr-89 5.0E+04 4.6E-06 3.0E+06 7.5E-04
Sr-90 1.1E+05 1.0E-05 6.6E+06 1.6E-03
Y-90 1.1E+05 1.0E-05 6.6E+06 1.6E-03
Y-91 1.1E+06 1.0E-04 6.6E+07 1.6E-02
Nb-95 5.0E+03 4.6E-07 3.0E+05 7.5E-05
Tc-99 3.5E+05 3.3E-05 2.1E+07 5.2E-03
Ru-103 5.0E+03 4.6E-07 3.0E+05 7.5E-05
Ru-106 8.0E+05 7.4E-05 4.8E+07 1.2E-02
Rh-103m 5.0E+03 4.6E-07 3.0E+05 7.5E-05
Rh-106 8.0E+05 7.4E-05 4.8E+07 1.2E-02
Ag-110m 2.8E+03 2.6E-07 1.7E+05 4.2E-05
Cd-113m 9.0E+03 8.4E-07 5.4E+05 1.3E-04
Cd-115m 3.2E+05 3.0E-05 1.9E+07 4.8E-03
Sn-119m 8.5E+04 7.9E-06 5.1E+06 1.3E-03
Sn-123 6.0E+05 5.6E-05 3.6E+07 9.0E-03
Sn-126 1.4E+04 1.3E-06 8.1E+05 2.0E-04
Sbh-124 4.8E+03 4.4E-07 2.9E+05 7.1E-05
Sbh-125 1.7E+05 1.5E-05 9.9E+06 2.5E-03
Te-123m 4.6E+03 4.3E-07 2.8E+05 6.9E-05
Te-125m 1.7E+05 1.5E-05 9.9E+06 2.5E-03
Te-127 1.6E+05 1.5E-05 9.6E+06 2.4E-03
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Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in Concentration in
nuclide Daily discharge the seawater near Daily discharge the seawater near
amount the beach amount the beach
(Ba/day) assessment point (Bag/day) assessment point
(Ba/L) (Bg/L)
Te-127m 1.6E+05 1.5E-05 9.6E+06 2.4E-03
Te-129 4.1E+04 3.8E-06 2.4E+06 6.0E-04
Te-129m 1.6E+05 1.5E-05 9.6E+06 2.4E-03
1-129 1.1E+06 9.8E-05 6.3E+07 1.6E-02
Cs-134 2.3E+04 2.1E-06 1.4E+06 3.4E-04
Cs-135 1.3E+00 1.2E-10 7.5E+01 1.9E-08
Cs-136 1.5E+04 1.4E-06 9.0E+05 2.2E-04
Cs-137 2.1E+05 2.0E-05 1.3E+07 3.1E-03
Ba-137m 2.1E+05 2.0E-05 1.3E+07 3.1E-03
Ba-140 4.8E+04 4.4E-06 2.9E+06 7.1E-04
Ce-141 1.3E+04 1.2E-06 7.5E+05 1.9E-04
Ce-144 3.2E+04 2.9E-06 1.9E+06 4.7E-04
Pr-144 3.2E+04 2.9E-06 1.9E+06 4.7E-04
Pr-144m 3.2E+04 2.9E-06 1.9E+06 4.7E-04
Pm-146 4.9E+04 4.6E-06 2.9E+06 7.3E-04
Pm-147 9.5E+04 8.8E-06 5.7E+06 1.4E-03
Pm-148 2.5E+05 2.3E-05 1.5E+07 3.7E-03
Pm-148m 4.2E+03 3.9E-07 2.5E+05 6.3E-05
Sm-151 4.5E+02 4.2E-08 2.7TE+04 6.7E-06
Eu-152 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Eu-154 6.0E+03 5.6E-07 3.6E+05 9.0E-05
Eu-155 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Gd-153 1.6E+04 1.5E-06 9.6E+05 2.4E-04
Th-160 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Pu-238 3.2E+02 2.9E-08 1.9E+04 4.7E-06
Pu-239 3.2E+02 2.9E-08 1.9E+04 4.7E-06
Pu-240 3.2E+02 2.9E-08 1.9E+04 4.7E-06
Pu-241 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Am-241 3.2E+02 2.9E-08 1.9E+04 4.7E-06
Am-242m 2.0E+01 1.8E-09 1.2E+03 2.9E-07
Am-243 3.2E+02 2.9E-08 1.9E+04 4.7E-06
Cm-242 3.2E+02 2.9E-08 1.9E+04 4.7E-06
Cm-243 3.2E+02 2.9E-08 1.9E+04 4.7E-06
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Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in Concentration in
nuclide Daily discharge the seawater near Daily discharge the seawater near
amount the beach amount the beach
(Bg/day) assessment point (Bg/day) assessment point
(BalL) (BalL)
Cm-244 3.2E+02 2.9E-08 1.9E+04 4.7E-06

Table 6-2-10 Concentration in the seawater used for the assessment (Source term
based on the compaosition of nuclides in the J1-C tank group)

Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in the Concentration in the
nuclide Daily discharge seawater near the Daily discharge seawater near the
amount beach assessment amount beach assessment
(Bg/day) point (Bg/day) point
(Ba/L) (Bg/L)

H-3 4.1E+11 3.8E+01 2.5E+13 6.1E+03
C-14 9.0E+06 8.4E-04 5.4E+08 1.3E-01
Mn-54 1.9E+04 1.8E-06 1.1E+06 2.8E-04
Fe-59 4.4E+04 4.0E-06 2.6E+06 6.5E-04
Co-58 2.1E+04 1.9E-06 1.2E+06 3.1E-04
Co-60 1.7E+05 1.5E-05 9.9E+06 2.5E-03
Ni-63 4.3E+06 3.9E-04 2.6E+08 6.3E-02
Zn-65 4. 7E+04 4.4E-06 2.8E+06 7.0E-04
Rb-86 2.5E+05 2.3E-05 1.5E+07 3.7E-03
Sr-89 2.7E+04 2.5E-06 1.6E+06 4.0E-04
Sr-90 1.8E+04 1.7E-06 1.1E+06 2.7E-04
Y-90 1.8E+04 1.7E-06 1.1E+06 2.7E-04
Y-91 8.5E+06 7.9E-04 5.1E+08 1.3E-01
Nb-95 2.5E+04 2.3E-06 1.5E+06 3.7E-04
Tc-99 6.0E+05 5.6E-05 3.6E+07 9.0E-03
Ru-103 2.7E+04 2.5E-06 1.6E+06 4.0E-04
Ru-106 7.0E+05 6.5E-05 4.2E+07 1.0E-02
Rh-103m 2.7E+04 2.5E-06 1.6E+06 4.0E-04
Rh-106 7.0E+05 6.5E-05 4.2E+07 1.0E-02
Ag-110m 2.2E+04 2.0E-06 1.3E+06 3.2E-04
Cd-113m 4.3E+04 3.9E-06 2.6E+06 6.3E-04
Cd-115m 1.4E+06 1.3E-04 8.1E+07 2.0E-02
Sn-119m 2.1E+07 2.0E-03 1.3E+09 3.1E-01
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Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in the Concentration in the
nuclide Daily discharge seawater near the Daily discharge seawater near the
amount beach assessment amount beach assessment
(Bg/day) point (Bg/day) point
(Ba/L) (Bg/L)
Sn-123 3.3E+06 3.1E-04 2.0E+08 4.9E-02
Sn-126 1.5E+05 1.3E-05 8.7E+06 2.2E-03
Sh-124 4.9E+04 4.5E-06 2.9E+06 7.2E-04
Sb-125 1.2E+05 1.1E-05 6.9E+06 1.7E-03
Te-123m 4.6E+04 4.3E-06 2.8E+06 6.9E-04
Te-125m 1.2E+05 1.1E-05 6.9E+06 1.7E-03
Te-127 2.4E+06 2.2E-04 1.4E+08 3.5E-02
Te-127m 2.5E+06 2.3E-04 1.5E+08 3.7E-02
Te-129 3.1E+05 2.9E-05 1.9E+07 4.6E-03
Te-129m 7.0E+05 6.5E-05 4.2E+07 1.0E-02
1-129 6.0E+05 5.6E-05 3.6E+07 9.0E-03
Cs-134 3.8E+04 3.5E-06 2.3E+06 5.7E-04
Cs-135 6.0E-01 5.6E-11 3.6E+01 9.0E-09
Cs-136 2.4E+04 2.2E-06 1.4E+06 3.5E-04
Cs-137 9.5E+04 8.8E-06 5.7E+06 1.4E-03
Ba-137m 9.5E+04 8.8E-06 5.7E+06 1.4E-03
Ba-140 1.0E+05 9.3E-06 6.0E+06 1.5E-03
Ce-141 1.3E+05 1.2E-05 7.8E+06 1.9E-03
Ce-144 2.9E+05 2.6E-05 1.7E+07 4.3E-03
Pr-144 2.9E+05 2.6E-05 1.7E+07 4.3E-03
Pr-144m 2.9E+05 2.6E-05 1.7E+07 4.3E-03
Pm-146 3.4E+04 3.1E-06 2.0E+06 5.0E-04
Pm-147 4.0E+05 3.7E-05 2.4E+07 6.0E-03
Pm-148 1.2E+05 1.1E-05 6.9E+06 1.7E-03
Pm-148m 2.4E+04 2.2E-06 1.4E+06 3.6E-04
Sm-151 5.5E+03 5.1E-07 3.3E+05 8.2E-05
Eu-152 1.4E+05 1.3E-05 8.4E+06 2.1E-03
Eu-154 5.5E+04 5.1E-06 3.3E+06 8.2E-04
Eu-155 1.7E+05 1.6E-05 1.0E+07 2.5E-03
Gd-153 1.3E+05 1.2E-05 7.8E+06 1.9E-03
Tbh-160 7.0E+04 6.5E-06 4.2E+06 1.0E-03
Pu-238 1.7E+04 1.5E-06 9.9E+05 2.5E-04
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Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in the Concentration in the
nuclide Daily discharge seawater near the Daily discharge seawater near the
amount beach assessment amount beach assessment
(Bg/day) point (Bg/day) point
(Ba/L) (Bg/L)
Pu-239 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Pu-240 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Pu-241 6.0E+05 5.6E-05 3.6E+07 9.0E-03
Am-241 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Am-242m 3.0E+02 2.7E-08 1.8E+04 4.4E-06
Am-243 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Cm-242 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Cm-243 1.7E+04 1.5E-06 9.9E+05 2.5E-04
Cm-244 1.7E+04 1.5E-06 9.9E+05 2.5E-04

Table 6-2-11 Concentration in the seawater used for the assessment (Source term

based on the composition of nuclides in the J1-G tank group)

Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in the Concentration in the
nuclide Daily discharge seawater near the Daily discharge seawater near the
amount beach assessment amount beach assessment
(Bg/day) point (Bg/day) point
(Ba/l) (Ba/l)

H-3 1.4E+11 1.3E+01 8.1E+12 2.0E+03
C-14 8.0E+06 7.4E-04 4.8E+08 1.2E-01
Mn-54 1.9E+04 1.8E-06 1.1E+06 2.8E-04
Fe-59 3.6E+04 3.3E-06 2.2E+06 5.4E-04
Co-58 1.9E+04 1.7E-06 1.1E+06 2.8E-04
Co-60 1.2E+05 1.1E-05 6.9E+06 1.7E-03
Ni-63 4.4E+06 4.1E-04 2.6E+08 6.6E-02
Zn-65 4.0E+04 3.7E-06 2.4E+06 6.0E-04
Rb-86 2.4E+05 2.2E-05 1.4E+07 3.5E-03
Sr-89 2.3E+04 2.1E-06 1.4E+06 3.4E-04
Sr-90 1.6E+04 1.5E-06 9.6E+05 2.4E-04
Y-90 1.6E+04 1.5E-06 9.6E+05 2.4E-04
Y-91 6.0E+06 5.6E-04 3.6E+08 9.0E-02
Nb-95 2.4E+04 2.2E-06 1.4E+06 3.5E-04
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Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in the Concentration in the
nuclide Daily discharge seawater near the Daily discharge seawater near the
amount beach assessment amount beach assessment
(Bg/day) point (Bg/day) point
(Ba/l) (Ba/l)
Tc-99 6.5E+05 6.0E-05 3.9E+07 9.7E-03
Ru-103 2.6E+04 2.4E-06 1.5E+06 3.8E-04
Ru-106 2.4E+05 2.2E-05 1.4E+07 3.6E-03
Rh-103m 2.6E+04 2.4E-06 1.5E+06 3.8E-04
Rh-106 2.4E+05 2.2E-05 1.4E+07 3.6E-03
Ag-110m 2.0E+04 1.9E-06 1.2E+06 3.0E-04
Cd-113m 4.3E+04 4.0E-06 2.6E+06 6.4E-04
Cd-115m 1.2E+06 1.1E-04 6.9E+07 1.7E-02
Sn-119m 2.0E+Q7 1.9E-03 1.2E+09 3.0E-01
Sn-123 3.2E+06 2.9E-04 1.9E+08 4.7E-02
Sn-126 7.5E+04 7.0E-06 4.5E+06 1.1E-03
Sbh-124 4.2E+04 3.9E-06 2.5E+06 6.3E-04
Sbh-125 7.0E+04 6.5E-06 4.2E+06 1.0E-03
Te-123m 3.4E+04 3.1E-06 2.0E+06 5.0E-04
Te-125m 7.0E+04 6.5E-06 4.2E+06 1.0E-03
Te-127 2.2E+06 2.0E-04 1.3E+08 3.2E-02
Te-127m 2.3E+06 2.1E-04 1.4E+08 3.4E-02
Te-129 3.0E+05 2.7E-05 1.8E+07 4.4E-03
Te-129m 6.0E+05 5.6E-05 3.6E+07 9.0E-03
1-129 1.7E+05 1.5E-05 9.9E+06 2.5E-03
Cs-134 3.4E+04 3.1E-06 2.0E+06 5.0E-04
Cs-135 1.1E+00 9.8E-11 6.3E+01 1.6E-08
Cs-136 1.8E+04 1.7E-06 1.1E+06 2.7E-04
Cs-137 1.7E+05 1.5E-05 9.9E+06 2.5E-03
Ba-137m 1.7E+05 1.5E-05 9.9E+06 2.5E-03
Ba-140 8.5E+04 7.9E-06 5.1E+06 1.3E-03
Ce-141 6.0E+04 5.6E-06 3.6E+06 9.0E-04
Ce-144 2.8E+05 2.6E-05 1.7E+07 4.1E-03
Pr-144 2.8E+05 2.6E-05 1.7E+07 4.1E-03
Pr-144m 2.8E+05 2.6E-05 1.7E+07 4.1E-03
Pm-146 3.2E+04 2.9E-06 1.9E+06 4.7E-04
Pm-147 3.6E+05 3.3E-05 2.2E+07 5.4E-03
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Case 1 (Piping rupture)

Case 2 (Tank damage)

Target Concentration in the Concentration in the
nuclide Daily discharge seawater near the Daily discharge seawater near the
amount beach assessment amount beach assessment
(Bg/day) point (Bg/day) point
(Ba/l) (Ba/l)
Pm-148 2.3E+05 2.1E-05 1.4E+07 3.4E-03
Pm-148m 2.1E+04 1.9E-06 1.2E+06 3.1E-04
Sm-151 5.0E+03 4.6E-07 3.0E+05 7.5E-05
Eu-152 9.5E+04 8.8E-06 5.7E+06 1.4E-03
Eu-154 5.0E+04 4.6E-06 3.0E+06 7.5E-04
Eu-155 9.0E+04 8.4E-06 5.4E+06 1.3E-03
Gd-153 9.5E+04 8.8E-06 5.7E+06 1.4E-03
Th-160 7.0E+04 6.5E-06 4.2E+06 1.0E-03
Pu-238 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Pu-239 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Pu-240 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Pu-241 5.0E+05 4.6E-05 3.0E+07 7.5E-03
Am-241 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Am-242m 2.6E+02 2.4E-08 1.5E+04 3.8E-06
Am-243 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Cm-242 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Cm-243 1.4E+04 1.3E-06 8.4E+05 2.1E-04
Cm-244 1.4E+04 1.3E-06 8.4E+05 2.1E-04
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(2) Exposure assessment result

Table 6-2-12 shows the potential exposure result calculated using the concentration in the
seawater calculated in (1). The result is 0.0007 (7E-04) mSv to 0.3(3E-01) mSv, which falls

below 5mSv, which is the standard at the time of accident.

Table 6-2-12 Results of the potential exposure assessment

Case 1 (Piping rupture) Case 2 (Tank damage)
Sourcetermf” | ank aroun | JLCtank | J1Grank |, ] J1-Ctank | J1-G tank
Assessed grouR 1 group group grotiP 1 group group
case .
Ingestion
of Large Large Large Large Large Large
seafood
Sea surface 3.5E-08 4.0E-07 3.6E-07 1.7E-06 1.9E-05 1.7E-05
Hull 2.5E-08 2.8E-07 2.5E-07 1.2E-06 1.4E-05 1.2E-05
External Durin
exposure . 9 3.3E-09 3.8E-08 3.4E-08 1.6E-07 1.8E-06 1.6E-06
(mSy) | Swimming
Beach sand 5.8E-06 6.7E-05 5.9E-05 2.8E-04 3.2E-03 2.8E-03
Fishing net 1.8E-05 2.1E-04 1.9E-04 8.9E-04 1.0E-02 9.1E-03
'”gfvf;t'gf ofl 2 4E-07 9.9E-07 | 3.3E-07 1.2E-05 4.7E-05 | 1.6E-05
Internal :
exposure | Mhalation | g g¢ gg 6.4E-07 4.2E-07 3.3E-06 3.1E-05 2.0E-05
of spray
(mSv)
Ingestion
of 7.1E-04 5.4E-03 4.9E-03 3.4E-02 2.6E-01 2.4E-01
seafood
Total 7E-04 6E-03 5E-03 4E-02 3E-01 2E-01
(mSv)
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7. Assessment regarding environmental protection

The assessment method of environmental protection is as shown in GSG -10 Annex I. In this
report, environmental protection was assessed according to the procedure of GSG -10
Annex .

7-1. Concept of assessment

The assessment for protection of plants and animals in the normal operation is performed
according to GSG -10 Annex I.

7-1-1. Assessment procedure

The assessment is performed according to the procedure shown in Figure 7-1.

Selection of the source terms

Modeling of dispersion and transfer in
the environment

Identification of exposure pathways

Selection of reference animals and plants®® [28]

Assessment of the dose rates to
reference animals and plants

Comparison of estimated dose rates with
derived consideration reference level
(DCRL)* [28]

Figure 7-1 Environmental protection assessment procedure
(prepared from GSG-10)

3 Reference animals and plants: Specific types of animals and plants assumed in order to associate radiation exposure from

the environment with the dose and impact.
40 Derived consideration reference level (DCRL): Range of the dose rates within a range of one digit specified for each species
advocated by ICRP. Dose rate level at which the impact has to be considered if is exceeded.
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7-2. Assessment method

7-2-1. Source term

Use the same source term as the one shown in 6-1-2.(1) Source term.

7-2-2. Modeling of diffusion and transfer after discharge

(1) Selection of the migration model

As the migration model of radioactive materials discharged into the sea, the following was
selected from the migration model of human exposure assessment, considering habitat
environment of marine plants and animals, referring to GSG-10.

i. Advection and diffusion by tidal currents, etc.

Selected because advection and diffusion will occur after discharge into the sea.

. Advection and diffusion by tidal currents, etc. -> Migration to seabed sediment
Selected because ALPS treated water will migrate to seabed sediment, etc., due to
advection and diffusion caused by tidal currents, etc., after discharge into the sea.

iii.  Advection and diffusion by tidal currents, etc. -> Intake and concentration by

marine plants and animals such as fish
Selected because migration to and concentration in fish, etc. will occur after

discharge into the sea.

(2) Assessment of advection and diffusion in the sea area

The same model as that for the human protection assessment is used.

7-2-3. Setting of exposure pathways

The following pathways were selected according to GSG -10 Annex I-21.
i. Internal exposure from radioactive materials ingested or inhaled by plants and
animals
. External exposure from the surrounding seawater
iii. External exposure from the surrounding seabed sediment

The following shows the specific assessment method.
(1) Internal exposure from radioactive materials ingested or inhaled by plants and animals
Equation (7-1) shows the calculation equation of the absorbed dose rate Di: (MGy/day) of
radiation from radioactive materials ingested from the seawater by standard animals and

plants.
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Dine = Xi(DCFing) ki (X9)i - (CR)k; (7-1)

where
(DCFiue)ki  1s the internal exposure dose conversion factor to marine plants and
animals k of nuclide i ((mGy/day)/(Bqg/kg))
(x9); is the concentration of nuclide i in seawater (Bg/L)
(CR)yi is the ration of the concentration in the seawater to marine plants and
animals k in nuclide i ((Bqg/kg)/(Bqg/L))

(2) External exposure from the seawater and seabed sediment
The absorbed dose rate Desw (MGy/day) of plants and animals surrounded by the

seawater is calculated by equation (7-2).

Dext,sw = Zi(DCFext)ki ' %(7'2)

where
(DCF..t)ri is the external exposure dose conversion factor to marine plants and
animals k of nuclide i ((mGy/day)/(Bg/kg))
(x9); is the concentration of nuclide i in seawater (Bg/L)

Pw is the density of seawater (kg/L)

Similarly, the absorbed dose rate Dexsed (MGy/day) of plants and animals surrounded by

seabed sediment is calculated by equation (7-3).
Dext,sea = 2i(DCFeyx)ki * (x9); - (Kq); (7-3)

where
(DCF,.+)xi s the external exposure dose conversion factor to marine plants and
animals k of nuclide i ((mGy/day)/(Bqg/kg))
(x9); is the concentration of nuclide i in seawater (Bg/L)
(Ka)i is the concentration distribution coefficient from seawater to sediment
of nuclide i ((Ba/kg)/(Bg/L))
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External exposure in the case of exposure from the seawater and seabed sediment Dey is
the total of both, but plants and animals that live on the seabed are exposed to half each
of the seawater of upper half and the seabed sediment of the lower half, respectively, so it

is calculated by Equation (7-4).
Dext=0.5¢Dext,swt0.5¢Dext sed (7'4)

The internal and external exposure dose conversion factors to plants and animals* is
excerpted from ICRP Publication 136 “Dose Coefficients for Non-human Biota
Environmentally Exposed to Radiation”(ICRP,2017) [29] (hereinafter called “ICRP
pub.136”) and the BiotaDC program of ICRP [30] (See Tables 7-2-1 and 7-2-2). Only the
dose conversion factor of Sn-126 could not be calculated by BiotaDC, so conservatively
the values of Ru-106 and Ag-110m are used for the internal and external exposure dose
conversion factors, respectively.

The concentration ratios of plants and animals and the seawater*? are excerpted from
ICRP Publication 114 “Environmental Protection : Transfer Parameters for Reference
Animals and Plants”(ICRP,2009) [31] (hereinafter called “ICRP pub.114”) and IAEA
Technical report series N0.479 “Handbook of Parameter Values for the Prediction of
Radionuclide Transfer to Wildlife” (hereinafter called “TRS-479"). For the elements not
shown here, the concentration factors of TRS-422 [25] are excerpted (See Table 7-2-3).
For the concentration distribution coefficients of the seawater and seabed sediment, those
specified in 2.3.0CEAN MARGIN Kds of TRS-422 are used (See Table 7-2-4).

41 Dose conversion factor to plants and animals: Value set for simplified calculations of internal and external exposure doses to
organism by radioactive nuclides in the environment.

42 Concentration ratio (CR): The ratio of the radioactive nuclides in aquatic organisms living in hydrosphere to the underwater
concentration in the environment for the assessment of radiation exposure to plants and animals from the environment
(ICPR, 2009). Unlike the concentration factor, it is not limited to the edible part.
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7-2-4. Selection of reference plants and animals (organisms to be assessed)

Small seaweed beds mainly consisting of Eisenia bicyclis, which is a perennial marine alga,
are distributed on the coast of Fukushima, in which the FDNPS is located [32]. There is no
special sea area like a habitat of a marine plant or animal designated as a protected species
around the FDNPS [33] so the following plants and animals are selected as those clarified in
ICRP Pub.136.

+ Reference flat fish (Left-eyed and right-eyed flounders widely inhabit in the sea
area around the FDNPS)

* Reference crabs ((Ovalipes punctatus and Portunus trituberculatus widely
inhabit in the sea area around the FDNPS)

+ Reference brown seaweeds (Sargassum and Eisenia bicyclis widely inhabit in
the sea area around the FDNPS)

These plants and animals are widely distributed in the sea area around the FDNPS, so the
radioactive material concentration in the seawater used for the assessment is the annual
average concentration of 10 km x 10 km around the FDNPS, which matches 100-400 km? as
recommended in 1-23. of GSG -10 Annex I. In addition, in the assessment of plants and
animals, the concentration near the seabed (bottom layer) is used because the impact of
external exposure from radioactive materials migrated to the seabed sediment is greater than
in the seawater and the selected standard flatfish live on the seabed.

7-2-5. Dose assessment

The dose is assessed by comparison with the derived consideration reference level (DCRL)
shown in ICRP Publication 124 “Protection of the Environment under Different Exposure
Situations” for each type of the reference plants and animals.
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Table 7-2-1 Internal exposure conversion factor to marine plants and animals

(ICRP Pub.136 and others are shown in remarks)

Internal exposure dose conversion

Target (G factor
nuclide ylday)i(Ba/kg) Remarks
Flatfish Crab SE&E\?\IV(\%/Q d

1 H-3 7.9E-08 7.9E-08 7.9E-08
2 C-14 7.0E-07 7.0E-07 7.0E-07
3 Mn-54 1.1E-06 1.4E-06 9.4E-07
4 Fe-59 2.9E-06 3.4E-06 2.0E-06 | Calculated from BiotaDC
5 Co-58 1.6E-06 2.1E-06 1.5E-06
6 Co-60 3.8E-06 5.0E-06 3.6E-06
7 Ni-63 2.4E-07 2.4E-07 2.4E-07
8 Zn-65 7.7E-07 1.0E-06 7.0E-07
9 Rb-86 8.8E-06 9.1E-06 6.9E-06 | Calculated from BiotaDC
10 Sr-89 7.7E-06 7.9E-06 7.7E-06
11 Sr-90 1.4E-05 1.5E-05 1.4E-05
12 Y-90 — — — Contained in the parent nuclide Sr-90
13 Y-91 8.0E-06 8.1E-06 6.4E-06 | Calculated from BiotaDC
14 Nb-95 1.5E-06 1.9E-06 1.4E-06
15 Tc-99 1.4E-06 1.4E-06 1.4E-06
16 Ru-103 2.1E-06 2.3E-06 2.0E-06
17 Ru-106 1.7E-05 1.9E-05 1.7E-05
18 | Rh-103m — — — Contained in the parent nuclide Ru-103
19 Rh-106 — — — Contained in the parent nuclide Ru-106
20 | Ag-110m 4.3E-06 5.5E-06 4.1E-06 | Calculated from BiotaDC
21 | Cd-113m 2.5E-06 2.5E-06 2.4E-06 | Calculated from BiotaDC
22 | Cd-115m 8.0E-06 8.2E-06 6.4E-06 | Calculated from BiotaDC
23| Sn-119m 1.2E-06 1.2E-06 1.1E-06 | Calculated from BiotaDC
24 Sn-123 7.0E-06 7.1E-06 5.8E-06 | Calculated from BiotaDC
25| snize | 17805 | 19805 | 17605 | R EEE T IO dide i the source
26 Sb-124 7.0E-06 7.9E-06 6.7E-06
27 Sh-125 2.0E-06 2.2E-06 1.9E-06
28 | Te-123m 1.6E-06 1.7E-06 1.4E-06 | Calculated from BiotaDC
29 | Te-125m 1.7E-06 1.8E-06 1.6E-06 | Calculated from BiotaDC
30 Te-127 3.1E-06 3.1E-06 2.9E-06 | Calculated from BiotaDC
31| Te-127m 4.2E-06 4.2E-06 4.0E-06 | Calculated from BiotaDC
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Internal exposure dose conversion

T t factor
arge ((mGy/day)/(Barkg) Remarks
nuclide 5
Flatfish Crab Se;\?vvgg g

32 Te-129 — — — Contained in the parent nuclide Te-129m
33| Te-129m 8.4E-06 8.6E-06 8.2E-06
34 1-129 1.0E-06 1.1E-06 1.0E-06
35 Cs-134 4.1E-06 4.8E-06 3.8E-06
36 Cs-135 1.2E-06 1.2E-06 1.2E-06
37 Cs-136 4.3E-06 5.3E-06 4.1E-06
38 Cs-137 4.1E-06 4.3E-06 4.1E-06
39 | Ba-137m — — — Contained in the parent nuclide Cs-137
40 Ba-140 1.4E-05 1.5E-05 1.4E-05
41 Ce-141 2.4E-06 2.6E-06 2.4E-06
42 Ce-144 1.6E-05 1.7E-05 1.6E-05
43 Pr-144 — — — Contained in the parent nuclide Ce-144
44 Pr-144m — — — Contained in the parent nuclide Ce-144
45 Pm-146 2.3E-06 2.6E-06 1.5E-06 | Calculated from BiotaDC
46 Pm-147 8.6E-07 8.6E-07 8.5E-07 Calculated from BiotaDC
47 Pm-148 9.9E-06 1.1E-05 7.3E-06 | Calculated from BiotaDC
48 | Pm-148m 5.2E-06 6.1E-06 3.3E-06 Calculated from BiotaDC
49 Sm-151 2.8E-07 2.8E-07 2.8E-07 | Calculated from BiotaDC
50 Eu-152 3.1E-06 3.6E-06 2.9E-06
51 Eu-154 5.0E-06 5.8E-06 5.0E-06
52 Eu-155 1.0E-06 1.0E-06 9.8E-07
53 Gd-153 8.5E-07 9.2E-07 7.0E-07 | Calculated from BiotaDC
54 Th-160 4.8E-06 5.4E-06 3.7E-06 | Calculated from BiotaDC
55 Pu-238 7.7E-05 7.7E-05 7.7E-05
56 Pu-239 7.2E-05 7.2E-05 7.2E-05
57 Pu-240 7.2E-05 7.2E-05 7.2E-05
58 Pu-241 7.4E-08 7.4E-08 7.4E-08
59 Am-241 7.7E-05 7.7E-05 7.7E-05
60 | Am-242m 3.6E-06 3.6E-06 3.4E-06 | Calculated from BiotaDC
61 Am-243 7.9E-05 7.9E-05 7.8E-05 Calculated from BiotaDC
62 Cm-242 8.6E-05 8.6E-05 8.6E-05
63 Cm-243 8.4E-05 8.4E-05 8.4E-05
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Internal exposure dose conversion
T t factor
arge ((mGy/day)/(Ba/kg) Remarks
nuclide 5
Flatfish Crab rown
seaweed
64 Cm-244 8.2E-05 8.2E-05 8.2E-05

Table 7-2-2 External exposure conversion factor to marine plants and animals

(ICRP Pub.136 and others are shown in remarks)

External exposure dose
Target conversion factor
nuciide ((mGy/day)/(Bq/kg)??)rown Remarks
Flatfish Crab seaweed

1 H-3 1.9E-14 2.4E-16 2.4E-16
2 C-14 4.3E-10 5.3E-10 5.3E-10
3 Mn-54 1.1E-05 1.0E-05 1.1E-05
4 Fe-59 1.5E-05 1.5E-05 1.6E-05 | Calculated from BiotaDC
5 Co-58 1.2E-05 1.2E-05 1.2E-05
6 Co-60 3.1E-05 3.1E-05 3.4E-05
7 Ni-63 2.6E-11 4.1E-11 4.1E-11
8 Zn-65 7.4E-06 7.2E-06 7.4E-06
9 Rb-86 1.7E-06 1.4E-06 3.7E-06 | Calculated from BiotaDC
10 Sr-89 3.6E-07 2.0E-07 4.1E-07
11 Sr-90 1.2E-06 5.5E-07 1.2E-06
12 Y-90 — — — Contained in the parent nuclide Sr-90
13 Y-91 4.4E-07 2.5E-07 2.0E-06 | Calculated from BiotaDC
14 Nb-95 9.6E-06 9.4E-06 9.8E-06
15 Tc-99 3.1E-09 3.4E-09 3.6E-09
16 Ru-103 6.2E-06 6.0E-06 6.2E-06
17 Ru-106 5.3E-06 3.8E-06 5.3E-06
18 | Rh-103m — — — Contained in the parent nuclide Ru-103
19 | Rh-106m — — — Contained in the parent nuclide Ru-106
20 | Ag-110m 3.6E-05 3.4E-05 3.6E-05
21| Cd-113m 1.7E-08 1.6E-08 1.4E-07 | Calculated from BiotaDC
22| Cd-115m 8.2E-07 6.2E-07 2.4E-06 | Calculated from BiotaDC
23| Sn-119m 1.0E-07 8.0E-08 1.7E-07 | Calculated from BiotaDC
24 Sn-123 3.7E-07 2.5E-07 1.6E-06 | Calculated from BiotaDC
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Target

External exposure dose

conversion factor

nuchde ((mGy/day)/(Bq/kg)?arOWn Remarks
Flatfish Crab seaweed
The value of Ag-110m is used because
25 Sn-126 3.6E-05 3.4E-05 3.6E-05 | no value is given to this nuclide in the
source
26 Sh-124 2.4E-05 2.3E-05 2.4E-05
27 Sb-125 5.5E-06 5.3E-06 5.5E-06
28 | Te-123m 1.8E-06 1.7E-06 2.0E-06 | Calculated from BiotaDC
29| Te-125m 2.9E-07 2.4E-07 4.3E-07 | Calculated from BiotaDC
30 Te-127 8.9E-08 8.3E-08 2.9E-07 | Calculated from BiotaDC
31| Te-127m 1.8E-07 1.6E-07 4.2E-07 | Calculated from BiotaDC
32| Te-129 . . . fgg:ﬁined in the parent nuclide Te-
33| Te-129m 1.2E-06 1.1E-06 1.3E-06
34 1-129 2.2E-07 1.9E-07 2.4E-07
35 Cs-134 2.0E-05 1.9E-05 2.0E-05
36 Cs-135 2.2E-09 2.6E-09 2.6E-09
37 Cs-136 2.6E-05 2.6E-05 2.6E-05
38 Cs-137 7.2E-06 7.0E-06 7.2E-06
39 | Ba-137m — — — Contained in the parent nuclide Cs-137
40 Ba-140 3.1E-05 3.1E-05 3.4E-05
41 Ce-141 9.6E-07 9.1E-07 9.8E-07
42 Ce-144 2.6E-06 1.5E-06 2.6E-06
43 Pr-144 — — — Contained in the parent nuclide Ce-144
44 | Pr-144m — — — Contained in the parent nuclide Ce-144
45 | Pm-146 9.5E-06 9.1E-06 1.0E-05 | Calculated from BiotaDC
46 | Pm-147 9.9E-10 1.1E-09 1.0E-08 | Calculated from BiotaDC
47 Pm-148 8.1E-06 7.5E-06 1.1E-05 | Calculated from BiotaDC
48 | Pm-148m 2.5E-05 2.4E-05 2.7E-05 | Calculated from BiotaDC
49 Sm-151 7.7E-11 8.4E-11 7.6E-10 | Calculated from BiotaDC
50 Eu-152 1.5E-05 1.4E-05 1.5E-05
51 Eu-154 1.6E-05 1.5E-05 1.6E-05
52 Eu-155 7.4E-07 7.0E-07 7.4E-07
53 Gd-153 1.2E-06 1.1E-06 1.4E-06 | Calculated from BiotaDC
54 Th-160 1.4E-05 1.4E-05 1.5E-05 | Calculated from BiotaDC
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External exposure dose
Target conversion factor
9 ((mGy/day)/(Ba/kg)) Remarks
nuclide Brown
Flatfish Crab
seaweed
55 Pu-238 4.6E-09 3.8E-09 5.5E-09
56 Pu-239 2.6E-09 2.3E-09 3.1E-09
57 Pu-240 4.3E-09 3.6E-09 5.3E-09
58 Pu-241 19E-11 19E-11 2.0E-11
59 Am-241 2.9E-07 2.6E-07 2.9E-07
60 | Am-242m 2.4E-07 2.3E-07 4.2E-07 | Calculated from BiotaDC
61 Am-243 2.9E-06 2.8E-06 3.2E-06 | Calculated from BiotaDC
62 Cm-242 5.3E-09 4.3E-09 6.2E-09
63 Cm-243 1.6E-06 1.5E-06 1.6E-06
64 Cm-244 4.8E-09 3.8E-09 5.5E-09
Table 7-2-3 Concentration ratio to marine plants and animals (ICRP Pub.114 and
others, shown in remarks)
Target Concentration ratio ((Bg/kg-f.w)/(Bg/L)) Remarks
nuclide
Flatfish Crab Brown
seaweed
1 H-3 1.0E+00 1.0E+00 3.7E-01 |Excerpted from ICRP Pub.114
2 C-14 1.2E+04 1.0E+04 8.0E+03 |Excerpted from ICRP Pub.114
Excerpted from TRS-479 (fish and crab)
3 Mn-54 2.6E+03 4.5E+04 1.1E+04 |Excerpted from ICRP Pub.114 (brown
seaweed)
The concentration factor of TRS-422 is
4 Fe-59 3.0E+04 5.0E+05 2.0E+04 |excerpted because it is not shown in ICRP
Pub.114 or TRS-479
5 Co-58 1.1E+04 5.5E+03 1.7E+03 |Excerpted from TRS-479
6 Co-60 1.1E+04 5.5E+03 1.7E+03 |Excerpted from TRS-479
7 Ni-63 2.7TE+02 6.4E+03 2.0E+03 |Excerpted from TRS-479
Excerpted from TRS-479 (fish)
8 Zn-65 2.5E+04 3.0E+05 1.3E+04 |Excerpted from ICRP Pub.114 (crab and brown
seaweed)
9 Rb-86 1.2E+02 6.3E+01 9.6E+01 |The value of congener Cs is used
10 Sr-89 4.4E+01 1.5E+02 4.3E+01 |Excerpted from TRS-479
11 Sr-90 4.4E+01 1.5E+02 4.3E+01 |Excerpted from TRS-479
12 Y-90 - - - Assessed with the parent nuclide Sr-90.
The concentration factor of TRS-422 is
13 Y-91 2.0E+01 1.0E+03 1.0E+03 |excerpted because it is not shown in ICRP
Pub.114 or TRS-479
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Concentration ratio ((Bg/kg-f.w)/(Bg/L))

Remarks

Target
nuclide
Flatfish Crab Brown
seaweed
Excerpted from ICRP Pub.114 (fish)
14 Nb-95 3.0E+01 8.8E+02 4 9E+02 |Excerpted from TRS-479 (crab and brown
seaweed)
Excerpted from ICRP Pub.114 (fish)
15 Tc-99 8.0E+01 1.8E+04 5.3E+04 |Excerpted from TRS-479 (crab and brown
seaweed)
16 Ru-103 2.9E+01 1.6E+03 1.2E+03 | Excerpted from TRS-479
17 Ru-106 2.9E+01 1.6E+03 1.2E+03 | Excerpted from TRS-479
18 Rh-103m - - - Assessed with the parent nuclide Ru-103
19 Rh-106 - - - Assessed with the parent nuclide Ru-106
Excerpted from TRS-479 (fish and brown
20 | Ag-110m 1.1E+04 2.0E+05 3.9E+03 |seaweed)
Excerpted from ICRP Pub.114 (crab)
Excerpted from TRS-479 (fish and crab)
21 | Cd-113m 2.9E+04 1.3E+05 1.6E+03 |Excerpted from ICRP Pub.114 (brown
seaweed)
Excerpted from TRS-479 (fish and crab)
22 Cd-115m 2.9E+04 1.3E+05 1.6E+03 |Excerpted from ICRP Pub.114 (brown
seaweed)
The concentration factor of TRS-422 is
23 Sn-119m 5.0E+05 5.0E+05 2.0E+05 |excerpted because it is not shown in ICRP
Pub.114 or TRS-479
The concentration factor of TRS-422 is
24 Sn-123 5.0E+05 5.0E+05 2.0E+05 |excerpted because it is not shown in ICRP
Pub.114 or TRS-479
The concentration factor of TRS-422 is
25 Sn-126 5.0E+05 5.0E+05 2.0E+05 |excerpted because it is not shown in ICRP
Pub.114 or TRS-479
Excerpted from ICRP Pub.114 (fish and brown
26 Sh-124 6.0E+02 4, 7E+02 1.5E+03 |seaweed)
Excerpted from TRS-479 (crab)
Excerpted from ICRP Pub.114 (fish and brown
27 Sbh-125 6.0E+02 4.7E+02 1.5E+03 |seaweed)
Excerpted from TRS-479 (crab)
28 | Te-123m 1.0E+03 1.0E+03 1.0E+04 |Excerpted from ICRP Pub.114
29 | Te-125m 1.0E+03 1.0E+03 1.0E+04 |Excerpted from ICRP Pub.114
30 Te-127 1.0E+03 1.0E+03 1.0E+04 |Excerpted from ICRP Pub.114
31| Te-127m 1.0E+03 1.0E+03 1.0E+04 |Excerpted from ICRP Pub.114
32 Te-129 - - - Assessed with the parent nuclide Te-129m
33 Te-129m 1.0E+03 1.0E+03 1.0E+04 |Excerpted from ICRP Pub.114
Excerpted from ICRP Pub.114 (fish)
34 1-129 9.0E+00 8.8E+03 4.2E+03 |Excerpted from TRS-479 (crab and brown
seaweed)
35 Cs-134 1.2E+02 6.3E+01 9.6E+01 |Excerpted from TRS-479
36 Cs-135 1.2E+02 6.3E+01 9.6E+01 |Excerpted from TRS-479
37 Cs-136 1.2E+02 6.3E+01 9.6E+01 |Excerpted from TRS-479
38 Cs-137 1.2E+02 6.3E+01 9.6E+01 |Excerpted from TRS-479
39 | Ba-137m - - - Assessed with the parent nuclide Cs-137
40 Ba-140 9.6E+00 8.0E+02 1.6E+03 |Excerpted from ICRP Pub.114
41 Ce-141 3.9E+02 2.2E+03 2.1E+03 |Excerpted from TRS-479
42 Ce-144 3.9E+02 2.2E+03 2.1E+03 |Excerpted from TRS-479
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Concentration ratio ((Bg/kg-f.w)/(Bg/L))

Remarks

Target
nuclide
Flatfish Crab Brown
seaweed

43 Pr-144 - - - Assessed with the parent nuclide Ce-144

44 Pr-144m - - - Assessed with the parent nuclide Ce-144
The value of congener Eu is used (fish and
crab)

45 Pm-146 7.3E+02 2.4E+04 2.9E+03 The value of congener La is used (brown
seaweed)
The value of congener Eu is used (fish and
crab)

46 Pm-147 7.3E+02 2.4E+04 5.9E+03 The value of congener La is used (brown
seaweed)
The value of congener Eu is used (fish and
crab)

47 Pm-148 7.3E+02 2.4E+04 5.9E+03 The value of congener La is used (brown
seaweed)
The value of congener Eu is used (fish and
crab)

48 | Pm-148m 7.3E+02 2.4E+04 5.9E+03 The value of congener La is used (brown
seaweed)
The value of congener Eu is used (fish and
crab)

49 Sm-151 7.3E+02 2.4E+04 5.9E+03 The value of congener La is used (brown
seaweed)

) Excerpted from ICRP Pub.114 (fish and crab)

o0 Eu-152 7.3E+02 2.4E+04 1.4E+03 Excerpted from TRS-479 (brown seaweed)
Excerpted from ICRP Pub.114 (fish and crab)

o1 Eu-154 7.3E+02 2.4E+04 1.4E+03 Excerpted from TRS-479 (brown seaweed)

_ Excerpted from ICRP Pub.114 (fish and crab)

52 Eu-155 7.3E+02 2.4E+04 1.4E+03 Excerpted from TRS-479 (brown seaweed)
The value of congener Eu is used (fish and
crab)

53 Gd-153 7.3E+02 2.4E+04 5.9E+03 The value of congener La is used (brown
seaweed)
The concentration factor of TRS-422 is

54 Th-160 6.0E+01 4.0E+03 2.0E+03 |excerpted because it is not shown in ICRP
Pub.114 or TRS-479

55 Pu-238 2.5E+03 1.7E+03 4.1E+03 |Excerpted from TRS-479

56 Pu-239 2.5E+03 1.7E+03 4.1E+03 |Excerpted from TRS-479

57 Pu-240 2.5E+03 1.7E+03 4.1E+03 |Excerpted from TRS-479

58 Pu-241 2.5E+03 1.7E+03 4 1E+03 |Excerpted from TRS-479

59 Am-241 3.2E+02 9.9E+03 4 .3E+02 |Excerpted from TRS-479

60 | Am-242m 3.2E+02 9.9E+03 4.3E+02 |Excerpted from TRS-479

61 Am-243 3.2E+02 9.9E+03 4.3E+02 |Excerpted from TRS-479
Excerpted from ICRP Pub.114 (fish)

62 Cm-242 1.9E+02 3.2E+04 1.2E+04 |Excerpted from TRS-479 (crab and brown
seaweed)
Excerpted from ICRP Pub.114 (fish)

63 Cm-243 1.9E+02 3.2E+04 1.2E+04 |Excerpted from TRS-479 (crab and brown
seaweed)
Excerpted from ICRP Pub.114 (fish)

64 Cm-244 1.9E+02 3.2E+04 1.2E+04 |Excerpted from TRS-479 (crab and brown

seaweed)
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Table 7-2-4 Concentration distribution coefficient of the seawater and

seabed sediment (TRS-422 and others are shown in remarks)

Concentration distribution

J&rﬁsé coefficient Remarks
((Ba/kg)/(Ba/L))

1 H-3 1.0E+00

2 C-14 1.0E+03

3 Mn-54 2.0E+06

4 Fe-59 3.0E+08

5 Co-58 3.0E+05

6 Co-60 3.0E+05

7 Ni-63 2.0E+04

8 Zn-65 7.0E+04
The value of congener Cs is used

9 Rb-86 4.0E+03 because no value is given to this nuclide
in the source

10 Sr-89 8.0E+00

11 Sr-90 8.0E+00

12 Y-90 - Assessed with the parent nuclide Sr-90

13 Y-91 9.0E+05

14 Nb-95 8.0E+05

15 Tc-99 1.0E+02

16 Ru-103 4.0E+04

17 Ru-106 4.0E+04

18 Rh-103m - Assessed with the parent nuclide Ru-103

19 Rh-106 - Assessed with the parent nuclide Ru-106

20 Ag-110m 1.0E+04

21 Cd-113m 3.0E+04

22 Cd-115m 3.0E+04

23 Sn-119m 4.0E+06

24 Sn-123 4.0E+06

25 Sn-126 4.0E+06

26 Sb-124 2.0E+03

27 Sbh-125 2.0E+03

28 Te-123m 1.0E+03

29 Te-125m 1.0E+03

30 Te-127 1.0E+03

31 Te-127m 1.0E+03

32 Te-129 i Assessed with the parent nuclide Te-
129m

33 Te-129m 1.0E+03

34 1-129 7.0E+01

35 Cs-134 4.0E+03

36 Cs-135 4.0E+03

37 Cs-136 4.0E+03
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Target

Concentration distribution

nuclide coefficient Remarks
((Ba/kg)/(Ba/L))
38 Cs-137 4.0E+03
39 Ba-137m - Assessed with the parent nuclide Cs-137
40 Ba-140 2.0E+03
41 Ce-141 3.0E+06
42 Ce-144 3.0E+06
43 Pr-144 - Assessed with the parent nuclide Ce-144
44 Pr-144m - Assessed with the parent nuclide Ce-144
45 Pm-146 2.0E+06
46 Pm-147 2.0E+06
47 Pm-148 2.0E+06
48 Pm-148m 2.0E+06
49 Sm-151 3.0E+06
50 Eu-152 2.0E+06
51 Eu-154 2.0E+06
52 Eu-155 2.0E+06
53 Gd-153 2.0E+06
54 Th-160 2.0E+06
55 Pu-238 1.0E+05
56 Pu-239 1.0E+05
57 Pu-240 1.0E+05
58 Pu-241 1.0E+05
59 Am-241 2.0E+06
60 | Am-242m 2.0E+06
61 Am-243 2.0E+06
62 Cm-242 2.0E+06
63 Cm-243 2.0E+06
64 Cm-244 2.0E+06
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7-3. Assessment result

7-3-1. Concentration in the seawater used for the assessment

As with the human protection assessment, the concentration in the seawater used for the
exposure assessment of each nuclide was calculated by proportion calculation with the
calculation result of advection and diffusion of tritium and the annual discharge amount of
each nuclide. Here the concentration of the bottom layer is used because the impact of
seabed sediment is considered in the exposure assessment.
Table 7-3-1 shows the concentration of tritium in the seawater in the bottom layer within 10
km x 10 km around the FDNPS (annual discharge amount) in the case of the annual
discharge amount of 22 TBq (2.2E+13Bq) of tritium. The concentration for the assessment is
the concentration based on the 2019 meteorological and oceanographic data as with the
human exposure assessment.
Tables 7-3-2 to 4 show this result, and the concentration in the seawater used for the

exposure assessment of each nuclide calculated from the source terms shown in Tables 6-1-

1to 3.

Table 7-3-1 Tritium concentration in the seawater in the case of the annual tritium
discharge amount of 2.2E+13Bq

Calculation result (Bg/L)
2014 2019 Concentration for
Assessment point Depth | Meteorological Meteorological | pittarance assessment
and and (%) (Bg/L)
oceanographic oceanographic
data data
Average concentration Bottom
within 10 km x 10 km laver 5.0E-02 6.0E-02 19 6.0E-02
around the FDNPS y

Table 7-3-2 Concentration in the seawater used for the assessment (Source term

based on the composition of nuclides in the K4 tank group)

Concentration in the seawater used
Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer (Bg/L)
H-3 2.2E+13 6.0E-02
C-14 1.7E+09 4.7E-06
Mn-54 7.8E+05 2.1E-09
Fe-59 2.0E+06 5.4E-09
Co-58 9.3E+05 2.5E-09
Co-60 5.1E+07 1.4E-07
Ni-63 2.5E+08 6.9E-07
Zn-65 1.7E+06 4.7E-09
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Concentration in the seawater used

Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide ar(nB? qu)nt Average concentration of the bottom
layer (Bg/L)
Rb-86 2.2E+07 6.0E-08
Sr-89 1.2E+07 3.2E-08
Sr-90 2.5E+07 6.9E-08
Y-90 2.5E+07 6.9E-08
Y-91 2.5E+08 6.9E-07
Nb-95 1.2E+06 3.2E-09
Tc-99 8.1E+Q7 2.2E-07
Ru-103 1.2E+06 3.2E-09
Ru-106 1.9E+08 5.1E-07
Rh-103m 1.2E+06 3.2E-09
Rh-106 1.9E+08 5.1E-07
Ag-110m 6.5E+05 1.8E-09
Cd-113m 2.1E+06 5.7E-09
Cd-115m 7.4E+07 2.0E-07
Sn-119m 2.0E+Q7 5.4E-08
Sn-123 1.4E+08 3.8E-07
Sn-126 3.1E+06 8.5E-09
Sb-124 1.1E+06 3.0E-09
Sb-125 3.8E+07 1.0E-07
Te-123m 1.1E+06 2.9E-09
Te-125m 3.8E+07 1.0E-07
Te-127 3.7E+07 1.0E-07
Te-127m 3.7E+07 1.0E-07
Te-129 9.4E+06 2.6E-08
Te-129m 3.7E+07 1.0E-07
1-129 2.4E+08 6.6E-07
Cs-134 5.2E+06 1.4E-08
Cs-135 2.9E+02 7.9E-13
Cs-136 3.5E+06 9.5E-09
Cs-137 4.9E+07 1.3E-07
Ba-137m 4.9E+07 1.3E-07
Ba-140 1.1E+07 3.0E-08
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Concentration in the seawater used

Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide ar(nB? qu)nt Average concentration of the bottom
layer (Bg/L)
Ce-141 2.9E+06 7.9E-09
Ce-144 7.3E+06 2.0E-08
Pr-144 7.3E+06 2.0E-08
Pr-144m 7.3E+06 2.0E-08
Pm-146 1.1E+07 3.1E-08
Pm-147 2.2E+07 6.0E-08
Pm-148 5.8E+07 1.6E-07
Pm-148m 9.7E+05 2.7E-09
Sm-151 1.0E+05 2.8E-10
Eu-152 3.2E+06 8.8E-09
Eu-154 1.4E+06 3.8E-09
Eu-155 3.8E+06 1.0E-08
Gd-153 3.7E+06 1.0E-08
Th-160 3.2E+06 8.8E-09
Pu-238 7.3E+04 2.0E-10
Pu-239 7.3E+04 2.0E-10
Pu-240 7.3E+04 2.0E-10
Pu-241 3.2E+06 8.8E-09
Am-241 7.3E+04 2.0E-10
Am-242m 4.5E+03 1.2E-11
Am-243 7.3E+04 2.0E-10
Cm-242 7.3E+04 2.0E-10
Cm-243 7.3E+04 2.0E-10
Cm-244 7.3E+04 2.0E-10

Target exposure
assessment

Environmental protection
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Table 7-3-3 Concentration in the seawater used for the assessment (Source term
based on the compaosition of nuclides in the J1-C tank group)

Concentration in the seawater used
Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer
(Ba/L)

H-3 2.2E+13 6.0E-02
C-14 4.8E+08 1.3E-06
Mn-54 1.0E+06 2.8E-09
Fe-59 2.3E+06 6.4E-09
Co-58 1.1E+06 3.0E-09
Co-60 8.9E+06 2.4E-08
Ni-63 2.3E+08 6.2E-07
Zn-65 2.5E+06 6.9E-09
Rb-86 1.3E+07 3.7E-08
Sr-89 1.4E+06 4.0E-09
Sr-90 9.7E+05 2.6E-09
Y-90 9.7E+05 2.6E-09
Y-91 4.6E+08 1.2E-06
Nb-95 1.3E+06 3.7E-09
Tc-99 3.2E+07 8.8E-08
Ru-103 1.4E+06 3.9E-09
Ru-106 3.8E+07 1.0E-07
Rh-103m 1.4E+06 3.9E-09
Rh-106 3.8E+07 1.0E-07
Ag-110m 1.2E+06 3.1E-09
Cd-113m 2.3E+06 6.2E-09
Cd-115m 7.2E+07 2.0E-07
Sn-119m 1.1E+09 3.1E-06
Sn-123 1.8E+08 4.8E-07
Sn-126 7.8E+06 2.1E-08
Sh-124 2.6E+06 7.1E-09
Sh-125 6.2E+06 1.7E-08
Te-123m 2.5E+06 6.7E-09
Te-125m 6.2E+06 1.7E-08
Te-127 1.3E+08 3.4E-07
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Concentration in the seawater used

Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer
(Ba/l)
Te-127m 1.3E+08 3.6E-07
Te-129 1.7E+07 4.5E-08
Te-129m 3.8E+07 1.0E-07
1-129 3.2E+07 8.8E-08
Cs-134 2.0E+06 5.6E-09
Cs-135 3.2E+01 8.8E-14
Cs-136 1.3E+06 3.4E-09
Cs-137 5.1E+06 1.4E-08
Ba-137m 5.1E+06 1.4E-08
Ba-140 5.4E+06 1.5E-08
Ce-141 7.0E+06 1.9E-08
Ce-144 1.5E+07 4.2E-08
Pr-144 1.5E+07 4.2E-08
Pr-144m 1.5E+07 4.2E-08
Pm-146 1.8E+06 4.9E-09
Pm-147 2.1E+07 5.9E-08
Pm-148 6.2E+06 1.7E-08
Pm-148m 1.3E+06 3.5E-09
Sm-151 3.0E+05 8.0E-10
Eu-152 7.5E+06 2.0E-08
Eu-154 3.0E+06 8.0E-09
Eu-155 9.1E+06 2.5E-08
Gd-153 7.0E+06 1.9E-08
Tb-160 3.8E+06 1.0E-08
Pu-238 8.9E+05 2.4E-09
Pu-239 8.9E+05 2.4E-09
Pu-240 8.9E+05 2.4E-09
Pu-241 3.2E+07 8.8E-08
Am-241 8.9E+05 2.4E-09
Am-242m 1.6E+04 4.3E-11
Am-243 8.9E+05 2.4E-09
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Concentration in the seawater used
Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer
(Ba/L)
Cm-242 8.9E+05 2.4E-09
Cm-243 8.9E+05 2.4E-09
Cm-244 8.9E+05 2.4E-09
Target exposure Environmental protection
assessment

Table 7-3-4 Concentration in the seawater used for the assessment (Source term
based on the composition of nuclides in the J1-G tank group)

Concentration in the seawater used
Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer
(Ba/l)

H-3 2.2E+13 6.0E-02
C-14 1.3E+09 3.6E-06
Mn-54 3.1E+06 8.4E-09
Fe-59 5.9E+06 1.6E-08
Co-58 3.0E+06 8.2E-09
Co-60 1.9e+07 5.1E-08
Ni-63 7.2E+08 2.0E-06
Zn-65 6.5E+06 1.8E-08
Rb-86 3.8E+07 1.0E-07
Sr-89 3.7E+06 1.0E-08
Sr-90 2.6E+06 7.1E-09
Y-90 2.6E+06 7.1E-09
Y-91 9.8E+08 2.7E-06
Nb-95 3.8E+06 1.0E-08
Tc-99 1.1E+08 2.9E-07
Ru-103 4.2E+06 1.1E-08
Ru-106 3.9E+07 1.1E-07
Rh-103m 4.2E+06 1.1E-08
Rh-106 3.9E+07 1.1E-07
Ag-110m 3.3E+06 8.9E-09
Cd-113m 7.0E+06 1.9E-08
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Concentration in the seawater used

Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer
(Ba/l)
Cd-115m 1.9E+08 5.1E-07
Sn-119m 3.3E+09 8.9E-06
Sn-123 5.1E+08 1.4E-06
Sn-126 1.2E+07 3.3E-08
Sbh-124 6.8E+06 1.9E-08
Sb-125 1.1E+07 3.1E-08
Te-123m 5.5E+06 1.5E-08
Te-125m 1.1E+07 3.1E-08
Te-127 3.5E+08 9.6E-07
Te-127m 3.7E+08 1.0E-06
Te-129 4.8E+07 1.3E-07
Te-129m 9.8E+07 2.7E-07
1-129 2.7E+Q7 7.3E-08
Cs-134 5.5E+06 1.5E-08
Cs-135 1.7E+02 4.7E-13
Cs-136 2.9E+06 8.0E-09
Cs-137 2.7E+Q7 7.3E-08
Ba-137m 2.7TE+07 7.3E-08
Ba-140 1.4E+07 3.8E-08
Ce-141 9.8E+06 2.7E-08
Ce-144 4. 5E+07 1.2E-07
Pr-144 4.5E+07 1.2E-07
Pr-144m 4.5E+07 1.2E-07
Pm-146 5.1E+06 1.4E-08
Pm-147 5.9E+07 1.6E-07
Pm-148 3.7E+07 1.0E-07
Pm-148m 3.3E+06 9.1E-09
Sm-151 8.1E+05 2.2E-09
Eu-152 1.5E+07 4.2E-08
Eu-154 8.1E+06 2.2E-08
Eu-155 1.5E+07 4.0E-08
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Concentration in the seawater used

Annual for the assessment
Target discharge (within 10 km x 10 km)
nuclide amount Average concentration of the bottom
(Ba) layer
(Ba/l)
Gd-153 1.5E+07 4.2E-08
Th-160 1.1E+07 3.1E-08
Pu-238 2.3E+06 6.2E-09
Pu-239 2.3E+06 6.2E-09
Pu-240 2.3E+06 6.2E-09
Pu-241 8.1E+07 2.2E-07
Am-241 2.3E+06 6.2E-09
Am-242m 4.2E+04 1.1E-10
Am-243 2.3E+06 6.2E-09
Cm-242 2.3E+06 6.2E-09
Cm-243 2.3E+06 6.2E-09
Cm-244 2.3E+06 6.2E-09

Target exposure
assessment

Environmental protection
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7-3-2. Exposure assessment result

Table 7-3-5 shows the result of the exposure assessment of reference plants and animals.
All results are low dose rates that are lower than 1/10,000 of the minimum limit value of the

derived consideration reference level.

Table 7-3-5 Assessment result regarding environmental protection

Source term based on measured values
Assessed case
i. K4 tank group ii. J1-C tank group | iii. J1-G tank group
Flatfish 2E-05 2E-05 6E-05
Exposure ) . -
(mGy/day) Crab 2E-05 2E-05 6E-05
Brown 2E-05 2E-05 6E-05
seaweed

Derived consideration reference level (DCRL) [29]

Flatfish: 1-10 mGy/day Crab: 10-100 mGy/day

Brown seaweed: 1-10 mGy/day
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8. Discussion about the uncertainty of the assessment

This assessment was performed adding various data related to the disposal plan of ALPS
treated water, assumptions of the exposure assessment, etc., to the assessment model
including parameters created from obtained findings, etc. The assessment model including
these parameters, the data, the set assumptions, etc., include uncertainty. So does the
assessment result.

Generally, the uncertainty is roughly divided into (1) aleatory uncertainty (or variability) and
(2) epistemic uncertainty. “Aleatory uncertainty (or variability)” is uncertainty caused by
statistical distribution such as initial variation in data, and cannot be reduced even if data and
knowledge to be obtained in the future are considered. “Epistemic uncertainty” is uncertainty
due to lack of knowledge, though there is considered to be the one and only state.

The following shows the result of consideration of the degree of uncertainty referring to the

result of simulation performed in each assessment process for each type, etc.

8-1. Uncertainty included in the selection of the source term

The following items are examples of uncertainty of the source term.

8-1-1. Uncertainty of the composition of nuclide (epistemic uncertainty)

The treated water to be purified in storage is planned to be subject to secondary treatment by
ALPS, etc., and the composition of nuclides is unknown until measurement is performed after
secondary treatment. Though it is guaranteed that the sum of the ratios to regulatory
concentrations limits is less than 1, the composition of nuclides depends on various factors
such as the composition and concentration of radioactive materials at the ALPS inlet at the
time of treatment, the stage of the adsorbent in the ALPS adsorption vessel in the
performance life period at the time of treatment, etc. The same applies to the contaminated
water generated in the future.

Among the exposure assessment value by three source terms, there is about a five-fold
difference between the source terms based on the K4 and J1-G tank groups. Since the
difference in the tritium concentration is not large, this difference is mainly caused by the
difference in the composition of nuclides, but the assessment is designed conservatively
assuming that undetected nuclides including short-half-life radionuclides are included at their
minimum limit values of detection and 70% or more of the uncertainty of the source term is
due to the undetected nuclides as shown in Attachment IX “Contribution to the undetected
nuclides in the source term based on the measured value,” so the main cause of the

uncertainty of the source term is considered to be the difference in the ditection limit.
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On the other hand, the sum of the ratios to regulatory concentrations limits of the
composition of nuclides in the three tanks is about 0.3 and the sum of the ratios to regulatory
concentrations limits of the composition of the nuclides of the J1-G tank group with the
highest exposure assessment value is 0.22. The limit value in discharge control is the sum of
the ratios to regulatory concentrations limits of less than 1, so if ALPS treated water in which
the sum of the ratios to regulatory concentrations limits is close to 1, exposure may become
4 to 5 times larger.

If the tritium concentration in ALPS treated water is low, the discharge volume of water
instead increases, so there is uncertainty due to the tritium concentration that exposure
increases due to an increase in the discharge amount of nuclides other than tritium, but the
discharge volume of water is limited to up to 500 m®/day and the annual discharge volume of
water is 1.5E+08L (capacity factor: 80%), which is just 1.25 times larger than that of the K4
tank group (annual discharge volume of water: 1.2E+08L) and about 2 times larger than the
J1-G tank group (annual discharge volume of water: 8.1E+07L).

8-1-2. Uncertainty of analysis (aleatory uncertainty)

The compositions of nuclides of the three tank groups used for the setting of the source term
includes uncertainty of analysis. To verify the impact of the uncertainty of analysis on the
exposure assessment value, we applied the expanded uncertainty calculated from the
analysis result of the J1-C tank group to the measurement result of the J1-G tank group with
a high exposure assessment value for the normal exposure assessment. Table 8-1 shows
the composition of nuclides considering expanded uncertainty in the composition of nuclides
of the J1-G tank group. Table 8-2 shows the concentration in the seawater used for the set
source term and assessment. Table 8-3 shows the exposure assessment result.

The exposure assessment result of the source term considering the uncertainty of analysis is
about 1.5 times larger than that not considering the uncertainty, so the uncertainty of the
exposure assessment due to the uncertainty of the analysis is considered to be less than 2

times greater.

8-1-3. Summary of the uncertainty of the source term

As for the uncertainty of the source term, the difference due to the composition of nuclides of
the tank group is about £5-fold centering on the source term based on the J1-G group and
the uncertainty of analysis is considered to be about +1.5-fold.
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Table 8-1

composition of nuclides of the J1-G tank group

Composition of nuclides considering the uncertainty of detection for the

Composition of

Composition of
nuclides of the J1-G

Target nuclide C(I)Qnecgeur:?r;ot%n nugides of the J1- tank.gro'up Ratio to regula?or.y
limit (Bg/L) tank group considering concentration limit
(Bg/L) expanded
uncertainty (Bg/L)
H-3 6.0E+04 2.7E+05 2.7E+05 -

C-14 2.0E+03 1.6E+01 2.0E+01 1.0E-02
Mn-54 1.0E+03 3.8E-02 6.4E-02 6.4E-05
Fe-59 4.0E+02 7.2E-02 1.2E-01 3.0E-04
Co-58 1.0E+03 3.7E-02 6.2E-02 6.2E-05
Co-60 2.0E+02 2.3E-01 2.7E-01 1.4E-03
Ni-63 6.0E+03 8.8E+00 9.2E+00 1.5E-03
Zn-65 2.0E+02 8.0E-02 1.3E-01 6.7E-04
Rb-86 3.0E+02 4.7E-01 7.9E-01 2.6E-03
Sr-89 3.0E+02 4.5E-02 5.3E-02 1.8E-04
Sr-90 3.0E+01 3.2E-02 4.2E-02 1.4E-03
Y-90 3.0E+02 3.2E-02 4.2E-02 1.4E-04
Y-91 3.0E+02 1.2E+01 2.0E+01 6.6E-02
Nb-95 1.0E+03 4.7E-02 7.9E-02 7.9E-05
Tc-99 1.0E+03 1.3E+00 1.3E+00 1.3E-03
Ru-103 1.0E+03 5.1E-02 8.6E-02 8.6E-05
Ru-106 1.0E+02 4.8E-01 6.1E-01 6.1E-03
Rh-103m 2.0E+05 5.1E-02 8.6E-02 4.3E-07
Rh-106 3.0E+05 4.8E-01 6.1E-01 2.0E-06
Ag-110m 3.0E+02 4.0E-02 6.7E-02 2.2E-04
Cd-113m 4.0E+01 8.6E-02 9.0E-02 2.2E-03
Cd-115m 3.0E+02 2.3E+00 4.5E+00 1.5E-02
Sn-119m 2.0E+03 4.0E+01 6.7E+01 3.4E-02
Sn-123 4.0E+02 6.3E+00 1.1E+01 2.6E-02
Sn-126 2.0E+02 1.5E-01 2.5E-01 1.3E-03
Sb-124 3.0E+02 8.4E-02 1.4E-01 4.7E-04
Sb-125 8.0E+02 1.4E-01 2.0E-01 2.5E-04
Te-123m 6.0E+02 6.7E-02 1.1E-01 1.9E-04
Te-125m 9.0E+02 1.4E-01 2.0E-01 2.2E-04
Te-127 5.0E+03 4.3E+00 7.5E+00 1.5E-03
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Composition of

Composition of
nuclides of the J1-G

Target nuclide c?necgeur:tartaot%n nugides of the J1- tank.gro'up Ratio to regula?or.y
limit (Bg/L) tank group considering concentration limit
(Bg/L) expanded
uncertainty (Bg/L)

Te-127m 3.0E+02 4.5E+00 7.9E+00 2.6E-02
Te-129 1.0E+04 5.9E-01 1.0E+00 1.0E-04
Te-129m 3.0E+02 1.2E+00 2.1E+00 7.1E-03
1-129 9.0E+00 3.3E-01 3.8E-01 4.2E-02
Cs-134 6.0E+01 6.7E-02 1.1E-01 1.9E-03
Cs-135 6.0E+02 2.1E-06 2.6E-06 4.3E-09
Cs-136 3.0E+02 3.6E-02 6.1E-02 2.0E-04
Cs-137 9.0E+01 3.3E-01 4.0E-01 4.5E-03
Ba-137m 8.0E+05 3.3E-01 4.0E-01 5.0E-07
Ba-140 3.0E+02 1.7E-01 2.9E-01 9.6E-04
Ce-141 1.0E+03 1.2E-01 2.0E-01 2.0E-04
Ce-144 2.0E+02 5.5E-01 9.4E-01 4.7E-03
Pr-144 2.0E+04 5.5E-01 9.4E-01 4.7E-05
Pr-144m 4.0E+04 5.5E-01 9.4E-01 2.3E-05
Pm-146 9.0E+02 6.3E-02 1.1E-01 1.2E-04
Pm-147 3.0E+03 7.2E-01 1.2E+00 4.1E-04
Pm-148 3.0E+02 4 5E-01 7.6E-01 2.5E-03
Pm-148m 5.0E+02 4.1E-02 6.9E-02 1.4E-04
Sm-151 8.0E+03 1.0E-02 1.7E-02 2.1E-06
Eu-152 6.0E+02 1.9E-01 3.2E-01 5.3E-04
Eu-154 4.0E+02 1.0E-01 1.7E-01 4.3E-04
Eu-155 3.0E+03 1.8E-01 3.0E-01 1.0E-04
Gd-153 3.0E+03 1.9E-01 3.2E-01 1.1E-04
Th-160 5.0E+02 1.4E-01 2.4E-01 4.7E-04
Pu-238 4.0E+00 2.8E-02 3.3E-02 8.4E-03
Pu-239 4.0E+00 2.8E-02 3.3E-02 8.4E-03
Pu-240 4.0E+00 2.8E-02 3.3E-02 8.4E-03
Pu-241 2.0E+02 1.0E+00 1.2E+00 6.0E-03
Am-241 5.0E+00 2.8E-02 3.3E-02 6.7E-03
Am-242m 5.0E+00 5.1E-04 6.1E-04 1.2E-04
Am-243 5.0E+00 2.8E-02 3.3E-02 6.7E-03
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Composition of
Requlator Composition of nuclides of the J1-G
. g y nuclides of the J1- tank group Ratio to regulatory
Target nuclide concentration 2 AN
limit (Bg/L) G tank group considering concentration limit
q (Bg/L) expanded
uncertainty (Bg/L)

Cm-242 6.0E+01 2.8E-02 3.3E-02 5.6E-04

Cm-243 6.0E+00 2.8E-02 3.3E-02 5.6E-03

Cm-244 7.0E+00 2.8E-02 3.3E-02 4.8E-03

Sum of the ratios to regulatory concentrations limits 3.2E-01

Table 8-2 Concentration in the seawater used for the assessment (Source
term based on the composition of nuclides in the J1-G tank group reflecting
the uncertainty of detection)

Stoel::r(je Concentration in the seawater used for the assessment (Bg/L)
Target nuclide di(ggr?:rzle Within 10 x 10 km XVithin 10 x 10km | Beach assessment
amount) | Average of all layers vera?aeygl; S'[he top | point Al\élsl;a;gs;e of all
(Ba)

H-3 2.2E+13 5.6E-02 1.2E-01 9.0E-01
C-14 6.1E+08 1.5E-06 3.3E-06 2.5E-05
Mn-54 1.7E+06 4.4E-09 9.4E-09 7.0E-08
Fe-59 3.9E+06 1.0E-08 2.1E-08 1.6E-07
Co-58 1.9E+06 4.7E-09 1.0E-08 7.6E-08
Co-60 1.0E+07 2.7E-08 5.7E-08 4.3E-07
Ni-63 2.4E+08 6.1E-07 1.3E-06 9.7E-06
Zn-65 4.2E+06 1.1E-08 2.3E-08 1.7E-07
Rb-86 2.3E+07 5.7E-08 1.2E-07 9.2E-07
Sr-89 1.7E+06 4.4E-09 9.3E-09 7.0E-08
Sr-90 1.3E+06 3.2E-09 6.9E-09 5.2E-08
Y-90 1.3E+06 3.2E-09 6.9E-09 5.2E-08
Y-91 7.5E+08 1.9E-06 4.1E-06 3.1E-05
Nb-95 2.3E+06 5.7E-09 1.2E-08 9.2E-08
Tc-99 3.3E+07 8.3E-08 1.8E-07 1.3E-06
Ru-103 2.4E+06 6.1E-09 1.3E-08 9.8E-08
Ru-106 4. 7E+07 1.2E-07 2.6E-07 1.9E-06
Rh-103m 2.4E+06 6.1E-09 1.3E-08 9.8E-08
Rh-106 4. 7E+07 1.2E-07 2.6E-07 1.9E-06
Ag-110m 1.9E+06 4.9E-09 1.1E-08 7.9E-08
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Source

Concentration in the seawater used for the assessment (Bqg/L)

term
Target nuclide di(ggr?:ragle Within 10 x 10 km XVithin 10 : r1]0 km | Beach assessmfenltI
amount) |Average of all layers veragljaeygrst etop | point Al\glree:ge ofa
(Ba)

Cd-113m 2.4E+06 6.1E-09 1.3E-08 9.7E-08
Cd-115m 1.4E+08 3.6E-07 7.8E-07 5.8E-06
Sn-119m 1.9E+09 4.8E-06 1.0E-05 7.8E-05
Sn-123 3.0E+08 7.6E-07 1.6E-06 1.2E-05
Sn-126 1.3E+07 3.3E-08 7.2E-08 5.4E-07
Sbh-124 4.4E+06 1.1E-08 2.4E-08 1.8E-07
Sbh-125 8.9E+06 2.3E-08 4.8E-08 3.6E-07
Te-123m 4.2E+06 1.1E-08 2.3E-08 1.7E-07
Te-125m 8.9E+06 2.3E-08 4.8E-08 3.6E-07
Te-127 2.2E+08 5.6E-07 1.2E-06 9.0E-06
Te-127m 2.3E+08 5.8E-07 1.3E-06 9.4E-06
Te-129 6.7E+Q7 1.7E-07 3.7E-07 2.7E-06
Te-129m 6.7E+Q7 1.7E-07 3.7E-07 2.7E-06
1-129 3.7E+Q7 9.4E-08 2.0E-07 1.5E-06
Cs-134 3.4E+06 8.7E-09 1.9E-08 1.4E-07
Cs-135 3.9E+01 1.0E-13 2.1E-13 1.6E-12
Cs-136 2.1E+06 5.4E-09 1.2E-08 8.7E-08
Cs-137 6.2E+06 1.6E-08 3.4E-08 2.5E-07
Ba-137m 6.2E+06 1.6E-08 3.4E-08 2.5E-07
Ba-140 9.1E+06 2.3E-08 5.0E-08 3.7E-07
Ce-141 1.2E+07 3.0E-08 6.4E-08 4.8E-07
Ce-144 2.6E+Q7 6.6E-08 1.4E-07 1.1E-06
Pr-144 2.6E+Q7 6.6E-08 1.4E-07 1.1E-06
Pr-144m 2.6E+Q7 6.6E-08 1.4E-07 1.1E-06
Pm-146 3.0E+06 7.6E-09 1.6E-08 1.2E-07
Pm-147 3.6E+Q7 9.3E-08 2.0E-07 1.5E-06
Pm-148 1.0E+07 2.7E-08 5.7E-08 4.3E-07
Pm-148m 2.2E+06 5.5E-09 1.2E-08 8.9E-08
Sm-151 5.0E+05 1.3E-09 2.7E-09 2.1E-08
Eu-152 1.3E+07 3.2E-08 6.9E-08 5.2E-07
Eu-154 5.0E+06 1.3E-08 2.7E-08 2.1E-07
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Source

Concentration in the seawater used for the assessment (Bqg/L)

term
. (annual o ithi
Target nuclide discharge | Within 10 x 10 km Within 10 x 10 km | Beach assessment
Average of the top | point Average of all
amount) | Average of all layers
layers layers
(Ba)
Eu-155 1.5E+07 3.9E-08 8.3E-08 6.3E-07
Gd-153 1.2E+07 3.0E-08 6.4E-08 4.8E-07
Tb-160 6.4E+06 1.6E-08 3.5E-08 2.6E-07
Pu-238 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Pu-239 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Pu-240 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Pu-241 3.8E+07 9.8E-08 2.1E-07 1.6E-06
Am-241 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Am-242m 1.9E+04 4.8E-11 1.0E-10 7.7E-10
Am-243 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Cm-242 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Cm-243 1.1E+06 2.7E-09 5.8E-09 4.3E-08
Cm-244 1.1E+06 2.7E-09 5.8E-09 4.3E-08

Target exposure
assessment

From fishing nets
Ingestion of seafood

From sea surface
From hulls

During swimming
From beach sand
Ingestion of seawater
Inhalation of seawater

spray
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Table 8-3 Exposure assessment result based on the compaosition of nuclides in the J1-

G tank group reflecting the uncertainty of detection (Assessment area: 10 km x 10 km)

(1) Source term based on measured values (2) Source term
Source considering the
term : o ) ——— uncertainty of
Assessed i. K4 tank group |ii. J1-C tank groupliii. J1-G tank group analysis (J1-G)
case -
Ingestion
of Average | Large |Average| Large |Average| Large |Average| Large
seafood
Sea 6.5E-09 1.7E-08 4.7E-08 8.0E-08
surface ' ' ' '
Hull 4.8E-09 1.2E-08 3.3E-08 5.6E-08
External .
During
exposure swimming 4.5E-09 1.2E-08 3.2E-08 5.6E-08
(mSvlyear)
Beach
sand 7.8E-06 2.1E-05 5.6E-05 9.7E-05
Fishing net 1.6E-06 4.3E-06 1.2E-05 2.0E-05
Ingestion of
water 3.3E-07 3.1E-07 3.2E-07 3.3E-07
Internal Inhalation
exposure |~ L 9.3E-08 2.0E-07 4.0E-07 4.8E-07
(mSvl/year) pray
Ingestion ofl 1 5¢ o5 | 6.1E-05 | 2.8E-05 | 1.1E-04 | 7.9E-05 | 3.0E-04 | 1.3E-04 | 5.0E-04
seafood
Total
3E-05 | 7E-05 | 5E-05 | 1E-04 | 1E-04 | 4E-04 | 2E-04 | 6E-04
(mSvlyear)
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Table 8-4 Results of internal exposures assessment by age based on the composition
of nuclides in the J1-G tank group reflecting the uncertainty of detection (Assessment
area: 10 km x 10 km)

(1) Source term based on measured values

(2) Source term

Source considering the
term ; o 3 G4 uncertainty of
Assessed i. K4 tank group [ii. J1-C tank group|iii. J1-G tank group analysis (J1-G)
case -
Ingestion
of Average | Large |Average| Large |Average| Large |Average| Large
seafood
Adult 3.3E-07 3.1E-07 3.2E-07 3.2E-07
Internal
exposure | Child
from under
ingestion | school 5.7E-07 5.4E-07 5.5E-07 5.7E-07
of water age
(mSvlyear)
Infant - - - -
Adult 9.3E-08 2.0E-07 4.0E-07 4.7E-07
Internal
exposure | Child
from under
inhalation | school 6.2E-08 1.1E-07 2.2E-07 2.5E-07
of spray age
(mSvlyear)
Infant 4.0E-08 6.5E-08 1.2E-07 1.3E-07
Adult | 1.5E-05 | 6.1E-05 | 2.8E-05 | 1.1E-04 | 7.9E-05 | 3.0E-04 | 1.3E-04 | 5.0E-04
Internal
exposure | Child
_from | under |, 4e 05 | 9.4E-05 | 5.1E-05 | 2.0E-04 | 1.5E-04 | 5.6E-04 | 2.4E-04 | 9.4E-04
ingestion | school
of seafood| age
(mSvlyear)
Infant | 2.9E-05 | 1.1E-04 | 6.7E-05 | 2.5E-04 | 1.9E-04 | 7.1E-04 | 3.2E-04 | 1.2E-03
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8-2. Uncertainty of modeling of diffusion and transfer in the environment

8-2-1. Uncertainty of meteorological and oceanographic data, etc. (aleatory
uncertainty)

The diffusion simulation is considered to include uncertainty caused by variations such as the
annual variations of meteorological and oceanographic data.

For this assessment, the meteorological and oceanographic data of 2014 to 2020 are used,
but the biggest observed difference in the annual average concentration of 10 km x 10 km
used for the assessment is up to about 20%. A document that simulated the diffusion of
cesium using the same model to reproduce the monitoring results shows no difference in the

shape of diffusion of each year and that the scale of uncertainty is not twice as great.

8-2-2. Uncertainty of the simulation model itself (epistemic uncertainty)

The diffusion simulation model does not reproduce all of the natural phenomena and
scientific findings that the model is constructed based on is not complete. However, the
model used this time has been verified by a reproduction calculation of the cesium
concentration in the same sea area and the simulation result matches the measured value
well. There could be a charge to verify this with another modeling to confirm the magnitude of
uncertainty more accurately, but the uncertainty of the model itself is estimated to be not so

great.

8-2-3. Uncertainty in the selection of migration pathways (epistemic uncertainty)

In the external exposure assessment, the external exposure from radioactive materials
migrated to hulls, beach sand, and fishing nets are assessed. The factor of migration to hulls,
beaches, and fishing nets are excerpted from domestic cases such as past guidelines, but
not all data regarding the nuclides required for this assessment was obtained. The
assessment was based on the data of limited nuclides.

Though there are few findings about these migration factors, the migration to sandy beaches
can be assessed by the method of TECDOC-1759 (using the external exposure dose
conversion factor of FGR15 issued by U.S. Environmental Protection Agency), so the
exposure from sandy beaches was calculated and the result of this report was 20 to 200 or
more times larger. However, it turned out that as the contribution to the overall exposure, the
contribution of external exposure is smaller than internal exposure and the total exposure
value does not differ so much from that of this report. Attachment XI “Conservativeness of

the external exposure dose conversion factor” shows the details of the assessment result
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using the external exposure dose conversion factor of FGR15 issued by U.S. Environmental
Protection Agency.

8-2-4. Uncertainty in the concentration factor of seafood and the distribution
coefficient of seabed sediment (epistemic uncertainty)

The concentration coefficient of fish, etc. used for internal exposure from ingestion of
seafood shown in TRS-422 is calculated assuming that the concentration in the seawater
and marine organisms are in the equilibrium state from the investigation results of the
concentration in the seawater and fish, etc.

However, while the process of migration to organisms and seabed sediment takes much
time, whereas movement of the seawater is fast, and it is uncertain whether they were in the
equilibrium state at the time of the investigation. In addition, there are also great deal of
variations depending on the type of fishes and seabed sediment, and survey locations, and
TRS-422 indicates that insufficient reliable data are available to allow accurate assessments
of ranges around a recommended value for most element—organism combinations. On the
other hand, where a reliable database does exist for a given element and type of organism,
in nearly every case the range of minimum and maximum CFs is one order of magnitude (or
less) from the recommended value. Therefore, TRS-422 indicate that maximum and
minimum CFs are one order of magnitude above and below the recommended value. This is
same for the distribution coefficient of seabed sediment, where a range of values is required,
maximum and minimum values could be assumed to be a factor of 10 higher and lower than
the recommended value.

8-3. Uncertainty in the setting of exposure pathways
8-3-1. Uncertainty in the selection of exposure pathways (epistemic uncertainty)

The setting of exposure pathways may be insufficient. In TECDOC-1759, most of the
pathways set as external exposure ones such as exposure from the sea surface and hulls in
this assessment are not subject to the assessment, but pathways not set in this report such
as ingestion of beach sediment, ingestion of seawater, and inhalation of seawater spray are
picked up. As a result of a verification calculation of unselected pathways by the method of
TECDOC-1759, pathways of which exposure assessment results exceeded the pathways
selected in this report were found such as ingestion of seawater and inhalation of seawater
spray, so they were added as pathways. However, the total value did not change because
the impact of internal exposure from ingestion of seafood is great in the exposure
assessment. For the result of the verification calculation., see Attachment VI “Transfer
pathways and exposure pathways other than the assessment targets.” Please note that the
difference from TECDOC-1759 is due to the inclusion of modeling of dispersion and transfer.
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8-4. Uncertainty in the selection of the representative person

8-4-1. Uncertainty in the actual life of the representative person (aleatory
uncertainty)

In this assessment, the life habit data of the critical group in the case of exposure simulation
from domestic nuclear power plants is used. The latest data of the national health and
nutrition survey is used for the ingestion of seafood, which has a slight annual variation of
about 10 to 20%. However, considering this uncertainty, ingested fish assessed in this report
is assumed to be consumed immediately after being caught in the area around the FDNPS
without considering market dilution, decay of radioactive nuclides after catching, etc., so
there is considered to be not uncertainty which may lead to underestimation.

8-4-2. Uncertainty in the selection of the representative pathway (epistemic
uncertainty)

The area around the FDNPS is still in the middle of reconstruction: e.g. even now Difficult-to-
Return Zones are set. It is still prohibited to live in Difficult-to-Return Zones. Even for the
other zones, return of residents is very limited. Under such circumstances, it is very difficult
to ascertain detailed life habits available for the setting of the representative person including
the prediction of the future situation.

Therefore, in this assessment, the life habit data of the critical group used in the case of
simulation of exposure from domestic nuclear power plants is used, but it includes
uncertainty due to the difference from the actual life habits of residents in the surrounding
area after reconstruction.

On the other hand, in this assessment, the reprocessing plant located in Aomori, which is
also in Tohoku, applies the setting based on the social environment survey and the time of
exposure from fishing nets is longer than that of this assessment, but it is less than two times
longer. Moreover, the impact of external exposure is smaller than that of internal exposure
from the ingestion of seafood, so there is no impact on the exposure assessment.

For the ingestion of seafood which affects the internal exposure result, nation-wide statistical
data aggregated by age is used and about 10% different from the data of Tohoku. Fish and
invertebrates (total of shellfish, cephalopods, and crustacea at reprocessing plant) of the
reprocessing plant are 20 to 30% more and seaweeds of this report are 30% more, but the
uncertainty of the food ingestion is unlikely to be two times greater and ingested fish
assessed in this report is assumed to be consumed immediately after being caught in the
area around the FDNPS without considering market dilution, decay of radioactive nuclides
after catching, etc., so there is considered to be no uncertainty which may lead to
underestimation.
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8-4-3. Uncertainty depending on the range of the sea area to be assessed
(epistemic uncertainty)

The further it is from the discharge outlet, the lower the concentration in the seawater
becomes in the case of discharge of ALPS treated water, so there is uncertainty of variation
of the concentration in the seawater used for the assessment depending on the scale of the
range to be assessed.

To verify the impact due to the scale of the range to be assessed, we calculated the annual
average concentration within 5 km x 5 km and 20 km x 10 km in addition to 10 km x 10 km
and assessed exposure of human under normal conditions. The exposure assessment result
of 20 kmx10 km is about 20% lower than that of 10 kmx10 km, but the difference was small.
That of 5 km x 5 km was about 3 times higher than that of 10 km x 10 km. In reality, it is
unlikely that fishing is performed only within 5 kmx5 km around the FDNPS; and in this
report, exposure is assessed assuming that only seafood caught in the assessed sea area
but in reality, it is unlikely that only fish caught in the area around the FDNPS is ingested, so
it is considered to be unnecessary to consider uncertainty about the range of the sea area.
Attachment Xl “Impact of the assessment range of concentrations in seawater used for the
assessment of exposures” shows the result of the exposure assessment of 5 km x 5 km and
20 km x 10 km from the power station.

8-5. Summary about uncertainty

Table 8-5 summarizes these contents.

There is great uncertainty in the composition of nuclides in the source term and migration
pathways such as the concentration factor of fish, but the exposure assessment result is
sufficiently lower than the dose constraint and it is considered that the conservativeness of
the assessment is not lost.
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Table 8-5

Summary of uncertainty in this assessment

Iltem Details of uncertainty Assessment of uncertainty
Selection of The composition of nuclides of The exposure assessment result of the K4 tank group with a low
the source ALPS treated water is unknown detection limit in the source term based on the measured value is
terms until secondary treatment and about 1/5 of the J1-G tank group with the highest one. On the other
measurement is completed, so it hand, the sum of ratios to regulatory concentration limit of the J1-G
has epistemic uncertainty. tank group is 0.22. If the sum of the ratios to regulatory concentration
limit is 1 with the same nuclide ratio, exposure will be about 5 times
greater.
The measured value incudes The impact of uncertainty of analysis seems to be less than double.
aleatory uncertainty based on
uncertainty of analysis.
Modeling of The meteorological and We calculated the average concentration of 10 km x 10 km of 7

diffusion and
transfer in the
environment

oceanographic data has annual
variations and includes aleatory
uncertainty.

The diffusion simulation model has
epistemic uncertainty in the model
itself.

years and found a difference of about 20%.

In the comparison with the measured value, the parts with high
concentrations match well, so uncertainty is assumed to be less than
two times greater in the calculation of the average calculation of 10
km x 10 km.

For the and the migration factor of external | We calculated exposure from beaches from the method of TECDOC-
migration exposure, differences in elements 1759 (using the external exposure dose conversion factor of FGR15)
pathways are not considered, so the dose and it turned out that the result of the radiological impact assessment
conversion factor of external report was 20 to 200 or more times higher.
exposure has epistemic Even so, the effect of external exposure on exposure is smaller than
uncertainty which does not cover that of internal exposures, and the total exposure value does not
all nuclides. differ so much from that of this report.
The concentration factor of fish For the concentration factor, TRS-422 indicate that maximum and
used for the internal exposure minimum CFs are one order of magnitude above and below the
assessment from ingestion of recommended value in the case of existence of reliable data for
seafood includes epistemic element—organism combination, and for the distribution coefficient,
uncertainty due to insufficiency of maximum and minimum values could be assumed to be a factor of
data. 10 higher and lower than the recommended value.
Exposure There are epistemic uncertainties We calculated the unselected exposure pathways by the method of
pathways because the selected migration TECDOC-1759 and added pathways with higher exposure

and exposure pathways do not
cover all the pathways.

assessments than those of the selected pathways. However, the
total value did not change because the impact of internal exposure
from ingestion of seafood is great.

Selection of a
representative
person

The area around the FDNPS is
undergoing reconstruction, so we
used life habit data from domestic
precedent cases. As a result, it
includes epistemic uncertainty due
to the difference in the actual life
habits.

The food ingestion is set from
nationwide data and also includes
epistemic uncertainty.

The external exposure time is shorter than that of the Rokkasho
reprocessing plant, but it is smaller than internal exposure from
ingestion of seafood and does not affect the exposure assessment
result.

For the ingestion of seafood which affects the internal exposure
result, nation-wide statistical data aggregated by age is used and
about 10% different from the data of Tohoku, but in the report, all
ingested fish are assumed to have been caught in the area around
the FDNPS in the assessment, so there is considered to be not
uncertainty which may lead to underestimation.

It includes epistemic uncertainty
about the range of the appropriate
area as the sea area to be
assessed.

We assessed 5 km x 5 km, which is smaller, and 20 km x 10 km,
which is larger, than 10 km x 10 km and it turned out that the
exposure is about three times greater in the range of 5 km x 5 km
and not much different in the range of 20 km x 20 km. Actually, it is
unrealistic to perform fishing only within the range of 5 km x 5 km
and the assessment in this report assumes that all ingested fish are
caught in the area around the FDNPS, so it is considered to be
unnecessary to consider uncertainty due to the setting of the
assessed sea area.
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9. Monitoring to be performed in response to discharge of ALPS treated water into
the sea

This section describes our analytical capabilities at the FDNPS as well as the plan of
monitoring to be performed inside and outside the site in relation to the discharge of ALPS
treated water of the FDNPS (as of the issuance of this revised report; to be revised as
needed).

All of these enhance and expand the monitoring program which has been performed
continuously since the accident at the FDNPS.

Through the monitoring activity in the site, we will ensure that ALPS treated water discharged
into the environment is safe. Through the monitoring activity outside the site, we shall
correctly ascertain the impact of discharge of ALPS treated water into the sea on the
environment.

9-1. Analytical capability in the Fukushima Daiichi Nuclear Power Station

In the site of the FDNPS, the environment control building for environmental sample analysis
and the Unit 5/6 analysis rooms (hot lab.) for analysis of samples with high activity
concentration, which have been operated before the earthquake, are still in operation. In
addition to these, we started the operation of the chemical analysis building for samples with
low activity concentration for which measures to prevent contamination in the site and
eliminate the impact of the environmental dose were performed in 2013. The analysis and
measurement functions of the environment control building were terminated due to the
contamination state of the facility and facility aging, and only the pretreatment function
remains.

After the earthquake, initially we especially focused on handling of samples with high activity
concentration in order to deal with the problem of contaminated water. However, in July
2013, when the chemical analysis building was completed and environmental samples were
able to be analyzed, we started to develop human resources to analyze samples of which
radioactive concentrations had been confirmed to be low such as the seawater. After that, as
drainage of groundwater bypass water (hereinafter called “groundwater bypass”) and treated
water of the purification facilities such as the subdrain (hereinafter called “subdrain”) to
reduce the contaminated water generation, we have been expanding the training of workers
for the Unit 5/6 analysis rooms and the chemical analysis building in parallel. For discharge
of ALPS treated water into the sea, we will enhance and expand the analysis framework in
terms of facilities and competence.

9-1-1. Analytical capability in terms of facilities

Since all analyses related to discharge of ALPS treated water into the sea are classified into
analyses of samples with low activity concentration, it is planned to perform analyses and
assessments using the facilities of the chemical analysis building. The layout arrangement,
addition of analysis devices, etc., for the chemical analysis building shall be performed
flexibly as needed. Table 9-1 shows the overview and functions of the analysis facilities in

161



the site of the FDNPS. Table 9-2 shows the overview of the analysis devices installed in the

chemical analysis

buildings.

Table 9-1 Overview and functions of the analysis facility

Facility name

Environmental
management
building

Units 5/6 analysis
room

Chemical analysis
building

Chemical analysis
building (for
expansion,
planned)

Function
Pretreatment
(pretreatment of fish)

Analysis of samples
with high activity
concentration

Analysis of samples
with low activity
concentration

Pretreatment
operation and
analysis of a sample
of a low radioactive
concentration

Overview of the facilit

Analysis room + Measurement

room: 480m?
Experimental table: 4

Analysis room + Measurement
room: 850m?

Experimental table: 23

Fume hood: 26

Analysis room + Measurement
room: 1,000m?

Experimental table: 15

Fume hood: 35

Analysis room + Measurement
room: About 600 m?
[Facility proposal]
Experimental table: 8
Fume hood: 21
Rotary evaporator: 5
Electrolytic condenser: 10
Lyophilizer: 6
H-3 -> He converter: 2

Remarks

® Before the earthquake, we

analyzed environmental
samples but transferred the
functions to the chemical
analysis building and the
Unit 5/6 analysis rooms after
the earthquake

® The functions are limited to
pretreatment

® Expanded the facility which
had been operated since
before the earthquake in
2016

® This facility was put into use
in 2013.

® The analysis of ALPS
treated water is planned to
be performed here

® The construction work is
scheduled to be completed
by the end of FY 2023.

® The number of analyzers,
etc. may be changed in the
future

Table 9-2 Analyzers in the chemical analysis building (including those planned to be
expanded in the future)

Number of units

Sample handled

Monitoring samples:
seawater, etc.
Drainage sample:
Groundwater bypass
and sub-drain

ALPS outlet water: last
stage

etc.

Analyzer

Ge semiconductor detector

Automatic a-measuring device
Low back gas flow counter
B-nuclide analysis equipment

Low background liquid
scintillation counter

Inductively coupled plasma
mass spectrometer (ICP-MS)
Noble gas mass spectrometer
(He-MS)

High purity Ge semiconductor
detector for low energy
photons (LEPS)

Target nuclides to be

y-ray emitting nuclides 12
(e.g. Cs -134.137)
Total a 2
Total B, Sr-90 5
Sr-90 2
e 9
Tritium, C -14
P : (Three more to be
Cd-113 m, Ni-63 expanded)
-129, Tc-99 2
N 2
Tritium (To be expanded)
Low-energy y-ray 2

emitting nuclide

(including Sn-126) (To be expanded)

For the measuring instruments used for measurement, we verify the detection efficiency with

the standard source and the standard solution as daily inspections at the start of work to

maintain the device performance and measure samples. Table 9-3 shows the overview of
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daily inspections of the measuring instruments installed in the FDNPS (verification of the
detection efficiency).

Table 9-3 Verification of the detection efficiency in the daily inspection of
measuring instruments

Ge semiconductor Co-57, Ba-133, Cs-137, Frequency: At the beginning of daily work
detector Mn-54, Co-60 Method: Obtain the detection efficiency for each
Automatic a-measuring = Am-241 nominal energy of the standard source and
device confirm that it is within the judgment value
B-nuclide analysis Sr-90 (¥10%)
equipment Cs-137 Actions to be taken in case of deviation: The
Low background liquid Tritium measured sample after the value judged last
scintillation counter time is evaluated again, and the sample during
the deviation period is measured if necessary
Inductively coupled Li, Co, Y, Tl Frequency: Each use
plasma mass Method: Measure the strength of each element.
spectrometer (ICP-MS) After checking the judged value or above,
prepare a calibration curve before
measurement.
Strength of standard solution: Li: >1000
Co, Y: >200
Tl: >800

9-1-2. Analytical capability in terms of competence

The analysis work led by us shall be consigned to Tokyo Power Technology*® (hereinafter
called “TPT”). We shall formulate the plan for analysis and prepare resources suitable for the
plan, supervise the work by TPT, judge the possibility of discharge based on the analysis
result, manage and announce analysis data, etc.

Our employees who supervise analysis work shall have been certified to have skill levels
sufficient for their roles through the on-site technique and skills certification system, and
competence is secured in a planned manner by periodic competence assessments and
effectiveness reviews.

On the other hand, TPT, which is the consignee of the analysis work, increases and secure
competent analysts in order to maintain the capabilities to surely analyze the nuclides for
which high skills are required (hereinafter called “difficult-to-measure nuclides”) such as C-
14. Moreover, to have objective confirmation of skills from the viewpoint of a third party, we
shall participate in IAEA Proficiency Test Exercise** and continuously conduct
crosschecking, etc., with analytical institutes inside Japan.

In the chemical analysis building, ISO/IEC-17025 certification*® for Cs-134, Cs-137, and
tritium has been acquired and maintained and it is planned to acquire certification for the Sr-

43 We are a wholly owned subsidiary of Tokyo Electric Power Company Holdings, Inc. and have advantages in terms of design,
construction, operation, and maintenance of electricity-related facilities including our company; environment investigation
measurements and their assessments; investigations/analyses and measurements of substances, etc.; control of radioactive
materials and radiation; decontamination in general; processing treatment/disposal of radioactive waste, etc.

4 The IAEA prepares a sample with a known result for the test and provide it to each participating analysis institute. Then, each
institute analyzes it and the IAEA compares the result with the components of the sample for the test to assess the accuracy
of the analysis by each institute.

4 Examining authority examine the ability of test places and correction organizations to authorize their capability.
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90 analysis as well. In addition, the appropriateness of the data to be used for decision of
discharge was confirmed by comparison with the analysis value of the third-party institute
specified as the consignee by us. Table 9-4 shows the certification acquisition status by the
certification institute for us (TPT) and each consignee analysis institute.

Table 9-4 Certification acquisition statuses of us (TPT) and consignee

analysis institutes

Organization Certification Acquisition status
TPT (Fukushima Daichi) ISO/IEC17025 (Chemical analysis building) Cs-134,Cs-
1ISO9001 137,H-3
KAKEN Co.,Ltd. ISO/IEC17025 Cs-134,Cs-137
1-131
Sr-90
H-3
Japan Chemical Analysis ISO/IEC17025 Gamma-emitting nuclide
Center ISO9001 H-3
Radioactive strontium
Plutonium
Tohoku Greening ISO/IEC17025 Cs-134,Cs-137
Environmental Conservation 1ISO9001 1-131
Co., Ltd. H-3

To ascertain the competence of each analyst, we increase those who can deal with analyses
of difficult-measure nuclides by OJT and verify the competence with the Z score (within two
times wider range as detected concentration * standard deviation), which is an ISO review
method, by measurements using samples with known concentrations once a year for the
nuclides subject to ISO/IEC-17025 authentication %6 for all the personnel in charge of tritium
and cesium (See Figure 9-1).

46 “Analytical test of radionuclide (including Cs134/Cs137 and H-3) in public waters, wastewater, soil, ash and sludge”
(Certification institute: Perry Johnson Laboratory Accreditation Inc., Certificate: L20-355-R1)
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Analyst Analyst
Persons targeted for H -3 Skill Test: 13 analysts (A to M) Persons targeted for Cs-137 Skill Test: 25 analysts (A to Y)
Sample concentration: 10.2Bg/L Sample concentration: 4.5Bq/L
Intermediate value of 10 times repeated measured of 3 Intermediate value of 10 times repeated measured by the
samples by the sample creator sample creator
Implementation period: October 9-29, 2020 Implementation period: July 29 to August 6, 2020
Implementation location: Chemical Analysis Building Implementation location: Chemical Analysis Building
Judgment method: Z score (ISO inspection method) Judgment method: Z score (ISO inspection method)
Judgment value: | Z | £ 2 Judgment value: | Z | £ 2

Figure 9-1 Example of competence check of analysts (result of FY 2020)
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9-1-3. Our management and supervision

We request consignees to comply with the determined analysis procedures and secure the
competence of analysts based on contracts, and receive and verify analysis procedures and
competence control records.

Figure 9-2 shows the overview of the system that maintains the flow and quality of analysis,
which means that the quality of the analysis process is kept constant and a mechanism to
detect abnormalities of data is constructed.

PECYSVNEUINCI _ _ _ _ _ _ ! Core systems: Chemical Management Systems b — — — - o o e e = —— - -

Automatic creation Automatic creation

1
|
Sampling Sample label : Preparation of 1

Acceptance ; ! Analysis result p
) of analysis instruction QR code ?’eport data for I
~r- publication 1

Preparation
of analysis
plan

Request
for
analysis

Automatic creation measured value

______ I chemical Analysis Data Collection Equipment (LIMS) | w= w= sl = Analysis Room: Field
r e o o e e o e = = * Automatic incorporation of
,

+ Automatic calculation of

I
| ivi Sample . concentration
Sampling Receiving i F t Sample Analysis Analyzed sample | | + Automatic creation of graphs
! samples preueatmeny analysis o management | !
QR code OR cod QR code OR cod result OR code " and display
coae coae
/ ]

S 5t

[Mechanism to detect data abnormality]

Tone input guide

<Analysis Room: Field> ) i < Data Evaluation Office >
Audio input and video are sent according to the display of smart glasses. Input from camera image to LIMS terminal
[When the analyst’s information matches the information confirmed by the evaluation room supervisor,
the information of sample is registered]

Figure 9-2 Flow of analysis and overview of the system to maintain quality

In addition, the following activities are performed.

® Usage status of procedures and the implementation status of specifications are
regularly checked in all analysis rooms (it is applied to all analytical work performed
within the premises of the FDNPS)

® [n order to ensure the quality of operation and work safety, it is stipulated as a

requirement that work can be performed with the same procedure even when an

analyst is replaced.

Methods for checking procedures are standardized.

® The third-party organizations are required to submit work procedures in their
specifications as well, and our company’s involvement in the quality control of work
processes will be enhanced.

® Guidance is given to contractors for identifying risks in the prior safety assessment
before starting operation. TEPCO explains previous nonconformity cases and gives
guidance to raise their awareness and ensure the thorough compliance with the rules
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® FEvery month, TEPCO discusses with contractors on issues in analytical operation and
the implementation status of the preventive measures for the recurrence of previous
nonconformities to maintain performance

® Every month, TEPCO conducts on-site observations for analysis work with
contractors to identify unsafe conditions to ensure safety at the site and maintain work
quality

® Implementation status of analysis procedures established by contractors, is checked,
and guidance is given for the identification and correction of the area to be improved
in the work.
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9-2. Monitoring within the premises of the Fukushima Daiichi Nuclear Power
Station

The following three activities are to be performed at the site: (1) measurement and
assessment of 64 nuclides by the measurement/confirmation facility of which results are
used to judge the possibility of discharge and determine the dilution ratio (source monitoring),
(2) monitoring with samples collected at the discharge vertical shaft (upper-stream storage)
to confirm the dilution and mixing states of treated water with the seawater used for judgment
of discharge immediately after the start of discharge, and (3) monitoring with samples
collected from the seawater piping performed to confirm the dilution state every day during
continuous discharge, all of which are led by us. This section describes the procedures, etc.,
used for maintaining the accuracy of monitoring as well.

Figure 9-3 shows monitoring to be performed within the premises of the FDNPS.

1) Source monitoring

M /confi ion facility (K4 tank group)
ili i [ Comprised of three sets of tank groups each with the role of

Secondary "ea_tmem _fac'l'ty ('_'_eWIy installed recelj\)/ingl measurer_nent/_confim%tiorgand discharge. In the
reverse faclllty) / measurement/confirmation stage, water that has been made

homogenized through circulation and agitating is sampled and
Secondary treatment of treated water to be Ye- Y
Euriﬁed_ (sum of the ratios of nuclides, excluding analyzed (approx. 10,000m™> 3 groups)

ritium, is between 1 and 10) S s ~ ALPS treated water
Secondary treatment facility (ALPS) ansrpg

\ -— Seawall
Secondary treatment of Treated water to be re- | Discharge
F\_J‘rjﬁedjs;tm og_ﬂ;]e r‘)a!ios of nuclides, excluding \\ - _— g Installed around
rittum, is 1 or higher) Recewving | emergency
Meas en:ien / isolation valves
ALPS treated water, etc. tan Congn T and transfer pipes

'

|

i

isolation valve

Utilize the vertical shaft for the time
being, and initiate discharge after
Dischargeverticall$haft confirming directly that seawater
f fstorage) /| 2nd ALPS treated water has mixed

EL11.5m —» Road [amdluted.

Discharge
to sea

Seawater transfer pump

3 units
Discharge tunnel
Seawater used for dilution (approx. 1km)
(intake from outside the harbor)
L . L 2) Monitoring at the discharge vertical shaft
3) Monitoring in mixed piping (upper-stream storage)

Figure 9-3 Monitoring within the premises of the FDNPS
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9-2-1. Source monitoring

Source monitoring is monitoring of the source term (annual discharge amount (total amount)
of each nuclide contained in the ALPS treated water, which is diluted and discharged into the
sea). In this analysis, we collect samples after homogenization of ALPS treated water every
time the measurement/confirmation facility is fully filled with ALPS treated water, and all
nuclides to be measured in ALPS treated water (tritium, C-14, and 62 nuclides subject to
removal by ALPS) are analyzed and assessed*’. From the analysis results, we verified that:

® The sum of the ratios to regulatory concentrations limits*® of the concentrations of
63 nuclides excluding tritium falls below 1, which is the regulatory standard

® This is the basis for the determination of the flow rate of the ALPS treated amount to
be diluted and discharged based on the measured tritium concentration to surely
make the concentration after dilution less than 1,500Bqg/L, which is the concentration
specified in the fundamental policy of the government.

Therefore, the homogeneity of ALPS treated water stored in the measurement/confirmation
facility is extremely important for securing the representativeness of collected samples. The
measurement/confirmation facility where samples are collected consists of three tank groups
each of which consists of 10 tanks with capacity of about 1,000 m?® connected by connecting
piping so that they can be managed uniformly. For each tank group, the circulation/stirring
facility is installed to stir and circulate the ALPS treated water stored in the tanks for
homogenization. By operating the facility properly, we secure the representativeness of
samples.

Samples are analyzed by TPT analysts in the chemical analysis building installed in the site
of the FDNPS and planned to be expanded in the future (See Table 9-2). In addition, the
mechanism for multiple parties to verify the analysis result has been established involving the
analysis institute we designated as a third party; an analysis laboratory designated as a third
party by the government; and the IAEA laboratories and the analysis laboratories of the
member countries specified by the IAEA as a part of review of discharge of ALPS treated
water. The framework of analysis led by the government and the IAEA is now being
discussed by the government and the IAEA. The results are also planned to be announced.

47 Some of the nuclides to be measured take time and actually took about two months for the measurement and assessment in
the secondary treatment performance verification test (We are considering how to shorten the required time)' Therefore, we
plan to secure the storage capacity of about 10,000 m3 (amount generated in 2 months (150 m3/day)) as the capacity of the
measurement/confirmation facility’

“8 See Reference A “Site boundary dose assessment of Fukushima Daiichi Nuclear Power Station and the regulatory
concentration limit in the Japanese laws”
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Table 9-5 shows the measurement and assessment method of each nuclides in the
measurement/confirmation facility. Table 9-6 shows the minimum limit value and compliance
method of each nuclide.

Table 9-5 Measurement and assessment methods of each nuclide

Homogenized samples are collected in a Marinelli container and

. IR Y counted with a Ge semiconductor detector.

5 Fe-59 v Homogeni_zed samples_are collected in a Marinelli container and
counted with a Ge semiconductor detector.

3 Co-58 v Homogeni;ed samples'are collected in a Marinelli container and
counted with a Ge semiconductor detector.

4 C0-60 By Homogeni;ed samples'are collected in a Marinelli container and
counted with a Ge semiconductor detector.

5 Ni-63 B Isolated by resin, mixed with a scintillator, and counted by a low back
liquid scintillation counter.

6 Zn-65 By Homogeni_zed samples_are collected in a Marinelli container and
counted with a Ge semiconductor detector.

7 Rb-86 By Homogeni;ed samples'are collected in a Marinelli container and
counted with a Ge semiconductor detector.

8 Sr-89 B Isolated wi_th resin, preqipitated and recov_ered, mounte_d, and
counted with the B nuclide analyzer in stainless steel dish

9 Sr-90 B Isolated Wi_th resin, prec_ipitated and _recov_ered, mounte_d, and
counted with the B nuclide analyzer in stainless steel dish

10 Y-90 B [Eva_lllua'tion vglue] Concentration assessment as radioactive
equilibrium with Sr-90

11 Y-91 By Homogeni;ed samples'are collected in a Marinelli container and
counted with a Ge semiconductor detector.

12 Nb-95 By Homogeni_zed samples_are collected in a Marinelli container and
counted with a Ge semiconductor detector.

13 Tc-99 B Samples are diluted with dilute nitric acid and counted with the

inductively coupled plasma mass spectrometry (ICP-MS).
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Evaluation value] Concentration assessment as radioactive
equilibrium with Ru-103

[Evaluation value] Concentration assessment as radioactive
equilibrium with Ru-106

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Isolated by ion exchange, mixed with a scintillator, and counted by a
low back liquid scintillation counter.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Evaluation value] Assessed from the measured value of the

21 Sn-119m Y radioactive concentration of Sn-123 and the calculated nuclide
abundance ratio

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

14 Ru-103 By
15 Ru-106 B
16 Rh-103m By
17 Rh-106 y
18 Ag-110m By
19 Cd-113m vy

20 Cd-115m By

22  Sn-123 By

23 Sn-126 By
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Sb-124

Sb-125

Te-123m

Te-125m

Te-127

Te-127m

Te-129

Te-129m

[-129

Cs-134

Cs-135

Cs-136

Cs-137

Ba-137m

Ba-140

Ce-141

Ce-144

Pr-144

Pr-144m

Pm-146

Pm-147

Pm-148

Pm-
148m

Sm-151

By

By

By

By

By

By

By

By

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Evaluation value] Concentration assessment as radioactive
equilibrium with Sh-125

Homogenized samples are collected in a Marinelli container, counted
with a Ge semiconductor detector, and assessed using the half-life of
the parent nuclide (Te-127m).

[Evaluation value] Assessed from the measured value of the
radioactive concentration of Te-127 and the calculated nuclide
abundance ratio

Homogenized samples are collected in a Marinelli container, counted
with a Ge semiconductor detector, and assessed using the half-life of
the parent nuclide (Te-129m).

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Samples were counted with the inductively coupled plasma mass
spectrometry (ICP-MS) after adjusting to iodate ion by the addition of
reagents.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Evaluation value] Assessed from the measured value of the
radioactive concentration of Cs-137 and the calculated nuclide
abundance ratio

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Evaluation value] Concentration assessment as radioactive
equilibrium with Cs-137

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Evaluation value] Concentration assessment as radiation equilibrium
with Ce-144, using half-life of parent nuclide (Pr-144m)

[Evaluation value] Concentration assessment as radioactive
equilibrium with Ce-144

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Assessed value] Assessed from the measured value of the
radioactive concentration of congener Eu-154 and the calculated
nuclide abundance ratio

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

[Assessed value] Assessed from the measured value of the
radioactive concentration of congener Eu-154 and the calculated
nuclide abundance ratio
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48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Eu-152
Eu-154
Eu-155
Gd-153

Th-160

Pu-238

Pu-239

Pu-240

Pu-241

Am-241

Am-
242m

Am-243

Cm-242

Cm-243

Cm-244

Tritium
(FWT)

C-14

By
By
By

By

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
[Evaluation value] Assessed from the total a discrete value and the
isotopic ratio of Pu-238

After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides

[Evaluation value] Assessed from the isotopic ratio of Am-241

After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
measured value counted with the ZnSa automatic measuring device
is used as it is without proportionate division with other nuclides
Isolated by distillation, mixed with a scintillator, and counted by a low
back liquid scintillation counter.

Converted to COy, collected and isolated on absorbent, mixed with a
scintillator, and counted by a low back liquid scintillation counter.
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Table 9-6 Target detection limit and compliance method of each analyzed
nuclide

Analysis method

Target minimum
limit of detection

Applicable technique

y-ray emitting nuclides

Sr-89/90

1-129

Tritium

C-14

Tc-99

Total-a radioactivity

Cd-113m

Samples are dispensed in
a Marinelli container and
measured with a Ge
semiconductor detector.

Sr was refined by Sr resin,
precipitated and recovered
as carbonate, and
measured with a B-nuclide
analysis equipment.
Hypochlorous acid was
added to the sample to
adjust it to iodic acid ion,
and then measured with an
inductively coupled plasma
mass analysis equipment.
After mixing the sample
from which impurities have
been removed by
distillation with the
scintillator, measurement is
performed with a low back
liquid scintillation counter.
The sample is heated by
adding concentrated nitric
acid and potassium
persulfate, and the
generated CO?2 is collected
in an absorbent, mixed with
a scintillator, and measured
by a low back liquid
scintillation counter.

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

After a-nuclide is
coprecipitated with iron
hydroxide and iron is
removed by extraction, it is
evaporated to dryness and
then baked to the stainless
plate, and measured with
an a automatic measuring
device

Cd is refined and recovered
by ion exchange, mixed
with a scintillator, and
measured by a low back
liquid scintillation counter.

value*®

0.07Bg/L
Set in Cs-137%°

0.04Bg/L
Set in Sr-905!

0.2Bg/L

30Bg/L

10Bg/L

2Bg/L

0.04Bg/L

0.2Bg/L

Series of Radioactivity
Measuring Methods. No. 7
(Gamma ray spectrometry with
germanium semiconductor
detector)
JAEA-Technology2009-051
(Simple and rapid analytical
method for nuclides, contained
in waste from research facilities,
etc. (analytical guidelines))

Series of Radioactivity
Measuring Methods. No. 32
(Method for rapid analysis of
iodine 129 in environmental
samples)

Series of Radioactivity
Measuring Methods. No. 9
(Tritium analysis method)

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

Radioactive waste management
funding and research center:
Research on upgrading and
streamlining of radiochemical
analytical technique

Manual of standard procedures
for analysis of radioactive
effluents and gases from Tokai
Works of Power Reactor and
Nuclear Fuel Development
Corporation

Analytical Chemistry, vol.63, No.
4,

(Review of Analysis method with
B-rays measurement method
using low back liquid scintillation
counter for $3MCd in stagnant
water in FDNPS)

“Value for each nuclide set to confirm that the sum of the ratios to regulatory concentrations limits is less than 1
00ther nuclides vary with baseline, interfering nuclides, background and gamma ray emission rate
®1Sr-89 varies with Sr-90 concentration
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Target minimum

Nuclide Analysis method limit of detection Applicable technique
value®®
Ni is refined and recovered JAEA-Technology2009-051
by Ni resin, mixed with a (Simple and rapid analytical
Ni-63 scintillator, and measured 20Bg/L method for nuclides, contained
by a low back liquid in waste from research facilities,
scintillation counter. etc. (analytical guidelines))
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9-2-2. Monitoring at the discharge vertical shaft (upper-stream storage)

ALPS treated water to be discharged into the sea is treated by ALPS until the sum of the
ratios to regulatory concentrations limits of 63 nuclides excluding tritium fall below 1, in order
to ensure the safety of ALPS treated water to be discharged into the environment.

On the other hand, to the extent of the available knowledge, ALPS treated water, etc.,
contains 0.15 to 2.16 million Bg/L of tritium, which exceeds the regulatory concentration limit
(60,000 Bg/L), which is the upper limit on the discharge into the environment specified by
laws. In addition, the Basic Policy of the government in April 2021 stipulates that the tritium
concentration be less than 1,500 Bg/L as with the groundwater bypass and subdrain. In
response to it, we decided to dilute ALPS treated water, etc., with a lot of seawater before
discharge in order to meet the regulatory concentration limit and dispel concerns of
consumers, etc., as much as possible for minimization of reputation damage.

Tritium is a nuclide that emits week beta rays, which cannot be monitored continuously,
unlike gamma rays from Cs-137. Therefore, the appropriateness of dilution is verified by
collecting samples and measurement with the liquid scintillation counting device.

To start discharge into the sea, for the time being, we shall verify that appropriate dilution is
performed by the dilution facility by the procedure shown in Figure 9-4 below and the tritium
concentration is less than 1,500 Bg/L at the discharge vertical shaft (upper-stream storage)
immediately before discharge into the environment, for each type of ALPS treated water
(about 10,000 m3/tank group) of which sum of the ratios to regulatory concentrations limits of
63 nuclides other than tritium is less than 1 by the analysis and assessment by the
measurement/confirmation facility (See 9-2-1).
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From transfer facility

Transfer to the down-stream storage

e

Discharge vertical shaft Water
(upper-stream storage) P discharge
tunnels

From transfer facility

ALPS treated water

Water level rise

Seawater

Discharge vertical shaft Water
(upper-stream storage) > discharge
tunnels

(1) Empty the discharge vertical shaft
(upper-stream storage).

(2) Store ALPS treated water transferred by the
transfer facility and diluted by the dilution
facility, in the discharge vertical shaft
(upper-stream storage).

From transfer facility

Water sampling/Measurement

Discharge vertical shaft Water
(upper-stream storage) 66 . discharge
tunnels

From transfer facility

Seawater

Discharge vertical shaft
(upper-stream storage)

S

Water
’ discharge
tunnels

(3) Stop the pump before the discharge
vertical shaft (upper-stream storage)
is fully filled with water, and collect
and measure sample water in the
discharge vertical shaft (upper-stream
storage) (suspend the discharge until
the result is given).

(4)Verify that the actual concentration is close
to the calculated tritium concentration and
less than 1,500 Bg/L, before flowing
seawater and discharging the water in the
discharge vertical shaft (upper-stream
storage) into the sea.

Figure 9-4 Analysis and discharge procedure at the discharge vertical shaft (upper-

stream storage)

9-2-3. Monitoring in seawater piping

After verification of the appropriateness of dilution described in 9-2-2. above, dilute the

remaining ALPS treated water (about 10,000 m3/tank group), transfer it to the discharge

vertical shaft (upper-stream storage), and discharge it continuously or intermittently. The

capacity of the ALPS treated water transfer pump is 500 m3/day. Considering the capacity of

each tank group of the measurement/confirmation facility (about 10,000 m3/tank group), it
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takes about 20 days to discharge the whole of the remaining ALPS treated water measured
even by continuous discharge.

Collect samples every day by the sampling facility installed in the seawater piping, analyze
the tritium concentration, and, in principle, announce the result on the following day, in order
to verify the appropriateness of dilution of tritium during this discharge period.

To verify whether appropriate dilution mixing is performed in the seawater piping, mass
concentration of injected ALPS treated water in each section of piping was calculated by fluid
analysis (seawater flow rate of 340,000 m®/day and ALPS treated water flow rate of 500
m?/day, the theoretical mass concentration of 0.14%). As a result of the assessment, it was
verified that 100 or more times higher dilution effect than the target of this facility was
obtained at 04: Down elbow outlet in Figure 9-5 in the downstream side from the ALPS
treated water injection position.
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Figure 9-5 Fluid analysis result regarding dilution mixing in the seawater piping
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9-3. Monitoring outside of the premises of the Fukushima Daiichi Nuclear Power
Station

After the accident at the FDNPS, the “Monitoring Coordination Meeting” was set up under the
Nuclear Emergency Response Headquarters of the government and the “Comprehensive
Radiation Monitoring Plan” was formulated in August 2011 for secure and planned
implementation of find monitoring about the environment®2. Based on this plan, we have
been monitoring mainly Cs-134, Cs-137, and Sr-90 in the sea area for the purpose of
ascertaining the states of diffusion and advection of radioactive materials discharged into the
environment, etc., in cooperation with each monitoring executing body such as the related
ministries, local governments, and us (hereinafter called “implementation entity”). The
Comprehensive Radiation Monitoring Plan defines the division of roles of each
implementation entity and each implementation entity has been fulfilling their roles according
to the definition.

After the announcement of the Basic Policy on handling of the ALPS treated water in April
2021, each implementation entity has been considering enhancement and expansion of sea
area monitoring (See 9-3-1 and 9-3-2). We recognize that in discharging ALPS treated water
into the sea, it is important to enhance and expand sea area monitoring from the viewpoints
of compliance with legal regulatory standards, etc., and actions based on international
laws and practices, as well as prevention of reputation damage, dispelling of
concerns of people inside and outside Japan, and deepening of understanding. Our
consideration result was reflected in the Comprehensive Radiation Monitoring Plan at
the Monitoring Coordination Meeting held on March 30, 2022. Figure 9-6 shows the
position of monitoring by each implementation entity.

frEmmmm———————— \
[Current] [FY 2022 and Onward] r = Enhancement and expansion of I._I
. e : . | monitoring associated with I

Comprehensive Radiation Comprehensive Radiation | 1 discharge of ALPS treated water 1 [}
Monitoring Plan Monitoring Plan 1 N J I
|
Central government, Central government, : Central government, |
prefectural government, etc. prefectural government, etc. | * prefectural government, etc. i
.+I-I------------1 I
| L]
TEPCO TERPCO |: TERPCO i
1 1|l
| - - L]
Implementation entities ascertain 1 I E()j(gg_nswr; o da_lta In response to I
the migration state of radioactive Past activities I J EISEIUS G el iy CoITE Wl i
materials discharged into the I I the power plant and an increase in il
environment due to the accident in j frequency I

cooperation with each other I Collect and accumulate usual |
1 I values: Prepare materials for {1
I , judgment of discharge shutdown [} I
I ------------ﬂl
4NN N N B BN BN N B B B e e e

TEPCO TEPCO
Plan and perform environmental monitoring Continue past activities
*Framework of voluntary activities
Out of the range of Comprehensive Out of the range of Comprehensive

Radiation Monitoring Plan Radiation Monitoring Plan

Figure 9-6 Position of sea area monitoring by each implementation entity

52 Monitoring Coordination Meeting of the Nuclear Emergency Response Headquarters (revised on March 30, 2022)
https://radioactivity.nsr.go.jp/en/list/274/list-1.html

179



The following shows the monitoring plan conducted and to be performed in the future by
each implementation entity as of the end of March 2022.

9-3-1. Sea area monitoring around the Fukushima Daiichi Nuclear Power Station by
TEPCO

In the past, we performed the following monitoring as a part of the total monitoring plan.

Table 9-7 Overview of our sea area monitoring based on the past total monitoring plan
Measurement frequency

Target nuclide (depending on the location and
Seawater Cs-134/137, strontium, tritium, and plutonium Every day or every six months
Seabed sediment Cs-134/137, strontium, and plutonium Every month or every six months
Fish, etc. Cs-134/137 Once a month

Based on the Basic Policy of the government in April 2021, in the same month, we
announced “TEPCOQO’s Action in response to Government’s Policy” including further
enhancement and expansion of sea area monitoring in order to minimize reputation damage
associated with discharge of ALPS treated water into the sea®.

After that, we announced sea area monitoring (plan) in August 2021, as the executing body
of discharge of ALPS treated water into the sea®*, and then assessed the state of diffusion of
ALPS treated water by simulation in the radiological impact assessment in November 2021.
We considered sea area monitoring for verification of the diffusion state and the migration
state of radiological materials to fish and seaweeds in the sea area off the coast of
Fukushima centering on the area adjacent to the FDNPS, in which the tritium concentration
was assessed to change®.%

To continuously get data for comparison with the diffusion state and migration state after
discharge, it is planned to formulate the sea area monitoring plan setting the detection limit in
addition to the consideration result announced in August 2021 and started the
implementation of the plan in April 2022 before starting discharge. For this monitoring
(sampling, radiation measurement, etc.), it is planned to ask agriculture, forestry and
fisheries workers, related parties in local governments, etc. participate in and observe
monitoring, and request an analysis by a third party organization specified by us and

53 TEPCO Holdings’ Action in Response to the Government’s Policy on the Handling of ALPS Treated Water from the
Fukushima Daiichi Nuclear Power Station
https://lwww.tepco.co.jp/en/hd/newsroom/press/archives/2021/20210416_01.html

54 Status of Review Regarding the Handling of ALPS Treated Water
https://lwww.tepco.co.jp/en/hd/newsroom/press/archives/2021/pdf/210825e0101.pdf

% However, the change in the concentration is assessed to be 1 to 2Bg/L, which is as little as 1/10,000 to 1/5,000 of
10,000Bg/L, which is the WHO Guidelines for Drinking Water Quality.

%6 The sampling points are added from the diffusion simulation result in March 2020, and consequently the results showed this
assessment requires no change. The frequency to ascertain usual values increased as well as enhance the verification of the
state of migration to marine organisms
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involvement of the IAEA as with source monitoring in order to secure objectivity and reliability

of the monitoring result.

We plan to monitor not only the seawater but also fish and seaweeds to verify the state of

migration of radioactive materials to marine plants and animals due to discharge.

We decided to enhance and expand sea area monitoring as follows. Figure 9-7 shows the

details of enhancement and expansion of our sea area monitoring

{
>

Increase in measurement points and targets

Considering that we are the executing body of discharge of ALPS treated water
into the sea, we decided to perform monitoring focusing on the area around the
discharge outlet and added a total of 13 tritium measurement points of the
seawater and marine organisms (fish) in the area near the FDNPS and the
coast of Fukushima (See red and orange boxes in Figure 9-7).

For seawater monitoring, we added three new monitoring points on the
boundary of the “area where no fishing is conducted on a daily basis”
considered in this assessment of radiation impact on human and environment
(See the red texts in Figure 9-7).

For fish, we currently analyze cesium, which is representative®’ in the
measurement of radiation impact, based on samples collected in 11 locations
within 20 km off the coast of Fukushima (in one of which tritium analysis is still
performed), and will analyze tritium in fish caught in a total of 11 locations
including 10 new locations where currently tritium is not analyzed, in order to
verify the impact of concentration of tritium (See orange boxes in the right figure
in Figure 9-7). Tritium analysis is also performed for the seawater on the point.
We will collect and analyze seaweeds in two new locations outside the port as
well as the location in the port where currently gamma nuclides are analyzed
(See green boxes in Figure 9-7). We shall add tritium to the measured nuclides,
verify whether it concentrates, etc., and add iodine, which is easy to concentrate
in seaweeds, to the measured nuclides.

We will continue the current measurements of nuclides other than tritium and I-
129, of which measurements are to be enhanced and expanded (Cs-134, Cs-
137, Sr-90, Pu-238, and Pu-239+240)%,

57 This is because there are some nuclides which emit strong gamma rays.

%8 We shall perform monitoring of mainly tritium considering the migration and advection processes in the environment, but if
any abnormality is found in the enhanced monitoring, we shall consider the necessity for additional monitoring of such
nuclides and C-14.
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® Increase in the frequency
» As measurement points increase, the frequency is increased at points where
tritium in the seawater has been measured (For measurement points, see blue
boxes in Figure 9-7. For the frequency, see Table 9-9).
® The detection limit is set to match the target value set by the government
» To verify the diffusion state of radioactive materials in the seawater and the
state of marine organisms, the minimum limit values of detection of tritium and
iodine 129 are reduced to be consistent with the target detection limit set by the
government (For measurement points, see black boxes in Figure 9-7. For the

detection limit, see Table 9-9)
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Figure 9-7 Sampling point of sea area monitoring enhanced and
expanded by us (Near the FDNPS/Coast within a 20 km radius)
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Moreover, we decided to perform monitoring in 9 new points even in “Outside the area of 20
km off the coast of the FDNPS,” in which tritium has not been analyzed and the
concentration is estimated not to exceed the background of seawater in our marine diffusion

simulation.
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Figure 9-8 Sampling point of sea area monitoring enhanced and expanded by
us (Coast outside a 20 km radius)

Based on the above, the frequency and the number of sampling points of tritium analysis in
sea area monitoring by us increases as shown in Table 9-8 below compared to the previous

sea area monitoring.

Table 9-8 Frequency and the number of sampling points of tritium analysis in sea
area monitoring near the FDNPS and in the coastal sea area by us

Tritium analysis
Implementation entity Measurement Number of samples
frequency Seawater Fish Seaweeds
Once a week 17 -> 20 - -
) Twice/month ->
Tokyo Electric Power Once a week 6 - -
Company Holdings
Once a month 1->20 1->11 -
Three times/year - - 0->2
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The detection limit is set as shown in the following table including the past analysis targets

associated with enhancement and expansion of this sea area monitoring.

Table 9-9

Samples and nuclides to be measured, and detection limit (The parts in

thick frames indicate the points to be enhanced and expanded)

Target Sampling site Number of Nuclides to be Measurement Target detection
samples measured frequency limit
Cs-134/137 Every da 0.4 Bg/L
Within the port 10 — y o8y d
Tritium Once a week 3 Bg/L
| Once a week 0.003 Bg/L
. ! 2 Cs-134/137
Outside the port Every day 1->0.4Bg/L
Within a 2 km
radius 5->8 Cs-134/137 Once a week 1->0.4Bg/L
7->10 H-3 Once a week 1->0.4 Bg/L"
Seawater o Cs-134/137 Once a week 0.003 Bg/L
(Surface | Coast Within a — . -
layer) | 20 km radius 6 Tritium Twice/month -> 0.4 ->0.1 Bg/L™®
Once a week™
1
Coast within a 1 Tritium Once a month 0.1 Bg/L
20 km radius - None ->
(fish catching point) 0->10 Tritium Once a month 0.1 BC]/L
. 9 Cs-134/137 Once a month 0.003 Bg/L
Coast outside a —
20 km radius 0->9 Tritium None -> 0.1 Bg/L
Once a month
| Cs-134/137 Once a month 10 Bg/kg (raw)
11 Sr-90
(Only the top five samples in Quarterly 0.02 Bg/kg (raw)
c  Withi terms of the Cs concentration)
. oast Withina | —
Fish : Tritium (FWT 0.1 Bg/L
20 km radius | 1 — (FWT) Once a month d
Tritium (OBT) 0.5 Bg/L
0->10 Tritium (FWT)™ None -> 0.1 Bq/L™
Tritium (OBT)™ Once a month 0.5 Bg/L
_ Once a year ->
Within the port 1 Cs-134/137 Three times/year 0.2 Bag/kg (raw)
s d Cs-134/137 0.2 Bg/kg (raw)
eaweeds | Qutside the port 1-129 0.1 Ba/ka (raw
Within 2. 2 km 0> 2 2 N(:_ne ->/Three -1 Bg/kg (raw)
radius Tritium (FWT) Imes/year 0.1 Bg/L
Tritium (OBT) 0.5 Bg/L

*1:  Get the value of detection by the electrolytic concentration method (concentration method making use of the
characteristic of tritium being hard to be decomposed by an electric current) as needed.

*2:  The measurement with the detection limit set to 0.1Bg/L is performed once/month

*3:  Performed at 0.4Bg/L for the time being depending on the state of the installation of the electrolytic condenser.

*4:  Tritium which exists as water in tissues of organisms. It does not remain in organisms for a long time.

*5:  Tritium which is connected to tissues in organisms. It remains in organisms longer than organization free water.

*6: The measurement is performed at 0.4Bg/L for the time being depending on the state of the installation of the electrolytic
condenser.
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For all of these measurements, analyses by not only us but also a third party organization
specified by us are performed to secure objectivity and transparency.

For the announcement of measurement data, we will perform the following activities to
deepen understanding from inside and outside Japan.

® Announce the results of the measurement and assessment correctly and timely in
our web site as soon as they are prepared.

® Announce data in a manner easy for local and domestic consumers to understand
Moreover, describe the safety-related information regarding the announced
measurement values.

® Prepare a report describing the monitoring result and the assessment, and plan to
make it available in our web site, etc., every quarter.

® In the assessment, verify, for example, whether the result is within the marine
diffusion simulation result, whether the result is equivalent to the concentration
used for the radiological impact assessment, etc., and express them in an easy-to-
understand manner.

® Also plan to report the result in opportunities where related parties in local
governments, etc. and academics confirm and assess it.
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9-3-2. Monitoring by the government and Fukushima prefecture
(1) Previous sea area monitoring performed by the government and Fukushima

This section covers sea area monitoring by implementation entities other than us in the
Comprehensive Radiation Monitoring Plan, namely the government (mainly the Ministry
of the Environment, the Nuclear Regulation Authority, and the Fisheries Agency),
Fukushima prefecture, etc. based on disclosed information. The relevant Ministries and
Agencies started monitoring immediately after the accident and has been announcing
the result® in cooperation with Fukushima, research institutes, fisheries cooperatives,
etc., and reviewing the contents, measurement points, etc., of monitoring and
announcing the result®®, Table 9-10 shows the details of sea area monitoring by
implementation entities other than us®?. In the previous plan, sea area monitoring was
performed for seawater, seabed sediment, and marine organisms in the following areas:

(1) Sea area vicinity of FDNPS (within about 3 km from the middle between the Unit
2 and 3 exhaust stacks)

(2) Coastal sea area (within about 30 km from the coastline from a part of Aomori
and lwate to Miyagi, Fukushima, and Ibaraki (including the estuary, excluding
the vicinity sea area))

(3) Offshore sea area (sea area within about 30 to 90 km from the coastline)

(4) Ocean area (sea area within about 90 km to 300 km from the coastline)

(5) Tokyo Bay (bay about 200 km away from FDNPS)

Table 9-10 Previous sea area monitoring by implementation entities other than us
a. Seawater

Measurement frequency
Implementation entity Measurement point Measured nuclide (depending on the
location and nuclide)
Government (mainly Vicinity sea area, Cs-134/137, Sr-90, Every month to every
the Nuclear Regulation | coastal sea area, tritium year
Authority and the offshore sea area,
Ministry of the ocean sea area, and
Environment) Tokyo Bay
Fukushima Prefecture Vicinity sea area and | Cs-134/137, Sr-90, Every month
coastal sea area tritium, Pu-
238/239+240

(Reference) Tokyo Vicinity sea area and Cs-134/137, Sr-90, Every day or every six
Electric Power coastal sea area tritium, Pu- months
Company HD 238/239+240

%9 Radiation monitoring information
https://radioactivity.nsr.go.jp/en/
8 Comprehensive Radiation Monitoring Plan
https://radioactivity.nsr.go.jp/en/list/191/list-1.html
61 Attachment of the total monitoring plan formulated at the monitoring adjustment meeting, which is chaired by the Minister of
the Environment
https://radioactivity.nsr.go.jp/en/contents/16000/15098/24/274_20210401_s.pdf
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b. Seabed sediment
Measurement frequency
Implementation entity Measurement point Measured nuclide (depending on the
location and nuclide)
Government (mainly the |Coastal sea area, offshore | Cs-134/137 Every month to every
Nuclear Regulation sea area, and Tokyo Bay year
Authority and the
Ministry of the
Environment)
Fukushima Prefecture Vicinity sea area and Cs-134/137, Sr-90, Pu- | Every month to every six
coastal sea area 238/239+240 months
(Reference) Tokyo Vicinity sea area and Cs-134/137, Sr-90, Pu- | Every month to every six
Electric Power Company | coastal sea area 238/239+240 months
HD
c.  Marine organisms
Measurement frequency
Implementation entity Measurement point Measured nuclide (depending on the
location and nuclide)
Government (Fisheries | Coastal sea area, offshore | Cs-134/137 Every week to every
Agency and Ministry of |sea area, and ocean area three or four months
the Environment)
(Reference) Tokyo Coastal sea area Cs-134/137 Every month
Electric Power Company
HD

(2) Sea area monitoring enhanced and expanded by the government in response to

discharge of ALPS treated water

In response to the Basic Policy of the government announced in April 2021, the future
sea area monitoring was discussed at the Surveillance and Measurement Task Force of
the sea area environment set up under the Monitoring Coordination Meeting, in which
the relevant Ministries and Agencies such as the Nuclear Regulation Authority and the
Ministry of Environment and the Sea Area Monitoring Expert Meeting on ALPS treated
water set up under the Ministry of Environment. Then, the Comprehensive Radiation
Monitoring Plan was revised at the Monitoring Coordination Meeting held in March 2022.
They plan to enhance and expand the sea area monitoring before and after discharge of
ALPS treated water such as setting of more sampling points within 10 km from the
discharge outlet considering our discharge plan and the contents of this report®2. The
plan is as follows.
a. Seawater
(1) Perform monitoring to ascertain the variation of the tritium concentration in the
sea area before and after discharge.
- There is considered to be almost no significant difference from the condition
before discharge in a location about 10 km away from the discharge outlet

62 Material 1 of the monitoring coordination meeting (March 30, 2022) for enhancement and expansion of sea area monitoring
by the government
http://www.env.go.jp/water/shorisui/monitoring/014/matO1.pdf
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(The result of the diffusion simulation by TEPCO shows a possibility of a minor

variation even in a location about 30 km away depending on the day)

- Set more sampling points within 10 km from the discharge outlet.

- To be on safeside, also perform monitoring at sampling points 30 km and 50

km away, offshore to the south of Miyagi, and offshore to the north of Ibaraki.

- Also perform monitoring at nearby swimming beaches.

(2) Basically, the measurement frequency of newly added points will be four times a

year (considering seasonal variations). Immediately after discharge, the

frequency of the measurement is increased including the bulletin figure with the

detection limit raised.

(3)

To be on safeside, measure the seven major nuclides (Cs-134, Cs-137, Co-60,

Ru-106, Sb-125, Sr-90, and 1-129) four times a year in some sampling points. In

addition, perform it once a year for a wide range of related nuclides®?.

Table 9-11 shows the sea area monitoring plan for seawater of FY 2022.

Table 9-11 Sea area monitoring plan of the government for seawater enhanced and

nuclides subject
to removal by
ALPS, and C-14)

expanded
. . Target .
. . . Sampling Analysis ; Analysis
Target nuclide Sampling point depth frequency de}ienc;tlon method
Tritium Near the discharge outlet Surface Four times a 0.1Bg/L™ | Electrolytic
(about 300m from the layer/Bottom year concentration
discharge outlet) layer method
1 km to 10 km from the Surface Four times a 0.1Bg/L™ | Electrolytic
discharge outlet layer/Bottom year concentration
layer method
About 30 km to 50 km from Surface Four times a 0.1Bg/L™® | Electrolytic
the discharge outlet, offshore | layer/Bottom year concentration
to the south of Miyagi, and layer? method
offshore to the north of Ibaraki
Bathing beaches (Two points | Surface layer | Twice a year 0.1Bg/L™ | Electrolytic
in each of the north and south (before and concentration
are selected considering the during the method
opening conditions) season)
Seven major Three points on the boundary Surface Four times a | Basically, follow the
nuclides with the area switch fishery layer/Bottom year radioactivity measurement
rights (north, south, and east) layer method series (Set the
detection limit of Cs-134,
Cs-137, and Sr-90 to
0.001Bg/L)
Other related Three points on the boundary Surface Once a year |Basically, follow the
nuclides with the area switch fishery layer/Bottom radioactivity measurement
(basically 62 rights (north, south, and east) layer method series (Set the

detection limit of Cs-134,
Cs-137, and Sr-90 to

0.001Bg/L)

*1:  Surface layer: Sea surface to about 2 m, Bottom layer: About 2 m to 5 m or 10 m to 40 m from the seabed depending on

the water depth
*2:  Surface layer only for sampling points shown by blue stars and green circles outside the 50 km radius

*3: A detection limit of about 0.05Bg/L (specifically 0.02-0.07Bg/L) was obtained from the result of the measurement of
seawater consigned by the Nuclear Regulation Authority based on this target detection limit.

8 Basically C-14 and 62 nuclides subject to removal by ALPS.
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b. Marine biota

(1) Perform monitoring of tritium in marine biota (FWT and OBT) near the boundary

with the area switch fishery right.
(2) Also perform monitoring at the same points as (1) for C-14 in fish and 1-129 in

seaweeds.

Table 9-12 and Figures 9-9 and 9-10 show the sea area monitoring plan for marine

biota of FY 2022.

Table 9-12 Sea area monitoring plan of the government for marine biota enhanced

and expanded

Target . . Target Analysis Target .
: ? T Analysis meth
nuclide Sampling point organisms | frequency | detection limit alysis method
Tritum™ | Three points on the boundary | Fish Four FWT: FWT: Electrolytic
with the area switch fishery (demersal | times a 0.1Bg/L™ concentration method
rights (north, south, and east) | fish) year OBT: 0.5Bg/L | OBT: Distillation
method
1-129 Three points on the boundary | Seaweeds | Four 0.1Bg/kg ICP-MS
with the area switch fishery times a (raw)
rights (north, south, and east) year
C-14 Three points on the boundary | Fish Four 2Bqg/kg (raw) Follow the radiation
with the area switch fishery (demersal | times a measurement series
rights (north, south, and east) | fish) year (beta ray analysis)
*1:  Freeze-dry or burn aquatic organism samples to measure the concentration of tritium in water
*2:  Aim to measure up to 0.05Bqg/L, if possible
T v,’
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Figure 9-9

[Wide-area diagram]

* Two additional sampling points of bathing beaches are to be set in the north and south sides, respectively
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Figure 9-10 Sea area monitoring sampling point diagram enhanced
and expanded (wide area)
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(3) Seawater monitoring enhanced and expanded by Fukushima prefecture in
response to discharge of ALPS treated water

In response to discharge of ALPS treated water into the sea, Fukushima prefecture
plans to monitor seawater in a wide observation area which consists a total of 9
locations, namely the existing 6 locations around the FDNPS and 1 additional location in
each of the northern, eastern, and southern directions, as shown in Table 9-13 in the
range where the concentration was assessed to be higher than the tritium concentration
in the seawater in the surrounding sea water (0.1 to 1 Bg/L) considering the assessment
of the advection and diffusion simulation in our report. Figure 9-11 shows the sampling

points®.

Table 9-13 Seawater monitoring in relation to ALPS treated water by Fukushima
prefecture (FY 2-22)

. . Samplin Analysis Measurement L Analysis
Sampling point delzr))th 9 frequgncy item Target detection limit met?w/od
Existing locations near | Surface 12 times a year | y-nuclides Approx. 0.001 to Based on the
the FDNPS (six layer 0.002Bg/L Series of
locations) (Cs-134/137) Radioactivity
Tritium Approx. 0.3 to 0.5Bg/L | Measuring
Total-B Approx. 0.01Bg/L Methods
Additional locations (3 Four times a year | Sr-90 Approx. 0.0005Bg/L
locations) (Before
discharge)
12 times ayear | Pu- Approx. 0.000003 to
(After discharge) | 238/239+240 0.00001Bg/L

Table 9-14 shows the monitoring to be performed by Fukushima as other seawater
monitoring not related to discharge of ALPS treated water into the sea.

Table 9-14 Other seawater monitoring (FY 2022)

Investigation Number of Nuclides and frequency
type Location points | VY EMING | p | TORB | gig0 | pu23s | Pu-239+240
nuclides radioactivity
Near the Existing points 12 times a year
S il Fukushima 9 points Additional points Before discharge 4 times a year
surverance Daiichi NPS After discharge 12 times a year
investigation
Near the

around the . . .

Fukushima 2 points Four times a year Once a year
nuclear power L

Daini NPS
plant Comparison

P 1 point Once a year
points
Port/Sea Important port 3 points 12 times a - - _ N N
surface fishing | Fishing ports 13 points year - - - - -
ground Shallow 7 boints (Cs-134, Cs- 12 times a year B ) B
investigation fishing ground P 137) (6 points)
. Twice a year .
_Bathm_g b_each Bathing beach | 13 points (Cs-134, Cs- Twice ayear - - -
investigation 137) (7 points)
Public water 15 points
area (surface Twice a
investigation Sea area layer and - ear - - - -
bottom Y
layer)

64 35th Environmental Monitoring and Evaluation Sub-committee of the Safety Monitoring Council on Decommissioning of the
Nuclear Power Station of Fukushima Prefecture Material 2-1, p.1 (Revised after discussion)
http://www.pref.fukushima.lg.jp/uploaded/attachment/507135.pdf
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N Nuclides and frequency
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Figure9-11 Investigation points of seawater monitoring for ALPS treated water by

Fukushima Prefecture
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(4) Cooperation with the IAEA for sea area monitoring by the government and IAEA
marine monitoring

Since 2014, the government has been conducting the IAEA Marine Monitoring with the
aim of obtaining objective evaluation from the IAEA on the appropriateness of monitoring
implementation methods and analytical capabilities of Japan's laboratories participating
in sea area monitoring conducted by the government.

In the IAEA Marine Monitoring, samples of seawater, sediment off the coast of the
FDNPS, and marine biota unloaded in Fukushima Prefecture which had been collected
off the coast of the FDNPS were collected in the presence of the IAEA and occasionally
from third-country laboratories. The samples were divided into analytical laboratories
and analyzed individually, and an interlaboratory comparison (ILC) was conducted to
compare the results. ILC Report (2017-2020)% published in August 2021 states that
“Japan's sample collection procedures follow the appropriate methodological standards
required to obtain representative samples” and “The results obtained demonstrate a
continued high level of accuracy and competence on the part of the Japanese
laboratories involved in the analyses of radionuclides in marine samples for the Sea
Area Monitoring Plan.” IAEA marine monitoring will be continued in the future.

% |JAEA, Preliminary Report 2021 Interlaboratory Comparisons 2017—-2020: Determination of Radionuclides in Seawater,
Sediment and Fish
https://www.iaea.org/sites/default/files/21/07/preliminary-report-2021-interlaboratory-comparison-2017-2020-determination-of-
radionuclides-in-seawater-sediment-and-fish.pdf
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https://www.iaea.org/sites/default/files/21/07/preliminary-report-2021-interlaboratory-comparison-2017-2020-determination-of-radionuclides-in-seawater-sediment-and-fish.pdf

9-4. Actions to be taken in case of abnormalities

Verify that it is within the assumed range, by comparison with the marine diffusion simulation
result, the concentration used for the radiological impact assessment, etc., for the sea area
monitoring described in 9-3. If it exceeds the variation range of usual values, verify the
results of other implementation entities of monitoring for the investigation of the cause. If any
greatly exceeding the variation range of usual values is observed, stop discharge into the
sea, measure the corresponding points again, tentatively expand the range and frequency,
and verify that there is no abnormality in the surrounding sea area.

Therefore, we will accumulate the analysis results of sea area monitoring from April 2022 to
ascertain them as usual values before discharge into the sea.
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9-5. Summary of monitoring

As mentioned above, while the government, Fukushima prefecture and we are proceeding
with sea area monitoring, sea area monitoring is enhanced and expanded before and after
discharge of ALPS treated water. If any abnormal value is detected in enhanced and
expanded sea area monitoring or any abnormal value is detected in monitoring, we will make
sure to stop discharge until it is verified that discharge can be performed safely.
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10. Summary

For planned discharge of ALPS treated water into the sea in the FDNPS, the exposure
assessment on human and environment is performed based on the current information
(design stage).

The result of a calculation setting multiple source terms and multiple food ingestions
assuming that 0.05mSv/year is equivalent to the dose constraint with the optimization based
on the Basic Policy of the government in April 2021, shows the annual exposure amount of
the set representative person 3E-05 to 4E-04mSv/year, which is much smaller than
1mSvl/year, which is the dose limit to public shown in the ICRP recommendation, as well as
0.05mSv/year deemed by the Nuclear Regulation Authority to be equivalent to the dose
constraint.

The result of a calculation setting multiple source terms for the impact on the environment as
with the assessment for the human shows that the value for the reference plants and animals
set based on the ICRP recommendation is 2E-05 to 6E-05mGy/day, which is much lower
than 1 to 10mGy/day for flatfish and brown seaweeds and 10 to 100mGy/day for crabs,
which as the derived consideration reference levels (DCRL) shown in the ICRP
recommendation for the reference plants and animals.

Chapter 8 shows the uncertainty of this assessment result.

We will optimize the risks associated with disposal further as needed by the progress of
design and implementation of the plan including rigorous selection of measurement target
nuclides, using the knowledge obtained through reviews by experts of the IAEA, cross-
checking with third parties, etc., and appropriately reflecting the opinions from various fields.
Accordingly, we plan to revise the assessment of this report as needed.
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Terms

Term Description
Advanced liquid Water treatment facility which can purify 62 types of radioactive materials
processing other than tritium contained in contaminated water up to a level which

system (ALPS)

meets the standard set by laws. (Multi-Nuclide Removal Facility)

ALPS treated
water

Water purified by ALPS, etc. so that the radioactive materials other than
tritium surely fall below the regulatory standards for safety. (The sum of the
ratios to regulatory concentrations limits of nuclides excluding tritium is less
than 1)

Treated water to

Water which is purified by ALPS, etc., but does not meet the regulatory
standard for safety (The sum of the ratios to regulatory concentrations

be purified limits of nuclides excluding tritium is less than 1)
vAvlétPeSr tgffted Generic term for ALPS treated water and treated water to be purified

Strontium treated
water

Contaminated water with most of the cesium and strontium removed.

Purifying treated water to be purified in which radioactive materials other

tsreegfggi[y than tritium are not purified until the sum of the ratios to regulatory
concentrations limits is less than 1 by ALPS, etc.
Measure to reduce the amount of groundwater approaching the reactor
Groundwater building, etc., by pumping groundwater flowing from the mountain side to
bVDASS the sea side from a well far away from the reactor building, etc., and
yp discharging it to the sea after verification that the discharge standard is
met.
Measure to perform purification by pumping with the subdrain (well near
: the building) and discharge the sea after verification that the discharge
Subdrain . . X
standard is met, in order to reduce the amount of contaminated water
increased by inflow of groundwater into the reactor building, etc.
Standard of discharge of radioactive waste into the sea set in
“Pronouncement which set the dose limit based on the regulations such as
Regulatory . . X .
: the Regulations on Business of Smelting of Nuclear Source Materials or
concentration o . ) : :
limit Nuglear_FueI Mat(_erlals. If the correspondlng radioactive waste con'talns
radioactive materials, the sum of the ratios to regulatory concentrations
limits has to be less than 1.
Target control value set for each nuclide to be discharge in order to control
Target discharge | the amount of radioactive materials discharged by the nuclear power plant

control value

per year. For the FDNPS, the target discharge control value of tritium
before the accident is set to 22 TBq (2.2E+13Bq).

Operation and
management
value

Concentration limit value set by us for dose reduction for eight nuclides
whose impacts on exposure are considered to be great at the time of
disposal of ALPS treated water. If any concentration over this is detected,
stop discharge and transfer the water to the storage tank.

WHO Guidelines
for Drinking
Water Quality

Guidelines for drinking water quality set by the World Health Organization
for securing of the safety of drinking water. These guidelines show water
quality which do not cause any problem when a person keep drinking the
water from the viewpoints of radioactive materials, microorganisms,
chemical substances, etc. As radioactive material concentrations, 10Bg/L
and 10,000Bqg/L are shown for Cs-137 and tritium, respectively.

International
Commission on
Radiological
Protection (ICRP)
recommendation

Document that shows the Basic Policy (concept) of radiation protection
recommended by ICRP and the basic numerical standards.
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Term

Description

Document issued by the IAEA which shows the standards for protection of

International safety such as human health, lives, and assets in using radiation and
Atomic Energy radioactive materials as activities for securing nuclear safety. It consists of
Agency (IAEA) the safety principles, the safety requirements, the safety guidelines, etc.,
safety standard and shows the policy, the standards, etc., to follow. The IAEA safety
document standard document is prepared reflecting the comments of all IAEA

member countries.
Representative Virtu_al person set as the target qf exposure in the exposure assessment of

public for consideration of radiation protection. Consider environments, life
person habits, etc., in which the exposure amounts increase, etc.

, , p ,

Exposure caused by possible events in operation or events or possible
Potential events sequences including accidents of radiation sources or failures and
exposure operation mistakes of equipment. It was considered for the future. It is used

for consideration of radiation protection.

An area where no
fishing is
conducted on a
daily basis

Area where members of fisheries cooperatives jointly use a certain water
area and rights to perform fishing (common fishery rights) are not
established. Areas where common fishery rights are not established.

Area sea model

Numerical analysis model of tidal currents developed in Rutgers University
in the U.S.

Submersion External exposure dose calculation model assuming the state that people
model are surrounded by radioactive materials (submersion).
Expedient factor indicating the relationship between the radioactive nuclide
. concentration in marine organisms (per wet weight) in marine organisms
Concentration . o ; ) ; . A
factor (in principle, edible parts) and the radioactive nuclide concentration in the

seawater in the environment where such organisms live, which is used for
the assessment model for migration to organisms.

Dose conversion
factor for the
effective dose

Conversion factor to assess the human exposure amount from radiation
from radioactive materials.

Effective dose
factor

Conversion factor to assess the human internal exposure dose from the
inhalation amount and ingestion of radioactive nuclides.

Environmental Protecting organisms other than human from adverse effects of ionizing
protection radiation.

Reference plants | Specific types of animals and plants assumed in order to associate

and animals radiation exposure from the environment with the dose and impact.

Dose conversion
coefficients for
plants and
animals

Conversion factor for simplified calculations of internal and external
exposure doses to organism by radioactive nuclides in the environment.

Derived
consideration
reference level

Range of the dose rate with a range of one order of magnitude set for each
species advocated by ICRP. Dose rate level at which the impact has to be
considered if is exceeded. (Derived consideration reference level)

(DCRL)

Migration factor from an empirical calculation of the ratio of the (overall)
Concentration radioactive nuclide concentration in aquatic organisms to the underwater
ratio concentration in the environment to be used for radiation exposure to

plants and animals from the environment.

Ratio of radioactive materials at which the concentration in the seawater
Distribution (Bg/L) and the concentration in the seabed sediment (Bg/kg) are in the
coefficient equilibrium state. It is used for the assessment of migration of radioactive

materials from the seawater to seabed sediment.
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(Senior Research Scientist, Sustainable System
Research Laboratory, Central Research Institute of
Electric Power Industry, dispersion calculation)
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Attachment | Rationale behind the selection of nuclides subject to removal by ALPS

I-1. Selection of nuclides subject to removal

It is assumed that the water to be treated in the advanced liquid processing system (fresh
water, RO concentrated salt water, and treatment device outlet water) contains radioactive
materials derived from the fuel in the Units 1 to 3 reactors (hereinafter called “FP nuclide”)
and radioactive materials derived from corrosion products contained in the water retained
during plant operation (hereinafter called “CP nuclide”). In order to reduce the risk of
radiation exposure to the surrounding public area in the event of leakage of the water to be
treated into the environment, it is necessary to estimate the nuclides present at high
concentrations so that they can be removed by the advanced liquid processing system
among FP nuclides and CP nuclides contained in the water to be treated.

Therefore, in estimating the concentration of radioactive materials contained in the water to
be treated, for FP nuclides, nuclides assumed to exist at significant concentrations were
selected based on the assessment results of the core inventory; for nuclides for which
measurement of radioactive materials was carried out in March 2011, the concentration in
the stagnant water was estimated from the measurement results; and for nuclides for which
measurement was not carried out, the concentration in the stagnant water was estimated
from the assessment results of the core inventory.

The concentration of CP nuclides in the stagnant water was estimated using the
measurement results of CP nuclides in the water retained in the reactor and the concentrated
waste liquid tank during plant operation, because nuclides contained in the water retained in
the reactor during plant operation were transferred to the stagnant water, and it is considered
that nuclides contained in the water retained in the concentrated waste liquid tank were
mixed when the stagnant water was transferred to the high-temperature incinerator building.
The operation of the advanced liquid processing system was assumed to be started 1 year
(365 days) after reactor shutdown for both FP and CP nuclides, so the concentration in the
stagnant water was estimated by decay correction 365 days after reactor shutdown
considering the half-life. Comparing the estimated concentration obtained by decay
correction at 365 days after reactor shutdown and nuclides over 1/100 of the regulatory
concentration limit were selected as nuclides subject to removal by the advanced liquid
processing system assuming that they exist at significant concentrations in the stagnant
water. The sum of the ratio of the estimated concentration to the regulatory concentration
limit of nuclides which are excluded because they are below 1/100 of the regulatory
concentration limit is about 0.05 at maximum. Therefore the concentration of the excluded
nuclides is considered to be sufficiently low.
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I-2. Selection method and selection result of nuclides subject to removal
(1) Selection method and selection result of nuclides subject to removal from FP nuclides
Nuclides subject to removal from FP nuclides were selected according to the flow of Figure
I-1. As a result, 56 nuclides were selected as nuclides subject to removal.
(2) Selection method and selection result of nuclides subject to removal from CP nuclides
Nuclides subject to removal from CP nuclides were selected according to the flow of
Figure I-2. As a result, 6 nuclides were selected as nuclides subject to removal.
(3) Summary of the selection result of nuclides subject to removal
A total of 62 nuclides were selected: 56 nuclides selected from FP nuclides and 6 nuclides
selected from CP nuclides (See Table I-1).
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C START )

Step 1
Whether it exists as an inventory (more than

0BqQ) as a result of the core inventory
ssessment 30 days after reactor shutdew

No

Step 2
Whether it does not correspond

to any of the following and is a
nuclide listed in the
pronouncement appendix™
(tritium/infusible nuclide,
etc./noble gas

*1 Pronouncement that sets the dose
limit based on the regulations such
as the Regulations on Business of
Smelting of Nuclear Source
Materials or Nuclear Fuel Materials
(Column 6 of Appendix Table 1)

No

Whether it is a nuclide to be
measured in the stagnant water
measurement (March 2011 sample)
(1F-1,3: March 27, 2011 sample 1F-
2: March 24, 2011 sample)

Yes

—

Step 5
A 4 Convert the concentration ratio to the Cs-137

Step 4 measured value of the stagnant water and calculate

Perform decay correction for the measured value of each the estimated concentration in the stagnant water for

nuclide considering the half-life and calculate the estimated the core inventory assessment value of each nuclide

concentration 365 days after reactor shutdown

Note) For nuclides of which measured values are less than the

lower limit of detection, the lower limit of detection is used. The

concentration of the a nuclide shall be the value of the total a h 4

radioactive concentration distributed using the abundance ratio Step 6

of the a nuclide calculated based on the inventory assessment Perform decay correction for the calculation result of

result. step 5 considering the half-life and calculate the
estimated concentration 365 days after reactor
shutdown

*2 Underwater concentration limit out
of the monitoring area in the
pronouncement that sets the dose
limit based on the regulations such
as the Regulations on Business of
Smelting of Nuclear Source
Materials or Nuclear Fuel Materials
(Column 6 of Appendix Table 1)

Whether the concentration 365 days after
reactor shutdown of each nuclide calculated in
steps 4 and 6 exceeds 1/100 of the regulatory
concentration limit*2

No

* \ 4

Eliminated from the

Nuclides subject to removal
removal targets

Figure I-1: Flow to select the nuclides subject to removal in FP nuclides
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*1

Step 1
For nuclides to be measured in the radioactivity

measurement of the water retained in Units 1 to 3 reactor
building before the earthquake (January 2009 to February
2011) and listed in the pronouncement appendix*1, dilute
the maximum measured value to 1/100, perform decay
correction considering the half-life, and calculate the
estimated concentration 365 after reactor shutdown.

Note) Ni-59, Ni-63, and Nb-94 of which concentrations
can be estimated based on the theoretical calculation
method and scaling factor method for homogeneous/uniform
vitrified waste are estimated from the concentration of Co-
60, which is a key nuclide, using the values converted from
the theoretical calculation method and the scaling factor.

Step 2
For nuclides to be measured in the radioactivity

measurement of the water retained in the concentrated
waste liquid tank before the earthquake (May 2010 to
February 2011) and listed in the pronouncement appendix*1,
dilute the maximum measured value to 1/100, perform decay|
correction considering the half-life, and calculate the
estimated concentration 365 after reactor shutdown.

Note) Ni-59, Ni-63, and Nb-94 of which concentrations cary
be estimated based on the theoretical calculation method
and scaling factor method for homogeneous/uniform vitrified
waste are estimated from the concentration of Co-60, which
is a key nuclide, using the values converted from the
theoretical calculation method and the scaling factor.

Pronouncement that sets the dose
limit based on the regulations such
as the Regulations on Business of
Smelting of Nuclear Source
Materials or Nuclear Fuel Materials
(Column 6 of Appendix Table 1)

Nuclides subject to removal

Whether the total value of the
concentration of each nuclide calculated
in steps 1 and 2 exceeds 1/100 of the
regulatory concentration limit*2

Yes

*2 Underwater concentration limit out
No___ of the monitoring area in the
pronouncement that sets the dose
limit based on the regulations such
as the Regulations on Business of
Smelting of Nuclear Source
Materials or Nuclear Fuel Materials
(Column 6 of Appendix Table 1)

A 4

Eliminated from the removal
targets

Figure I-2 Flow to select the nuclides subject to removal in CP nuclides
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Table I-1 List of the nuclides subject to removal

No. Nuclide T}gﬁs;ﬁzl Ra@ggon No Nuclide T}gﬁs;;gl Raﬁ[(;i/is(taion
1 Mn-54 310d Y 32 [-129 1.6E+07y By
2 Fe-59 44d Y 33 Cs-134 2.1y By
3 Co-58 71d Y 34 Cs-135 2.3E+06y B
4 Co-60 5.3y By 35 Cs-136 13d By
5 Ni-63 100y B 36 Cs-137 30y By
6 Zn-65 240d By 37 Ba-137m 2.6m \
7 Rb-86 19d By 38 Ba-140 13d By
8 Sr-89 51d B 39 Ce-141 33d By
9 Sr-90 29y B 40 Ce-144 280d By

10 | Y-90 64h B 41 Pr-144 17m By

11 Y-91 59d By 42 Pr-144m 7.2m y

12 Nb-95 35d By 43 Pm-146 5.5y By

13 Tc-99 2.1E+05y B 44 Pm-147 2.6y By

14 Ru-103 39d By 45 Pm-148 5.4d By

15 Ru-106 370d B 46 Pm-148m 41d y

16 Rh-103m 56m By 47 Sm-151 90y By

17 Rh-106 30s Y 48 Eu-152 14y By

18 Ag-110m 250d By 49 Eu-154 8.6y By

19 Cd-113m 14y % 50 Eu-155 4.8y By

20 Cd-115m 45d By 51 Gd-153 240d Y

21 Sn-119m 290d % 52 Th-160 72d By

22 Sn-123 130d By 53 Pu-238 88y a

23 Sn-126 2.3E+05y By 54 Pu-239 2.4E+04y a

24 Sb-124 60d By 55 Pu-240 6.6E+03y a

25 Sb-125 2.8y By 56 Pu-241 14y B

26 Te-123m 120d Y 57 Am-241 430y a

27 Te-125m 57d % 58 Am-242m 140y a

28 Te-127 9.4h By 59 Am-243 7.4E+03y a

29 Te-127m 110d By 60 Cm-242 160d a

30 Te-129 70m By 61 Cm-243 29y a

31 Te-129m 34d By 62 Cm-244 18y a
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Attachment Il Properties of ALPS treated water, etc.

At the FDNPS, the sequence of events of the station since the accident has led to various
analyses. Various analyses also have been conducted on the treatment of contaminated water,
which is very complicated.

This section describes the overview of contaminated water treatment and the analysis result of
the properties of ALPS treated water.

II-1. Overview of the occurrence of contaminated water (stagnant water in the building) and
the system of the contaminated water treatment facility

In the FDNPS, the residual fuel debris in the building is cooled with water, and mixing of the
cooling water and the groundwater or rainwater entering the building causes contaminated water.
The daily average amount of contaminated water was reduced to about 140m? in the result of
FY2020 thanks to the reduction of water entering the reactor building by countermeasures such
as land side impermeable wall (frozen soil wall) and sub-drains.

To reduce the risks caused by radioactive materials contained in contaminated water, at first
cesium and strontium were removed preferentially, which accounts for most of the radioactive
materials contained in contaminated water, using cesium adsorption devices such as Kurion and
SARRY. After that, water desalinated with desalination devices is recirculated for cooling the burst
slug in the core, and the residual concentrated water is treated with the advanced liquid
processing system (hereinafter called “ALPS”) as “strontium treated water (water before treated
by ALPS)” to remove the 62 nuclides subject to removal, which accounts for most of the nuclides,
other than tritium, and then stored in tanks installed on high ground.

Turbine
building (T/B)

Cesium adsorption device

Stagnant water in 0
building

Reactor
injection

Reactor building

LY S
(R/B)

Circulation
cooling system
Water injection pump

Advanced liquid processing system
PS

Treated water tanks
of the advanced
liquid processing

system, etc.

Strontium
treated water
tank

To facilities for
discharging s LLRRL

Strontium treated water

! ALPS treated water*, etc. Reduce the radiation concentration : Strontium treated

ALPS treated water*, etc.
of 62 nuclides § water

It is directly stored in the tank until the operation of ALPS is started sequentially after 2013
* ALPS treated water, etc., which is purified with the advanced liquid processing system, etc.,

until the radioactive materials other than tritium surely fall below the regulatory limit of safety is
defined as “ALPS treated water,” and the other water as “treated water to be purified”

Figure II-1  Overall outline figure of contaminated water treatment
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[I-2. Overview of the system of ALPS

ALPS is designed to be able to remove up to less than the regulatory concentration limit without
dilution of the 62 nuclides® estimated to be contained in the above-mentioned strontium treated
water at such high concentrations that they should be removed except tritium, which ALPS
cannot remove, by treatment using physical and chemical properties such as coprecipitation with
chemicals, adsorption by active carbon and physical materials, and filtration with a physical filter;
this capability has already been demonstrated through the actual operation (For details of the
performance, see lI-3. “Performance of ALPS”).

In the FDNPS, three types of ALPS are installed: existing ALPS, additional ALPS, and high-
performance ALPS. Since all of them have similar removal performance (DF: decontamination
factor), current treatment is performed mainly in the existing and additional ALPS considering
ease of adjustments of the treatment amount. Table 1l-1 shows the overview of ALPS.

Table II-1  Overview of the facility of ALPS

Name A |!1to Capacity Characteristics
service

Existing 2013.3 250m?3/day/series x 3 After putting into service, added adsorption vessels

ALPS series (Total: 750m®%day) and changed the adsorption material to improve the
performance

Additional 2014.9 250m3/day/series x 3 Deleted iron coprecipitation by pretreatment with the

ALPS series (Total: 750m®%/day) | existing ALPS and performed addition of adsorption
vessels, change of the adsorption material, etc.

High- 2014.10 500m3/day/series x 1 Unlike the existing and additional ones, this has no

performance series (Total: 500m®/day) = coprecipitation process

ALPS

Table 1l-2 shows the overview of the nuclide removal system of ALPS.

Table 1I-2 Overview of the nuclide Removal system with ALPS

Main nuclides subject to

Removal system removal Role
Pretreatment Iron coprecipitation a nuclides, Co-60, and Mn-54  Decomposition of the complexes
facilities treatment that inhibit adsorption, and removal

(Existing ALPS only) of heavy metal and a nuclides,
etc., by iron coprecipitation
Carbonate Adsorption inhibition ions Remove the inhibition ions of Sr
coprecipitation (Mg, Ca, etc.) adsorption and improve the Sr
treatment Sr-89/90 removal performance by
(excluding the high- adsorption
performance ALPS)
Advanced Active carbon Colloidal nuclides (I-129, Co- = Remove the nuclides that have
liquid 60, etc.) various ionic and colloidal forms
processing with multiple types of adsorption
system Sr adsorbent Sr-89/90 el
(Adsorption  Cs adsorbent Cs-134/137

1 For details of the selection process and the selected nuclides, see Attachment | “Rationale behind the selection of nuclides

subject to removal by ALPS.”
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vessel) 1,Sb adsorbent [-129 (10%), Sb-125
| adsorbent 1-129(I")
Ru adsorbent Ru-106

ALPS is operated efficiently by backing up the subsequent adsorption vessels in the case of
break-through of the first vessel and changing the order of the adsorption vessels by merry-go-
round operation of some of the adsorption vessels. Figure II-2 shows an example of an
adsorption vessel composition? and Figure I11-3 the details of the merry-go-round operation of
some of the adsorption vessels.

Active Active Sr Sr Sr Cs Cs l 1,Sb 1,Sb 1,Sb Ru Ru Active Active

carbon | carbon Badsorbent|adsorbent|adsor bcnrdauibcm adsorben@adsorbent|adsorbent Jsorbent|adsorbent|adsorbent| carbon | carbon

>, ~

D Merry-go-round operation targets

Figure ll-2 Example of an adsorption vessel composition
(example as of September 2018)

A\?:Sosrepltlzn Adsorption Adsorpltion (1) The adsorption performance degrades from
vessel B vessel C the first adsorption vessel due to nuclide

adsorption shows the amount of the
adsorption to the adsorption material)

Trend surveillance of radioactive concentration

Adsorption Adsorption Adsorption
vessel A vessel B vessel C (2) If the rising trend of the radioactive concentration is

confirmed by the trend surveillance of the radioactive
concentration of the adsorption vessel outlet, replace
the adsorption material assuming that the first
adsorption material has broken through (lost the
adsorption capability)

Trend surveillance of radioactive concentration

Adsorption Adsorption Adsorption

1A . . )
vessel B vessel C vesse (3) After replacing the adsorption vessel of the first

vessel, the water flow order is switched by the valve
operation (Adsorption vessel B becomes the first
vessel in the left example)

(Hereinafter, repeat (1) - (2) - (3) - (1))

Trend surveillance of radioactive concentration

Figure 1I-3 Image of replacement and operation of the adsorption material (merry-go-
round operation) (for a composition of three adsorption vessels)

The composition of the adsorption vessels has been reassessed as needed according to the properties of water to be
treated, etc.
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[1-3. Performance of ALPS

In ALPS, the concentrations of radioactive materials, mainly 7 nuclides (Cs-134, Cs-137, Co-60,
Sb-125, Ru-106, Sr-90, 1-129) which are nuclides to removal by ALPS and significantly detected
nuclides through the process of treatment, at the facility inlet and outlet are measured ((1) and (7)
in the figure) to verify the removal performance of radioactive materials, as well as in the middle
of the treatment process to verify the break-through trend of the adsorption vessels ((2) to (6) in
the figure)?. Details of this measurement are shown in Figure II-4.

(2)
(1)
Iron coprecipitation Carbonate
treatment coprecipitation treatment
Active Active Sr Sr Sr Cs Cs 1,Sb 1,Sb 1,.Sb | Ru Ru Active Active
carbon | carbon |adsorbent|adsorbent|adsorbent|adsorbent|adsorbent|adsorbent|adsorbent|adsorbent|adsorbent{adsorbent{adsorbent| carbon | carbon ‘
J > 4 > 4 > ¢ @
[3] 4) (5) (6)
Measured point (1): Facility inlet (water to be Measured point (4): Outlet of the Cs first adsorption
treated) vessel
Measured nuclide: Cs-134/137, Co-60, Mn-54, Measured nuclide: Cs-134/137
Sb-125, Ru-106, Sr-90, Tc- Measurement frequency:  About once a week
99, 1-129, total B, and total a Purpose of measurement: Verification of the break-through
Measurement frequency:  About once a week trend of the adsorption vessels
Purpose of measurement: Confirmation of properties for Cs
before treatment Measured point (5): Outlet of the 1,Sb first adsorption
vessel
Measured point (2): Outlet of carbonate Measured nuclide: 1-129,Sb-125
. coprecipitation treatment Measurement frequency:  About once a week
Measured nuclide: Cs-134/137, Co-60, Mn-54, Purpose of measurement: Verification of the break-through
Sb-125, and total B trend of the adsorption vessels
Measurement frequency:  About once a week for 1-129 and Sb-125
Purpose of measurement: Confirmation of properties Measured point (6): Outlet of the Ru first adsorption
before treatment vessel
Measured point (3): Outlet of the Sr first | Measured nuclide: Ru-106
adsorption vessel Measurement frequency:  About once a week
Measured nuclide: Sr-90 Purpose of measurement: Verification of the break-through
Measurement frequency: ~ About once trend of the adsorption vessels
Purpose of measurement: Verification of the break- for Ru
through trend of the Measured point (7): Facility outlet (treated water)
adsorption vessels for Sr Measured nuclide: Cs-134/137, Co-60, Mn-54, Sb-
125, Ru-106, Sr-90, Tc-99, I-
129, total B, and total a
Measurement frequency:  About once a week
Purpose of measurement: Confirmation of properties of
treated water

Figure ll-4 Measurement performed in ALPS

After the start of the operation of ALPS, about 70% of the treated water contains radioactive
properties over the sum of the ratios to regulatory concentrations limits of 1 due to various
circumstances (see II-7, “Reason for generation of treated water to be purified”), but ALPS has
been working properly except special circumstances.

Figure 11-5-1 to 13 show the trend regarding the measurement results of the inlet and outlet of

3 The measurement items and measurement frequency have been reassessed as needed according to the
properties of water to be treated, etc.
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ALPS for the seven major nuclides, etc. Especially after 2019, in which the above-mentioned
special circumstances disappeared, ALPS has been operated stably and each nuclide has been
removed stably and appropriately.
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Figure lI-5-1 Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (Cs-137)
(*1 ND indicates less than the detection limit.)
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Figure lI-5-2 Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (Cs-134)
(*1 ND indicates less than the detection limit.)
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Figure 1I-5-3 Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (Sr-90)
(*1 ND indicates less than the detection limit.)

Attachment II-7




Advanced liquid processing system (Existing ALPS)
[Co-60]

‘== == == Regulatory concentration limit (200Bq/L) @

o Before treatment (ND) *1 [ ]

Before treatment
Facility outlet A

100,000 o Facility outlet A (ND) *1 A Fagility outlet B
= A Facility outlet B (ND) *1 Facility outlet C
g 10,000 o Facility outlet C (ND) *1
5
£ 1,000 $. .
o :.‘ °
g 100 ‘. . o’.~ » o ®
5 ‘ e N° ® ° P 5. ) LA
o 10 ()
Q °
@ A -
Q 1
S K Ta oy’
s 0.1 ol A AAﬂ
8 .
[e}
o
0.01
2013/4/1  2014/2/14 2014/12/31 2015/11/15 2016/9/30 2017/8/16 2018/7/1 2019/5/17 2020/3/31 2021/2/14 2021/12/31
Additional advanced liquid processing system = = = Rogulatory concentration limit (20089L) _® Before treatment
100,000 | (Additional ALPS) [Co-60] 0  Before treatment (ND) *1 = Fadity outlet A
— o Facility outlet A (ND) *1 A Facility outlet B
3 hd [ ] A Facility outlet B (ND) *1 Facility outlet C
g 10,000 o Facility outlet C (ND) *1
s °
S 1,000 ﬁ >
£ - - - W —— = = o —
c
$ 100 ?ﬁ o S2,
"'N. A “. PR ey
S 10 2
® .
= 1 w , z\% at
o ,<> "wv %}
= . l\ \. u
S o1 é’ o & fa %Llﬁ)m A ? .ﬁﬁ:u ﬁﬂf
8
0.01
2013/4/1 2014/2/14  2014/12/31 2015/11/15  2016/9/30  2017/8/16 2018/7/1 2019/5/17  2020/3/31  2021/2/14  2021/12/31
100.000 High-performance advanced liquid processing system (High-performance ALPS) [Co-60] = = e Regutory concentaton i
i ° Before treatment
% 10,000 o Be@je treatment (ND) *1
[24] ™1 Facility outlet
S 1,000 0% O Facility outlet (ND) *1
5 35 S
c
5 100 % * %
5
g 10 s BSm
@ g =
o 1 ]
e ﬁ "
T 01
% a
[¢]
0.01
2013/4/1 2014/2/14 2014/12/31 2015/11/15 2016/9/30 2017/8/16 2018/7/1 2019/5/17 2020/3/31 2021/2/14 2021/12/31

Figure 1I-5-4

Radioactive concentration in the inlet and outlet of each advanced liquid

processing system (Co-60)
(*1 ND indicates less than the detection limit.)
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Figure 11-5-6
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Figure lI-5-7 Radioactive concentration in the inlet and outlet of each advanced liquid

processing system 1-129)
(*1 ND indicates less than the detection limit.)
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Figure 11-5-8

processing system (Total beta nuclide)
(*1 ND indicates less than the detection limit.)
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Figure 1I-5-9 Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (Mn-54)
(*1 ND indicates less than the detection limit.)
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(*1 ND indicates less than the detection limit.)
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Figure II-5-11 Radioactive concentration in the inlet and outlet of each advanced liquid

processing system (Tc-99)
(*1 ND indicates less than the detection limit.)
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Figure lI-5-12 Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (C-14)
(*1 ND indicates less than the detection limit.)
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Figure 1I-5-13 Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (Rh-106)
(*1 ND indicates less than the detection limit.)
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Figure 1I-5-14  Radioactive concentration in the inlet and outlet of each advanced liquid
processing system (Total alpha nuclide)
(*1 ND indicates less than the detection limit.)
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[I-4. Secondary treatment performance of ALPS for treated water to be purified

[I-4-1 Background of the secondary performance test

As of now, approx. 70% of the water stored in the FDNPS is water of which sum of the ratios to
regulatory concentrations limits is assessed to be 1 or more (so-called “treated water to be
purified”) due to the various reasons shown in lI-7. As described in the section about the
discharge method in the main text, the secondary treatment of this treated water to be purified is
surely performed before discharge to verify that sum of the ratios to regulatory concentrations
limits other than tritium before dilution is less than 1.

ALPS is designed to be able to treat strontium treated water with a high radioactive material
concentration, etc., and its capability to remove radioactive materials has been proven in actual
operation, but there was an opinion that the secondary treatment of ALPS was very important and
it should be proven immediately with measured values that radioactive materials other than tritium
can be removed by secondary treatment up to the sum of the ratios to regulatory concentration
limits of less than 14.

In response to this opinion, we decided to perform the secondary treatment test of treated water
to be purified of a high concentration (sum of the ratios to regulatory concentrations limits of 100
or more) in ALPS, and started the secondary treatment performance test using the additional
ALPS in September 2020 and completed it by December of the same year.

[I-4-2 Overview of the secondary performance test

In this secondary treatment performance test, two tank groups (J1-C tank group as the high
concentration side (sum of the ratios to regulatory concentrations limits: approx. 2,400) and J1-G
tank group as the low concentration side (sum of the ratios to regulatory concentrations limits:
approx. 390) ) were selected from the tank groups of the sum of the ratios to regulatory
concentrations limits of 100 or higher, and 1,000m? was treated from each of the tanks. For the
piping used for the transfer, water replacement operation already included in the system was
performed before the test.

Afterward, the treated water was sampled and the concentrations of the 62 nuclides subject to
removal by ALPS, C-14, and tritium were measured to verify that the sum of the ratios to
regulatory concentrations limits of the 63 nuclides except tritium became less than 1 by
secondary treatment, and the procedure and process of the nuclide analysis were performed.

[1-4-3 Result of the secondary performance test

Table 1I-3 and 4 show the results. It was verified that the sum of the ratios to regulatory
concentrations limits of any treated water to be purified became less than 1 by secondary
treatment.

4 Minutes of the 17th Subcommittee on Handling of the ALPS treated water p.11
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Table II-3 Secondary treatment performance test result by ALPS (J1-C tank group)

g é Before secondary treatment®| After secondary treatment®
; =0
Nuclide S2E S| Analysis Ratio to Analysis Ratio to Remarks
(Half-life) D § =8 result? regulatory result’ regulatory
@ 8 [Ba/L] limit® [Ba/L] limit8
H-3 Dilute to less than
6.0E+04 8.51E+05| 1.4E+01 8.22E+05| 1.4E+01 |1,500Bq/L before
(About 12 years) discharge
C-14
(About 5700 2.0E+03 1.53E+01 7.6E-03 1.76E+01| 8.8E-03
years)
Mn-54
(About 310 days) 1.0E+03 | < 3.62E-01 3.6E-04 <3.83E-02| 3.8E-05
Fe-59
(About 44 days) 4.0E+02 | <6.41E-01 1.6E-03 < 8.66E-02 | 2.2E-04
Co-58
(About 71 days) 1.0E+03 | < 3.44E-01 3.4E-04 < 4.11E-02 4.1E-05
Co-60
(About 5.3 years) 2.0E+02 3.63E+01 1.8E-01 3.33E-01 1.7E-03
Ni-63
(About 100 days) 6.0E+03 5.19E+01 8.6E-03 < 8.45E+00| 1.4E-03
Zn-65
(About 240 days) 2.0E+02 | <7.19E-01 3.6E-03 <941E-02| 4.7E-04
Rb-86
(About 19 days) 3.0E+02 | <4.11E+00 1.4E-02 < 4.97E-01 1.7E-03
Sr-89 3.0E+02 | <6.72E+03| 2.2E+01 < 5.37E-02 1.8E-04

(About 51 days)

Composite (mixing/stirring) was performed for the samples collected between September 19 and 21, 2020, and then
analysis was performed.
Samples were collected on September 27, 2020, and then analysis was performed.

If the result falls below the lower limit of detection, describe the lower limit of detection following “<.”

If the analysis result is less than the lower limit of detection, the lower limit of detection is used for the calculation.
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2 .§ Before secondary treatment®| After secondary treatment®
- SS .o
Nuclide S2E S| Analysis Ratio to Analysis Ratio to Remarks
(Half-life) D § =8l result? regulatory result’ regulatory
x g [Ba/L] limit? [Ba/L] limité
Sr-90 30E+01 | 6.46E+04| 2.2E+03 3.57E-02| 1.2E-03
(About 29 years) ’ ’ ‘ ’ ’
Y-90 Radioactive equilibrium
(About 64 hours) 3.0E+02 6.46E+04 2.2E+02 3.57E-02 1.2E-04 with Sr-90
Y-91

(About 59 days) 3.0E+02 | <8.45E+01| 2.8E-01 < 1.65E+01| 5.5E-02

Nb-95

(About 35 days) 1.0E+03 | < 3.50E-01 3.5E-04 <4.96E-02| 5.0E-05

Tc-99
(About 210 1.0E+03 1.74E+01 1.7E-02 <1.23E+00| 1.2E-03
thousand years)

Ru-103

(About 39 days) 1.0E+03 | <7.21E-01 7.2E-04 < 5.27E-02 5.3E-05

Ru-106

Rh-103m
(About 56 2.0E+05 | <7.21E-01 3.6E-06 <5.27E-02| 2.6E-07
minutes)

Radioactive equilibrium
with Ru-103

Rh-106
(About 30 3.0E+05 | < 5.00E+00 1.7E-05 < 1.43E+00| 4.8E-06
seconds)

Radioactive equilibrium
with Ru-106

Ag-110m

(About 250 days) 3.0E+02 | <5.41E-01 1.8E-03 < 4.26E-02 1.4E-04

Cd-113m

(About 14 years) 4.0E+01 | < 2.05E+01 5.1E-01 < 8.52E-02 2.1E-03

Cd-115m

3.0E+02 | < 2.26E+01 7.5E-02 < 2.70E+00| 9.0E-03
(45 days)

Assessed from the
2.0E+03 | < 3.90E+02 1.9E-01 < 4.24E+01 2.1E-02 radioactive concentration
of Sn-123

Sn-119m
(About 290 days)

Sn-123

Sn-126
(About 230 2.0E+02 | < 2.88E+00 1.4E-02 < 2.92E-01 1.5E-03
thousand years)

Sb-124

(About 60 days) 3.0E+02 | < 2.79E-01 9.3E-04 < 9.67E-02 3.2E-04

Sb-125

(About 2.8 years) 8.0E+02 8.30E+01 1.0E-01 2.26E-01 2.8E-04

Te-123m

(About 120 days) 6.0E+02 | < 8.32E-01 1.4E-03 < 9.19E-02 1.5E-04
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2 .§ Before secondary treatment®| After secondary treatment®
; =08 .7
Nuclide SEE S| Analysis Ratio to Analysis Ratio to Remarks
(Half-life) D § =8l result? regulatory result’ regulatory
@ 8 [Ba/L] limit® [Ba/L] limit®
Te-125m Radioactive equilibrium
(About 57 days) 9.0E+02 8.30E+01 9.2E-02 2.26E-01 2.5E-04 with Sb-125
Te-127
(About 9.4 hours) 5.0E+03 | < 7.25E+01 1.5E-02 <4.69E+00| 9.4E-04
Te-127m Assessed from the
(About 110 days) 3.0E+02 | < 7.53E+01 2.5E-01 <4.87E+00| 1.6E-02 [radioactive concentration
¥ of Te-127
Te-129
(About 70 1.0E+04 | <1.27E+01 1.3E-03 < 6.15E-01 6.1E-05
minutes)
Te-129m
(About 34 days) 3.0E+02 | <1.31E+01 4.4E-02 <1.37E+00| 4.6E-03
1-129
(About 16 million | 9.0E+00 2.99E+01 3.3E+00 1.16E+00| 1.3E-01
years)
Cs-134 6.0E+01 | <2.93E+01| 4.9E-01 | <7.60E-02| 1.3E-03
(About 2.1 years)
Cs-135 Assessed from the
(About 2.3 million| 6.0E+02 3.81E-03 6.4E-06 < 1.18E-06 2.0E-09 |radioactive concentration
years) of Cs-137
Cs-136
(About 13 days) 3.0E+02 | < 3.77E-01 1.3E-03 < 4.68E-02 1.6E-04
Cs-137
(About 30 years) 9.0E+01 | <5.99E+02| 6.7E+00 < 1.85E-01 2.1E-03
Ba-137m Radioactive equilibrium
(About 2.6 8.0E+05 5.99E+02 7.5E-04 < 1.85E-01 2.3E-07 . q
minutes) with Cs-137
Ba-140
(About 13 days) 3.0E+02 | < 2.40E+00 8.0E-03 < 2.02E-01 6.7E-04
Ce-141
(About 33 days) 1.0E+03 | < 1.51E+00 1.5E-03 < 2.62E-01 2.6E-04
Ce-144
(About 280 days) 2.0E+02 | < 6.84E+00 3.4E-02 < 5.69E-01 2.8E-03
Pr-144 Radioactive equilibrium
(About 17 2.0E+04 |< 6.84E+00 3.4E-04 < 5.69E-01 2.8E-05 ith Ce-144 q
minutes) with Ce-
Pr-144m Radioactive equilibrium
(About 7.2 4.0E+04 |< 6.84E+00 1.7E-04 < 5.69E-01 1.4E-05 ith Ce-144 q
minutes) with Ce-
Pm-146
(About 5.5 years) 9.0E+02 |< 1.23E+00 1.4E-03 < 6.66E-02 7.4E-05
Pm-147 Assessed from the
(About 2.6 years) 3.0E+03 | < 4.08E+00 1.4E-03 < 8.04E-01 2.7E-04 [radioactive concentration

of Eu-154

Attachment 11-21




2 .§ Before secondary treatment®| After secondary treatment®
. = @© T
N“CI"_je 3 ‘% g E—' Analysis Ratio to Analysis Ratio to Remarks
(Half-life) g =| result’ regulatory result’ regulatory
@ 8 [Ba/L] limit® [Bag/L] limit8
( AboZTE;Tgays) 3.0E+02 |< 6.49E-01| 22E-03 | <2.33E-01| 7.8E-04
( Abzr:t-jljs dmays) 5.0E+02 |< 6.34E-01 1.3E-03 < 4.84E-02 9.7E-05
Sm-151 Ass_esse@ from the .
(About 90 years) 8.0E+03 | <5.77E-02 7.2E-06 < 1.14E-02 1.4E-06 radioactive concentration
of Eu-154
Eu-152
(About 14 years) 6.0E+02 | < 2.70E+00 4.5E-03 < 2.84E-01 4.7E-04
(Abomiué1653ears) 4.0E+02 | <5.77E-01 1.4E-03 <1.14E-01 2.8E-04
(AboEtursS?ears) 3.0E+03 | < 3.43E+00 1.1E-03 < 3.36E-01 1.1E-04
( AboStdZ-lg?Zjays) 3.0E+03 | <3.17E+00| 1.1E-03 | <2.64E-01| 8.8E-05
( Aboztt";fgays) 5.0E+02 | <1.66E+00| 3.3E-03 | <1.43E-01| 2.9E-04
Pu-238 Assessed as included in
(About 88 years) 4.0E+00 | <5.70E-01 1.4E-01 < 3.25E-02 8.1E-03 |the measurement value
of the total a radioactivity
Pu-239 Assessed as included in
(About 24000 4.0E+00 | <5.70E-01 1.4E-01 < 3.25E-02 8.1E-03  |the measurement value
years) of the total a radioactivity
Pu-240 Assessed as included in
(About 6600 4.0E+00 | < 5.70E-01 1.4E-01 < 3.25E-02 8.1E-03  |the measurement value
years) of the total a radioactivity
PU-241 Ass_esse@ from the .
(About 14 years) 2.0E+02 | <2.07E+01 1.0E-01 <1.18E+00| 5.9E-03 radioactive concentration
of Pu-238
AM-241 Assessed as included in
(About 430 years) 5.0E+00 | < 5.70E-01 1.1E-01 < 3.25E-02 6.5E-03 |the measurement value
of the total a radioactivity
Am-242m Ass_esse@ from the _
(About 140 years) 5.0E+00 | < 1.03E-02 2.1E-03 < 5.87E-04 1.2E-04 |radioactive concentration
of Am-241
Am-243 Assessed as included in
(About 7400 5.0E+00 | < 5.70E-01 1.1E-01 < 3.25E-02 6.5E-03 |the measurement value
years) of the total a radioactivity
Cm-242 Assessed as included in
(About 160 days) 6.0E+01 < 5.70E-01 9.5E-03 < 3.25E-02 5.4E-04 |the measurement value
of the total a radioactivity
Cm-243 Assessed as included in
(About 29 years) 6.0E+00 | < 5.70E-01 9.5E-02 < 3.25E-02 5.4E-03 |the measurement value
of the total a radioactivity
Cm-244 Assessed as included in
(About 18 years) 7.0E+00 | < 5.70E-01 8.1E-02 < 3.25E-02 4.6E-03 |the measurement value
of the total a radioactivity
Sum of the ratios to
regulatory concentrations
limits of nuclides other than ) 24E+03 B 3.5E-01
tritium
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Table 11-4 Secondary treatment performance test result by ALPS (J1-G tank group)
> s Before secondary treatment® | After secondary treatment*°
. A
Nuchde % € E %'- Analysis Ratio to Analysis Ratio to Remarks
(Half-life) ? g = result” regulatory result” regulatory
x5 [Ba/L] limit® [Ba/L] limit8
H-3 Dilute to less than
6.0E+04 2.73E+05 4.6E+00 2.72E+05| 4.5E+00 |1,500Bq/L before
(About 12 years) ,
discharge
c-14
(About 5700 2.0E+03 1.26E+01 6.3E-03 1.56E+01 7.8E-03
years)
Mn-54
(About 310 days) 1.0E+03 | < 2.02E-01 2.0E-04 < 3.79E-02 3.8E-05
Fe-59
(About 44 days) 4.0E+02 | < 3.51E-01 8.8E-04 < 7.17E-02 1.8E-04
Co-58
(About 71 days) 1.0E+03 | < 2.11E-01 2.1E-04 < 3.74E-02 3.7E-05
Co-60
(About 5.3 years) 2.0E+02 1.31E+01 6.5E-02 2.33E-01 1.2E-03
Ni-63
(About 100 days) 6.0E+03 | < 1.84E+01 3.1E-03 < 8.84E+00| 1.5E-03
Zn-65
(About 240 days)| 20E*02 | <435E-01| 22E-03 | <7.7E-02| 4.0E-04
Rb-86
(About 19 days) 3.0E+02 | < 2.56E+00 8.5E-03 < 4.67E-01 1.6E-03
Sr-89
(About 51 days) 3.0E+02 | < 7.87E+02 2.6E+00 < 4.52E-02 1.5E-04
Sr-90
(About 29 years) 3.0E+01 1.04E+04| 3.5E+02 <3.18E-02| 1.1E-03
Y-90 Radioactive equilibrium
(About 64 hours) 3.0E+02 1.04E+04 3.5E+01 < 3.18E-02 1.1E-04 with Sr-90
Y-91
(About 59 days) 3.0E+02 | < 4.82E+01 1.6E-01 < 1.18E+01 3.9E-02
Nb-95
(About 35 days) | 10E*03 | <2.86E-01|  26E-04 <4.70E-02| 4.7E-05
Tc-99
(About 210 1.0E+03 1.20E+00 1.2E-03 <1.29E+00| 1.3E-03
thousand years)
Ru-103
(About 39 days) 1.0E+03 | < 3.39E-01 3.4E-04 < 5.06E-02 5.1E-05

®  Composite (mixing/stirring) was performed for the samples collected between October 5 and 7, 2020, and then analysis was

performed.
10 Samples were collected on October 13, 2020, and then analysis was performed.
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Nuclide

Regulatory
concentration
limit
[Ba/L]

Before secondary treatment®

After secondary treatment*®

- Analysis Ratio to Analysis Ratio to Remarks
(Half-life) result’ regulatory result’ regulatory
[Ba/L] limit® [Ba/L] limit®
Ru-106
(About 370 days) 1.0E+02 | < 2.27E+00 2.3E-02 4.83E-01 4.8E-03
Rh-103m Radioactive equilibrium
(About 56 2.0E+05 | < 3.39E-01 1.7E-06 < 5.06E-02 2.5E-07 .
- with Ru-103
minutes)
Rh-106 Radioactive equilibrium
(About 30 3.0E+05 | <2.27E+00 7.6E-06 4.83E-01 1.6E-06 .
with Ru-106
seconds)
Ag-110m
(About 250 days) 3.0E+02 | < 2.92E-01 9.7E-04 < 4.00E-02 1.3E-04
Cd-T13m | 4 0E+01 | <2.04E+01| 5.1E-01 | <855E-02| 2.1E-03
(About 14 years)
Cd-115m 3.0E+02 | < 1.16E+01 3.9E-02 < 2.29E+00| 7.6E-03
(45 days)
Sn-119m Assessed from the
2.0E+03 | <2.13E+02 1.1E-01 < 4.03E+01 2.0E-02 |radioactive concentration
(About 290 days) of Sn-123
Sn-123
(About 130 days) 4.0E+02 | < 3.31E+01 8.3E-02 < 6.26E+00| 1.6E-02
Sn-126
(About 230 2.0E+02 | < 1.16E+00 5.8E-03 < 1.47E-01 7.3E-04
thousand years)
Sb-124
(About 60 days) 3.0E+02 | < 2.20E-01 7.3E-04 < 8.42E-02 2.8E-04
Sb-125
(About 2.8 years) 8.0E+02 3.23E+01 4.0E-02 1.37E-01 1.7E-04
Te-123m
(About 120 days) 6.0E+02 | < 3.83E-01 6.4E-04 < 6.67E-02 1.1E-04
Te-125m Radioactive equilibrium
(About 57 days) 9.0E+02 3.23E+01 3.6E-02 1.37E-01 1.5E-04 with Sb-125
Te-127
(About 9.4 5.0E+03 | < 3.53E+01 7.1E-03 <4.33E+00| 8.7E-04
hours)
Te-127m Assessed from the
3.0E+02 | < 3.67E+01 1.2E-01 <450E+00| 1.5E-02 [radioactive concentration
(About 110 days) of Te-127
Te-129
(About 70 1.0E+04 | <4.71E+00 4.7E-04 < 5.94E-01 5.9E-05
minutes)
Te-129m
(About 34 days) 3.0E+02 | <6.61E+00 2.2E-02 <1.21E+00| 4.0E-03
1-129
(About 16 million| 9.0E+00 2.79E+00 3.1E-01 3.28E-01 3.6E-02
years)
Cs-134 6.0E+01 | 5.94E+00| 9.9E-02 | <6.65E-02| 1.1E-03

(About 2.1 years)
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Before secondary treatment®

After secondary treatment*®

c
29
i 2o .o
Nuclide S EZES| Analysis Ratio to Analysis Ratio to Remarks
(Half-life) > g =@ result regulatory result’ regulatory
o g [Ba/L] limit® [Ba/L] limit®
Cs-135 Assessed from the
(About 2.3 6.0E+02 7.51E-04 1.3E-06 2.10E-06 3.5E-09 |radioactive concentration
million years) of Cs-137
Cs-136
(About 13 days) 3.0E+02 | < 1.96E-01 6.5E-04 < 3.63E-02 1.2E-04
Cs-137
(About 30 years) 9.0E+01 1.18E+02| 1.3E+00 3.29E-01 3.7E-03
Ba-137m Radioactive equilibrium
(About 2.6 8.0E+05 1.18E+02 1.5E-04 3.29E-01 4 1E-07 .
X with Cs-137
minutes)
Ba-140
(About 13 days) 3.0E+02 | < 1.22E+00 4.1E-03 < 1.73E-01 5.8E-04
Ce-141
(About 33 days) 1.0E+03 | < 9.39E-01 9.4E-04 <1.19E-01 1.2E-04
Ce-144
(About 280 days) 2.0E+02 | < 3.02E+00 1.5E-02 < 5.53E-01 2.8E-03
Pr-144 Radioactive equilibrium
(About 17 2.0E+04 | < 3.02E+00 1.5E-04 < 5.53E-01 2.8E-05 .
with Ce-144
minutes)
Pr-144m . . A
(About7.2 | 4.0E+04 | <3.02E+00| 7.6E-05 | <5.53E-01| 1.4E-05 |radioactiveequilibrium
with Ce-144
minutes)
Pm-146
(About 5.5 years) 9.0E+02 | < 5.26E-01 5.8E-04 < 6.30E-02 7.0E-05
Pm-147 Assessed from the
3.0E+03 | < 2.53E+00 8.4E-04 < 7.20E-01 2.4E-04 |radioactive concentration
(About 2.6 years) of Eu-154
Pm-148
(About 5.4 days) 3.0E+02 | < 5.19E-01 1.7E-03 < 4.52E-01 1.5E-03
Pm-148m
(About 41 days) 5.0E+02 | < 2.76E-01 5.5E-04 <4,09E-02| 8.2E-05
Sm-151 Assessed from the
8.0E+03 | < 3.57E-02 4.5E-06 < 1.02E-02 1.3E-06 |radioactive concentration
(About 90 years) of Eu-154
Eu-152
(About 14 years) 6.0E+02 | < 1.21E+00 2.0E-03 < 1.90E-01 3.2E-04
Eu-154
(About 8.6 years) 4.0E+02 | < 3.57E-01 8.9E-04 < 1.02E-01 2.5E-04
Eu-155
(About 4.8 years) 3.0E+03 | < 1.38E+00 4. 6E-04 < 1.75E-01 5.8E-05
Gd-153
(About 240 days) 3.0E+03 | <1.21E+00 4.0E-04 < 1.85E-01 6.2E-05
Tb-160 5.0E+02 | <6.88E-01 | 14E-03 | <1.35E-01| 27E-04

(About 72 days)
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> S Before secondary treatment® | After secondary treatment*°
. S®_—~
Nuclide S 2E S| Analysis Ratio to Analysis Ratio to Remarks
(Half-life) >8=02| result’ regulatory result’ regulatory
o § [Bq/L] limit® [Ba/L] limit®
Pu-238 Assessed as included in
(About 88 years) 4.0E+00 | < 3.19E-02 8.0E-03 < 2.80E-02 7.0E-03 |the measurement value
of the total a radioactivity
Pu-239 Assessed as included in
(About 24000 | 4.0E+00 | < 3.19E-02 8.0E-03 < 2.80E-02 7.0E-03 |the measurement value
years) of the total a radioactivity
Pu-240 Assessed as included in
(About 6600 4.0E+00 | < 3.19E-02 8.0E-03 < 2.80E-02 7.0E-03 |the measurement value
years) of the total a radioactivity
PU-241 Assessed from the
(About 14 years) 2.0E+02 | <1.16E+00 5.8E-03 <1.02E+00| 5.1E-03 |radioactive concentration
of Pu-238
Am-241 Assessed as included in
(About 430 5.0E+00 | < 3.19E-02 6.4E-03 < 2.80E-02 5.6E-03 |the measurement value
years) of the total a radioactivity
Am-242m Assessed from the
(About 140 5.0E+00 | <5.77E-04 1.2E-04 < 5.05E-04 1.0E-04 [radioactive concentration
years) of Am-241
Am-243 Assessed as included in
(About 7400 5.0E+00 | < 3.19E-02 6.4E-03 < 2.80E-02 5.6E-03 |the measurement value
years) of the total a radioactivity
Cm-242 Assessed as included in
(About 160 days) 6.0E+01 | < 3.19E-02 5.3E-04 < 2.80E-02 4.7E-04 |the measurement value
of the total a radioactivity
Cm-243 Assessed as included in
(About 29 years) 6.0E+00 | < 3.19E-02 5.3E-03 < 2.80E-02 4.7E-03 |the measurement value
of the total a radioactivity
Cm-244 Assessed as included in
(About 18 years) 7.0E+00 | < 3.19E-02 4.6E-03 < 2.80E-02 4.0E-03 |the measurement value
of the total a radioactivity
Sum of the ratios to
regulatory concentrations
limits of nuclides other than ) 3.9E+02 ) 2.2E-01
tritium

[I-5.  Analysis of the radioactive materials in the stored ALPS treated water, etc.

As shown in 1I-3. “Performance of ALPS”, in measured point (7) of the ALPS outlet, mainly the
seven nuclides detected significantly in the process of treatment among those subject to removal
by ALPS (Cs-134, Cs-137, Co-60, Sb-125, Ru-106, Sr-90, and 1-129) were measured. The result

is shown on our web site.

Our web site:

https://www.tepco.co.jp/decommission/progress/watertreatment/images/exit.pdf (ja)

https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/exit _en.pdf (en)

Attachment 11-26



https://www.tepco.co.jp/decommission/progress/watertreatment/images/exit.pdf
https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/exit_en.pdf

The judgment of whether stored water is regarded as “ALPS treated water” and “treated water to
be purified” shall be performed according to the following procedure based on this measurement
result.

In other words, when the transfer destination tank group (8 to 10 tanks connected at the time of
water reception) becomes full, water of which ratios to regulatory concentrations limits of 63
nuclides other than tritium were estimated to be less than 1 using the following formula is judged
as ALPS treated water and the other water as treated water to be purified, based on the
measurement result of the sample (water) collected in the ALPS outlet (measured point (7))
during reception of water in the corresponding tanks group from ALPS.

Cat = Cy7 + Ceoqa + G55 < 1

where
Car. Sum of the ratios to regulatory concentrations limits of 63 nuclides other than
tritium
Cu7: Sum of the ratios to regulatory concentrations limits calculated from the

measurement results of the seven major nuclides
Cc-14: Ratio to the regulatory concentrations limit of C-14 (conservatively set to the
ratio to the regulatory concentrations limit of 0.11 calculated from the maximum
concentration (215Bg/L) measured in the past)
55.  Estimated value of the sum of the ratios to regulatory concentrations limits of
the 55 nuclides not included in the 7 nuclides among the 62 nuclides (The
estimated value based on the past measurement results is set to 0.3)

O

Based on the result of the measurement, nuclides deemed to be less than the detection limit (ND)
are assumed to be included at the concentration of the lower limit of detection and the lower limit
of detection is used for the assessment of the above formula. The following table shows
examples of measurement results and values in the calculation of the sum of the ratios to
regulatory concentration limits.

Table II-5 Relationship between the analysis results of the seven major nuclides and the

sum of the ratios to regulatory concentration limits of the seven major nuclides
Nuclide Cs-137 Cs-134 Co-60 Sb-125 Ru-106 Sr-90 1-129

ND
Measured ND ND ND ND
S6aE (sreeeon) 2301 (<457E-01)  (<1.15E00)  (<3.90E-01)  202E01

Celfelgiz 1.26E-01 1.66E-01 2.35E-01 4.57E-01 1.15E+00 3.90E-01 2.02E-01
concentration

Regulatory
concentration [RCN)=00k) 6.00E+01 2.00E+02 8.00E+02 1.00E+02 3.00E+01 9.00E+00
limit
Ratio to
regulatory 1.40E-03 2.76E-03 1.18E-03 5.71E-04 1.15E-02 1.30E-02 2.24E-02

concentration
limit
Sum of the l

regulatory Y

ratios of the 7
nuclides 0.05 (5.28E-02)

Sum of the

regulatory
ratios of the 0.05 (=Cu7)+0.11(=Cc.14)+0.3(=C55)=0.46
63 nuclides

Figure 1I-5 shows the concentration distribution of the seven major nuclides arranged from the
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analysis result of the tank group of which sum of the ratios to regulatory concentrations limits
other than tritium is estimated to be less than 1.

Measured value of the radioactive concentration of each tank group (excluding reused

https://www.tepco.co.jp/decommission/information/newsrelease/reference/pdf/2020/2h/rf _
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tanks) (as of March 31, 2021)
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‘Figure II-5 Concentration distribution of the seven major nuclides in the analysis result of
ALPS treated water (as of the end of March 2021)

*  The analysis results in which sum of the ratios to regulatory concentrations limits of the 7 major

nuclides is less than 0.59 (for 80 tanks) (excluding secondary treatment test water)

*  The vertical axis indicates the number of tanks (counted as the lower detection limit if not detected)

*  Values are measured values at the times and no half-life correction is considered.
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Figure 1l-6 shows the analysis result concentration distribution created by extracting the analysis

results of the analyzed tanks for tritium and C-14, which are not subject to removal by ALPS.
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¥V Maximum measured detection value of
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VMaximum measured detection value of the tank:
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* Number as of the measurement not considering
attenuation
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Figure 11-6 Concentration distribution of tritium and C-14 in the analysis result of ALPS
treated water, etc. (as of the end of March 2021)
*  The analysis results of the tank group (189 tanks for tritium and 81 tanks for C-14) are plotted

(excluding secondary treatment test water)
*  The vertical axis indicates the number of tanks (counted as the lower detection limit if not detected)
*  Values are measured values at the times and no half-life correction is considered.

As a result of the above-mentioned estimation, approx. 70% of the water currently stored in the
tanks is judged to be “treated water to be purified,” which does not satisfy the above formula: in
other words, the sum of the ratios to regulatory concentrations limits of 63 nuclides (Cas) is
greater than 1. “Treated water to be purified” is discharged only after secondary treatment is
conducted immediately before future discharge into the sea, and after it is confirmed that the
regulatory concentration limit is less than 1 with the facility for measurement and confirmation.
In addition, this sample is not representative because each tank group does not have a
necessary stirring device to guarantee the homogeneity. Therefore, for the actual judgment of
whether the discharge is possible, the correct regulatory concentration limit obtained from the
result of the measurement and assessment in the facility for measurement and confirmation is
used.

All data of the past measurement and estimation results of the above-mentioned method are
published on our web site. Our treatment water portal shows the measurement results of each
tank group. The latest data is available in the following links.

Our web site (Japanese only):
https://www.tepco.co.jp/decommission/data/daily analysis/tank/index-j.html

Treated water portal:
https://www.tepco.co.jp/decommission/progress/watertreatment/ (ja)
https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/tankarea_en.pdf (en)
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For the K4 tank group of which sum of the ratios to regulatory concentrations limits becomes less
than 1 after treated by ALPS once, the 64 nuclides included in the collected sample are
measured and assessed according to the measurement and assessment method shown in Table
[I-6 (however, the representativeness of the sample is not secured). The K4 tank group is the
receiving tank group in the operation considering the sum of the ratios to regulatory
concentrations limits of less than 1 in ALPS in FY 2016. For analysis, samples were collected
from 8 out of 35 tanks, the water samples were mixed (composite sample), and 62 nuclides were
analyzed. For C-14, the average value of the results of analyses of five tanks after verification of
the presence is shown. Table II-7 shows the results.

10
1

12

13

14

15

16
17

18

19

20

21

22
23

Table 11-6

Mn-54
Fe-59
Co-58
Co-60
Ni-63
Zn-65
Rb-86
Sr-89

Sr-90
Y-90
Y-91

Nb-95
Tc-99
Ru-103

Ru-106

Rh-103m
Rh-106

Ag-110m
Cd-113m
Cd-115m
Sn-119m

Sn-123
Sn-126

Y

By

By
By

By
By

By

By

By

By

Measurement and assessment methods of each nuclide

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Isolated by resin, mixed with a scintillator, and counted by a low
back liquid scintillation counter.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Isolated with resin, precipitated and recovered, mounted, and
counted with the 8 nuclide analyzer in stainless steel dish
Isolated with resin, precipitated and recovered, mounted, and
counted with the B nuclide analyzer in stainless steel dish
Concentration assessment as Sr -90 and radioactive equilibrium
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Samples are diluted with dilute nitric acid and counted with the
inductively coupled plasma mass spectrometry (ICP-MS).
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Concentration assessment as radioactive equilibrium with Ru-103
Concentration assessment as radioactive equilibrium with Ru-106
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Isolated by ion exchange, mixed with a scintillator, and counted by
a low back liquid scintillation counter.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Assessed from the measured value of the radioactive concentration
of Sn-123 and the calculated nuclide abundance ratio
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
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Radiation

Measurement or assessment method

24

25

26
27

28

29

30

31

32

33

34

35

36
37
38

39

40

41
42
43

44

45

46

47

48

49

50

Nuclide

Sb-124

Sb-125

Te-123m
Te-125m

Te-127

Te-127m

Te-129

Te-129m

1-129

Cs-134

Cs-135

Cs-136

Cs-137
Ba-137m
Ba-140

Ce-141

Ce-144

Pr-144
Pr-144m
Pm-146

Pm-147

Pm-148

Pm-148m

Sm-151

Eu-152

Eu-154

Eu-155

By

By

By

By

By

By

By

By
By

counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Concentration assessment as radioactive equilibrium with Sb-125
Homogenized samples are collected in a Marinelli container,
counted with a Ge semiconductor detector, and assessed using the
half-life of the parent nuclide (Te-127m).

Assessed from the measured value of the radioactive concentration
of Te-127 and the calculated nuclide abundance ratio
Homogenized samples are collected in a Marinelli container,
counted with a Ge semiconductor detector, and assessed using the
half-life of the parent nuclide (Te-129m).

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Samples were counted with the inductively coupled plasma mass
spectrometry (ICP-MS) after adjusting to iodate ion by the addition
of reagents.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Assessed from the measured value of the radioactive concentration
of Cs-137 and the calculated nuclide abundance ratio
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Concentration assessment as radioactive equilibrium with Cs-137
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Concentration assessment as radioactive equilibrium with Ce-144,
using half-life of parent nuclide (Pr-144m)

Concentration assessment as radioactive equilibrium with Ce-144
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Assessed from the measured value of the radioactive concentration
of Eu-154 and the calculated nuclide abundance ratio
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Assessed from the measured value of the radioactive concentration
of Eu-154 and the calculated nuclide abundance ratio
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.
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Nuclide Measurement or assessment method

Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.
Homogenized samples are collected in a Marinelli container and
counted with a Ge semiconductor detector.
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
53 Pu-238 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
54 Pu-239 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
55 Pu-240 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
Assessed from the total a discrete value and the isotopic ratio of
Pu-238
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
57 Am-241 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
58 Am-242m a Assessed from the isotopic ratio of Am-241
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
59 Am-243 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
60 Cm-242 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
61 Cm-243 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
After iron is removed by iron coprecipitation, the sample is
evaporated to dryness in a stainless steel dish and the total a
62 Cm-244 a measured value counted with the ZnSa automatic measuring
device is used as it is without proportionate division with other
nuclides
Isolated by distillation, mixed with a scintillator, and counted by a
low back liquid scintillation counter.
Converted to CO., collected and isolated on absorbent, mixed with
a scintillator, and counted by a low back liquid scintillation counter.

51 Gd-153 y

52 Tb-160 By

56 Pu-241 B

- H-3(FWT) B
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Table lI-7  Analysis result of the K4 tank group

Regulatory
Nuclide concentration Analysis result Ratio to Remarks
(Half-life) limit regulatory limit
[Ba/L] [Ba/L]
H-3 Dilute to less than 1,500Bg/L
(About 12 years) 6.0E+04 1.9E+05 3.2E+00 before discharge
C-14
(About 5700 2.0E+03 1.5E+01 7 5E-03
years)
(Abou“t/lg-1%4days) 1.0E+03 < 6.7E-03 6.7E-06
(AboEteé-lzgdays) 4.0E+02 < 1.7E-02 4.3E-05
(Abo&o%?%ays) 1.0E+03 < 8.0E-03 8.0E-06
(Abou(t:g-g(;ears) 2.0E+02 4.4E-01 2.2E-03
(Aboum-gg days) 6.0E+03 2.2E+00 3.7E-04
(Abou%gfosdays) 2.0E+02 < 1.5E-02 7.5E-05
(Abostb{g?jays) 3.0E+02 < 1.9E-01 6.3E-04
(Aboustré-'>819days) 3.0E+02 < 1.0E-01 3.3E-04
(Abou?ggoyears) 3.0E+01 2.2E-01 7.3E-03
Y90 Radioactive equilibrium with Sr-
(About 64 hours) 3.0E+02 2.2E-01 73604 |g¢
(Abou\t(-5991 days) 3.0E+02 < 2.2E+00 7.3E-03
(AboElth;ngays) 1.0E+03 < 1.0E-02 1.0E-05
Tc-99
thousand years)
(Aboi?ggogays) 1.0E+03 < 1.0E-02 1.0E-05
(Aboiué;86days) 1.0E+02 1.6E+00 1.6E-02
Rh-103m . . — .
(About 56 2.0E+05 < 1.0E-02 5.0E-08 Ifggloactlve equilibrium with Ru-
minutes)
Rh-106 . . — .
(About 30 3.0E+05 1.6E+00 5 3E-06 I?ggloactlve equilibrium with Ru-
seconds)
(Abcﬁﬁg;grgays) 3.0E+02 < 5.6E-03 1.9E-05
(Abgudt-:lllsyrzars) 4.0E+01 < 1.8E-02 4.5E-04

(?1%-:1151?/3 3.0E+02 < 6.4E-01 2.1E-03

Sn-119m Assessed from the radioactive
(About 200 days) | 20F*03 | < 1.7E01 8.5E-05 | oncentration of Sn-123
(Aboftn{ :13?)3days) 4.0E+02 < 1.2E+00 3.0E-03

Sn-126
(About 230 2.0E+02 < 2.7E-02 1 4E-04

thousand years)
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Regulatory

Nuclide concentration Analysis result Ratio to R )
(Half—llfe) limit regulatory limit emarks
[Ba/L] [Bq/L]
(Aboi?gggays) 3.0E+02 < 9.5E-03 3.2E-05
(AbouSth- 1825ears) 8.0E+02 3.3E-01 4.1E-04
(AboTuet-jIggﬂays) 6.0E+02 < 9.2E-03 1.5E-05
Te-125m Radioactive equilibrium with Sb-
(About 57 days) 9.0E+02 3.3E-01 37E-04 |15
(Abom];e;élz:wurs) 5.0E+03 < 3.2E-01 6.4E-05
Te-127m Assessed from the radioactive
(About 110 days) >0Er02 < 32801 1.1E-03 concentration of Te-127
Te-129
(About 70 1.0E+04 < 8.1E-02 8 1E-06
minutes)
(Abl—3;1324931ays) 3.0E+02 < 3.2E-01 1.1E-03
1-129
(About 16 million 9.0E+00 2.1E+00 2.3E-01
years)
(Ab0382-11339ars) 6.0E+01 4.5€-02 7.5E-04
Cs-135 . .
(About 2.3 million 6.0E+02 2 5E-06 4.2E-09 Assessed from the radioactive
years) concentration of Cs-137
(Aboif?:? 2ays) 3.0E+02 < 3.0E-02 1.0E-04
(Abogtséz)a)zears) 9.0E+01 4.2E-01 4.7E-03
Ba-137m . . — .
(About 2.6 8.0E+05 4.2E-01 5.3E-07 I?g;jloactlve equilibrium with Cs-
minutes)
(Abo?;??:? gays) 3.0E+02 < 9.5E-02 3.2E-04
(Abo%?g;;ays) 1.0E+03 < 2.5E-02 2.5E-05
(Aboae2-;34days) 2.0E+02 < 6.3E-02 3.2E-04
Pr-144 . . — .
(About 17 2.0E+04 < 6.3E-02 3.2E-06 I;i:;iloactlve equilibrium with Ce-
minutes)
Pr-144m . . — .
(About 7.2 4.0E+04 < 6.3E-02 1.6E-06 I;{:floactlve equilibrium with Ce-
minutes)
(AboEFE; 1545ears) 9.0E+02 < 9.8E-02 1.1E-04
Pm-147 Assessed from the radioactive
(About 2.6 years) 3.0E+03 < 1.98-01 6.3E-05 concentration of Eu-154
(AboZTéTiays) 3.0E+02 < 5.0E-01 1.7E-03
(AbZTt-ljfsdn;ys) 5.0E+02 < 8.4E-03 1.7E-05
Sm-151 Assessed from the radioactive
(About 90 years) 8.0E+03 < 9.0B-04 1.18-:07 concentration of Eu-154
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Regulatory

nuclides other than tritium

Nuclide concgnt.ration Analysis result Ratio to Remarks
(Half-life) limit regulatory limit
[Ba/L] [Ba/L]
(AboEtu%lf)fears) 6.0E+02 < 2.8E-02 4.7E-05
( Aboi“;;‘y‘ears) 4.0E+02 < 12E-02 3.0E-05
( Aboi“jffsears) 3.0E+03 < 3.3E-02 1.1E-05
( Aboidz'lg%ays) 3.0E+03 < 3.2E-02 1.1E-05
( Aboztt";fgays) 5.0E+02 < 2.8E-02 5.6E-05
PuU-238 Assessed as included in the
(About 88 years) 4.0E+00 < 6.3E-04 1.6E-04 measurement value of the total
y a radioactivity
Pu-239 Assessed as included in the
(About 24000 4.0E+00 < 6.3E-04 1.6E-04 measurement value of the total
years) a radioactivity
Pu-240 Assessed as included in the
(About 6600 4.0E+00 < 6.3E-04 1.6E-04 measurement value of the total
years) a radioactivity
Pu-241 Assessed from the radioactive
(About 14 years) 2.0E+02 < 2.8E-02 1.4E-04 concentration of Pu-238
Am-241 Assessed as included in the
(About 430 years) 5.0E+00 < 6.3E-04 1.3E-04 measurement value of the total
y a radioactivity
Am-242m Assessed from the radioactive
(About 140 years) 5.0E+00 < 3.9E-05 7.8E-06 concentration of Am-241
Am-243 Assessed as included in the
(About 7400 5.0E+00 < 6.3E-04 1.3E-04 measurement value of the total
years) a radioactivity
Cm-242 Assessed as included in the
.OE+ < 6.3E- AE- measurement value of the tota
(About 160 days) 6.0E+01 6.3E-04 1.1E-05 t val f the total
¥ a radioactivity
Cm-243 Assessed as included in the
.OE+ < 6.3E- AE- measurement value of the tota
(About 29 years) 6.0E+00 6.3E-04 1.1E-04 t val f the total
y a radioactivity
Cm-244 Assessed as included in the
(About 18 years) 7.0E+00 < 6.3E-04 9.0E-05 measurement value of the total
y a radioactivity
Sum of the ratios to regulatory concentrations limits of 63 2 9E-01

*

For C-14, the average value of the measurement results of five tanks is shown; for H-3, that of

seven tanks; and for the other nuclides, the analysis result of the composite sample

Attachment 11-35




[I-6. Water quality other than radioactive materials

As mentioned above, ALPS is equipped with coprecipitation, adsorption, and physical filters, etc.,
all of which are used to remove the 62 nuclides subject to removal regardless of their chemical
forms. Judging from the past analysis results, not only radioactive materials but also materials
that may affect the water quality are removed when passing through the filters.

Table 11-8 shows the tank group from which samples were collected and the timing of receiving
water stored in the tanks!!. Table 11-9-1 and 2 show the results of the 46 measurement items
based on our “general wastewater treatment management guideline.” It was verified that all of
them met the standards set by the laws and ordinances in Japan. It should be noted that since no
facility to secure the representativeness of samples is installed in the tank group, in this analysis,
one tank is randomly selected from the tank group and samples collected from the middle layer of
the tank are analyzed without stirring or circulation, so the representativeness is not necessarily
secured.

Table 1I-8 Tank group of which chemical substances were analyzed based on the general
wastewater standard, and timing of receiving water

Area Groups Time of receiving ALPS
treated water, etc.
G3 A FY 2013
J4 B FY 2014
H1 E FY 2015
K3 A FY 2016
K4 A FY 2016
H2 C FY 2017
G1S A FY 2018

Table 1I-9-1 Results of analyses of chemical substances, etc., in tanks containing ALPS treated
water, etc. (Part 1)

Area and tank group
Guideline or )
ltem o o Unit G3 J4 H1 K3
permissible limit
A B E A
Hydrogen ion 5.0</<9.0 pH 8.8 8.3 7.8 8.3
Mass of suspended Permissible limit 200
. . mg/L <1 <1 <1 <1
solids (SS) (Daily average 150)
Chemical oxygen L o
Permissible limit 160
demand . mg/L 2.4 2.8 3.9 3.9
(Daily average 120)
(COD)

11 December 28, 2018, “Analysis of chemical substance in tanks containing ALPS treated water etc.”
https://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/committtee/takakusyu/pdf/012_04_01.pdf
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Guideline or

Area and tank group

Item . o Unit G3 J4 H1 K3
permissible limit
A B E A
Permissible limit 230
Boron (mg/L) mg/L 3.5 4.4 2.3 0.9
(Sea area)
Soluble iron Permissible limit 10 mg/L <1 <1 <1 <1
Copper Permissible limit 3 mg/L <0.1 <0.1 <01 <0.1
Nickel Permissible limit 2 mg/L <01 <01 <0.1 <01
Chromium Permissible limit 2 mg/L <0.1 <0.1 <01 <0.1
Zinc Permissible limit 2 mg/L <01 <01 <0.1 <01
Biochemical oxygen o o
Permissible limit 160
demand ) mg/L <1 <1 <1 <1
(Daily average 120)
(BOD)
. Permissible limit .
Coliform count ) Pieces/cm3 0 0 0 0
Daily average 3000
Cadmium Permissible limit 0.03 mg/L <0.01 <0.01 <0.01 <0.01
Cyan Permissible limit 1 mg/L <0.05 <0.05 <0.05 <0.05
Organic phosphorus Permissible limit 1 mg/L <0.1 <0.1 <01 <0.1
Lead Permissible limit 0.1 mg/L <0.01 <0.01 <0.01 <0.01
Hexavalent chromium Permissible limit 0.5 mg/L <0.05 <0.05 <0.05 <0.05
Arsenic Permissible limit 0.1 mg/L <0.01 <0.01 <0.01 <0.01
Mercury Permissible limit 0.005 mg/L <0.0005 <0.0005 <0.0005 <0.0005
It should not be
Alkyl mercury mg/L <0.0005 <0.0005 <0.0005 <0.0005
detected
Polychlorinated L -
. Permissible limit 0.003 mg/L <0.0005 <0.0005 <0.0005 <0.0005
biphenyls
Trichloroethylene Permissible limit 0.1 mg/L <0.03 <0.03 <0.03 <0.03
Tetrachloroethylene Permissible limit 0.1 mg/L <0.01 <0.01 <0.01 <0.01
Dichloromethane Permissible limit 0.2 mg/L <0.02 <0.02 <0.02 <0.02
Carbon tetrachloride Permissible limit 0.02 mg/L <0.002 <0.002 <0.002 <0.002
1,2-dichloroethane Permissible limit 0.04 mg/L <0.004 <0.004 <0.004 <0.004
1,1-dichloroethane Permissible limit 1 mg/L <01 <01 <0.1 <01
Cis-1, 2- L -
. Permissible limit 0.4 mg/L <0.04 <0.04 <0.04 <0.04
dichloroethylene
1,1,1-trichloroethane Permissible limit 3 mg/L <0.3 <0.3 <0.3 <0.3
1,1,2-trichloroethane Permissible limit 0.06 mg/L <0.006 <0.006 <0.006 <0.006
1,3-dichloropropene Permissible limit 0.02 mg/L <0.002 <0.002 <0.002 <0.002
Thiuram Permissible limit 0.06 mg/L <0.006 <0.006 <0.006 <0.006
Simazine Permissible limit 0.03 mg/L <0.003 <0.003 <0.003 <0.003
Thiobencarb Permissible limit 0.2 mg/L <0.02 <0.02 <0.02 <0.02
Benzene Permissible limit 0.1 mg/L <0.01 <0.01 <0.01 <0.01
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Guideline or

Area and tank group

Item . . Unit G3 J4 H1 K3
permissible limit
A B E A
Selenium Permissible limit 0.1 mg/L <0.01 <0.01 <0.01 <0.01
Fenitrothion Permissible limit 0.03 mg/L <0.003 <0.003 <0.003 <0.003
Phenols Permissible limit 5 mg/L <0.1 <0.1 <0.1 <0.1
. Permissible element
Fluorine mg/L <0.5 <0.5 <0.5 <0.5
15 (Sea area)
Soluble manganese Permissible limit 10 mg/L <1 <1 <1 <1
Ammonia, ammonium
mg/L <1 <1 <1 <1
compounds
Nitrous acid compound | Permissible limit 100
and nitrous acid mg/L 2 2 <1 11
compound
1,4-dioxane Permissible limit 0.5 mg/L <0.05 <0.05 <0.05 <0.05
n-Hexane Extract . -
. . Permissible limit 5 mg/L <0.5 <0.5 <0.5 <0.5
(Mineral oil)
n-Hexane Extract
(Animal and vegetable Permissible limit 30 mg/L <1 <1 <1 <1
oil)
. Permissible limit 120
Nitrogen ) mg/L 2 23 0.7 111
(Daily average 60)
Permissible limit 16
Phosphate . mg/L <0.05 <0.05 <0.05 <0.05
(Daily average 8)
Table 11-9-2 Results of analyses of chemical substances, etc. in tanks containing ALPS
treated water, etc. (Part 2)
Area and tank group
Guideline or
Item o o Unit K4 H2 G1Ss
permissible limit
A C A
Hydrogen ion 5.0</<9.0 pH 8.3 8.5 8.3
Mass of suspended Permissible limit 200
. ) mg/L <1 <1 <1
solids (SS) (Daily average 150)
Chemical oxygen o
Permissible limit 160
demand ] mg/L 0.9 1.8 1.5
(Daily average 120)
(COD)
Permissible limit 230
Boron (mg/L) mg/L 0.4 1.1 1.1
(Sea area)
Soluble iron Permissible limit 10 mg/L <1 <1 <1
Copper Permissible limit 3 mg/L <0.1 <01 <0.1
Nickel Permissible limit 2 mg/L <01 <01 <0.1
Chromium Permissible limit 2 mg/L <0.1 <01 <0.1
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Area and tank group

Guideline or
Item o o Unit K4 H2 G1S
permissible limit
A C A
Zinc Permissible limit 2 mg/L <0.1 <0.1 <0.1
Biochemical oxygen L L
Permissible limit 160
demand . mg/L 2 <1 <1
(Daily average 120)
(BOD)
] Permissible limit .
Coliform count . Pieces/cm3 0 0 0
Daily average 3000
Cadmium Permissible limit 0.03 mg/L <0.01 <0.01 <0.01
Cyan Permissible limit 1 mg/L <0.05 <0.05 <0.05
Organic phosphorus Permissible limit 1 mg/L <0.1 <01 <0.1
Lead Permissible limit 0.1 mg/L <0.01 <0.01 <0.01
Hexavalent chromium Permissible limit 0.5 mg/L <0.05 <0.05 <0.05
Arsenic Permissible limit 0.1 mg/L <0.01 <0.01 <0.01
Permissible limit
Mercury mg/L <0.0005 <0.0005 <0.0005
0.005
It should not be
Alkyl mercury mg/L <0.0005 <0.0005 <0.0005
detected
Polychlorinated Permissible limit
. mg/L <0.0005 <0.0005 <0.0005
biphenyls 0.003
Trichloroethylene Permissible limit 0.1 mg/L <0.03 <0.03 <0.03
Tetrachloroethylene Permissible limit 0.1 mg/L <0.01 <0.01 <0.01
Dichloromethane Permissible limit 0.2 mg/L <0.02 <0.02 <0.02
Carbon tetrachloride Permissible limit 0.02 mg/L <0.002 <0.002 <0.002
1,2-dichloroethane Permissible limit 0.04 mg/L <0.004 <0.004 <0.004
1,1-dichloroethane Permissible limit 1 mg/L <0.1 <0.1 <0.1
Cis-1, 2- o .
. Permissible limit 0.4 mg/L <0.04 <0.04 <0.04
dichloroethylene
1,1,1-trichloroethane Permissible limit 3 mg/L <0.3 <0.3 <0.3
1,1,2-trichloroethane Permissible limit 0.06 mg/L <0.006 <0.006 <0.006
1,3-dichloropropene Permissible limit 0.02 mg/L <0.002 <0.002 <0.002
Thiuram Permissible limit 0.06 mg/L <0.006 <0.006 <0.006
Simazine Permissible limit 0.03 mg/L <0.003 <0.003 <0.003
Thiobencarb Permissible limit 0.2 mg/L <0.02 <0.02 <0.02
Benzene Permissible limit 0.1 mg/L <0.01 <0.01 <0.01
Selenium Permissible limit 0.1 mg/L <0.01 <0.01 <0.01
Fenitrothion Permissible limit 0.03 mg/L <0.003 <0.003 <0.003
Phenols Permissible limit 5 mg/L <01 <01 <0.1
. Permissible element
Fluorine mg/L <0.5 <0.5 <0.5
15 (Sea area)
Soluble manganese Permissible limit 10 mg/L <1 <1 <1
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Area and tank group

Guideline or
Item o o Unit K4 H2 G1S
permissible limit
A C A
Ammonia, ammonium
mg/L <1 <1 <1
compounds
Nitrous acid Compound Permissible limit 100
and nitrous acid mg/L 25 7 10
compound
1,4-dioxane Permissible limit 0.5 mg/L <0.05 <0.05 <0.05
n-Hexane Extract o o
. . Permissible limit 5 mg/L <0.5 <0.5 <0.5
(Mineral oil)
n-Hexane Extract
(Animal and vegetable Permissible limit 30 mg/L <1 <1 <1
oil)
. Permissible limit 120
Nitrogen ) mg/L 246 7.5 10
(Daily average 60)
Permissible limit 16
Phosphate ) mg/L <0.05 <0.05 <0.05
(Daily average 8)
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II-7. Reason for generation of treated water to be purified

ALPS can remove the 62 nuclides subject to removal from contaminated water and make the
sum of the ratios to regulatory concentrations limits less than 1 by performing treatment once, but
as a result of estimation by the above-mentioned method, “treated water to be purified” of which
contained radioactive material concentration is equivalent to or higher than the sum of the ratios
to regulatory concentrations limits of 1 and which is to be subject to secondary treatment
accounts for 70% of all water stored in the tank (about 67% as of February 2022). The following
shows the reason depending on the timing of each treatment.

a. FY 2013 to 2015

Highly contaminated water with only cesium removed was stored in tanks at the site prior to the
start of the operation of ALPS. Due to the direct radiation and skyshine rays from the highly
contaminated water, the radiation dose at the boundary of the site was very large and assessed
to be 9.76mSv/year at the site boundary, which greatly exceeded the standard set by the
government, “The effective dose at the site boundary is less than 1mSv/year.”

In response to this situation, we continued the operation while accepting the outlet concentration
of each adsorption vessel slightly exceeding the replacement standard and treated highly
contaminated water raising the operating rate, aiming at early achievement of the effective dose
of 1mSv/year at the site boundary.

As a result, the effective dose of 1mSv/year at the site boundary was achieved at the end of FY
2015, but naturally, treated water to be purified of which radioactive material concentration is
equivalent to or higher than the sum of the ratios to regulatory concentrations limits of 1 was
stored in the tanks.

It was immediately after the start of the operation of ALPS, so excessive concentrations also
occurred due to facility trouble. Treated water to be purified of which sum of the ratios to
regulatory concentrations limits exceeds 10 thousand was caused by the facility trouble, but the
cause of the facility trouble has been removed and the event has not reoccurred.

b. FY 2016

In this period, the treatment capacity exceeded the speed of tank construction due to the
advancement of treatment of highly concentrated water up to the preceding fiscal year, so tanks
for storage of treated water were lacking, but treatment was performed to make the sum of the
ratios to regulatory concentrations limits less than 1 by accelerating construction of tanks for
storage of treated water and making use of the performance of ALPS.

Like this, the original performance of ALPS was used more appropriately than before, which
reduced the frequency of treated water to be treated of which sum of the ratios to regulatory
concentrations limits is 1 or more.
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c. FY 2017 to 2018

Immediately after the accident, we hastened to collect tanks from all over Japan and used them
for storage of contaminated water, etc. However, among these flange tanks, leak events occurred
one after another, and the storage of strontium treated water (water from which most of the
cesium and strontium has been removed before the treatment by ALPS) became an issue during
this period.

Therefore, we decided to perform early treatment of the stored strontium treated water (water
before treatment by ALPS) by ALPS to solve the issue of storage in flange tanks aiming at
completion by the end of FY 2018, and raised the operating ratio while accepting slightly
excessive concentrations at the outlet of each adsorption vessel again.

As a result, the treatment of all strontium treated water in the flange tanks was completed in
November 2018, but compared to FY2016, the frequency of exceeding the regulatory
concentration limit was higher.

All ALPS treated water, etc., stored in flange tanks have been transferred to weld tanks by March
2019.
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Attachment Il Impact of the organically bound tritium in the exposure assessment of
tritium

ALPS treated water contains a lot of tritium water (HTO). If ingested, tritium water is
converted to free water tritium (FWT), which behaves as normal water (H.O) keeping the
form of tritium water to organically bound tritium (OBT), a part of which is ingested into the
tissue. OBT remains in the body longer and has greater exposure effects than FWT, so ICRP
sets its effective dose factor of ingestion of OBT separately from tritium water. FWT is a
name representing behavior in the body, but it is the same as tritium water, so it is written as
HTO in this document.

[lI-1. Disposition of tritium

According to the model of ICRP Publication 56][llI-1], about 3% of tritiated water (HTO) taken
into the body changes into OBT and remains in the body longer than HTO. The half-life of
HTO in the body is about 10 days, while that of OBT is about 40 days. (Figure IlI-1)

On the other hand, when tritium is taken into the body as OBT, 50% is assumed to be
immediately converted to HTO in the blood. With the half-life mentioned above, each of OBT
and HTO is eventually excreted from the blood as HTO. (Figure 111-2)

Based on such a pharmacokinetic model in the body, ICRP Publication 72 [llI-2] sets the
effective dose factors for tritium as follows.

» Tritiated water (HTO) 1.8E-11 Sv/Bq
» Organically bound tritium (OBT) 4.2E-11 Sv/Bq
HTO
Blood
97% 3%
HTO OBT
Half-life of 10 days Half-life of 40 days
Excreta

Figure llI-1ICRP model for ingestion of tritiated water (HTO)
(Source: Annex C [l11-3] of UNSCEAR2016)
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OBT Digestive tract

A

Blood

50% 50%

HTO OBT

Half-life of 10 days Half-life of 40 days
Excreta <

Figure lll-2 ICRP model for ingestion of OBT
(Source: Annex C of UNSCEAR2016)

The ICRP Publication 134 [IlI-4] provides a new pharmacokinetic model that incorporates
OBT with a biological half-life of about 40 days and OBT with a biological half-life of about 1
year, which remains in the body for a more extended period. (Figures I11-3 and 111-4)
The effective dose factors based on this model are higher than those presented in ICRP
Publication 72, as shown below. Even so, calculating exposures using those factors does not
significantly affect the exposure assessment results.

* Tritiated water (HTO) 1.9E-11 Sv/Bq

+ Organically bound tritium (OBT) 5.1E-11 Sv/Bq
The model predicts that about 6% of total tritium in the body will be OBT if HTO is ingested
continuously.

OBT-1 OBT-2 50% OBT-1 OBT-2
(Short half-life) (Long half-life) A (Short half-life) (Long half-life)
A
\ 4 \ 4 \ 4 \ 4
Extravascular HTO Extravascular HTO
A
A4 v
OBT
&% 100% Blood »50% Blood
Excreta Excreta

Figure 11I-3 New ICRP model for ingestion of HTO Figure Ill-4 New ICRP model for ingestion of OBT
(Source: Annex C of UNSCEAR2016) (Source: Annex C of UNSCEAR2016)
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[lI-2. Impact of ingestion of OBT on the exposure assessment

ALPS is equipped with coprecipitation, adsorption, and physical filters, etc., which are used
to eliminate the 62 nuclides subject to removal regardless of their chemical forms. None of
the past analysis results shows the inclusion of a lot of organic matters (See Attachment Il
“Water quality of ALPS treated water, etc.”). Therefore, all tritium contained in ALPS treated
water was assumed to be HTO in the assessment of internal exposure by drinking and
ingestion of seawater spray without considering OBT.

On the other hand, a part of HTO is converted to OBT in animals and vegetables in the
environment, so a part of the tritium ingested as seafood is considered to be OBT. However,
since no concentration in the environment that changes the isotopic ratio between tritium and
hydrogen is seen, and water accounts for about 70 to 90% of seafood, it is considered that
OBT does not change the tritium concentration in seafood significantly.

The effective dose factor DCcoreciion Can be represented by the following formula where the
effective dose factor of ingestion of HTO is DCrwr, that of ingestion of OBT is DCogst, and the
ratio of OBT to the ingested tritium is X%.

DCcorrection = (1‘X/100) DCFWT+ X/lOO DCOBT (”I‘l)

Table IlI-1 shows the effective dose factor corrected by the formula (111-1).
In this report, the calculation was made with the percentage of OBT as 10% in the
assessment of internal exposure from ingestion of seafood.

Table lll-1 Effective dose factor corrected by the percentage of OBT in tritium
ingested from seafood

Effective dose factor
Remarks
Percentage of (mSv/Ba)
OBT of seafood Children
(%) Adult under school Infants
age
0 1.8E-08 3.1E-08 6.4E-08
Used for th
10 2. 0E-08 3.5E-08 7.0E-08 | ocororme
assessment
20 2.3E-08 3.9E-08 7.5E-08
100 4.2E-08 7.3E-08 1.2E-07
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I1I-3. OBT of marine plants and animals

For the isotopic ratio between HTO and OBT in the environment, the result of monitoring
performed around the La Hague reprocessing plant in France is shown (Figure 1lI-5) [IlI-5].
The isotopic ratio is the same in any species including fish and seaweed, so no trend of
concentration has been observed.

20 - , . . .
OBT, Bg.L™ o OBITS_HJ;H;%EME biota
,’/ ¢ Seaweed
15 - e ® Crustacean
:E' Mollusk
o Y .~ O Fish
by
10 - ¢ % ¢ 9
° 2 R o
Q’Nra $ +
5 - - hat
P”
.
e [ 2
/‘9 HTO, Bq.L!
0 | | | . |
0 2 10 15 20 25 30 35

Figure llI-5 Investigation result of the OBT and HTO concentrations in marine plants
and animals performed in the sea area around the La Hague reprocessing plant

In our monitoring of fish continued since 2014 around the Fukushima Daiichi Nuclear Power
Station, OBT has never been observed in the 83 samples measured so far.
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Attachment IV Analysis on the period of discharge of ALPS treated water

At the FDNPS, it is planned to secure the site necessary for decommissioning based on the
“Mid- and Long-term Roadmap toward Decommissioning of the Fukushima Daiichi Nuclear
Power Station of Tokyo Electric Power Company Holdings, Inc.” and the “Reduction Target
Map of Mid-term Risks of TEPCO Fukushima Daiichi NPS” by installing facilities for dilution
and discharge of ALPS treated water and related facilities to discharge ALPS treated water
stored in the tanks.

The following shows that the site necessary for decommissioning can be secured by
discharging ALPS treated water and reducing the tanks according to the plan, using the
ALPS treated water discharge simulation.

IV-1. Prerequisites for ALPS treated water discharge simulation

The following describes the simulation period, the specifications of the dilution and discharge
facilities, and the conditions regarding the ALPS treated water to be discharged as the
prerequisites of ALPS treated water discharge simulation.

The unit of the simulation period shall be one year from FY 2021%; discharge is to be started
in FY 2023 and discharge is to be completed in FY 20512,

As the specifications of the dilution and discharge facilities, the flow rate of ALPS treated
water is assumed to be up to 500m?/day and the annual operating rate 80% (292 days of
discharge). The seawater flow rate is assumed to be 170 to 510 thousand m®day with 1 to 3
seawater pumps assumed to be in operation.

As conditions regarding ALPS treated water to be discharged, the upper limit of the annual
discharge amount of tritium is assumed to be 22 TBq. The tank capacity in each fiscal year
shall be a constraint condition because the purpose of discharge of ALPS treated water into
the sea is to secure the site necessary for decommissioning. In addition, tritium is a
radioactive material of which half-life is about 12 years, so the annual reduction amount is
assumed to be about 5.5%. It is planned to discharge a small amount in the early stage of
discharge so the annual discharge amount of tritium of FY 2023 is set to half of that of FY
2024.

In addition, the ALPS treated water to be discharged in the future includes “(A) ALPS treated
water to be generated daily” and “(B) ALPS treated water, etc., stored in the tanks.” As the
discharge order of the water, it is assumed that about 30 thousand m?3of “ALPS treated water
stored in the tank” in the K4 tanks used as facilities for measurement and confirmation will be
discharged and then “ALPS treated water to be generated daily” and “ALPS treated water

1 The business year in Japan starts on April 1st and ends on March 31st of the following year.
2 In the Mid- and Long-term Roadmap, the goal is set to the completion of decommissioning 30 to 40 years after December
2011, in which the discharge of radioactive materials was managed and the radiation dose was greatly inhibited.
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stored in the tank” will be discharged in ascending order of the tritium concentration.
Discharge of “ALPS treated water to be generated daily” is to be continued as long as it is
generated until the total amount of tritium in the building becomes 0. In doing so, the
generation amount of contaminated water is assumed to decrease 10m?®/day every year step
by step so that the daily generation amount of “ALPS treated water to be generated daily” will
become 100m?day after 2025.

Table IV-1 Prerequisites for ALPS treated water discharge simulation

Annual release of

tritium Set the total amount of discharge so that discharge into the sea will be completed
(Less than 22 in FY 2051 to the extent that it will not affect the site utilization plan

TBqglyear)

Simulation

assessment start date April 1, 2021 (simulation by year)

Discharge start date April 1, 2023

ALPS treated water Up to 500 m¥/day

flow rate
Seawater flow rate 170 thousand m3/day (1 seawater pump) to 510 thousand m3/day (3 seawater
for dilution pumps)

About 30 thousand m? of water in the K4 tank used as facilities for measurement
ALPS treated water and confirmation will be discharged in ascending order of the tritium concentration
discharge order After that, the water in the other tanks and the newly generated ALPS treated water

will also be discharged in ascending order of the tritium concentration

The half-life is considered to be about 12 years (decrease by about 5.5% in 1 year)

Tritium decay and decay is considered for newly generation one as well

ALPS treated water The generation amount of contaminated water is assumed to decrease 10m?3/day
generation amount every year step by step so that it will become 100m?/day after FY 2025

Number of days of

: e
discharge 292 days (Operating rate: 80%)

“ALPS treated water to be generated daily” will be generated in the future and is highly
uncertain, so the assessment was performed in two cases: cases with the largest and
smallest total amounts of tritium, respectively. In the case with the largest total amount of
tritium, it is assumed that the concentration of newly generated tritium is the largest value,
448 thousand Bq/L, between January and June 2021 and the total amount of tritium in the
building is about 1150 TBq assuming that the whole of 3400 TBq remain in the building or
tanks at the time of the accident. In the case with the smallest total amount of tritium, it is
assumed that the concentration of newly generated tritium is the smallest value, 215
thousand Bq/L, between January and June 2021 and the total amount of tritium in the
building estimated from the stagnant water storage amount and concentration in the building
is about 81 TBq.
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Table IV-2 Assessment case of ALPS treated water discharge simulation

Case

Case with the largest total amount of tritium

Case with the smallest total amount of
tritium

Concentration of
newly generated
tritium

448 thousand Bq/L
(January 5, 2021, Largest in 2021)

215 thousand Bq/L
(June 1, 2021, Smallest in 2021)

Total amount of
tritium in the
building

(As of April 1, 2021)

About 1150 TBq
(At the time of the accident, the whole of 3400
TBq remained in the building and tanks)

About 81 TBq
(Estimated from the stagnant water storage
amount and concentration in the building)

Based on these prerequisites, we assessed the minimum value of the annual tritium

discharge amount of every year, the water storage amount of ALPS treated water, etc., the

average flow rate of ALPS treated water, and the average tritium concentration before and

after seawater dilution.

IV-2. ALPS treated water discharge simulation result

For each case, we changed the annual total tritium charge amount not to affect the site

usage plan and assessed the total discharge amount, with which discharge into the sea will
be assessed in FY 2051. As a result, it was verified that the maximum and minimum annual
tritium discharge amounts of the case with the largest and smallest total tritium amount are
up to 22 and 16 TBq, respectively, and discharge will be completed by FY 2051 with the
annual amount below 22 TBq in both cases.

The annual tritium discharge amount of each fiscal year was 11 TBq/year in FY 2023, 22
TBq/year between FY 2024 and FY 2029, 18 TBq/year between FY 2030 and FY 2032, and
16 TBq/year in and after FY 2033 in the case with the largest total tritium amount. On the
other hand, it was 8 TBq/year in FY 2023, 16 TBqg/year between FY 2024 and FY 2028, and
11 TBqg/year in and after FY 2029 in the case with the smallest total tritium amount.
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Figure IV-1 Case with the largest total amount of tritium
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Figure IV-2 Case with the smallest total amount of tritium

Attachment V-4

600

500

400

300

200

100

600

500

400

300

200

100

[Aep/cwi] 191em pajeal} SV 4O d1eImoj} abelanye

[4231/bg] uonN|Ip J91eMESS 49148 WNI}LI} JO UOIIRIIUSIUOD dbeIaAY

[Aep/cwy] 1a1em pajeal} SV 4O d1eimol) abeiany.

[42311/bg] uonN|Ip J21eMeas Jd}je WNI}I} JO UOIIRIIUSIU0D dbelany



Attachment V  Impacts of intake and discharge of diluted water on outside

For discharge of ALPS treated water, the concentration of tritium, which is difficult to remove,
is diluted with seawater 100 or more times until it becomes less than 1,500Bg/L, which is
much lower than that specified in laws and regulations, before discharge. The seawater for
diluting the ALPS treated water is planned to be taken from the unit 5 intake. However,
regarding the seawater concentration within the port, the concentration of radioactive
materials is slightly higher than that of the seawater in the surrounding sea area. Considering
this point, as well as the impact of the seabed soil within the port, the seawater will be drawn
from the north side of the unit 5/6 discharge outlet in the plan.

V-1. State of the concentration in seawater in the port

The current state of Cs-137 concentration in the port is shown in Figure V-1. The
concentration near the water intake of units 1 to 4 is high, and it becomes lower as
measurement points are away from the water intake of units 1 to 4 toward the port outlet or
units 5/6.

Note:
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Figure V-1 State of the Cs-137 concentration in the port

V-2. Assumed impacts of intake and discharge of seawater for dilution on outside and
countermeasures
As shown in V-1., the radioactive material concentration in seawater in the port tends to be
high near units 1 - 4 intake. Seawater for dilution is planned to be taken from near the unit 5
intake and seawater with high concentration may be drawn from the unit 1 - 4 intake open-
channel to the unit 5/6 side.
As a countermeasure in the installation of intake facilities, a unit 5/6 intake open-channel will
be separated with a partition weir (riprap sloping weir + sheet) for prevention of inflow of
seawater from the units 1 - 4 side, and instead a part of the north breakwater permeation
prevention work will be remodeled so that the seawater for dilution is taken in from outside
the port. (Figure V-2)
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As a result, the concentration of radioactive materials in seawater in the unit 5/6 intake open-
channel may decrease. In contrast, the concentration around the unloading wharf, where
diffusion to the unit 5/6 intake channel will be restricted, may slightly increase, but the impact
of intake and discharge of seawater for dilution on outside is considered to be inhibited.
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Figure V-2 Intake and discharge plan and state of
the Cs-137 concentration in the port

V-3. Assessment of the impacts of intake and discharge of seawater for dilution on outside
To verify the effect of the countermeasure, external effects were compared and assessed in
cases where seawater inside the port (area on the side of units 1 to 4) is taken in and where
seawater outside the port (north side of the unit 5/6 discharge outlet) is taken in.

The assessment was performed by adding the movement amount of the radioactive
materials that move to outside the port with seawater for dilution to the source term in the
human exposure assessment of discharge of ALPS treated water.

(1) Setting of the movement amount of the radioactive materials added to the source term
Concentrations of seawater for dilution used for comparison and assessment are set based
on the monitoring results (for about 3 years from FY 2019). The water taken from the outside
of the port was on the north of the unit 5/6 discharge outlet, and the water taken within the
port was north side within the port. (Figure V-3)

The target nuclides are Cs-137, Sr-90, and tritium whose presence in the seawater in the
port was verified and which are subject to monitoring (For Cs-137 and Sr-90, the progeny
nuclides, Ba-137 and Y-90, are assumed to be contained at the same concentration in the
equilibrium state).
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The minimum detection limits differ between the port and outside the port (it is higher within
the port). Based on this, there is a possibility that the Cs-137 and tritium on the north side
within the port are overestimated, but it is clear that the concentrations on the north side of

the unit 5/6 discharge outlet are lower.

Note:

1. Regarding the concentration of Cs-137 for the north side of the
unit 5/6 discharge outlet, weekly detailed analysis results were
used, and for the north side within the port daily analysis results
were used.

2. Regarding the concentration of Sr-90, for the north side of the
unit 5/6 discharge outlet monthly analysis results were used, and
for the north side within the port weekly analysis results were
used.

3. For the H-3 concentrations, the weekly analysis results are used
for both cases.

4. The calculation period for FY2021 is 9 months, from April 1,
2021, to December 31, 2021.z ‘

Legend

Point where the mean Cs-137 concentration
exceeds 1 Ba/L

Point at 0.7 to 1 Bg/L

Point less than 0.7 Bg/L

o st o1 o 56 dechage
Fiscal year | S5 once Sr-90 oneer H3 oncen
2019 1.6E-01 3.0E-03 1.0E+00
2020 1.4E-01 1.6E-02 1.1E+00
2021 4.2E-01 2.1E-02 1.1E+00
con o 2.4E-01 1.3E-02 1.1E+00
D
| =N
7 - 1
7 ] North side within the port
\ CID D171 Cs-137 Sr-90 H3
Fiscal year
T (Ba/L) (Bg/L) (Ba/L)
L 1 2019 4.4E-01 3.6E-02 2.0E+00
L : 2020 —~ —
. ,ﬂ ? = - 4.1E-01 2.3E-02 2.2E+00
2021 5.2E-01 7.0E-02 2.1E+00
neemament 4.6E-01 4.3E-02 2.1E+00

Figure V-3 Radioactive material concentration of seawater for dilution used for
comparison and assessment

The movement amount M(i) of nuclide i, which is a radioactive material included in seawater
for dilution (if three seawater pumps for dilution are in operation) and moving to outside the
port, was calculated from the concentration in seawater for diluted water, Cp(i), set above by

the following equation:

M(i) [Bg/year] = Co(i) [Bg/L] x 510,000 [m3/day] x 1000 [L/m?] x 365 [day/year] x 0.8

(availability rate)

Two types of source terms were used for the assessment: “measured values of the K4 tank
group” and “measured values of the J1-G tank group” used for radiological impact
assessment. The amount of added radioactivity transferred is shown in Table V-1.
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Table V-1 Annual amount of radioactivity transferred by nuclide of seawater for

dilution

Water intake outside the port

(North side of the unit 5/6 discharge

Water intake inside the port
(North side within the port)

outlet)
Concentration Volume to be Concentration Volume to be
for assessment transferred for assessment transferred
Nuclide (Bg/L) (Bgl/year) (Bg/L) (Bgl/year)
Cs-137 2.4E-01 3.6E+10 4.6E-01 6.9E+10
Sr-90 1.3E-02 1.9E+09 4.3E-02 6.4E+09
H-3 1.1E+00 1.6E+11 2.1E+00 3.1E+11

(2) Study results

The results of the exposure assessment are shown in Tables V-2 and V-3. Water intake
outside the port has fewer impacts on the external exposures.
However, the results in both assessments are more minor compared with the dose limit of 1
mSv/year and the target dose for domestic nuclear power plant of 0.05 mSv/year, which is
corresponding to the dose constraint. Even if seawater inside the port is taken in for dilution,
the impact of radiation exposure is more minor.
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Table V-2 Comparison of the exposure assessment results of representative persons

(Large amount of ingestion of seafood)

Source term of the K4 tank group based on

measured values

Source term of the J1-G tank group based on

measured values

Assessed case Exposure oﬂs’ﬁr méa:;zn Water intake inside Exposure DL’Y;L: :L‘S;zn Water intake inside Remarks
assessment (North side of the the port assessment (North side of the the port
underchprmal unit 5/6 discharge (North siggn\;vithin the unde:jlrlprmal unit 5/6 discharge (Norttlp]sigsnv‘)/ithin
conditions outlet) conditions outlet)
Sea surface 6.5E-09 7.4E-08 1.4E-07 4.7E-08 1.1E-07 1.8E-07
External Hull 4.8E-09 5.8E-08 1.1E-07 3.3E-08 8.7E-08 1.4E-07
exposure During swimming 4.5E-09 5.1E-08 9.4E-08 3.2E-08 7.9E-08 1.2E-07
(mSv/year) Beach sand 7.8E-06 9.4E-05 1.7E-04 5.6E-05 1.4E-04 2.2E-04
Fishing net 1.6E-06 1.7E-05 3.1E-05 1.2E-05 2.7E-05 4.1E-05
Internal Ingestion of water 3.3E-07 7.3E-07 1.2E-06 3.2E-07 7.2E-07 1.2E-06 Value of an adult
exposure Inhalation of spray 9.3E-08 4.1E-07 7.8E-07 4.0E-07 7.2E-07 1.1E-06
(mSviyear) ngestion of 6.1E-05 7.3E-05 8.4E-05 3.0E-04 3.1E-04 3.2E-04
Total 7E-05 2E-04 3E-04 4E-04 5E-04 6E-04

Table V-3 Results of internal exposures assessment by age

(Large amount of ingestion of seafood)

Source term of the K4 tank group based on

measured values

Source term of the J1-G tank group based on

measured values

Water intake . . Water intake . L
Assessed case Doomue | ouneg | Was e | Boore TSGR, Wk nede | Remarks
(North side of the ! o (North side of the ; -
under normal unit 5/6 discharge (North side within under normal unit 5/6 discharge (North side within
conditions outlet) the port) conditions outlet) the port)
Internal exposure Adult 3.3E-07 7.3E-07 1.2E-06 3.2E-07 7.2E-07 1.2E-06
from ingestion of | Child under | ¢ 7 7 9.2E-07 1.4E-06 5.5E-07 9.0E-07 1.3E-06
water school year
(mSvlyear) Infant - — — - - -
Internal exposure Adult 9.3E-08 4.1E-07 7.8E-07 4.0E-07 7.2E-07 1.1E-06
from inhalation of | Child under | o, ;g 2.8E-07 5.4E-07 2.2E-07 4.4E-07 6.9E-07
spray school year
(mSvl/year) Infant 4.0E-08 1.5E-07 2.9E-07 1.2E-07 2.3E-07 3.6E-07
Internal exposure Adult 6.1E-05 7.3E-05 8.4E-05 3.0E-04 3.1E-04 3.2E-04
from ingestion of | Child under | g 4 g 9.9E-05 1.1E-04 5.6E-04 5.6E-04 5.7E-04
seafood school year
(mSvl/year) Infant 1.1E-04 1.1E-04 1.2E-04 7.1E-04 7.1E-04 7.2E-04
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Attachment VI  Transfer pathways and exposure pathways other than the
assessment targets

The Radiological Impact Assessment Report Regarding the Discharge of ALPS Treated
Water into the Sea (design stage) (November 2021, hereinafter called “the original report”)
refers to “Dose Assessment to the General Public in the Safety Review of Commercial Light
Water Reactor Facilities” approved by the former Nuclear Safety Commission, which had
been formulating the domestic safety guidelines, (hereinafter called “Dose Assessment of
Light Water Reactor”) and the Application for the Designation of Reprocessing Business of
Rokkasho Plant, (hereinafter called “Rokkasho Application”) which is a precedent case, in
the selection of the migration and exposure pathways, as well as using IAEA GSG-10 as a
reference. In “Dose Assessment of Light Water Reactor,” case studies of potentially
important exposure pathways are performed as the examination of the basic concept of the
dose assessment to the public in the safety review of reactor facilities for power generation,
and the following pathways are simulated as the dose assessment with the radioactive
materials in liquid waste.

(1) External exposure during work at sea

(2) External exposure during swimming

(3) External exposure during work at a beach

(4) External exposure during fishing operation

(5) Internal exposure from ingestion of seafood
As a result of the simulation, internal exposure from ingestion of seafood is considered to be
the most important form of exposure from intake of liquid waste.
On the other hand, the following exposure pathways were assessed and reviewed in the
Rokkasho Application.

(1) External exposure from sea surface

(2) External exposure from hulls

(3) External exposure during underwater work

(4) External exposure from fishing nets

(5) Internal exposure from ingestion of seafood
External exposure during work at a beach was not selected because there is no beach in the
vicinity. In the original report, migration and exposure pathways were first selected based on
these documents.
On the other hand, IAEA GSG-10 shows pathways to be considered for transfer and
exposure pathways. These transfer pathways and exposure pathways were examined again
from the viewpoint of the comprehensiveness of the pathways, and after the simulation of the
exposure dose, the additional pathways were examined from the viewpoint of the scale and
comprehensiveness of exposure.
Specifically, the transfer and exposure pathways described in the IAEA-TECDOC-1759 [VI-1]
(radiological assessment procedures for determining the suitability of materials for sea
dumping) were assessed using the assessment method shown in this document and
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compared with the exposure assessment results in the original report, and studied on needs

of immigration and addition of exposure pathway.

VI-1. Comparative assessment by the method of TECDOC -1759

VI-1-1. Source term

Since nuclides with large exposure impacts differ depending on the exposure assessment
method and pathway, the source term based on the measured values including all the 64

nuclides was used.

VI-1-2. Modeling of diffusion and transfer in the environment
The following migration pathways were selected in accordance with the pathways shown by
IAEA in GSG-10.

(1)

(2)

3)

(4)

Direct radiation

The radioactive materials handled in the disposal of ALPS treated water is limited
to ALPS treated water or diluted ALPS treated water. ALPS treated water is water
purified in advance until the sum of the ratios to regulatory concentrations limits of
the radioactive materials other than tritium becomes less than 1. Therefore, it was
not selected as a migration pathway in the original report considering that there is
almost no impact of exposure from ALPS treated water and the direct radiation from
the facility.

Not selected in this assessment either.

Diffusion in air, and deposition from the atmosphere onto the ground surface and

subsequent resuspension

Since ALPS treated water is diluted with seawater and discharged into the sea as

liquid and further diluted in the sea before migration to air, it was not selected as a
migration pathway in the original report considering that there is almost no impact
of exposure from the radioactive materials diffused into the air.

Not selected in this assessment either.

Advection and diffusion in seawater

Since ALPS treated water is discharged into the sea as liquid, advection and
diffusion in seawater were selected in the original report.

Selected in this assessment as well.

Migration from seawater to hulls
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(6)

(7)

(8)

Radioactive materials diffused in seawater may migrate to the hulls of ships
continuously operating in the surrounding sea area, so it was selected as a
migration pathway in the original report.

In TECDOC-1759, no example of a pathway or calculation method is exemplified,
So it is not subject to simulation in this assessment.

Migration from seawater to coastal sediment

Since radioactive materials advected and diffused in seawater may migrate to
coastal sediment, it was selected as a migration pathway in the original report.
In TECDOC-1759, examples of a pathway and a calculation method are also
exemplified, so it was also selected in this assessment.

Migration from seawater to suspended particles and seabed sediment
Radioactive materials advected and diffused in seawater are partly adsorbed by
suspended particles and seabed sediment, and the concentration in seawater
decreases due to the migration. On the other hand, radioactive materials
accumulate in seabed sediment, and the concentration in seawater and the
concentration in seabed sediment will reach equilibrium in the long term. In the
original report, it was not conservatively considered in the stage of advection or
diffusion and it was considered that the equilibrium state was achieved with the
distribution factor with seabed sediment in the exposure assessment of marine
plants and animals.

In TECDOC-1759, an example of a calculation method was exemplified with a
model of discharged radioactive materials migrating from seawater to suspended
particles and seabed sediment, so it was also selected in this assessment.

Migration from seawater to fishing nets

Radioactive materials advected and diffused in seawater may migrate to fishing
nets used in seawater. Since it was assessed in the domestic precedent case, it
was selected in the original report.

In TECDOC-1759, no example of a pathway or calculation method is shown, so it

was not selected in this assessment.

Migration from seawater to the atmosphere
Since ALPS treated water was diluted with seawater as liquid before being
discharged into the sea and diluted in the sea before migration to air, it was not
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(9)

selected as a migration pathway in the report considering that there is almost no
impact of exposure from the radioactive materials diffused from seawater to air.

In TECDOC-1759, examples of a pathway of migration as spray from seawater and
a calculation method are exemplified, so it was selected as a pathway.

Migration from coastal sediment to air

Since only a small amount of coastal sediment migrates to the air, and it remains
on the seashore for only a short time, so the exposure impact was negligible and it
was not selected as a migration pathway in the original report.

In TECDOC-1759, examples of a pathway and a calculation method are
exemplified, so it was selected as a pathway.

(10) Migration from seawater to seafood

Migration (concentration) from seawater to seafood is widely known and has been
assessed in domestic precedent cases including light water reactors, so it was
selected in the original report.

In TECDOC-1759, examples of a pathway and a calculation method are
exemplified, so it was also selected as a pathway.

Though the diffusion simulation uses the same calculation result as that of the report, in
TECDOC-1759, the dissolved concentration Cpw(j) is calculated considering the suspended
particle concentration and migration to seabed sediment from the equilibrium concentration
Csox(j) of nuclide j calculated from the annual discharge amount of the nuclides discharged
into the calculation area and the amount of seawater which passes through the calculation
area by the following equation:

where

Cow())= CBOX(]% (VI-1)
1+Kq () (S+-EPB)
Kd(j) is the sediment partition factor of radionuclide j (m3/kg)
S is the suspended sediment concentration (kg/m?3), 3E-03 kg/m3is used
Le is the thickness of the sediment boundary layer (m), 1E-02 m is used
Pe is the density of the sediment boundary layer (kg/m?3), 1500 kg/m? is used
D is the water depth of the model (m), A water depth of 12 m, the depth of

the discharge point, is used
The mass density Cy(j) (Bg/kg) of the suspended particles was obtained by the
following equation:

Cr(j)=Ka(j)Cow()) (VI-2)

Attachment VI-4



The total concentration in seawater Cy(j) of dissolved and suspended particles was
obtained by the following equation:

Cw())=(1+Ka(j)S) Cow()) (VI-3)

VI-1-3. Identification of exposure pathways
The following exposure pathways were simulated from the pathways and calculation
methods shown in TECDOC-1759.
» External exposure from beach sand
* Internal exposure from accidental ingestion of coastal sediment
* Internal exposure from accidental ingestion of seawater
* Internal exposure from accidental inhalation of dispersed coastal sediment
* Internal exposure from inhalation of seawater spray
* Internal exposure from ingestion of seafood
* Exposure due to skin contamination
The calculation method is as follows:

(1) External exposure from beach sand
The external exposure from nuclide migrated to beaches Eex:shore,pubiic(SV) is calculated
by the following equation:

Eext,shore,publicztpublich CS (j)DCgr (]) (V| -4)

N_Cr(J)psds
Cs ()= 50" (V1-5)

where

toublic is the time spent at the beach (h)

DCq(j) is the dose conversion factor for ground contamination of radionuclide j
((Sv/h)/(Bg/m?)); Dose conversion factors for ground surface
contamination specified in the latest FGR 15[VI-2] prepared by the United
States Environmental Protection Agency were used (See in Table VI -1).

Cs(j) s the surface contamination density of radionuclide j in the shore
sediments (in Bg/m?)

Ps is the density of coastal sediment (kg/m?), 1.5 E + 03 kg/m?® is used
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ds is the effective thickness of coastal sediment (m), 0.1 m is used
The activity concentration radionuclide j in suspended particles Cy(j) (Bg/kg-dry
weight) is calculated by equation (VI-2).

(2) Internal exposure from accidental ingestion of coastal sediment
The internal exposure from accidental ingestion of coastal sediment Eing, shore, public (SV) IS
calculated by the following equation:

Eing,shore,public:tpublicHshorer ;::_S; Dcing (]) (VI _6)

where

tpublic is the time spent at the beach (h)

Hshore IS the hourly ingestion rate of beach sediment (kg/h), 5.0E-06kg/h, the
recommended value of TECDOC-1759, is used

Cs(j)  is the surface contamination density of radionuclide j in the shore
sediments (Bg/m?)

Ps is the density of coastal sediment (kg/m?), 1.5 E + 03 kg/m? is used

ds is the effective thickness of coastal sediment (m), 0.1 m is used

DCing(j) is the effective dose (Sv/Bq) [VI-3] per unit intake by ingestion of
radionuclide j (See Table VI -2).

(3) Internal exposure from ingestion of seawater
The internal exposure from accidental drinking of seawater during swimming on the
seashore Earinkpuviic (SV) is calculated by the following equation:

Edrink,publicztpuincstiij Cw (]) Dcing (]) (VI '7)

where

toublic is the time spent while swimming (h)

Hswim  is the intake rate of seawater during swimming (L/h); conservatively,
0.2L/h is used.

Cw(j) is the concentration of nuclide j in the seawater calculated by equation (VI-
3) (Ba/m?);

DCing(j) is the effective dose (Sv/Bq) [VI-3] per unit intake by ingestion of
radionuclide j (See Table VI -2).
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(4) Internal exposure from accidental inhalation of dispersed coastal sediment
The internal exposure from inhalation of dispersed coastal sediment on the shore

Einn.shore,public (SV) is calculated by the following equation:

Einh,shore,public:tpublicRinh,publicDLshorer Cp (j)DCinh (]) (VI '8)

where

tpublic is the time spent at the beach (h)

Rinh, pubiiciS the inhalation rate of a member of the public in m%h, the recommended
value of TECDOC-1759 (0.92m?h for adults) is used

DLshore is the load factor (kg/m?®) for dust from coastal sediment, 2.5E-09 kg/m?3,
the recommended value of TECDOC-1759, is used

DCinn(j) is the effective dose (Sv/Bq) per unit intake by inhalation of radionuclide j
(See in Table VI -3).

The concentration of radionuclides in sediment Cp(j) (Bg/kg) can be calculated by
equation (VI-2).

(5) Internal exposure from inhalation of seawater spray
The internal exposure from seawater spray caused by wave, etc., on the shore

Einn,spray,public (SV) is calculated by the following equation:

Cspr . .
Einh,spray,public=tpublic® Rinh,public S; - Zj Cw(])Dth(]) (V|-9)

w

where

toublic is the time spent at the beach (h)

Rinh, pubiiciS the inhalation rate of a member of the public (m®/h), the recommended
value (0.92 m?h for adults) is used

Cspray IS the concentration of seawater spray in the air (kg/m?®), 1.0E-02kg/m?, the
recommended value of TECDOC-1759, is used

Pw is the density of seawater (kg/m?3), 1E+03 kg/m? is used

Cw(j) s the concentration of radionuclide j in the seawater (Bg/m3)

DCinn(j) is the effective dose per unit intake by inhalation (Sv/Bq) (See Table VI -
3).
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(6) Internal exposure from ingestion of seafood
The internal exposure from ingestion of seafood Eingood,pubiic (SV) is calculated by the

following equation:

Eing,food,publiczzk Hp (k)zl Cgp (J ) k)DCing(j) (Vl -10)

where
Hg(k) is the annual ingestion of seafood k (kg)
DCing(j) is the effective dose per unit intake by ingestion of radionuclide j (Sv/BQ)
(See Table VI -2).
Ces(j,k) is the concentration of nuclide j in the edible part of seafood k and

calculated by the following equation:

Ces(j,k)=CF(j,k)Cow(j) (VI-11)

where
CF(j,k) is the concentration factor for nuclide j of seafood k ( (Bg/kg)/(Bg/L)).
Cow(j) is the dissolved concentration of radionuclide j in the seawater (Bg/m?) and

is calculated by equation (VI-1).

(7) Exposure of the skin from sea seabed sediment settled on the skin
Exposure from sea seabed sediment that is adhered to fishing nets during fishing
operation and settled on the skin was simulated and the skin effective dose Eskin(Sv) is

calculated by the following equation:
Eskin:0.0ltpublich Sd DCSkIn(J)/8760 (V|‘12)
where

0.01 is the skin tissue loading factor.

tounic IS the duration of exposure (h).
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DCsin(j) is the dose conversion factor for the skin ((Sv/y)/(Bg/cm?)) specified in
IAEA SRS44[VI-4] (beta and gamma-ray emitting nuclides) (See Table VI -
4).

8760 s the unit conversion factor (hly)

Sd is the surface contamination density (Bg/cm?) calculated by the following
equation:
S¢=Ka(j)Cow(j)pd (VI-13)
where

Ka(j) s the distribution factor of the nuclide j between seawater and sea seabed
sediment ((Bqg/kg)/(Bg/L))
Cow(j) is the concentration of nuclide j in seawater (Bg/L)

p is the density of sea seabed sediment (kg/cm?), 1.5 E-03 kg/cm? is used.
d is the thickness of the sea seabed sediment settled on the skin (cm), 0.01
cm is used.

VI-1-4. Setting of the representative person subject to the exposure assessment
The features of representative persons subject to the exposure assessment were the same
as 6-1-2.(4).

Engage in fishing 120 days (2,880 hours) a year, of which 80 days (1,920 hours) are
spent near fishing nets.

Stay at the beach 500 hours a year and swim for 96 hours.

The ingestion of seafood is the intake of persons who consume a large amount of
seafood. (Table VI-5)
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Table VI-1 Dose conversion factor for the effective dose from radiation from beach
sand (Source: U.S. EPA FGR15)

Dose conversion
Nuclide ;;gtcotirv?:jt:see Remarks
((Sv/s)/(Bg/m?))

H-3 6.7E-22
C-14 6.1E-19
Mn-54 5.3E-16
Fe-59 7.3E-16
Co-58 6.2E-16
Co-60 1.5E-15
Ni-63 8.0E-20
Zn-65 3.6E-16
Rb-86 1.6E-16
Sr-89 8.9E-17
Sr-90 6.5E-18
Y-90 1.5E-16
Y-91 9.4E-17
Nb-95 4.9E-16
Tc-99 2.0E-18
Ru-103 3.2E-16
Ru-106 1.7E-20
Rh-103m 4.3E-20
Rh-106 3.4E-16
Ag-110m 1.7E-15
Cd-113m 6.3E-18
Cd-115m 1.1E-16
Sn-119m 9.6E-19
Sn-123 8.1E-17

Sn-126 1.1E-15 Sb-126m is considered
Sh-124 1.2E-15
Sbh-125 2.7E-16
Te-123m 7.7E-17
Te-125m 4.1E-18
Te-127 1.5E-17

Te-127m 1.7E-18 Te-127 is considered

Te-129 1.1E-16
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Dose conversion
factor for the

Nuclide offective dose Remarks
((Sv/s)/(Ba/m?))
Te-129m 5.1E-17 Te-129 is considered
1-129 4.4E-18
Cs-134 1.0E-15
Cs-135 1.6E-18
Cs-136 1.3E-15
Cs-137 7.9E-18
Ba-137m 3.9E-16
Ba-140 1.6E-15 La-140 is considered
Ce-141 4.5E-17
Ce-144 1.1E-17
Pr-144 2.0E-16
Pr-144m 3.5E-18
Pm-146 4.8E-16
Pm-147 9.4E-19
Pm-148 4.6E-16
Pm-148m 1.3E-15
Sm-151 1.1E-19
Eu-152 7.2E-16
Eu-154 7.9E-16
Eu-155 3.1E-17
Gd-153 4.3E-17
Th-160 7.1E-16
Pu-238 2.1E-20
Pu-239 4.2E-20
Pu-240 2.2E-20
Pu-241 1.7E-21
Am-241 9.9E-18
Am-242m 1.4E-17 Am-242 is considered
Am-243 1.3E-16 Np-239 is considered
Cm-242 2.6E-20
Cm-243 7.1E-17
Cm-244 3.1E-20
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Table VI-2 Committed effective dose per unit intake for ingestion (Source: IAEA GSR-

Part3)
Effective dose factor (Sv/Bq)
Target Nuclide Child under Remarks
Adult Infant
school age
H-3 (HTO) 18E-11 | 3.1E-11 | 6.4E-11 :ﬂlzeegtfiggtgfﬁ;f;ssmem of
H-3 (considering psed for the assessment of.
OBT) 2.0E-11 3.5E-11 7.0E-11 | ingestion of seafood assuming that
10% of tritium to be ingested is OBT
C-14 5.8E-10 9.9E-10 1.4E-09
Mn-54 7.1E-10 1.9E-09 5.4E-09
Fe-59 1.8E-09 7.5E-09 3.9E-08
Co-58 7.4E-10 2.6E-09 7.3E-09
Co-60 3.4E-09 1.7E-08 5.4E-08
Ni-63 1.5E-10 4.6E-10 1.6E-09
Zn-65 3.9E-09 9.7E-09 3.6E-08
Rb-86 2.8E-09 9.9E-09 3.1E-08
Sr-89 2.6E-09 8.9E-09 3.6E-08
Sr-90 2 8E-08 4.7E-08 2 3E-07 Including the impact of the progeny
nuclide
Y-90 2.7E-09 1.0E-08 3.1E-08
Y-91 2.4E-09 8.8E-09 2.8E-08
Nb-95 5.8E-10 1.8E-09 4.6E-09
Tc-99 6.4E-10 2.3E-09 1.0E-08
Ru-103 7.3E-10 | 24E-09 | 7.1E-09 'n”uc(':‘ljigieng the impact of the progeny
Ru-106 70E-00 | 2.5E-08 | 8.4E-08 'n”uc(':‘ljigieng the impact of the progeny
Rh-103m 3.8E-12 1.3E-11 4.7E-11
Independent intake is not
Rh-106 - - - considered because the half-life is
short enough (about 30 seconds).
Ag-110m 2.8E-09 7.8E-09 2.4E-08
Cd-113m 2.3E-08 3.9E-08 1.2E-07
Cd-115m 3.3E-09 9.7E-09 4.1E-08
Sn-119m 3.4E-10 1.3E-09 4.1E-09
Sn-123 2.1E-09 7.8E-09 2.5E-08
Sn-126 4.7E-09 1.6E-08 5.0E-08
Sh-124 2.5E-09 8.4E-09 2.5E-08
Sh-125 1.1E-09 3.4E-09 1.1E-08
Te-123m 1.4E-09 4.9E-09 1.9E-08
Te-125m 8.7E-10 3.3E-09 1.3E-08
Te-127 1.7E-10 6.2E-10 1.5E-09
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Effective dose factor (Sv/BQq)

Target Nuclide Child under Remarks
Adult Infant
school age
Te-127m 2.3E-09 9.5E-09 4.1E-08
Te-129 6.3E-11 2.1E-10 7.5E-10
Te-129m 3.0E-09 | 12E-08 | 4.4E-08 'n”ucc'ﬁgéng the impact of the progeny
1-129 1.1E-07 1.7E-07 1.8E-07
Cs-134 1.9E-08 1.3E-08 2.6E-08
Cs-135 2.0E-09 1.7E-09 4.1E-09
Cs-136 3.0E-09 6.1E-09 1.5E-08
Cs-137 1.3E-08 | 9.6E-09 | 2.1E-08 'n”ucéﬁgéng the impact of the progeny
Independent intake is not
Ba-137m - - - considered because the half-life is
short enough (about 2.6 minutes).
Ba-140 2.6E-09 9.2E-09 3.2E-08
Ce-141 7.1E-10 2.6E-09 8.1E-09
Ce-144 52E-09 | 1.9E-08 | 6.6E-08 'n”uc(':ﬁgie”g the impact of the progeny
Pr-144 5.0E-11 1.7E-10 6.4E-10
Independent intake is not
Pr-144m - - - considered because the half-life is
short enough (about 7.2 minutes).
Pm-146 9.0E-10 2.8E-09 1.0E-08
Pm-147 2.6E-10 9.6E-10 3.6E-09
Pm-148 2.7E-09 9.7E-09 3.0E-08
Pm-148m 1.7E-09 5.5E-09 1.5E-08
Sm-151 9.8E-11 3.3E-10 1.5E-09
Eu-152 1.4E-09 4.1E-09 1.6E-08
Eu-154 2.0E-09 6.5E-09 2.5E-08
Eu-155 3.2E-10 1.1E-09 4.3E-09
Gd-153 2.7E-10 9.4E-10 2.9E-09
Th-160 1.6E-09 5.4E-09 1.6E-08
Pu-238 2.3E-07 3.1E-07 4.0E-06
Pu-239 2.5E-07 3.3E-07 4.2E-06
Pu-240 2.5E-07 3.3E-07 4.2E-06
Pu-241 4.8E-09 5.5E-09 5.6E-08
Am-241 2.0E-07 2.7E-07 3.7E-06
Am-242m 1.9E-07 2.3E-07 3.1E-06
Am-243 2.0E-07 2.7E-07 3.6E-06
Cm-242 1.2E-08 3.9E-08 5.9E-07
Cm-243 1.5E-07 2.2E-07 3.2E-06
Cm-244 1.2E-07 1.9E-07 2.9E-06
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Table VI-3 Committed effective dose per unit intake from inhalation (Source: IAEA

GSR-Part3)
Effective dose factor (Sv/Bq)
Target Nuclide Child under Remarks
Adult Infant
school age
H-3 186-11 | 31E-11 | 6.4E-11 Igsocr?g\fsrjéon factor of tritium

C-14 5.8E-09 1.1E-08 1.9E-08
Mn-54 1.5E-09 3.8E-09 7.5E-09
Fe-59 4.0E-09 8.1E-09 2.1E-08
Co-58 2.1E-09 4.5E-09 9.0E-09
Co-60 3.1E-08 5.9E-08 9.2E-08
Ni-63 1.3E-09 2.7E-09 4.8E-09
Zn-65 2.2E-09 5.7E-09 1.5E-08
Rb-86 9.3E-10 3.4E-09 1.2E-08
Sr-89 7.9E-09 1.7E-08 3.9E-08

Sr-90 16E-07 | 27E-07 | 4.2E-07 'nnucgﬁgéng the impact of the progeny
Y-90 1.5E-09 4.2E-09 1.3E-08
Y-91 8.9E-09 1.9E-08 4.3E-08
Nb-95 1.8E-09 3.6E-09 7.7E-09
Tc-99 1.3E-08 2.4E-08 4.1E-08

Ru-103 30E-:09 | 60E-09 | 13g-08 | noncingheimpactofine progeny

Ru-106 6.6E-08 | 1.4E-07 | 2.6E-07 'n”uc(':‘ljigie”g the impact of the progeny
Rh-103m 2.7E-12 6.7E-12 2.0E-11

Independent intake is not
Rh-106 - - - considered because the half-life is
short enough (about 30 seconds).

Ag-110m 1.2E-08 2.6E-08 4.6E-08
Cd-113m 1.1E-07 1.8E-07 3.0E-07
Cd-115m 7.7E-09 1.7E-08 4.6E-08
Sn-119m 2.2E-09 4.7E-09 1.0E-08
Sn-123 8.1E-09 1.8E-08 4.0E-08
Sn-126 2.8E-08 6.2E-07 1.2E-07
Sh-124 8.6E-09 1.8E-08 3.9E-08
Sh-125 1.2E-08 2.4E-08 4.2E-08
Te-123m 5.1E-09 9.8E-09 2.0E-08
Te-125m 4.2E-09 7.8E-09 1.7E-08
Te-127 1.4E-10 3.9E-10 1.2E-09
Te-127m 9.8E-09 2.0E-08 4.1E-08
Te-129 3.9E-11 1.0E-10 3.5E-10
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Effective dose factor (Sv/Bq)

Target Nuclide Child under Remarks
Adult Infant
school age
Te-129m 79E-09 | 1.7E-08 | 3.8E-08 'n”ucc'ﬁg;”g the impact of the progeny
1-129 3.6E-08 6.1E-08 7.2E-08
Cs-134 2.0E-08 4.1E-08 7.0E-08
Cs-135 8.6E-09 1.6E-08 2.7E-08
Cs-136 2.8E-09 6.0E-09 1.5E-08
Cs-137 39E-08 | 7.0E-08 | 1.1E-07 'n”uc(i‘l‘ig:a”g the impact of the progeny
Independent intake is not
Ba-137m - - - considered because the half-life is
short enough (about 2.6 minutes).
Ba-140 5.8E-09 1.2E-08 2.9E-08
Ce-141 3.8E-09 7.1E-09 1.6E-08
Ce-144 5.3E-08 LAE-07 3.6E-07 Innuc(iﬁ(cjjieng the impact of the progeny
Pr-144 1.8E-11 5.2E-11 1.9E-10
Independent intake is not
Pr-144m — - - considered because the half-life is
short enough (about 7.2 minutes).
Pm-146 2.1E-08 3.9E-08 6.4E-08
Pm-147 5.0E-09 1.1E-08 2.1E-08
Pm-148 2.2E-09 5.5E-09 1.5E-08
Pm-148m 5.7E-09 1.2E-08 2.5E-08
Sm-151 4.0E-09 6.7E-09 1.1E-08
Eu-152 4.2E-08 7.0E-08 1.1E-07
Eu-154 5.3E-08 9.7E-08 1.6E-07
Eu-155 6.9E-09 1.4E-08 2.6E-08
Gd-153 2.1E-09 6.5E-09 1.5E-08
Th-160 7.0E-09 1.5E-08 3.2E-08
Pu-238 1.1E-04 1.4E-04 2.0E-04
Pu-239 1.2E-04 1.5E-04 2.1E-04
Pu-240 1.2E-04 1.5E-04 2.1E-04
Pu-241 2.3E-06 2.6E-06 2.8E-06
Am-241 9.6E-05 1.2E-04 1.8E-04
Am-242m 9.2E-05 1.1E-04 1.6E-04
Am-243 9.6E-05 1.2E-04 1.8E-04
Cm-242 5.9E-06 1.2E-05 2.7E-05
Cm-243 6.9E-05 9.5E-05 1.6E-04
Cm-244 5.7E-05 8.3E-05 1.5E-04

Attachment VI-15




Table VI-4 Skin equivalent dose conversion factors (B and y emitting nuclides)

Skin equivalent

Nuclide dose conversion Remarks

factors
((Svlyear)/(Bg/cm?))

H-3 0.0E+00
C-14 7.9E-03
Mn-54 5.3E-04
Fe-59 1.8E-02
Co-58 4.2E-03
Co-60 1.7E-02
Ni-63 1.6E-04
Zn-65 7.7E-04
Rb-86 2.3E-02
Sr-89 2.3E-02
Sr-90 4.5E-02
Y-90 2.4E-02
Y-91 2.3E-02
Nb-95 6.4E-03
Tc-99 1.4E-02
Ru-103 1.1E-02
Ru-106 2.5E-02
Rh-103m 1.4E-05
Rh-106 0.0E+00
Ag-110m 8.5E-03
Cd-113m 2.0E-02
Cd-115m 2.3E-02
Sn-119m 0.0E+00
Sn-123 0.0E+00
Sn-126 1.6E-02
Sbh-124 2.2E-02
Sbh-125 1.8E-02
Te-123m 2.0E-02
Te-125m 2.6E-02
Te-127 2.1E-02
Te-127m 3.7E-02
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Skin equivalent

Nuclide dose conversion Remarks

factors
((Svlyear)/(Bg/cm?))

Te-129 2.3E-02
Te-129m 3.7E-02
1-129 5.8E-03
Cs-134 1.7E-02
Cs-135 9.6E-03
Cs-136 2.1E-02
Cs-137 2.2E-02
Ba-137m 0.0E+00
Ba-140 5.3E-02
Ce-141 2.5E-02
Ce-144 3.9E-02
Pr-144 0.0E+00
Pr-144m 0.0E+00
Pm-146 0.0E+00
Pm-147 1.1E-02
Pm-148 0.0E+00
Pm-148m 0.0E+00
Sm-151 2.5E-04
Eu-152 1.5E-02
Eu-154 3.1E-02
Eu-155 7.6E-03
Gd-153 3.6E-03
Th-160 3.1E-02
Pu-238 9.5E-04
Pu-239 1.3E-05
Pu-240 9.1E-07
Pu-241 1.4E-08
Am-241 6.3E-04
Am-242m 1.7E-02
Am-243 3.7E-02
Cm-242 2.1E-05
Cm-243 1.7E-02
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Skin equivalent
Nuclide dose conversion Remarks
factors
((Svlyear)/(Bg/cm?))
Cm-244 1.9E-05
Table VI-5 Intake of persons who consume a large amount of seafood (g/day)
Fish Invertebrate | Seaweeds
Adult 190 62 52
Child
unde: s::?:)ol 97 31 26
Infants 39 12 10
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VI-2. Exposure assessment result
The source terms of the following three cases were assessed by the assessment method of
TECDOC-1759 and compared with the results in the original report.
i. K4 tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.29)
ii. J1-C tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.35)
iii. J1-G tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.22)

The results of the comparison are shown in Table VI-6(1) to (3).

Regardless of the source term, none of the assessment results exceeded the exposure from
the ingestion of seafood, fishing nets, and beach sand in the original report. However,
because the exposure from ingestion of seawater and inhalation of seawater spray are larger
than the exposure from sea surface, etc. described in the original report, it was decided to
select them as additional pathways for this report as well.
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Table VI-6(1)

the K4 tank group

Comparison of the exposure assessment results by the source term of

Assessed case

Original report

TECDOC-1759

Remarks

Exposure from 6.5E-09 Not to be
sea surface assessed
Exposure from 4.8E-09 Not to be
hulls assessed
External Expos_ure QUnng 4.5E-09 Not to b(e;
exposure swimming assesse
(mSvlyear) In the assessment of the original
Exposure from report, conservative dose conversion
P 7.8E-06 4.0E-07 factors were used for external
beach sand
exposures, and therefore the results
are considered to be conservative.
Ex_po_sure from 1 6E-06 Not to be
fishing nets assessed
Ingestlon of Not to be 7 8E-10
coastal sediment| assessed
Since the tritium in the ALPS treated
water before dilution, of which
concentration exceed the regulatory
: concentration limit, has higher
InS%easvtvlg?e ;)f glsostetgszz 3.3E-07 concentration than the other nuclides
after discharge into the sea as well,
the exposure through accidently
ingestion of seawater is mainly
caused by tritium.
Internal .
exposure Inhalation of Not to be
(mSpv/ ear) dispersed assessed 51E-12
Y coastal sediment
(Adult)
Inhalation of Not to be 7 7E-08
seawater spray assessed
In the assessment of the original
report, the concentration in seafood
was assessed using conservative
Ingestion of concentrations in seawater rather
9 6.1E-05 1.6E-05 than taking into account adhesion to
seafood :
suspended particles and sea seabed
sediment. Therefore, the assessment
result is considered to be
conservative.
Exposure of| When seabed Not to be
the skin |sediment settles 1.5E-09
i assessed
(mSvlyear) on the skin
Total
(mSvlyear) 7E-05 2E-05
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Table VI-6(2)

the J1-C tank group

Comparison of the exposure assessment results by the source term of

Assessed case

Original report

TECDOC-1759

Remarks

Exposure from 1.7E-08 Not to be
sea surface assessed
Exposure from 12E-08 Not to be
hulls assessed
External Expos_ure QUnng 1 2E-08 Not to b(e;
exposure swimming assesse
(mSvlyear) In the assessment of the original
Exposure from report, conservative dose conversion
P 2.1E-05 2.1E-07 factors were used for external
beach sand
exposures, and therefore the results
are considered to be conservative.
Ex_po_sure from 4.3E-06 Not to be
fishing nets assessed
Ingestlon of Not to be 6.6E-10
coastal sediment| assessed
Since the tritium in the ALPS treated
water before dilution, of which
concentration exceed the regulatory
: concentration limit, has higher
Ingestion of Not to be 3.1E-07 concentration than the other nuclides
seawater assessed : .
after discharge into the sea as well,
the exposure through accidently
ingestion of seawater is mainly
caused by tritium.
Internal X
exposure Inhalation of Not to be
P dispersed 4.2E-11
(mSvlyear) : assessed
coastal sediment
(Adult)
Inhalation of Not to be
seawater spray assessed /.5E-08
In the assessment of the original
report, the concentration in seafood
was assessed using conservative
Ingestion of concentrations in seawater rather
9 1.1E-04 2.9E-06 than taking into account adhesion to
seafood :
suspended particles and sea seabed
sediment. Therefore, the assessment
result is considered to be
conservative.
Exposure of| When seabed Not to be
the skin |sediment settles 2.2E-09
: assessed
(mSvlyear) on the skin
Total
(mSviyear) 1E-04 3E-06
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Table VI-6(3)

Comparison of the exposure assessment results by the source term of
the J1-G tank group

Assessed case

Original report

TECDOC-1759

Remarks

Exposure from 4.7E-08 Not to be
sea surface assessed
Exposure from 3.3E-08 Not to be
hulls assessed
Exposure during Not to be
External Swimming 3.2E-08 assessed
exposure
(mSvl/year) In the assessment of the original
Exposure from report, conservative dose conversion
P 5.6E-05 2.1E-07 factors were used for external
beach sand
exposures, and therefore the results
are considered to be conservative.
Ex_po_sure from 1.2E-05 Not to be
fishing nets assessed
Ingestlon_ of Not to be 6.6E-10
coastal sediment| assessed
Since the tritium in the ALPS treated
water before dilution, of which
concentration exceed the regulatory
: concentration limit, has higher
Ing%?xgge :)f [a\lsostet(s)ste)fj 3.1E-07 concentration than the other nuclides
after discharge into the sea as well, the
exposure through accidently ingestion
of seawater is mainly caused by
Internal tritium.
exposure Inhalation of
(mSvlyear) dispersed aNsostet(stZ?j 4.2E-11
(Adult) |coastal sediment
Inhalation of | e o7 7.5E-08
seawater spray
In the assessment of the original
report, the concentration in seafood
was assessed using conservative
Ingestion of Not to be concentrations in seawater rather than
4.6E-06 o .
seafood assessed taking into account adhesion to
suspended particles and sea seabed
sediment. Therefore, the assessment
result is considered to be conservative.
Exposure of| When seabed Not to be
the skin |sediment settles 5.2E-09
: assessed
(mSvlyear) on the skin
Total
(mSviyear) 4E-04 5E-06
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Attachment VIl Validity of the diffusion simulation

In the chapter 6-1-2.(2) “Modeling of diffusion and transfer after discharge”, the simulation
model used to calculate the advection and diffusion of tritium is the model for the
reproduction calculation of the diffusion of cesium leaked into the sea area due to the
Accident at the Fukushima Daiichi Nuclear Power Station.

The following describes the validity of the diffusion simulation from various viewpoints.

VII-1. Reproducibility of the flow rate

As described in the chapter 6-1-2.(2) “Modeling of diffusion and transfer after discharge”, this
simulation used actual meteorological and oceanographic data for the reproduction
calculation of cesium leaked from the Fukushima Daiichi Nuclear Power Station, and
confirmed the reproducibility by comparing it with actual sea area monitoring data.

Figure VII-1 shows a comparison of the north and south components of the flow rate
measured with the acoustic doppler current profiler (ADCP; 600 kHz, RDI) in the locations
about 5 km to the south of the Fukushima Daiichi nuclear power station and about 2.8 km
offshore (37°22.6’ N, 141°3.7’E) and the flow rate reproduced by simulation between October
8 and December 10, 2014 and between April 22 and June 25, 2015 [VII-1]. The match rate
between the simulation and measured value is high no matter whether the river flow rate is
considered.
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Figure VII-1 Comparison between the flow rate measured near the Fukushima
Daiichi Nuclear Power Station and the reproduction calculation by simulation
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VII-2. Reproducibility of the cesium concentration

Figure VII-2 shows the result of comparison between the annual average value of the cesium
137 concentration [VII-2] of surface seawater obtained by coastal seawater monitoring in
Fukushima by TEPCO and the annual average concentration distribution of the surface
reproduced by simulation between 2013 and 2016. “O” shows the monitoring points, the
colors show the measured Cs-137 concentrations, and the contour figure shows the
calculation result of simulation. Similarly, Figure VII-3 shows a comparison with the annual
average value of the cesium 137 concentration [VII-2] of surface seawater obtained by
seawater monitoring in the offshore sea area by the Secretariat of the Nuclear Regulation
Authority. The high concentration in the coastal area around the power station and the
general concentration trend are reproduced well.

Moreover, Figure VII-4 shows the data in the scatter diagram. The measured values are
almost similar to the simulated ones in the upper right region, where the concentration is high
(blue dashed line).

On the other hand, in the lower-left region where the concentration is low (red dashed line),
the measured values tend to be higher than the simulated results. Measured values are
higher in the low concentration region probably because the simulation results do not
adequately reflect some sources, such as the supply of cesium from rivers and inflow of
cesium due to recirculation by currents in the North Pacific Ocean. Thus, this does not raise
issues regarding the reproducibility of simulation results in this assessment conducted to
evaluate the impact of the discharge of the ALPS treated water.
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Figure VII-2 Comparison between the measured value and simulation of the Cs-137
concentration in the coastal area around the Fukushima Daiichi Nuclear Power Station
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Figure VII-3 Comparison between the measured value and simulation of the Cs-137
concentration offshore in the sea area around the Fukushima Daiichi Nuclear Power
Station
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Figure VII-4 Comparison between the measured value and simulation of the Cs-137
concentration in the sea area around the Fukushima Daiichi Nuclear Power Station
(Blue and red mainly show coast and offshore, respectively.)
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VII-3.  Concentration distribution around the discharge outlet

The tritium simulation model used in 6-1-2.(2) “Modeling of diffusion and transfer after
discharge” is a model to simulate migration and diffusion in vast areas and did not simulate
the physical flow around the discharge outlet. Therefore, despite the upward discharge of
water, the concentration near the seabed around the discharge outlet is higher than in the
surrounding areas. Still, the result is that the concentration just above the discharge outlet
does not show an increase much.

On the other hand, during the actual discharge, it will entrain surrounding seawater,
facilitating the mixing and dilution. In addition, since the ALPS treated water to be discharged
has already been diluted more than 100 times with seawater, the salinity and specific gravity
of the water will be almost the same as those of the surrounding seawater. Therefore,
although there is a slight difference in the concentration distribution around the discharge
outlet, the diffusion in areas away from the outlet will not be expected to differ significantly to
the simulated results.

Attachment VIII “Difference in the diffusion area by discharge location” of the report
compares the simulated tritium diffusion when the discharge point is 1 km off the coast with
the result when a discharge point is a unit 5/6 discharge outlet.

Although the concentration distribution around the discharge outlet is different, as shown in
Figures VII-5 and VII-6, there is no notable difference in the diffusion in the surrounding sea

area.
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Figure VII-5 Comparison of the distribution of annual mean tritium concentration
in the sea between different discharge locations (sea surface)
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Figure VII-6 Comparison of the distribution of annual mean tritium concentration in
the sea between different discharge locations (cross-sectional view)

In addition, even when the upward flow is not considered, the mean concentration in the 10
km x 10 km area calculated in the simulation is higher in the upper layer than the
concentration around the discharge outlet, because as shown in Figures VII-7 to 10, the
water depth in the surrounding sea gradually becomes deeper, and the concentration on the
bottom offshore is much lower than in the surface layer.
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Figure VII-7 Cross-sectional view of the seabed up to about 10 km offshore
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Figure VII-8 Cross-sectional view of distribution of annual mean tritium concentration
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Figure VII-9 Distribution of annual
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VII-4.  Calculation period

As shown in 6-1-3, a simulation calculation of 7 years was performed in order to verify the
fluctuation caused by the fluctuation in annual meteorological and oceanographic data. The
result shows that the fluctuation in the annual average concentration of all layers within the
range of 10 km x 10 km was small. Figure VII-11 shows the change in the daily average
concentration in the same calculation. The concentration fluctuates significantly and no
accumulation trend was observed in each calculation period (one year). No significant
difference is expected to occur between the result of the calculations performed each year
and the result of calculations performed for multiple consecutive years. Therefore, the result
of the calculations for each year will be used because there is considered to be no problem
in evaluating the impact over a long period of discharge with the assessment based on the
result of one-year’s calculations.
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Figure VII-11

Calculation result of the daily average concentration within the range

of 10 km x 10 km of each year
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VII-5. Validity of the calculation area

The calculation area of the simulation used in the report is approximately 490 km north-south
and 270 km east-west. Table VII-1 shows the maximum value and position of the area
boundary from the annual average concentration calculated from meteorological and
oceanographic data for the years 2014 to 2020. Table VII-2 shows the annual maximum
value, position, and date of occurrence of the area boundary based on the daily average
concentration. The annual average concentration distribution diagram of tritium concentration
of the entire area (result shown diagrammatically down to the lower limit of 1E-05Bq/L) is
shown in Figure VII-12.

The maximum value of the annual average concentration range on the boundary of the
calculation area is from 1.1E-04 to 2.6E-04Bqg/L and maximum daily average concentration
range is from 5.3E-03 to 1.4E-02Bqg/L, all in the east side, but compared to the tritium
concentration in sea water in sea area around Japan (about 1.0E-1Bg/L) [VII-3], which is
sufficiently low.

In addition, the exposure assessment result calculated from the annual average
concentration of 10 km x 10 km area around the power station is much lower than the dose
limit for the general public of ImSv/year, as well as the dose constraint of 0.05mSv/year, and
it is not necessary to assess the impact of radioactivity outside of the calculation area.

Table VII-1 Maximum value and position of the annual average concentration on the
model boundary (north, south, and east) of each year

Coordinate
Year Concg n/tliatlon East - West North - South Depth
( a ) (0: West boundary, 460: (0: South boundary, 658: (0: Bottom layer, 29: Top
East boundary) North boundary) layer)
2014 1.1E-04 460 (East boundary) 80 23
2015 2.6E-04 460 (East boundary) 145 29
2016 1.4E-04 460 (East boundary) 318 25
2017 2.4E-04 460 (East boundary) 224 23
2018 1.9E-04 460 (East boundary) 150 29
2019 1.6E-04 460 (East boundary) 181 28
2020 1.9E-04 460 (East boundary) 232 28

Table VII-2 Maximum value, position, and date occurred of the daily average
concentration on the model boundary (north, south, and east) of each year

Coordinate
Date Concentration East - West North - South Depth
occurred (Bq/L) (0: West boundary, 460: (0: South boundary, 658: (0: Bottom layer, 29: Top
East boundary) North boundary) layer)
2014/9/21 6.7E-03 460 (East boundary) 198 19
2015/8/2 7.2E-03 460 (East boundary) 158 25
2016/8/6 1.4E-02 460 (East boundary) 341 28
2017/7/28 6.5E-03 460 (East boundary) 252 29
2018/8/15 5.3E-03 460 (East boundary) 215 21
2019/8/1 1.0E-02 460 (East boundary) 177 27
2020/5/30 1.1E-02 460 (East boundary) 234 28
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Figure VII-12 Annual average concentration distribution diagram of the tritium
concentration (result shown diagrammatically up to 1E-05Bq/L as the lowest limit)
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Attachment VIII Difference in the diffusion area by discharge location

In the consideration of the discharge method of ALPS treated water, initially a plan of
discharging from the unit 5/6 discharge outlet was considered as with the normal operation of
units 5 and 6. Figure VIII-1 shows the water discharge position under consideration in this
plan and the position of the unit 5/6 discharge outlet.

Figures VIII-2 to 4 show a comparison of diffusion simulation results among different
discharge positions. Though no significant difference is observed in the concentration range
of 0.1Bg/L, the concentration around the power station is lower in discharge from 1 km
offshore.
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Figure VIlI-1 Discharge position and position of the unit 5/6 discharge outlet in the
current plan
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Figure VIII-2 Comparison of the distribution of annual mean concentration of the sea
surface between different discharge locations (wide area)
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Figure VIII-3 Comparison of the distribution of annual mean concentration of the sea
surface between different discharge locations (enlarged diagram)
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Attachment IX Contribution to the undetected nuclides in the source term based on
the measured value

The 64 nuclides subject to this assessment include many undetected nuclides which have
never been detected in the past analysis assessments. As shown in 6-1-2.(1) “Source term
(annual discharge amount of each nuclide)” annual discharge amount is conservatively
assumed to include nuclides below the detection limit in the source term based on actual
measurement. However, it is estimated that the actual concentrations of many of the
nuclides which have never been detected are much lower than the detection limit considering
their half-lives, etc.

In order to verify conservativeness in the result of the exposure assessment, the exposure
assessment result of each nuclide is aggregated separating detected nuclides from
undetected nuclides

Tables IX-1 to 4 show the result.

In both cases, it is considered that the contribution from undetected nuclides is significant,
and the assessment result contains high conservativeness.

Table IX-1 Contributions of detected and undetected nuclides (human exposure)

Source term based on measured values

Source term
Assessed i. K4 tank group ii. J1-C tank group iii. J1-G tank group

case Ingestion of

Average Large Average Large Average Large
seafood

Detected nuclide| 5.7E-06 2.0E-05 1.4E-06 4.0E-06 2.1E-06 6.4E-06

Exposure” Undetected

1.9E-05 5.1E-05 5.2E-05 1.3E-04 1.5E-04 3.6E-04
(mSvl/year) nuclide

Total 2.5E-05 7.1E-05 5.4E-05 1.3E-04 1.5E-04 3.7E-04

Percentage of undetected
) . 7% 71% 97% 97% 99% 98%
nuclides in total

*  Exposure is the total of external exposure and internal exposure
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Table IX-2 Contributions of detected and undetected nuclides (environmental
protection and K4 tank group)

K4 tank group
Assessed case

Flatfish Crab Brown
seaweed
Detected nuclide 7.5E-07 7.6E-07 8.3E-07
Exposure | -, otected nuclide | 1.7E-05 1.7E-05 1.8E-05

(mGy/day)

Total 1.7E-05 1.7E-05 1.9E-05

Percentage ofirt:rtlgteatlected nuclides 96% 96% 96%

Table IX-3 Contributions of detected and undetected nuclides (environmental
protection and J1-C tank group)

J1-C tank group
Assessed case
Flatfish Crab Brown
seaweed
Detected nuclide 1.4E-07 1.4E-07 1.5E-07
Exposure |\ jetected nuclide | 2.2E-05 2.2E-05 2.3E-05
(mGy/day)
Total 2.2E-05 2.2E-05 2.3E-05
Percentage of_undetected 99% 99% 99%
nuclides in total

Table IX-4 Contributions of detected and undetected nuclides (environmental
protection and J1-G tank group)

J1-G tank group
Assessed case
Flatfish Crab Brown
seaweed
Detected nuclide 2.9E-07 2.8E-07 3.0E-07
Exposure |, jotected nuclide | 5.6E-05 5.5E-05 5.8E-05
(mGy/day)
Total 5.6E-05 5.5E-05 5.9E-05
Percentage of undetected
nuclides in total 99% 99% 99%

Attachment IX-2



Attachment X Breakdown of the exposure assessment result by nuclide

X-1. Internal exposures assessment of human
For the following exposure assessments shown in 6-1. “Exposure assessment under normal
conditions”, Tables X-1-1 to 4, X-2-1 to 4, and X-3-1 to 4 show the internal exposure
assessment result of each nuclide.
Source term based on measured values of 64 nuclides
I K4 tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.29)
. J1-C tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.35)
iii. J1-G tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.22)

Table X-1-1 Internal exposure assessment result from ingestion of seawater
(Source term based on measured values (K4 tank group))

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

H-3 3.0E-07 5.2E-07 Exempted
1-129 2.1E-08 3.2E-08 Exempted
Ru-106 1.0E-09 3.6E-09 Exempted
C-14 7.7E-10 1.3E-09 Exempted
Sr-90 5.5E-10 9.2E-10 Exempted
Cs-137 4.9E-10 3.6E-10 Exempted
Y-91 4.7E-10 1.7E-09 Exempted
Sn-123 2.2E-10 8.3E-10 Exempted
Cd-115m 1.9E-10 5.5E-10 Exempted
Co-60 1.3E-10 6.7E-10 Exempted
Pm-148 1.2E-10 4.3E-10 Exempted
Te-129m 8.5E-11 3.4E-10 Exempted
Cs-134 7.6E-11 5.2E-11 Exempted
Te-127m 6.5E-11 2.7E-10 Exempted
Y-90 5.3E-11 2.0E-10 Exempted
Rb-86 4.7E-11 1.7E-10 Exempted
Tc-99 4.0E-11 1.4E-10 Exempted
Cd-113m 3.7E-11 6.2E-11 Exempted
Sb-125 3.2E-11 1.0E-10 Exempted
Ni-63 2.9E-11 9.0E-11 Exempted
Ce-144 29E-11 1.1E-10 Exempted
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age

Te-125m 2.6E-11 9.7E-11 Exempted
Sr-89 2.3E-11 7.9E-11 Exempted
Ba-140 2.2E-11 7.8E-11 Exempted
Pu-239 1.4E-11 1.8E-11 Exempted
Pu-240 1.4E-11 1.8E-11 Exempted
Pu-238 1.3E-11 1.7E-11 Exempted
Pu-241 1.2E-11 1.4E-11 Exempted
Sn-126 1.1E-11 3.8E-11 Exempted
Am-241 1.1E-11 1.5E-11 Exempted
Am-243 1.1E-11 1.5E-11 Exempted
Cm-243 8.4E-12 1.2E-11 Exempted
Cs-136 8.0E-12 1.6E-11 Exempted
Pm-146 7.8E-12 2.4E-11 Exempted
Cm-244 6.7E-12 1.1E-11 Exempted
Zn-65 5.2E-12 1.3E-11 Exempted
Sn-119m 5.1E-12 2.0E-11 Exempted
Te-127 4.8E-12 1.8E-11 Exempted
Pm-147 4.4E-12 1.6E-11 Exempted
Th-160 4.0E-12 1.3E-11 Exempted
Eu-152 3.5E-12 1.0E-11 Exempted
Fe-59 2.7E-12 1.1E-11 Exempted
Eu-154 2.1E-12 6.9E-12 Exempted
Sbh-124 2.1E-12 7.1E-12 Exempted
Te-129 1.8E-12 6.0E-12 Exempted
Ce-141 1.6E-12 5.8E-12 Exempted
Ag-110m 1.4E-12 3.9E-12 Exempted
Pm-148m 1.3E-12 4.1E-12 Exempted
Te-123m 1.1E-12 4.0E-12 Exempted
Eu-155 9.4E-13 3.2E-12 Exempted
Gd-153 7.7E-13 2.7E-12 Exempted
Cm-242 6.7E-13 2.2E-12 Exempted
Am-242m 6.6E-13 8.0E-13 Exempted
Ru-103 6.5E-13 2.1E-12 Exempted
Co-58 5.3E-13 1.8E-12 Exempted
Nb-95 5.2E-13 1.6E-12 Exempted
Mn-54 4.2E-13 1.1E-12 Exempted
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age
Pr-144 2.8E-13 9.5E-13 Exempted
Sm-151 7.8E-15 2.6E-14 Exempted
Rh-103m 3.4E-15 1.2E-14 Exempted
Cs-135 4.4E-16 3.8E-16 Exempted
Rh-106 0.0E+00 | O0.0E+00 | Exempted | ASSessedwiththe
parent nuclide
Ba-137m | 0.0E+00 | O0.0E+00 | Exempted | ASSessed with the
parent nuclide
Assessed with the
Pr-144m 0.0E+00 0.0E+00 Exempted parent nuclide
Total 3.3E-07 5.7E-07 Exempted

Table X-1-2 Assessment result of internal exposure from inhalation of seawater spray

(Source term based on measured values (K4 tank group))

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

H-3 7.3E-08 5.0E-08 3.4E-08
Ru-106 2.3E-09 1.9E-09 1.1E-09
C-14 1.9E-09 1.4E-09 7.9E-10
1-129 1.6E-09 1.1E-09 4.2E-10
Pu-239 1.6E-09 7.9E-10 3.6E-10
Pu-240 1.6E-09 7.9E-10 3.6E-10
Pu-238 1.5E-09 7.4E-10 3.5E-10
Pu-241 1.4E-09 6.1E-10 2.2E-10
Am-241 1.3E-09 6.4E-10 3.1E-10
Am-243 1.3E-09 6.4E-10 3.1E-10
Cm-243 9.3E-10 5.0E-10 2.8E-10
Cm-244 7.7E-10 4.4E-10 2.6E-10
Sr-90 7.5E-10 5.0E-10 2.5E-10
Y-91 4.2E-10 3.5E-10 2.6E-10
Cs-137 3.5E-10 2.5E-10 1.3E-10
Co-60 2.9E-10 2.2E-10 1.1E-10
Sn-123 2.1E-10 1.8E-10 1.3E-10
Tc-99 1.9E-10 1.4E-10 7.9E-11
Cd-115m 1.1E-10 9.1E-11 8.1E-11
Sb-125 8.5E-11 6.7E-11 3.8E-11
Cm-242 8.0E-11 6.4E-11 4.7E-11
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Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Am-242m 7.7E-11 3.6E-11 1.7E-11
Ce-144 7.2E-11 7.4E-11 6.3E-11
Te-127m 6.7E-11 5.4E-11 3.6E-11
Ni-63 6.1E-11 5.0E-11 2.9E-11
Te-129m 5.4E-11 4.6E-11 3.4E-11
Pm-146 4.4E-11 3.2E-11 1.7E-11
Cd-113m 4.2E-11 2.7E-11 1.5E-11
Te-125m 3.0E-11 2.2E-11 1.5E-11
Eu-152 2.5E-11 1.6E-11 8.5E-12
Pm-148 2.4E-11 2.3E-11 2.1E-11
Pm-147 2.0E-11 1.8E-11 1.1E-11
Cs-134 1.9E-11 1.6E-11 8.7E-12
Sr-89 1.7E-11 1.4E-11 1.1E-11
Sn-126 1.6E-11 1.4E-10 8.9E-12
Eu-154 1.4E-11 9.8E-12 5.3E-12
Ba-140 1.2E-11 9.6E-12 7.6E-12
Sn-119m 8.0E-12 6.7E-12 4.7E-12
Y-90 7.1E-12 7.8E-12 7.9E-12
Eu-155 4.9E-12 3.9E-12 2.4E-12
Th-160 4.2E-12 3.5E-12 2.5E-12
Rb-86 3.8E-12 5.4E-12 6.3E-12
Ce-141 2.0E-12 1.5E-12 1.1E-12
Cs-136 1.8E-12 1.5E-12 1.2E-12
Sbh-124 1.8E-12 1.4E-12 1.0E-12
Fe-59 1.5E-12 1.2E-12 9.8E-13
Ag-110m 1.4E-12 1.2E-12 7.1E-13
Gd-153 1.4E-12 1.7E-12 1.3E-12
Pm-148m 1.0E-12 8.5E-13 5.8E-13
Te-123m 1.0E-12 7.6E-13 5.1E-13
Te-127 9.6E-13 1.0E-12 1.1E-12
Zn-65 7.1E-13 7.2E-13 6.2E-13
Ru-103 6.4E-13 5.0E-13 3.6E-13
Nb-95 3.9E-13 3.0E-13 2.1E-13
Co-58 3.6E-13 3.0E-13 2.0E-13
Te-129 2.7E-13 2.7E-13 3.1E-13
Mn-54 2.2E-13 2.1E-13 1.4E-13
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Exposure assessment result (mSv/year)
Nuclide Children Remarks
Adult under Infants
school age
Sm-151 7.7E-14 5.1E-14 2.7E-14
Pr-144 2.4E-14 2.8E-14 3.3E-14
Rh-103m 5.8E-16 5.6E-16 5.5E-16
Cs-135 4.6E-16 3.4E-16 1.9E-16
Rh-106 0.0E+00 | 0.0E+00 | 0.0E+00 | Assessed with the
parent nuclide
Ba-137m | O0.0E+00 | O0.0E+00 | 0.0E+00 | Assessedwith the
parent nuclide
Assessed with the
Pr-144m 0.0E+00 0.0E+00 0.0E+00 parent nuclide
Total 9.3E-08 6.2E-08 4.0E-08

Table X-1-3 Assessment result of internal exposure from ingestion of seafood
(Source term based on measured values (K4 tank group), Average ingestion)

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Sn-123 9.8E-06 1.8E-05 2.4E-05
1-129 2.7E-06 2.0E-06 8.6E-07
C-14 1.4E-06 1.2E-06 6.8E-07
Sn-126 4.9E-07 8.4E-07 1.1E-06
Cd-115m 3.0E-07 4.4E-07 7.4E-07
Sn-119m 2.3E-07 4.3E-07 5.6E-07
Cd-113m 5.8E-08 5.0E-08 6.1E-08
Co-60 4.9E-08 1.2E-07 1.6E-07
H-3 3.3E-08 2.8E-08 2.3E-08
Ru-106 3.3E-08 5.7E-08 7.6E-08
Fe-59 2.3E-08 4.8E-08 1.0E-07
Te-129m 1.8E-08 3.6E-08 5.3E-08
Pm-148 1.7E-08 3.1E-08 3.9E-08
Tc-99 1.6E-08 2.8E-08 4.9E-08
Te-127m 1.4E-08 2.8E-08 4.9E-08
Y-91 1.3E-08 2.3E-08 2.9E-08
Zn-65 5.5E-09 7.0E-09 1.0E-08
Te-125m 5.5E-09 1.0E-08 1.6E-08
Cs-137 4.1E-09 1.5E-09 1.4E-09
Ni-63 3.6E-09 5.4E-09 7.6E-09
Ce-144 2.7E-09 4.9E-09 6.8E-09
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Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Ag-110m 2.1E-09 2.9E-09 3.6E-09
Sb-125 1.5E-09 2.3E-09 3.1E-09
Y-90 1.4E-09 2.6E-09 3.2E-09
Am-241 1.4E-09 9.2E-10 5.0E-09
Am-243 1.4E-09 9.2E-10 4.9E-09
Pu-239 1.4E-09 8.8E-10 4.4E-09
Pu-240 1.4E-09 8.8E-10 4.4E-09
Pu-238 1.2E-09 8.3E-10 4.2E-09
Pu-241 1.2E-09 6.5E-10 2.6E-09
Pm-146 1.1E-09 1.8E-09 2.5E-09
Te-127 1.0E-09 1.9E-09 1.8E-09
Cm-243 7.2E-10 5.1E-10 3.0E-09
Pm-147 6.4E-10 1.2E-09 1.8E-09
Cs-134 6.4E-10 2.2E-10 1.8E-10
Cm-244 5.8E-10 4.4E-10 2.7E-09
Eu-152 5.1E-10 7.4E-10 1.2E-09
Te-129 3.9E-10 6.3E-10 9.0E-10
Mn-54 3.2E-10 4.3E-10 4.8E-10
Eu-154 3.1E-10 5.1E-10 7.7E-10
Th-160 2.7E-10 4.5E-10 5.3E-10
Sr-90 2.5E-10 2.1E-10 4.2E-10
Te-123m 2.5E-10 4.2E-10 6.6E-10
Co-58 2.0E-10 3.4E-10 3.8E-10
Pm-148m 1.8E-10 3.0E-10 3.2E-10
Ce-141 1.5E-10 2.7E-10 3.3E-10
Eu-155 1.4E-10 2.4E-10 3.6E-10
Gd-153 1.1E-10 2.0E-10 2.4E-10
Sb-124 9.7E-11 1.6E-10 2.0E-10
Am-242m 8.3E-11 4.9E-11 2.6E-10
Cs-136 6.7E-11 6.8E-11 6.9E-11
Cm-242 5.8E-11 9.1E-11 5.5E-10
Rb-86 5.0E-11 8.9E-11 1.1E-10
Ba-140 3.9E-11 6.7E-11 9.4E-11
Nb-95 2.8E-11 4.2E-11 4.3E-11
Pr-144 2.3E-11 3.7E-11 5.6E-11
Ru-103 2.1E-11 3.4E-11 4.0E-11
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age
Sr-89 1.1E-11 1.8E-11 3.0E-11
Sm-151 1.1E-12 1.9E-12 3.5E-12
Rh-103m 1.7E-13 2.9E-13 4.2E-13
Cs-135 3.7E-15 1.6E-15 1.6E-15

Assessed with the

Rh-106 0.0E+00 0.0E+00 0.0E+00 '
parent nuclide
Ba-137m | O0.0E+00 | O0.0E+00 | 0.0E+00 Assessed with the
parent nuclide
Assessed with the
Pr-144m 0.0E+00 0.0E+00 0.0E+00 parent nuclide
Total 1.5E-05 2.4E-05 2.9E-05

Table X-1-4 Assessment result of internal exposure from ingestion of seafood
(Source term based on measured values (K4 tank group), More ingestion)

Exposure assessment result (mSv/year)
Nuclide Adult ClTrlwlgtr-:'?n Infants Remarks
school age

Sn-123 3.7E-05 7.0E-05 8.9E-05
1-129 1.3E-05 1.0E-05 4.1E-06
C-14 5.2E-06 4.5E-06 2.5E-06
Sn-126 1.9E-06 3.2E-06 4.0E-06
Cd-115m 1.6E-06 2.3E-06 3.8E-06
Sn-119m 8.5E-07 1.6E-06 2.1E-06
Cd-113m 3.1E-07 2.6E-07 3.1E-07
Co-60 2.7E-07 6.8E-07 8.4E-07
Ru-106 1.6E-07 2.9E-07 3.8E-07
H-3 1.3E-07 1.1E-07 8.7E-08
Fe-59 1.2E-07 2.6E-07 5.3E-07
Pm-148 9.4E-08 1.7E-07 2.0E-07
Te-129m 8.0E-08 1.6E-07 2.3E-07
Tc-99 7.7E-08 1.4E-07 2.3E-07
Y-91 6.7E-08 1.2E-07 1.5E-07
Te-127m 6.1E-08 1.3E-07 2.1E-07
Zn-65 3.3E-08 4.1E-08 5.9E-08
Te-125m 2.4E-08 4.5E-08 7.0E-08
Cs-137 1.5E-08 5.6E-09 4.9E-09
Ni-63 1.5E-08 2.3E-08 3.1E-08
Ce-144 1.4E-08 2.5E-08 3.4E-08
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Exposure assessment result (mSv/year)
Nuclide Adult CSrl:greern Infants Remarks
school age

Ag-110m 9.9E-09 1.4E-08 1.7E-08
Y-90 7.5E-09 1.4E-08 1.7E-08
Pu-239 7.0E-09 4.6E-09 2.3E-08
Pu-240 7.0E-09 4.6E-09 2.3E-08
Am-241 6.7E-09 4.6E-09 2.4E-08
Am-243 6.7E-09 4.6E-09 2.3E-08
Pu-238 6.4E-09 4.3E-09 2.2E-08
Pm-146 6.1E-09 9.6E-09 1.3E-08
Pu-241 6.0E-09 3.4E-09 1.3E-08
Sb-125 5.2E-09 8.2E-09 1.1E-08
Te-127 4.5E-09 8.3E-09 7.8E-09
Cm-243 3.5E-09 2.5E-09 1.4E-08
Pm-147 3.4E-09 6.4E-09 9.2E-09
Cm-244 2.8E-09 2.2E-09 1.3E-08
Eu-152 2.7E-09 4.0E-09 6.1E-09
Cs-134 2.3E-09 8.1E-10 6.4E-10
Mn-54 1.8E-09 2.5E-09 2.7E-09
Te-129 1.7E-09 2.8E-09 3.9E-09
Eu-154 1.7E-09 2.7E-09 4.1E-09
Th-160 1.5E-09 2.5E-09 2.8E-09
Sr-90 1.1E-09 9.6E-10 1.8E-09
Co-58 1.1E-09 1.9E-09 2.1E-09
Te-123m 1.1E-09 1.9E-09 2.8E-09
Pm-148m 9.9E-10 1.6E-09 1.7E-09
Ce-141 7.5E-10 1.4E-09 1.7E-09
Eu-155 7.4E-10 1.3E-09 1.9E-09
Gd-153 6.0E-10 1.0E-09 1.3E-09
Am-242m 4.0E-10 2.4E-10 1.2E-09
Sb-124 3.4E-10 5.8E-10 6.9E-10
Cm-242 2.8E-10 4.5E-10 2.6E-09
Cs-136 2.5E-10 2.5E-10 2.5E-10
Rb-86 2.1E-10 3.7E-10 4.6E-10
Ba-140 1.6E-10 2.9E-10 4.0E-10
Nb-95 1.4E-10 2.2E-10 2.1E-10
Pr-144 1.1E-10 1.9E-10 2.7E-10
Ru-103 1.1E-10 1.7E-10 2.0E-10
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Exposure assessment result (mSv/year)

: Children
Nuclide Adult under Infants Remarks
school age
Sr-89 4.8E-11 8.2E-11 1.3E-10
Sm-151 6.1E-12 1.0E-11 1.8E-11
Rh-103m 9.4E-13 1.6E-12 2.2E-12
Cs-135 1.4E-14 5.9E-15 5.6E-15
Rh-106 0.0E+00 0.0E+00 0.0E+00 Assessed with the
parent nuclide
Ba-137m | O0.0E+00 | O0.0E+00 | 0.0E+00 Assessed with the
parent nuclide
Pr-144m 0.0E+00 | O0.0E+00 | 0.0E+00 Assessed with the
parent nuclide
Total 6.1E-05 9.4E-05 1.1E-04

Table X-2-1 Internal exposure assessment result from ingestion of seawater
(Source term based on measured values (J1-C tank group))

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

H-3 3.0E-07 5.2E-07 Exempted
1-129 2.7E-09 4.2E-09 Exempted
Y-91 8.4E-10 3.1E-09 Exempted
Sn-119m 2.9E-10 1.1E-09 Exempted
Sn-123 2.9E-10 1.1E-09 Exempted
Te-127m 2.3E-10 9.6E-10 Exempted
C-14 2.2E-10 3.7E-10 Exempted
Ru-106 2.0E-10 7.2E-10 Exempted
Cd-115m 1.8E-10 5.4E-10 Exempted
Pu-239 1.7E-10 2.2E-10 Exempted
Pu-240 1.7E-10 2.2E-10 Exempted
Pu-238 1.6E-10 2.1E-10 Exempted
Am-241 1.4E-10 1.8E-10 Exempted
Am-243 1.4E-10 1.8E-10 Exempted
Pu-241 1.2E-10 1.4E-10 Exempted
Cm-243 1.0E-10 1.5E-10 Exempted
Te-129m 8.7E-11 3.5E-10 Exempted
Cm-244 8.2E-11 1.3E-10 Exempted
Ce-144 6.1E-11 2.2E-10 Exempted
Cs-137 5.1E-11 3.8E-11 Exempted
Cd-113m 4.0E-11 6.8E-11 Exempted
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age

Cs-134 3.0E-11 2.0E-11 Exempted
Rb-86 29E-11 1.0E-10 Exempted
Sn-126 2.8E-11 9.6E-11 Exempted
Ni-63 2.6E-11 8.1E-11 Exempted
Co-60 2.3E-11 1.2E-10 Exempted
Sr-90 2.1E-11 3.5E-11 Exempted
Te-127 1.6E-11 6.0E-11 Exempted
Tc-99 1.6E-11 5.7E-11 Exempted
Pm-148 1.3E-11 4.6E-11 Exempted
Ba-140 1.1E-11 3.8E-11 Exempted
Cm-242 8.2E-12 2.7E-11 Exempted
Eu-152 8.1E-12 2.4E-11 Exempted
Zn-65 7.6E-12 1.9E-11 Exempted
Sb-125 5.2E-12 1.6E-11 Exempted
Sbh-124 5.0E-12 1.7E-11 Exempted
Tb-160 4.6E-12 1.6E-11 Exempted
Eu-154 4.5E-12 1.5E-11 Exempted
Pm-147 4.3E-12 1.6E-11 Exempted
Te-125m 4.1E-12 1.6E-11 Exempted
Ce-141 3.8E-12 1.4E-11 Exempted
Fe-59 3.2E-12 1.3E-11 Exempted
Cs-136 29E-12 5.9E-12 Exempted
Sr-89 29E-12 9.9E-12 Exempted
Te-123m 2.7E-12 9.3E-12 Exempted
Ag-110m 2.5E-12 6.9E-12 Exempted
Am-242m 2.3E-12 2.8E-12 Exempted
Eu-155 2.2E-12 7.7E-12 Exempted
Y-90 2.0E-12 7.4E-12 Exempted
Te-129 1.8E-12 6.1E-12 Exempted
Pm-148m 1.7E-12 5.4E-12 Exempted
Gd-153 1.4E-12 5.0E-12 Exempted
Pm-146 1.2E-12 3.9E-12 Exempted
Ru-103 8.0E-13 2.6E-12 Exempted
Co-58 6.3E-13 2.2E-12 Exempted
Nb-95 6.0E-13 1.9E-12 Exempted
Pr-144 5.9E-13 2.0E-12 Exempted
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age
Mn-54 5.6E-13 1.5E-12 Exempted
Sm-151 2.2E-14 7.5E-14 Exempted
Rh-103m 4.1E-15 1.4E-14 Exempted
Cs-135 4.9E-17 4.2E-17 Exempted
Rh-106 0.0E+00 | O0.0E+00 | Exempted | ASSessedwiththe
parent nuclide
Ba-137m 0.0E+00 0.0E+00 Exempted Assessed W't.h the
parent nuclide
Assessed with the
Pr-144m 0.0E+00 0.0E+00 Exempted parent nuclide
Total 3.1E-07 5.4E-07 Exempted

Table X-2-2 Assessment result of internal exposure from inhalation of seawater spray

(Source term based on measured values (J1-C tank group))

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

H-3 7.3E-08 5.0E-08 3.4E-08
Pu-239 2.0E-08 9.6E-09 4.4E-09
Pu-240 2.0E-08 9.6E-09 4.4E-09
Pu-238 1.8E-08 9.0E-09 4.2E-09
Am-241 1.6E-08 7.7E-09 3.8E-09
Am-243 1.6E-08 7.7E-09 3.8E-09
Pu-241 1.4E-08 6.1E-09 2.1E-09
Cm-243 1.1E-08 6.1E-09 3.4E-09
Cm-244 9.3E-09 5.3E-09 3.2E-09
Cm-242 9.7E-10 7.7E-10 5.7E-10
Y-91 7.5E-10 6.3E-10 4.7E-10
C-14 5.2E-10 3.9E-10 2.2E-10
Ru-106 4.6E-10 3.8E-10 2.3E-10
Sn-119m 4.6E-10 3.8E-10 2.7E-10
Am-242m 2.7E-10 1.3E-10 6.0E-11
Sn-123 2.7E-10 2.3E-10 1.7E-10
Te-127m 2.4E-10 1.9E-10 1.3E-10
1-129 2.1E-10 1.4E-10 5.5E-11
Ce-144 1.5E-10 1.6E-10 1.3E-10
Cd-115m 1.0E-10 8.9E-11 7.9E-11
Tc-99 7.7E-11 5.6E-11 3.1E-11
Eu-152 5.8E-11 3.8E-11 2.0E-11
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Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Te-129m 5.5E-11 4.6E-11 3.4E-11
Ni-63 5.5E-11 4.5E-11 2.6E-11
Co-60 5.1E-11 3.8E-11 1.9E-11
Cd-113m 4.6E-11 3.0E-11 1.6E-11
Sn-126 4.0E-11 3.5E-10 2.2E-11
Cs-137 3.7E-11 2.6E-11 1.3E-11
Eu-154 29E-11 2.1E-11 1.1E-11
Sr-90 29E-11 1.9E-11 9.7E-12
Pm-147 2.0E-11 1.7E-11 1.1E-11
Sb-125 1.4E-11 1.1E-11 6.2E-12
Eu-155 1.2E-11 9.3E-12 5.6E-12
Cs-134 7.5E-12 6.1E-12 3.4E-12
Pm-146 7.0E-12 5.1E-12 2.7E-12
Ba-140 5.8E-12 4.7E-12 3.7E-12
Ce-141 4.9E-12 3.6E-12 2.7E-12
Th-160 4.9E-12 4.1E-12 2.9E-12
Te-125m 4.8E-12 3.5E-12 2.5E-12
Sbh-124 4.1E-12 3.4E-12 2.4E-12
Te-127 3.3E-12 3.6E-12 3.6E-12
Gd-153 2.7E-12 3.3E-12 2.5E-12
Ag-110m 2.6E-12 2.2E-12 1.3E-12
Pm-148 2.5E-12 2.5E-12 2.2E-12
Te-123m 2.3E-12 1.8E-12 1.2E-12
Rb-86 2.3E-12 3.3E-12 3.8E-12
Sr-89 2.1E-12 1.8E-12 1.3E-12
Fe-59 1.7E-12 1.4E-12 1.2E-12
Pm-148m 1.4E-12 1.1E-12 7.7E-13
Zn-65 1.0E-12 1.0E-12 9.0E-13
Ru-103 7.9E-13 6.2E-13 4.4E-13
Cs-136 6.5E-13 5.5E-13 4.5E-13
Nb-95 45E-13 3.5E-13 2.5E-13
Co-58 4.3E-13 3.6E-13 2.4E-13
Mn-54 2.8E-13 2.8E-13 1.8E-13
Te-129 2.7E-13 2.7E-13 3.1E-13
Y-90 2.7E-13 2.9E-13 3.0E-13
Sm-151 2.2E-13 1.4E-13 7.7E-14
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Exposure assessment result (mSv/year)
Nuclide Children Remarks
Adult under Infants
school age
Pr-144 5.1E-14 5.8E-14 6.9E-14
Rh-103m 7.1E-16 6.9E-16 6.8E-16
Cs-135 5.1E-17 3.7E-17 2.1E-17
Rh-106 0.0E+00 | 00E+00 | 0.0E+0p | Assessedwiththe
parent nuclide
Ba-137m | 0.0E+00 | O0.0E+00 | 0.0E+00 Assessed with the
parent nuclide
Pr-144m 0.0E+00 | O0.0E+00 | 0.0E+00 Assessed with the
parent nuclide
Total 2.0E-07 1.1E-07 6.5E-08

Table X-2-3 Assessment result of internal exposure from ingestion of seafood
(Source term based on measured values (J1-C tank group), Average ingestion)

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Sn-119m 1.3E-05 2.5E-05 3.2E-05
Sn-123 1.3E-05 2.3E-05 3.1E-05
Sn-126 1.2E-06 2.1E-06 2.7E-06
C-14 3.8E-07 3.3E-07 1.9E-07
1-129 3.6E-07 2.7E-07 1.1E-07
Cd-115m 2.9E-07 4.3E-07 7.2E-07
Cd-113m 6.4E-08 5.4E-08 6.7E-08
Te-127m 5.0E-08 1.0E-07 1.8E-07
H-3 3.3E-08 2.8E-08 2.3E-08
Fe-59 2.7E-08 5.7E-08 1.2E-07
Y-91 2.3E-08 4.1E-08 5.1E-08
Te-129m 1.9E-08 3.6E-08 5.4E-08
Am-241 1.7E-08 1.1E-08 6.1E-08
Am-243 1.7E-08 1.1E-08 5.9E-08
Pu-239 1.6E-08 1.1E-08 5.4E-08
Pu-240 1.6E-08 1.1E-08 5.4E-08
Pu-238 1.5E-08 1.0E-08 5.1E-08
Pu-241 1.1E-08 6.5E-09 2.6E-08
Cm-243 8.7E-09 6.2E-09 3.6E-08
Co-60 8.6E-09 2.2E-08 2.7E-08
Zn-65 8.0E-09 1.0E-08 1.5E-08
Cm-244 7.0E-09 5.4E-09 3.3E-08
Ru-106 6.6E-09 1.2E-08 1.5E-08
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Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Tc-99 6.5E-09 1.1E-08 1.9E-08
Ce-144 5.8E-09 1.0E-08 1.4E-08
Ag-110m 3.7E-09 5.2E-09 6.4E-09
Te-127 3.5E-09 6.3E-09 6.2E-09
Ni-63 3.2E-09 4.9E-09 6.8E-09
Pm-148 1.9E-09 3.4E-09 4.1E-09
Eu-152 1.2E-09 1.7E-09 2.7E-09
Te-125m 8.9E-10 1.6E-09 2.6E-09
Cm-242 7.0E-10 1.1E-09 6.6E-09
Eu-154 6.6E-10 1.1E-09 1.6E-09
Pm-147 6.2E-10 1.2E-09 1.7E-09
Te-123m 5.7E-10 9.8E-10 1.5E-09
Cs-137 4.3E-10 1.6E-10 1.4E-10
Mn-54 4.2E-10 5.7E-10 6.4E-10
Te-129 3.9E-10 6.4E-10 9.2E-10
Ce-141 3.6E-10 6.4E-10 7.9E-10
Eu-155 3.3E-10 5.6E-10 8.7E-10
Th-160 3.1E-10 5.2E-10 6.1E-10
Am-242m 2.9E-10 1.7E-10 9.1E-10
Cs-134 2.5E-10 8.5E-11 7.0E-11
Pm-148m 2.4E-10 4.0E-10 4.3E-10
Sbh-125 2.4E-10 3.7E-10 4.9E-10
Co-58 2.3E-10 4.1E-10 4.6E-10
Sb-124 2.3E-10 3.9E-10 4.7E-10
Gd-153 2.1E-10 3.7E-10 4.5E-10
Pm-146 1.8E-10 2.8E-10 4.0E-10
Y-90 5.4E-11 9.9E-11 1.2E-10
Pr-144 4.7E-11 7.8E-11 1.2E-10
Nb-95 3.2E-11 4.9E-11 5.0E-11
Rb-86 3.1E-11 5.4E-11 6.9E-11
Ru-103 2.6E-11 4.2E-11 4.9E-11
Cs-136 2.4E-11 2.5E-11 2.5E-11
Ba-140 1.9E-11 3.3E-11 4.6E-11
Sr-90 9.6E-12 8.1E-12 1.6E-11
Sm-151 3.2E-12 5.5E-12 9.8E-12
Sr-89 1.3E-12 2.3E-12 3.7E-12
Rh-103m 2.1E-13 3.6E-13 5.2E-13
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age
Cs-135 4.2E-16 1.8E-16 1.7E-16

Assessed with the

Rh-106 0.0E+00 0.0E+00 0.0E+00 .
parent nuclide
Ba-137m | 0.0E+00 | 0.0E+00 | 0.0E+00 Assessed with the
parent nuclide
Pr-144m | 00E+00 | 00E+00 | 0.0E+00 | Assessedwiththe
parent nuclide
Total 2.8E-05 5.1E-05 6.7E-05
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Table X-2-4 Assessment result of internal exposure from ingestion of seafood
(Source term based on measured values (J1-C tank group), More ingestion)

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Sn-119m 4.9E-05 9.4E-05 1.2E-04
Sn-123 4.7E-05 8.9E-05 1.1E-04
Sn-126 4.6E-06 8.0E-06 9.9E-06
1-129 1.7E-06 1.3E-06 5.4E-07
Cd-115m 1.5E-06 2.3E-06 3.7E-06
C-14 1.4E-06 1.3E-06 7.0E-07
Cd-113m 3.4E-07 2.9E-07 3.4E-07
Te-127m 2.2E-07 4.5E-07 7.6E-07
Fe-59 1.5E-07 3.1E-07 6.2E-07
H-3 1.3E-07 1.1E-07 8.7E-08
Y-91 1.2E-07 2.2E-07 2.7E-07
Pu-239 8.5E-08 5.6E-08 2.8E-07
Pu-240 8.5E-08 5.6E-08 2.8E-07
Am-241 8.2E-08 5.5E-08 2.9E-07
Am-243 8.2E-08 5.5E-08 2.8E-07
Te-129m 8.1E-08 1.6E-07 2.3E-07
Pu-238 7.8E-08 5.3E-08 2.6E-07
Pu-241 5.9E-08 3.4E-08 1.3E-07
Zn-65 4.8E-08 6.0E-08 8.6E-08
Co-60 4.7E-08 1.2E-07 1.5E-07
Cm-243 4.2E-08 3.1E-08 1.7E-07
Cm-244 3.4E-08 2.7E-08 1.6E-07
Ru-106 3.3E-08 5.9E-08 7.6E-08
Tc-99 3.1E-08 5.5E-08 9.2E-08
Ce-144 2.9E-08 5.3E-08 7.1E-08
Ag-110m 1.8E-08 2.5E-08 3.0E-08
Te-127 1.5E-08 2.8E-08 2.7E-08
Ni-63 1.3E-08 2.1E-08 2.8E-08
Pm-148 1.0E-08 1.8E-08 2.2E-08
Eu-152 6.3E-09 9.3E-09 1.4E-08
Te-125m 3.9E-09 7.3E-09 1.1E-08
Eu-154 3.5E-09 5.8E-09 8.6E-09
Cm-242 3.4E-09 5.5E-09 3.2E-08
Pm-147 3.4E-09 6.2E-09 9.0E-09
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Exposure assessment result (mSv/year)
Nuclide Children Remarks
Adult under Infants
school age

Te-123m 2.5E-09 4.4E-09 6.6E-09
Mn-54 2.4E-09 3.2E-09 3.6E-09
Ce-141 1.8E-09 3.3E-09 4.0E-09
Eu-155 1.8E-09 3.0E-09 4.6E-09
Te-129 1.7E-09 2.8E-09 4.0E-09
Th-160 1.7E-09 2.8E-09 3.3E-09
Cs-137 1.6E-09 5.8E-10 5.1E-10
Am-242m 1.4E-09 8.4E-10 4.4E-09
Pm-148m 1.3E-09 2.1E-09 2.3E-09
Co-58 1.3E-09 2.2E-09 2.4E-09
Gd-153 1.1E-09 2.0E-09 2.4E-09
Pm-146 9.7E-10 1.5E-09 2.1E-09
Cs-134 9.1E-10 3.2E-10 2.5E-10
Sb-125 8.4E-10 1.3E-09 1.7E-09
Sbh-124 8.1E-10 1.4E-09 1.6E-09
Y-90 2.9E-10 5.3E-10 6.3E-10
Pr-144 2.3E-10 3.9E-10 5.7E-10
Nb-95 1.6E-10 2.5E-10 2.5E-10
Ru-103 1.3E-10 2.1E-10 2.4E-10
Rb-86 1.3E-10 2.3E-10 2.8E-10
Cs-136 8.9E-11 9.2E-11 9.0E-11
Ba-140 8.0E-11 1.4E-10 1.9E-10
Sr-90 4.3E-11 3.6E-11 7.0E-11
Sm-151 1.7E-11 2.9E-11 5.2E-11
Sr-89 6.0E-12 1.0E-11 1.6E-11
Rh-103m 1.2E-12 2.0E-12 2.8E-12
Cs-135 1.5E-15 6.5E-16 6.3E-16

Rh-106 | O0.0E+00 | 0.0E+00 | 0.0E+00 Asrfaerzs;]‘idnuwcitl%tehe

Ba-137m | 0.0E+00 | O0.0E+00 | 0.0E+00 As;aerzsn‘idnx"m;he

Pr-144m | 00E+00 | 0.0E+00 | 0.0E+00 Asrfaerzs;]‘idnuwcitl%tehe
Total 1.1E-04 2.0E-04 2.5E-04
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Table X-3-1 Internal exposure assessment result from ingestion of seawater
(Source term based on measured values (J1-C tank group))

Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age

H-3 3.0E-07 5.2E-07 Exempted
1-129 2.3E-09 3.5E-09 Exempted
Y-91 1.8E-09 6.6E-09 Exempted
Sn-119m 8.5E-10 3.3E-09 Exempted
Sn-123 8.3E-10 3.1E-09 Exempted
Te-127m 6.5E-10 2.7E-09 Exempted
C-14 5.8E-10 9.9E-10 Exempted
Cd-115m 4.7E-10 1.4E-09 Exempted
Pu-239 4.4E-10 5.8E-10 Exempted
Pu-240 4.4E-10 5.8E-10 Exempted
Pu-238 4.0E-10 5.4E-10 Exempted
Am-241 3.5E-10 4.7E-10 Exempted
Am-243 3.5E-10 4.7E-10 Exempted
Pu-241 3.0E-10 3.4E-10 Exempted
Cs-137 2.7E-10 2.0E-10 Exempted
Cm-243 2.6E-10 3.9E-10 Exempted
Te-129m 2.3E-10 9.0E-10 Exempted
Cm-244 2.1E-10 3.3E-10 Exempted
Ru-106 2.1E-10 7.5E-10 Exempted
Ce-144 1.8E-10 6.5E-10 Exempted
Cd-113m 1.2E-10 2.1E-10 Exempted
Ni-63 8.3E-11 2.5E-10 Exempted
Rb-86 8.2E-11 2.9E-10 Exempted
Cs-134 8.0E-11 5.5E-11 Exempted
Pm-148 7.6E-11 2.7E-10 Exempted
Sr-90 5.6E-11 9.4E-11 Exempted
Tc-99 5.2E-11 1.9E-10 Exempted
Co-60 4.9E-11 2.4E-10 Exempted
Te-127 4.6E-11 1.7E-10 Exempted
Sn-126 4.4E-11 1.5E-10 Exempted
Ba-140 2.8E-11 9.8E-11 Exempted
Cm-242 2.1E-11 6.8E-11 Exempted
Zn-65 2.0E-11 4.9E-11 Exempted
Eu-152 1.7E-11 4.9E-11 Exempted
Tb-160 1.4E-11 4.7E-11 Exempted
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age
Sb-124 1.3E-11 4.4E-11 Exempted
Eu-154 1.3E-11 4.1E-11 Exempted
Pm-147 1.2E-11 4.3E-11 Exempted
Sh-125 9.6E-12 3.0E-11 Exempted
Fe-59 8.1E-12 3.4E-11 Exempted
Te-125m 7.6E-12 2.9E-11 Exempted
Sr-89 7.3E-12 2.5E-11 Exempted
Ag-110m 7.0E-12 2.0E-11 Exempted
Cs-136 6.8E-12 1.4E-11 Exempted
Am-242m 6.1E-12 7.3E-12 Exempted
Te-123m 5.9E-12 2.1E-11 Exempted
Y-90 5.4E-12 2.0E-11 Exempted
Ce-141 5.3E-12 2.0E-11 Exempted
Te-129 4.7E-12 1.6E-11 Exempted
Pm-148m 4.4E-12 1.4E-11 Exempted
Eu-155 3.6E-12 1.2E-11 Exempted
Pm-146 3.5E-12 1.1E-11 Exempted
Gd-153 3.2E-12 1.1E-11 Exempted
Ru-103 2.3E-12 7.7E-12 Exempted
Pr-144 1.7E-12 5.9E-12 Exempted
Co-58 1.7E-12 6.0E-12 Exempted
Nb-95 1.7E-12 5.3E-12 Exempted
Mn-54 1.7E-12 4.5E-12 Exempted
Sm-151 6.1E-14 2.1E-13 Exempted
Rh-103m 1.2E-14 4.1E-14 Exempted
Cs-135 2.6E-16 2.2E-16 Exempted
Rh-106 0.0E+00 | 0.0E+00 | EXempted Asrfaerzz‘idnuwcitl%tehe
Ba-137m | 0.0E+00 | 0.0E+00 | EXempted As;aerzsn‘idnu""citl%tehe
Pr-144m 0.0E+00 0.0E+00 Exempted Assessed with the
parent nuclide
Total 3.2E-07 5.5E-07 Exempted
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Table X-3-2 Assessment result of internal exposure from inhalation of seawater spray
(Source term based on measured values (J1-G tank group))

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

H-3 7.3E-08 5.0E-08 3.4E-08
Pu-239 5.1E-08 2.5E-08 1.1E-08
Pu-240 5.1E-08 2.5E-08 1.1E-08
Pu-238 4.6E-08 2.3E-08 1.1E-08
Am-241 4.1E-08 2.0E-08 9.8E-09
Am-243 4.1E-08 2.0E-08 9.8E-09
Pu-241 3.5E-08 1.5E-08 5.4E-09
Cm-243 2.9E-08 1.6E-08 8.7E-09
Cm-244 2.4E-08 1.4E-08 8.1E-09
Cm-242 2.5E-09 2.0E-09 1.5E-09
Y-91 1.6E-09 1.3E-09 1.0E-09
C-14 1.4E-09 1.0E-09 5.9E-10
Sn-119m 1.3E-09 1.1E-09 7.8E-10
Sn-123 7.7E-10 6.7E-10 4.9E-10
Am-242m 7.1E-10 3.3E-10 1.6E-10
Te-127m 6.6E-10 5.3E-10 3.6E-10
Ru-106 4.8E-10 4.0E-10 2.4E-10
Ce-144 4.4E-10 4.6E-10 3.8E-10
Cd-115m 2.7E-10 2.3E-10 2.1E-10
Tc-99 2.5E-10 1.8E-10 1.0E-10
Cs-137 1.9E-10 1.4E-10 7.0E-11
1-129 1.8E-10 1.2E-10 4.6E-11
Ni-63 1.7E-10 1.4E-10 8.2E-11
Te-129m 1.4E-10 1.2E-10 8.8E-11
Cd-113m 1.4E-10 9.2E-11 5.0E-11
Eu-152 1.2E-10 7.9E-11 4.1E-11
Co-60 1.1E-10 8.0E-11 4.1E-11
Eu-154 8.0E-11 5.7E-11 3.1E-11
Sr-90 7.7E-11 5.1E-11 2.6E-11
Sn-126 6.3E-11 5.5E-10 3.5E-11
Pm-147 5.4E-11 4.7E-11 2.9E-11
Sh-125 2.5E-11 2.0E-11 1.1E-11
Cs-134 2.0E-11 1.6E-11 9.1E-12
Pm-146 2.0E-11 1.5E-11 7.8E-12
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Exposure assessment result (mSv/year)

Nuclide Children Remarks
Adult under Infants
school age

Eu-155 1.9E-11 1.5E-11 9.1E-12
Pm-148 1.5E-11 1.5E-11 1.3E-11
Ba-140 1.5E-11 1.2E-11 9.6E-12
Th-160 1.5E-11 1.2E-11 8.7E-12
Sb-124 1.1E-11 8.9E-12 6.4E-12
Te-127 9.1E-12 9.9E-12 1.0E-11
Te-125m 8.9E-12 6.5E-12 4.6E-12
Ag-110m 7.2E-12 6.2E-12 3.6E-12
Ce-141 6.9E-12 5.0E-12 3.7E-12
Rb-86 6.6E-12 9.5E-12 1.1E-11
Gd-153 6.0E-12 7.3E-12 5.5E-12
Sr-89 5.4E-12 4.5E-12 3.4E-12
Te-123m 5.2E-12 3.9E-12 2.6E-12
Fe-59 4.3E-12 3.4E-12 2.9E-12
Pm-148m 3.5E-12 2.9E-12 2.0E-12
Zn-65 2.7E-12 2.7E-12 2.3E-12
Ru-103 2.3E-12 1.8E-12 1.3E-12
Cs-136 1.5E-12 1.3E-12 1.0E-12
Nb-95 1.3E-12 1.0E-12 7.0E-13
Co-58 1.2E-12 9.8E-13 6.5E-13
Mn-54 8.6E-13 8.5E-13 5.5E-13
Y-90 7.2E-13 8.0E-13 8.1E-13
Te-129 7.1E-13 7.1E-13 8.1E-13
Sm-151 6.0E-13 4.0E-13 2.1E-13
Pr-144 1.5E-13 1.7E-13 2.0E-13
Rh-103m 2.1E-15 2.0E-15 2.0E-15
Cs-135 2.7E-16 2.0E-16 1.1E-16

Rh-106 0.0E+00 0.0E+00 0.0E+00 As;aerzsn‘idnx"m;he

Ba-137m 0.0E+00 | O0.0E+00 | 0.0E+00 As;aerzsn‘idnx"m;he

Pr-144m 0.0E+00 0.0E+00 0.0E+00 As;aerzsn‘idnx"m;he
Total 4.0E-07 2.2E-07 1.2E-07
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Table X-3-3 Assessment result of internal exposure from ingestion of seafood
(Source term based on measured values (J1-G tank group), Average ingestion)

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Sn-119m 3.7E-05 7.1E-05 9.2E-05
Sn-123 3.6E-05 6.7E-05 8.8E-05
Sn-126 1.9E-06 3.3E-06 4.2E-06
C-14 1.0E-06 8.8E-07 5.1E-07
Cd-115m 7.5E-07 1.1E-06 1.9E-06
1-129 3.0E-07 2.3E-07 9.5E-08
Cd-113m 2.0E-07 1.7E-07 2.0E-07
Te-127m 1.4E-07 2.8E-07 4.9E-07
Fe-59 6.8E-08 1.4E-07 3.0E-07
Te-129m 4.9E-08 9.5E-08 1.4E-07
Y-91 4.8E-08 8.8E-08 1.1E-07
Am-241 4.4E-08 2.9E-08 1.6E-07
Am-243 4.4E-08 2.9E-08 1.5E-07
Pu-239 4.2E-08 2.8E-08 1.4E-07
Pu-240 4.2E-08 2.8E-08 1.4E-07
Pu-238 3.9E-08 2.6E-08 1.3E-07
H-3 3.3E-08 2.8E-08 2.3E-08
Pu-241 2.9E-08 1.6E-08 6.6E-08
Cm-243 2.3E-08 1.6E-08 9.3E-08
Tc-99 2.1E-08 3.7E-08 6.4E-08
Zn-65 2.1E-08 2.6E-08 3.8E-08
Co-60 1.8E-08 4.6E-08 5.7E-08
Cm-244 1.8E-08 1.4E-08 8.4E-08
Ce-144 1.7E-08 3.0E-08 4.1E-08
Pm-148 1.1E-08 2.0E-08 2.4E-08
Ag-110m 1.0E-08 1.5E-08 1.8E-08
Ni-63 1.0E-08 1.5E-08 2.2E-08
Te-127 9.9E-09 1.8E-08 1.7E-08
Ru-106 6.9E-09 1.2E-08 1.6E-08
Eu-152 2.4E-09 3.6E-09 5.5E-09
Cs-137 2.3E-09 8.3E-10 7.5E-10
Eu-154 1.8E-09 3.0E-09 4.5E-09
Cm-242 1.8E-09 2.9E-09 1.7E-08
Pm-147 1.7E-09 3.2E-09 4.7E-09
Te-125m 1.6E-09 3.0E-09 4.8E-09
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Exposure assessment result (mSv/year)
Nuclide Children Remarks
Adult under Infants
school age

Mn-54 1.3E-09 1.7E-09 1.9E-09
Te-123m 1.3E-09 2.2E-09 3.4E-09
Te-129 1.0E-09 1.7E-09 2.4E-09
Tb-160 9.4E-10 1.6E-09 1.9E-09
Am-242m 7.6E-10 4.5E-10 2.4E-09
Cs-134 6.7E-10 2.3E-10 1.9E-10
Co-58 6.4E-10 1.1E-09 1.2E-09
Pm-148m 6.4E-10 1.0E-09 1.1E-09
Sbh-124 6.0E-10 1.0E-09 1.2E-09
Eu-155 5.3E-10 9.0E-10 1.4E-09
Pm-146 5.2E-10 8.1E-10 1.1E-09
Ce-141 5.0E-10 9.0E-10 1.1E-09
Gd-153 4.7E-10 8.2E-10 1.0E-09
Sb-125 4.4E-10 6.9E-10 9.1E-10
Y-90 1.4E-10 2.7E-10 3.3E-10
Pr-144 1.4E-10 2.3E-10 3.4E-10
Nb-95 9.2E-11 1.4E-10 1.4E-10
Rb-86 8.8E-11 1.5E-10 2.0E-10
Ru-103 7.6E-11 1.2E-10 1.4E-10
Cs-136 5.7E-11 5.8E-11 5.8E-11
Ba-140 4.9E-11 8.4E-11 1.2E-10
Sr-90 2.6E-11 2.2E-11 4.3E-11
Sm-151 8.9E-12 1.5E-11 2.7E-11
Sr-89 3.4E-12 5.8E-12 9.4E-12
Rh-103m 6.2E-13 1.1E-12 1.5E-12
Cs-135 2.2E-15 9.4E-16 9.3E-16

Rh-106 0.0E+00 | O0.0E+00 | 0.0E+00 As;aerzsn‘idnx"m;he

Ba-137m | O00E+00 | O0.0E+00 | 0.0E+00 As;aerzsn‘idnx"m;he

Pr-144m | O0.0E+00 | O0.0E+00 | 0.0E+00 Asrfaerzs;]‘idnuwcitl%tehe
Total 7.9E-05 1.5E-04 1.9E-04
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Table X-3-4 Assessment result of internal exposure from ingestion of seafood
(Source term based on measured values (J1-C tank group), More ingestion)

Exposure assessment result (mSv/year)

Nuclide Children Remarks

Adult under Infants
school age

Sn-119m 1.4E-04 2.7E-04 3.4E-04
Sn-123 1.4E-04 2.6E-04 3.3E-04
Sn-126 7.3E-06 1.3E-05 1.6E-05
Cd-115m 4.0E-06 5.9E-06 9.7E-06
C-14 3.9E-06 3.4E-06 1.9E-06
1-129 1.4E-06 1.1E-06 4.5E-07
Cd-113m 1.0E-06 8.8E-07 1.1E-06
Te-127m 6.0E-07 1.3E-06 2.1E-06
Fe-59 3.7E-07 7.7E-07 1.6E-06
Y-91 2.6E-07 4.7E-07 5.8E-07
Pu-239 2.2E-07 1.4E-07 7.1E-07
Pu-240 2.2E-07 1.4E-07 7.1E-07
Am-241 2.1E-07 1.4E-07 7.5E-07
Am-243 2.1E-07 1.4E-07 7.3E-07
Te-129m 2.1E-07 4.2E-07 6.0E-07
Pu-238 2.0E-07 1.4E-07 6.8E-07
Pu-241 1.5E-07 8.6E-08 3.4E-07
H-3 1.3E-07 1.1E-07 8.7E-08
Zn-65 1.2E-07 1.5E-07 2.2E-07
Cm-243 1.1E-07 8.0E-08 4.5E-07
Tc-99 1.0E-07 1.8E-07 3.0E-07
Co-60 1.0E-07 2.5E-07 3.1E-07
Cm-244 8.7E-08 6.9E-08 4.1E-07
Ce-144 8.5E-08 1.6E-07 2.1E-07
Pm-148 6.0E-08 1.1E-07 1.3E-07
Ag-110m 5.0E-08 7.0E-08 8.4E-08
Te-127 4.3E-08 7.8E-08 7.4E-08
Ni-63 4.2E-08 6.5E-08 8.8E-08
Ru-106 3.4E-08 6.1E-08 8.0E-08
Eu-152 1.3E-08 1.9E-08 2.9E-08
Eu-154 9.8E-09 1.6E-08 2.4E-08
Pm-147 9.2E-09 1.7E-08 2.5E-08
Cm-242 8.7E-09 1.4E-08 8.2E-08
Cs-137 8.2E-09 3.1E-09 2.7E-09
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Exposure assessment result (mSv/year)
Nuclide Children Remarks
Adult under Infants
school age

Mn-54 7.4E-09 9.9E-09 1.1E-08
Te-125m 7.1E-09 1.4E-08 2.1E-08
Te-123m 5.5E-09 9.6E-09 1.5E-08
Tb-160 5.1E-09 8.6E-09 9.9E-09
Te-129 4.4E-09 7.4E-09 1.0E-08
Am-242m 3.6E-09 2.2E-09 1.1E-08
Co-58 3.5E-09 6.1E-09 6.7E-09
Pm-148m 3.4E-09 5.5E-09 5.9E-09
Eu-155 2.8E-09 4.9E-09 7.4E-09
Pm-146 2.8E-09 4.3E-09 6.0E-09
Ce-141 2.5E-09 4.6E-09 5.6E-09
Gd-153 2.5E-09 4.4E-09 5.2E-09
Cs-134 2.4E-09 8.5E-10 6.8E-10
Sbh-124 2.1E-09 3.6E-09 4.3E-09
Sb-125 1.6E-09 2.5E-09 3.2E-09
Y-90 7.7E-10 1.4E-09 1.7E-09
Pr-144 6.8E-10 1.2E-09 1.7E-09
Nb-95 4.6E-10 7.2E-10 7.1E-10
Ru-103 3.8E-10 6.3E-10 7.1E-10
Rb-86 3.6E-10 6.5E-10 8.0E-10
Cs-136 2.1E-10 2.1E-10 2.1E-10
Ba-140 2.1E-10 3.7E-10 5.0E-10
Sr-90 1.2E-10 9.8E-11 1.9E-10
Sm-151 4.8E-11 8.1E-11 1.4E-10
Sr-89 1.5E-11 2.6E-11 4.1E-11
Rh-103m 3.4E-12 5.8E-12 8.1E-12
Cs-135 8.1E-15 3.5E-15 3.3E-15

Rh-106 0.0E+00 | 0.0E+00 | 0.0E+00 Asrfaerzz‘idnuwcitl%tehe

Ba-137m | 0.0E+00 | O0.0E+00 | 0.0E+00 Asrfaerzz‘idnuwcitl%tehe

Pr-144m | O0.0E+00 | O0.0E+00 | 0.0E+00 Asrfaerzz‘idnuwcitl%tehe
Total 3.0E-04 5.6E-04 7.1E-04
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X-2. Assessment result regarding environmental protection
For the following exposure assessments shown in chapter 7. “Assessment regarding
environmental protection”, Tables X-4 to 6 show the assessment result of each nuclide.

Source term based on measured values of 64 nuclides
i. K4 tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.29)
il. J1-C tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.35)
iii. J1-G tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.22)

Table X-4 Assessment result of environmental protection (Source term based on
measured values (K4 tank group))

Exposure assessment result (mGy/day)

Nuclide Flatfish Crab SeBarSV\ggd Remarks
Fe-59 1.2E-05 1.2E-05 1.3E-05
Sn-123 1.6E-06 1.5E-06 1.7E-06
Pm-148 1.3E-06 1.2E-06 1.7E-06
Sn-126 6.9E-07 6.6E-07 6.4E-07
Co-60 6.5E-07 6.5E-07 7.1E-07
Pm-146 2.9E-07 2.8E-07 3.1E-07
Y-91 1.4E-07 8.4E-08 6.3E-07
Eu-152 1.3E-07 1.2E-07 1.3E-07
Th-160 1.2E-07 1.2E-07 1.3E-07
Ce-144 7.8E-08 4.6E-08 7.8E-08
Pm-148m 6.6E-08 6.4E-08 7.2E-08
Eu-154 6.1E-08 5.7E-08 6.1E-08
Ru-106 5.4E-08 5.4E-08 6.4E-08
Cd-115m 4.9E-08 2.2E-07 9.3E-09
Sn-119m 4.3E-08 4.1E-08 3.0E-08
C-14 4.0E-08 3.3E-08 2.7E-08
Mn-54 2.3E-08 2.1E-08 2.3E-08
Gd-153 1.2E-08 1.1E-08 1.4E-08
Nb-95 1.2E-08 1.2E-08 1.2E-08
Ce-141 1.1E-08 1.1E-08 1.2E-08
Eu-155 7.7E-09 7.5E-09 7.7E-09
H-3 4.7E-09 4.7E-09 1.8E-09
Co-58 4.6E-09 4.6E-09 4.6E-09
Cs-137 2.0E-09 1.9E-09 2.0E-09
Zn-65 1.3E-09 2.6E-09 1.3E-09
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Exposure assessment result (mGy/day)

Nuclide Flatfish Crab SeBarlsvvggd Remarks
Ba-140 9.3E-10 1.3E-09 1.7E-09
Te-129m 9.1E-10 9.2E-10 8.4E-09
Sb-125 7.0E-10 6.6E-10 8.7E-10
Am-243 5.8E-10 7.1E-10 6.4E-10
Cs-134 5.8E-10 5.4E-10 5.7E-10
Cs-136 5.0E-10 5.0E-10 5.0E-10
Te-127m 4.3E-10 4.3E-10 4.1E-09
Cd-113m 4.1E-10 1.8E-09 3.4E-11
Ag-110m 4.0E-10 2.2E-09 3.5E-10
Ru-103 3.9E-10 3.9E-10 4.0E-10
Cm-243 3.2E-10 8.3E-10 5.2E-10
Te-127 3.2E-10 3.2E-10 2.9E-09
Rb-86 2.7E-10 2.0E-10 4.8E-10
Te-125m 1.9E-10 2.0E-10 1.7E-09
Pm-147 9.7E-11 1.3E-09 9.0E-10
Sbh-124 8.5E-11 8.0E-11 1.0E-10
Am-241 6.3E-11 2.0E-10 6.4E-11
Ni-63 4.5E-11 1.1E-09 3.3E-10
Sr-90 4.3E-11 1.6E-10 4.2E-11
Pu-238 3.8E-11 2.6E-11 6.3E-11
Pu-240 3.6E-11 2.4E-11 5.9E-11
Pu-239 3.6E-11 2.4E-11 5.9E-11
Tc-99 2.5E-11 5.6E-09 1.6E-08
1-129 1.1E-11 6.4E-09 2.8E-09
Sr-89 1.1E-11 3.7E-11 1.1E-11
Te-123m 7.3E-12 7.4E-12 4.4E-11
Cm-242 4.3E-12 5.5E-10 2.1E-10
Cm-244 4.1E-12 5.2E-10 2.0E-10
Am-242m 3.0E-12 3.3E-12 5.2E-12
Pu-241 1.6E-12 1.1E-12 2.7E-12
Sm-151 9.1E-14 1.9E-12 7.9E-13
Cs-135 1.2E-16 6.4E-17 9.5E-17
Y-90 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Rh-103m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Rh-106 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Te-129 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Ba-137m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Pr-144 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
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Exposure assessment result (mGy/day)

Nuclide Remarks
Flatfish Crab Brown
seaweed
Pr-144m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Total 1.7E-05 1.7E-05 1.9E-05

Table X-5 Assessment result of environmental protection (Source term based on

measured values (J1-C tank group))

Exposure assessment result (mGy/day)

Nuclide Flatfish Crab SS;SVVggd Remarks
Fe-59 1.4E-05 1.4E-05 1.5E-05
Sn-119m 2.5E-06 2.3E-06 1.7E-06
Sn-123 2.0E-06 2.0E-06 2.1E-06
Sn-126 1.7E-06 1.6E-06 1.6E-06
Eu-152 3.1E-07 2.9E-07 3.1E-07
Y-91 2.5E-07 1.5E-07 1.1E-06
Ce-144 1.6E-07 9.5E-08 1.6E-07
Th-160 1.4E-07 1.4E-07 1.5E-07
Pm-148 1.4E-07 1.3E-07 1.9E-07
Eu-154 1.3E-07 1.2E-07 1.3E-07
Co-60 1.1E-07 1.1E-07 1.2E-07
Pm-148m 8.8E-08 8.5E-08 9.5E-08
Cd-115m 4.8E-08 2.1E-07 9.1E-09
Pm-146 4.7E-08 4.5E-08 4.9E-08
Mn-54 3.1E-08 2.8E-08 3.1E-08
Ce-141 2.7E-08 2.6E-08 2.8E-08
Gd-153 2.3E-08 2.1E-08 2.7E-08
Eu-155 1.8E-08 1.8E-08 1.8E-08
Nb-95 1.4E-08 1.4E-08 1.4E-08
C-14 1.1E-08 9.2E-09 7.4E-09
Ru-106 1.1E-08 1.1E-08 1.3E-08
Am-243 7.1E-09 8.6E-09 7.8E-09
Co-58 5.5E-09 5.4E-09 5.4E-09
H-3 4.7E-09 4.7E-09 1.8E-09
Cm-243 3.9E-09 1.0E-08 6.3E-09
Zn-65 1.9E-09 3.8E-09 1.8E-09
Te-127m 1.5E-09 1.5E-09 1.4E-08
Te-127 1.1E-09 1.1E-09 1.0E-08
Te-129m 9.2E-10 9.4E-10 8.5E-09
Am-241 7.6E-10 2.5E-09 7.8E-10
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Exposure assessment result (mGy/day)

Nuclide Flatfish Crab Sfésvvggd Remarks
Ag-110m 7.2E-10 4.0E-09 6.2E-10
Ru-103 4.8E-10 4.8E-10 4.9E-10
Pu-238 4.7E-10 3.2E-10 7.6E-10
Ba-140 4.6E-10 6.3E-10 8.5E-10
Cd-113m 4.5E-10 2.0E-09 3.7E-11
Pu-240 4.4E-10 3.0E-10 7.1E-10
Pu-239 4.3E-10 3.0E-10 7.1E-10
Cs-134 2.3E-10 2.1E-10 2.2E-10
Cs-137 2.1E-10 2.0E-10 2.1E-10
Sbh-124 2.0E-10 1.9E-10 2.4E-10
Cs-136 1.8E-10 1.8E-10 1.8E-10
Rb-86 1.6E-10 1.2E-10 3.0E-10
Sb-125 1.1E-10 1.1E-10 1.4E-10
Pm-147 9.5E-11 1.3E-09 8.8E-10
Cm-242 5.2E-11 6.7E-09 2.5E-09
Cm-244 4.9E-11 6.3E-09 2.4E-09
Ni-63 4.0E-11 9.6E-10 3.0E-10
Te-125m 3.1E-11 3.2E-11 2.7E-10
Te-123m 1.7E-11 1.7E-11 1.0E-10
Pu-241 1.6E-11 1.1E-11 2.7E-11
Am-242m 1.0E-11 1.1E-11 1.8E-11
Tc-99 9.8E-12 2.2E-09 6.5E-09
Sr-90 1.6E-12 5.9E-12 1.6E-12
1-129 1.5E-12 8.5E-10 3.7E-10
Sr-89 1.3E-12 4.7E-12 1.3E-12
Sm-151 2.6E-13 5.5E-12 2.2E-12
Cs-135 1.3E-17 7.1E-18 1.1E-17
Y-90 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Rh-103m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Rh-106 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Te-129 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Ba-137m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Pr-144 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Pr-144m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Total 2.2E-05 2.2E-05 2.3E-05
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Table X-6 Assessment result of environmental protection (Source term based on
measured values (J1-G tank group))

Exposure assessment result (mGy/day)

Nuclide Flatfish Crab SeBarlsvvggd Remarks
Fe-59 3.6E-05 3.6E-05 3.8E-05
Sn-119m 7.1E-06 6.8E-06 5.0E-06
Sn-123 5.9E-06 5.7E-06 6.1E-06
Sn-126 2.7E-06 2.6E-06 2.5E-06
Pm-148 8.1E-07 7.8E-07 1.1E-06
Eu-152 6.3E-07 5.9E-07 6.3E-07
Y-91 5.3E-07 3.2E-07 2.4E-06
Ce-144 4.8E-07 2.8E-07 4.8E-07
Tb-160 4.4E-07 4.4E-07 4.7E-07
Eu-154 3.6E-07 3.4E-07 3.6E-07
Co-60 2.4E-07 2.4E-07 2.6E-07
Pm-148m 2.3E-07 2.2E-07 2.5E-07
Pm-146 1.3E-07 1.3E-07 1.4E-07
Cd-115m 1.2E-07 5.5E-07 2.4E-08
Mn-54 9.3E-08 8.5E-08 9.3E-08
Gd-153 5.1E-08 4.7E-08 5.9E-08
Nb-95 4.0E-08 3.9E-08 4.1E-08
Ce-141 3.8E-08 3.7E-08 3.9E-08
C-14 3.0E-08 2.5E-08 2.0E-08
Eu-155 3.0E-08 2.9E-08 3.0E-08
Am-243 1.8E-08 2.2E-08 2.0E-08
Co-58 1.5E-08 1.5E-08 1.5E-08
Ru-106 1.1E-08 1.1E-08 1.3E-08
Cm-243 1.0E-08 2.6E-08 1.6E-08
Zn-65 4.9E-09 9.8E-09 4.8E-09
H-3 4.7E-09 4.7E-09 1.8E-09
Te-127m 4.3E-09 4.3E-09 4.0E-08
Te-127 3.0E-09 3.0E-09 2.8E-08
Te-129m 2.4E-09 2.4E-09 2.2E-08
Ag-110m 2.0E-09 1.1E-08 1.7E-09
Am-241 2.0E-09 6.4E-09 2.0E-09
Ru-103 1.4E-09 1.4E-09 1.4E-09
Cd-113m 1.4E-09 6.2E-09 1.1E-10
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Exposure assessment result (mGy/day)

Nuclide Flatfish Crab SeBarlsvvggd Remarks
Pu-238 1.2E-09 8.2E-10 2.0E-09
Ba-140 1.2E-09 1.6E-09 2.2E-09
Pu-240 1.1E-09 7.6E-10 1.8E-09
Pu-239 1.1E-09 7.6E-10 1.8E-09
Cs-137 1.1E-09 1.0E-09 1.1E-09
Cs-134 6.0E-10 5.7E-10 6.0E-10
Sb-124 5.3E-10 5.0E-10 6.4E-10
Rb-86 4.7E-10 3.5E-10 8.4E-10
Cs-136 4.2E-10 4.2E-10 4.2E-10
Pm-147 2.6E-10 3.5E-09 2.4E-09
Sb-125 2.1E-10 2.0E-10 2.6E-10
Cm-242 1.3E-10 1.7E-08 6.5E-09
Ni-63 1.3E-10 3.0E-09 9.4E-10
Cm-244 1.3E-10 1.6E-08 6.2E-09
Te-125m 5.7E-11 6.0E-11 5.0E-10
Pu-241 4.1E-11 2.8E-11 6.8E-11
Te-123m 3.7E-11 3.8E-11 2.2E-10
Tc-99 3.2E-11 7.3E-09 2.1E-08
Am-242m 2.7E-11 3.0E-11 4.8E-11
Sr-90 4.4E-12 1.6E-11 4.3E-12
Sr-89 3.4E-12 1.2E-11 3.3E-12
1-129 1.2E-12 7.1E-10 3.1E-10
Sm-151 7.1E-13 1.5E-11 6.2E-12
Cs-135 6.9E-17 3.8E-17 5.6E-17
Y-90 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Rh-103m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Rh-106 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Te-129 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Ba-137m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Pr-144 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Pr-144m 0.0E+00 0.0E+00 0.0E+00 Assessed with the parent nuclide
Total 5.6E-05 5.5E-05 5.9E-05
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Attachment XI Conservativeness of the external exposure dose conversion factor

The dose conversion factor used for the dose assessment of external exposure is quoted
from the Handbook for Determining Environmental Impacts of Decommissioning Work
(hereinafter called “Decommissioning Handbook”). It has some defects: for example, its
target is only the gamma radiation and conversion factors are not prepared for some of the
64 nuclides. For the unprepared conversion factors, conservativeness is secured by quoting
the most conservative conversion factor for each of the By and a nuclides, Co-60 and Am-
241, respectively. For verification, comparison was performed using the dose conversion
factor of external exposure created overseas.

As the target of comparison, we used Federal Guidance Report No.15, “External Exposure to
Radionuclides in Air, Water and Soil” (Environmental Protection Agency, 2019; hereinafter
called “FGR15”) [XI-1] provided by the U.S. Environmental Protection Agency for radiation
protection of U.S. citizens. FGR15 shows the dose conversion factor for the calculation of
external exposure of humans from radioactive materials on the ground surface and in the
soil, air, and water, and the target nuclides include all of the 64 nuclides subject to the
assessment of ALPS treated water, so we attempted an assessment using the dose
conversion factor shown in FGR15.

XI-1. Assessment method
Same as the exposure assessment method shown in the chapter 6-1. “Exposure assessment
under normal conditions” and only the dose conversion factor is switched. However, external
exposure from radioactive materials adhered to fishing nets are excluded from comparison
targets because there is no appropriate dose conversion factor in FGR15. The following
shows the assessment model and used parameters of each exposure pathway in FGR15.
(1) External exposure from the seawater surface
The effective dose conversion factor from radiation from seawater is calculated by
multiplying the external dose conversion factor in immersion in water shown in Table 4-7.
Reference person effective dose rate coefficients for water immersion. of FGR15 by the
reduction factor of 0.5 considering that there is no radiation source (seawater) upward
(Table XI-1). Figure XI-1 shows an image diagram of the assessment model. Shielding by
hulls was ignored in the safe side.
Equation (XI-1) shows the calculation equation of the effective dose D1(mSv/year) from
radiation from the seawater surface.

D, = 1000 - 1000 - 3600-Z(K1)i C(x)i b (XI-1)
i

Attachment XI-1



where
(Ky); is the effective dose conversion factor from radiation from nuclide i in
immersion in water ((Sv/s)/(Bg/m?))
(x1); is the concentration of nuclide i in seawater (Bg/L)
ty is the annual exposure time (h/year)
1000 is the factor of unit conversion (Sv to mSv) of the effective dose
1000 is the factor of unit conversion (Bg/L to Bg/m?) of the concentration in
seawater
3600 is the factor of unit conversion (h/year to s/year) of the annual exposure
time
As in the chapter 6-1. “Exposure assessment under normal conditions”, the concentration
of radioactive materials in seawater used for the assessment was the annual average
concentration of the sea surface (top layer) within the 10 km x 10 km area around the
power plant.

From the assessment of
immersion in water, the reduction
’ factor of 0.5 is used considering
only exposure from the lower half

Air

= Shielding by hulls
is ignored.

Figure XI-1 Conceptual diagram of the exposure assessment model from radioactive
materials in seawater during work at sea
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(2) External exposure from hulls
Assess the external radiation exposure from radioactive materials migrated from seawater
to hulls during work at sea. The effective dose conversion factor from radiation from
radioactive materials migrated from seawater to hulls is the external dose conversion
factor in immersion in water shown in Table 4-1. Reference person effective dose rate
coefficients for ground surface. of FGR15. (Table XI-2). Figure XI-2 shows an image
diagram of the assessment model.
Equations (XI-2) and (XI-3) show the calculation equation of the effective dose
D2(mSvlyear) from radioactive materials adhered to hulls.

D, = 1000 - 3600 - Z(Kz)i (S ty (XI-2)
i

(S2)i = (F2)i " (x2)i (XI-3)

where

(K,); is the effective dose conversion factor from radiation from nuclide i from
hulls ((Sv/s)/(Bg/m?))

(S,); is the contamination density of nuclide i in hulls (Bg/m?)

t, is the annual exposure time (h/year)

(F,); is the migration factor of nuclide i from seawater to hulls ((Bg/m?)/(Bg/L))

(x2); is the concentration of nuclide i in seawater (Bg/L) at the assessment point

1000 is the factor of unit conversion (Sv to mSv) of the effective dose

3600 is the factor of unit conversion (h/year to s/year) of the annual exposure
time

As in the chapter 6-1. “Exposure assessment under normal conditions”, the migration
factor to hulls is 100((Bg/m?)/(Bg/L)) from the Application for the Designation of
Reprocessing Business at Rokkasho business facility.

As in the chapter 6-1. “Exposure assessment under normal conditions, the concentration
of radioactive materials in seawater used for the assessment was the annual average
concentration of the sea surface (top layer) within the 10 km x 10 km area around the
power plant.

Adhered to hulls % Radioactive materials in the seawater

Figure XI-2 Conceptual diagram of the exposure assessment model from radioactive
materials adhered to hulls during work at sea
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(3) External exposure under water such as during swimming
Assess the external exposure from radioactive materials in the surrounding seawater
during swimming and underwater work. The effective dose conversion factor from
radiation from radioactive materials in seawater is the external dose conversion factor in
immersion in water shown in Table 4-7. Reference person effective dose rate coefficients
for water immersion. of FGR15 (Table XI-3). Figure XI-3 shows an image diagram of the
assessment model.
Equation (XI-4) shows the calculation equation of the effective dose D3 (mSv/year) from
radiation during swimming and underwater work.

D3 =1000-1000- 3600 - Z(K3)i “(x3); " t3 (X1-4)
i

where

(K3); Iis the effective dose conversion factor from radiation from nuclide i from
seawater ((Sv/s)/(Bg/m?))

(x3); is the concentration of nuclide i in seawater (Bg/L)

t3 is the annual exposure time (h/year)

1000 is the factor of unit conversion (Sv to mSv) of the effective dose

1000 is the factor of unit conversion (Bg/L to Bg/m?®) of the concentration in
seawater

3600 is the factor of unit conversion (h/year to s/year) of the annual exposure
time

As in the chapter 6-1. “Exposure assessment under normal conditions”, the concentration
of radioactive materials in seawater used for the assessment site and for the assessment
is the average concentration in sea water around the beach to the north of the power plant
where the evacuation order has been lifted.
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Seawater

Figure XI-3 Conceptual diagram of the exposure assessment model from radioactive
materials in seawater

(4) External exposure from beach sand
Assess the external exposure from radioactive materials migrated from seawater to beach
sand while staying at a beach. The effective dose conversion factor from radiation from
radioactive materials at a beach is the external dose conversion factor regarding exposure
from radioactive materials in the soil shown in Table 4-5. Reference person effective dose
rate coefficients for soil to infinite depth. of FGR15 (Table XI-4). Figure XI-4 shows an
image diagram of the assessment model.
Equation (XI-5) shows the calculation equation of the effective dose D4 (mSv/year) from the
gamma radiation from beach sand.

D, = 1000- 16003600 » (K4~ (xa)i - (F)i -t (XI-5)
i

where
(Ky); Iis the effective dose conversion factor from radiation from nuclide i from
beach sand ((Sv/s)/(Bg/m?))
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(X4);
(Fa)i

1000
1600

3600

is the concentration of nuclide i in seawater (Bg/L)

is the migration factor of nuclide i from seawater to beaches ((Bg/kg)/(Bg/L))
is the annual exposure time (h/year)

is the factor of unit conversion (Sv to mSv) of the effective dose

is the factor of unit conversion (Bg/kg to Bg/m?) of the radioactive material
concentration in the soil

is the factor of unit conversion (h/year to s/year) of the annual exposure
time

As with the chapter 6-1. “Exposure assessment under normal conditions”, the migration
factor of nuclides to beaches is 1,000[(Bg/kg)/(Bg/L)] for all nuclides based on “Dose
Assessment to the General Public in the Safety Review of Commercial Light Water
Reactor Facilities.”

As in the chapter 6-1. “Exposure assessment under normal conditions”, the concentration
of radioactive materials in seawater used for the assessment site and for the assessment
is the average concentration in sea water around the beach to the north of the power plant
where the evacuation order has been lifted.

el N

hand)

Radioactive materials in the seawater
Adhered to sand

Figure XI-4 Conceptual diagram of the exposure assessment model from radioactive

materials adhered to beach sand

XI-2.  Setting of the representative person subject to the exposure assessment

The features of representative persons subject to the exposure assessment were the same
as 6-2-5. as follows.
* Engage in fishing 120 days (2,880 hours) a year, of which 80 days (1,920 hours) are

spent near fishing nets.

» Stay at the beach 500 hours a year and swim for 96 hours.
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Table XI-1 Dose conversion factor for the effective dose from the radiation from the
sea surface using FGR15

Dose conversion
Nuclide efzzt(;irvfeogg]see Remarks
((Sv/s)/(Ba/m3))

H-3 3.1E-27
C-14 1.4E-21
Mn-54 4.0E-17
Fe-59 6.0E-17
Co-58 4.6E-17
Co-60 1.3E-16
Ni-63 3.9E-24
Zn-65 2.9E-17
Rb-86 4.9E-18
Sr-89 2.5E-19
Sr-90 5.4E-20
Y-90 4.7E-19
Y-91 4.2E-19
Nb-95 3.6E-17
Tc-99 1.5E-20
Ru-103 2.2E-17
Ru-106 2.8E-25
Rh-103m 5.1E-21
Rh-106 1.0E-17
Ag-110m 1.3E-16
Cd-113m 5.2E-20
Cd-115m 1.9E-18
Sn-119m 8.3E-20
Sn-123 5.6E-19

Sn-126 7.4E-17 The progeny nuclide Sh-126m is considered
Sh-124 9.3E-17
Sb-125 1.9E-17
Te-123m 5.5E-18
Te-125m 3.0E-19
Te-127 2.8E-19
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Dose conversion
Nuclide efzzt(;irvfeogg]see Remarks
((Sv/s)/(Ba/m3))
Te-127m 9.9E-20
Te-129 2.9E-18
Te-129m 1.5E-18
1-129 2.6E-19
Cs-134 7.3E-17
Cs-135 1.2E-20
Cs-136 1.0E-16
Cs-137 5.2E-20
Ba-137m 2.8E-17
Ba-140 1.2E-16 The progeny nuclide La-140 is considered
Ce-141 2.9E-18
Ce-144 6.8E-19
Pr-144 2.2E-18
Pr-144m 2.4E-19
Pm-146 3.4E-17
Pm-147 4.7E-21
Pm-148 2.9E-17
Pm-148m 9.3E-17
Sm-151 3.1E-23
Eu-152 5.6E-17
Eu-154 6.1E-17
Eu-155 2.0E-18
Gd-153 2.8E-18
Th-160 5.5E-17
Pu-238 3.3E-21
Pu-239 3.6E-21
Pu-240 3.2E-21
Pu-241 5.7E-23
Am-241 6.0E-19
Am-242m 5.5E-19 The progeny nuclide Am-242 is considered
Am-243 8.6E-18 The progeny nuclide Np-239 is considered
Cm-242 3.8E-21
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Dose conversion
factor for the

Nuclide . Remarks
effective dose
((Sv/s)/(Bg/m?))
Cm-243 5.0E-18
Cm-244 3.9E-21

Table XI-2 Dose conversion factor for the effective dose from the radiation from hulls

using FGR15
Dose conversion factor
Nuclide for the effective dose Remarks
((Sv/s)/(Ba/m?))

H-3 6.7E-22
C-14 6.1E-19
Mn-54 5.3E-16
Fe-59 7.3E-16
Co-58 6.2E-16
Co-60 1.5E-15
Ni-63 8.0E-20
Zn-65 3.6E-16
Rb-86 1.6E-16
Sr-89 8.9E-17
Sr-90 6.5E-18
Y-90 1.5E-16
Y-91 9.4E-17
Nb-95 4.9E-16
Tc-99 2.0E-18
Ru-103 3.2E-16
Ru-106 1.7E-20
Rh-103m 4.3E-20
Rh-106 3.4E-16
Ag-110m 1.7E-15
Cd-113m 6.3E-18
Cd-115m 1.1E-16
Sn-119m 9.6E-19
Sn-123 8.1E-17

Sn-126 1.1E-15 The progeny nuclide Sb-126m is considered
Sb-124 1.2E-15
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Dose conversion factor

Nuclide for the effective dose Remarks
((Sv/s)/(Bg/m?))
Sb-125 2.7E-16
Te-123m 7.7E-17
Te-125m 4.1E-18
Te-127 1.5E-17
Te-127m 1.7E-18
Te-129 1.1E-16
Te-129m 5.1E-17
1-129 4.4E-18
Cs-134 1.0E-15
Cs-135 1.6E-18
Cs-136 1.3E-15
Cs-137 7.9E-18
Ba-137m 3.9E-16
Ba-140 1.6E-15 The progeny nuclide La-140 is considered
Ce-141 4.5E-17
Ce-144 1.1E-17
Pr-144 2.0E-16
Pr-144m 3.5E-18
Pm-146 4.8E-16
Pm-147 9.4E-19
Pm-148 4.6E-16
Pm-148m 1.3E-15
Sm-151 1.1E-19
Eu-152 7.2E-16
Eu-154 7.9E-16
Eu-155 3.1E-17
Gd-153 4.3E-17
Tbh-160 7.1E-16
Pu-238 2.1E-20
Pu-239 4.2E-20
Pu-240 2.2E-20
Pu-241 1.7E-21
Am-241 9.9E-18
Am-242m 1.4E-17 The progeny nuclide Am-242 is considered
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Dose conversion factor
Nuclide for the effective dose Remarks
((Sv/s)/(Bg/m?))
Am-243 1.3E-16 The progeny nuclide Np-239 is considered
Cm-242 2.6E-20
Cm-243 7.1E-17
Cm-244 3.1E-20

Table XI-3 Dose conversion factor for the effective dose from seawater during
swimming and underwater work using FGR15

Dose conversion
Nuclide efzzt;irv:);g]see Remarks
((Sv/s)/(Bg/m3))

H-3 6.2E-27
C-14 2.8E-21
Mn-54 8.0E-17
Fe-59 1.2E-16
Co-58 9.2E-17
Co-60 2.5E-16
Ni-63 7.8E-24
Zn-65 5.7E-17
Rb-86 9.8E-18
Sr-89 5.1E-19
Sr-90 1.1E-19
Y-90 9.5E-19
Y-91 8.4E-19
Nb-95 7.3E-17
Tc-99 3.1E-20
Ru-103 4.5E-17
Ru-106 5.7E-25
Rh-103m 1.0E-20
Rh-106 2.1E-17
Ag-110m 2.7E-16
Cd-113m 1.0E-19
Cd-115m 3.8E-18
Sn-119m 1.7E-19
Sn-123 1.1E-18
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Dose conversion
factor for the

Nuclide effective dose Remarks
((Sv/s)/(Bg/m3))
Sn-126 1.5E-16 The progeny nuclide Sbh-126m is considered
Sb-124 1.9E-16
Sb-125 3.8E-17
Te-123m 1.1E-17
Te-125m 6.0E-19
Te-127 5.6E-19
Te-127m 2.0E-19
Te-129 5.7E-18
Te-129m 3.1E-18
1-129 5.1E-19
Cs-134 1.5E-16
Cs-135 2.3E-20
Cs-136 2.1E-16
Cs-137 1.0E-19
Ba-137m 5.5E-17
Ba-140 2.5E-16 The progeny nuclide La-140 is considered
Ce-141 5.8E-18
Ce-144 1.4E-18
Pr-144 4.3E-18
Pr-144m 4.8E-19
Pm-146 6.8E-17
Pm-147 9.4E-21
Pm-148 5.8E-17
Pm-148m 1.9E-16
Sm-151 6.1E-23
Eu-152 1.1E-16
Eu-154 1.2E-16
Eu-155 3.9E-18
Gd-153 5.6E-18
Tbh-160 1.1E-16
Pu-238 6.6E-21
Pu-239 7.3E-21
Pu-240 6.5E-21
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Dose conversion
factor for the

Nuclide effective dose Remarks
((Sv/s)/(Bg/m3))
Pu-241 1.1E-22
Am-241 1.2E-18
Am-242m 1.1E-18 The progeny nuclide Am-242 is considered
Am-243 1.7E-17 The progeny nuclide Np-239 is considered
Cm-242 7.5E-21
Cm-243 1.0E-17
Cm-244 7.9E-21

Table XI-4 Dose conversion factor for the effective dose from the radiation from

beach sand using FGR15

Dose conversion factor

Nuclide for the effective dose Remarks
((Sv/s)/(Bg/m?))

H-3 3.4E-23
C-14 3.1E-20
Mn-54 2.6E-17
Fe-59 3.9E-17
Co-58 3.0E-17
Co-60 8.3E-17
Ni-63 4.1E-21
Zn-65 1.9E-17
Rb-86 4.4E-18
Sr-89 1.2E-18
Sr-90 2.6E-19
Y-90 2.3E-18
Y-91 1.4E-18
Nb-95 2.4E-17
Tc-99 1.0E-19
Ru-103 1.4E-17
Ru-106 8.6E-22
Rh-103m 6.6E-22
Rh-106 1.0E-17
Ag-110m 8.7E-17
Cd-113m 2.5E-19
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Dose conversion factor

Nuclide for the effective dose Remarks
((Sv/s)/(Bg/m?))
Cd-115m 2.3E-18
Sn-119m 1.2E-20
Sn-123 1.3E-18
Sn-126 4.8E-17 The progeny nuclide Sb-126m is considered
Sbh-124 6.1E-17
Sbh-125 1.2E-17
Te-123m 3.1E-18
Te-125m 5.1E-20
Te-127 4.6E-19
Te-127m 2.9E-20
Te-129 2.7E-18
Te-129m 1.3E-18
1-129 7.9E-20
Cs-134 4.8E-17
Cs-135 8.4E-20
Cs-136 6.6E-17
Cs-137 2.6E-19
Ba-137m 1.8E-17
Ba-140 8.3E-17 The progeny nuclide La-140 is considered
Ce-141 1.8E-18
Ce-144 4.2E-19
Pr-144 4.2E-18
Pr-144m 8.7E-20
Pm-146 2.2E-17
Pm-147 4.8E-20
Pm-148 2.0E-17
Pm-148m 6.0E-17
Sm-151 5.5E-21
Eu-152 3.6E-17
Eu-154 3.9E-17
Eu-155 9.5E-19
Gd-153 1.2E-18
Th-160 3.5E-17
Pu-238 5.3E-22
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Dose conversion factor
Nuclide for the effective dose Remarks
((Sv/s)/(Bg/m?))
Pu-239 1.5E-21
Pu-240 5.5E-22
Pu-241 7.5E-23
Am-241 2.2E-19
Am-242m 1.2E-18 The progeny nuclide Am-242 is considered
Am-243 4.8E-18 The progeny nuclide Np-239 is considered
Cm-242 5.9E-22
Cm-243 2.9E-18
Cm-244 1.0E-21

XI-3. Exposure assessment result
Table XI-6 shows comparison with the assessment result of Table 6-1-22 in the results of the
external exposure dose assessments of the following three cases.
Source term based on the composition of nuclides of the measured value
i K4 tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.29)
il J1-C tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.35)
iii. J1-G tank group (Sum of the ratios to regulatory concentration limits of 63
nuclides other than tritium: 0.22)

In all assessments, the result using the conversion factor in the Decommissioning Handbook
was larger than those using the conversion factor in FGR15. In the assessment using the
conversion factor of the Decommissioning Handbook, the assessment results are considered
to be conservative because conservative conversion factors such as Co-60 were used for the
nuclides for which conversion factors were not calculated.
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Table XI-6 Comparison with the external exposure dose assessment result using the
dose conversion factor of FGR15

Source term based on measured values

Source term

i. K4 tank group ii. J1-Ctank group iii. J1-G tank group
Dose Decommissio Decommissio Decommissio
conversion ning FGR15 ning FGR15 ning FGR15
factor Handbook Handbook Handbook
Seawater
6.5E-09 9.4E-10 1.7E-08 3.5E-10 4. 7E-08 8.4E-10
surface
Hull 4.8E-09 1.7E-09 1.2E-08 8.9E-10 3.3E-08 2.1E-09
Swimming 4.5E-09 4.6E-10 1.2E-08 1.7E-10 3.2E-08 4.1E-10
Beach sand 7.8E-06 1.4E-06 2.1E-05 5.7E-07 5.6E-05 1.4E-06
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Attachment XlII Impact of the assessment range of concentrations in seawater used
for the assessment of exposures

In the chapter 6-1-2. (4) "Setting of the representative person”, for the concentration in the
seawater used for the exposure assessment, the average concentration within 10 km x 10
km around the FDNPS is used considering the distance from the nearby fishing port (about 6
km) because fishing is assumed as the feature of the representative person. However, since
the actual behaviors of the representative person is uncertain, we changed the assessment
target range from 5 km x 5 km to 20 km in the north-south direction x 10 km in the east-west
direction to calculate exposure.

The target range of the sea area is setto 5 km x 5 km and 20 km x 10 km around the power
plant as shown in Figure XII-1.
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p

*Areas where common fishery rights are not established

Figure Xll-1 Assessment range to confirm the impact of the range of concentrations
in seawater used for the assessment of exposures
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XII-1. Assessment method

We performed the same assessment as 6-1. Exposure assessment under normal conditions
and changed the calculation range of the average concentration of tritium only for the
concentration in the seawater used for the assessment.

Table XII-1 shows the annual average concentration within 5 km x 5 km and 20 km x 10 km
around the FDNPS in the case of the annual discharge amount of 22 TBq (2.2E+13Bq) of
tritium. We compared the concentrations in 2014 and 2019 and decided to use the
concentration of 2019, which is higher, for the exposure assessment.

Tables XlI-2 to 4 show this result and the radioactive material concentration in the seawater
for the assessment calculated from the annual discharge amount of each nuclide shown in
Tables 6-1-1 to 6-1-3 used for the assessment in each term. Since the sandy beach
assessment point was the same, the concentration in the seawater used for the assessment
of exposure from swimming, ingestion of water, inhalation of seawater spray, and beach
sand was set to the same regardless of the assessment target range.

Table XII-1 Tritium concentration in the seawater in the case of the annual tritium
discharge amount of 2.2E+13Bq

Calculation result (Bg/L) .
Meteorological | Meteorological Concentration
Depth and and Difference | for assessment
oceanographic | oceanographic (%) (Bq/ L)
data of 2014 data of 2019
. All layers | 1.5E-01 1.7E-01 13 1.7E-01
Annual average concentration
within 5 km x 5 km around the
FDNPS
Top layer| 2.1E-01 2.4E-01 14 2.4E-01
. All layers | 4.1E-02 4.8E-02 17 4.8E-02
Annual average concentration
within 20 km x 10 km around
the FDNPS
Top layer| 8.8E-02 1.1E-01 25 1.1E-01

Table XlII-2 Concentration in the seawater used for the assessment (Source term
based on measured values (K4 tank group))

Annual Concentration in the seawater used for the assessment (Bg/L)
Target volume of Average of all AV,[% ra?: (e)l;sthe Average of all Avt% ragl]ae gl;sthe
nuclide discharge layers within p1ay layers within p1ay
(Bq) Bkmx5km within 20kmx10km within
5kmx5km 20kmx10km
H-3 2.2E+13 1.7E-01 2.4E-01 4.8E-02 1.1E-01
C-14 1.7E+09 1.3E-05 1.9E-05 3.8E-06 8.7E-06
Mn-54 7.8E+05 6.0E-09 8.5E-09 1.7E-09 3.9E-09
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Concentration in the seawater used for the assessment (Bg/L)

Target Vﬁiznmueagf Average of all Average of the Average of all Average of the
nuclide discharge layers within top layers layers within top layers
(Bq) Skmx5km o | 20kmxaokm | o MR
Fe-59 2.0E+06 1.5E-08 2.1E-08 4.3E-09 9.8E-09
Co-58 9.3E+05 7.2E-09 1.0E-08 2.0E-09 4.6E-09
Co-60 5.1E+07 3.9E-07 5.6E-07 1.1E-07 2.5E-07
Ni-63 2.5E+08 2.0E-06 2.8E-06 5.6E-07 1.3E-06
Zn-65 1.7E+06 1.3E-08 1.9E-08 3.8E-09 8.7E-09
Rb-86 2.2E+07 1.7E-07 2.4E-07 4.8E-08 1.1E-07
Sr-89 1.2E+07 8.9E-08 1.3E-07 2.5E-08 5.8E-08
Sr-90 2.5E+07 2.0E-07 2.8E-07 5.6E-08 1.3E-07
Y-90 2.5E+07 2.0E-07 2.8E-07 5.6E-08 1.3E-07
Y-91 2.5E+08 2.0E-06 2.8E-06 5.6E-07 1.3E-06
Nb-95 1.2E+06 8.9E-09 1.3E-08 2.5E-09 5.8E-09
Tc-99 8.1E+07 6.3E-07 8.8E-07 1.8E-07 4.1E-07
Ru-103 1.2E+06 8.9E-09 1.3E-08 2.5E-09 5.8E-09
Ru-106 1.9E+08 1.4E-06 2.0E-06 4.0E-07 9.3E-07
Rh-103m 1.2E+06 8.9E-09 1.3E-08 2.5E-09 5.8E-09
Rh-106 1.9E+08 1.4E-06 2.0E-06 4.0E-07 9.3E-07
Ag-110m 6.5E+05 5.0E-09 7.1E-09 1.4E-09 3.2E-09
Cd-113m 2.1E+06 1.6E-08 2.3E-08 4.5E-09 1.0E-08
Cd-115m 7.4E+07 5.7E-07 8.1E-07 1.6E-07 3.7E-07
Sn-119m 2.0E+07 1.5E-07 2.1E-07 4.3E-08 9.8E-08
Sn-123 1.4E+08 1.1E-06 1.5E-06 3.0E-07 6.9E-07
Sn-126 3.1E+06 2.4E-08 3.4E-08 6.8E-09 1.6E-08
Sbh-124 1.1E+06 8.5E-09 1.2E-08 2.4E-09 5.5E-09
Sb-125 3.8E+07 3.0E-07 4.2E-07 8.3E-08 1.9E-07
Te-123m 1.1E+06 8.2E-09 1.2E-08 2.3E-09 5.3E-09
Te-125m 3.8E+07 3.0E-07 4.2E-07 8.3E-08 1.9E-07
Te-127 3.7E+07 2.9E-07 4.0E-07 8.1E-08 1.9E-07
Te-127m 3.7E+07 2.9E-07 4.0E-07 8.1E-08 1.9E-07
Te-129 3.7E+07 2.9E-07 4.0E-07 8.1E-08 1.9E-07
Te-129m 3.7E+07 2.9E-07 4.0E-07 8.1E-08 1.9E-07
1-129 2.4E+08 1.9E-06 2.7E-06 5.3E-07 1.2E-06
Cs-134 5.2E+06 4.0E-08 5.7E-08 1.1E-08 2.6E-08
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Annual Concentration in the seawater used for the assessment (Bg/L)

Target volume of Average of all Avteo ragl;ae Z];Sthe Average of all Avte(:) ra?: gl;sthe

nuclide discharge layers within p1ay layers within p 1ay
(Ba) Bkmx5km within 20kmx10km within
5kmx5km 20kmx10km
Cs-135 2.9E+02 2.2E-12 3.2E-12 6.3E-13 1.4E-12
Cs-136 3.5E+06 2.7E-08 3.8E-08 7.6E-09 1.7E-08
Cs-137 4.9E+07 3.8E-07 5.3E-07 1.1E-07 2.4E-07
Ba-137m 4.9E+07 3.8E-07 5.3E-07 1.1E-07 2.4E-07
Ba-140 1.1E+07 8.5E-08 1.2E-07 2.4E-08 5.5E-08
Ce-141 2.9E+06 2.2E-08 3.2E-08 6.3E-09 1.4E-08
Ce-144 7.3E+06 5.6E-08 8.0E-08 1.6E-08 3.6E-08
Pr-144 7.3E+06 5.6E-08 8.0E-08 1.6E-08 3.6E-08
Pr-144m 7.3E+06 5.6E-08 8.0E-08 1.6E-08 3.6E-08
Pm-146 1.1E+07 8.8E-08 1.2E-07 2.5E-08 5.7E-08
Pm-147 2.2E+07 1.7E-07 2.4E-07 4.8E-08 1.1E-07
Pm-148 5.8E+07 4.5E-07 6.3E-07 1.3E-07 2.9E-07
Pm-148m 9.7E+05 7.5E-09 1.1E-08 2.1E-09 4.9E-09
Sm-151 1.0E+05 8.1E-10 1.1E-09 2.3E-10 5.2E-10
Eu-152 3.2E+06 2.5E-08 3.5E-08 7.1E-09 1.6E-08
Eu-154 1.4E+06 1.1E-08 1.5E-08 3.0E-09 6.9E-09
Eu-155 3.8E+06 3.0E-08 4.2E-08 8.3E-09 1.9E-08
Gd-153 3.7E+06 2.9E-08 4.0E-08 8.1E-09 1.9E-08
Tb-160 3.2E+06 2.5E-08 3.5E-08 7.1E-09 1.6E-08
Pu-238 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Pu-239 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Pu-240 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Pu-241 3.2E+06 2.5E-08 3.5E-08 7.1E-09 1.6E-08
Am-241 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Am-242m 4.5E+03 3.5E-11 4.9E-11 9.9E-12 2.3E-11
Am-243 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Cm-242 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Cm-243 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
Cm-244 7.3E+04 5.6E-10 8.0E-10 1.6E-10 3.6E-10
From fishing From sea From fishing From sea
Target exposure nets surface nets surface
assessment Ingestion of = Ingestion of
rom hulls From hulls
seafood seafood
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Table XII-3 Concentration in the seawater used for the assessment (Source term

based on measured values (J1-C tank group))

Annual Concentration in the seawater used for the assessment (Bg/L)

Target volume of Average of all Average of the Average of all | Average of the

nuclide discharge layers within top layers layers within | top layers within

(Ba) Skmx5km s | 20kmx10km | 20kmx10km

H-3 2.2E+13 1.7E-01 2.4E-01 4.8E-02 1.1E-01
C-14 4.8E+08 3.7E-06 5.3E-06 1.1E-06 2.4E-06
Mn-54 1.0E+06 7.9E-09 1.1E-08 2.2E-09 5.1E-09
Fe-59 2.3E+06 1.8E-08 2.5E-08 5.1E-09 1.2E-08
Co-58 1.1E+06 8.5E-09 1.2E-08 2.4E-09 5.5E-09
Co-60 8.9E+06 6.8E-08 9.7E-08 1.9E-08 4.4E-08
Ni-63 2.3E+08 1.8E-06 2.5E-06 5.0E-07 1.1E-06
Zn-65 2.5E+06 1.9E-08 2.8E-08 5.5E-09 1.3E-08
Rb-86 1.3E+07 1.0E-07 1.5E-07 2.9E-08 6.7E-08
Sr-89 1.4E+06 1.1E-08 1.6E-08 3.2E-09 7.2E-09
Sr-90 9.7E+05 7.5E-09 1.1E-08 2.1E-09 4.8E-09
Y-90 9.7E+05 7.5E-09 1.1E-08 2.1E-09 4.8E-09
Y-91 4.6E+08 3.5E-06 5.0E-06 1.0E-06 2.3E-06
Nb-95 1.3E+06 1.0E-08 1.5E-08 2.9E-09 6.7E-09
Tc-99 3.2E+07 2.5E-07 3.5E-07 7.0E-08 1.6E-07
Ru-103 1.4E+06 1.1E-08 1.6E-08 3.1E-09 7.1E-09
Ru-106 3.8E+07 2.9E-07 4.1E-07 8.2E-08 1.9E-07
Rh-103m 1.4E+06 1.1E-08 1.6E-08 3.1E-09 7.1E-09
Rh-106 3.8E+07 2.9E-07 4.1E-07 8.2E-08 1.9E-07
Ag-110m 1.2E+06 8.9E-09 1.3E-08 2.5E-09 5.8E-09
Cd-113m 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Cd-115m 7.2E+07 5.6E-07 7.9E-07 1.6E-07 3.6E-07
Sn-119m 1.1E+09 8.7E-06 1.2E-05 2.5E-06 5.6E-06
Sn-123 1.8E+08 1.4E-06 1.9E-06 3.9E-07 8.9E-07
Sn-126 7.8E+06 6.0E-08 8.5E-08 1.7E-08 3.9E-08
Sh-124 2.6E+06 2.0E-08 2.8E-08 5.7E-09 1.3E-08
Sbh-125 6.2E+06 4.8E-08 6.7E-08 1.3E-08 3.1E-08
Te-123m 2.5E+06 1.9E-08 2.7E-08 5.4E-09 1.2E-08
Te-125m 6.2E+06 4.8E-08 6.7E-08 1.3E-08 3.1E-08
Te-127 1.3E+08 9.7E-07 1.4E-06 2.8E-07 6.3E-07
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Concentration in the seawater used for the assessment (Bg/L)

Annual
Target volume of Average of all Average of the Average of all | Average of the
] T | e | T | ey ep e
5kmx5km

Te-127m 1.3E+08 1.0E-06 1.4E-06 2.9E-07 6.6E-07
Te-129 3.8E+07 2.9E-07 4.1E-07 8.2E-08 1.9E-07
Te-129m 3.8E+07 2.9E-07 4.1E-07 8.2E-08 1.9E-07
1-129 3.2E+07 2.5E-07 3.5E-07 7.0E-08 1.6E-07
Cs-134 2.0E+06 1.6E-08 2.2E-08 4.4E-09 1.0E-08
Cs-135 3.2E+01 2.5E-13 3.5E-13 7.0E-14 1.6E-13
Cs-136 1.3E+06 9.7E-09 1.4E-08 2.8E-09 6.3E-09
Cs-137 5.1E+06 3.9E-08 5.6E-08 1.1E-08 2.5E-08
Ba-137m 5.1E+06 3.9E-08 5.6E-08 1.1E-08 2.5E-08
Ba-140 5.4E+06 4.1E-08 5.9E-08 1.2E-08 2.7E-08
Ce-141 7.0E+06 5.4E-08 7.6E-08 1.5E-08 3.5E-08
Ce-144 1.5E+07 1.2E-07 1.7E-07 3.3E-08 7.6E-08
Pr-144 1.5E+07 1.2E-07 1.7E-07 3.3E-08 7.6E-08
Pr-144m 1.5E+07 1.2E-07 1.7E-07 3.3E-08 7.6E-08
Pm-146 1.8E+06 1.4E-08 2.0E-08 3.9E-09 9.0E-09
Pm-147 2.1E+07 1.7E-07 2.3E-07 4.7E-08 1.1E-07
Pm-148 6.2E+06 4.8E-08 6.7E-08 1.3E-08 3.1E-08
Pm-148m 1.3E+06 1.0E-08 1.4E-08 2.8E-09 6.4E-09
Sm-151 3.0E+05 2.3E-09 3.2E-09 6.4E-10 1.5E-09
Eu-152 7.5E+06 5.8E-08 8.2E-08 1.6E-08 3.8E-08
Eu-154 3.0E+06 2.3E-08 3.2E-08 6.4E-09 1.5E-08
Eu-155 9.1E+06 7.0E-08 1.0E-07 2.0E-08 4.6E-08
Gd-153 7.0E+06 5.4E-08 7.6E-08 1.5E-08 3.5E-08
Th-160 3.8E+06 2.9E-08 4.1E-08 8.2E-09 1.9E-08
Pu-238 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
Pu-239 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
Pu-240 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
Pu-241 3.2E+07 2.5E-07 3.5E-07 7.0E-08 1.6E-07
Am-241 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
Am-242m 1.6E+04 1.2E-10 1.7E-10 3.5E-11 7.9E-11
Am-243 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
Cm-242 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
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Annual Concentration in the seawater used for the assessment (Bg/L)
Target volume of Average of all Avteo ragl;ae Z];Sthe Average of all | Average of the
nuclide dlsgga)rge layers within 5vith)i/n layers within | top layers within
q 5kmx5km 5Kkmx5km 20kmx10km 20kmx10km
Cm-243 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
Cm-244 8.9E+05 6.8E-09 9.7E-09 1.9E-09 4.4E-09
From fishing From sea From fishing From sea
Target exposure nets surface nets surface
assessment Ingestion of From hulls Ingestion of From hulls
seafood seafood

Table XlII-4 Concentration in the seawater used for the assessment (Source term

based on measured value (J1-G tank group))

Annual Concentration in the seawater used for the assessment (Bg/L)

Target volume of Average of all Average of the Average of all | Average of the

nuclide discharge layers within top layers layers within | top layers within

(Ba) 5kmx5km 5kvr¥1lt>t‘5w|lm 20kmx10km 20kmx10km

H-3 2.2E+13 1.7E-01 2.4E-01 4.8E-02 1.1E-01
C-14 1.3E+09 1.0E-05 1.4E-05 2.8E-06 6.5E-06
Mn-54 3.1E+06 2.4E-08 3.4E-08 6.8E-09 1.5E-08
Fe-59 5.9E+06 4.5E-08 6.4E-08 1.3E-08 2.9E-08
Co-58 3.0E+06 2.3E-08 3.3E-08 6.6E-09 1.5E-08
Co-60 1.9E+07 1.4E-07 2.0E-07 4.1E-08 9.4E-08
Ni-63 7.2E+08 5.5E-06 7.8E-06 1.6E-06 3.6E-06
Zn-65 6.5E+06 5.0E-08 7.1E-08 1.4E-08 3.3E-08
Rb-86 3.8E+07 3.0E-07 4.2E-07 8.4E-08 1.9E-07
Sr-89 3.7E+06 2.8E-08 4.0E-08 8.0E-09 1.8E-08
Sr-90 2.6E+06 2.0E-08 2.8E-08 5.7E-09 1.3E-08
Y-90 2.6E+06 2.0E-08 2.8E-08 5.7E-09 1.3E-08
Y-91 9.8E+08 7.6E-06 1.1E-05 2.1E-06 4.9E-06
Nb-95 3.8E+06 3.0E-08 4.2E-08 8.4E-09 1.9E-08
Tc-99 1.1E+08 8.2E-07 1.2E-06 2.3E-07 5.3E-07
Ru-103 4.2E+06 3.2E-08 4.5E-08 9.1E-09 2.1E-08
Ru-106 3.9E+07 3.0E-07 4.3E-07 8.5E-08 2.0E-07
Rh-103m 4.2E+06 3.2E-08 4.5E-08 9.1E-09 2.1E-08
Rh-106 3.9E+07 3.0E-07 4.3E-07 8.5E-08 2.0E-07
Ag-110m 3.3E+06 2.5E-08 3.6E-08 7.1E-09 1.6E-08
Cd-113m 7.0E+06 5.4E-08 7.6E-08 1.5E-08 3.5E-08
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Concentration in the seawater used for the assessment (Bg/L)

Annual
Target volume of Average of all Average of the Average of all | Average of the
] T | e | T | ey ep e
5kmx5km

Cd-115m 1.9E+08 1.4E-06 2.0E-06 4.1E-07 9.4E-07
Sn-119m 3.3E+09 2.5E-05 3.6E-05 7.1E-06 1.6E-05
Sn-123 5.1E+08 4.0E-06 5.6E-06 1.1E-06 2.6E-06
Sn-126 1.2E+07 9.4E-08 1.3E-07 2.7E-08 6.1E-08
Sb-124 6.8E+06 5.3E-08 7.5E-08 1.5E-08 3.4E-08
Sb-125 1.1E+07 8.8E-08 1.2E-07 2.5E-08 5.7E-08
Te-123m 5.5E+06 4.2E-08 6.0E-08 1.2E-08 2.7E-08
Te-125m 1.1E+07 8.8E-08 1.2E-07 2.5E-08 5.7E-08
Te-127 3.5E+08 2.7E-06 3.8E-06 7.6E-07 1.8E-06
Te-127m 3.7E+08 2.8E-06 4.0E-06 8.0E-07 1.8E-06
Te-129 9.8E+07 7.6E-07 1.1E-06 2.1E-07 4.9E-07
Te-129m 9.8E+07 7.6E-07 1.1E-06 2.1E-07 4.9E-07
1-129 2.7E+07 2.1E-07 2.9E-07 5.9E-08 1.3E-07
Cs-134 5.5E+06 4.2E-08 6.0E-08 1.2E-08 2.7E-08
Cs-135 1.7E+02 1.3E-12 1.9E-12 3.7E-13 8.6E-13
Cs-136 2.9E+06 2.3E-08 3.2E-08 6.4E-09 1.5E-08
Cs-137 2.7E+07 2.1E-07 2.9E-07 5.9E-08 1.3E-07
Ba-137m 2.7E+07 2.1E-07 2.9E-07 5.9E-08 1.3E-07
Ba-140 1.4E+07 1.1E-07 1.5E-07 3.0E-08 6.9E-08
Ce-141 9.8E+06 7.6E-08 1.1E-07 2.1E-08 4.9E-08
Ce-144 4.5E+07 3.5E-07 4.9E-07 9.8E-08 2.2E-07
Pr-144 4.5E+07 3.5E-07 4.9E-07 9.8E-08 2.2E-07
Pr-144m 4.5E+07 3.5E-07 4.9E-07 9.8E-08 2.2E-07
Pm-146 5.1E+06 4.0E-08 5.6E-08 1.1E-08 2.6E-08
Pm-147 5.9E+07 4.5E-07 6.4E-07 1.3E-07 2.9E-07
Pm-148 3.7E+07 2.8E-07 4.0E-07 8.0E-08 1.8E-07
Pm-148m 3.3E+06 2.6E-08 3.6E-08 7.3E-09 1.7E-08
Sm-151 8.1E+05 6.3E-09 8.9E-09 1.8E-09 4.1E-09
Eu-152 1.5E+07 1.2E-07 1.7E-07 3.4E-08 7.7E-08
Eu-154 8.1E+06 6.3E-08 8.9E-08 1.8E-08 4.1E-08
Eu-155 1.5E+07 1.1E-07 1.6E-07 3.2E-08 7.3E-08
Gd-153 1.5E+07 1.2E-07 1.7E-07 3.4E-08 7.7E-08

Attachment XII-8




Annual Concentration in the seawater used for the assessment (Bg/L)
Target volume of Average of all Average of the Average of all | Average of the
nuclide discharge layers within top layers layers within | top layers within
(Bq) Skmx5km s | 20kmx10km | 20kmx10km
Th-160 1.1E+07 8.8E-08 1.2E-07 2.5E-08 5.7E-08
Pu-238 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Pu-239 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Pu-240 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Pu-241 8.1E+07 6.3E-07 8.9E-07 1.8E-07 4.1E-07
Am-241 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Am-242m 4.2E+04 3.2E-10 4.5E-10 9.1E-11 2.1E-10
Am-243 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Cm-242 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Cm-243 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
Cm-244 2.3E+06 1.8E-08 2.5E-08 5.0E-09 1.1E-08
From fishing From sea From fishing From sea
Target exposure nets surface nets surface
assessment Ing:;:g)on dOf From hulls Ingsgeez:l&n dOf From hulls

XIl-2. Assessment results

Tables XII-5 to 10 show the assessment results. The assessment result with the assessment
area set to 10 km x 10 km was 0.00003 (3E-05) to 0.0004 (4E-04) mSv/year while that of 5
km x 5 km was 0.00006 (6E-05) to 0.001 (1E-03) mSv/ year, which is two to three times
higher.

Moreover, when the assessment area is set to 20 km x 10 km, the result is 0.00002 (2E-05)
to 0.0003 (3E-04) mSvl/year, which is slightly lower than that of 10 km x 10 km.

In all cases, the results remained significantly smaller than the dose limit of 1 mSv/year for
the general public and the dose target of 0.05 mSv/year for domestic nuclear power plants,
which is equivalent to the dose constraint value.

In addition, for infants whose effective dose factor and the assessment value of internal
exposure are high, the assessment result of internal exposure from ingestion of seafood is
0.000087 (8.7E-05) to 0.0022 (2.2E-03) mSv/year with the assessment area set to 5 km x 5
km, which is about 3 times higher than 0.000029 (2.9E-05) to 0.00071 (7.1E-04) mSv/year
with 10 km x 10 km.

Moreover, when the assessment area is set to 20 km x 10 km, the result is 0.000025 (2.5E-
05) to 0.00061 (6.1E-04) mSv/year, which is lower than that of 10 km x 10 km.
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Table XII-5 Human exposure assessment result (Source term based on measured
values (K4 tank group))

Assessment
area of the 10 km x 10 km 5km x 5 km 20 km x 10 km
Assessed |concentration
case Ingestion of
seafood Average | Large |Average| Large |Average| Large
Sea surface 6.5E-09 1.3E-08 6.0E-09
Hull 4 .8E-09 9.5E-09 4.4E-09
External During
exposure L 4.5E-09 4.5E-09 4.5E-09
(mSviyear) swimming
Beach sand 7.8E-06 7.8E-06 7.8E-06
Fishing net 1.6E-06 4 9E-06 1.4E-06
Ingestion of
water 3.3E-07 3.3E-07 3.3E-07
e Inhalation of
exposure sora 9.3E-08 9.3E-08 9.3E-08
(mSvl/year) pray
Ingestion of |1 ¢ 5| 6.1E-05 | 4.6E-05 | 1.9E-04 | 1.3E-05 | 5.2E-05
seafood
Total
(mSviyear) 3E-05 | 7E-05 | 6E-05 | 2E-04 | 2E-05 | 6E-05
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Table XII-6 Human exposure assessment result (Source term based on measured
values (J1-C tank group))

Assessment
range of the | 10 km x 10 km 5km x 5 km 20 km x 10 km
Assessed | concentration
case Ingestion of
seafood Average | Large |Average| Large |Average| Large
Sea surface 1.7E-08 3.5E-08 1.6E-08
Hull 1.2E-08 2.5E-08 1.1E-08
External During
exposure ., 1.2E-08 1.2E-08 1.2E-08
(mSviyear) swimming
Beach sand 2.1E-05 2.1E-05 2.1E-05
Fishing net 4.3E-06 1.3E-05 3.7E-06
Ingestion of
water 3.1E-07 3.1E-07 3.1E-07
Internal Inhalation of
exposure spra 2.0E-07 2.0E-07 2.0E-07
(mSvlyear) pray
Ingestion of | 5 ae_05 | 1.1E-04 | 8.5E-05 | 3.2E-04 | 2.4E-05 | 9.2E-05
seafood
Total
(mSviyear) 5E-05 | 1E-04 | 1E-04 | 4E-04 | 5E-05 | 1E-04
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Table XII-7 Human exposure assessment result (Source term based on measured
values (J1-G tank group))

Assessment
range of the | 10 km x 10 km 5km x 5 km 20 km x 10 km
Assessed |oncentration
case Ingestion of
seafood Average | Large |Average| Large |Average| Large
Sea surface 4. 7E-08 9.4E-08 4.3E-08
Hull 3.3E-08 6.6E-08 3.0E-08
External During
exposure I 3.2E-08 3.2E-08 3.2E-08
(mSviyear) swimming
Beach sand 5.6E-05 5.6E-05 5.6E-05
Fishing net 1.2E-05 3.5E-05 9.9E-06
Ingestion of
water 3.2E-07 3.2E-07 3.2E-07
e Inhalation of
exposure sora 4.0E-07 4.0E-07 4.0E-07
(mSvl/year) pray
Ingestion of | 7 oF 5| 3.0E-04 | 2.4E-04 | 9.1E-04 | 6.7E-05 | 2.6E-04
seafood
Total
(mSviyear) 1E-04 | 4E-04 | 3E-04 | 1E-03 | 1E-04 | 3E-04
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measured values (K4 tank group))

Table XII-8 Age-specific internal exposure assessment result (Source term based on

Assessment
range of the 10 km x 10 km 5km x 5 km 20 km x 10 km
Assessed | concentration
case Ingestion of
seafood Average Large Average Large Average Large
Internal Adult 3.3E-07 3.3E-07 3.3E-07
exposure
from Child under
ingestion of | school age 5.7E-07 5.7E-07 5.7E-07
water
(mSviyear) Infant -
Internal Adult 9.3E-08 9.3E-08 9.3E-08
exposure
from Child under
inhalation of | school age 6.2E-08 6.2E-08 6.2E-08
spray
(mSvlyear) Infant 4.0E-08 4.0E-08 4.0E.08
Internal Adult 1.5E-05 | 6.1E-05 | 4.6E-05 | 1.9E-04 | 1.3E-05 | 5.2E-05
exposure
from Child under
ingestion of | school age 2.4E-05 | 9.4E-05 | 7.2E-05 | 2.9E-04 | 2.0E-05 | 8.1E-05
seafood
(mSviyean | ntants | 2.9E-05 | 1.1E-04 | 8.7E-05 | 3.3E-04 | 2.5E-05 | 9.3E-05
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measured values (J1-C tank group))

Table XII-9 Age-specific internal exposure assessment result (Source term based on

Assessment
range of the 10 km x 10 km 5km x 5 km 20 km x 10 km
Assessed | concentration
case Ingestion of
seafood Average Large Average Large Average Large
Internal Adult 3.1E-07 3.1E-07 3.1E-07
exposure
from Child under
ingestion of | school age 5.4E-07 5.4E-07 5.4E-07
water
(mSvl/year) Infant ) ) ]
Internal Adult 2.0E-07 2.0E-07 2.0E-07
exposure
from Child under
inhalation | school age 1.1E-07 1.1E-07 1.1E-07
of spray
(mSvlyear) Infant 6.5E-08 6.5E-08 6.5E.08
Internal Adult 2.8E-05 | 1.1E-04 | 8.5E-05 | 3.2E-04 | 2.4E-05 | 9.2E-05
exposure
from Child under
ingestion of | school age 5.1E-05 | 2.0E-04 | 1.6E-04 | 6.0E-04 | 4.4E-05 | 1.7E-04
seafood
(mSviyear) Infant 6.7E-05 | 2.5E-04 | 2.0E-04 | 7.6E-04 | 5.7E-05 | 2.2E-04
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measured values (J1-G tank group))

Table XII-10 Age-specific internal exposure assessment result (Source term based on

Assessment
range of the 10 km x 10 km 5km x 5 km 20 km x 10 km
Assessed | concentration
case Ingestion of
seafood Average | Large | Average | Large | Average | Large
Internal Adult 3.2E-07 3.2E-07 3.2E-07
exposure
from Child under
ingestion of | school age 5.58-07 5.5E-07 5.5E-07
water
(mSv/year) Infant ) ) ]
Internal Adult 4.0E-07 4.0E-07 4.0E-07
exposure
from Child under
inhalation of | school age 2.2E-07 2.2E-07 2.2E-07
spray
(mSvl/year) Infant 1.9E-07 12E-07 L 2E.07
Internal Adult 7.9E-05 | 3.0E-04 | 2.4E-04 | 9.1E-04 | 6.7E-05 | 2.6E-04
exposure
from Child under
ingestion of | school age 1.5E-04 | 5.6E-04 | 4.4E-04 | 1.7E-03 | 1.2E-04 | 4.8E-04
seafood
(mSviyear) Infant 1.9E-04 | 7.1E-04 | 5.8E-04 | 2.2E-03 | 1.6E-04 | 6.1E-04
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Reference A Site boundary dose assessment of Fukushima Daiichi Nuclear Power
Station and the regulatory concentration limit in the Japanese laws

In the Fukushima Daiichi Nuclear Power Station, which is a specific nuclear facility, it is
required to take appropriate inhibition measures for radioactive materials discharged to the
environment including air, sea, etc., to reduce the dose around the site as much as possible,
and make the effective dose on the site boundary from debris, contaminated water, etc.,
generated and stored in the facility after the accident (assessment value of the effective dose
including additional discharge of radioactive materials from the entire facility) less than 1
mSv/year.

In addition, to dispose of liquid waste including radioactive materials, it is required to reduce
the concentration of radioactive materials in wastewater as much as possible by filtration,
evaporation, adsorption by the ion exchange resin method, etc., attenuation of radioactivity
over time, dilution with a large amount of water, etc., at the wastewater facility, and keep the
concentration of radioactive materials in wastewater below the concentration limit set by the
Nuclear Regulation Authority at drains and the wastewater surveillance facility.

In accordance with “public notice that stipulates the required matters regarding the safety of
TEPCO Fukushima Daiichi Nuclear Power Station reactor facilities and the protection of
specified nuclear fuel materials”, the concentration limit set by the Nuclear Regulation
Authority is defined as the concentration set by Appended table 1 “Pronouncement which set
the dose limit based on the regulations such as the Regulations on Business of Smelting of
Nuclear Source Materials or Nuclear Fuel Materials”, if only one type of a radioactive material
is contained and the type of the radioactive material is identified. This concentration is called
“regulatory concentration limit.”

This concentration is set so that the average dose from internal exposure of adults drinking
2L of the water every day for 70 years will be 1 mSv/year. In other words, the laws set a limit
so that even if a person drinks water directly from a drain, the average does of 70 years will
not exceed 1 mSv/year.

For example, the limits for tritium and Cs-137 are 60Bg/cm?®(60,000Bq/L) and 0.09 Bg/cm?
(90Bq/L), respectively. Therefore, if a person drinks 2L of water containing 60,000Bg/L of
tritium alone or 90Bq/L of Cs-137 alone every day for 70 years, the average exposure of 70
years will be 1 mSv/year.

On the other hand, if liquid waste containing two or more types of radioactive materials is
disposed of and a person drinks 2L of water containing the nuclides each of which reaches
the regulatory concentration limit (e.g. water containing 60,000Bq/L of tritium and 90Bq/L of
Cs-137) every day for 70 years, the exposure from each nuclide alone will reach 1 mSv/year,
2 mSv/year in total, thereby the overall exposure exceeding 1 mSv/year. Therefore, to not
exceed 1 mSv/year, the regulatory concentration limits of nuclides are set in a way that the
sum of their ratios does not exceed 1. In other words, it is set in a way that R, in the following
equation does not exceed 1.
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n
R. = Ci,measured
n= —_—

Ciiris
=1 i,limit

where
Rn Sum of the ratios to regulatory concentrations limits (dimensionless)
Ci, measureds Concentration of nuclide i in liquid waste to be discharged (Bg/cm?)
Ciimt Regulatory concentration limit of nuclide i (Bg/cm?)
n Number of types of nuclides contained in liquid waste to be discharged

For discharge of ALPS treated water into the sea we are currently planning, the following
conditions are to be verified:

(1) The sum of the ratios to regulatory concentrations limits of 63 nuclides excluding
tritium falls below 1 in the facility for measurement and confirmation before dilution
with seawater;

(2) The sum of the ratios to regulatory concentrations limits of 64 nuclides excluding
tritium falls below 1 in the discharge vertical shaft after dilution with seawater.

In (2), the water shall be diluted with seawater 100 or more times so that the tritium
concentration falls below 1,500Bg/L. If the tritium concentration can be diluted by 100 times
up to 1,500Bq/L, the sum of the ratios to regulatory concentrations limits of radioactive
materials at the discharge vertical shaft will be up to

(Sum of the ratios to regulatory concentrations limits of 63 nuclides) + (Regulatory
concentration ratio of tritium)

_ Ruyes | 1,500 1 N 1 _ 0,035
100 60,000 100 40

because the sum of the ratios to regulatory concentrations limits of other than tritium before
dilution is managed to be less than 1 in (1) and the concentration of tritium is 1,500Bq/L.
Among the dose assessments on the site boundary mentioned at the beginning, the
assessment of the contribution of the wastewater of liquid waste is also calculated according
to this concept. If the sum of the ratios to regulatory concentrations limits is exactly 1,
exposure of this discharge of ALPS treated water into the sea is assessed to be less than
0.035 mSv/ in this assessment method because the exposure dose on the site boundary
(drain) is assessed to be 1 mSv/year.
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Reference B Timeline of consideration of each disposal method of ALPS treated
water

B1. Timeline of consideration
At the Committee on Countermeasures for Contaminated Water Treatment! on December
10, 2013, the risks associated with storage of water treated (hereinafter called “ALPS
treated water”) with the advanced liquid processing system (hereinafter called “ALPS”),
etc. at the TEPCO Fukushima Daiichi Nuclear Power Station (hereinafter called “FDNPS”)
were clarified. On December 4, 2013, the review team of the International Atomic Energy
Agency (hereinafter called “IAEA”) advised to “examine all options” for handling of ALPS
treated water.
Therefore, the government extracted all options from the neutral viewpoint as the basic
material for the determination of long-term treatment of ALPS treated water, as well as set
up the Tritiated Water Taskforce (hereinafter called “the Taskforce”) under the Committee
on Countermeasures for Contaminated Water Treatment for the purpose of the technical
assessment of each option (not for harmonizing views among stakeholders or unifying
options) and has been proceeding with technical consideration for 2 years and 5 months.
After that, the government established the Subcommittee on Handling of the ALPS
Treated Water (hereinafter called “the Subcommittee”) under the Committee on
Countermeasures for Contaminated Water Treatment and have conducted comprehensive
consideration for 38 months from the professional perspective, in terms of international
best practices, options with the least adverse impact on human health and the
environment, social impacts such as reputation damage, and technical feasibility in
accordance with the knowledge summarized in the Taskforce report.

(1)  Overview of consideration by the Taskforce
The Taskforce took place a total of 15 times from December 25, 2013 to May 27, 2016,
with the participation of the Nuclear Regulation Authority and related ministries and
agencies, in addition to nine members who are experts in the fields of nuclear energy,
environmental science, radiation medicine, radiation biology, and fishery chemistry.
The Taskforce organized the basic knowledge as such on tritium regarding its property,
dynamics in the atmospheric/geosphere/marine environment, and impacts on the
environment and human body (radiation dose, biological concentration, in vivo half-life,

1 Committee set up under the ministerial meeting on measures for decommissioning/ contaminated water/ treated water. This
committee was set up to totally examine the contaminated treatment measures of Fukushima Daiichi and consider the
measures to radically solve the problems and to handle leakage accidents of contaminated water including tritium treatment
measures.

Reference B-1



etc.)? 2 4, set the assessment cases based on the uniformed handling conditions for
parallel comparison of 11 options combining five methods (geosphere injection,
discharge into the sea, vapor release, hydrogen release, and underground burial) with
the presence or absence of pretreatment such as dilution or isotope separation
considering foreign cases, etc., and performed technical assessments.

For technical assessments, technical feasibility and regulatory feasibility were set as the
basic requirements (items used as criteria to judge feasibility). As conditions which may
be constraints on selection, the following evaluation items were set: time and cost
required for disposal, scale (area required for disposal), whether any secondary waste is
generated/its type and amount, the occurrence of excessive worker exposure from the
disposal, and incidental conditions (other conditions which may be constraints).

2) Overview of consideration by the Subcommittee

The Subcommittee met a total 17 times from November 11, 2016 to January 31, 2020,
with the participations of 13 experts in the fields of nuclear power, geotechnical
engineering, sociology, environmental science, agriculture, radiobiology, radiation
science, and fishery chemistry, and related ministries. The Subcommittee had further
discussions about the impact of tritium on organisms® © as well as comprehensively
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Regarding the environment dynamics of tritium, it was reported that tritium discharged into air exhibited such behaviors such
as turbulent dispersion in air, dry or wet deposition on the ground surface, underground advection and diffusion, and
evaporation from the ground surface; that a simple assessment is difficult due to a big variation in the dispersion state
depending on the weather conditions at the time of discharge; and that the concentration is reduced as it gets away from the
location of discharge though it depends on the discharge method and discharge position (Summary of an explanation by Mr.
Haruyasu Nagai at the 4th Taskforce, Pages 1 to 9 of the minutes).

As for the environmental impact of tritium, it was explained that there were two types of tritium in organic substances, namely
free water tritium (hereinafter called “FWT”) and organically bound tritium (hereinafter called “OBT”), OBT was easy to be
absorbed by organisms and has long biological half-life, the in vivo FWT concentration and water tritium concentration
counterweighed (becomes almost equal) immediately in the aquatic environment, the concentration factor of tritium (ratio of
the in vivo concentration to the water concentration) is 1 or less, dose assessments of marine organisms were performed for
“reference animals” (e.g. marine organisms with different shapes such as flatfish and crab), generally the calculation was
performed from the radioactive material concentration (Bg/kg - raw organism), and there would be no significant impact on
aquatic habitat unless an extremely high concentration of tritium is retained in the aquatic environment (Summary of an
explanation by the Taskforce Member Mr. Hideki Kakiuchi at the 3rd meeting of the Taskforce, pp.2-10 of the minutes,
Summary of an explanation by the Taskforce Member Takami Morita in the 3rd Taskforce, Pages 14 to 18 of the minutes).

As for the impact of tritium on human bodies, it was explained that the impact of tritium on human bodies was much smaller
than that of radioactive cesium set as the standard of radioactive materials in foods, about 1/1,000; tritium caused almost no
external exposure, and internal exposure would be considered because it is radionuclide with low-energy beta rays; and
tritium exists in two forms, namely FWT and OBT, in organisms and, according to ICRP (International Commission on
Radiological Protection), the in vivo half-lives of FWT and OBT were about 10 days and 40 days, respectively (Summary of an
explanation by the Taskforce Member Mr. Hideki Kakiuchi in the 3rd Taskforce, Pages 2 to 10 of the minutes; Summary of an
explanation by the Taskforce Member Mr. Hideo Tatsuzaki at the 3rd Taskforce, Pages 21 to 25 of the minutes; Summary of an
explanation by the Taskforce Member Mr. Hiroshi Tauchi at the 3rd Taskforce, Pages 26 to 33 of the minutes).

It was explained that tritium just emits weak beta rays, the only exposure form with significant impact was internal exposure, it
is said that there was almost no in-vivo concentration as characteristics, and it was passed out of the human body by
metabolism about 10 days after entering the body since it was a kind of water (Summary of a statement by the Subcommittee
Member Yamanishi at the 2nd Subcommittee, Page 34 of the minutes).

It was explained that tritium was not concentrated on specific organisms or organs because molecules containing tritium had
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considered the expansion of the tank storage capacity, the possibility to continue tank
storage, etc., in addition to the technical viewpoints of the disposal methods and the
advantages and disadvantages of the disposal methods taking into consideration the
social and environmental impacts of disposal for each of the five disposal methods of
ALPS treated water.

The proceedings of the meetings were open to the public, and those who applied and
were registered in advance were able to listen to the proceedings at the venue as
observers. All of the contents and materials from the discussion of each meeting are
available on the website of METI’. The following shows the details of consideration at
the Taskforce and the Subcommittee.

the same properties as normal water molecules (Summary of an explanation by the Subcommittee Member Tauchi at the 11th
Subcommittee, Page 19 to 24, 32 of the minutes). The following shows the discussion related to these:

(1) “For example, data from Sellafield Bay in the UK shows that the concentration of organically bound tritium in fish is higher
than the concentration in seawater when measured at a certain point in time. However, this is because there was a very
high concentration of tritiated water that was previously discharged into the sea. When that was taken in, the OBT
remained because it has a longer half-life than water. The data shows that, as the years go by, the organic-bound form of
the substance decreases rapidly when its concentration in seawater is almost undetectable. Therefore, this is not
something that should be called bioaccumulation. Bioaccumulation means that substances in the environment accumulate
and become more concentrated in living organisms. | hope you understand that this will not happen with tritium”
(statement by the Subcommittee Member Tauchi at the 11th Subcommittee, Page 32 of the minutes).

In response to the question “Have there been any examples of tritium concentrated in nature?” (statement by the
Committee Member Mr. Tauchi at the 11th meeting of the Subcommittee, p.32 of the minutes), the answer was “As far as |
know, there have been no such cases. If there had been, the tritiated water in the tank could be concentrated by living
organisms and removed, but that is not the case” (statement by the Subcommittee Member Tauchi at the 11th
Subcommittee, Pages 32 to 33 of the minutes).

(3) “As far as | know, there have been no cases where microorganisms have been cultured in tritiated water in so-called
laboratory experiments, and where water-to-biological concentration has been observed. In addition, as Mr. Hiroshi Tauchi
mentioned, the tritium concentration in living organisms can appear to be high in the environment. This is due to the fact
that organic matter has been accidentally discharged from factories in the past. Because fish migrate, the opposite
phenomenon is observed when fish grown in areas with low tritium concentrations go to areas with high concentrations.
We have observed that living organisms grown in a place with high tritium concentration appear to be highly tritium-
concentrated when they go to a place with low tritium concentration. This is the reality of the situation” (statement of the
Subcommittee Member Kakiuchi at the 11th Subcommittee, Pages 33 to 34 of the minutes).

" https://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/archive/task_force3.html
https://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/archive/task_force4.html
https://www.meti.go.jp/earthquake/nuclear/osensuitaisaku.html#osensuitaisaku_mt

@

-~

Reference B-3



B2. Discussion about each disposal method and result of the comparison
(1) Taskforce
The Taskforce set and evaluated the basic requirements (technical feasibility and
regulatory feasibility) as well as conditions which may be constraints (time, cost, scale,
secondary waste, worker exposure, etc.) as evaluation items for each case (as shown in
the Table B-1) and prepared a report as a basic material for future consideration
(“Tritiated Water Taskforce Report™) in June 3, 2016 after the discussion and
consideration on the technical point of view of each disposal method, environmental
impacts, difficulty of monitoring, issues to secure the site, comparisons to precedents,
increasing capacity of storage in tanks, and issues arising from storing water in tanks as
mentioned below in footnotes of B2. (2) (ii), (3) and (4) using excerption of the
discussions,
This report suggests that consideration should be proceeded with from comprehensive
viewpoints including not only technical ones such as the feasibility, economy, required
time, etc., as well as social ones such as reputation damage because the result may
cause big impact on the reputation.
Table: Conditions which may be constraints
Disposal Geosphere Discharge into Vapor release Hydrogen Underground
method injection the sea release burial
Period® 104+20n months | 91 months 120 months 106 months 98 months
912 months (for 912 months (for
monitoring) monitoring)
(n=Number of
survey points)
Cost!0 18+0.65n billion | 3.4 billion yen 34.9 billion yen 100 billion yen 243.1 billion yen
yen+Monitoring
cost
(n=Number of
survey points)
Scale 380 m? 400 m? 2000 m? 2.000 m? 285.000 m?

8 Available on the web site of the Ministry of Economy, Trade and Industry.

https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20160915_01a.pdf

® The procedure is divided in to the plant construction phase and treatment phase, but depending on the method, technical

development and some lead time may be required before plant construction (summary of a statement by the Taskforce

Member Tokuhiro Yamamoto at the 12th meeting, Page 19 of the minutes)

10 The following shows the related discussion in the Taskforce.

(1)

)

It turned out that there is no realistic technology to solve the problem with the treatment method of tritium in France within
the allowable range of costs. Such a technology may exist but will be too costly. Therefore, it was concluded that such
technologies would not be feasible (Summary of a statement by Mr. Jean-Luc Lachaume, at the 7th Taskforce, Page 15
of the minutes).

In France, not segregation but direct discharge of tritium into a river or the sea was adopted considering the cost,
advantages, etc. (Summary of a statement by the Committee Member, Mr. Jean-Luc Lachaume, at the 7th Taskforce,
Page 21 of the minutes).
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Disposal Geosphere Discharge into Vapor release Hydrogen Underground
method injection the sea release burial
Secondary N/A N/A Depending on Residues may N/A
waste the components | be generated as
of treated water, | secondary
incineration ash | waste.
may be
generated.
Radiation No points to No points to There are no There are no To prevent
Exposure of | considerin consider in points to points to radiation
Workers 1t | particular particular consider in consider in exposure of
particular since particular since workers during
the height of the | the height of the | the burial
exhaust pipe will | exhaust pipe will | operation,
be sufficiently be sufficiently installing a cover
high. high. etc. is needed.
Others The costs and In the case of The duration The duration A large amount
duration of the using a divider may be may be of concrete and
exploration will between the extended, in extended, in bentonite will be
increase in the intake water pit case the release | case the release | needed.
event that it is and the operation needs | operation needs | Construction
difficult to find a | discharge port, to be suspended | to be suspended | spoil will be
suitable the cost will due to due to produced.'®
geosphere layer. | increase.!? precipitation.'3 precipitation.'4

(2)

Subcommittee

On February 10, 2020, the Subcommittee prepared a report (“The Subcommittee on

Handling of the ALPS Treated Water Report™®) considering the result of the Taskforce.

The following shows the major contents of consideration.

1 “l believe the exposure of workers is quite important, and it should be taken into account. With regard to exposure of

12

13

14

15

16

workers, if the workers to be deployed were changed rapidly, it would be possible to comply with laws and regulations, but |
would like to keep this to a realistic level” (statement by the Taskforce Member Hideo Tatsuzaki at the 13th Taskforce, Page
14 of the minutes).

“In the case of discharge into the sea, if tritium were released and the same water was taken in again, it would make no
sense whatsoever. In order to deal with this, some methods of partitioning with wharves, etc. are described, but I'm
wondering whether or not it is necessary to state this as an ancillary condition when the cost is calculated” (statement by the
Taskforce Member Takami Morita at the 14th Taskforce, Page 13 of the minutes).

“When it comes to implementation of vapor release or hydrogen release, | wonder if it is possible to do so in the midst of
heavy snow or rain. If so, | believe the annual operating results, or the actual number of operations, may vary” (statement by
the Taskforce Member Mr. Takami Morita at the 13th meeting of the Taskforce, p.13 of the minutes).

Same as the above.

“There is a problem of residual soil buried underground, which hardly arises when it is placed above the groundwater level.
This makes me think that the story will be quite different depending on whether we build the plant above or below this
groundwater level” (statement by the Taskforce Member Takami Morita at the 13th Taskforce, Page 13 of the minutes).
Available on the web site of the Ministry of Economy, Trade and Industry.
https://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/committtee/takakusyu/pdf/018 00 01.pdf
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(i) Social impacts of each disposal method
As for social impacts, the impacts on life and economy (reputation damage) are
assumed but it is difficult to comprehensively compare their significance.'” Therefore, it
was concluded that no matter which disposal method of discharge into the sea/vapor
release is selected, it will be necessary to prepare for possible reputation damage after
disposal considering the characteristics of each disposal method.

(i) Technical viewpoints of each disposal method considering environmental and
social impacts
The Subcommittee considered the realistic options considering in terms of
environmental impacts including the continuation of tank storage (as shown in B2. (4)
below) based on the technical viewpoint in accordance with the five disposal methods
consideration results proposed at the Taskforce (geosphere injection, hydrogen
release, underground burial, vapor release, and discharge into the sea.) As a result,
for geosphere injection, there was an issue with securing of the site and also the
method had not been established to monitor the behavior and effects of tritiated water
after geosphere injection'® 1°. For hydrogen release, further technical development

17

18

19

“I do not believe that the superiority of social impact is necessarily clear in our discussions so far, as to which has a greater
or lesser social impact” (Summary of a statement by the Subcommittee Member Tokuhiro Yamamoto at the 16th
Subcommittee, Page 25 of the minutes).

As for geosphere injection, lack of knowledge of appropriate stratum, monitoring, etc. are difficult (Summary of our
statement at the 14th Subcommittee, Page 37 of the minutes).

The following shows the related matters discussed at the Subcommittee and then the Taskforce.

(1)

)

@)

(4)

)

(7)

(8)

If geosphere injection is performed other than at the site, thousands of trucks with water will drive on roads in the
prefecture and even an accident of one of the truck will stop the entire process, which is risky (Summary of a statement
by Mr. Chuck Negin at the 6th Taskforce, Page 36 of the minutes).

The French regulations prohibit geosphere disposable of radioactive materials (Summary of a statement by Mr. Jean-Luc
Lachaume, at the 7th Taskforce, Page 5 of the minutes).

Of course, those without standards require much time and effort. Other one than discharge into the sea after dilution and
vapor release after dilution are difficult to assess without knowing the details (Summary of a statement by the regulatory
authorities (Chief Mr. Shinji Kinjo) at the 8th Taskforce, Page 35 of the minutes).

It is very important how to explain the option of underground burial while there is a case in France. It cannot be assessed
because no underground experiment has been conducted (Summary of a statement by the Taskforce Member Hiroshi
Tauchi at the 8th Taskforce, Page 40 of the minutes).

The current legal system does not assume burial disposal of fluid, so it is not an easy task (Summary of a statement by
Taskforce Member Hideo Tatsuzaki at the 9th Taskforce, Page 27 of the minutes).

Judging from the requirements of the international guidelines of IAEA and ICRP, direct injection of tritium water is not
allowed globally (Summary of a statement by the regulatory authorities (Chief Shinji Kinjo) at the 12th Taskforce, Page 11
of the minutes).

Especially as for geosphere injection, there is no precedent case, so there is no regulation. However, it is a waste of
opportunity to abandon it due to the lack of regulatory standards. It would be appreciated if consideration could be made
(Summary of a statement by Mr. Takasaka, an expert observer, at the 13th Taskforce, Page 17 of the minutes).

For example, though the method is underground burial, the disposal site of even low-level radioactive waste is a great
concern. There may be no candidate for the place of storage of tritium water. If so, the span of time up to construction will
be massive (Summary of a statement by the Taskforce Member Yoshihisa Takakura at the 14th Taskforce, Page 16 of the
minutes).
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was required and there is the possibility of hydrogen explosion?°. For underground
burial, there was a risk of vapor release of tritium caused by heat generated by
solidification, new legislation was required, and there was an issue of securing of the
site?! 22 23, |n addition, the Subcommittee showed its view that there was no realistic
model of assessment of environmental impacts of geosphere injection, hydrogen
release, and underground burial. However, for vapor release and discharge into the

20

21

22

23

The following shows the related discussion in the Taskforce.

(1)

()

@)

(4)

With hydrogen distillation, even a small device can achieve a high segregation efficiency thanks to the large separation
factor, which is an advantage, but it also has disadvantages: the cost is high due to the necessity for ancillary facilities for
achieving a very low liquid hydrogen temperature of about 20 kelvin and it is necessary to consider safety measures for
the issue of explosion protection of hydrogen gas, etc., due to high pressure caused by gasification of hydrogen when
running out of the coolant and use of massive hydrogen gas (Summary of an explanation by the Taskforce Member
Toshihiko Yamanishi at the 2nd Taskforce, Page 11 of the minutes).

The electrolysis method consumes a lot of energy, so as of now electrolysis is rarely used alone for segregation
(Summary of an explanation by the Taskforce Member Toshihiko Yamanishi at the 2nd Taskforce, Page 13 of the
minutes).

Though the concentration is low, it is significantly different from past research and development and actually operating
plants in that extensive treatment is required. Water treatment in Fukushima is much different from that of the past plants
and had no track record (Summary of an explanation by the Taskforce Member Toshihiko Yamanishi at the 2nd
Taskforce, Page 16 of the minutes).

The treatment amount is thousands of times greater than that of currently operating plants. Normally, in the engineering
field, scale-up means making the scale 10 or less times greater, not applying a three-digit figure as it is. It is a difficult
question whether the current technology is applicable (Summary of a statement by the Taskforce Member Toshihiko
Yamanishi at the 2nd Taskforce, Page 17 of the minutes).

The following shows the related discussion in the Taskforce.

(1)

)

@)

(4)

Q)

(6)

(7)

Currently, it is not assumed at all to dispose of liquid waste by injection in Japan. It is only assumed to dispose of solid
waste. It is stipulated in the rules (Summary of an explanation by Mr. Yoshiaki Sakamoto at the 4th Taskforce, Page 22 of
the minutes)

Basically, the result of the safety assessment depends on the assumed extent of deterioration of concrete; based on it,
the degree of leakage is assessed (Summary of an explanation by the Committee Member Yoshiaki Sakamoto at the 4th
Taskforce, Page 24 of the minutes)

“For the 800,000 cubic meters, we will need at least 300,000 square meters of land, which will be a very difficult
situation” (Summary of an explanation by Mr. Yoshiaki Sakamoto at the 10th Taskforce, Page 7 of the minutes).

In the case of tritium, some effects may appear due to combination of flow of water and dispersion (Summary of an
explanation by Mr. Yoshiaki Sakamoto at the 10th Taskforce, Page 12 of the minutes).

For treatment and disposal of radioactive waste, the current basic philosophy is that it should be disposed of in waste
body. Cementation of tritium water is somewhat out of the course of this philosophy (Summary of a statement by the
regulatory authorities (Chief Shinji Kinjo) at the 10th Taskforce, Page 14 of the minutes)

“I think you are assuming concrete burial but this is only for solid waste from demolition. Also, it is clearly stated in the
laws and regulations. However, there is nothing that allows to bury liquid waste as well” (Summary of a statement by the
regulatory authorities (Chief Shinji Kinjo) at the 13th Taskforce, Page 19 of the minutes).

For example, though the method is underground burial, the disposal site of even low-level radioactive waste is a great
concern. There may be no candidate for the place of storage of tritium water. If so, the span of time up to construction will
be massive (Summary of a statement by the Taskforce Member Yoshihisa Takakura at the 14th Taskforce, Page 16 of the
minutes)

As for underground burial, there is no track record of disposal, a larger land is required than continuation of storage because

solidification makes the volume three or six times larger, and it was reported that solidification generates heat, which causes

evaporation of moisture. For this report, no opinion was provided from the Committee (Summary of our report at the 14th
Subcommittee, Page 22 of the minutes)

Hydrogen release is the same as vapor release because even if waste is buried underground, tritium will move from the

corresponding location, which makes monitoring difficult (Summary of an explanation by the Subcommittee Member
Toshihiko Yamanishi at the 16th Subcommittee, Page 31 of the minutes)
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sea, environmental impacts were assessed using the assessment model of public
exposure in the event of exposure of radioactive nuclides to the environment set by
the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) and all results were sufficiently lower than the annual exposure amount
from the nature in Japan, 2.1 mSv (the environmental impact of discharge into the sea
is half or less than that of vapor release)®.

On one hand, since it is difficult to expect the time required to solve these issues and
temporal constraints have to be considered, so geosphere injection, hydrogen
discharge, and underground burial are associated with many issues from regulatory,
technical, and temporal viewpoints. On the other hand, vapor release and discharge

into the sea?® were concluded as realistic options?® 27,

(3) Advantages and disadvantages of vapor release and discharge into the sea

The Subcommittee compared the advantages and disadvantages of the realistic options,
namely vapor release and discharge into the sea.

As a result, it was concluded that though vapor release had a precedent case of the
accident reactor at Three Mile Island in the United States occurred in 1979 as well as
actual cases of discharge at the time of ventilation even in normal reactors, the
wastewater amount in the precedent case of Three Mile Island was significantly smaller
than ALPS treated water and there was no domestic case of vaporizing liquid for vapor

24

25

26

27

Explanation by the Secretariat at the 15th Subcommittee, Pages 13 to 16 of the minutes. Even if all treated water stored in
tanks is treated in one year, the environmental impact is about 0.052uSV to 0.62uSV per year and 1.3uSV per year in
discharge into the sea and air, respectively. The following shows the discussion related to these:

(1) To the question of whether the impact is an order of magnitude smaller than exposure from natural radiation even under
excessive assumption that the total amount stored in tanks, 860 trillion Bq, is discharged every year for 100 years
(Summary of a statement by the Subcommittee Member Sakita at the 15 Subcommittee, Page 19 of the minutes), the
answer was yes (Summary of the answer by the Secretariat at the 15th Subcommittee, Page 19 of the minutes).

(2) Evenin the case of a heavy water moderated reactor in Canada, which discharges a lot of tritium, the impact of the
concentration of tritium drops to a level close to the background in a location about 5 km away, so there was a
statement that the simulation result based on UNSCEAR was appropriate as a simulation result of the impact on
residents in locations about 5 km away from the facility (Summary of a statement by the Subcommittee Member
Kakiuchi at the 15th Subcommittee, Pages 19 to 20 of the minutes).

It was explained that tritium had been generated by domestic and foreign nuclear power plants, etc., associated with their
operation and a part of such tritium had been discharged into the sea, rivers, lakes and marshes, and air according to the
regulations in each country (Summary of an explanation by the Secretariat at the 8th Subcommittee, Pages 4 of the
minutes).

It is important to commit to perform the proven options, namely discharge into the sea and vapor release, among the five
disposal methods (Summary of an explanation by the Subcommittee Member Yuko Sakita at the 16th Taskforce, Page 28 of
the minutes).

Among the five disposal methods, only discharge into the sea and vapor discharge are technically feasible (Summary of an
explanation by the Subcommittee Member Toshihiko Yamanishi at the 16th Subcommittee, Page 31 of the minutes).
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release for the purpose of disposal of liquid radioactive waste?® 2°, In addition, prediction
is difficult due to deposition on the ground surface and evaporation into the air after
vapor release, and there will be demerit that the fluctuation of the monitoring result
caused by the weather conditions is larger than discharge into the sea® 3!. Moreover,
from social viewpoints, a wider range of industries are expected to be affected as
compared to the case of discharge into the sea and reputation damage may occur in

% The following shows the related discussion in the Taskforce.

(1) The amount of water handled at TMI (Note: Three Mile Island) is completely different from that of Fukushima, so naturally
technical discussion will be different. It was reported that the amounts of contaminated water were about 10 thousand
tons and the evaporated amount was about 8,400 tons. Therefore, naturally the technologies to be provided and the
assessment will be different, but even TMI achieved the goal in more than 10 years (Summary of a statement by the
regulatory authorities (Chief Shinji Kinjo) at the 1st Taskforce, Page 28 of the minutes).

(2) Though the concentration is low, it is significantly different from past research and development and actually operating
plants in that extensive treatment is required. Water treatment in Fukushima is much different from that of the past plants
and had no track record (Summary of an explanation by the Taskforce Member Toshihiko Yamanishi at the 2nd
Taskforce, Page 16 of the minutes).

(3) The scales of Three Mile and Fukushima are completely different. In the case of Three Mile, an accident occurred in only
one reactor and the condition has calmed down, but the condition of Fukushima has yet to calm down (Summary of a
statement by the Taskforce Member Yoshihisa Takakura at the 6th Taskforce, Page 18 of the minutes).

(4) 1understand that there is a big difference between the two accidents. And | also understand that the problem in Japan is
much more significant than in TMI. In principle, we had no problem of accumulation. So we could wait and see. However,
in the case of Fukushima, it is very important to solve the problem as soon as possible (Summary of a statement by Mr.
Chuck Negin at the 6th Taskforce, Page 18 of the minutes).

(5) Itis necessary to proceed with discussion understanding the similarity to and difference from TMI, but we must
remember that although the concentration of the tritium is very close, the amount is much larger in Fukushima. In the
case of TMI, in reality, the reactor is 160 km away from the coast, which would be almost equivalent to the case of a
reactor at an inland site in the case of Japan, so the geographical environment seems to be much different (Summary of
a statement by the Taskforce Member Tokuhiro Yamamoto at the 6th Taskforce, Page 21 of the minutes).

(6) In France, the amount of tritium discharged in liquid is much greater than that discharged into air. This is because tritium
causes a greater impact on human body when released in gas than in liquid (Summary of an explanation by Mr. Jean-
Luc Lachaume, at the 7th Taskforce, Page 7 of the minutes).

(7) Inthe case of Three Mile, it was possible because the amount was very limited, but it is too different from the case of
Fukushima to be applicable (Summary of a statement by the Committee Member Yoshihisa Takakura at the 13th
Taskforce, Page 11 of the minutes).

In terms of the required time and cost, discharge into the sea is easier. The reason vapor release was performed in the case
of the Three Mile accident is that the reactor was not adjacent to the sea (Summary of a statement by the Subcommittee
Member Ichiro Yamamoto at the 14th Subcommittee, Page 39 of the minutes).

It was reported that there was a problem with monitoring for vapor release because it is difficult to predict generation and
dispersion of waste, especially salt, caused by evaporation of ALPS water. For this report, no opinion was provided from the
Committee (Summary of our report at the 14th Subcommittee, Page 22 of the minutes).

29

30

31 The following shows the related discussion in the Taskforce.

(1) As for atmospheric dispersion, the speed of especially redispersion of tritium is high. Tritium is much different from other
radioactive materials in that most of it evaporates again and returns to the air (Summary of an explanation by Mr.
Haruyasu Nagai at the 4th Taskforce, Page 2 of the minutes).

(2) The dispersion condition greatly depends on the weather conditions at the time of discharge. It also greatly varies within
a day. As the weather condition varies from hour to hour, the conditions change from moment to moment, so the
necessity for adjusting the assessment based on the conditions is a difficult point in atmospheric dispersion (Summary of
an explanation by Mr. Haruyasu Nagai at the 4th Taskforce, Pages 2 and 3 of the minutes).

(3) We assessed the reduction of the concentration caused by marine dispersion from the viewpoint of the degree of dilution
by advection and diffusion assuming discharge from a typical Pacific coast. The concentration of the lattice in the
discharge position and 2 km lattice decreases by 1, 2, and 3 digits about 10 km, 50 km, and 100 km downstream. This is
different from air. The current varies little, so prediction is easier (Summary of an explanation by Mr. Haruyasu Nagai at
the 4th Taskforce, Page 8 of the minutes).
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industries in Fukushima and the whole of the surrounding areas.

On the other hand, there are many actual cases of discharge into the sea as being
implemented in domestic and foreign nuclear facilities on daily bases and about 31.6
billion to 83 trillion Bg/year (actual average of 3 years before the accident) per site is
diluted and discharged into the sea, etc., from the domestic nuclear power plants.
Therefore, the discharge into the sea was concluded to be possible within the proven
range even considering the disposal amount. In addition, because the composition of the
discharge facility is simpler than the composition of the vapor release facility, and
knowhow on the design of the discharge system and its handling are known. Thus, it
was concluded that it will be able to surely dispose the waster better than vapor release
in knowledge of the facility and operation point of view. Moreover, in the case of
discharge into the sea, the condition of dilution dispersion after discharge is relatively
easy to predict because the variation in the current is smaller than the impacts of rain
and wind direction in the case of vapor release, so it was easier to consider the
construction of the surveillance framework by monitoring®? 23 34,

From social viewpoints, discharge into the sea may cause reputation damage in the
fishing industry and tourism in Fukushima and the surrounding sea area. Especially, the
catches of the fishing industry in Fukushima, which is now in test operation, are yet to be
less than 20% of that before the earthquake and the Fukushima Daiichi accident.
Considering these, it is necessary to consider countermeasures®®.

(4) Consideration of the expansion of the tank storage capacity and continuation of tank

storage
The Subcommittee considered the measure to expand the tank storage capacity and
continue tank storage without disposing of ALPS treated water as follows?.

32

33

34

35

36

See footnote [31] (3)

For our explanation that there is no technically difficult issue in discharge into the sea, no opinion was shown (Summary of
our report at the 14th Subcommittee, Page 21 of the minutes).

There are several methods of discharge into the sea including construction of a new pool or equalizing the concentration
before discharge in a new tank, etc., and then rechecking them, which is not technically difficult up to construction
(Summary of a statement by the Subcommittee Member Yoshihisa Takakura at the 16th Subcommittee, Page 37 of the
minutes).

It was explained that the social impacts of discharge in the sea widely affects areas outside Fukushima, but the impacts on
land areas are limited and the directly affected parties are limited to the fishing industry and a part of tourism, such as sea
bathing while vapor release widely affects up to areas outside Fukushima and may directly affects all products. There was
no objection (Summary of an explanation by the Secretariat at the 12th Subcommittee, Pages 13 of the minutes).

The following shows the related discussion in the Taskforce.

(1) “Even if it is stored, there is a possibility of sudden leakage.”, “Even if it is stored in tanks, is it enough to just store it? |
think that some sort of tank maintenance will probably be necessary during that period, and depending on the endurance
of the tanks, it may be necessary to transfer it from one tank to another, and so on, and the risk of accidents, including
radiation exposure of workers, must be considered.” (Statement of the Taskforce Member Hideo Tatsuzaki at the 1st
Taskforce, Pages 18 and 19 of the minutes).

(2)As long as a lot of tritium water is stored, the risk will not become zero. There must be some risks associated with
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(i) Expansion of the tank storage capacity
The Subcommittee considered storage in large-capacity aboveground tanks and
storage in underground and offshore tanks. As a result, it was concluded that the
storage capacity of large-capacity aboveground and underground tanks is not
significantly larger than that of the existing standard tanks but had issues such as
much greater leakage amounts in the case of damage. Offshore tanks of the size
adopted for oil storage bases are difficult to install because the water depth is shallow
in the Fukushima Daiichi port. Moreover, it is difficult to collect leaked water before
dilution. In accordance of those considerations, there was no advantage in installation
of the large tanks, etc. at Fukushima Daiichi®’.
Though storage by transfer to outside of the site was also considered, in order to
prevent leakage or accident caused by transfer of water before dilution, it takes much
time to plan and prepare a method to transfer a lot of treated water due to the
necessity for transfer facilities compliant with laws and regulations (e.g. nuclear
material protection facility surrounding the piping for transfer (fence, etc.)) as well as
getting approval from the local governments on the transfer route. In addition, it was
concluded to take much time because proper facilities, diverse preliminary
adjustments, and procedures for permission are required due to the necessity for
permission as a radioactive waste storage facility since radioactive materials are
handled®.

37

38

continuation of storage (Summary of a statement by the Taskforce Member Tokuhiro Yamamoto at the 1st Taskforce, Page
22 of the minutes).

(3) In reality, one 1,000-ton tank is prepared every two days, which is associated with concerns of leakage and human errors.
Tritium must be handled smoothly, otherwise there will be so many tanks that management, etc., may be very difficult. If it
continues for 30 or 40 years, we will run out of space for tanks (Summary of a statement by the Taskforce Member
Yoshihisa Takakura at the 4th Taskforce, Page 28 of the minutes).

(4)For storage, it is necessary to consider the possibility of future relocation of the storage space; if we wait for the half-life, it
will be unrealistic to wait for, for example, three half-lives because it is too long. In addition, we have to take some
countermeasures against the risk of unexpected accidents during storage such as the risk of discharge of stored water
(Summary of a statement by the Taskforce Member Hideo Tatsuzaki at the 4th Taskforce, Pages 32 and 33 of the
minutes).

(5)“Of course, accidents can occur in the course of the construction of the tanks, and there is also the risk of massive
leakage if the tanks are damaged. In that sense, we think it is riskier to keep the water in the tanks on the site” (Statement
of the regulatory authorities (Chief Shinji Kinjo) at the 13th Taskforce, Page 22 of the minutes).

(6) “At present, for example, we have already built almost all the tanks in the areas that are relatively close to where
contaminated water is generated and where tanks can be placed. If we build new tanks in the future, we would have to set
up pipes to transfer the water over a long distance, and if we transfer the water over such a long distance, there would
naturally be risks of leakage and other problems. Even if we manage to increase the capacity of the current area by
replacing the tanks with new ones with a larger capacity, there is not much room left in the current area.” (Our statement
at the 14th Taskforce, Pages 17 and 18 of the minutes).

The advantages and disadvantages of each of the following methods assumed in the case of continuation of storage were
explained: storage in large-capacity tanks, storage in large-capacity underground tanks, and storage in offshore tanks
(Summary of our explanation at the 13th Subcommittee, Pages 34 and 35 of the minutes)

It was explained that storage outside the site requires approval from the local governments on the transfer route in the case
of transfer without dilution and transfer facilities, etc., compliant with laws and regulations were required, and there was no
opinion to it (Summary of our explanation at the 13th Subcommittee, Page 35 of the minutes).
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(i) Continuation of tank storage
At the Subcommittee, the possibility of continuation of storage in tanks was also taken
into consideration, however there is an issue pointed out as actual risk of handling of
remaining ALPS treated water after storage, including the fracture of the tank due to
the earthquake® . In principle, it is important to proceed with reconstruction of
Fukushima and decommissioning in parallel and it is necessary to finish disposal of
ALPS treated water as a part of decommissioning in order to complete
decommissioning of Fukushima Daiichi, so it was concluded that the water would have
to be treated by the end of decommissioning even if storage was continued**.
In addition, the Subcommittee concluded that transfer of radioactive waste to outside
the site and expansion of the site to continue tank storage required understanding
from the local governments, etc., of the area where the storage facility would be
constructed and get permission as a radioactive waste storage facility, which would
require so much adjustments and time up to implementation that the only possible
method was to use standard tanks with improved installation efficiency at the site and
the room for addition of more tanks than specified in the current plan was limited.
The Subcommittee pointed out that decommissioning required securing of places for
construction of various facilities such temporary storage facilities for spent fuel and fuel
debris, analysis facilities for various samples, storage facilities for fuel debris retrieval
equipment, mock-up and training facilities for fuel debris retrieval, and waste recycling
facilities*2.

B3. Assessment by IAEA

While the government had been proceeding with consideration, IAEA reviewed the
disposal methods of ALPS treated water at all of the 4th peer review missions and
recommended the Government of Japan to urgently determine how to dispose of ALPS
treated water, which had been accumulated in the tanks at the Fukushima Daiichi site in
the report of the 4th mission issued on January 31, 20193 44,

39

40

41

42

43

44

Continuation of storage in tanks is associated with a fracture risk of tanks due to earthquake (Summary of a statement by
the Subcommittee Member Hideki Kakiuchi at the 13th Subcommittee, Page 25 of the minutes).

Even if we select continuation of storage, eventually it will be necessary to treat remaining tritium (Summary of a statement
by the Subcommittee Member Hideki Kakiuchi at the 13th Subcommittee, Page 25 of the minutes)

To the question “Will decommissioning continue as long as storage continues?” the Secretariat answered yes (Summary of
a statement by the Subcommittee Member Takami Morita and summary of our statement at the 14th Subcommittee, Pages
24 and 25 of the minutes).

Decommissioning required securing of areas in order not to hinder other operations (Summary of a statement by the
Subcommittee Member Tokuhiro Yamamoto at the 13th Subcommittee, Page 26 of the minutes).

IAEA “Mission Report IAEA International Peer Review Mission on Mid-And-Long-Term Roadmap Towards the
Decommissioning of TEPCO’s Fukushima Daiichi Nuclear Power Station (Fourth Mission) Tokyo and Fukushima Daiichi
NPS, Japan 5-13 November,” Page 8, etc.

The IAEA also emphasized that the decision of the basic policy on handling of treated water by the Japanese government
would encourage the whole procedure of decommissioning saying “The decision on ALPS treated water disposition path
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Then, IAEA appraised the consideration result of the disposal methods of ALPS treated
water by the government as mentioned above as follows in the report issued on April 2,
2020, in the review performed as follow-up for the 4th mission.

“Regarding the technical aspects, the IAEA Review Team considers that the
recommendations made by the ALPS Subcommittee are based on a sufficiently
comprehensive analysis and on a sound scientific and technical basis. The IAEA Review
Team considers that the proposed objective of completing the disposition of the ALPS
treated water by the time of the end of the decommissioning work is aligned with current
international good practices. The IAEA Review Team considers the two options (namely
controlled vapor release and controlled discharges into the sea, the latter of which is
routinely used by operating nuclear power plants and fuel cycle facilities in Japan and
worldwide) selected out of the initial five options are technically feasible and would allow
the timeline objective to be achieved.

With the volume of ALPS treated water expected to reach the planned tank capacity of
approximately 1.37 million m3 around the summer of 20224, s and taking into account that
further treatment to meet regulatory standards for discharge before dilution and control of the
stored water before disposition would be needed for implementation of any of the solutions
considered by the Government of Japan, a decision on the disposition path should be taken

urgently engaging all stakeholders."* 47

B4. Summary

As described above, the Taskforce and Subcommittee discussed disposal of ALPS treated
water, which had been an issue in decommissioning of Fukushima Daiichi, in detail for as
long as six years, and considered the five disposal methods (geosphere injection,
hydrogen release, underground burial, vapor release, and discharge into the sea) and
continuation of tank storage from technical viewpoints. Based on the consideration result,
the Subcommittee presented the conclusion that proven vapor release or discharge into
the sea are the realistic options. Then the Subcommittee compared vapor release and
discharge into the sea to present a view that discharge into the sea had more track records
in terms of the relationship with the discharge disposal amount and was more reliable

45

46

47

was an important advisory point of previous reviews, and it will facilitate the implementation of the whole decommissioning
plan.” (Acknowledgement 2) in the 5th review mission report prepared after the policy was decided.

The timing when the tanks are expected to be full is as of 2020 and may change depending on conditions.

IAEA “Review Report IAEA Follow-up Review of Progress Made on Management of ALPS Treated Water and the Report of
the Subcommittee on Handling of ALPS Treated water at TEPCO’s Fukushima Daiichi Nuclear Power Station,” Page 6.
The Director General Grossi of IAEA also made a similar statement when the Japanese government decided the Basic
Policy. “... Controlled water discharges into the sea are routinely used by operating nuclear power plants in the world and in
the region under specific regulatory authorisations based on safety and environmental impact assessments.”, IAEA website
dated April 13, 2021.
https://www.iaea.org/newscenter/pressreleases/iaea-ready-to-support-japan-on-fukushima-water-disposal-director-general-
grossi-says
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including ease of handling of discharge facilities and monitoring methods.

The Subcommittee also presented a negative view on the continuation of storage in tanks
considering the necessity for disposal of ALPS treated water for decommissioning of
Fukushima Daiichi, the substantial need for the land required for future decommissioning
due to the limited room for the additional tanks than specified in the current plan, and the
risk factors such as the risk of leakage of treated water caused by a rupture of a tank.
Thus, the Subcommittee assessed disposal of ALPS treated water is appropriate based on
the premise of the disadvantage of continuation of storage in tanks and the advantage of
discharge, which has no issue with safety as long as discharge complies with the
regulatory standard.

This consideration result of the government was appraised by IAEA.
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Reference C Setting of Management Values and Exposure Assessment of
Hypothetical ALPS Treated Water

In discharge of ALPS treated water into the sea, sufficient safety is secured by verifying that
the sum of the ratios to regulatory concentrations limits of 63 nuclides other than tritium (62
nuclides to removal by ALPS and C-14) is less than 1 and diluting with seawater 100 or more
times at the time of discharge so that the tritium concentration greatly falls below the
regulatory concentration limit, but migration in the environment varies among nuclides, so the
impact on exposure is different even among nuclides with the same regulatory
concentrations limit. We decided to individually manage eight nuclides important in terms of
exposure in order to limit this uncertainty of the source term and reduce the impacts on the
external environment further. The management values were set by the following procedure.

1. Selection of nuclides important in terms of exposure
2. Setting of the management values of the selected nuclides

If any concentration exceeding the set management value is detected, we do not discharge
the water and transfer it to secondary treatment. However, these eight nuclides shall be
reviewed as needed based on the review result of nuclides subject to measurement before
future discharge.

C1. Selection of nuclides subject to management

Regulatory concentration limits are set so that the annual exposure does not exceed 1mSv
even in the case of ingestion of radioactive materials contained in the liquid on a daily basis.
Therefore, the annual exposure amount from direct ingestion is comparable among different
nuclides as long as their regulatory concentration ratios are the same, and the annual
exposure will not exceed 1 mSv and as long as the sum of the ratios to regulatory
concentrations limits is less than 1 even if multiple nuclides are included.

On the other hand, the behavior varies among elements such as migration to organisms in
the environment, so the impact on exposure varies among nuclides discharged even with the
same regulator concentration limit.

Therefore, to verify the exposure impact of each nuclide discharged with the same regulator
concentration limit, we assessed exposure from discharge of ALPS treated water containing
the corresponding nuclides only at the regulatory concentration limits (the sum of the ratios to
regulatory concentrations limits is 1) for one year, though it is unrealistic, and selected
nuclides important in terms of exposure assessment.
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a. Source term
Based on the following conditions, we set the source term of each nuclide (annual discharge
amount) of each nuclide as shown in Table C-1.

+ Set the tritium concentration used for assessment at 100,000 Bg/L, which is the lower
than the ever since measured tritium concentration of about 150,000 Bg/L, to
estimate larger annual discharge volume of water and annual discharge amount of
the nuclides other than tritium which proportion to the annual discharge volume of
water.

» Set the annual discharge amount by multiplying the regulatory concentration of each
nuclide by the annual discharge volume of water.

b. Concentration of each nuclide used for the exposure assessment in the seawater

The concentration of each nuclide in the seawater used for exposure assessment was
calculated from the ratio of tritium to the annual discharge amount of each nuclide based on
the annual average concentration within 10 km x 10 km of the tritium concentration in the
seawater (all layers) in Table 6-1-17. Table C-2 shows the concentration of each nuclide in
the seawater used for the assessment.

c. Assessment targets

The assessment targets are internal exposure from beach sand, which is significantly
affected by external exposure, internal exposure from ingestion of seafood, and exposure for
environment protection.

The exposure assessment method is the same as 6-1-2. “Assessment method” and persons
subject to the assessment evaluation are those who ingest a large amount of seafood.

d. Exposure assessment result and selection of nuclides subject to management

Table C-3 shows the assessment result of internal exposure of adults from each nuclide
discharged at the regulatory concentration limit in descending order of the value. We
selected the eight nuclides whose exposure amount exceeds 0.001 mSv/year when
discharged at the regulatory concentration limit as nuclides subject to management, which
are nuclides with significant impacts on the exposure assessment.

As for external exposure from beach sand, there are some nuclides whose exposure amount
exceeds 0.001 mSv/year when discharged at the regulatory concentration limit, but as shown
in Table C-4, the dose conversion factor of Co-60 is used for all of these nuclides and the
actual impact on external exposure is much smaller than Co-60 considering the energy and
discharge rate of photons discharged by each nuclide, so such nuclides are deemed not to
be subject to management.
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e. Confirmation regarding environmental protection

Consideration had focused on the impact of human exposure, but this time we confirmed
whether there is any nuclide subject to management from the viewpoint of environmental
protection.

Specifically, we assessed the impact of exposure of each nuclide on marine plants and
animals by the assessment method shown in 7-2. “Assessment method” using the source
term of a. Table C-5 shows the assessment results in descending order of the value.

The nuclide with the greatest impact of exposure is Fe-59, but it is lower than the lower limit
value of the derived consideration reference level (DCRL). We judged that there was no
nuclide to be added as a management target from the viewpoint of environmental protection
because Fe-59 had been subject to management for reduction of human exposure and the
assessment values of the other nuclides are an order of magnitude smaller than that of Fe-
59.
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Table C-1 Source term to verify the impacts of 63 nuclides other than tritium (annual
discharge amount)
Annual
. . Annual
Nuclide discharge discharge
Target nuclide | concentration volume of g Remarks
amount
(Bg/L) water (Bq)
(L)
H-3 1.0E+05 2 2E+08 2 2E+13 * For the annual discharge amount of
tritium, the upper limit value is used.
C-14 2.0E+03 2.2E+08 4.4E+11 « The concentration of tritium is set to a
Mn-54 1.0E+03 2 2E+08 2 2E+11 lower value than the concentration of
stored ALPS treated water, etc., because
Fe-59 4.0E+02 2.2E+08 8.8E+10 a relatively large annual discharge
Co-58 1.0E+03 2.2E+08 22E+11 | Volume of wateris set.
* This source term is used for the
Co-60 2.0E+02 2.2E+08 4.4E+10 assessment of the case of discharge of
Ni-63 6.0E+03 2 29E+08 1 3E+12 ALPS treatgd water. contamlng only the
corresponding nuclides at their regulatory
Zn-65 2.0E+02 2.2E+08 4.4E+10 concentration limits (the sum of the ratios
Rb-86 3.0E+02 o JE+08 6.6E+10 to regulatory concentrations limits is 1) to
. . : . verify the impact of exposure of each
Sr-89 3.0E+02 2.2E+08 6.6E+10 nuclide, and water of such quality will be
never been discharged actually.
Sr-90 3.0E+01 2.2E+08 6.6E+09
Y-90 3.0E+02 2.2E+08 6.6E+10
Y-91 3.0E+02 2.2E+08 6.6E+10
Nb-95 1.0E+03 2.2E+08 2.2E+11
Tc-99 1.0E+03 2.2E+08 2.2E+11
Ru-103 1.0E+03 2.2E+08 2.2E+11
Ru-106 1.0E+02 2.2E+08 2.2E+10
Rh-103m 2.0E+05 2.2E+08 4.4E+13
Rh-106 3.0E+05 2.2E+08 6.6E+13
Ag-110m 3.0E+02 2.2E+08 6.6E+10
Cd-113m 4.0E+01 2.2E+08 8.8E+09
Cd-115m 3.0E+02 2.2E+08 6.6E+10
Sn-119m 2.0E+03 2.2E+08 4.4E+11
Sn-123 4.0E+02 2.2E+08 8.8E+10
Sn-126 2.0E+02 2.2E+08 4.4E+10
Sh-124 3.0E+02 2.2E+08 6.6E+10
Sbh-125 8.0E+02 2.2E+08 1.8E+11
Te-123m 6.0E+02 2.2E+08 1.3E+11
Te-125m 9.0E+02 2.2E+08 2.0E+11
Te-127 5.0E+03 2.2E+08 1.1E+12
Te-127m 3.0E+02 2.2E+08 6.6E+10
Te-129 1.0E+04 2.2E+08 2.2E+12
Te-129m 3.0E+02 2.2E+08 6.6E+10
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Annual

Nuclide discharge dii(r:];:rag;e
Target nuclide | concentration volume of amount Remarks
(Bg/L) water (Bq)
(L)

1-129 9.0E+00 2.2E+08 2.0E+09
Cs-134 6.0E+01 2.2E+08 1.3E+10
Cs-135 6.0E+02 2.2E+08 1.3E+11
Cs-136 3.0E+02 2.2E+08 6.6E+10
Cs-137 9.0E+01 2.2E+08 2.0E+10

Ba-137m 8.0E+05 2.2E+08 1.8E+14
Ba-140 3.0E+02 2.2E+08 6.6E+10
Ce-141 1.0E+03 2.2E+08 2.2E+11
Ce-144 2.0E+02 2.2E+08 4.4E+10
Pr-144 2.0E+04 2.2E+08 4.4E+12

Pr-144m 4.0E+04 2.2E+08 8.8E+12
Pm-146 9.0E+02 2.2E+08 2.0E+11
Pm-147 3.0E+03 2.2E+08 6.6E+11
Pm-148 3.0E+02 2.2E+08 6.6E+10

Pm-148m 5.0E+02 2.2E+08 1.1E+11
Sm-151 8.0E+03 2.2E+08 1.8E+12
Eu-152 6.0E+02 2.2E+08 1.3E+11
Eu-154 4.0E+02 2.2E+08 8.8E+10
Eu-155 3.0E+03 2.2E+08 6.6E+11
Gd-153 3.0E+03 2.2E+08 6.6E+11
Th-160 5.0E+02 2.2E+08 1.1E+11
Pu-238 4.0E+00 2.2E+08 8.8E+08
Pu-239 4.0E+00 2.2E+08 8.8E+08
Pu-240 4.0E+00 2.2E+08 8.8E+08
Pu-241 2.0E+02 2.2E+08 4.4E+10
Am-241 5.0E+00 2.2E+08 1.1E+09

Am-242m 5.0E+00 2.2E+08 1.1E+09
Am-243 5.0E+00 2.2E+08 1.1E+09
Cm-242 6.0E+01 2.2E+08 1.3E+10
Cm-243 6.0E+00 2.2E+08 1.3E+09
Cm-244 7.0E+00 2.2E+08 1.5E+09
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Table C-2 Concentration in the seawater used for the assessment

Annual discharge

Concentration in the seawater
used for the assessment

Concentration in the seawater
used for the assessment

Target nuclide amount (within 10 km x 10 km) (Sandy beach assessment point)
(Bq) Mean concentration of all layers | Mean concentration of all layers
(Ba/L) (Bg/L)

H-3 2.2E+13 5.6E-02 8.8E-01
C-14 4.4E+11 1.1E-03 1.8E-02
Mn-54 2.2E+11 5.6E-04 8.8E-03
Fe-59 8.8E+10 2.2E-04 3.5E-03
Co-58 2.2E+11 5.6E-04 8.8E-03
Co-60 4.4E+10 1.1E-04 1.8E-03
Ni-63 1.3E+12 3.4E-03 5.3E-02
Zn-65 4.4E+10 1.1E-04 1.8E-03
Rb-86 6.6E+10 1.7E-04 2.6E-03
Sr-89 6.6E+10 1.7E-04 2.6E-03
Sr-90 6.6E+09 1.7E-05 2.6E-04
Y-90 6.6E+10 1.7E-04 2.6E-04
Y-91 6.6E+10 1.7E-04 2.6E-03
Nb-95 2.2E+11 5.6E-04 8.8E-03
Tc-99 2.2E+11 5.6E-04 8.8E-03
Ru-103 2.2E+11 5.6E-04 8.8E-03
Ru-106 2.2E+10 5.6E-05 8.8E-04
Rh-103m 4.4E+13 1.1E-01 8.8E-03
Rh-106 6.6E+13 1.7E-01 8.8E-04
Ag-110m 6.6E+10 1.7E-04 2.6E-03
Cd-113m 8.8E+09 2.2E-05 3.5E-04
Cd-115m 6.6E+10 1.7E-04 2.6E-03
Sn-119m 4.4E+11 1.1E-03 1.8E-02
Sn-123 8.8E+10 2.2E-04 3.5E-03
Sn-126 4.4E+10 1.1E-04 1.8E-03
Sh-124 6.6E+10 1.7E-04 2.6E-03
Sbh-125 1.8E+11 4.5E-04 7.0E-03
Te-123m 1.3E+11 3.4E-04 5.3E-03
Te-125m 2.0E+11 5.0E-04 7.9E-03
Te-127 1.1E+12 2.8E-03 4.4E-02
Te-127m 6.6E+10 1.7E-04 2.6E-03
Te-129 2.2E+12 5.6E-03 2.6E-03
Te-129m 6.6E+10 1.7E-04 2.6E-03
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Concentration in the seawater Concentration in the seawater
Annual discharge used for the assessment used for the assessment
Target nuclide amount (within 10 km x 10 km) (Sandy beach assessment point)
(Bq) Mean concentration of all layers | Mean concentration of all layers
(Ba/L) (Bg/L)

1-129 2.0E+09 5.0E-06 7.9E-05
Cs-134 1.3E+10 3.4E-05 5.3E-04
Cs-135 1.3E+11 3.4E-04 5.3E-03
Cs-136 6.6E+10 1.7E-04 2.6E-03
Cs-137 2.0E+10 5.0E-05 7.9E-04
Ba-137m 1.8E+14 45E-01 7.9E-04
Ba-140 6.6E+10 1.7E-04 2.6E-03
Ce-141 2.2E+11 5.6E-04 8.8E-03
Ce-144 4.4E+10 1.1E-04 1.8E-03
Pr-144 4.4E+12 1.1E-02 1.8E-03
Pr-144m 8.8E+12 2.2E-02 1.8E-03
Pm-146 2.0E+11 5.0E-04 7.9E-03
Pm-147 6.6E+11 1.7E-03 2.6E-02
Pm-148 6.6E+10 1.7E-04 2.6E-03
Pm-148m 1.1E+11 2.8E-04 4.4E-03
Sm-151 1.8E+12 4.5E-03 7.0E-02
Eu-152 1.3E+11 3.4E-04 5.3E-03
Eu-154 8.8E+10 2.2E-04 3.5E-03
Eu-155 6.6E+11 1.7E-03 2.6E-02
Gd-153 6.6E+11 1.7E-03 2.6E-02
Th-160 1.1E+11 2.8E-04 4.4E-03
Pu-238 8.8E+08 2.2E-06 3.5E-05
Pu-239 8.8E+08 2.2E-06 3.5E-05
Pu-240 8.8E+08 2.2E-06 3.5E-05
Pu-241 4.4E+10 1.1E-04 1.8E-03
Am-241 1.1E+09 2.8E-06 4.4E-05
Am-242m 1.1E+09 2.8E-06 4.4E-05
Am-243 1.1E+09 2.8E-06 4.4E-05
Cm-242 1.3E+10 3.4E-05 5.3E-04
Cm-243 1.3E+09 3.4E-06 5.3E-05
Cm-244 1.5E+09 3.9E-06 6.2E-05

Target exposure pathway

Ingestion of seafood

From beach sand
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Table C-3 Internal exposure assessment result from ingestion of seafood in the case
of discharge of each nuclide at the regulatory concentration limit (adult)
(Selected 8 nuclides exceeding 0.001 mSv/year as management targets)

Regulatory Internal exposure
No. Target nuclide conc:?rr:]tirtation doseoffr(;r:aitr;gc;;stion Remarks
(Ba/L) (mSvlyear)

1 Sn-126 6.0E+04 2.6E-02 Operation and management targets
2 Sn-123 2.0E+03 2.3E-02 Operation and management targets
3 Sn-119m 1.0E+03 1.9E-02 Operation and management targets
4 Fe-59 4.0E+02 5.6E-03 Operation and management targets
5 Cd-115m 1.0E+03 1.4E-03 Operation and management targets
6 C-14 2.0E+02 1.3E-03 Operation and management targets
7 Cd-113m 6.0E+03 1.3E-03 Operation and management targets
8 Ag-110m 2.0E+02 1.0E-03 Operation and management targets
9 Zn-65 3.0E+02 8.4E-04

10 Mn-54 3.0E+02 5.2E-04

11 Co-58 3.0E+01 2.5E-04

12 Co-60 3.0E+02 2.3E-04

13 Tc-99 3.0E+02 2.1E-04

14 Te-129m 1.0E+03 1.4E-04

15 Te-127 1.0E+03 1.3E-04

16 Te-123m 1.0E+03 1.3E-04

17 Eu-155 1.0E+02 1.3E-04

18 Te-125m 2.0E+05 1.2E-04

19 Pm-148m 3.0E+05 1.1E-04

20 Eu-152 3.0E+02 1.1E-04

21 Te-127m 4.0E+01 1.1E-04

22 Gd-153 3.0E+02 1.1E-04

23 Pm-146 2.0E+03 1.1E-04

24 Pm-148 4.0E+02 1.1E-04

25 Eu-154 2.0E+02 1.1E-04

26 1-129 3.0E+02 1.1E-04

27 Sm-151 8.0E+02 1.0E-04

28 Pm-147 6.0E+02 1.0E-04

29 Am-241 9.0E+02 1.0E-04

30 Am-243 5.0E+03 1.0E-04

31 Am-242m 3.0E+02 9.7E-05

32 Pu-239 1.0E+04 8.4E-05

33 Pu-240 3.0E+02 8.4E-05
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Regulatory
concentration

Internal exposure
dose from ingestion

No. Target nuclide limit of seafood Remarks
(Bag/L) (mSvlyear)

34 Ce-144 9.0E+00 8.4E-05

35 Pu-241 6.0E+01 8.1E-05

36 Pu-238 6.0E+02 7.8E-05

37 Ni-63 3.0E+02 7.7E-05

38 Cm-243 9.0E+01 6.3E-05

39 Cm-244 8.0E+05 5.9E-05

40 Ce-141 3.0E+02 5.7E-05

41 Cm-242 1.0E+03 5.0E-05

42 Th-160 2.0E+02 4.9E-05

43 Nb-95 2.0E+04 2.7E-05

44 Sh-125 4.0E+04 2.4E-05

45 Sb-124 9.0E+02 2.0E-05

46 Ru-103 3.0E+03 2.0E-05

47 Ru-106 3.0E+02 1.9E-05

48 Y-91 5.0E+02 1.7E-05

49 Cs-135 8.0E+03 6.2E-06

50 Cs-137 6.0E+02 6.1E-06

51 Cs-134 4.0E+02 5.9E-06

52 Cs-136 3.0E+03 4.7E-06

53 Te-129 3.0E+03 3.0E-06

54 Y-90 5.0E+02 2.0E-06

55 Ba-140 4.0E+00 9.8E-07

56 Pr-144 4.0E+00 6.7E-07

57 Rb-86 4.0E+00 6.3E-07

58 Sr-90 2.0E+02 2.9E-07

59 Sr-89 5.0E+00 2.7E-07

60 Rh-103m 5.0E+00 1.8E-07

61 H-3 5.0E+00 1.3E-07

62 Rh-106 6.0E+01 0.0E+00 Assessed with the parent nuclide
63 Ba-137m 6.0E+00 0.0E+00 Assessed with the parent nuclide
64 Pr-144m 7.0E+00 0.0E+00 Assessed with the parent nuclide
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Table C-4 Result of the external exposure assessment from beach sand in the case
of discharge of each nuclide at the regulatory concentration limit

Regulatory Exposure from
Nuclide concentration limit beach sand Remarks
(Bg/L) (mSvlyear)
1 Te-127 5.0E+03 1.0E-02 For the dose conversion factor, refer to the value of Co-60
2 Eu-155 3.0E+03 6.2E-03 For the dose conversion factor, refer to the value of Co-60
3 Gd-153 3.0E+03 6.2E-03 For the dose conversion factor, refer to the value of Co-60
4 Sn-119m 2.0E+03 4.1E-03 For the dose conversion factor, refer to the value of Co-60
5 Nb-95 1.0E+03 2.1E-03 For the dose conversion factor, refer to the value of Co-60
6 Ru-103 1.0E+03 2.1E-03 For the dose conversion factor, refer to the value of Co-60
7 Ce-141 1.0E+03 2.1E-03 For the dose conversion factor, refer to the value of Co-60
8 Pm-146 9.0E+02 1.9E-03 For the dose conversion factor, refer to the value of Co-60
9 Te-123m 6.0E+02 1.2E-03 For the dose conversion factor, refer to the value of Co-60
10 Cs-135 6.0E+02 1.2E-03 For the dose conversion factor, refer to the value of Co-60
11 Pm-148m 5.0E+02 1.0E-03 For the dose conversion factor, refer to the value of Co-60
12 Th-160 5.0E+02 1.0E-03 For the dose conversion factor, refer to the value of Co-60
13 Co-58 1.0E+03 8.4E-04 For the dose conversion factor, refer to the value of Co-60
14 Sn-123 4.0E+02 8.3E-04
15 Mn-54 1.0E+03 7.0E-04
16 Rb-86 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
17 Sr-89 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
18 Y-91 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
19 Ag-110m 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
20 Cd-115m 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
21 Sh-124 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
22 Te-127m 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
23 Te-129m 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
24 Cs-136 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
25 Ba-140 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
26 Pm-148 3.0E+02 6.2E-04 For the dose conversion factor, refer to the value of Co-60
27 Eu-152 6.0E+02 5.5E-04
28 Co-60 2.0E+02 4.1E-04
29 Eu-154 4.0E+02 4.0E-04
30 Sh-125 8.0E+02 2.9E-04
31 Zn-65 2.0E+02 9.7E-05
32 Cs-134 6.0E+01 8.2E-05
33 Cs-137 9.0E+01 4.8E-05
34 Ru-106 1.0E+02 1.9E-05
35 Pu-241 2.0E+02 1.8E-05
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Regulatory Exposure from
Nuclide concentration limit beach sand Remarks
(Bg/L) (mSv/year)

36 Ce-144 2.0E+02 8.8E-06

37 Te-125m 9.0E+02 7.5E-06

38 Sn-126 2.0E+02 4.6E-06

39 Cm-243 6.0E+00 8.2E-07 For the dose conversion factor, refer to the value of Am-243
40 Am-243 5.0E+00 6.8E-07

41 Sr-90 3.0E+01 1.6E-07

42 1-129 9.0E+00 5.1E-08

43 Pm-147 3.0E+03 4.6E-08

44 Am-242m 5.0E+00 4.4E-08

45 Am-241 5.0E+00 3.7E-08

46 Fe-59 4.0E+02 2.8E-08

47 Tc-99 1.0E+03 2.8E-08

48 Sm-151 8.0E+03 2.2E-08

49 Cm-242 6.0E+01 9.8E-09

50 Cd-113m 4.0E+01 7.2E-09

51 Cm-244 7.0E+00 1.1E-09

52 Pu-238 4.0E+00 6.3E-10

53 Pu-240 4.0E+00 6.2E-10

54 Pu-239 4.0E+00 3.7E-10

55 H-3 6.0E+04 0.0E+00

56 C-14 2.0E+03 0.0E+00

57 Ni-63 6.0E+03 0.0E+00

58 Y-90 3.0E+02 0.0E+00 Assessed with the parent nuclide
59 Rh-103m 2.0E+05 0.0E+00 Assessed with the parent nuclide
60 Rh-106 3.0E+05 0.0E+00 Assessed with the parent nuclide
61 Te-129 1.0E+04 0.0E+00 Assessed with the parent nuclide
62 Ba-137m 8.0E+05 0.0E+00 Assessed with the parent nuclide
63 Pr-144 2.0E+04 0.0E+00 Assessed with the parent nuclide
64 Pr-144m 4.0E+04 0.0E+00 Assessed with the parent nuclide

*Nuclides subject to management are hatched
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Table C-5 Result of the environmental protection assessment in the case of

discharge of each nuclide at the regulatory concentration limit

Regulatory Exposure assessment result (mGy/day)
Nuclide concle.nt_ration ' Brown Remarks
imit Flatfish Crab

(Bq/L) seaweed
1 Fe-59 4.0E+02 5.4E-01 5.4E-01 5.8E-01
2 Sn-126 2.0E+02 9.7E-03 9.3E-03 9.0E-03
3 Pm-148m 5.0E+02 7.5E-03 7.2E-03 8.1E-03
4 Mn-54 1.0E+03 6.6E-03 6.0E-03 6.6E-03
5 Eu-152 6.0E+02 5.4E-03 5.1E-03 5.4E-03
6 Pm-146 9.0E+02 5.1E-03 4.9E-03 5.4E-03
7 Tb-160 5.0E+02 4.2E-03 4.2E-03 4.5E-03
8 Eu-154 4.0E+02 3.8E-03 3.6E-03 3.8E-03
9 Nb-95 1.0E+03 2.3E-03 2.3E-03 2.4E-03
10 Gd-153 3.0E+03 2.2E-03 2.0E-03 2.5E-03
11 Pm-148 3.0E+02 1.5E-03 1.4E-03 2.0E-03
12 Eu-155 3.0E+03 1.3E-03 1.3E-03 1.3E-03
13 Co-58 1.0E+03 1.1E-03 1.1E-03 1.1E-03
14 Sn-123 4.0E+02 1.0E-03 9.7E-04 1.0E-03
15 Sn-119m 2.0E+03 9.6E-04 9.1E-04 6.7E-04
16 Ce-141 1.0E+03 8.6E-04 8.2E-04 8.9E-04
17 Co-60 2.0E+02 5.6E-04 5.6E-04 6.1E-04
18 Ce-144 2.0E+02 4.7E-04 2.7E-04 4.7E-04
19 Ru-103 1.0E+03 7.4E-05 7.4E-05 7.6E-05
20 Cd-115m 3.0E+02 4.4E-05 1.9E-04 8.3E-06
21 Ag-110m 3.0E+02 4.1E-05 2.3E-04 3.5E-05
22 Y-91 3.0E+02 3.6E-05 2.2E-05 1.6E-04
23 Zn-65 2.0E+02 3.3E-05 6.6E-05 3.2E-05
24 C-14 2.0E+03 1.0E-05 8.4E-06 6.7E-06
25 Cs-136 3.0E+02 9.5E-06 9.4E-06 9.4E-06
26 Te-127 5.0E+03 9.4E-06 9.4E-06 8.7E-05
27 Am-243 5.0E+00 8.8E-06 1.1E-05 9.7E-06
28 Ru-106 1.0E+02 6.4E-06 6.4E-06 7.6E-06
29 Cm-243 6.0E+00 5.8E-06 1.5E-05 9.4E-06
30 Ba-140 3.0E+02 5.6E-06 7.7E-06 1.0E-05
31 Sh-124 3.0E+02 5.1E-06 4.8E-06 6.1E-06
32 Sbh-125 8.0E+02 3.2E-06 3.0E-06 4.0E-06
33 Pm-147 3.0E+03 2.9E-06 3.9E-05 2.7E-05
34 Cd-113m 4.0E+01 1.7E-06 7.8E-06 1.4E-07
35 Te-129m 3.0E+02 1.6E-06 1.6E-06 1.5E-05
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Regulatory
concentration

Exposure assessment result (mGy/day)

Nuclide limit Elatfish Crab Brown Remarks

(Bg/L) seaweed
36 Sm-151 8.0E+03 15E-06 | 33E-05 | 1.3E-05
37 Cs-134 6.0E+01 15E-06 | 14E-06 | 1.5E-06
38 Te-125m 9.0E+02 10E-06 | 10E-06 | 88E-06
39 Am-241 5.0E+00 9.4E-07 | 3.1E06 | 9.7E-07
40 Te-123m 6.0E+02 9.0E07 | 92E07 | 5.4E-06
41 Cs-137 9.0E+01 80E07 | 7.7E07 | 8.0E-07
42 Rb-86 6.0E+01 78E07 | 99E05 | 3.7E-05
43 cm-242 3.0E+02 77607 | 7.7E07 | 7.2E-06
44 Te-127m 5.0E+00 72E07 | 8.0E-07 1.3E-06
45 Am-242m 3.0E+02 6.7E-07 | 5.3E-07 1.3E-06
46 Pu-238 4.0E+00 46E-07 | 3.1E07 | 7.6E-07
47 PU-240 4.0E+00 43E-07 | 29E-07 | 7.1E-07
48 PU-239 4.0E+00 43E-07 | 29E-07 | 7.1E-07
49 Ni-63 6.0E+03 23E07 | 55E06 | L17E-06
50 Cm-244 7.0E+00 86E08 | 11E05 | 4.2E-06
51 Tc-99 1.0E+03 6.7E08 | 15E05 | 4.5E05
52 Sr-89 3.0E+02 6.1E08 | 21E07 | 6.0E-08
53 Cs-135 6.0E+02 53E08 | 29E08 | 4.3E08
54 Pu-241 2.0E+02 22E08 | 15E08 | 3.7E-08
55 Sr-90 3.0E+01 11E-08 | 41E-08 | 1.1E-08
56 H-3 6.0E+04 4TE-09 | 4.7E-09 1.8E-09
57 1-129 9.0E+00 9.1E-11 | 52E08 | 2.3E08

58 Y-90 3.0E+02 0.0E+00 | 0.0E+00 | 0.0E+gp | Assessedwiththe

parent nuclide

59 Rh-103m 2.0E+05 0.0E+00 | 0.0E+00 | 0.0E+0p | ASsessedwith the

parent nuclide

60 Rh-106 3.0E+05 0.0E+00 | 00E+00 | 0.0E+0p | ASsessedwiththe

parent nuclide

61 Te-129 1.0E+04 0.0E+00 | 0.0E+00 | 0.0E+0p | ASsessedwiththe

parent nuclide

62 Ba-137m 8.0E+05 0.0E+00 | 0.0E+00 | 0.0E+0p | ASsessedwiththe

parent nuclide

63 Pr-144 2.0E+04 0.0E+00 | 0.0E+00 | 0.0E+0p | ASsessedwith the

parent nuclide

64 Pr-144m 4.0E+04 0.0E+00 | 0.0E+00 | 0.0E+0p | ASsessedwiththe

parent nuclide

Nuclides subject to management are hatched
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C2. Setting of management values

In the analysis results of tanks and ALPS outlet water, seven nuclides excluding C-14 were
not detected among the nuclides subject to management. The management values of the
undetected nuclides are obtained by rounding up 120% of the minimum detection limit (larger
result of the two tank groups) in the secondary treatment performance test considering
errors. That of C-14, which was detected, is obtained by rounding up the concentration twice
as high as the maximum value.

Figure C-1 and Table C-6 show the setting flow of management values and the set
management values, respectively.
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62 nuclides + C-14

)

h 4

Step 1

Assess the exposure from simulated discharge of water
containing the corresponding nuclides at their regulatory
concentration limits for each nuclide

Step 2

Nuclides subject to

Step 3

Does the result of the evaluation of

step 1 of the nuclide exceed 0.01
mSv/year?

Yes

Was it detected in the
past analyses?

No

A

Not subject to

C

No

v A 4
Step 4-1 Step 4-2

Set the management value to twice as high as the
maximum value of the concentrations of each
nuclide detected so far

Set the management value obtained by adding the
analysis error of 20% to the minimum limit value of
detection of each nuclide

Figure C-1 Flow of setting

of management values

Reference C-15




Table C-6 Set management values

Regulatory Minimum Minimum Operation and Ratio to
. concentration L detection limit management regulatory
Nuclide - detection limit ;
limit (Ba/L) x1.2 value concentration
(Bg/L) q (Bg/L) (Bq/L) limit
Fe-59 4.0E+02 8.66E-02 1.04E-01 2E-01 5.0E-04
Ag-110m 3.0E+02 4.26E-02 5.11E-02 6E-02 2.0E-04

3

©

2

- Cd-113m 4.0E+01 8.55E-02 1.03E-01 2E-01 5.0E-03

(0]

3]

(0]

o]

g Cd-115m 3.0E+02 2.70E+00 3.24E+00 4E+00 1.3E-02
Sn-119m 2.0E+03 4.24E+01 5.09E+01 6E+01 3.0E-02
Sn-123 4.0E+02 6.59E+00 7.91E+00 8E+00 2.0E-02
Sn-126 2.0E+02 2.92E-01 3.50E-01 4E-01 2.0E-03

[ Regulatory . Maximum Operation and Ratio to

ke . Maximum

5 . concentration detected management regulatory

S Nuclide . detected value ;

c limit (Bg/L) valuex2 value concentration

B (Bq/L) 4 (Bg/L) (Bg/L) limit

(8]

[0

8 C-14 2.0E+03 2.15E+02 4.30E+02 5E+02 2.5E-01

Total of regulatory concentration ratios 3.2E-01
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C3. Simulation assessment of human exposure from ALPS treated water

To verify that the management values set in C2. reduce the risk caused by the uncertainty of
the source term, we assessed the exposure from continuous discharge of simulated ALPS
treated water containing only nuclides with relatively great impacts of exposure such as the
nuclides subject to management as a very conservative assessment, though such ALPS
treated water cannot exist in reality.

a. Setting of the source terms
Based on the following steps, we set the source term of each nuclide (annual discharge
amount) of each nuclide as shown in Table C-7.

* The annual discharge amount of tritium shall be the upper limit: 22 TBq
(2.2E+13Bq).

» The annual discharge volume of ALPS treated water is conservatively estimated as
220 million L (2.2E+08L) by setting a low tritium concentration of ALPS treated water
used for the assessment to 100 thousand Bg/L below the minimum concentration of
tritium confirmed so far (about 150 thousand Bg/L). Because of this, the annual
discharge amount of nuclides other than tritium is conservatively estimated.

* Among 63 nuclides other than tritium, the management value, which is the upper
limit, is set to the concentrations of 8 nuclides with relatively great impacts on
exposure. The sum of the ratios to regulatory concentrations limits of the 8 nuclides
is 0.32.

» For the other 55 nuclides, Zn-65, whose impact on exposure is relatively great
following the 8 nuclides subject to management, shall be assessed, and the
concentration of Zn-65 is set to 140Bqg/L, which is equivalent to the regulatory
concentration ratio of 0.68. Because of this, the sum of the ratios to regulatory
concentrations limits of 63 nuclides other than tritium become 1, which is the upper
limit value in discharge management.

+ Set the annual discharge amount of 9 nuclides by multiplying the concentrations of
the 8 nuclides subject to management and Zn-65 by the annual discharge volume of
water of 220 million L.

b. Concentration of each nuclide used for the exposure assessment in the seawater

For the concentration of each nuclide in the seawater used for exposure assessment, the
concentration of the other nuclides was calculated from the ratio of tritium to the annual
discharge amount of the other nuclides in the source term based on the annual average
concentration within 10 km x 10 km and the annual average concentration of the sandy
beach assessment point in the tritium concentration in the seawater (all layers) in Table 6-1-
17. Table C-8 shows the concentration of each nuclide in the seawater used for the
assessment.

c. Exposure assessment method

The migration pathway, the exposure pathway, exposure assessment method, and the
setting of the representative person are the same as those of 6-1. “Exposure assessment
under normal conditions”.
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d. Exposure assessment result
Table C-9 shows the result of the exposure assessment using the source term with simulated
ALPS treated water containing only the nuclides with relatively great impacts on exposure.
Even if the source term that seems to be the most conservative in terms of discharge
management is used, the results were much smaller than the dose limit of 1 mSv/year for the
general public and the dose target of 0.05 mSv/year, which is equivalent to the dose
constraint value.

Table C-7 Source term using hypothetical ALPS treated water (annual discharge

amount)
Annual
. . Annual
Nuclide discharge discharge
Target nuclide | concentration volume of g Remarks
amount
(Bg/L) water (Bq)
(L)
H-3 1.0E+05 2.2E+08 2 2E+13 * For the annual discharge amount of
tritium, the upper limit value is used.
C-14 5.0E+02 11E+11 « In actual discharge, the water is diluted
Fe-59 2 0E-01 4.4E+07 with seawater 100 or more times so that
the tritium concentration will become less
Zn-65 1.4E+02 3.1E+10 than 1,500Bq/L, so the Sum of the ratios
Ag-110m 6.0E-02 1.3E407 to re_gulatory concent_rgtlon.s limits of 63
nuclides other than tritium in the
Cd-113m 2.0E-01 4.4E+07 discharged water will be less than 0.01.
Cd-115m 4.0E+00 8.8E+08
Sn-119m 6.0E+01 1.3E+10
Sn-123 8.0E+00 1.8E+09
Sn-126 4.0E-01 8.8E+07

Table C-8 Concentration in the seawater used for the assessment (Source term
using hypothetical ALPS treated water)

Annual Concentration in the seawater used for the assessment (Bg/L)
Target nuclide d:;r;irr?te Average of all layers Average of the top Average of all layers of

s oL the sandy beach

(Bq) within 10x10 km layers within 10x10 km assessment point
H-3 2.2E+13 5.6E-02 1.2E-01 8.8E-01
C-14 1.3E+09 2.8E-04 6.0E-04 4.4E-03
Fe-59 5.9E+06 1.1E-07 2.4E-07 1.8E-06
Zn-65 6.5E+06 7.8E-05 1.7E-04 1.2E-03
Ag-110m 3.3E+06 3.4E-08 7.2E-08 5.3E-07
Cd-113m 7.0E+06 1.1E-07 2.4E-07 1.8E-06
Cd-115m 1.9E+08 2.2E-06 4.8E-06 3.5E-05
Sn-119m 3.3E+09 3.4E-05 7.2E-05 5.3E-04
Sn-123 5.1E+08 4.5E-06 9.6E-06 7.0E-05
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Annual Concentration in the seawater used for the assessment (Bg/L)
. discharge A falll f
Target nuclide i Average of all layers Average of the top verage ot all 'layers o
amoun e 27 the sandy beach
(Bq) within 10x10 km layers within 1010 km .
assessment point
Sn-126 1.2E+07 2.2E-07 4.8E-07 3.5E-06

Target exposure
assessment

From fishing nets
Ingestion of seafood

From sea surface
From hulls

During swimming
From beach sand
Ingestion of seawater

Inhalation of seawater
spray

Table C-9 Human exposure assessment result (Assessment area: 10 km x 10 km)

Source term using hypothetical ALPS treated
Source term water
Assessed case
Ingestion of
seafood Average Heroe
Sea surface 1.8E-07
Hull 1.4E-07
External exposure Dyrmg 1.2E-07
(mSvlyear) swimming
Beach sand 2.2E-04
Fishing net 4.5E-05
Ingestion of 4.6E-07
water
Internal exposure Inhalation of 2.1E-07
(mSviyear) spray
Ingestion of 4.8E-04 2.0E-03
seafood
Total
7E-04 2E-
(mSvlyear) ° ”
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Table C-10 Assessment result of internal exposure from ingestion of seafood by age
(10 km x 10 km)

Source term using hypothetical ALPS treated
Source term
Assessed case water
Ingestion of
Average Large
seafood verag d
Adult 4.6E-07
Internal exposure
from ingestion of Child under 8.7E-07
seawater school age
(mSvlyear)
Infant -
Adult 2.1E-07
Internal exposure
from inhalation of | Child under 1.6E-07
seawater spray school age
(mSvlyear)
Infant 1.0E-07
Adult 4.8E-04 2.0E-03
Internal exposure
from ingestion of Child under 7 5E-04 3.1E-03
seafood school age
(mSvlyear)
Infant 9.4E-04 3.9E-03
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C4. Assessment of environmental protection with ALPS treated water
As with the human exposure assessment, we assessed exposure of animals and plants in
the case of continuous discharge of simulated ALPS treated water.

a. Setting of the source terms
As with C3. a. Setting of the source term, based on the following steps, we set the source
term of each nuclide (annual discharge amount) of each nuclide as shown in Table C-11.

* The annual discharge amount of tritium shall be the upper limit: 22 TBq (2.2E+13Bq).

» The annual discharge volume of ALPS treated water is conservatively estimated as
220 million L (2.2E+08L) by setting a low tritium concentration of ALPS treated water
used for the assessment to 100 thousand Bg/L below the minimum concentration of
tritium confirmed so far (about 150 thousand Bg/L). Because of this, the annual
discharge amount of nuclides other than tritium is conservatively estimated.

* Among 63 nuclides other than tritium, the management value, which is the upper limit,
is set to the concentrations of 2 nuclides with relatively great impacts on exposure.
The sum of the ratios to regulatory concentrations limits of the 2 nuclides (Fe-59 and
Sn-126) is 0.0025 (2.5E-03).

* For the other 61 nuclides, Pm-148m, whose impact on exposure is relatively great
following the 2 nuclides subject to management, shall be assessed, and the
concentration of Pm-148m is set to 499Bq/L, which is equivalent to the regulatory
concentration ratio of 0.9975 (9.975E-01)). Because of this, the sum of the ratios to
regulatory concentrations limits of 63 nuclides other than tritium become 1, which is
the upper limit value in discharge management.

+ Set the annual discharge amount of 3 nuclides by multiplying the concentrations of
the 2 nuclides subject to management and Pm-148m by the annual discharge volume
of water of 220 million L.

b. Concentration of each nuclide used for the exposure assessment in the seawater

For the concentration of each nuclide in the seawater used for exposure assessment, the
concentration of the other nuclides was calculated from the ratio of tritium to the annual
discharge amount of the other nuclides in the source term based on the tritium concentration
in the seawater (bottom layer) in Table 7-3-1. Table C-12 shows the concentration of each
nuclide in the seawater used for the assessment.

c. Exposure assessment method
The migration pathway, the exposure pathway, exposure assessment method, and the
setting of the representative person are the same as those of 7. Assessment of

environmental protection.

d. Exposure assessment result
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Table C-13 shows the result of the exposure assessment of the standard animals and plants

using the source term with simulated ALPS treated water containing only the nuclides with

relatively great impacts on exposure. Even if the source term, which seems to be the most

conservative in terms of discharge management, is used, the dose rate is much lower than

the lower limit value of derived consideration reference level (DCRL)

Table C-11 Source term using hypothetical ALPS treated water (annual discharge

amount)
Annual
Nuclide discharge Annual volume
Target nuclide | concentration volume of of discharge Remarks
(Bg/L) water (Bq)
L)
2.2E+08 * For the annual discharge amount of
H-3 1.0E+05 2.2E+13 tritium, the upper limit value is used.
« In actual discharge, the water is diluted
with seawater 100 or more times so that
Fe-59 2 0E-01 4.4E+07 the tritium concentration will become Igss
than 1,500Bg/L, so the Sum of the ratios
to regulatory concentrations limits of 63
nuclides other than tritium in the
Sn-126 4.0E-01 8.8E+07 discharged water will be less than 0.01.
Pm-148m 5.0E+02 1.1E+11

Table C-12 Concentration in the seawater used for the assessment (Source term
using hypothetical ALPS treated water)

Annual Concentration in the seawater used for the
volume of assessment (Bg/L)
Target nuclide . -
9 discharge Within 10 x 10 km
(Ba) Average of the bottom layer
H-3 2.2E+13 5.6E-02
Fe-59 4.4E+07 1.2E-07
Sn-126 8.8E+07 2.4E-07
Pm-148m 1.1E+11 3.0E-04
Target exposure Environmental protection
assessment
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Table C-13 Assessment result regarding environmental protection

Assessed case

Source term using hypothetical ALPS treated water

Flatfish 7.8E-03
Exposure Crab 7.5E-03
(mGy/day) '
Brown 8.4E-03
seaweed
derived consideration reference level (DCRL)
Flatfish: 1-10 mGy/day Crab: 10-100 mGy/day Brown seaweed: 1-10 mGy/day
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Reference D Assessment result of environmental impacts including other elements
than radiation related to discharge of ALPS treated water

We have assessed non-radiological environmental impacts associated with the discharge of
ALPS treated water into the sea. This document presents the result of our review of whether
non-radiological factors associated with the presence and operation of facilities and its
construction related to the discharge of ALPS treated water into the sea “could cause
substantial pollution or significant and harmful changes in the marine environment.” In
conclusion, we have assessed that none of such element was associated with such risks.
First, we analyzed the measurement items specified in the Water Pollution Prevention Law
and related ordinances of Fukushima Prefecture other than radioactive materials contained
in the stored ALPS treated water. The analysis result is described in Attachment Il
“Properties of ALPS treated water,” with which we verified that all measurement items are
below the standard values and that even if these water are discharged into the water, any
significant or harmful changes will not occur in the marine environment due to non-
radioactive substances contained in these water in the case of discharge into the sea.
Moreover, we also assessed the possibility for non-radiological environmental impacts from
discharge of ALPS treated water into the sea or its method. Tables D-1 and D-2 show the
systems subject to the assessment and their overview, and the overview of the assessment
result, respectively. We considered the following two factors as those which may cause an
impact:

a. Presence or operation of the facilities related to discharge of ALPS treated water
into the sea (facilities related to measurement/confirmation, transfer, dilution, and
discharge) (middle column);

b. Implementation of installation or operation of the facilities (right column).

We assessed the possible impacts of these influencing factors on the components of various
environment such as air quality, water quality, geology, terrain, soil, and ecosystem. We also
included the impacts of the radioactivity which already exist in the environment as the targets
of the assessment. As a result, the expected effects on these components of the
environment were evaluated to be either none or sufficiently small to be negligible.

The targets are the same conditions as those of discharge of ALPS treated water into the
sea, impacts of discharge of contents, and impacts of construction of the related facilities
assumed in the radiation impact assessment handled in this report.
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Table D-1 Facilities related to discharge of ALPS treated water into the sea

Classification
of facilities

Facilities

Specifications

Measurement
/confirmation
facilities

Measurement/confirmati
on tanks

For measurement and confirmation, reuse 30 out
of 35 current units (about 34 thousand m?)
installed in the K 4 area as facilities

Circulation pump

160 m3/h/unit x 2 units

Stirring equipment

One unit per tank, A total of 30 units

Piping, valve, etc.

Connecting tube (nominal diameter of the
pressure hose equivalent to 200A or steel pipe
100A)

Duplicate boundary valves in series to prevent
water mixing among tank groups

Transfer ALPS treated water 30 m3h/unit x 2 units (1 reserve)
facilities transfer pump
Emergency isolation Install two valves with different operating
valve principles and installation locations in series for
multiplexing and diversification
Flowmeter
Other valves, piping, etc.
Dilution Water intake channel Reuse the Unit 5 facility
facilities
Seawater transfer pump | 7,086 m%h x 3 units
Flowmeter
Seawater pipe header Nominal diameters of 2200A and 1800A
Discharge vertical shaft | 1 reinforced concrete storage, Height about 37 m
(upper-stream storage) x Width about 18 m x Depth about 7 m, Capacity
about 2,000 m?
Other valves, piping, etc.
Related Discharge vertical shaft | 1 reinforced concrete storage, Height about 7 m
facilities (down-stream storage) x Width about 12m x Depth about 18 m,

Capacity about 800 m3

Discharge tunnel

Shield tunnel, Inner diameter about 3 m, Overall
length about 1 km

Discharge outlet

Discharge outlet caisson: W about 9 m x D about
12 m x H about 10 m (Discharge outlet: 3 m in
four directions, Height 2 m)

Backfill the upper base about 40 m x about 40 m,
lower base about 16 m x about 16 m, and depth
about 11 m in the surrounding with anti-washout
underwater concrete, etc.
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For the allocation, installation, and operation of these facilities, we made the following
considerations in order to reduce the impacts on the environment as much as possible.

* We made considerations to prevent new terrain modifications by reusing 30 tanks out
of a total of 35 tank of the existing K4 area tank group (about 34,000 m?3) for facilities
for measurement and confirmation (the other 5 tanks continue to be used as ALPS
treated water storage) as facilities related to discharge of ALPS treated water into the

sea.

*  The dilution facilities to be newly installed shall be installed in the existing
development area in the FDNPS to prevent new terrain modifications excluding
discharge vertical shafts and tunnel outlets.

+ For the water intake channel, the existing Unit 5 water intake channel is reused to
avoid new terrain modifications.

» Discharge is designed to minimize the impacts of the presence, operation, and
construction of facilities by the undersea tunnel method, which affects no impact to
the terrain such as seabed surface by drilling bedrock, for maximum environmental
protection.

Table D-2 shows the details of the consideration of the items of environmental impact
assessments of other elements than radiation based on the plan reflecting these design
considerations. All of them were judged to have no impact on the environment.

Table D-2 TEPCO'’s consideration result of the non-radiological environmental
impact assessment of nuclides contained in the ALPS treated water?

Impact factors

Environmental
elements

Presence and operation of the facilities

Implementation of construction

Presence of facilities related to discharge
of ALPS treated water into the sea
- Discharge of ALPS treated water using
the facilities

Construction of facilities related to
discharge of ALPS treated water into the
sea

Atmosphere
environment
(Air quality and
noise/vibration)

The motor operation method or
pneumatic method shall be adopted for
the power to drive active components
such as pumps or valves and no facility
to emit air pollutants shall be installed.
In addition, the total flow rate of 3
seawater dilution pumps in normal
operation for discharge of ALPS treated
water and 1 ALPS treated water transfer
pump (maximum daily amount: about
510 thousand m3) is smaller than that in
normal operation of the circulation water
pump of a general nuclear power plant
(about 9 times as large daily amount in
Unit 1, which is the smallest, if FDNPS
before the accident is used as an
example: about 4.25 million m3). The
area surrounding the FDNPS is used as
an intermediate storage facility

The ships used for construction are 1
dredger, 2 crane barges, and 1 concrete
plant vessel (not operated
simultaneously). Heavy equipment is up
to about 20 units/day. The shield
machine (diameter of about 3m) is one
unit. Material transportation is up to
about 30 units/day.

Only the installation of the intake and
discharge facilities is construction out of
the site and most of the installation of
the intake and discharge facilities is
construction of the undersea tunnel. The
construction is limited to the inside of the
FDNPS and the area where no fishing is
conducted on a daily basis and the
surrounding area of the FDNPS within
about 2 km from the place of
construction are used for the

1 Based on table 1.1 in “Environmental Impact Assessment Technical Guide” p.6.
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Impact factors

Environmental

Presence and operation of the facilities

Implementation of construction

Presence of facilities related to discharge
of ALPS treated water into the sea
- Discharge of ALPS treated water using

Construction of facilities related to
discharge of ALPS treated water into the
sea

the facilities
elements
completely surrounding the land side of intermediate storage facilities, so there is
the FDNPS, and the closest place in the | no target whose impact on the life
outside Difficult-to-Return Zone is at environment should be assessed within
least 1 km away from the site boundary the range where noise, vibration, etc.,
of FDNPS and about 2 km away from caused by the construction may cause
the place assumed to be the any impact.
construction site (seaside area of Unit
5). Therefore, there is no target whose
impact on the life environment should be
assessed within the possible range of
noise, vibration, etc.
Water ALPS treated water is contaminated There is no target to be assessed
environment water with the contained radioactive because occurrence of water turbidity
(Water materials eliminated by coagulating caused by the construction is deemed to

quality/Water
temperature/Flo
w velocity)*
Other than
radioactive
materials

sedimentation, absorbents, filters, etc.
Heavy metal, infusible suspended
substances, organic substances, etc.,
are eliminated. No treatment to increase
the pollution load, which causes an
increase in COD, etc., is performed.

It was verified in past measurement?
that the water quality of ALPS treated
water sufficiently meets the wastewater
standard. Moreover, in actual discharge
of ALPS treated water, the water to be
discharged shall be verified to meet the
wastewater standard.

In addition, seawater to be taken and
discharged is only used for dilution of
ALPS treated water and is not heated.
The temperature of ALPS treated water
stored on land may change due to the
ambient temperature. However, it is not
in an equilibrium state with the seawater
temperature and discharged after diluted
100 or more times with seawater, so
there is almost no difference between
the temperatures of wastewater and
seawater.

The discharge flow velocity from the
discharge outlet is as slow as about
1m/s even in the case of the maximum
flow rate with the three seawater dilution
pumps in operation. Water is discharged
straight up from the seabed with a water
depth of about 12 m. Therefore, changes

be limited because the construction of
the intake facilities is performed in the
port, most of the discharge facilities is
constructed by the shield method as
undersea tunnels, and a rocky shore is
selected as the site for tunnel outlets.

2

December 28, 2018 “Analysis of chemical substances in ALPS treated water tanks”

https://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/committtee/takakusyu/pdf/012_04_01.pdf
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Impact factors

Environmental

Presence and operation of the facilities

Implementation of construction

Presence of facilities related to discharge
of ALPS treated water into the sea
- Discharge of ALPS treated water using

Construction of facilities related to
discharge of ALPS treated water into the
sea

the facilities
elements
in the flow velocity are limited to near the
discharge outlet.
Other The discharge flow velocity from the Terrain modifications are limited to very

environments
(terrain/geology,
subgrade, and
soil)

discharge outlet is as slow as about
1m/s even in the case of the maximum
flow rate with the three seawater dilution
pumps in operation. Water is discharged
straight up from the seabed. The
protrusion from the seabed height is
limited to a height of about 2 m within
about 3 m in the four directions. The
square area of about 40 m around the
discharge outlet (about 1,600 m2) is
backfilled. Therefore, changes in the
flow velocity are limited to near the
discharge outlet, and there is no risk of
scouring.

Pumping of groundwater, which causes
ground subsidence, shall not be
performed and it is planned not to use
any substance which causes soil
contamination.

small areas, namely the discharge
vertical shaft (upper-stream storage of
about 670 m2, down-stream storage of
about 80 m?, a total of about 750 m?)
and the outlet of the undersea tunnel
(about 1,600 m2) by avoiding new terrain
modifications by reuse of the existing
facilities, installation of the undersea
tunnel by the shield method which gives
very low change to terrain drilling
bedrock.

Animals, plants,
and ecosystem

Most of the facilities are installed in
places where site preparation has been
completed within the site of the FDNPS.
The facility for discharge is an undersea
tunnel and requires the minimum
necessary area of about 40 m x about
40 m (about 1,600 m2) near the outlet.
The impact of discharge of ALPS treated
water on tidal currents, etc., is small and
there is almost no impact of the
operation of the facility on organisms,
because of ALPS treated water being
diluted 100 or more times with the
seawater of the adjacent sea and the
low discharge flow velocity of about 1
m/s.

New terrain modifications are avoided by
reuse of the existing facilities, installation
of the undersea tunnel by the shield
method, etc. No important species,
habitat, etc., have been found in the sea
area where construction is to be
performed.

Rich natural
environment
(landscape,

etc.)

There is no item to be assessed
because the existing facilities are reused
and the scale of the facilities to be newly
installed is small.

Since the scales of the facilities to be
installed are small, the traffic of vehicles
for transportation of materials, etc., is
assumed to be up to 20 vehicles/day,
which is limited.

Environmental
loads

(waste,
emission of
greenhouse
gas, etc.)

Discharge of ALPS treated water does
not generate any new waste.

In addition, the motor operation method
or pneumatic method shall be adopted
for the power to drive active components
such as pumps or valves used for the
facilities for discharging ALPS treated

Construction waste soil is generated
(about 40 thousand m3) associated with
excavation of the undersea tunnel, but
the generated amount is small and it is
disposed of at the existing soil disposal
site in the premises without transfer to
outside.
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Impact factors

Presence and operation of the facilities

Implementation of construction

Presence of facilities related to discharge
of ALPS treated water into the sea
- Discharge of ALPS treated water using

Construction of facilities related to
discharge of ALPS treated water into the

Environmental the facilities sea
elements
water into the sea, so no greenhouse Therefore, there is no item to be
gas including that generated by assessed.
combustion of fossil fuel is emitted.
Therefore, there is no item to be
assessed.
Radioactive The planned discharge outlet is installed | It is considered that construction in the
materials in a rocky shore outside the port, the port has almost no impact such as

already exist in
environment

surrounding square area of 40 m is
backfilled with concrete, etc., and water
is discharge straight up at a low flow
velocity of about 1 m per second, so
discharge of treated water does not swirl
marine sediment or disperse radioactive
materials. The seawater for diluting the
ALPS treated water is planned to be
drawn from the outside of the port (north
side of the Unit 5/6 discharge outlet) by
blocking the intake path opening channel
with partition weir (rubble mound and
sheet) from the port of the Unit 1-4 side
considering that the concentration of
radioactive materials is slightly higher
than that of the seawater in the
surrounding sea area and that it may
swirl marine sediment, etc., in the port.
As shown in attachment V “Impacts of
intake and discharge of diluted water on
outside,” the result of the assessment of
exposure considering the impact of the
radioactive materials, which may be
contained in drawn seawater in the case
of intake of seawater outside this port is
9.6E-05 mSv/year, which is much lower
than 0.05mv/year.

dispersion of radioactive materials, etc.,
thanks to installation of contamination
prevention fences for construction,
careful work at slower construction
speed than usual, etc., in order to
reduce sedimentation sand swirled in the
port.

It was confirmed that the concentration
of radioactive materials in the seawater
did not vary significantly during similar
construction performed in the port
(pouring materials such as riprap into the
sea by using working crafts and
backhoes) in the past three years?®.
Actually, the concentration of radioactive
materials in the seawater in the port is
below the domestic regulatory standard
even inside the intake path opening
channel of Units 1 to 4, in which the
concentrations are relatively high (Cs-
137 1E+00Bq/L order, Sr-90 1E+00Bg/L
order, 10E+2Bqg/L as of 2021)%.

In addition, it is considered that the
tunnel outlet construction outside the
port has almost no impact, such as
swirling of the seabed sediment,
because a rocky shore is selected for
the construction area, the excavation
area is as small as about 40 m x 40 m,
the concentration of radioactive
materials contained the marine sediment
is low® according to the investigation
result of the surrounding sea area, and
measures such as temporarily

9th Review Meeting on the Implementation Plan Regarding the Handling of ALPS Treated Water Material 1-1, pp. 39 -40

https://www.tepco.co.jp/en/hd/decommission/information/committee/pdf/2022/alps_22021501-e.pdf

Nuclear Power Station of Fukushima Prefecture Material 2-1, p.1

https://www.pref.fukushima.lg.jp/uploaded/attachment/495913.pdf

Daiichi NPS / coastal sea area”

https://radioactivity.nsr.go.jp/en/contents/8000/7747/24/engan_soil.pdf
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https://www.tepco.co.jp/en/hd/decommission/information/committee/pdf/2022/alps_22021501-e.pdf

Impact factors

Environmental
elements

Presence and operation of the facilities

Implementation of construction

Presence of facilities related to discharge
of ALPS treated water into the sea
- Discharge of ALPS treated water using
the facilities

Construction of facilities related to
discharge of ALPS treated water into the
sea

suspending the construction will be
taken if a significant change in the
turbidity of seawater is observed during
the construction period. Therefore, we
assessed that there is almost no impact
of construction such as dispersion of
radioactive materials, etc.
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Reference E  State of consultation with domestic and foreign stakeholders

The Basic Policy of the government on the handling of ALPS treated water states that “every
effort will be made to foster understanding among the public and international community”
and we are proactively working with the government to promote risk communication.

E1l. Activities toward steady implementation of the Basic Policy

On April 16, 2021, the government established “the Council of Relevant Cabinet Ministers for
Steady Implementation of the Basic Policy on the Handling of ALPS Treated Water,” and
decided to speedily and steadily take countermeasures stipulated in the Basic Policy as a
united government, and to listen carefully voices of stakeholders and those who concern
about the impact, and to take necessary additional measures in a flexible countermeasures
to dispel their concerns.

Specifically, a working group of the Council was held in various regions including Fukushima,
Miyagi, and Ibaraki, and opinions were exchanged with local governments, those who are
engaged in agriculture, forestry, fisheries, commerce and tourism etc. The Council also
developed the “Immediate Measures Associated with the handling of ALPS Treated Water at
the Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings,
Inc. (Decision at the 2nd Ministerial Council on Measures for Steady Implementation of the
Basic Policy on the Handling of ALPS treated water, August 2021)"* and “Action plan for
Steady Implementation of the Basic Policy for the Handling of ALPS Treated Water (Decision
at the 3rd Ministerial Council on Measures for Steady Implementation of the Basic Policy on
the Handling of ALPS Treated Water, December 2021)".

In the abovementioned action plan, the results of the assessment of the radiation impacts on
humans and the environment and the result of the ocean diffusion simulation shall be
explained and disseminated by preparing easy-to-understand materials as part of efforts over
the next one year. The results of the assessment will be revised and enhanced based on the
review by the IAEA, review by the Nuclear Regulatory Commission, and opinions from the
public, and will be verified over the medium to long term based on the latest status and
actual discharge data to confirm that no impact has occurred.

1 Web site of the Cabinet Secretariat (August 24, 2021) “List of materials distributed at the ministerial meeting on
measures for steady implementation of the basic policy on handling of ALPS treated water (2nd)” Material 3

https://www.kantei.go.jp/jp/singi/hairo_osensui/alps_shorisui/dai2/index.html

2 Web site of the Cabinet Secretariat (December 28, 2021) “List of materials distributed at the ministerial meeting
on measures for steady implementation of the basic policy on handling of ALPS treated water (3rd)” Material 1

https://www.kantei.go.jp/jp/singi/hairo_osensui/alps shorisui/dai3/index.html
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E2. Responses to public comments regarding the Radiological Impact Assessment Report
After the public action of this report on November 17, 2021, we received 400 or more
opinions from both inside and outside of Japan in response to our Public Comment
Procedure. We have revised the contents of the report in April 2022, by taking into account
the public comments we received through this procedure?®.

In addition, we explained the contents of the radiological impact assessment in various
occasions. For example, on December 6, 2021 and January 19, 2022, we explained the
contents of the Radiation Impact Assessment at the Environmental Monitoring and
Evaluation Sub-committee of the Safety Monitoring Council on Decommissioning of the
Nuclear Power Station of Fukushima Prefecture. Moreover, we have also provided about
3,000 explanations to those who are engaged in fishery, seafood processing and distribution
industry, agriculture, commerce and industry and tourism, local governments, civil groups,
etc. respectively (result of FY 2021).

E3. Transmission to and consultation with the international community

(1) Cooperation with the IAEA

On the day following the announcement of the Basic Policy, then Minister of Economy, Trade
and Industry, Kajiyama (hereinafter called “Minister Kajiyama”), had a teleconference with
Rafael Mariano Grossi, the Director General of IAEA. The Minister Kajiyama requested the
IAEA to disseminate information on IAEA's assessment of the safety related aspects of ALPS
treated water with the international community as well as Japan based on their scientific
knowledge. Also, he made a formal request in the following areas: (1) dispatch of review
missions, (2) support to environmental monitoring, and (3) ensuring transparency towards
the international community. Director General Grossi welcomed the announcement of the
Basic Policy, responded positively to the request made by Minister Kajiyama, and will
cooperate and work together with Japan in a highly transparent manner in each stage of the
process, before, during and after the discharge®. In addition, the Director General Grossi said
in the statement announced by IAEA in response to the Basic Policy “The Japanese
Government’s decision is in line with practice globally, even though the large amount of water
Nuclear safety is a national

at the Fukushima plant makes it a unique and complex case,
responsibility and it was for the Government of Japan to decide how to address the critical
issue of water management. I’'m confident that the Government will continue to interact with
all parties in a transparent and open way as it works to implement today’s decision,” and
“Our cooperation and our presence will help build confidence — in Japan and beyond — that

3 With regard to the major opinions collected through the call for opinions and our responded, please refer to our
reply issues at the same time of the revised report.

4 Web site of the Ministry of Economy, Trade and Industry (April 14, 2021) “Minister Kajiyama met with IAEA
Director General Grossi”
https://www.meti.go.jp/english/press/2021/0414 001.html
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the water disposal is carried out without an adverse impact on human health and the
environment.” ®

Based on the communication between the leaders of the government and the IAEA, both
parties accelerated preparation for cooperation, and the Terms of Reference (TOR) for the
Cooperation Framework for ALPS treated water was signed in July 2021. Following this TOR,
IAEA decided to conduct a review regarding safety and other aspects of the handling of
ALPS treated water including the assessment of the radiation impact on human and
environment in accordance with IAEA safety standards®.

Based on the TOR, the review mission of safety aspects of ALPS treated water was
conducted from February 14 to 18 this year. IAEA members and international experts visited
the FDNPS and had discussions with the Ministry of Economy, Trade and Industry. In
addition, they also saw and reviewed the ALPS, the K4 tank groups to be reused for
measurement and confirmation of the concentration of radioactive materials contained in the
treated water before dilution and discharge, and the harbor area which is being considered
for the installation of facilities for dilution and discharge of the treated water’. The contents of
discussions with the IAEA were also reflected in the review of this report.

(2) Briefing for diplomats and bilateral exchange of opinions

In addition to providing explanations to domestic parties, we also attended the Video
Conference briefing session for diplomats in Tokyo held on November 18, 2021, the day after
the publication of the first edition of the report, and the Video Conference briefing session for
the Government of Republic of Korea held on December 3, 2021, both in the presence of
government officials, to provide detailed explanation of the contents of the report. In addition,
we also provided individual explanation to interested countries and regions together with the
relevant Ministries of the government.

At these Video Conference briefing sessions, we explained that the result of the assessment
of the radiation impacts on humans and environment in accordance with the internationally
recognized methods was significantly lower than the dose limit of the public, etc. and that it
would take measures according to the international standards and practices, with maximum
consideration given to the impacts on the health and safety of environment and humans. We

5 Web site of IAEA (April 13, 2021) "IAEA Ready to Support Japan on Fukushima Water Disposal, Director
General Grossi Says"

https://www.iaea.org/newscenter/pressreleases/iaea-ready-to-support-japan-on-fukushima-water-disposal-

director-general-grossi-says

This report was reviewed by IAEA as a part of the review of the safety of ALPS treated water based on TOR
mentioned above.

Web site of the Ministry of Economy, Trade and Industry (February 18, 2022) “IAEA conducted a review of the
safety of ALPS treated water at TEPCO's Fukushima Daiichi Nuclear Power Station."
https://www.meti.go.jp/english/press/2022/0218_001.html
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also carefully answered the questions from foreign governments during the question-and-
answer session.

The Government of Japan has provided explanations to foreign governments through
Embassies, Consulates and Permanent Missions of Japan overseas as well as explanations
to diplomats in Tokyo, and we also have provided the necessary information including
technical contents at request.

Through these activities, the Government of Japan and we have been engaged in mutual
communication with not only domestic parties but also the international community, and in
revising this report, we have taken into consideration the opinions provided through these
communications.
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