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The assessment in this report will be revised as appropriate based on progress in discussions
around design and operation of plans regarding discharged into the sea, opinions from relevant
parties, reviews by IAEA experts, and cross check assessments by third parties.



Introduction

This is a report of the radiological impact assessment (hereinafter ““RIA™) to assess the impact of the
discharge into the sea of ALPS treated water originating from the Fukushima Daiichi Nuclear Power
Stations (hereinafter “FDNPS”’). The RIA begins with background information about the accident at
FDNPS during the 2011 off the Pacific coast of Tohoku Earthquake, how contaminated water was
generated, and how it has been controlled, treated and stored. The RIA then describes processes by
which alternatives to disposal at sea were reviewed, the preferred method to discharge the ALPS treated
water, and an evaluation of the quality of the water to be discharged. The RIA then models the discharge
of the ALPS treated water and the concentrations of discharged water at many locations. Finally, the
RIA assesses the impacts of the discharged water on humans, marine biota, and the marine environment.

Following the unprecedented accident at the FDNPS during the 2011 off the Pacific coast of Tohoku
Earthquake, cooling water has been being continuously injected into the plants to cool the damaged
reactors and nuclear fuels. The injected water accumulates at the bottom of the buildings after it touches
the damaged fuel.

Seawater from the tsunami, rainwater penetrating the building from the damaged building’s ceiling and
walls, and ground water continue to accumulate at the bottom of the building. All water coming from
these sources which mixes with the aforementioned cooling water is treated as contaminated water.

TEPCO has taken multi-layered measures' not only to prevent the contaminated water from leaking
outside the buildings, but it also has reduced the volume of contaminated water generated from approx.
540m*/day (as of May 2014) to approx. 140m’/day (as of 2020). It is the company’s goal to further
reduce this volume to 100m*/day or below by 2025.

Contaminated water is treated by cesium absorption units and “the Advanced Liquid Processing System”
(hereinafter “ALPS”), and then the water is stored in the tanks on the site’s premises. As of June 2021,
there were 1,047 tanks for storage of ALPS treated water, etc. > and strontium removed water (before
ALPS treatment)’, and the current volume is approx. 1.265 million m’, whereas the total installed
capacity of the tanks is approx. 1.37 million m®. Although it is necessary to carefully review the
effectiveness of the measures to suppress the generation of contaminated water and the predictions for
the volume of the contaminated water to be generated in the future, given the records of contaminated

! Example of multi-layered measures:

a  To suppress the volume of contaminated water generated, pumped up contaminated water is purified by the
cesium absorption unit and desalinated by a reverse osmosis membrane device to be used as cooling water
which cools nuclear fuel damaged from the accident.

b  Also, groundwater flowing into the building is suppressed. Specifically, groundwater is pumped up from high
ground and from near the building, and a land-side impermeable wall (frozen soil wall) is installed around
buildings to keep groundwater around the buildings at a low level.

¢ Contaminated water generated inside the building is pumped up to prevent external leaking by maintaining
the water level in buildings to constantly be lower than the groundwater level outside.

d Pumped up contaminated water is stored in tanks installed on high ground after being treated by facilities such
as cesium absorption units and ALPS, etc. to prevent the spread of contamination and for dose reduction.

2 “ALPS treated water” refers to contaminated water treated with ALPS where the sum of ratios of legally

required concentrations of radionuclides other than tritium is less than one. “Treated water to be re-purified”

refers to contaminated water treated with ALPS where the sum of ratios of legally required concentrations of
radionuclides other than tritium is not less than one. “ALPS treated water, etc.” refers to both “ALPS treated
water” and “treated water to be re-purified”.

Here, the legally required concentration is a standard for releasing radioactive waste into the environment

stipulated in the “Announcement Stipulating the Dose Limit Based on Regulations Regarding the Refining

Business of Nuclear Raw Material and Nuclear Fuel Material”. If the radioactive waste contains more than one

radioactive material, the sum of the ratios of concentration of radionuclides inside radioactive waste to legally

required concentration should be less than 1.

3 “Strontium removed water” is water from which cesium (Cs) and strontium (Sr) have been removed.



water generated thus far, its volume is expected to reach the planned volume is expected to be reached
in around the spring 2023, when considering the records of contaminated water generated up to the
present.

As presented in the ‘“Mid-and-Long-Term Roadmap towards the Decommissioning of TEPCO’s
Fukushima Daiichi Nuclear Power Station” [1] revised by the Government of Japan through its “Inter-
Ministerial Council for Contaminated Water and Decommissioning Issues” in December 2019, the
decommissioning of FDNPS involves continuous risk reduction activities to protect humans and the
environment from the known risks of radioactive materials. The long-term process for the
decommissioning of FDNPS spanning the next few decades requires responses to challenges involving
greater radiation risks such as retrieval of fuel debris and securing a temporary storage area for spent
fuels. In order to adequately address these challenges, it is imperative to steadily reduce the overall risks
with a mid-long term perspective issues.

The same applies to the handling of contaminated water. The risks have been steadily mitigated by
reducing the dose (a measure of the energy deposited by radiation in a target) at the boundary of the
FDNPS site to below 1mSv/year, which is the dose limit set based on the recommendations of the
International Commission on Radiological Protection (hereinafter “ICRP”) for the general public,
through multi-layered measures to reduce the generated volume of contaminated water which contains
significant quantities of radioactive materials, and by removing radioactive materials from the
contaminated water using ALPS and other devices such as cesium adsorption units. In order to proceed
safely and steadily with the decommissioning of FDNPS, which is expected to continue over the next
few decades, it is necessary to conduct safe discharges into the sea, after removing radioactive materials
from the contaminated water to the maximum extent possible through the facilities including ALPS, and
diluting it before discharge, so as to ensure that discharges would not cause a substantial impact on
humans and the maritime environment.

Over the past several years since the accident, feasible methods of disposing of contaminated water,
ALPS treated water, and etc. have been considered, in the light of opinions from local government and
residents and in cooperation with the Government of Japan, International Atomic Energy Agency
(hereinafter “IAEA”), and experts, notably under the auspices of the Inter-Ministerial Council for
Contaminated Water, Treated Water and Decommissioning Issues. In 2013, The Government of Japan
established the Tritiated Water Task Force under the Contaminated Water Treatment Countermeasures
Committee. In this Task Force, technical studies have been conducted, such as reviewing of the scientific
knowledge on tritium and comparison of the five theoretically possible disposal methods (i.e., mining
injection, offshore release, vapor release, hydrogen release, underground burial) , which were proposed
based on basis of international practice [2]. Furthermore, in 2016 the Subcommittee on Handling of the
ALPS Treated Water was established to conduct a comprehensive study, including social viewpoints
and factors such as reputational damage, based on the output of the Tritiated Water Task Force. [3]

Between 2013 to 2021, the Government of Japan has welcomed five IAEA decommissioning missions,
whose opinions and advice have been carefully reflected in the considerations by the Government of
Japan about handling of the ALPS treated water. The IAEA missions have pointed to the importance of
planning the disposal of the ALPS treated water. The IAEA’s report in 2015 found that tank storage was
“at best a temporary measure while, a more sustainable solution was needed”. The IAEA’s report in
2019 advised 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’”.

4 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,
available at <https://www.iaea.org/sites/default/files/missionreport130515.pdf >.

5 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, available at <https://www.iaea.org/sites/default/files/19/01/missionreport-310119.pdf >




Against this backdrop, the Subcommittee on Handling of the ALPS Treated Water compiled a report in
February 2020. The Subcommittee concluded that discharge into the sea and vapor release were the only
two practical options out of the theoretically available options, and that discharge into the sea could be
implemented more reliably than vapor release, as it would allow for greater accuracy of monitoring
methods. The Subcommittee also pointed out that space for installing additional tanks, other than those
currently planned, was limited®.

In addition, after the publication of the ALPS Subcommittee's report, the Government of Japan held
“Meetings for Hearing Opinions” to hear the opinions of the stakeholders and solicited opinions from
the general public. The comments submitted raised, among other issues, concerns about the impact of
discharge of ALPS treated water into the sea in the surrounding environment. Based on these studies
and comments, the Government of Japan announced its “Basic Policy on handling of ALPS treated
water at the Tokyo Electric Power Company Holdings’ Fukushima Daiichi Nuclear Power Station”,
during the meeting of the Ministerial Council Regarding Decommissioning/Contaminated
Water/Treated Water on April 13, 2021[4]. In this Basic Policy, the Government of Japan selected
handling of the ALPS treated water by discharge into the sea,conditional on ensuring safety as to this
method of discharge.

TEPCO has taken this Basic Policy into consideration, and presented “TEPCO’s Company Action in
Response to the Basic Policy (hereinafter “Company Action in Response to Basic Policy”) [S] on April
16™ of the same year, the gist of which is as follows.

e In discharging ALPS treated water into the sea, TEPCO shall conform with regulatory requirements
as well as relevant international laws and practices. In addition, TEPCO shall take further action to
make sure that the water to be discharged is safe, and to ensure the safety of the public, surrounding
environment and of agriculture, forestry and fishery products.

* In order to ensure the safety of the public and the surrounding environment, the concentration
of radioactive material such as trittum and other radionuclides in discharged water shall
conform with regulatory standards established by the Government of Japan based on
internationally recognized technical documents (IAEA Safety Standards, and ICRP
Recommendation, etc.), and other laws and ordinances.

*  Prior to initiating necessary licensing procedures with the Nuclear Regulation Authority, a
safety assessment shall be conducted to review the radiological impact on humans and the
environment when discharge is conducted based on the conditions above. The results shall be
disclosed and reviewed by experts such as IAEA.

This report presents the results of an assessment of the radiological impacts on humans and the
environment of the discharge of ALPS treated water into the sea, based on the information available at
the current design stage of the implementation plan for the discharge, and in accordance with the
standards and guidelines established by internationally recognised organizations such as the IAEA and
ICRP. TEPCO invited to take part in this assessment external experts of three fields: humans
radiological protection, environmental protection and marine dispersion simulation.

It will be reviewed as appropriate in the light of the knowledge obtained through the process of
examining the design and operation in accordance with the implementation plan for the discharges, from
the opinions of various bodies and persons, from the reviews by IAEA experts, and through the cross-
checks conducted by third-party evaluation.

In addition, TEPCO plans to carefully start its discharges with small amounts of water while assessing
and confirming the impact on the surrounding environment. If the dilution equipment fails to perform

6 See References [3], pages 5-7 for a comparative study of the basic requirements (e.g., regulatory feasibility,
technological feasibility) and conditions (e.g., duration, cost, scale, secondary waste, and work exposure) for
ocean emissions and other alternative disposal methods. The Report of the Subcommittee is available at
<https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20200210_alps.pdf >



its functions due to breakdown or loss of power, or if an abnormal value is detected by monitoring,
TEPCO will stop discharging ALPS treated water immediately and only resume when until TEPCO
confirms that the water can be discharged safely.
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Major point in the assessment of the discharge into the sea

This report, which is based on current plans for the discharge of ALPS treated water into the sea,
contains an assessment of the radiation dose to “the representative person” that may be caused through
systematic discharge, in accordance with the precepts outlined in the IAEA Safety Standards GSG-9
“Regulatory Control of Radioactive Discharges to the Environment”[6] (hereinafter “GSG-9"), was
conducted. The specific procedures undertaken in this assessment were designed in accordance with
the IAEA Safety Standards GSG-10 “Prospective Radiological Environment Impact Assessment for
Facilities and Activities” [7] (hereinafter “GSG-10"), as international standards for safe discharges.
The assessments of potential exposure’ and environment protection, not subject to GSG-9, were
conducted in accordance with GSG-10.

In compiling this report, employees with knowledge on the assessment of radiological impact on the
environment were selected and assigned, and experts in the three fields especially important for
assessing radiological impact: human radiological protection, environmental protection and marine
dispersion simulation, were invited as members from outside the company.

TEPCO seleted a total of 64 radionuclides for assessment: trititum (H-3), carbon 14 (C-14), and 62
radionuclides to be removed by ALPS. Among these nuclides, the concentration of tritium exceeds the
regulatory standard of 60,000 Bq/L even after treatment by ALPS, so it shall be diluted until it meets
the regulatory standard. The Government of Japan has requested us not only to strictly comply with
the regulatory standards, but also to discharge the ALPS treated water below 1,500 Bq/L?, in order to
reassure the public as much as possible. Accordingly, in the “Company Action in Response to Basic
Policy”, TEPCO determined the concentration indischarged water was set to be less than 1,500Bq/L,
and the upper limit for the annual amount discharged was set to be 22 TBq’ (2.2E + 13Bq)'’.

The radionuclide composition of ALPS treated water differs by each tank group''. In order to manage
the risk of multiple nuclides discharge, “the sum of the ratios of legally required concentrations”
(hereinafter “the sum of the ratios”)'? of radionuclides other than tritium, shall not exceed one.
Therefore, for the radionuclide composition of ALPS treated water to be used for the assessment, the
following four cases were selected: actual radionuclide composition of the three particular tank groups
which have completed measurement and assessment of the 64 radionuclides, and the hypothetical
radionuclide composition giving the conservative exposure (“the sum of the ratios” other than tritium
is exactly 1).

According to the national regulatory standards set based on the recommendations of ICRP, the
concentrations of radionuclides other than tritium in the ALPS treated water can be safely discharged
directly to the sea. In order to reduce the tritium concentration to less than 1,500 Bg/L, it is necessary
to dilute the water by more than 100 times with seawater, and the sum of the ratios of 63 radionuclides

7 Potential exposure: Exposure considering future events that are not guaranteed to occur but can be anticipated
as probable events or sequence of events such as operational events, accidents involving radiation source,
equipment failure and operational errors.

8 Similar to the current operational target value for discharge water concentrations from groundwater bypass
and subdrain. The value is the same as the operational target value for the effluent concentration of the
groundwater bypass and sub-drain, which have already been discharged. This is stated in "Implementation Plan
III 3.2.1 Management of Radioactive Waste, etc." and has been approved by the Nuclear Regulation Authority.
The tritium concentration of 1,500 Bq/L is 1/40th of the announced concentration limit of 60,000 Bq/L, and
approximately 1/7th of the WHO Guidelines for drinking-water quality of 10,000 Bq/L.

° The operational target value at FDNPS before the accident.

10 “E4+number” means 10 to the numberth power. 2.2E + 13 indicates 2.2 x 10'3.

1 Multiple tanks utilized in conjunction.

12 The sum of the ratios of concentration of radionuclides inside radioactive waste to legally required
concentration according to regulatory standard [8] when there are multiple radioactive materials contained.
Intake of water, of which “the sum of ratio” is one, over a lifetime will result in the effective dose of 1
mSv/year in average.



other than tritium in the discharged water after dilution with seawater will be less than 0.01, which
will further enhance the safety.

The dispersion of the discharged water in the sea was calculated and assessed using a model with a
higher-resolution of the sea area near FDNPS, based on one with verified reproducibility through
reproduction calculation of the cesium (Cs) concentration in seawater after the accident [9].

The following five pathways for dispersion were considered for the transfer model for radioactive
materials discharged into the sea: (i) transfer and dispersion through weather conditions such as sea
current,; (ii) transfer and dispersion through weather conditions such as sea current > adhesion to ship
hull,; (iii) transfer and dispersion through weather conditions such as sea current = adhesion to sand
on the beach,; (iv) transfer and dispersion through weather conditions such as sea current = adhesion
to fishing nets,; (v) transfer and dispersion through weather conditions such as sea current - ingestion
and concentration of radionuclides to marine life such as fishery.

In the assessment of human exposure pathways, categories were roughly divided into external
exposure (i.e., exposure to radiation from a source outside the body) and internal exposure (i.e.,
exposure to radiation from a source within the body.). For external exposure, the five different
pathways indicated by previous studies as particularly important were assessed: (i) external exposure
to radiation from sea surface while performing work on the sea,; (ii) external exposure to radiation
from radioactive materials adhering to the ship hull while working on the sea,; (iii) external exposure
to radiation while swimming and working under water,; (iv) external exposure to radiation from the
sand on the beach,; (v) external exposure to radiation from radioactive materials on fishing nets. For
internal exposure, the exposure pathway is on the assumption that radioactive materials are transferred
from seawater to marine products and taken into the human body as they are ingested.

The characteristics of “the representative person” subject to exposure assessment was set in accordance
with “Public dose assessment guideline for safety review of nuclear power light water reactor” [10].
Based on the data referenced from the FY2019 National Health and Nutrition Survey [11] in Japan,
assessments were conducted for two groups of persons: (i) individuals who ingest average amounts of
marine products,; (ii) individuals who ingest significantly more than average amounts of marine
products.

Calculation and assessment of the results involved comparisons with the public dose limit of
ImSv/year, and the target dose value for domestic nuclear power stations, 0.05mSv/year, which is set
as the operational target for nuclear power stations in Japan.

In all cases, the cumulative doses of both external and internal exposure through the various pathways
were below both the public dose limit and the target dose value for nuclear power stations in japan.

Pursuant to the recommendations in GSG-10 and concurrent with the assessments just described, an
additional assessment was conducted based on a hypothetical scenario in which the ALPS treated water
was discharged into the sea without dilution. The transfer in this case was assumed to be external
exposure from seawater over a short period where exposure cannot be controlled. The assessment was
conducted assuming a case where the emission rate of Tellurium 127 (Te-127), which is the
radionuclide and has the most impact on external exposure from sea surface, is at a maximum, and the
duration of exposure was set to one day (24 hours). On these assumptions, which are considered to be
conservative, the assessment showed that the potential effective dose resulting from such uncontrolled
exposure was lower than below the levels set in GSG-10 as the levels to be used in planning for
accidents.

Furthermore, as part of the assessment regarding environmental protection, an assessment was
conducted relating to the protection of animals and plants during normal operation of facilities for
discharging ALPS treated water, in accordance with the methodology indicated in Annex I of GSG-
10. Four cases were selected: actual radionuclide compositions of three particular tank groups which

2



have completed measurement and assessment of the 64 radionuclides, and the hypothetical
radionuclide composition. However, assessment of impacts on animals and plants involves calculation
methods for different from those used for the assessment of human exposure, the nuclide composition
(“the sum of the ratios” other than tritium is 1) at which the exposure is maximized was newly selected
from the nuclide selection (see Ref. B). Based on the list of reference animals and plants'*identified
by ICRP, animals and plants selected for assessment are the flatfish (flounder, fluke), crab (portunus
trituberculatus, ovalipes punctatus), and brown seaweed (gulfweed and sea oak) which live in the
relevant sea area around FDNPS. Dose assessment was conducted in accordance with the methods
presented by ICRP, and the dose rate received by reference animals and plants in their habitat was
compared with international guideline, notably the derived consideration reference level (hereinafter
“DCRL”)". The estimated dose rate for reference animals and plant in their habitat was lows at or
below 1/100 when compared to the lower limit of the DCRL.

The assessment described in this report was conducted based on the information available at the current
design stage of the implementation plan for discharge into the sea. It will be reviewed as appropriate
in the light of the knowledge obtained through the process of examining the design and operation of
the treatment and discharge systems in accordance with the implementation plan, and from the
opinions of various bodies/persons, reviews by IAEA experts, and through the cross-checks by third-
party evaluation.

The conclusion of the report is that exposure to radioactivity resulting from the implementation of the
planned systems for treatment and discharge of treated water from the FDNPS will fall well within
established international safety limits (i.e., dose limit and DCRL), based on internationally recognized
technical documents.

13 Reference animals/plants: A specific type of animal or plant assumed to link environmental radiation
exposure with dose and its impact.

14 Derived consideration reference level (DCRL): A band of dose rates with a single-digit range for each
species of organisms, defined by the ICRP. In cases where this dose rate level is exceeded, the effect on
organism should be considered.



1. Purpose of Evaluation
The purpose of this radiation impact assessment shall be as follows.

Purpose 1: Assess the impact of radiation resulting from the discharge of ALPS treated water
conducted by TEPCO while referring to internationally recognized technical documents
(IAEA Safety Standards, ICRP Recommendations, etc.).

Purpose 2: Communicate the results of the assessment both domestically and internationally, and based
on opinions received from various parties, conduct reviews, etc., as necessary, to consider
ways to optimize the risk regarding discharge.



2. Principle for Assessment

Although detailed design of discharge facilities has not yet been finalized, an assessment of the dose
to the representative person through systematic discharge shall be conducted in accordance with GSG-
9 to confirm risk from the perspective of radiological protection for humans. Specific methodology for
assessment shall be in accordance with Figure 2-1 developed by GSG-10.

GSG-10 includes assessment methods for potential exposure and environmental protection not
included in GSG-9. Trial calculation of these assessment methods are also presented in Reference A
and Reference B.

Selection of the source term!’

Modelling of direct irradiation,
dispersion and transfer
in the environment

Identification of exposure pathways

Identification of the representative
person for normal operation

Assessment of the dose
to the representative person

Comparison of estimated doses
with dose constraint and dose limits

Figure 2-1 Steps for Exposure Assessment (developed from GSG-10)

15 In this assessment, source term refers to the annual amount (total) of each radionuclide discharged which is
contained in diluted ALPS treated water discharged into the sea annually.
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3. Water quality and discharge method of ALPS treated water, etc.
3-1. Water quality of ALPS treated water, etc.

The ALPS treated water, etc. currently stored in tanks have been treated by ALPS, designed to remove
the 62 radionuclides in contaminated water but tritium and C-14. The principles behind the selection
of 62 radionuclides to be removed by ALPS are presented in Reference C.

Although ALPS is capable of treating contaminated water to levels where “the sum of the ratios” of
the 62 radioactive materials, other than tritium and C-14, is less than one, approx. 70% of ALPS treated
water, etc. (based on inventory of tank groups that were fulled by December 31, 2019) is “treated water
to be re-purified” which contains a level of radioactive materials, other than tritium, which exceeds
standards for discharge into the environment (“the sum of the ratios” of radionuclides other than tritium
is less than one) due to water treated initially prior to performance enhancement being included, and
the volume of treating water being prioritized to reduce additional exposure at the site boundary.
Treated water to be re-purified shall continue to be treated (secondary treatment) before discharge until
“the sum of the ratios” of radionuclides other than tritium is less than one, and shall be discharged after
becoming ALPS treated water. The legally required concentrations of the 62 radionuclides to be
removed by ALPS, Tritium, and C-14 are presented in Table 3-1.

In conducting secondary treatment using ALPS, the performance test was performed from September
2020 for two tank groups with a total capacity of 2,000m?, and it was verified that ALPS was capable
of bringing “the sum of the ratios” of radionuclides other than tritium in each tank groups to less than
one [12]. Water quality of ALPS treated water, etc., including the results of the performance test for
secondary treatment, is summarized in Reference D.



Table 3-1 Legally Required Concentrations of 62 radionuclides subject to be removed by ALPS,
Tritium, and C-14

Legally Legally
Subjected radionuclides required Subjected radionuclides required
(physical half-life) concentrations (physical half-life) concentrations

(Bq/L) Bq/L)
1 H-3 (approx. 12 years) 6.0E+04 33 Te-129m (approx. 34 days) 3.0E+02
2 C-14 (approx. 5,700 years) 2.0E+03 34 | I-129 (approx. 16 million years) 9.0E+00
3 Mn-54 (approx. 310 days) 1.0E+03 35 Cs-134 (approx. 2.1 years) 6.0E+01
4 Fe-59 (approx. 44 days) 4.0E+02 36 | Cs-135 (approx. 2.3 million years) 6.0E+02
5 Co-58 (approx. 71 days) 1.0E+03 37 Cs-136 (approx. 13 days) 3.0E+02
6 Co-60 (approx. 5.3 years) 2.0E+02 38 Cs-137 (approx. 30 years) 9.0E+01
7 Ni-63 (approx. 100 years) 6.0E+03 39 | Ba-137m (approx. 2.6 minutes) 8.0E+05
8 Zn-65 (approx. 240 days) 2.0E+02 40 Ba-140 (approx. 13 days) 3.0E+02
9 Rb-86 (approx. 19 days) 3.0E+02 41 Ce-141 (approx. 33 days) 1.0E+03
10 Sr-89 (approx. 51 days) 3.0E+02 42 Ce-144 (approx. 280 days) 2.0E+02
11 Sr-90 (approx. 29 years) 3.0E+01 43 Pr-144 (approx. 17 minutes) 2.0E+04
12 Y-90 (approx. 64 hours) 3.0E+02 44 | Pr-144m (approx. 7.2 minutes) 4.0E+04
13 Y-91 (approx. 59 days) 3.0E+02 45 Pm-146 (approx. 5.5 years) 9.0E+02
14 Nb-95 (approx. 35 days) 1.0E+03 46 Pm-147 (approx. 2.6 years) 3.0E+03
15| Tc-99 (approx. 210,000 years) 1.0E+03 47 Pm-148 (approx. 5.4 days) 3.0E+02
16 Ru-103 (approx. 39 days) 1.0E+03 48 Pm-148m (approx. 41 days) 5.0E+02
17 Ru-106 (approx. 370 days) 1.0E+02 49 Sm-151 (approx. 90 years) 8.0E+03
18 | Rh-103m (approx. 56 minutes) 2.0E+05 50 Eu-152 (approx. 14 years) 6.0E+02
19 | Rh-106 (approx. 30 seconds) 3.0E+05 51 Eu-154 (approx. 8.6 years) 4.0E+02
20 | Ag-110m (approx. 250 days) 3.0E+02 52 Eu-155 (approx. 4.8 years) 3.0E+03
21 Cd-113m (approx. 14 years) 4.0E+01 53 Gd-153 (approx. 240 days) 3.0E+03
22 Cd-115m (approx. 45 days) 3.0E+02 54 Tb-160 (approx. 72 days) 5.0E+02
23 Sn-119m (approx. 290 days) 2.0E+03 55 Pu-238 (approx. 88 years) 4.0E+00
24 Sn-123 (approx. 130 days) 4.0E+02 56 | Pu-239 (approx. 24,000 years) 4.0E+00
25 Sn-126 (approx. 230,000 years) 2.0E+02 57 Pu-240 (approx. 6600 years) 4.0E+00
26 Sb-124 (approx. 60 days) 3.0E+02 58 Pu-241 (approx. 14 years) 2.0E+02
27 Sb-125 (approx. 2.8 years) 8.0E+02 59 Am-241 (approx. 430 years) 5.0E+00
28 | Te-123m (approx. 120 days) 6.0E+02 60 | Am-242m (approx. 140 years) 5.0E+00
29 Te-125m (approx. 57 days) 9.0E+02 61 | Am-243 (approx. 7,400 years) 5.0E+00
30 Te-127 (approx. 9.4 hours) 5.0E+03 62 Cm-242 (approx. 160 days) 6.0E+01
31 Te-127m (approx. 110 days) 3.0E+02 63 Cm-243 (approx. 29 years) 6.0E+00
32| Te-129 (approx.. 70 minutes) 1.0E+04 64 Cm-244 (approx. 18 years) 7.0E+00

#%¢The half-lives are quoted from the ICRP Publication 107 “Nuclear Decay Data for Dosimetric
Calculations” [13]

Remarks) “E+number” means 10 to the numberth power



3-2. Discharge method

Within TEPCO’s Action in Response to the Basic Policy, the following outlines were presented with
regard to the discharge into the sea.

Design and operation of facilities necessary for discharge into the sea shall confirm with
regulations and receive necessary authorization by the Nuclear Regulation Authority.

Treated water to be re-purified shall repeatedly undergo secondary treatment until values are
definitely lower than regulatory requirements for safety (“the sum of the ratios” of radionuclides
other than tritium falls to less than 1)

The concentration of radioactive materials in ALPS treated water (tritium, 62 radionuclides and
C-14) shall be measured and assessed prior to dilution and discharge, and the results of
measurement /assessment shall be disclosed each time, and third party measurement/assessment
also shall be conducted and their results are disclosed.

For tritium that is difficult to remove, a large volume of sea water (at or more than 100 times)
shall be used to dilute the water prior to discharge. In this way, “the sum of the ratios” of
radionuclides other than tritium, shall fall to less than 0.01.

Tritium concentration in discharged water shall be well under the Government of Japan’s
standards for safety regulation (legally required concentration) which is 60,000Bq/L and the
World Health Organization’s (WHO) guidelines for drinking water which is 10,000Bg/L. Subject
concentration shall be less than 1,500Bq/L, similar to the current operational target value for
discharge water concentrations from groundwater bypass and subdrain.

Discharge into the sea shall be initiated carefully in small volumes, and the integrity of facilities,
transfer steps for ALPS treated water, measurement process for the concentration of radioactive
materials, assessment of diluted tritium in discharged water and status of dispersion in the sea
shall be reviewed.

In the unlikely event that failure or blackout prevents transfer equipment and dilution equipment
from performing as expected, discharge shall be stopped immediately. Also, if abnormal values
are detected in sea area monitoring, discharge shall be temporarily stopped and a survey shall be
conducted to assess the situation. Discharge shall be recommenced only after verifying that safe
discharge can be achieved.

The upper limit for the amount of tritium discharged annually shall, for the time being, be set to
22 TBq per year, (2.2E + 13Bq) which was the operational target value at FDNPS before the
accident, and standards shall be set not to exceed this value.

Specific items to be implemented, presented in TEPCO’s Action in Response to the Basic Policy, are
as presented in Table 3-2.



Table 3-2. Specific Items to be Implemented

Secondary treatment
of treated water to be
re-purified

+ For treated water to be re-purified, secondary treatment shall be conducted and

definitely below the regulatory requirements for safety shall be confirmed (“the

sum of the ratios” of radionuclides other than tritium is less than one).

Analysis of ALPS
treated water

+ The results of measurement/assessment regarding concentration of radioactive

materials such as tritium, 62radionuclides (radionuclides to be removed by
ALPS) and C-14 in ALPS treated water, shall be disclosed each time prior to
dilution and discharge, and results of measurement/assessment conducted by
third parties shall also be disclosed.

Dilution and
discharge (including
emergency measures)

+ Discharge is conducted after diluting with adequate volume of seawater (at or

more than 100 times) so that the tritium concentration is adequately below the

legally required concentration. In doing so, “the sum of the ratios” of

radionuclides other than tritium, in discharged water shall be less than 0.01.

- The tritium concentration shall be the same as the operational target value
for discharge water concentration from groundwater bypass and subdrain
(less than 1,500Bq per liter).

* The upper limit for the amount of tritium discharged annually shall, for the time

being, be set to 22 TBq per year, which was the operational target value at
FDNPS before the accident, and the limit shall be set not to exceed this value.
The annual amount of tritium discharged shall be reviewed in accordance with

the progress of decommissioning.

+ In the unlikely event that failure or blackout prevents transfer equipment and

dilution equipment from performing as expected, discharge shall be stopped

immediately.

+ If abnormal values are detected in sea area monitoring, temporarily stop

discharge and conduct a survey to assess the situation. Recommence discharge

only after verifying that safe discharge can be achieved.

Sea area monitoring

+ Initiate sea area monitoring approx. one year prior to the planned period for

commencing discharge, and conduct monitoring based on the enhanced plan.

+ Strengthen monitoring of seawater, fish and seaweed.

-In addition to the monitoring of Cs 137, focus on measuring and assessing
tritium as well.
-Seawater continues to be the primary sample material, but increase the number

of fish and seaweed sampled.

* Disclose the results of radiation measurement taken each time when discharging.

-Consider the analysis and disclosure of results by a third party.

To further reduce radiological impact on the environment, autonomous operational control values were
established, as operational control prior to initiating discharge of ALPS treated water, for the eight
radionuclides, which pose a relatively larger exposure impact on humans due to any cause such as
concentration with fish and shellfish, etc. when legally required concentrations of them is the same.
Items reviewed for setting the operational control value are presented in Reference E. Radionuclides

subject to operational control and their operational control values are presented in Table 3-3.

Additionally, when discharging into the sea, impact on surrounding environment shall be confirmed
and it shall be initiated with careful discharge in small scale. In the unlikely event that the dilution
equipment malfunctions due to a failure or power outage, or if an abnormal value is detected by
monitoring, the discharge should be stopped without fail until verifying that safe discharge can be

achieved.




ALPS treated water will be diluted at or over 100 times using seawater when discharging into the sea
so the tritium concentration falls to below 1,500Bqg/L which is the operational value for groundwater
bypass and subdrain; therefore, “the sum of the ratios” of radionuclides other than tritium to the
regulatory limits shall fall to below 0.01.

Table 3-3. Operational Control Values

. Legally required . . .

Subject X Operational control value | Ratios of legally required

i ) concentration )
radionuclide [Bq/L] concentration
[Bg/L]

C-14 2.0E+03 5.0E+02 2.50E-01
Fe-59 4.0E+02 2.0E-01 5.00E-04
Ag-110m 3.0E+02 6.0E-02 2.00E-04
Cd-113m 4.0E+01 2.0E-01 5.00E-03
Cd-115m 3.0E+02 4.0E+00 1.33E-02
Sn-119m 2.0E+03 6.0E+01 3.00E-02
Sn-123 4.0E+02 8.0E+00 2.00E-02
Sn-126 2.0E+02 4.0E-01 2.00E-03

3-3. Discharge facilities

A schematic drawing of facilities used for discharge into the sea (Figure 3-1) is presented in TEPCO’s
Action in Response to Basic Policy, and a trial calculation was conducted while considering the review
status of discharge facilities presented below.

a

Dilution/Discharge equipment consist of the sample tank for confirming concentration of
radioactive material in “ALPS treated water” prior to dilution, seawater transfer pump and
seawater transfer piping used to pump up and discharge sea water, treated water transfer pump
and treated water transfer pipe and valves used to transfer “ALPS treated water” from the
sample tank to the seawater pipe.

Tanks installed at the center of the site premises at an elevation of 33.5m near the ALPS are
used as sample tanks. One group of tanks shall consist of ten tanks with approx. 10,000m’
capacity, and each tank shall be equipped with a mixing unit, and each tank group equipped
with a circulation unit. The tanks need to function to receive, analyze and discharge
simultaneously, so three tank groups are operated in rotation. The maximum discharge volume
of ALPS treated water is 500m*/day.

The seawater transfer pump and seawater transfer piping shall be installed at 2.5m above sea
level on the seaside of Units 5 and 6. To secure that the tritium concentration falls less than
1,500Bq/L through dilution using large volumes of seawater (at or more than 100 times), a flow
meter shall be installed on the seawater transfer piping. There shall be three seawater transfer
pumps installed to ensure conservative redundancy. In order to conduct the dilution with
seawater adequately, the seawater transfer pumps shall be capable of pumping the maximum
flow rate which can be measured (approx. 170,000m’*/day/unit).

The treated water transfer pump shall be installed at 33.5m above sea level near the sample
tank. A flow control valve shall be installed to adjust the flow rate when discharging ALPS
treated water.
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e  The treated water transfer pipe shall be installed to connect the sample tank (33.5m above sea
level) with the seawater pipe (2.5m above sea level). There shall be two emergency isolation
valves installed on the treated water transfer pipes to enable isolation transfer of ALPS treated
water in the event of an abnormality. One emergency isolation valve shall be installed near the
seawater pipe to minimize the discharge of ALPS treated water in the event of an abnormality,
and another valve shall be installed on the inner side of the seawall (EL. 13.5m) in the event
that the former emergency isolation valve fails to function due to it becoming submerged from

a tsunami, etc.

This assessment is conducted on the assumption that treated water shall be discharged from the seabed

where is approx. 1 km off the coast (Figure 3-2).'°

[Conceptual diagram of Secondary treatment Land utilization plan
discharge facilities] Cr?ndru:t Stﬁt;?ndgrlyelreaatrngent ﬁS ﬂedfé(?SS?rr])é Review actions necessary, which account for the
ensuring _values well under* government policy, for the stable discharge of ALPS
TRy g MIREENE REgEIEiy) SElsy treated water and for the construction of facilities
*Sum of ratios of legally required concentrations is less than 1 necessary for decommissioning
o
N nutL:IIIi‘tlire tj
—_— rfem_r‘)_\{al . I .
Strontium (AP L Analysis of treated water
treated water, — — ’
;ﬁ:a.le eer On-site storage Secondary [ Disclose results of measurement and assessment of
tank treatment X i i radioactive material concentration of tritium, 62
facility r radionuclides (subject to removal in ALPS) and Carbon-
Water subjected to -] 14 in ALPS treated water, and
secondary treatment _— as well.
Sample tank
 Waste Tritium concentration
in discharged water
Dilution Tritium concentration in dischar
ged water shall be
Em €rgency measures , and subject concentration

Sum of ratios of legally required . .
concentrations, excluding " tritium, Stop discharge if facilities cannot

for water discharged function as intended due to failure

after dilution using or blackout, or if abnormal values Emergency -
are detected from sea monitoring. X vaen Discharge volume
In the near term, discharge shall be less than
the discharge management target value (.
— ) set at Fukushima Daiichi
before the accident. This value shall be

Mix with seawater taken in, and reviewed in accordance with the progress of

Seawater transfer pump dilute adequately

decommissioning.

Figure 3-1 Schematic Drawing of Facilities for Discharge into the Sea

16 This proposal is also advantageous from the viewpoint of seawater ingest for dilution, as the discharged

water diffuses off the coast, compared to proposals that use existing discharge
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Source: Prepared by Tokyo Electric Power Company Holdings, Inc. based on the map developed by the
Geospatial Information Authonity of Japan (Electronic territory web)

https:/maps.gsi.go.1p/#13/37.422730/141.044970/&base=std& 1sp=1&vs=c1j0h0k010u0t0z0r0
sOmOfl % Areas where common fishery rights are not set

Figure 3-2 Discharge Location (under review)
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4. Assessment Method
4-1. Source term (annually discharged amount for each radionuclide)

There are 64 radionuclides subject to radiation impact assessment for the discharge into the sea of
ALPS treated water which consist of tritium, C-14 and the 62 radionuclides to be removed by ALPS
(Table 3-1). TEPCO’s Action in Response to the Government’s Policy, the upper limit for annually
tritium discharged is set to 2.2 GBq (2.2E + 13Bq), for the time being, which was the target value for
discharge at FDNPS prior to the accident.

The discharge amount of 63 radionuclides, excluding tritium, is calculated based on the value
calculated by multiplying the radionuclide composition in ALPS treated water (concentration for each
radionuclide) and the annual discharge amount. The tritium concentration in ALPS treated water, etc.
stored ranges from approx. 150,000 Bq/L to approx. 2.16 million Bq/L, and the annual discharge
volume fluctuates depending on the tritium concentration of the ALPS treated water to be discharged.
The annual discharge amount is inversely proportional to the tritium concentration, and the discharge
amount of the 63 radionuclides other than tritium increases when the tritium concentration is lower.

The composition of radionuclides in ALPS treated water differs for each tank group, so it was decided
that the assessment would be conducted assuming the discharge of ALPS treated water with multiple
radionuclide compositions.

(1) Measured values of 64 radionuclides
1. K4 tank group (“the sum of the ratios” of radionuclides other than tritium is 0.29)
ii. J1-C tank group (“the sum of the ratios” of radionuclides other than tritium is 0.35)
1. J1-G tank group (“the sum of the ratios” of radionuclides other than tritium is 0.22)

(2) The hypothetical ALPS treated water
(“the sum of the ratios” of radionuclides, only selected relatively significant radionuclides,
other than tritium is 1)

Source term shall be set in accordance with one of the two ways below.
(1) Source term based on the measured value of the 64 radionuclides
a  The annual amount of tritium discharged shall be its upper limit, 2.2 TBq (2.2E + 13Bq).
b  The annual discharge amount shall be calculated based on (1)-a and the actual tritium
concentration measured.
¢ The annual discharge amount for each radionuclide shall be identified based on the value
calculated by multiplying the measured concentration of 63 radionuclides and the annual
discharge amount. Radionuclides below detectable levels shall also be calculated
conservatively using the minimum detection limit.

(2) Source term based on the hypothetical ALPS treated water.

a  The annual discharge amount of tritium shall be its upper limit, 2.2 GBq (2.2E + 13Bq).

b By setting the tritium concentration in ALPS treated water used for assessment as a
lower value: 100,000Bq/L, which is less than the lowest tritium concentration confirmed
so far (approx. 150,000 Bq / L), the annual discharge amount of ALPS treated water
shall be estimated at a higher value, 2.2E+0.8L. Consequently, the annual discharge
amount for radionuclides other than tritium shall also be estimated at a higher value.

¢ Within the 63 radionuclides other than tritium, the concentration of eight radionuclides
with relatively significant impact on exposure subject to operational control shall be set
using the operational control value which is the upper limit. “The sum of the ratios” of
eight radionuclides is 0.32.

d  For the other 55 radionuclides, Zn-65, the radionuclide with the most significant impact
next to the eight radionuclides subject to operational control, shall be used as the
representative radionuclide, and the concentration of Zn-65 shall be set to 140Bq/L,
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equivalent to 0.68 for its ratio of legally required concentration. “The sum of the ratios”
of radionuclides other than tritium becomes one, which is the upper limit for discharge
control value.

e  The concentration of the eight radionuclides subject to operational control and Zn-65
shall be multiplied with the annual discharge amount in (2)-b to set the annual discharge
amount for the nine radionuclides.

As indicated in 3-2., when actually discharging ALPS treated water into the sea, the water shall be
diluted at or over 100 times with seawater so the tritium concentration falls to below 1,500Bq/L which
is the operational limit for groundwater bypass and subdrain system. Therefore, “the sum of the ratios”
of radionuclides other than tritium shall fall to less than 0.01.

4-2. Modelling of dispersion and transfer after discharge,

a  Dispersion calculation at the sea area

The regional sea model “ROMS: Regional Ocean Modeling System” applied to the Fukushima
coast by the Central Research Institute of Electric Power Industry shall be used. This model
has been confirmed to have high reproducibility based on comparisons between reproductive
calculation of Cs concentration in the sea from the Fukushima Daiichi accident using past
meteorological and hydrographic data, and data from actual measurements. (Tsumune et al.,
2020) [9] This model was also used in “TEPCO Draft Study Responding to the Subcommittee
Report on Handling ALPS Treated Water” [14] disclosed on March 24, 2020. Based on this
model, concentration was calculated using a model with enhanced resolution of the sea area
surrounding the FDNPS to precisely set the discharge location and facilities at the power station
and harbor. It was confirmed that reproducibility of Cs concentration in the sea due to the
accident at FDNPS was enhanced due to the enhancement of resolution.

Key conditions for calculation are as follows.

Flow data for the sea area
*  Data interpolating short term weather forecast data from the Meteorological Agency
was used for the driving force of the sea surface (Hashimoto et al., 2010) [15].
*  Sea reanalysis data (JCOPE2(Miyazawa et al., 2009) [16] was used as original data
for the sea boundary conditions and data assimilation (nudging) '’

Scope of model (refer to figure 4-1)

Resolution (general) : North south abt. 925m x East west abt. 735m (approx. 1km),
Vertical direction: 30 layers

Resolution (close-up) : North south abt. 185m x East west abt. 147m (approx. 200m),
Vertical direction: 30 layers

Scope of model : North latitude 35.30- 39.71 degrees,
East longitude 140.30 -143.50 degrees (490km x 270km),
North south abt. 22.5m x East west abt. 8.4m around the NPS
The resolution of the sea area between the blue and red lines in
Figure 4-1 is gradually increased from abt. 1km mesh so that
the sea area, where the red and blue hatches intersect indicating
above, are becomes a 200m mesh

"7 Data assimilation: A method of combining actual measured data with a simulation.
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Figure 4-1 Scope of the Model and Distribution of Depth
(The resolution of the sea area between the blue and red lines that intersect indicating above, are
becomes a 200m mesh

b Transfer model

The transfer model for radioactive materials discharged into the sea shall be considered

with following items.

(1) Transfer and dispersion via sea current

(2) Transfer and dispersion via sea current = Adhesion to ship hull

(3) Transfer and dispersion via sea current > Adhesion to sand on the beach

(4) Transfer and dispersion via sea current = Adhesion to fishing nets

(5) Transfer and dispersion via sea current = Ingestion of marine products such as
fishery and concentration

4-3. Identifying exposure pathways
The assessment model and parameters for each exposure pathway are presented below.
a External exposure
(1) External exposure received from sea surface when working on the sea

External exposure received from radioactive materials in seawater when working on the
sea shall be assessed using the model presented in Figure 4-2.

The equation for effective dose D; (mSv/year) from sea surface radiation is presented in
equation (1)

D, = Z(Kl)i (X))t (1

In this equation,

(Ky); is the effective dose conversion factor (mSv/h)/(Bg/L)) of gamma rays of the
radionuclide i from sea surface,

(x1); is the concentration of radionuclide i in seawater (Bq/L)

ty is the number of hours exposed annually (h/year)
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The effective dose conversion factor for gamma rays emitted from sea surface were quoted
from the value in the Handbook Assessing the Impact of Decommissioning on the
Environment [17] (hereinafter “Decommissioning handbook™). For the calculation of the
effective dose conversion factor, the simple shielding calculation code QAD-CGGP2 using
the Point-Kernel method is used. For the radionuclides not indicated in the
Decommissioning handbook, beta and gamma radionuclides used the largest conservative
values for Co-60 and alpha-emitting radionuclides used Am-243 respectively (Table 4-1).
The number of hours exposed annually is shown in 4-4.

The assessment point shall be the sea area outside the boundary, where no fishing is
conducted in on a daily basis, in front of the power station where general ships such as
fishing boats do not regularly enter the area. As the distance to the closest harbor is at or
more than 5 km away, the concentration of radioactive materials in the sea used for
assessment was set to be the annual average of sea surface (top layer) concentration within
an area 10km*10km which includes the area where no fishing is conducted in on a daily
basis. A map of the sea area around the power station is presented in Figure 4-3. (Detail
calculation method of concentration in seawater is shown in 5-1, 5-2, 5-3.)

Assessment point: Elevation 1m

<

500m——

UUTIr

»
»

Figure 4-2 Model for Assessment of Exposure from Sea surface, Decommissioning Handbook
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Figure 4-3 Area Map for the Calculation of Concentration in Seawater for Assessment
Source: Prepared by Tokyo Electric Power Company Holdings, Inc. based on the map developed
by the Geospatial Information Authority of Japan (Electronic territory web)
https://maps.gsi.go.jp/#13/37.422730/141.044970/&base=std&Is=std&disp=1&vs=c1j0h0k010u
0t0z0r0sOmOf1

(2) External exposure during the work on the sea from radioactive material adhering to ship hull
External exposure during the work on the sea received from radioactive materials that have

transferred from seawater to ship hull shall be assessed using the model presented in Figure
4-4,

The equation for effective dose D> (mSv/year) from ship hull is presented in equations (2)

and (3).
D, = Z(Kz)i “(S2)i" L2 2)
(S2)i = (F2)i " (x2); 3)

In this equation,

(K,); is the effective dose conversion factor ((mSv/h)/(Bq/m?)) of gamma rays of the
radionuclide i adhering to the ship hull

(S,); is the contamination density (Bq/m?) of radionuclide i adhering to the ship hull

t, isthe number of exposed hours annually (h/year)

(F,); is the transfer factor ((Bq/m?)/(Bq/L)) of the radionuclide i from sea to the ship hull

(x3); isthe concentration of the radionuclide i in seawater (Bq/L) at the assessment point
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The values in the Decommissioning handbook were used for the effective dose conversion
factor from gamma rays of radioactive materials adhering to ship hull. For the calculation
of'the effective dose conversion factor, the simple shielding calculation code QAD-CGGP2
using the Point-Kernel method is used. For the radionuclides not indicated in the
Decommissioning handbook, beta and gamma radionuclides used the largest conservative
values for Co-60 and alpha-emitting radionuclides used Am-243 respectively (Table 4-2).
The number of hours exposed annually is shown in 4-4. The transfer factor to the ship hull
was set to 100((Bq/m?)/(Bg/L)) based on the “Application for reprocessing business”
(Japan Nuclear Fuel Service,1989) [18].

The concentration of radioactive materials in seawater at the assessment point and values
used for assessment are the same as the values used in (1) External exposure received from
sea surface when working on the sea. (Detail calculation method of concentration in
seawater is shown in 5-1, 5-2, 5-3.)

_

L _———

Ship hull
Radioactive materials in seawater
10m Adhesion

Figure 4-4 Model for Assessment of Exposure from Ship Hull, Decommissioning Handbook

x Assessment point : Elevation Im

(3) External exposure from swimming and underwater work
Assessment shall be conducted using a submersion model'® regarding external exposure
received from y rays of radioactive materials in surrounding seawater when swimming and
underwater work.

The equation for the effective dose D3 (mSv/year) received from seawater radiation when
swimming and underwater work is presented in equation (4).

D; = Z(Ks)i “(x3); " t3 “)

i

In this equation,

(K3); is the effective dose conversion factor ((mSv/h)/(Bg/L)) of radionuclide i by
gamma rays from seawater

(x3); is the concentration of radionuclide i in seawater (Bq/L)

t;  is the number of hours exposed annually (h/year)

Values from the Decommissioning handbook were used for the effective dose conversion
factor by gamma rays from seawater. For the radionuclides not indicated in the
Decommissioning handbook, beta and gamma radionuclides used the largest conservative
values for Co-60 and alpha-emitting radionuclides used Am-243 respectively (Table 4-3).
The number of hours exposed annually is shown in 4-4.

The concentration of radioactive materials in seawater at the assessment point and values
used for assessment is the same as the values used in (1) External exposure received from
sea surface when working on the sea, but average concentration for all layers from sea

18 A model that calculates the exposure received from surrounding radioactive materials when the subject is in
a situation of being surrounded by radioactive materials
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surface to seabed shall be used as exposure takes place from underwater. (Detail calculation
method of concentration in seawater is shown in 5-1, 5-2, 5-3.)

(4) External exposure at the beach
The assessment shall be conducted on the assumption of the model shown in Figure 4-5 for
external exposure received when staying on a beach from radioactive materials that have
transferred from the surface of seawater to sand on the beach.

The equation for the effective dose D4 (mSv/year) received by gamma rays from the beach
sand is presented in equation (5).

Dy = ) (Ka)i- (va)i - (Bt ®)

A

In this equation,

(Ky); 1is the effective dose conversion factor ((mSv/h)/(Bg/kg)) of radionuclide i by
gamma rays from beach sand

(x4); 1isthe concentration of radionuclide i in seawater (Bg/L)

(Fy); is the transfer coefficient ((Bq/kg)/(Bq/L)) of radionuclide i from seawater to
beach sand

ty is the number of hours exposed annually (h/year)

Values from the Decommissioning handbook were used for the effective dose conversion
factor by y rays from seawater. For the calculation of the effective dose conversion factor,
the simple shielding calculation code QAD-CGGP?2 using the Point-Kernel method is used.
For the radionuclides not indicated in the Decommissioning handbook, beta and gamma
radionuclides used the largest conservative values for Co-60 and alpha-emitting
radionuclides used Am-243 respectively (Table 4-4). The transfer coefficient of
radionuclides on beach sand was set at 1,000 ((Bq/kg)/(Bq/L)) for all radionuclides in
accordance with “Public dose assessment guideline for safety review of nuclear power light
water reactor”. The number of hours exposed annually is shown in 4-4.

The assessment point is located at a beach beyond the boundaries of the area where no
fishing is conducted on daily basis indicated in Figure 4-3. The principles for the
concentration of radioactive materials in seawater used for assessment are the same as (1)
External exposure received from sea surface when working on the sea. The average
concentration for all layers shall be used for the coastal area on the assumption that
seawater from both shallow and deep areas become mixed. (Detail calculation method of
concentration in seawater is shown in 5-1, 5-2, 5-3.)

Assessment point: Height 1m

" Beach san

150mi (g  Seawar

Transfer
.
10m

Figure 4-5 Model for Assessment of Exposure from Beach Sand, Decommissioning Handbook

(5) External exposure from radioactive material adhering to fishing net
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The assessment shall be conducted on the assumption of the model shown in Figure 4-6 for
external exposure during fishing work received from radioactive materials adhering to
fishing nets carried on deck or on dry land which have been contaminated with radioactive
materials transferred from seawater.

The equation for the effective dose Ds (mSv/year) from radioactive materials adhering to
fishing nets is presented in equations (6) and (7).

Dy = ) (K (Ss)i ©)

(S5)i = (F5)i * (X5); (7

In this equation,

(Ks5); is the effective dose conversion factor ((mSv/h)/(Bg/kg)) of gamma rays of
radionuclide i on the fishing net

(S5); 1isthe concentration of radionuclide i on the fishing net (Bg/kg)

ts is the number of hours exposed annually (h/year)
(F5); is the transfer coefficient ((Bq/kg)/(Bq/L)) of radionuclide i from seawater to
fishing net

(x5); is the underwater concentration (Bg/L) of radionuclide i in the sea area where
fishing nets are used

Values from the Decommissioning handbook were used for the effective dose conversion
factor. For the calculation of the effective dose conversion factor, the simple shielding
calculation code QAD-CGGP2 using the Point-Kernel method is used. For the
radionuclides not indicated in the Decommissioning handbook, beta and gamma
radionuclides used the largest conservative values for Co-60 and alpha-emitting
radionuclides used Am-243 respectively (Table 4-5). The number of hours exposed
annually is shown in 4-4. The transfer coefficient was set to 4,000 ((Bg/kg)/(Bq/L)) for all
radionuclides except for tritium in accordance with the “Application for Reprocessing
Business”.

The assessment point and the principles for the concentration of radioactive materials
underwater are the same as (1) External exposure received from sea surface when working
on the sea. The average concentration of all layers shall be used as fishing nets subjected
to various layers will be used depending the type of fish sampled. (Detail calculation
method of concentration in seawater is shown in 5-1, 5-2, 5-3.)

Assessment point |

1.5m 2m
Figure 4-6 Model for Assessment of Exposure from Fishing Net, Decommissioning Handbook

b Internal exposure
The model below shall be used to assess internal exposure due to ingestion of marine products
contaminated with radioactive materials transferred from seawater.

The equation for the effective dose D¢ (mSv/year) from radioactive materials due to ingestion of
marine products is presented in equations (8) and (9)
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Ds ZEZ(KEO)VHM (8)
ki

Hy; = 3651073 x;  (CF)yi * Fie * Wi * fri &)

In this equation,

(K2%); is the effective dose coefficient (mSv)/(Bq)) of ingested radionuclide i

Hy; is the ingestion rate (Bg/year) of radionuclide i based on marine products

X; is the concentration of radionuclide i in seawater

(CF),; is the concentration factor ((Bq/kg)/(Bq/L))" of radionuclide i for marine product
k

F, is the dilution factor regarding ratio of marine products contaminated with
radioactive materials (hereinafter referred to “market dilution™)

W,  is the amount of marine product k ingested (g/day)

fri is the ratio of attenuation for radionuclide i from gathering to ingestion of marine
product k

365-107 is a coefficient based on unit conversion (365 days/year, 10~ kg/g)

The value in ICRP Publication 72 ”Age-dependent Doses to Members of the Public from Ingest
of Radionuclides; Part 5 Compilation of Ingestion and inhalation Dose Coefficients”’[19] was used
for the effective dose coefficient by ingestion (Table 4-6).

The distance to the closest fishing port is Skm or more; therefore, the area, where no fishing is
conducted on daily basis, is set to be 10km x10km around the power station, and the concentration
of radioactive materials underwater was set to be the average concentration in the area 10km x
10km around the power station including the area where common fishery rights are not set. The
average concentration of all layers shall be used. (Detail calculation method of concentration in
seawater is shown in 5-1, 5-2, 5-3.)

The value in IAEA Technical Reports Series No.422 “Sediment Distribution Coefficients and
Concentration Factors for Biota in the Marine Environment” [20] and UCRL-50564 Rev.1
“CONCENTRATION FACTORS OF CHEMICAL ELEMENTS IN EDIBLE AQUATIC
ORGANISMS” [21] was used for the concentration factor of marine products (Table 4-7).

The amount of marine product ingestion is shown in 4-4. The attenuation of radionuclide was
dismissed for market dilution and the period from gathering to ingestion of marine products.

4-4. Identifying the representative person subject to exposure assessment

Characteristics of the representative person subject to exposure assessment were set as presented below
in accordance with the “Public dose assessment guideline for safety review of nuclear power light
water reactor”, etc.

* Conducts fishing for 120 days (2,880 hours) annually of which 80 days (1,920 hours) are spent
working near fishing nets.

+ Stays on the beach for 500 hours, and swims 96 hours annually.

* The amount of marine products ingestion was assessed using the two cases below while
referring to the amount of ingest by food group in the “FY2019 National Health and Nutrition
Survey” disclosed by Ministry of Health. Labour and Welfare.

19" A convenient factor shows the relationship between the radionuclide concentration (per wet weight) in
marine life (edible parts as a rule) with respect to the radionuclide concentration in the living environment. It is
used in the assessment model for transfer to life.
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(1) Person ingesting an average amount of marine products
The average ingestion amount by persons aged 20 years or older was set as the adult value,
and values for children and infants were set at 1/2 and 1/5 the amount consumed by adults
respectively in accordance with the “Guidelines for the Assessment of Target Dose Values
Around Commercial Light Water Reactor Facilities[22]

(2) Person ingesting large amounts of marine products
Adult value was set by adding two times the standard deviation value to the average
ingestion amount

4-5. Exposure assessment method

The exposure calculation shall be conducted in accordance with the assessment methods described in
4-1 to 4-4.

The calculation result shall be compared with the public dose limit 1mSv/year. Since the concept of
dose constraint value is not applied in Japan, the comparison with the target dose value for domestic
nuclear power stations, 0.05mSv/year, which is set as the target of optimization, shall be also.
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Table 4-1 Effective Dose Conversion Factor of Radiation from Sea Surface

Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bq/L))
H-3 5.4E-15
C-14 3.7E-12
Mn-54 1.7E-07
Fe-59 3.2E-11
Co-58 2.0E-07
Co-60 5.0E-07
Ni-63 2.3E-13
Zn-65 1.2E-07
Rb-86 5.0E-07 Set to same value as Co-60 conservatively
Sr-89 5.0E-07 Set to same value as Co-60 conservatively
Sr-90 1.6E-09
Y-90 - Included in parent radionuclide Sr-90
Y-91 5.0E-07 Set to same value as Co-60 conservatively
Nb-95 5.0E-07 Set to same value as Co-60 conservatively
Tc-99 1.5E-11
Ru-103 5.0E-07 Set to same value as Co-60 conservatively
Ru-106 4.5E-08
Rh-103m - Included in parent radionuclide Ru-103
Rh-106 - Included in parent radionuclide Ru-106
Ag-110m 5.0E-07 Set to same value as Co-60 conservatively
Cd-113m 7.4E-11
Cd-115m 5.0E-07 Set to same value as Co-60 conservatively
Sn-119m 5.0E-07 Set to same value as Co-60 conservatively
Sn-123 5.0E-07 Set to same value as Co-60 conservatively
Sn-126 1.1E-08
Sb-124 5.0E-07 Set to same value as Co-60 conservatively
Sb-125 8.7E-08
Te-123m 5.0E-07 Set to same value as Co-60 conservatively
Te-125m 6.6E-09
Te-127 5.0E-07 Set to same value as Co-60 conservatively
Te-127m 5.0E-07 Set to same value as Co-60 conservatively
Te-129 - Included in parent radionuclide Te-129m
Te-129m 5.0E-07 Set to same value as Co-60 conservatively
I-129 4.6E-09
Cs-134 3.1E-07
Cs-135 5.0E-07 Set to same value as Co-60 conservatively
Cs-136 5.0E-07 Set to same value as Co-60 conservatively
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/L))
Cs-137 1.2E-07
Ba-137m - Included in parent radionuclide Cs-137
Ba-140 5.0E-07 Set to same value as Co-60 conservatively
Ce-141 5.0E-07 Set to same value as Co-60 conservatively
Ce-144 1.3E-08
Pr-144 - Included in parent radionuclide Ce-144
Pr-144m - Included in parent radionuclide Ce-144
Pm-146 5.0E-07 Set to same value as Co-60 conservatively
Pm-147 8.2E-12
Pm-148 5.0E-07 Set to same value as Co-60 conservatively
Pm-148m 5.0E-07 Set to same value as Co-60 conservatively
Sm-151 1.7E-12
Eu-152 2.3E-07
Eu-154 2.5E-07
Eu-155 5.0E-07 Set to same value as Co-60 conservatively
Gd-153 5.0E-07 Set to same value as Co-60 conservatively
Tb-160 5.0E-07 Set to same value as Co-60 conservatively
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
Cm-243 4.4E-08 Set to same value as Am-243 conservatively
Cm-244 4.5E-11

Table 4-2 Effective Dose Conversion Factor of y Ray from Ship

Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/m?))
H-3 1.4E-14
C-14 1.3E-12
Mn-54 1.4E-09
Fe-59 4.2E-12
Co-58 1.6E-09
Co-60 3.5E-09
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/m?))
Ni-63 2.5E-13
Zn-65 1.0E-09
Rb-86 3.5E-09 Set to same value as Co-60 conservatively
Sr-89 3.5E-09 Set to same value as Co-60 conservatively
Sr-90 5.8E-11
Y-90 - Included in parent radionuclide Sr-90
Y-91 3.5E-09 Set to same value as Co-60 conservatively
Nb-95 3.5E-09 Set to same value as Co-60 conservatively
Tc-99 2.8E-12
Ru-103 3.5E-09 Set to same value as Co-60 conservatively
Ru-106 4.0E-10
Rh-103m - Included in parent radionuclide Ru-103
Rh-106 - Included in parent radionuclide Ru-106
Ag-110m 3.5E-09 Set to same value as Co-60 conservatively
Cd-113m 7.2E-12
Cd-115m 3.5E-09 Set to same value as Co-60 conservatively
Sn-119m 3.5E-09 Set to same value as Co-60 conservatively
Sn-123 3.5E-09 Set to same value as Co-60 conservatively
Sn-126 2.3E-10
Sb-124 3.5E-09 Set to same value as Co-60 conservatively
Sb-125 8.3E-10
Te-123m 3.5E-09 Set to same value as Co-60 conservatively
Te-125m 4.4E-10
Te-127 3.5E-09 Set to same value as Co-60 conservatively
Te-127m 3.5E-09 Set to same value as Co-60 conservatively
Te-129 - Included in parent radionuclide Te-129m
Te-129m 3.5E-09 Set to same value as Co-60 conservatively
I-129 3.0E-10
Cs-134 2.4E-09
Cs-135 3.5E-09 Set to same value as Co-60 conservatively
Cs-136 3.5E-09 Set to same value as Co-60 conservatively
Cs-137 9.5E-10
Ba-137m - Included in parent radionuclide Cs-137
Ba-140 3.5E-09 Set to same value as Co-60 conservatively
Ce-141 3.5E-09 Set to same value as Co-60 conservatively
Ce-144 1.6E-10
Pr-144 - Included in parent radionuclide Ce-144
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Effective dose
Radionuclide conversion factor Remarks
((mSv/h)/(Bg/m?))

Pr-144m - Included in parent radionuclide Ce-144
Pm-146 3.5E-09 Set to same value as Co-60 conservatively
Pm-147 1.9E-12
Pm-148 3.5E-09 Set to same value as Co-60 conservatively

Pm-148m 3.5E-09 Set to same value as Co-60 conservatively
Sm-151 8.7E-13
Eu-152 1.8E-09
Eu-154 1.8E-09
Eu-155 3.5E-09 Set to same value as Co-60 conservatively
Gd-153 3.5E-09 Set to same value as Co-60 conservatively
Tb-160 3.5E-09 Set to same value as Co-60 conservatively
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
Cm-243 1.1E-09 Set to same value as Am-243 conservatively
Cm-244 1.0E-10

Table 4-3 Effective Dose Conversion Factor for Exposure from Seawater Radiation When
Swimming and Underwater Work

Effective dose
Radionuclide conversion factor Remarks
((mSv/h)/(Bg/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
Rb-86 1.4E-06 Set to same value as Co-60 conservatively
Sr-89 1.4E-06 Set to same value as Co-60 conservatively
Sr-90 7.2E-13
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/L))
Y-90 - Included in parent radionuclide Sr-90
Y-91 1.4E-06 Set to same value as Co-60 conservatively
Nb-95 1.4E-06 Set to same value as Co-60 conservatively
Tc-99 4.0E-13
Ru-103 1.4E-06 Set to same value as Co-60 conservatively
Ru-106 1.2E-07
Rh-103m - Included in parent radionuclide Ru-103
Rh-106 - Included in parent radionuclide Ru-106
Ag-110m 1.4E-06 Set to same value as Co-60 conservatively
Cd-113m 4.2E-11
Cd-115m 1.4E-06 Set to same value as Co-60 conservatively
Sn-119m 1.4E-06 Set to same value as Co-60 conservatively
Sn-123 1.4E-06 Set to same value as Co-60 conservatively
Sn-126 3.2E-08
Sb-124 1.4E-06 Set to same value as Co-60 conservatively
Sb-125 2.5E-07
Te-123m 1.4E-06 Set to same value as Co-60 conservatively
Te-125m 2.0E-08
Te-127 1.4E-06 Set to same value as Co-60 conservatively
Te-127m 1.4E-06 Set to same value as Co-60 conservatively
Te-129 - Included in parent radionuclide Te-129m
Te-129m 1.4E-06 Set to same value as Co-60 conservatively
I-129 1.4E-08
Cs-134 9.0E-07
Cs-135 1.4E-06 Set to same value as Co-60 conservatively
Cs-136 1.4E-06 Set to same value as Co-60 conservatively
Cs-137 3.4E-07
Ba-137m - Included in parent radionuclide Cs-137
Ba-140 1.4E-06 Set to same value as Co-60 conservatively
Ce-141 1.4E-06 Set to same value as Co-60 conservatively
Ce-144 2.8E-08
Pr-144 - Included in parent radionuclide Ce-144
Pr-144m - Included in parent radionuclide Ce-144
Pm-146 1.4E-06 Set to same value as Co-60 conservatively
Pm-147 2.5E-12
Pm-148 1.4E-06 Set to same value as Co-60 conservatively
Pm-148m 1.4E-06 Set to same value as Co-60 conservatively
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/L))

Sm-151 8.3E-12
Eu-152 6.6E-07
Eu-154 6.4E-07
Eu-155 1.4E-06 Set to same value as Co-60 conservatively
Gd-153 1.4E-06 Set to same value as Co-60 conservatively
Tb-160 1.4E-06 Set to same value as Co-60 conservatively
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
Cm-243 1.4E-07 Set to same value as Am-243 conservatively
Cm-244 9.0E-10

Table 4-4 Effective Dose Conversion Factor for y Ray from Beach Sand

Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/kg))
H-3 4.3E-15
C-14 1.4E-12
Mn-54 1.6E-07
Fe-59 1.6E-11
Co-58 1.9E-07
Co-60 4.7E-07
Ni-63 1.1E-13
Zn-65 1.1E-07
Rb-86 4.7E-07 Set to same value as Co-60 conservatively
Sr-89 4.7E-07 Set to same value as Co-60 conservatively
Sr-90 1.2E-09
Y-90 - Included in parent radionuclide Sr-90
Y-91 4.7E-07 Set to same value as Co-60 conservatively
Nb-95 4.7E-07 Set to same value as Co-60 conservatively
Tc-99 6.3E-12
Ru-103 4.7E-07 Set to same value as Co-60 conservatively
Ru-106 4.3E-08
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/kg))
Rh-103m - Included in parent radionuclide Ru-103
Rh-106 - Included in parent radionuclide Ru-106
Ag-110m 4.7E-07 Set to same value as Co-60 conservatively
Cd-113m 4.1E-11
Cd-115m 4.7E-07 Set to same value as Co-60 conservatively
Sn-119m 4.7E-07 Set to same value as Co-60 conservatively
Sn-123 4.7E-07 Set to same value as Co-60 conservatively
Sn-126 5.2E-09
Sb-124 4.7E-07 Set to same value as Co-60 conservatively
Sb-125 8.3E-08
Te-123m 4.7E-07 Set to same value as Co-60 conservatively
Te-125m 1.9E-09
Te-127 4.7E-07 Set to same value as Co-60 conservatively
Te-127m 4.7E-07 Set to same value as Co-60 conservatively
Te-129 - Included in parent radionuclide Te-129m
Te-129m 4.7E-07 Set to same value as Co-60 conservatively
I-129 1.3E-09
Cs-134 3.1E-07
Cs-135 4.7E-07 Set to same value as Co-60 conservatively
Cs-136 4.7E-07 Set to same value as Co-60 conservatively
Cs-137 1.2E-07
Ba-137m - Included in parent radionuclide Cs-137
Ba-140 4.7E-07 Set to same value as Co-60 conservatively
Ce-141 4.7E-07 Set to same value as Co-60 conservatively
Ce-144 1.0E-08
Pr-144 - Included in parent radionuclide Ce-144
Pr-144m - Included in parent radionuclide Ce-144
Pm-146 4.7E-07 Set to same value as Co-60 conservatively
Pm-147 3.5E-12
Pm-148 4.7E-07 Set to same value as Co-60 conservatively
Pm-148m 4.7E-07 Set to same value as Co-60 conservatively
Sm-151 6.3E-13
Eu-152 2.1E-07
Eu-154 2.3E-07
Eu-155 4.7E-07 Set to same value as Co-60 conservatively
Gd-153 4.7E-07 Set to same value as Co-60 conservatively
Tb-160 4.7E-07 Set to same value as Co-60 conservatively
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/kg))

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
Cm-243 3.1E-08 Set to same value as Am-243 conservatively
Cm-244 3.6E-11

Table 4-5 Effective Dose Conversion Factor for y Ray from Fishing Nets

Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/kg))
H-3 1.9E-16
C-14 1.5E-13
Mn-54 3.2E-08
Fe-59 2.2E-12
Co-58 3.7E-08
Co-60 9.9E-08
Ni-63 7.8E-15
Zn-65 2.3E-08
Rb-86 9.9E-08 Set to same value as Co-60 conservatively
Sr-89 9.9E-08 Set to same value as Co-60 conservatively
Sr-90 2.1E-10
Y-90 - Included in parent radionuclide Sr-90
Y-91 9.9E-08 Set to same value as Co-60 conservatively
Nb-95 9.9E-08 Set to same value as Co-60 conservatively
Tc-99 7.9E-13
Ru-103 9.9E-08 Set to same value as Co-60 conservatively
Ru-106 8.2E-09
Rh-103m - Included in parent radionuclide Ru-103
Rh-106 - Included in parent radionuclide Ru-106
Ag-110m 9.9E-08 Set to same value as Co-60 conservatively
Cd-113m 5.9E-12
Cd-115m 9.9E-08 Set to same value as Co-60 conservatively
Sn-119m 9.9E-08 Set to same value as Co-60 conservatively
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Effective dose

Radionuclide conversion factor Remarks
((mSv/h)/(Bg/kg))
Sn-123 9.9E-08 Set to same value as Co-60 conservatively
Sn-126 7.0E-10
Sb-124 9.9E-08 Set to same value as Co-60 conservatively
Sb-125 1.5E-08
Te-123m 9.9E-08 Set to same value as Co-60 conservatively
Te-125m 2.3E-10
Te-127 9.9E-08 Set to same value as Co-60 conservatively
Te-127m 9.9E-08 Set to same value as Co-60 conservatively
Te-129 - Included in parent radionuclide Te-129m
Te-129m 9.9E-08 Set to same value as Co-60 conservatively
I-129 1.6E-10
Cs-134 5.9E-08
Cs-135 9.9E-08 Set to same value as Co-60 conservatively
Cs-136 9.9E-08 Set to same value as Co-60 conservatively
Cs-137 2.2E-08
Ba-137m - Included in parent radionuclide Cs-137
Ba-140 9.9E-08 Set to same value as Co-60 conservatively
Ce-141 9.9E-08 Set to same value as Co-60 conservatively
Ce-144 2.0E-09
Pr-144 - Included in parent radionuclide Ce-144
Pr-144m - Included in parent radionuclide Ce-144
Pm-146 9.9E-08 Set to same value as Co-60 conservatively
Pm-147 4.2E-13
Pm-148 9.9E-08 Set to same value as Co-60 conservatively
Pm-148m 9.9E-08 Set to same value as Co-60 conservatively
Sm-151 5.8E-14
Eu-152 4.3E-08
Eu-154 4.7E-08
Eu-155 9.9E-08 Set to same value as Co-60 conservatively
Gd-153 9.9E-08 Set to same value as Co-60 conservatively
Tb-160 9.9E-08 Set to same value as Co-60 conservatively
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
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Effective dose
Radionuclide conversion factor Remarks
((mSv/h)/(Bg/kg))
Cm-242 1.8E-12
Cm-243 4.8E-09 Set to same value as Am-243 conservatively
Cm-244 2.1E-12
Table 4-6 Effective Dose Coefficient due to Ingestion
Effective dose coefficient
Subject radionuclide (mSv/Bq) Remarks
Adult Child Infant
H-3 1.8E-08 3.1E-08 6.4E-08
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
Y-90 - - - Assessed using parent radionuclide Sr-90
Y-91 2.4E-06 8.8E-06 2.8E-05
Nb-95 5.8E-07 1.8E-06 4.6E-06
Tc-99 6.4E-07 2.3E-06 1.0E-05
Ru-103 7.3E-07 2.4E-06 7.1E-06
Ru-106 7.0E-06 2.5E-05 8.4E-05
Rh-103m - - - Assessed using parent radionuclide Ru-103
Rh-106 - - - Assessed using parent radionuclide Ru-106
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
Sb-124 2.5E-06 8.4E-06 2.5E-05
Sb-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
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Effective dose coefficient

Subject radionuclide (mSv/Bq) Remarks
Adult Child Infant
Te-127m 2.3E-06 9.5E-06 4.1E-05
Te-129 - - - Assessed using parent radionuclide Te-129m

Te-129m 3.0E-06 1.2E-05 4.4E-05
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 9.6E-06 2.1E-05

Ba-137m - - - Assessed using parent radionuclide Cs-137
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

Pr-144 - - - Assessed using parent radionuclide Ce-144

Pr-144m - - - Assessed using parent radionuclide Ce-144
Pm-146 9.0E-07 2.8E-06 1.0E-05
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
Tb-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
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Table 4-7 Concentration Factor for Marine Products

Subject Concentration factor ((Bq/kg)/(Bg/L))
radionuclide Remarks
Fish Invertebrates | Seaweed
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
Rb-86 9.0E+00 1.7E+01 1.7E+01 | Referenced from UCRL-50564 Rev.1
Sr-89 3.0E+00 1.0E+01 1.0E+01
Sr-90 3.0E+00 1.0E+01 1.0E+01
Y-90 - - - Assessed using parent radionuclide 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 - - - Assessed using parent radionuclide Ru-103
Rh-106 - - - Assessed using parent radionuclide Ru-106
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
Sb-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 - - - Assessed using parent radionuclide Te-129m
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
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Subject Concentration factor ((Bq/kg)/(Bgq/L))
radionuclide Remarks

Fish Invertebrates | Seaweed

Ba-137m - - - Assessed using parent radionuclide Cs-137
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 - - - Assessed using parent radionuclide Ce-144

Pr-144m - - - Assessed using parent radionuclide Ce-144
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
Tb-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

*Values for mollusks (excluding cephalopodan) were used for invertebrates.

Table 4-8 Ingestion Amount for Person Ingesting Average Amount of Marine Products (g/day)

Fishes Invertebrates Seaweed
Adult 58 10 11
Child 29 5.1 5.3
Infant 12 2.0 2.1
Table 4-9 Ingestion Amount for Person Ingesting Large Amounts of Marine Products (g/day)
Fishes Invertebrates Seaweed
Adult 190 62 52
Child 97 31 26
Infant 39 12 10
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5. Assessment of Exposure
5-1. Selecting source term

The source term (annual discharge, Bq) selected in accordance with steps indicated in 4-1. are
presented in Tables 5-1 to 5-4. When actually performing discharge of ALPS treated water, the subject
water shall be diluted at or over 100 times using seawater when discharging into the sea so the tritium
concentration falls to below 1,500Bg/L which is the operational limit for groundwater bypass and
subdrain; therefore, “the sum of the ratios” of radionuclides other than tritium shall fall to below 0.01.

5-2. Assessment of dispersion and transfer

The model presented in 4-2. was used to calculate the changes in tritium concentration in seawater
through dispersion and transfer under conditions where an annual total of 22 TBq (2.2E+13Bq) of
tritium is discharged evenly throughout the year from the seabed approx. 1 km off the coast of the
power station. Data from 2014 and 2019 were used regarding meteorological and sea conditions. The
results for the two years are not significantly different. The results of the calculation of the average
concentrations around the power plant for meteorogical and sea conditions in 2019, shown in Figures
5-1 to 5, were relatively high. Figure 5-1 presents the annual average concentration on the sea surface
over a wide area, and Figure 5-2 presents the annual average concentration on the sea surface near the
power station. An area approx. 3 km around FDNPS shows concentration exceeding 1Bg/L on the sea
surface.

Figures 5-3 and 5-4 present a cross-section of the annual average concentration in the sea from the
east-west direction and north-south direction. Although the concentration exceeds 20Bq/L near the
point of discharge at seabed, the concentration rapidly decreases in the surrounding area.

Figure 5-5 presents the seasonal average concentration on the sea surface. An area around FDNPS
also shows concentration exceeding 1Bg/L, although the area varies compared to Figure 5-1.

Figure 5-6 and 5-7 illustrates the most northerly, southerly and easterly spreading cases of the daily
average concentration distribution at the sea surface throughout the year, respectively. A comparison
of the calculation results with those of the coastal discharges that were being compared in the study
of the release method is shown in Reference F.
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5-3. Calculating the seawater concentration of radionuclides used for assessment

Based on the results of dispersion and transfer assessment of tritium, the concentration of other
radionuclides is calculated through the ratio of annual discharge of trittum and that of other
radionuclides.

The tritium concentration (annual average concentration) in seawater, if tritium is discharged at an
annual rate of 22 TBq (2.2E+13Bq), within a 10km*10km area around the power station is presented
in Table 5-5. The rate of change in concentrations between 2014 and 2019 was below 20%. Also, in
the model used as a basis for the assessment, a reproduction calculation of Cs-137 leaking from the
FDNPS was conducted and presented in a dissertation (Tsumune et al., 2020 [13]). The distributions
of annual average concentration calculated using meteorological conditions of the four years from
2013 to 2016 were similar, and it is stated that the predictability of the annual average concentration
distributions of the subject sea area was high. While the impact of year to year fluctuations in
concentration is small, the larger concentration value from the year 2019 was used in this assessment.

The results, and concentration of radioactive material in seawater used for assessment calculated from
annual discharge for each radionuclide in tables 5-1 to 5-4, are presented in tables 5-6 to 5-9.

5-4. Results of exposure assessment

The results of exposure assessment conducted regarding the four cases below using the concentrations
in seawater presented in tables 5-6 to 5-9 are presented in tables 5-10 and 5-11.

(1) Source term based on the measured value of the 64 radionuclides
1. K4 tank group (“the sum of the ratios” of radionuclides other than tritium is 0.29)
ii. J1-C tank group (“the sum of the ratios” of radionuclides other than tritium is 0.35)
1. J1-G tank group (“the sum of the ratios” of radionuclides other than tritium is 0.22)

(2) Source term based on the hypothetical ALPS treated water
(“the sum of the ratios” of radionuclides other than tritium is 1)

The results of assessment using source term by the radionuclide composition of measured values was
0.000017 (1.7E-05) to 0.00031 (3.1E-04) mSv/year, and both values were significantly below not only
the public dose limit of 1mSv/year, but also the target dose value for the Domestic Nuclear Power
Plant which is 0.05mSv/year. Also, in the assessment conducted under extremely conservative
conditions where the source term based on the hypothetical ALPS treated water which “the sum of the
ratios” of relatively significant radionuclides is 1, and the subject was assumed to consume large
amounts of Marine products, the results of exposure assessment was 0.0021 (2.1E-03) mSv/year,
which was significantly lower than not only the dose limit of 1mSv/year, but also the target dose value
of 0.05mSv/year. In the evaluation in the source term based on measured values, nuclides below the
detection limit (non-detected nuclides) were also evaluated as being included at the detection limit.
For this reason, the evaluation results are considered to be conservative. The contribution of non-
detected nuclides in the evaluation results is shown in Reference G.

The internal exposure assessment results in infants, where the effective dose coefficient is large and
the internal exposure assessment value is high, was within the scope of 0.000029 (2.9E-05mSv/year)
for the smallest value from the K4 tank group and 0.0039 (3.9E-03) mSv/year for the results with the
largest value using the upper limit for discharge control; and results were significantly lower than not
only the dose limit of ImSv/year, but also the target dose value of 0.05mSv/year.

Details of the assessment results by each radionuclide are presented in Reference H.
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Table 5-1 Source Term by Radionuclide Composition of Measured Values (K4 tank group)
(annual discharge)

Subject Radionucl%de An’nual Annual discharge
radionuclide concentration drainage (Ba) Remarks
(Bg/L) (D)
H-3 1.9E+05 1.2E+08 2.2E+13 * The amount of tritium discharged
C-14 1.5E+01 1.7E+09 annually was set to be the upper limit
Mn-54 6.7E-03 7 QE+05 value for annual discharge.
Fe-59 1 7E-02 5 OE+06 * Discharged ?Nater shall be diluted at
or over 100 times with seawater so
Co-58 8.0E-03 9.3E+05 that the tritium concentration falls to
Co-60 4.4E-01 5.1E+07 below 1500Bg/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
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
Sb-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
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Subject Radionucl%de An.nual Annual discharge
radionuclide concentration drainage Bq) Remarks
(Bg/L) @)

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
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
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Table 5-2 Source Term by Radionuclide Composition of Measured Values (J1-C tank group)
(annual discharge)

Subject Radionucl%de An’nual Annual discharge
radionuclide concentration drainage (Ba) Remarks
(Ba/L) @)
H-3 8.2E+05 2.7E+07 2.2E+13 + The amount of tritium discharged
C-14 1.8E+01 4.8E+08 annually was set to be the upper limit
Mn-54 3 8E-02 1.OE+06 value for annual discharge.
Fe59 8 7E-02 2 3E106 * Discharged water shall be diluted at
Cos8 A 1E-00 L1E+06 or over 100 times with Sf:awater so
that the tritium concentration falls to
Co-60 3.3E-01 8.9E+06 below 1500Bq/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
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
Sb-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
I-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
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Subject Radionucl%de An.nual Annual discharge
radionuclide concentration drainage Bq) Remarks
(Bg/L) @)

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
Tb-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
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 5-3 Source Term by Radionuclide Composition of Measured Values (J1-G tank group)

(annual discharge)

) Radionuclide Annual .
Subject ) ] Annual discharge
i ) concentration drainage Remarks
radionuclide (Bq)
(Bq/L) (D)
H-3 2.7E+05 8.1E+07 2.2E+13 + The amount of tritium discharged
C-14 1.6E+01 1.3E+09 annually was set to be the upper limit
Mn-54 3 8E-02 3 1E406 value for annual discharge.
Fe-59 79E-02 5 9F+06 * Discharged water shall be diluted at
: : or over 100 times with seawater so
Co-58 3.7E-02 3.0E+06
Co-60 2.3E-01 1.9E+07
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Subject Radionucl%de An.nual Annual discharge
radionuclide concentration drainage Bq) Remarks
(Bg/L) @)
Ni-63 8.8E+00 7.2E+08 that the tritium concentration falls to
Zn-65 8.0E-02 6.5E+06 |below 1500Bg/L.
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
Sb-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
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
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Subject Radionucl%de An.nual Annual discharge
radionuclide concentration drainage Bq) Remarks
(Bg/L) @)
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
Tb-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

Table 5-4 Source Term based on the hypothetical ALPS treated water (annual discharge)

. Radionuclide Annual .
Subject ) . Annual discharge
] ) concentration drainage Remarks
radionuclide (Bg)
(Bq/L) (D)
H-3 2.2E+08 * The amount of tritium discharged
1.0E+05 2.2E+13 ..
annually was set to be the upper limit
C-14 5.0E+02 1.1E+11 value for annual discharge.
Fe-59 * Discharged water shall be diluted at
e 2.0E-01 4.4E+07 : .
or over 100 times with seawater so
Zn-65 1.4E+02 3.1E+10 that the tritium concentration falls to
Ag-110m below 1500Bq/L. Therefore, “the
6.0E-02 1.3E+07 sum of the ratios” of radionuclides
Cd-113m 2 0E-01 4 4E+07 other than tritium to the regulatory
limits is below 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
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Table 5-5 Tritium Concentration in Seawater if Discharging Tritium at a Rate of 2.2E+13Bq

Annually
Result of calculation (Bg/L) Concentration
Depth Meteorological{sea Meteorological/' sea | Difference | for assessment
phenc;r(l)lleértlon n phen(;r(l)llegon n (%) (Bq/L)
Average concentration in 1a?::1rs 4.8E-02 5.6E-02 17 5.6E-02
an area 10km*10km
around the power station lz;’fr 1.0E-01 1.2E-01 18 1.2E-01

Table 5-6 Concentration in Seawater used for Assessment (source term by radionuclide
composition in K4 tank group)

Concentration in seawater used for
assessment

Subject {%nnual (within an area of 10km*10km)

radionuclide discharge Average Average
(Bq) concentration of concentration of

all layers top layer
(Bg/L) (Bg/L)
H-3 2.2E+13 5.6E-02 1.2E-01
C-14 1.7E+09 4.4E-06 9.5E-06
Mn-54 7.8E+05 2.0E-09 4.2E-09
Fe-59 2.0E+06 5.0E-09 1.1E-08
Co-58 9.3E+05 2.4E-09 5.1E-09
Co-60 5.1E+07 1.3E-07 2.8E-07
Ni-63 2.5E+08 6.5E-07 1.4E-06
Zn-65 1.7E+06 4.4E-09 9.5E-09
Rb-86 2.2E+07 5.6E-08 1.2E-07
Sr-89 1.2E+07 2.9E-08 6.3E-08
Sr-90 2.5E+07 6.5E-08 1.4E-07
Y-90 2.5E+07 6.5E-08 1.4E-07
Y-91 2.5E+08 6.5E-07 1.4E-06
Nb-95 1.2E+06 2.9E-09 6.3E-09
Te-99 8.1E+07 2.1E-07 4.4E-07
Ru-103 1.2E+06 2.9E-09 6.3E-09
Ru-106 1.9E+08 4.7E-07 1.0E-06
Rh-103m 1.2E+06 2.9E-09 6.3E-09
Rh-106 1.9E+08 4.7E-07 1.0E-06
Ag-110m 6.5E+05 1.7E-09 3.5E-09
Cd-113m 2.1E+06 5.3E-09 1.1E-08
Cd-115m 7.4E+07 1.9E-07 4.0E-07
Sn-119m 2.0E+07 5.0E-08 1.1E-07
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Concentration in seawater used for

assessment

Subject {\nnual (within an area of 10km*10km)

radionuclide discharge Average Average
(Bq) concentration of concentration of

all layers top layer
(Bq/L) (Bq/L)
Sn-123 1. 4E+08 3.5E-07 7.6E-07
Sn-126 3.1E+06 8.0E-09 1.7E-08
Sb-124 1.1E+06 2.8E-09 6.0E-09
Sb-125 3.8E+07 9.7E-08 2.1E-07
Te-123m 1.1E+06 2.7E-09 5.8E-09
Te-125m 3.8E+07 9.7E-08 2.1E-07
Te-127 3.7E+07 9.4E-08 2.0E-07
Te-127m 3.7E+07 9.4E-08 2.0E-07
Te-129 9.4E+06 2.4E-08 5.1E-08
Te-129m 3.7E+07 9.4E-08 2.0E-07
1-129 2.4E+08 6.2E-07 1.3E-06
Cs-134 5.2E+06 1.3E-08 2.8E-08
Cs-135 2.9E+02 7.4E-13 1.6E-12
Cs-136 3.5E+06 8.8E-09 1.9E-08
Cs-137 4 9E+07 1.2E-07 2.7E-07
Ba-137m 4.9E+07 1.2E-07 2.7E-07
Ba-140 1.1E+07 2.8E-08 6.0E-08
Ce-141 2.9E+06 7.4E-09 1.6E-08
Ce-144 7.3E+06 1.9E-08 4.0E-08
Pr-144 7.3E+06 1.9E-08 4.0E-08
Pr-144m 7.3E+06 1.9E-08 4.0E-08
Pm-146 1.1E+07 2.9E-08 6.2E-08
Pm-147 2.2E+07 5.6E-08 1.2E-07
Pm-148 5.8E+07 1.5E-07 3.2E-07
Pm-148m 9.7E+05 2.5E-09 5.3E-09
Sm-151 1.0E+05 2.7E-10 5.7E-10
Eu-152 3.2E+06 8.3E-09 1.8E-08
Eu-154 1.4E+06 3.5E-09 7.6E-09
Eu-155 3.8E+06 9.7E-09 2.1E-08
Gd-153 3.7E+06 9.4E-09 2.0E-08
Tb-160 3.2E+06 8.3E-09 1.8E-08
Pu-238 7.3E+04 1.9E-10 4.0E-10
Pu-239 7.3E+04 1.9E-10 4.0E-10
Pu-240 7.3E+04 1.9E-10 4.0E-10
Pu-241 3.2E+06 8.3E-09 1.8E-08

52




Concentration in seawater used for

assessment
. Annual (within an area of 10km*10km)
Subject i
] ) discharge Average Average
radionuclide i .
(Bq) concentration of concentration of
all layers top layer
(Bg/L) (Bg/L)
Am-241 7.3E+04 1.9E-10 4.0E-10
Am-242m 4.5E+03 1.1E-11 2.5E-11
Am-243 7.3E+04 1.9E-10 4.0E-10
Cm-242 7.3E+04 1.9E-10 4.0E-10
Cm-243 7.3E+04 1.9E-10 4.0E-10
Cm-244 7.3E+04 1.9E-10 4.0E-10
Subject for exposure Swimming Seawater
assessment Beach sand Ship hull
Fishing nets
Ingest of Marine
products

Table 5-7 Concentration in Seawater Used for Assessment (source term by the J1-C tank

group water)

Concentration in seawater used for

assessment

Subject {%nnual (within an area of 10km™*10km)

cadionuclide discharge Average Average
(Bq) concentration of concentration of

all layers top layer
(Bg/L) (Bg/L)
H-3 2.2E+13 5.6E-02 1.2E-01
C-14 4.8E+08 1.2E-06 2.6E-06
Mn-54 1.0E+06 2.6E-09 5.6E-09
Fe-59 2.3E+06 5.9E-09 1.3E-08
Co-58 1.1E+06 2.8E-09 6.0E-09
Co-60 8.9E+06 2.3E-08 4.8E-08
Ni-63 2.3E+08 5.8E-07 1.2E-06
Zn-65 2.5E+06 6.4E-09 1.4E-08
Rb-86 1.3E+07 3.4E-08 7.3E-08
Sr-89 1.4E+06 3.7E-09 7.9E-09
Sr-90 9.7E+05 2.5E-09 5.3E-09
Y-90 9.7E+05 2.5E-09 5.3E-09
Y-91 4.6E+08 1.2E-06 2.5E-06
Nb-95 1.3E+06 3.4E-09 7.3E-09
Te-99 3.2E+07 8.2E-08 1.8E-07
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Concentration in seawater used for

assessment

Subject {\nnual (within an area of 10km*10km)

radionuclide discharge Average Average
(Bq) concentration of concentration of

all layers top layer
(Bq/L) (Bq/L)
Ru-103 1.4E+06 3.6E-09 7.8E-09
Ru-106 3.8E+07 9.6E-08 2.0E-07
Rh-103m 1.4E+06 3.6E-09 7.8E-09
Rh-106 3.8E+07 9.6E-08 2.0E-07
Ag-110m 1.2E+06 2.9E-09 6.3E-09
Cd-113m 2.3E+06 5.8E-09 1.2E-08
Cd-115m 7.2E+07 1.8E-07 4.0E-07
Sn-119m 1.1E+09 2.9E-06 6.1E-06
Sn-123 1.8E+08 4.5E-07 9.7E-07
Sn-126 7.8E+06 2.0E-08 4.2E-08
Sb-124 2.6E+06 6.6E-09 1.4E-08
Sb-125 6.2E+06 1.6E-08 3.4E-08
Te-123m 2.5E+06 6.3E-09 1.3E-08
Te-125m 6.2E+06 1.6E-08 3.4E-08
Te-127 1.3E+08 3.2E-07 6.9E-07
Te-127m 1.3E+08 3.3E-07 7.2E-07
Te-129 1.7E+07 42E-08 9.1E-08
Te-129m 3.8E+07 9.6E-08 2.0E-07
1-129 3.2E+07 8.2E-08 1.8E-07
Cs-134 2.0E+06 5.2E-09 1.1E-08
Cs-135 3.2E+01 8.2E-14 1.8E-13
Cs-136 1.3E+06 3.2E-09 6.9E-09
Cs-137 5.1E+06 1.3E-08 2.8E-08
Ba-137m 5.1E+06 1.3E-08 2.8E-08
Ba-140 5.4E+06 1.4E-08 2.9E-08
Ce-141 7.0E+06 1.8E-08 3.8E-08
Ce-144 1.5E+07 3.9E-08 8.3E-08
Pr-144 1.5E+07 3.9E-08 8.3E-08
Pr-144m 1.5E+07 3.9E-08 8.3E-08
Pm-146 1.8E+06 4.6E-09 9.8E-09
Pm-147 2.1E+07 5.5E-08 1.2E-07
Pm-148 6.2E+06 1.6E-08 3.4E-08
Pm-148m 1.3E+06 3.3E-09 7.0E-09
Sm-151 3.0E+05 7.5E-10 1.6E-09
Eu-152 7.5E+06 1.9E-08 4.1E-08
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Concentration in seawater used for

assessment
Subject ,.Annual (within an area of 10km*10km)
radionuclide discharge Average Average
(Bq) concentration of concentration of
all layers top layer
(Bg/L) (Bg/L)
Eu-154 3.0E+06 7.5E-09 1.6E-08
Eu-155 9.1E+06 2.3E-08 5.0E-08
Gd-153 7.0E+06 1.8E-08 3.8E-08
Tb-160 3.8E+06 9.6E-09 2.0E-08
Pu-2338 8.9E+05 2.3E-09 4. 8E-09
Pu-239 8.9E+05 2.3E-09 4.8E-09
Pu-240 8.9E+05 2.3E-09 4. 8E-09
Pu-241 3.2E+07 8.2E-08 1.8E-07
Am-241 8.9E+05 2.3E-09 4 8E-09
Am-242m 1.6E+04 4.0E-11 8.6E-11
Am-243 8.9E+05 2.3E-09 4.8E-09
Cm-242 8.9E+05 2.3E-09 4.8E-09
Cm-243 8.9E+05 2.3E-09 4.8E-09
Cm-244 8.9E+05 2.3E-09 4.8E-09
Subject for exposure Swimming Seawater
assessment Beach sand Ship hull
Fishing net
Ingest of Marine
products
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Table 5-8 Concentration in Seawater Used for Assessment (source term by the J1-G tank
group water)

Seawater concentration used for
assessment
Subject {%nnual (within an area of 10km™*10km)
radionuclide discharge Average Average
(Bq) concentration of concentration of

all layers top layer
(Bg/L) (Bg/L)
H-3 2.2E+13 5.6E-02 1.2E-01
C-14 1.3E+09 3.3E-06 7.1E-06
Mn-54 3.1E+06 7.9E-09 1.7E-08
Fe-59 5.9E+06 1.5E-08 3.2E-08
Co-58 3.0E+06 7.7E-09 1.6E-08
Co-60 1.9E+07 4.8E-08 1.0E-07
Ni-63 7.2E+08 1.8E-06 3.9E-06
Zn-65 6.5E+06 1.7E-08 3.6E-08
Rb-86 3.8E+07 9.7E-08 2.1E-07
Sr-89 3.7E+06 9.3E-09 2.0E-08
Sr-90 2.6E+06 6.6E-09 1.4E-08
Y-90 2.6E+06 6.6E-09 1.4E-08
Y-91 9.8E+08 2.5E-06 5.3E-06
Nb-95 3.8E+06 9.7E-09 2.1E-08
Tc-99 1.1E+08 2.7E-07 5.8E-07
Ru-103 4.2E+06 1.1E-08 2.3E-08
Ru-106 3.9E+07 1.0E-07 2.1E-07
Rh-103m 4.2E+06 1.1E-08 2.3E-08
Rh-106 3.9E+07 1.0E-07 2.1E-07
Ag-110m 3.3E+06 8.3E-09 1.8E-08
Cd-113m 7.0E+06 1.8E-08 3.8E-08
Cd-115m 1.9E+08 4.8E-07 1.0E-06
Sn-119m 3.3E+09 8.3E-06 1.8E-05
Sn-123 5.1E+08 1.3E-06 2.8E-06
Sn-126 1.2E+07 3.1E-08 6.7E-08
Sb-124 6.8E+06 1.7E-08 3.7E-08
Sb-125 1.1E+07 2.9E-08 6.2E-08
Te-123m 5.5E+06 1.4E-08 3.0E-08
Te-125m 1.1E+07 2.9E-08 6.2E-08
Te-127 3.5E+08 8.9E-07 1.9E-06
Te-127m 3.7E+08 9.3E-07 2.0E-06
Te-129 4.8E+07 1.2E-07 2.6E-07
Te-129m 9.8E+07 2.5E-07 5.3E-07
1-129 2.7E+07 6.8E-08 1.5E-07

56



Seawater concentration used for

assessment

Subject {\nnual (within an area of 10km*10km)

radionuclide discharge Average Average
(Bq) concentration of concentration of

all layers top layer
(Bq/L) (Bq/L)
Cs-134 5.5E+06 1.4E-08 3.0E-08
Cs-135 1.7E+02 4.4E-13 9.3E-13
Cs-136 2.9E+06 7.5E-09 1.6E-08
Cs-137 2.7E+07 6.8E-08 1.5E-07
Ba-137m 2.7E+07 6.8E-08 1.5E-07
Ba-140 1.4E+07 3.5E-08 7.6E-08
Ce-141 9.8E+06 2.5E-08 5.3E-08
Ce-144 4.5E+07 1.1E-07 2.4E-07
Pr-144 4.5E+07 1.1E-07 2.4E-07
Pr-144m 4.5E+07 1.1E-07 2.4E-07
Pm-146 5.1E+06 1.3E-08 2.8E-08
Pm-147 5.9E+07 1.5E-07 3.2E-07
Pm-148 3.7E+07 9.3E-08 2.0E-07
Pm-148m 3.3E+06 8.5E-09 1.8E-08
Sm-151 8.1E+05 2.1E-09 4.4E-09
Eu-152 1.5E+07 3.9E-08 8.4E-08
Eu-154 8.1E+06 2.1E-08 4 4E-08
Eu-155 1.5E+07 3.7E-08 8.0E-08
Gd-153 1.5E+07 3.9E-08 8.4E-08
Tb-160 1.1E+07 2.9E-08 6.2E-08
Pu-238 2.3E+06 5.8E-09 1.2E-08
Pu-239 2.3E+06 5.8E-09 1.2E-08
Pu-240 2.3E+06 5.8E-09 1.2E-08
Pu-241 8.1E+07 2.1E-07 4 4E-07
Am-241 2.3E+06 5.8E-09 1.2E-08
Am-242m 4 2E+04 1.1E-10 2.3E-10
Am-243 2.3E+06 5.8E-09 1.2E-08
Cm-242 2.3E+06 5.8E-09 1.2E-08
Cm-243 2.3E+06 5.8E-09 1.2E-08
Cm-244 2.3E+06 5.8E-09 1.2E-08

Subject for exposure Swimming Sea surface
assessment Beach sand Ship hull
Fishing nets
Ingest of Marine
products
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Table 5-9 Concentration in Seawater Used for Assessment (source term based on the
hypothetical ALPS treated water)

Seawater concentration used for
assessment
. Annual (within an area of 10km™*10km)
Subject )
. . discharge Average Average
radionuclide - -
(Bq) concentration of concentration of
all layers top layer
(Bg/L) (Bg/L)
H-3 2.2E+13 5.6E-02 1.2E-01
C-14 1.1E+11 2.8E-04 6.0E-04
Fe-59 4 4E+07 1.1E-07 2.4E-07
Zn-65 3.1E+10 7.8E-05 1.7E-04
Ag-110m 1.3E+07 3.4E-08 7.2E-08
Cd-113m 4 4E+07 1.1E-07 2.4E-07
Cd-115m 8.8E+08 2.2E-06 4.8E-06
Sn-119m 1.3E+10 3.4E-05 7.2E-05
Sn-123 1.8E+09 4.5E-06 9.6E-06
Sn-126 8.8E+07 2.2E-07 4.8E-07
Subject exposure Swimming Sea surface
assessment Beach sand Ship hull
Fishing nets
Ingest of Marine
products
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Table 5-10 Results of Assessment Regarding Exposure of Humans

(1) Source term based on measured value (2) Source term
Source based on the
hypothetical
Case term i. K4 tank group ii. J1-C tank group | iii. J1-G tank group ALPS treated
assessed water
Marine Average Large Average Large Average Large |Average| Large
products
ingest amount | amount | amount | amount | amount | amount | amount | amount
Sea 6.5E-09 1.7E-08 4.7E-08 1.8E-07
surface
Ship hull 5.2E-09 1.3E-08 3.4E-08 1.4E-07
External
exposure |[Swimming 2.8E-10 7.6E-10 2.0E-09 7.9E-09
(mSv/year)
Beach 5.0E-07 1.3E-06 3.6E-06 1.4E-05
sand
Fishing
1.6E-06 4.3E-06 1.2E-05 4.5E-05
nets
Internal exposure |y 5p 5 | 6 1E05 | 2.8E-05 | 1.1E-04 | 7.9E-05 | 3.0E-04 |4.8E-04 |2.0E-03
(mSv/year)
Total
1.7E-05 | 6.3E-05 | 3.4E-05 | 1.1E-04 | 9.4E-05 | 3.1E-04 | 5.4E-04 |2.1E-03
(mSv/year)

Table 5-11 Results of Assessment Regarding Internal Exposure by Age

(1) Source term based on the measured value .
Source (2) Source term based on the hypothetical
term . ii. J1-C tank | iii. J1-G ALPS treated water
Case 1. K4 tank group aroup tank group
assessed -
Marine
Average Large Average Large Average | Large |Average| Large
products
ingest amount amount amount amount | amount | amount |amount| amount
Adult | 1.5E-05 | 6.1E-05 2.8E-05 1.1E-04 | 7.9E-05 | 3.0E-04 |4.8E-04| 2.0E-03
Internal
exposure | Child | 2.4E-05 | 9.4E-05 5.1E-05 2.0E-04 | 1.5E-04 | 5.6E-04 |7.5E-04| 3.1E-03
(mSv/year)
Infant | 2.9E-05 1.1E-04 6.7E-05 2.5E-04 | 1.9E-04 | 7.1E-04 |9.4E-04| 3.9E-03
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6. Summary

Human exposure assessment of the planned sea discharge of ALPS treated water at FDNPS was
evaluated based on the information at the design process. As a result of the calculations with multiple
source terms and multiple food ingests, the annual exposure doses ranged from 1.7E-05mSv/year to
2.1E-03mSv/year, which is significantly lower than the ICRP recommendation of 1mSv/year for the
general public as well as the Domestic Nuclear Power Plant dose target of 0.05mSv/year in Japan.

Uncertainties in the results of this assessment are shown in Reference 1.

This report will be disseminated both domestically and internationally, reviewed by various
fields/persons, reviews by IAEA experts, and cross-checks by third party evaluation. While
appropriately reflecting the opinions received from various parties, to optimize the risks associated
with the disposal as needed. The evaluation of this report is also planned to be revised accordingly.
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Reference A Assessment of Potential Exposure

As the first step to applying the three principles for radiological protection (justification, optimization
and dose limitation) to the act of discharging radioactive material into the environment, the IAEA
Safety Standards GSG-9 “Regulatory Control of Radioactive Discharges to the Environment”[Al]
refers only to protecting the public from the discharge of radioactive materials from facilities under
normal operation.

Only the exposure assessment for humans under normal operation is subject in the main text of this
report, but in the [Digest version] TEPCO’s Action in Response to the Government’s Policy on the
Handling of ALPS Treated Water [A2], 2. Design and Operation of Necessary Facilities, the
conceptual diagram states that discharge will be stopped if the facilities cannot perform their expected
functions due to failure or outages, and an emergency isolation valve is installed. Thus, assessment of
potential exposure®® was conducted assuming shutdown of seawater pump for dilution and failure of
the emergency isolation valve.

The assumed event was the shutdown of the seawater transfer pump used for dilution during normal
discharge, and ALPS treated water continuously being discharged from the sample tank into the sea
without dilution due to the emergency isolation valve failing to actuate. The Handbook Assessing the
Impact of Decommissioning on the Environment [A3], 5. Environmental Impact Assessment Model
for Accidents, 1) Principles for assumed environmental transition pathways, was referred to for the
transition pathway. External exposure from sea surface which cannot be controlled and causes short
term impact was the subject. Specific methods for exposure assessment and their results are as follows.

a Source term
ALPS treated water to be discharged has been transferred to the sample tank prior to
discharge, and has the concentration of radioactive material checked. The subject event
only involves the shutdown of the dilution sea water pump; therefore, the discharge rate of
radionuclides does not fluctuate from normal operation, and only the concentration in
discharged water becomes higher.

Assessment was limited to external exposure from the sea surface, and the case resulting
in the most significant impact with the discharge rate of Te-127 being the highest (when
H- 3 concentration is 100,000Bg/L), was assessed.
Subject radionuclide Te-127 (half-life approx. 9 hours)
Concentration 5,000Bq/L (legally required concentration)
Based on the flow rate of ALPS treated water of 5,100m*/day when diluting (67
times) the H-3 concentration at 100,000Bg/L to 1,500Bq/L using 340,000m*/day
seawater for dilution, the discharge rate is 5,000Bq/Lx5,100m*/day =
2.6E+10Bg/day.

b Dispersion assessment
Data from meteorological and sea phenomenon in 2014 and 2019 were used to calculate
dispersion in accordance with the regional sea modeling system used for assessing
exposure to humans.

Sea current travelling parallel to the coastline in the north south direction is predominant
in the sea area in front of FDNPS. Therefore, the point near the boundary for the area where
fishery is not conducted on a daily basis (approx. 1 km to the north), where general ships

20 Potential Exposure : Exposure considering future events that are not guaranteed to occur but can be anticipated as

probable events or sequence of events such as operational events, accidents involving radiation source, equipment failure
and operational errors.
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performed work in the north south direction from the discharge point, was set as the
assessment point.

Sea dispersion simulation using actual meteorological conditions is subject to changes in
the current direction; therefore, the sea surface concentration in various points within 1 km
radius from the point of discharge was averaged daily, and the largest value throughout the
year was used as the seawater concentration in the assessment.

Of the annual fluctuations in the years 2014 and 2019, the maximum concentration
recorded was 6.1Bg/L.

¢ Exposure assessment
A system of sample tanks consists of ten connected tanks. Therefore, it is possible for the
discharge to continue for about 2 days at maximum; however, the exposed time shall be set
to one day (24 hours) as ships can be evacuated for the subject sea area, and further entry
could be restricted.

The dose conversion factor for Te-127 is 5.0E-07[(mSv/h)/(Bq/L)]; therefore, the effective
dose of external exposure received from sea surface based on concentration and duration
is as follows.

Effective dose = 6.1[Bq/L]x5.0E-07[(mSv/h)/(Bg/L)]x24[h]
=7.3E-05[mSv]

Therefore, the value was extremely small when compared to the diagnostic criteria of
estimated dose during accident presented in GSG-10 which is SmSv.

As indicated above, while the hypothetical shutdown of dilution seawater pump would temporarily
increase the concentration of radioactive material in seawater, the exposure result is small which
compared to diagnostic criteria for accidents.

End

Reference

[A1] Regulatory Control of Radioactive Discharges to the Environment, IAEA General Safety Guide
No.GSG-9, 2018

[A2] [Digest Version] TEPCO’s Action in Response to the Government’s Policy on the Handling
of ALPS Treated Water, April 16, 2021

[A3] FY2006 Technical Survey to Assess the Environmental Impact from Decommissioning a

Commercial Nuclear Reactor- Research (Research and Study of Parameters for Assessing

Environmental Impact) ~Attachment Handbook Assessing the Impact of Decommissioning on

the Environment (3™ edition), Central Research Institute of Electric Power Industry, March 2007
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Reference B Assessment Regarding Environmental Protection

In the IAEA Safety Standard GSG-10 “Prospective Radiological Environmental Impact Assessment
for Facilities and Activities”, assessment regarding environmental protection is mentioned not in the
main text, but in Attachment I. Procedures listed in Annex I of GSG-10 were used as reference in
assessing environmental protection in this report.

B1. Principle for assessment
Conduct assessment for the protection of animals and plants during normal operation as indicated in
the IAEA Safety Standard GSG-10 Annex 1.

B2. Assessment procedures
Assessment shall be conducted in accordance with the procedure presented in Figure B-1.

Selection of the source term

Modelling of dispersion and transfer
in the environment

Identification of exposure pathways

Selection of reference animals
and plants*' [B1]

Assessment of dose rate
to reference animals and plants

Comparison of estimated dose rates with
derived consideration reference levels
(DCRL)* [B1]

Figure B-1 Steps for the Assessment of Environmental Protection
(developed based on GSG-10)

! Reference animals and plants: A specific type of animals and plants hypothesized to link the dose and impact regarding
exposure to background radiation
22 Derived consideration reference levels (DCRL): A band of dose rates with a single-digit range for each species of
organisms, defined by the ICRP. In cases where this dose rate level is exceeded, the effect on organism should be
considered.
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B3. Assessment method
a. Source term

Source term shall be set with the same principle as 4-1. Source term. The source term by the
measured value for 64 radionuclides shall use the values presented in tables 5-1 to 5-3.
Regarding the upper limit for discharge control, Table E-5 shall be referred to for setting the
annual discharge amount based on ALPS treated water (“the sum of the ratios” of
radionuclides other than tritium is 1) which includes the two radionuclides (Fe-59 and Sn-
126), subject to operational control due to its relatively significant impact on exposure, at the
highest operation control value (“the sum of the ratios” of Fe-59 and Sn-126 is 0.0025) and
Pm-148m at 499Bq/L (the ratio to legally required concentration of Pm-148m is 0.9975),
representing the other 61 radionuclides.

b. Modelling dispersion and transition after discharge
(i) Sea dispersion model
Use the same model as the one used to assess protection of humans.

(ii) Transfer model
Consider the items below regarding the transfer models of radioactive material discharged
into the sea.
(1) Dispersion and transfer by sea current, etc.
(2) Dispersion and transfer by sea current, etc. = transition to marine sediments on

undersea

c. Identifying exposure pathways
The model below shall be used to calculate internal exposure received by reference animals
and plants from radioactive materials ingested from seawater, and external exposure form
radioactive materials in seawater and radioactive material that transitioned to marine sediment.

The equation for absorbed dose rate De (mGy/day) is indicated in equation (B1).

Dg = ) (DCFine)ia - (47); * (CR)
" (B1)
+0.5° {Z(DCFext)ki (x7)i - (1 + (Kg)i)

In this equation
(DCFiye)ri  1s the dose conversion factor ((mGy/day)/(Bg/kg)) for internal exposure of marine
products k from radionuclide i

(x7), is the concentration of radionuclide i in seawater (Bq/L) at the sea area subject to
assessment

(CR),, is the concentration ratio of radionuclide i between marine products k and seawater
((Ba/kg)/(Bq/L))

(DCF,.yt)ri 1s the dose conversion factor ((mGy/day)/(Bq/kg)) for external exposure of marine
products k from radionuclide i

(K d)i is the concentration distribution coefficient (((Bq/kg)/(Bq/L)) of radionuclide i from

seawater to sediment

Small scale brown seaweed, primarily consisting of the perennial algae sea oak, are widely
distributed along the coast of Fukushima Prefecture where the power station is located [B2].
There are no special sea areas around the power station such as habitats of marine products
designated as natural treasure [B3]; therefore, the concentration of radioactive material in
seawater used for assessment shall be the average concentration in an area 10km* 10km around
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the power station, similar to assessment for the protection of humans. However, concentration
at the undersea (bottom layer) shall be used to assess external exposure through sediments.

The ICRP Publication 136 “Dose Coefficients for Non-human Biota Environmentally
Exposed to Radiation”’(ICRP, 2017) [B4] and the ICRP BiotaDC program [B5] were
referenced for the internal exposure dose conversion factor and external exposure dose
conversion factors® for animals and plants (indicated in tables B-1 and B-2). The dose
conversion factor for Sn-126 could not be calculated using BiotaDC, so internal/external dose
conversion factor for Ru-106 and Ag-110m were used respectively as conservative values.

ICRP Publication 114 “Environmental Protection: Transfer Parameters for Reference Animals
and Plants” (ICRP, 2009) [B6] was referred to for the concentration ratio of animals/plants
and seawater’. For elements not included in the publication, the concentration factor for IAEA
TRS-422 “Sediment Distribution Coefficients and Concentration Factors for Biota in the
Marine Environment” (IAEA, 2004) [B7] was referenced (indicated in Table B-3). The
concentration distribution factors for seawater and marine sediment are established in
2.3.0CEAN MARGIN Kds of IAEA TRS-422 (shown in Table B-4).

d. Selection of reference animals and plants (organism subject to assessment)

Reference animals and plants indicated in ICRP Publication 136 were selected as listed below
while considering the animals and plants present in the peripheral sea area.

+ flat fish (flounders and flukes are widely distributed in the sea area around the power
station)

+ crab (portunus trituberculatus and ovalipes punctatus are widely distributed in the sea area
around the power station)

+ brown seaweed (gulfweed and sea oak are widely distributed in the sea area around the

power station)

e. Dose assessment

Dose assessment shall be conducted for each type of reference animals and plants by
comparing with the derived consideration reference levels (DCRL) presented in the ICRP
Publication 124 “Protection of the Environment under Different Exposure Situations”.

23

Dose conversion factor for animals/plants: A conversion coefficient used for the simplified calculation of internal

exposure and external exposure received by an organism through environmental radionuclides.

2% Concentration ratio (CR): A transfer coefficient which empirically derives the ratio between radionuclide concentration
in marine products with radionuclide concentration in the environment seawater for the purpose of use in the review of
exposure in animals and plants from background radiation (ICRP, 2009). Not limited to edible parts as in concentration

factor.
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Table B-1 Internal Exposure Dose Conversion Factors for Animals and plants

Internal exposure dose conversion

Subject factor
radionuclide ((mGy/day) /(Bg/kg) Remarks
Flat fish Crab Brown
seaweed

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

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
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 — — — Included in parent radionuclide Sr-90
13 Y-91 8.0E-06 8.1E-06 6.4E-06
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 — — — Included in parent radionuclide Ru-103
19 Rh-106 — — — Included in parent radionuclide Ru-106
20 Ag-110m 4.3E-06 5.5E-06 4.1E-06
21 Cd-113m 2.5E-06 2.5E-06 2.4E-06
22 Cd-115m 8.0E-06 8.2E-06 6.4E-06
23 Sn-119m 1.2E-06 1.2E-06 1.1E-06
24 Sn-123 7.0E-06 7.1E-06 5.8E-06
25 Sn-126 1.7E-05 1.9E-05 1.7E-05 | Used values for Ru-106
26 Sb-124 7.0E-06 7.9E-06 6.7E-06
27 Sb-125 2.0E-06 2.2E-06 1.9E-06
28 Te-123m 1.6E-06 1.7E-06 1.4E-06
29 Te-125m 1.7E-06 1.8E-06 1.6E-06
30 Te-127 3.1E-06 3.1E-06 2.9E-06
31 Te-127m 4.2E-06 4.2E-06 4.0E-06
32 Te-129 — - _ Included in parent radionuclide 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
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Internal exposure dose conversion

Subject factor
radionuchide ((mGy/day) /(Bq/kg) Remarks
Flat fish Crab Brown
seaweed
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 — — — Included in parent radionuclide 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 B B B Included in parent radionuclide Cs-144
44 Pr-144m — _ _ Included in parent radionuclide Cs-144
45 Pm-146 2.3E-06 2.6E-06 1.5E-06
46 Pm-147 8.6E-07 8.6E-07 8.5E-07
47 Pm-148 9.9E-06 1.1E-05 7.3E-06
48 Pm-148m 5.2E-06 6.1E-06 3.3E-06
49 Sm-151 2.8E-07 2.8E-07 2.8E-07
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
33 Gd-153 8.5E-07 9.2E-07 7.0E-07
54 Tb-160 4.8E-06 5.4E-06 3.7E-06
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
61 Am-243 7.9E-05 7.9E-05 7.8E-05
62 Cm-242 8.6E-05 8.6E-05 8.6E-05
63 Cm-243 8.4E-05 8.4E-05 8.4E-05
64 Cm-244 8.2E-05 8.2E-05 8.2E-05

69




Table B-2 External Exposure Dose Conversion Factor for Animals and plants

External exposure dose conversion

fact
Subject actor
. . ((mGy/day) /(Bq/kg)) Remarks
radionuclide
Brown
Flat fish Crab
seaweed
1 H-3 1.9E-14 2.4E-16 2.4E-16
) 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
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 70-65 7.4E-06 7.2E-06 7.4E-06
9 Rb-86 1.7E-06 1.4E-06 3.7E-06
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 — — — Included in parent radionuclide Sr-90
13 v-91 4.4E-07 2.5E-07 2.0E-06
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
Included in parent radionuclide Ru-
18 Rh-103m — — — 103
19 . . . Included in parent radionuclide Ru-
Rh-106 106
21 Cd-113m 1.7E-08 1.6E-08 1.4E-07
22 Cd-115m 8.2E-07 6.2E-07 2.4E-06
23 Sn-119m 1.0E-07 8.0E-08 1.7E-07
24 Sn-123 3.7E-07 2.5E-07 1.6E-06
25 Sn-126 3.6E-05 3.4E-05 3.6E-05 | ysed values for Ag-110m
26 Sb-124 2.4E-05 2.3E-05 2.4E-05
28 Te-123m 1.8E-06 1.7E-06 2.0E-06
29 Te-125m 2.9E-07 2.4E-07 4.3E-07
30 Te-127 8.9E-08 8.3E-08 2.9E-07
31 Te-127m 1.8E-07 1.6E-07 4.2E-07
3 . . . Included in parent radionuclide Te-
Te-129 129m
33 Te-129m 1.2E-06 1.1E-06 1.3E-06
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External exposure dose conversion

factor
Subject
I ((mGy/day) /(Ba/kg)) Remarks
B
Flat fish |  Crab rown
seaweed
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 . . . Included in parent radionuclide Cs-
Ba-137m 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
a3 . . . Included in parent radionuclide Cs-
Pr-144 144
44 . . i Included in parent radionuclide Cs-
Pr-144m 144
45 Pm-146 9.5E-06 9.1E-06 1.0E-05
46 Pm-147 9.9E-10 1.1E-09 1.0E-08
47 Pm-148 8.1E-06 7.5E-06 1.1E-05
48 Pm-148m 2.5E-05 2.4E-05 2.7E-05
49 Sm-151 7.7E-11 8.4E-11 7.6E-10
50 Fu-152 1.5E-05 1.4E-05 1.5E-05
51 Fu-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
54 Tb-160 1.4E-05 1.4E-05 1.5E-05
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 1.9E-11 1.9E-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
61 Am-243 2.9E-06 2.8E-06 3.2E-06
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
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Table B-3 Concentration Ratio for Animals and plants

Concentration ratio

Subject ((Ba/kg) /(Bg/L))
i ) Remarks
radionuclide Flat fish Crab S]:;‘(;V\Zéld
1 H-3 1.0E+00 1.0E+00 3.7E-01
2 C-14 1.2E+04 1.0E+04 8.0E+03
3 Mn-54 2.5E+02 2.5E+03 1.1E+04
4 Fe-59 3.0E+04 5.0E+05 2.0E+04 | Referenced from TRS422
5 Co-58 3.3E+02 4.7E+03 6.8E+02
6 Co-60 3.3E+02 4.7E+03 6.8E+02
7 Ni-63 2.7E+02 9.1E+02 2.0E+03
8 Zn-65 2.2E+04 3.0E+05 1.3E+04
9 Rb-86 3.6E+01 1.4E+01 1.2E+01 | Used homologous Cs value
10 Sr-89 1.0E+01 2.4E+00 4.3E+01
11 Sr-90 1.0E+01 2.4E+00 4.3E+01
1 . . . Assessed using values for parent nuclide
Y-90 Sr-90
13 Y-91 2.0E+01 1.0E+03 1.0E+03 | Referenced from TRS422
14 Nb-95 3.0E+01 1.0E+02 8.1E+01
15 Tc-99 8.0E+01 1.9E+02 3.7E+04
16 Ru-103 1.6E+01 1.0E+02 2.9E+02
17 Ru-106 1.6E+01 1.0E+02 2.9E+02
18 Rh-103m . . . Assessed using values for parent nuclide
Ru-103
19 . . . Assessed using values for parent nuclide
Rh-106 Ru-106
20 Ag-110m 8.1E+03 2.0E+05 1.9E+03
21 Cd-113m 1.3E+04 1.2E+04 1.6E+03
22 Cd-115m 1.3E+04 1.2E+04 1.6E+03
23 Sn-119m 5.0E+05 5.0E+05 2.0E+05 | Referenced from TRS422
24 Sn-123 5.0E+05 5.0E+05 2.0E+05 | Referenced from TRS422
25 Sn-126 5.0E+05 5.0E+05 2.0E+05 | Referenced from TRS422
26 Sb-124 6.0E+02 3.0E+02 1.5E+03
27 Sb-125 6.0E+02 3.0E+02 1.5E+03
28 Te-123m 1.0E+03 1.0E+03 1.0E+04
29 Te-125m 1.0E+03 1.0E+03 1.0E+04
30 Te-127 1.0E+03 1.0E+03 1.0E+04
31 Te-127m 1.0E+03 1.0E+03 1.0E+04
1 . . . Assessed using values for parent nuclide
Te-129 Te-129m
33 Te-129m 1.0E+03 1.0E+03 1.0E+04
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Concentration ratio

Subiect ((Bg/kg) /(Bg/L))
g ) i Remarks
raaionuclide Brown
Flat fish Crab seaweed
34 I-129 9.0E+00 3.0E+00 1.4E+03
35 Cs-134 3.6E+01 1.4E+01 1.2E+01
36 Cs-135 3.6E+01 1.4E+01 1.2E+01
37 Cs-136 3.6E+01 1.4E+01 1.2E+01
38 Cs-137 3.6E+01 1.4E+01 1.2E+01
39 Assessed using values for parent nuclide
Ba-137m Cs-137
40 Ba-140 9.6E+00 8.0E+02 1.6E+03
41 Ce-141 2.1E+02 1.0E+02 9.5E+02
42 Ce-144 2.1E+02 1.0E+02 9.5E+02
05 Assessed using values for parent nuclide
Pr-144 Ce-144
44 Assessed using values for parent nuclide
Pr-144m Ce-144
Used values from homologous Eu (fish,
45 Pm-146 7.3E+02 2.4E+04 5.9E+03
crab), La (brown seaweed)
Used values from homologous Eu (fish,
46 Pm-147 7.3E+02 2.4E+04 5.9E+03
crab), La (brown seaweed)
Used values from homologous Eu (fish,
47 Pm-148 7.3E+02 2.4E+04 5.9E+03
crab), La (brown seaweed)
Used values from homologous Eu (fish,
48 Pm-148m 7.3E+02 2.4E+04 5.9E+03
crab), La (brown seaweed)
Used values from homologous Eu (fish,
49 Sm-151 7.3E+02 2.4E+04 5.9E+03
crab), La (brown seaweed)
50 Eu-152 7.3E+02 2. 4E+04 1.1E+03
51 Eu-154 7.3E+02 2. 4E+04 1.1E+03
52 Eu-155 7.3E+02 2.4E+04 1.1E+03
Used values from homologous Eu (fish,
53 Gd-153 7.3E+02 2.4E+04 5.9E+03
crab), La (brown seaweed)
54 Tb-160 6.0E+01 4.0E+03 2.0E+03 | Referenced from TRS422
55 Pu-238 2.1E+01 3.8E+01 2.4E+03
56 Pu-239 2.1E+01 3.8E+01 2.4E+03
57 Pu-240 2.1E+01 3.8E+01 2.4E+03
58 Pu-241 2.1E+01 3.8E+01 2.4E+03
59 Am-241 1.9E+02 5.0E+02 7.7E+01
60 Am-242m 1.9E+02 5.0E+02 7.7E+01
61 Am-243 1.9E+02 5.0E+02 7.7E+01
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Concentration ratio
Subject ((Bg/kg) /(Bg/L))
: . Remarks
radionuclide Flat fish Crab S]:;\ON\Z:d
62 Cm-242 1.9E+02 5.0E+02 8.4E+03
63 Cm-243 1.9E+02 5.0E+02 8.4E+03
64 Cm-244 1.9E+02 5.0E+02 8.4E+03
Table B-4 Distribution Coefficient of Seawater and Marine Sediment
Subject Concentration distribution coefficient
radionuclide ((By/kg) (Bg/L)) Remarks

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

9 Rb-86 4.0E+03 Used homologous Cs value
10 Sr-89 8.0E+00

11 Sr-90 8.0E+00

1 . Assessed using values for parent nuclide Sr-

Y-90 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 using values for parent nuclide Ru-

103
19 . Assessed using values for parent nuclide Ru-
Rh-106 106

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 Sb-125 2.0E+03
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Subject Concentration distribution coefficient
radionuclide ((Bg/kg) /(Bq/L)) Remarks

28 Te-123m 1.0E+03

29 Te-125m 1.0E+03

30 Te-127 1.0E+03

31 Te-127m 1.0E+03

- . Assessed using values for parent nuclide Te-
Te-129 129m

33 Te-129m 1.0E+03

34 I-129 7.0E+01

35 Cs-134 4.0E+03

36 Cs-135 4.0E+03

37 Cs-136 4.0E+03

38 Cs-137 4.0E+03

19 . Assessed using values for parent nuclide Cs-

Ba-137m 137

40 Ba-140 2.0E+03

41 Ce-141 3.0E+06

42 Ce-144 3.0E+06

03 . Assessed using values for parent nuclide Ce-
Pr-144 144

44 . Assessed using values for parent nuclide Ce-

Pr-144m 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 Tb-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
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Subject
radionuclide

Concentration distribution coefficient
((Bg/kg) /(Bq/L))

Remarks

64

Cm-244

2.0E+06
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B4. Assessment results
a. Source term
As indicated in B3, tables 5-1 to 5-3 shall be used for the source term by the measured value.

The assessment results of ALPS treated water being discharged for each radionuclide at the
legally required concentration, are presented in Table B-5. After the radionuclides Fe-59 and
Sn-126 subject to operational control, Pm-148m had the most significant relative impact on
exposure.

Based on the results, the source term based on the hypothetical ALPS treated water was
obtained by multiplying the ALPS treated water with “the sum of the ratios” of radionuclides
other than tritium is 1 by the annual discharged amount. Fe-59 and Sn-126 are included in the
source term with the concentration of the operational control value (“the sum of the ratios” of
Fe-59 and Sn-126 is 0.0025), and Pm-148m is included as a representative nuclide of the other
61 nuclides with 499 Bq/L (the ratio to legally required concentration of Pm-148m is 0.9975).
The source term set is presented in Table B-6.

b. Result of assessing dispersion and transfer
Seawater concentration used for exposure assessment was calculated using the same method
implemented in the assessment for protecting humans, through the dispersion and transfer
calculation results and source term. Exposure assessment shall consider the impact of marine
sediment, so concentration at the bottom layer shall be used.

Table B-7 presents the trititum concentration (average annual concentration) in seawater at the
bottom layer in an area 10km*10km around the power station if tritium is discharged at a rate
of 22 TBq (2.2E+13Bq) annually. The concentration used for assessment was the same as used
for the assessment of human exposure: the meteorological and sea phenomenon in 2019.

The results of this assessment and the seawater concentration used in the exposure assessment
for each radionuclide derived from source term in tables 5-1 to 5-3 and Table B-6 are presented
in tables B-8 to B-11.

c. Results of exposure assessment
The assessment results of exposure for reference animals and plants are presented in Table B-
12. Both results demonstrated low dose rate, at or below 1/100 the value when compared to
the lower limit of the derived consideration reference levels.
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Table B-5 Result of Exposure Assessment Regarding Environmental Protection if Discharge is
Conducted With Each Radionuclide Being at the Legally required concentration Limits

. Brown
Subject Flat fish Crab
No. ) ) seaweed Remarks
radionuclide [mGy/day] [mGy/day]
[mGy/day]
Subject to
1 Fe-59 5.4E-01 5.4E-01 5.8E-01 operational
control
Subject to
2 Sn-126 9.7E-03 9.3E-03 9.0E-03 operational
control
3 | Pm-148m 7.5E-03 7.2E-03 8.1E-03 Representative
radionuclide
4 Mn-54 6.6E-03 6.0E-03 6.6E-03
5 Eu-152 5.4E-03 5.1E-03 5.4E-03
6 Pm-146 5.1E-03 4.9E-03 5.4E-03
7 Tb-160 4.2E-03 4.2E-03 4.5E-03
8 Eu-154 3.8E-03 3.6E-03 3.8E-03
9 Nb-95 2.3E-03 2.3E-03 2.4E-03
10 Gd-153 2.2E-03 2.3E-03 2.5E-03
11 Pm-148 1.5E-03 1.4E-03 2.0E-03
12 Eu-155 1.3E-03 1.3E-03 1.3E-03
13 Co-58 1.1E-03 1.1E-03 1.1E-03
Subject to
14 Sn-123 1.0E-03 9.7E-04 1.0E-03 operational
control
Subject to
15 Sn-119m 9.6E-04 9.1E-04 6.7E-04 operational
control
16 Ce-141 8.6E-04 8.2E-04 8.8E-04
17 Co-60 5.6E-04 5.6E-04 6.1E-04
18 Ce-144 4.7E-04 2.7E-04 4.7E-04
19 Ru-103 7.4E-05 7.2E-05 7.5E-05
Subject to
20 Ag-110m 3.9E-05 2.3E-04 3.4E-05 operational
control
21 Y-91 3.6E-05 2.2E-05 1.6E-04
22 Zn-65 3.1E-05 6.6E-05 3.1E-05
Subject to
23 Cd-115m 2.1E-05 1.9E-05 8.3E-06 operational
control
Subject to
24 C-14 1.0E-05 8.4E-06 6.7E-06 operational
control
25 Te-127 9.4E-06 9.4E-06 8.7E-05
26 Cs-136 9.4E-06 9.4E-06 9.4E-06
27 Am-243 8.7E-06 8.5E-06 9.6E-06
28 Ru-106 6.4E-06 4.7E-06 6.7E-06
29 Cm-243 5.8E-06 5.6E-06 8.3E-06
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Brown

Subject Flat fish Crab
No. . . seaweed Remarks
radionuclide [mGy/day] [mGy/day]
[mGy/day]
30 Ba-140 5.6E-06 7.7E-06 1.0E-05
31 Sb-124 5.1E-06 4.6E-06 6.1E-06
32 Sb-125 3.2E-06 2.9E-06 4.0E-06
33 Pm-147 2.2E-06 8.2E-06 2.3E-05
34 Te-129m 1.6E-06 1.6E-06 1.5E-05
35 Cs-134 1.4E-06 1.4E-06 1.4E-06
36 Sm-151 1.0E-06 6.9E-06 6.4E-06
37 Te-125m 1.0E-06 1.0E-06 8.8E-06
38 Am-241 9.1E-07 9.0E-07 8.9E-07
39 Te-123m 9.0E-07 9.2E-07 5.4E-06
Subject to
40 Cd-113m 7.9E-07 7.3E-07 1.4E-07 operational
control
41 Cs-137 7.9E-07 7.6E-07 7.8E-07
42 Cm-242 7.8E-07 1.7E-06 2.6E-05
43 Te-127m 7.7E-07 7.7E-07 7.2E-06
44 Am-242m 7.2E-07 7.0E-07 1.3E-06
45 Rb-86 6.7E-07 5.3E-07 1.3E-06
46 Ni-63 2.3E-07 7.9E-07 1.7E-06
47 Cm-244 8.6E-08 1.9E-07 2.9E-06
48 Tc-99 6.7E-08 1.6E-07 3.1E-05
49 Cs-135 1.7E-08 7.9E-09 7.1E-09
50 Sr-89 1.4E-08 3.6E-09 6.0E-08
51 H-3 4.7E-09 4.7E-09 1.8E-09
52 Pu-238 4.4E-09 7.5E-09 4.4E-07
53 Pu-240 4.1E-09 7.0E-09 4.2E-07
54 Pu-239 3.9E-09 6.8E-09 4.2E-07
55 Sr-90 2.6E-09 6.9E-10 1.1E-08
56 Pu-241 3.0E-10 4.5E-10 2.1E-08
57 1-129 9.1E-11 S54E-11 7.6E-09
See parent
58 Y-90 0.0E+00 0.0E+00 0.0E+00 radionuclide for
assessment results
See parent
59 Rh-103m 0.0E+00 0.0E+00 0.0E+00 radionuclide for
assessment results
See parent
60 Rh-106 0.0E+00 0.0E+00 0.0E+00 radionuclide for
assessment results
See parent
61 Te-129 0.0E+00 0.0E+00 0.0E+00 radionuclide for

assessment results
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. Brown
Subject Flat fish Crab
No. . . seaweed Remarks
radionuclide [mGy/day] [mGy/day]
[mGy/day]
See parent
62 Ba-137m 0.0E+00 0.0E+00 0.0E+00 radionuclide for
assessment results
See parent
63 Pr-144 0.0E+00 0.0E+00 0.0E+00 radionuclide for
assessment results
See parent
64 Pr-144m 0.0E+00 0.0E+00 0.0E+00 radionuclide for
assessment results

Table B-6 Source Term based on the hypothetical ALPS treated water (annual discharge)

. Radionuclide Annual .
Subject ) ) Annual discharge
) . concentration drainage
radionuclide (Bq)
(Bg/L) (L)
H-3 1.0E+05 2.2E+13
Fe-59 -
2.0E-01 2 2E+08 4 4E+07
Sn-126 4.0E-01 8.8E+07
Pm-148m 5.0E+02 1.1E+11

Table B-7 Tritium Concentration in Seawater if 2.2E+13Bq of Tritium is Discharged Annually

Calculation Results (Bq/L) Concentration

Assessment point | Depth Meteorological/sea Meteorological/sea | Difference | for assessment

phenomenon in 2014 |phenomenon in 2019 (%) (Bg/L)
Average
concentration in an
Bottom
area 10km*10km l 5.0E-02 6.0E-02 19 6.0E-02
ayer
around the power Y
station

Table B-8 Concentration in Seawater Used for Assessment
(source term by the radionuclide composition in K4 tank group)

Concentration in seawater used for assessment
Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom 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
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Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom layer

(Bq/L)
Zn-65 1.7E+06 4.7E-09
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+07 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+07 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
[-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
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
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Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom layer

(Bg/L)
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
Tb-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

Subject exposure assessment

Environmental protection
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Table B-9 Concentration in Seawater Used for Assessment
(source term by the radionuclide composition in J1-C tank group)

Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom layer

(Bq/L)
H-3 22F+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
Sb-124 2.6E+06 7.1E-09
Sb-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
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
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Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom layer

(Bq/L)
Cs-136 1.3E+06 3.4E-09
Cs-137 5.1B+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 7.5B+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 43E-11
Am-243 8.9E+05 2.4E-09
Cm-242 8.9E+05 2.4E-09
Cm-243 8.9E+05 2.4E-09
Cm-244 8.9E+05 2.4E-09

Subject exposure assessment

Environmental protection

Table B-10 Concentration in Seawater Used for Assessment
(source term by the radionuclide composition in J1-G tank group)

Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bg) Average concentration of bottom layer
(Ba/L)
H-3 2.2E+13 6.0E-02
c-14 1.3E+09 3.6E-06
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Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom layer

(Bq/L)
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
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
Sb-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
I-129 2.7E+07 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+07 7.3E-08
Ba-137m 2.7E+07 7.3E-08
Ba-140 1.4E+07 3.8E-08
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Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)

radionuclide (Bq) Average concentration of bottom layer
(Bg/L)
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
Gd-153 1.5E+07 4.2E-08
Tb-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

Subject exposure assessment

Environmental protection

Table B-11 Concentration in Seawater Used for Assessment
(source term based on the hypothetical ALPS treated water)

Concentration in seawater used for assessment

Subject Annual discharge (within an area of 10km*10km)
radionuclide (Bq) Average concentration of bottom layer
(Bg/L)
H-3 2.2E+13 6.0E-02
Fe-59 4.4E+07 1.2E-07
Sn-126 8.8E+07 2.4E-07
Pm-148m 1LIE+11 3.0E-04

Subject exposure assessment

Environmental protection
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Table B-12 Results of Assessment Regarding Environmental Protection

(1) Source term by measured value (2) Source term
based on the
Assessment case hypothetical
i. K4 tank group ii. J1-C tank group | iii. J1-G tank group ALPS treated
water
Flat fish 1.7E-05 2.2E-05 5.6E-05 7.8E-03
Exposure |\ oy 1.7E-05 2.2E-05 5.5E-05 7.5E-03
(mGy/day)
Brown 1.9E-05 2.3E-05 5.9E-05 8.4E-03
seaweed

Derived consideration reference levels (DCRL)
Flat fish : 1-10 mGy/day

Crab : 10-100 mGy/day

Brown seaweed : 1-10 mGy/day

Reference

[B1]

ICRP, ICRP Publication 124 “Protection of the Environment under Different Exposure
Situations” ,2013

[B2] Ministry of the Environment, The Report of the Marine Biotic Environment Survey in the 4th
National Survey on the Natural Environment (survey of dry beach, sea-grass bed, coral reef),
1994

[B3] Agency for Cultural Affairs, Emergency Survey of Natural Treasures, Vegetation Map/Key
Animals and plants Map, Fukushima Prefecture, 1971

[B4] ICRP, ICRP Publication 136 "Dose Coefficients for Non-human Biota Environmentally
Exposed to Radiation", 2017

[B5] ICRP, BiotaDC v.1.5.1 http://biotadc.icrp.org/, 2017

[B6] ICRP, ICRP Publication 114 "Environmental Protection : Transfer Parameters for Reference
Animals and Plants", 2009

[B7] IAEA, Technical Reports Series No.422 ”Sediment Distribution Coefficients and

Concentration Factors for Biota in the Marine Environment”, 2004
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Reference C Principles for the Selection of Radionuclides Subject to Removal by ALPS

Cl1. Strategy for selecting radionuclides to removal

Water treatment by the ALPS (fresh water, RO concentrated salt water and water at the outlet of
treatment equipment) is assumed to contain radioactive material from fuel in the reactors of Units 1-3
(hereinafter FP radionuclide) and radioactive material from corrosion products contained in water from
when the plant was operating (hereinafter CP radionuclide). As part of the design of the ALPS, it is
necessary to estimate the FP and CP radionuclides in water to treat that exist at a high concentration
which should be removed to reduce the risk of the public becoming exposed to radiation in the unlikely
event that the water treatment leaks out into the environment.

Therefore, in estimating the concentration of radioactive materials contained in the water to be treated,
FP nuclides were selected those that were assumed to be present in significant concentrations based
on the evaluation results of the core inventory. For those nuclides that had been measured in March
2011, the concentrations in the stagnant water were estimated based on the measurement results. For
the nuclides that had not been measured, the concentrations in the retained water were estimated based
on the evaluation results of the core inventory.

Regarding the CP nuclides, it is considered that the nuclides contained in the reactor retained water at
the time of plant operation have transferred to the accumulated water, and that the nuclides contained
in the retained water in the concentrated waste tank were mixed in when the accumulated water was
transferred to the high temperature incinerator building.

The concentrations of the nuclides in the retained water were estimated using the results of the
measurement of CP nuclides in the retained water of the reactor and the concentrated liquid waste tank
during the plant operation.

As it was assumed that the operation of the ALPS was to commence one year after (365 days after)
reactor shutdown, the half-life of both FP and CP radionuclides were considered, and the concentration
in accumulated water 365 days after reactor shutdown was estimated after applying decay correction.
The radionuclide with concentration, calculated through decay correction, exceeding 1/100 of the
legally required concentration were considered to exist in significant concentrations in accumulated
water 365 days after reactor shutdown, and selected as being subject to removal by ALPS. As the
values are at or below 1/100, “the sum of ratios” of excluded radionuclides is approx. 0.05 at
maximum. Therefore, the concentrations of excluded radionuclides are considered to be sufficiently
low.

C2. Method for selecting radionuclides subject to removal and its results
(1) Method for selecting FP radionuclides subject to removal and its results
Selection of FP radionuclides to be removed was conducted in accordance with the flow chart
in Figure C-1. Consequently, 56 radionuclides were selected for removal.

(2) Method for selecting CP radionuclides subject to removal and its results
Selection of CP radionuclides to be removed was conducted in accordance with the flow chart
in Figure C-2. Consequently, 6 radionuclides were selected for removal.

(3) Summary of selecting radionuclides subject to removal

A total of 62 radionuclides, 56 FP radionuclides and 6 CP radionuclides were selected to be
subject to removal (refer to Table C-1).

88



Step 1 N
Does inventory exist (not 0Bq) after conducting 0

< core inventory evaluation 30 days after reactor >
shutdown?

\/

Yes

*1 Announcement Stipulating the Dose
Limit Based on  Regulations . S_te 2 .
Regarding the Refining industry of Not subject to the items below, listed as a No

Nuclear Raw Material and Nuclear < radionuclide in the attached table for regulatory = ~_"

Fuel Material (Attached Table 1, 6) announcement™
(Tritium, infusible radionuclide, etc., noble gas)

\/

l Yes

/\

Step 3
Radionuclide subject for the measurement of No
< stagnant water (sampled March 2011), >7

(1F-1, 3: sampled March 27, 2011,
1F-2 sampled March 24, 2011)

Yes

Step 5

Regarding core inventory assessment value for
leach radionuclide, the concentration ratio for
measured Cs-137 value in accumulated water shall
be converted, and the estimated concentration in
stagnant water shall be calculated.

Note) Use the detectable threshold for radionuclides for which
measured value was below the detectable threshold. The a ¢
radionuclide concentration shall be the value when all o radiation Step 6

Step 4

Consider half-life and compensate decay for measured
alue of each radionuclide, and calculate estimated

concentration 365 days after reactor shutdown

concentration is distributed using the o radionuclide abundance Consider half-life and compensate decay for
ratio calculated based on the inventory assessment results. calculated results in step 5, and calculate
estimated concentration 365 days after reactor
shutdown.
*2 Announcement Stipulating the Dose X

Limit Based on Regulations

) AP Step 7
Regarding the Refining industry of ; . .
Nuclear Raw Material and Nuclear Does concentration of each radionuclide

No
Fuel Material (Attached Table 1, 6) < calculated in steps 4 and 6 exceed the legally =
Concentration  limit  underwater required concentration™ by 1/100 365 days after
outside the peripheral monitoring reactor shutdown?

area
\r(

* \ 4

Radionuclide subject to removal Removal is excluded

Figure C-1: Flow Chart for the Selection of FP Radionuclide Subject to Removal
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Step 1
Subject to radiation measurement regarding reactor

inventory in Units 1-3 prior to the earthquake (Januaryj
2009 — February 2011). Also, for radionuclides listed
in the attached table for regulatory announcement*?,
consider half-life and compensate decay for measured
\value of each radionuclide after setting maximum
\value of measured value to 1/100 (diluted), and
calculate estimated concentration 365 days after
reactor shutdown.

Note) For Ni-59, Ni-63 and Nb-94 where concentration can be|
estimated using theoretical calculation and scaling factor when|
homogeneous or when a homogeneous solid, use theoretical
calculation conversion value and scaling factor to estimate based on|
the concentration of the key radionuclide Co-60.

Step 2
Subject to radiation measurement regarding inventoryj

of concentrated waste tank prior to the earthquake
(May 2010 — February 2011). Also, for radionuclides
listed in the attached table for regulatory
announcement*!, consider half-life and compensate
decay for measured value of each radionuclide after
setting maximum value of measured value to 1/100
(diluted), and calculate estimated concentration 365
days after reactor shutdown.

Note) For Ni-59, Ni-63 and Nb-94 where concentration can be|
lestimated using theoretical calculation and scaling factor when
homogeneous or when a homogeneous solid, use theoretical
calculation conversion value and scaling factor to estimate based on|
the concentration of the key radionuclide Co-60.

*1 Announcement Stipulating the Dose
Limit Based on Regulations
Regarding the Refining industry of
Nuclear Raw Material and Nuclear
Fuel Material (Attached Table 1, 6)

Step 3

Does the total value of concentration of each
radionuclide calculated in steps 1 and 2 exceed
the legally required concentration *2 by 1/1007?

Radionuclide subject to removal

es

*2 Announcement Stipulating the Dose
Limit Based on Regulations
Regarding the Refining industry of
No Nuclear Raw Material and Nuclear
Fuel Material (Attached Table 1, 6)

Removal is excluded

Figure C-2 Flow Chart for the Selection of CP Radionuclides Subject to Removal
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Table C-1 List of Radionuclides Subject to Removal

No. Radionuclide fll;f]fs.if;el Ra?;g:on No Radionuclide igflfs_if;el Ragisgon
1 Mn-54 310d 32 1-129 1.6E+07y By
2 Fe-59 44 d 33 Cs-134 2.1y By
3 Co-58 71d 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 Y
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 ¥ 48 Eu-152 14y By
18 Ag-110m 250d By 49 Eu-154 8.6y By
19 Cd-113m 14y Y 50 Eu-155 4.8y By

20 Cd-115m 45d By 51 Gd-153 240d Y
21 Sn-119m 290d Y 52 Tb-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 o
30 Te-129 70m By 61 Cm-243 29y o
31 Te-129m 34d By 62 Cm-244 18y o
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Reference D Regarding the Water Quality of ALPS Treated Water, etc.

D1. Regarding water quality of ALPS treated water, etc., in tank groups where “the sum of the ratios”
of radionuclides other than tritium can be estimated to be less than one.

The key seven radionuclides (the seven radionuclides, Cs-137, Cs-134, Co-60, Sb-125, Ru-106, Sr-
90, 1-129 detected at significant levels when being treated by ALPS), tritium, and all B rays were
measured for each tank group (five to ten units of tanks connected when receiving water from ALPS)
that had become full. Samples were collected at a rate of one to two samples per tank group, and in
addition to the above, C-14, Tc-99 and all o rays were measured in some tank groups.

Based on the data below disclosed by TEPCO, the analysis results of tank groups for which “the sum
of the ratios” of radionuclides other than trititum can be estimated to be less than 1 that were extracted, and
the concentration distribution of the key seven radionuclides were organized in Figure D-1*. In the
actual discharge, analysis shall be conducted of the 64 radionuclides prior to discharge (62
radionuclides subject to removal +, C-14, tritium), and the legally required concentration except for
tritium shall be confirmed to be less than 1.)

Measured radioactivity concentration in each tank group (excluding reused tanks) (as of 31 March
2021) [D1]

Test water for secondary treatment
https://www.tepco.co.jp/decommission/information/newsrelease/reference/pdf/2020/2h/rf 20201224 1.pdf

*The equation for estimating “the sum of the ratios” of radionuclides other than tritium in water stored
at each tank group is presented below. Based on past records, “the sum of the ratios” of 56
radionuclides, excluding the key seven radionuclides, is expected to be around 0.41. Therefore, if
“the sum of the ratios” of the seven key radionuclides was less than 0.59, subject water was
categorized as having “the sum of the ratios” of radionuclides other than tritium below one.

“The sum of the ratios” of | 4 ragg:ge":ter;:gilg rce:_uli;ed + | “The sum of the ratios” of the other
the seven key radionuclides o 55 radionuclides
(Measured value) (Maximum value: 0.11 ) (Estimated value : 0.30 )

*1: Maximum 215 Bg/L (refer to Figure D-2)

*2: Estimated at 0.3 based on “the sum of the ratios” of the other 55 radionuclides derived from the
results of analysis regarding 62 radionuclides at the outlet of ALPS from FY2015-2017 (refer to
Reference 2, 10" Subcommittee Regarding the Handling of Water Treated with ALPS, etc.
[D2])
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Figure D-1 Distribution of Concentration of the Seven Key Radionuclides
in the Analysis Results of ALPS Treated Water, etc.

*Plotted the analysis results (for 80 units) for “the sum of the ratios” of the seven key radionuclides

being below 0.59 (excluding test water for secondary treatment)

*The vertical axis indicates the number of tanks
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Also, past tank analysis results [D1] were identified for tritium and C-14 not subject to removal by

ALPS, and the created distribution of concentration based on analysis results is presented in Figure D-
2.

40

w
v}

| mH-3 | [mc-14

v}

"

%/ Maximum detected value measured in tanks:
,2,500,000Bq/L
| 'Legally required concentration limits: 60,000Bq/I

yMaximum detected value measured in tanks:
215Bg/L
Legally required concentration limits: 2,000Bq/L

*The figures measured at the point when attenuation is not
taken into account

(syun) syue) o Joquinn

(syun) syue) Jo JoquInN
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o 1 l Baaalna. .
S8 RSI3RE ge88rgR8cS

H-3 concentration [10,000Bg/L] C-14 conce.ntratic;n [Il O,bOGBq/L]
Figure D-2 Distribution of Concentration of Tritium and C-14
in the Analysis Results of ALPS Treated Water, etc.

*Plotted the analysis results for tank groups (189 units for tritium and 81 units for C-14) (excluding
test water for secondary treatment)

*The vertical axis indicates the number of tanks

D2. Analysis results of the 64 radionuclides

Analysis results for the K4 tank group [DI1] [D3], where complete analysis results for all 64
radionuclides are available, and the analysis results of the two tank groups [D4] subjected to
performance tests for secondary treatment, are presented in tables D-1 to D-3.
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Table D-1 Analysis Results from the K4 Tank Group

Legally .
) Ratio of legally
required ) .
i Analysis results required
Radionuclide | concentration . Remarks
o concentration
limits
[Bq/L] [Bq/L]
Discharge after diluting to below
H-3 6.0E+04 1.9E+05 3.2E+00
1,500Bq/L
C-14 2.0E+03 1.5E+01 7.5E-03
Mn-54 1.0E+03 < 6.7E-03 6.7E-06
Fe-59 4.0E+02 < 1.7E-02 4.3E-05
Co-58 1.0E+03 < 8.0E-03 8.0E-06
Co-60 2.0E+02 4.4E-01 2.2E-03
Ni-63 6.0E+03 2.2E+00 3.7E-04
Zn-65 2.0E+02 < 1.5E-02 7.5E-05
Rb-86 3.0E+02 < 1.9E-01 6.3E-04
Sr-89 3.0E+02 < 1.0E-01 3.3E-04
Sr-90 3.0E+01 2.2E-01 7.3E-03
Y-90 3.0E+02 2.2E-01 7.3E-04 Radiation equilibrium with Sr-90

Y-91 3.0E+02 < 2.2E+00 7.3E-03
Nb-95 1.0E+03 < 1.0E-02 1.0E-05
Tc-99 1.0E+03 7.0E-01 7.0E-04
Ru-103 1.0E+03 < 1.0E-02 1.0E-05
Ru-106 1.0E+02 1.6E+00 1.6E-02

Rh-103m 2.0E+05 < 1.0E-02 5.0E-08 Radiation equilibrium with Ru-103

Rh-106 3.0E+05 1.6E+00 5.3E-06 Radiation equilibrium with Ru-106
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Legally

Ratio of legally

required . .
i Analysis results required
Radionuclide | concentration . Remarks
o concentration
limits
[Bq/L] [Bq/L]
Ag-110m 3.0E+02 < 5.6E-03 1.9E-05
Cd-113m 4.0E+01 < 1.8E-02 4.5E-04
Cd-115m 3.0E+02 < 6.4E-01 2.1E-03
Assessed based on radiation concentration
Sn-119m 2.0E+03 < 1.7E-01 8.5E-05
of Sn-123
Sn-123 4.0E+02 < 1.2E+00 3.0E-03
Sn-126 2.0E+02 < 2.7E-02 1.4E-04
Sb-124 3.0E+02 < 9.5E-03 3.2E-05
Sb-125 8.0E+02 3.3E-01 4.1E-04
Te-123m 6.0E+02 < 9.2E-03 1.5E-05
Te-125m 9.0E+02 3.3E-01 3.7E-04 Radiation equilibrium with Sb-125
Te-127 5.0E+03 < 3.2E-01 6.4E-05
Assessed based on radiation concentration
Te-127m 3.0E+02 < 3.2E-01 1.1E-03
of Te-127
Te-129 1.0E+04 < 8.1E-02 8.1E-06
Te-129m 3.0E+02 < 3.2E-01 1.1E-03
1-129 9.0E-+00 2.1E+00 2.3E-01
Cs-134 6.0E+01 4.5E-02 7.5E-04
Assessed based on radiation concentration
Cs-135 6.0E+02 2.5E-06 4.2E-09
of Cs-137
Cs-136 3.0E+02 < 3.0E-02 1.0E-04
Cs-137 9.0E+01 42E-01 4.7E-03
Ba-137m 8.0E+05 4.2E-01 5.3E-07 Radiation equilibrium with Cs-137
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Legally

Ratio of legally

required . .
i Analysis results required
Radionuclide | concentration . Remarks
o concentration
limits
[Bg/L] [Bq/L]
Ba-140 3.0E+02 < 9.5E-02 3.2E-04
Ce-141 1.0E+03 < 2.5E-02 2.5E-05
Ce-144 2.0E+02 < 6.3E-02 3.2E-04
Pr-144 2.0E+04 < 6.3E-02 3.2E-06 Radiation equilibrium with Ce-144
Pr-144m 4.0E+04 < 6.3E-02 1.6E-06 Radiation equilibrium with Ce-144
Pm-146 9.0E+02 < 9.8E-02 1.1E-04
Assessed based on radiation concentration
Pm-147 3.0E+03 < 1.9E-01 6.3E-05
of Eu-154
Pm-148 3.0E+02 < 5.0E-01 1.7E-03
Pm-148m 5.0E+02 < 8.4E-03 1.7E-05
Assessed based on radiation concentration
Sm-151 8.0E+03 < 9.0E-04 1.1E-07
of Eu-154
Eu-152 6.0E+02 < 2.8E-02 4.7E-05
Eu-154 4.0E+02 < 1.2E-02 3.0E-05
Eu-155 3.0E+03 < 3.3E-02 1.1E-05
Gd-153 3.0E+03 < 3.2E-02 1.1E-05
Tb-160 5.0E+02 < 2.8E-02 5.6E-05
Assessed enveloped by measured value of
Pu-238 4.0E+00 < 6.3E-04 1.6E-04 all o rays
Assessed enveloped by measured value of
Pu-239 4.0E+00 < 6.3E-04 1.6E-04 all o rays
Assessed enveloped by measured value of
Pu-240 4.0E+00 < 6.3E-04 1.6E-04 all o rays
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Legally

Ratio of legally

than tritium

required . .
i Analysis results required
Radionuclide | concentration . Remarks
o concentration
limits
[Bq/L] [Bq/L]
Assessed based on radiation concentration
Pu-241 2.0E+02 < 2.8E-02 1.4E-04
of Pu-238
Assessed enveloped by measured value of
Am-241 5.0E+00 < 6.3E-04 1.3E-04 all o rays
Assessed based on radiation concentration
Am-242m 5.0E+00 < 3.9E-05 7.8E-06 of Am-241
Assessed enveloped by measured value of
Am-243 5.0E+00 < 6.3E-04 1.3E-04 all o rays
Assessed enveloped by measured value of
Cm-242 6.0E+01 < 6.3E-04 1.1E-05 all a rays
Assessed enveloped by measured value of
Cm-243 6.0E+00 < 6.3E-04 1.1E-04 all o rays
Assessed enveloped by measured value of
Cm-244 7.0E+00 < 6.3E-04 9.0E-05 all a rays
“The sum of the ratios” of radionuclides other
2.9E-01

*The average value of the measurement results for five tanks were used for C-14, the average value of the
measurement results for seven tanks were used for H-3 [D1]; the analysis results of composites were used for
other radionuclides [D3]

Table D-2 Analysis Results of Test to Verify Performance of Secondary Treatment (J1-C

roup)
Before secondary treatment | After secondary treatment
Legally ) .
. Ratio of Ratio of
. . required )
Radionuclide . legally Analysis legally
. concentrat | Analysis results . . Remarks
(half-life) . required results required
ion limits [Bg/L]
concentrat [Bq/L] concentrat
[Ba/L] . .
ion ion
Discharge after diluting to
H-3 6.0E+04 8.51E+05 1.4E+01 8.22E+05 1.4E+01
below 1,500Bq/L
C-14 2.0E+03 1.53E+01 7.6E-03 1.76E+01 8.8E-03
Mn-54 1.0E+03 | < 3.62E-01 3.6E-04 |< 3.83E-02 3.8E-05
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Before secondary treatment

After secondary treatment

Legally ) .
. Ratio of Ratio of
. . required )
Radionuclide . legally Analysis legally
. concentrat | Analysis results . . Remarks
(half-life) . required results required
ion limits [Bg/L]
concentrat [Bq/L] concentrat
[Ba/L] . .
10on 0on
Fe-59 4.0E+02 | < 6.41E-01 1.6E-03 |< 8.66E-02 2.2E-04
Co-58 1.0E+03 | < 3.44E-01 34E-04 |[< 4.11E-02 4.1E-05
Co-60 2.0E+02 3.63E+01 1.8E-01 3.33E-01 1.7E-03
Ni-63 6.0E+03 5.19E+01 8.6E-03 |< 8.45E+00 1.4E-03
Zn-65 2.0E+02 | < 7.19E-01 3.6E-03 |[< 941E-02 4.7E-04
Rb-86 3.0E+02 | < 4.11E+00 1.4E-02 |< 497E-01 1.7E-03
Sr-89 3.0E+02 | < 6.72E+03 2.2E+01 |< 5.37E-02 1.8E-04
Sr-90 3.0E+01 6.46E+04 2.2E+03 3.57E-02 1.2E-03
Y-90 30E+02 | GAGEH04 | 22E+02 | 3.57E-02 | 12B-o4 |Radiationequilibrium with
Sr-90
Y-91 3.0E+02 | < 8.45E+01 2.8E-01 |< 1.65E+01 5.5E-02
Nb-95 1.0E+03 | < 3.50E-01 3.5E-04 |< 4.96E-02 5.0E-05
Tc-99 1.0E+03 1.74E+01 1.7E-02 |< 1.23E+00 1.2E-03
Ru-103 1.0E+03 | < 7.21E-01 7.2E-04 |< 5.27E-02 5.3E-05
Ru-106 1.0E+02 | < 5.00E+00 5.0E-02 1.43E+00 1.4E-02
Rh-103m | 2.0B405 | < 721E-01 | 3.6E-06 |< 527602 | 2.6E-07 |Radiation equilibrium with
Ru-103
Rh-106 | 3.0E405 | < S.00B400 | 1.7E-05 | 143E+00 | 48E-06 | adiationequilibriumwith
Ru-106
Ag-110m 3.0E+02 | < 5.41E-01 1.8E-03 |[< 4.26E-02 1.4E-04
Cd-113m 4.0E+01 | < 2.05E+01 5.1E-01 |< 8.52E-02 2.1E-03
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Before secondary treatment | After secondary treatment
Legally ) .
. Ratio of Ratio of
. . required )
Radionuclide . legally Analysis legally
. concentrat | Analysis results . . Remarks
(half-life) . required results required
ion limits [Bg/L]
concentrat [Bq/L] concentrat
[Bq/L] . .
ion ion
Cd-115m 3.0E+02 | < 2.26E+01 7.5E-02 |< 2.70E+00 9.0E-03
Assessed based on
Sn-119m 2.0E+03 | < 3.90E+02 1.9E-01 |< 4.24E+01 2.1E-02 |radiation concentration of
Sn-123
Sn-123 4.0E+02 | < 6.06E+01 1.5E-01 |< 6.59E+00 1.6E-02
Sn-126 2.0E+02 | < 2.88E+00 1.4E-02 |< 2.92E-01 1.5E-03
Sb-124 3.0E+02 | < 2.79E-01 9.3E-04 |< 9.67E-02 3.2E-04
Sb-125 8.0E+02 8.30E+01 1.0E-01 2.26E-01 2.8E-04
Te-123m 6.0E+02 | < 8.32E-01 1.4E-03 |< 9.19E-02 1.5E-04
Te-125m | 9.0E+02 |  830E+01 | 92B-02 | 226E-01 | 2.5E-04 | adiationequilibrium with
Sb-125
Te-127 5.0E+03 | < 7.25E+01 1.5E-02 |< 4.69E+00 9.4E-04
Assessed based on
Te-127m 3.0E+02 | < 7.53E+01 2.5E-01 |< 4.87E+00 1.6E-02 |radiation concentration of
Te-127
Te-129 1.0E+04 | < 1.27E+01 1.3E-03 [< 6.15E-01 6.1E-05
Te-129m 3.0E+02 | < 1.31E+01 4 4E-02 |< 1.37E+00 4.6E-03
I-129 9.0E+00 2.99E+01 3.3E+00 1.16E+00 1.3E-01
Cs-134 6.0E+01 2.93E+01 49E-01 |< 7.60E-02 1.3E-03
Assessed based on
Cs-135 6.0E+02 3.81E-03 6.4E-06 1.18E-06 2.0E-09 |radiation concentration of
Cs-137
Cs-136 3.0E+02 | < 3.77E-01 1.3E-03 |< 4.68E-02 1.6E-04
Cs-137 9.0E+01 5.99E+02 6.7E+00 1.85E-01 2.1E-03
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Before secondary treatment

After secondary treatment

Legally ; ;
] Ratio of Ratio of
. . required .
Radionuclide . legally Analysis legally
. concentrat | Analysis results . . Remarks
(half-life) . required results required
ion limits [Bg/L]
concentrat [Bq/L] concentrat
[Ba/L] . .
ion ion
Ba-137m | S.0E+05 | 599E+02 | 7.5E-04 | 185E-01 | 23E-07 |Ladiation equilibrium with
Cs-137
Ba-140 3.0E+02 | < 2.40E+00 8.0E-03 |< 2.02E-01 6.7E-04
Ce-141 1.0E+03 | < 1.51E+00 1.5E-03 |< 2.62E-01 2.6E-04
Ce-144 2.0E+02 | < 6.84E+00 3.4E-02 |< 5.69E-01 2.8E-03
Pr-144 | 206404 |< 6.84E+00 | 34E-04 |< 569E-01 | 2.8B-0s |Radiation equilibrium with
Ce-144
Pr-144m | 40E+104 |< 684E+00 | 17B-04 |< 5.69E-01 | 14E-05 |Radiation equilibrium with
Ce-144
Pm-146 9.0E+02 |< 1.23E+00 1.4E-03 |< 6.66E-02 7.4E-05
Assessed based on
Pm-147 3.0E+03 | < 4.08E+00 1.4E-03 |< 8.04E-01 2.7E-04 |radiation concentration of
Eu-154
Pm-148 3.0E+02 |< 6.49E-01 2.2E-03 [< 2.33E-01 7.8E-04
Pm-148m 5.0E+02 |< 6.34E-01 1.3E-03 |< 4.84E-02 9.7E-05
Assessed based on
Sm-151 8.0E+03 | < 5.77E-02 72E-06 |[< 1.14E-02 1.4E-06 |radiation concentration of
Eu-154
Eu-152 6.0E+02 | < 2.70E+00 4.5E-03 |< 2.84E-01 4.7E-04
Eu-154 4.0E+02 | < 5.77E-01 1.4E-03 |< 1.14E-01 2.8E-04
Eu-155 3.0E+03 | < 3.43E+00 1.1E-03 |< 3.36E-01 1.1E-04
Gd-153 3.0E+03 | < 3.17E+00 1.1E-03 |< 2.64E-01 8.8E-05
Tb-160 5.0E+02 | < 1.66E+00 3.3E-03 |< 1.43E-01 2.9E-04
Assessed enveloped by
Pu-238 4.0E+00 5.70E-01 1.4E-01 |[< 3.25E-02 8.1E-03 |measured value of all a
rays
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Before secondary treatment | After secondary treatment
Legally ) .
. ' required Ratio of ' Ratio of
Radionuclide . legally Analysis legally
(half-life) (fonc§nt.rat Analysis results required results required Remarks
ion limits [Bq/L]
concentrat [Bq/L] concentrat
[Ba/L] . .
ion ion
Assessed enveloped by
Pu-239 4.0E+00 5.70E-01 1.4E-01 |< 3.25E-02 8.1E-03 |measured value of all a
rays
Assessed enveloped by
Pu-240 4.0E+00 5.70E-01 1.4E-01 |< 3.25E-02 8.1E-03 |measured value of all a
rays
Assessed based on
Pu-241 2.0E+02 2.07E+01 1.0E-01 |< 1.18E+00 5.9E-03 |radiation concentration of
Pu-238
Assessed enveloped by
Am-241 5.0E+00 5.70E-01 1.1E-01 |< 3.25E-02 6.5E-03 |measured value of all a
rays
Assessed based on
Am-242m 5.0E+00 1.03E-02 2.1E-03 |< 5.87E-04 1.2E-04 |radiation concentration of
Am-241
Assessed enveloped by
Am-243 5.0E+00 5.70E-01 1.1E-01 |< 3.25E-02 6.5E-03 |measured value of all o
rays
Assessed enveloped by
Cm-242 6.0E+01 5.70E-01 9.5E-03 |< 3.25E-02 5.4E-04 |measured value of all o
rays
Assessed enveloped by
Cm-243 6.0E+00 5.70E-01 9.5E-02 |< 3.25E-02 5.4E-03 |measured value of all a
rays
Assessed enveloped by
Cm-244 7.0E+00 5.70E-01 8.1E-02 |< 3.25E-02 4.6E-03 | measured value of all a
rays
“The sum of the ratios” of
radionuclides other than - 2.4E+03 - 3.5E-01
tritium
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Table D-3 Analysis Results of Test to Verify Performance of Secondary Treatment (J1-G

group)
Legally Before secondary treatment | After secondary treatment
Radionuclide requlred. Analysis Ratio of Analysis Ratio of
halflife) |concentration legally legally Remarks
(half-life) limits results required results required
[Ba/L]  |concentration [Ba/L]  |concentration
[Bg/L]
Discharge after
H-3 6.0E+04 2.73E+05 4.6E+00 2.72E+05 4.5E+00 |diluting to below
1,500Bq/L
C-14 2.0E+03 1.26E+01 6.3E-03 1.56E+01 7.8E-03
Mn-54 1.0E+03 | <2.02E-01 2.0E-04 | <3.79E-02 3.8E-05
Fe-59 4.0E+02 | <3.51E-01 8.8E-04 | <7.17E-02 1.8E-04
Co-58 1.0E+03 | <2.11E-01 2.1E-04 | <3.74E-02 3.7E-05
Co-60 2.0E+02 1.31E+01 6.5E-02 2.33E-01 1.2E-03
Ni-63 6.0E+03 | <1.84E+01 3.1E-03 < 8.84E+00 1.5E-03
Zn-65 2.0E+02 | <4.35E-01 2.2E-03 <7.97E-02 4.0E-04
Rb-86 3.0E+02 | <2.56E+00 8.5E-03 < 4.67E-01 1.6E-03
Sr-89 3.0E+02 | <7.87E+02 2.6E+00 | <4.52E-02 1.5E-04
Sr-90 3.0E+01 1.04E+04 3.5E+02 | <3.18E-02 1.1E-03
Radiation equilibrium
Y-90 3.0E+02 1.04E+04 3.5E+01 | <3.18E-02 1.1E-04 )
with Sr-90
Y-91 3.0E+02 | <4.82E+01 1.6E-01 < 1.18E+01 3.9E-02
Nb-95 1.0E+03 | <2.56E-01 2.6E-04 | <4.70E-02 4.7E-05
Tc-99 1.0E+03 1.20E+00 1.2E-03 < 1.29E+00 1.3E-03
Ru-103 1.0E+03 | <3.39E-01 3.4E-04 | <5.06E-02 5.1E-05
Ru-106 1.OE+02 | <2.27E+00 2.3E-02 4.83E-01 4.8E-03
Radiation equilibrium
Rh-103m 2.0E+05 | <3.39E-01 1.7E-06 | < 5.06E-02 2.5E-07

with Ru-103
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Legally

Before secondary treatment

After secondary treatment

Radionuclide requlreq Analysis Ratio of Analysis Ratio of
half-lif concentration legally legally Remarks
(half-life) limits results required results required
[Bg/L] concentration [Ba/L] concentration
[Bq/L]
Radiation equilibrium
Rh-106 3.0E+05 < 2.27E+00 7.6E-06 4.83E-01 1.6E-06 ]
with Ru-106
Ag-110m 3.0E+02 <2.92E-01 9.7E-04 < 4.00E-02 1.3E-04
Cd-113m 4.0E+01 < 2.04E+01 5.1E-01 < 8.55E-02 2.1E-03
Cd-115m 3.0E+02 < 1.16E+01 3.9E-02 < 2.29E+00 7.6E-03
Assessed based on
Sn-119m 2.0E+03 < 2.13E+02 1.1E-01 < 4.03E+01 2.0E-02 |radiation concentration
of Sn-123
Sn-123 4.0E+02 < 3.31E+01 8.3E-02 < 6.26E+00 1.6E-02
Sn-126 2.0E+02 < 1.16E+00 5.8E-03 < 1.47E-01 7.3E-04
Sb-124 3.0E+02 < 2.20E-01 7.3E-04 < 8.42E-02 2.8E-04
Sb-125 8.0E+02 3.23E+01 4.0E-02 1.37E-01 1.7E-04
Te-123m 6.0E+02 < 3.83E-01 6.4E-04 < 6.67E-02 1.1E-04
Radiation equilibrium
Te-125m 9.0E+02 3.23E+01 3.6E-02 1.37E-01 1.5E-04 ]
with Sb-125
Te-127 5.0E+03 < 3.53E+01 7.1E-03 < 4.33E+00 8.7E-04
Assessed based on
Te-127m 3.0E+02 < 3.67E+01 1.2E-01 < 4.50E+00 1.5E-02 |radiation concentration
of Te-127
Te-129 1.0E+04 < 4.71E+00 4.7E-04 < 5.94E-01 5.9E-05
Te-129m 3.0E+02 < 6.61E+00 2.2E-02 < 1.21E+00 4.0E-03
I-129 9.0E+00 2.79E+00 3.1E-01 3.28E-01 3.6E-02
Cs-134 6.0E+01 5.94E+00 9.9E-02 < 6.65E-02 1.1E-03
Assessed based on
Cs-135 6.0E+02 7.51E-04 1.3E-06 2.10E-06 3.5E-09 |radiation concentration

of Cs-137
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Legally

Before secondary treatment

After secondary treatment

Radionuclide requlred Analysis Ratio of Analysis Ratio of
half-lif concentration legally legally Remarks
(half-life) limits results required results required
[Bg/L] concentration [Ba/L] concentration
[Bq/L]
Cs-136 3.0E+02 < 1.96E-01 6.5E-04 < 3.63E-02 1.2E-04
Cs-137 9.0E+01 1.18E+02 1.3E+00 3.29E-01 3.7E-03
Radiation equilibrium
Ba-137m 8.0E+05 1.18E+02 1.5E-04 3.29E-01 4.1E-07 ]
with Cs-137
Ba-140 3.0E+02 < 1.22E+00 4.1E-03 < 1.73E-01 5.8E-04
Ce-141 1.0E+03 < 9.39E-01 9.4E-04 < 1.19E-01 1.2E-04
Ce-144 2.0E+02 < 3.02E+00 1.5E-02 < 5.53E-01 2.8E-03
Radiation equilibrium
Pr-144 2.0E+04 < 3.02E+00 1.5E-04 < 5.53E-01 2.8E-05 .
with Ce-144
Radiation equilibrium
Pr-144m 4.0E+04 < 3.02E+00 7.6E-05 < 5.53E-01 1.4E-05 ]
with Ce-144
Pm-146 9.0E+02 < 5.26E-01 5.8E-04 < 6.30E-02 7.0E-05
Assessed based on
Pm-147 3.0E+03 < 2.53E+00 8.4E-04 < 7.20E-01 2.4E-04 |radiation concentration
of Eu-154
Pm-148 3.0E+02 < 5.19E-01 1.7E-03 < 4.52E-01 1.5E-03
Pm-148m 5.0E+02 <2.76E-01 5.5E-04 < 4.09E-02 8.2E-05
Assessed based on
Sm-151 8.0E+03 < 3.57E-02 4.5E-06 < 1.02E-02 1.3E-06 |radiation concentration
of Eu-154
Eu-152 6.0E+02 < 1.21E+00 2.0E-03 < 1.90E-01 3.2E-04
Eu-154 4.0E+02 < 3.57E-01 8.9E-04 < 1.02E-01 2.5E-04
Eu-155 3.0E+03 < 1.38E+00 4.6E-04 < 1.75E-01 5.8E-05
Gd-153 3.0E+03 < 1.21E+00 4.0E-04 < 1.85E-01 6.2E-05
Tb-160 5.0E+02 < 6.88E-01 1.4E-03 < 1.35E-01 2.7E-04
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Legally

Before secondary treatment

After secondary treatment

Radionuclide requlreq Analysis Ratio of Analysis Ratio of
(half-life) concentration results legglly results legglly Remarks
limits required required
[Bg/L] [Bq/L] concentration [Bq/L] concentration
Assessed enveloped by
Pu-238 4.0E+00 | <3.19E-02 8.0E-03 < 2.80E-02 7.0E-03  |measured value of all a
rays
Assessed enveloped by
Pu-239 4.0E+00 | <3.19E-02 8.0E-03 < 2.80E-02 7.0E-03  |measured value of all a
rays
Assessed enveloped by
Pu-240 4.0E+00 | <3.19E-02 8.0E-03 < 2.80E-02 7.0E-03  |measured value of all a
rays
Assessed based on
Pu-241 2.0E+02 < 1.16E+00 5.8E-03 < 1.02E+00 5.1E-03 |radiation concentration
of Pu-238
Assessed enveloped by
Am-241 5.0E+00 | <3.19E-02 6.4E-03 < 2.80E-02 5.6E-03 |measured value of all a
rays
Assessed based on
Am-242m 5.0E+00 < 5.77E-04 1.2E-04 < 5.05E-04 1.0E-04 |radiation concentration
of Am-241
Assessed enveloped by
Am-243 5.0E+00 | <3.19E-02 6.4E-03 < 2.80E-02 5.6E-03 |measured value of all a
rays
Assessed enveloped by
Cm-242 6.0E+01 | <3.19E-02 5.3E-04 < 2.80E-02 4.7E-04 |measured value of all a
rays
Assessed enveloped by
Cm-243 6.0E+00 | <3.19E-02 5.3E-03 < 2.80E-02 4.7E-03  |measured value of all a
rays
Assessed enveloped by
Cm-244 7.0E+00 | <3.19E-02 4.6E-03 < 2.80E-02 4.0E-03 |measured value of all a
rays
“The sum of the ratios” of
radionuclides other than - 3.9E+02 - 2.2E-01
trittum

106




Reference

[D1] Estimated Radiation Concentration for Each Tank Group (as of March 31, 2021) (Tokyo Electric

Power Company Holdings, Inc., 2021)

[D2] 10" Subcommittee Regarding the Handling of Water Treated with ALPS, Reference 2 ALPS
treated water data collection (assessment results for 62 radionuclides) (Tokyo Electric Power
Company Holdings, Inc., 2018)

[D3] 10™ Subcommittee Regarding the Handling of Water Treated with ALPS, Reference 3 Data
collection for ALPS treated water (for each tank group) (Tokyo Electric Power Company
Holdings, Inc., 2018)

[D4] Status Regarding the Performance Test for the Secondary Treatment of ALPS Treated Water,
etc. (Tokyo Electric Power Company Holdings, Inc., December 21, 2020)
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Reference E Setting Operational Control Value

Sufficient safety will be ensured by confirming “the sum of the ratios” of radionuclides other than
tritium is less than one in the case of the discharge of ALPS treated water into the sea, and the water
will be diluted by 100 times or more using seawater to ensure that the tritium concentration falls
significantly below the legally required concentration. In addition, in order to optimize radiation
protection by further reducing the impact on the external environment, TEPCO decided to implement
individual operational control for important nuclides in terms of exposure. The following procedure
was used to set the operational control values.

1. Selecting radionuclides significant for exposure
2. Set operational control value of radionuclides selected

If concentration exceeds the operational control value, discharge must be stopped and the water will
transfer to the storage tanks.

El. Selection of radionuclides subject to operational control

The legally required concentration is set so that continuous daily ingestion of radioactive material in
liquid does not result in annual exposure exceeding ImSv. Therefore, the annual radiation exposed
through direct ingestion remains about the same for different radionuclides if the ratio to legally
required concentration is the same. Even if there are multiple radionuclides involved, if “the sum of
ratios” is less than one, the annual exposure will not exceed 1mSv.

On the other hand, the behavior in the environment differs depending on the element, such as transfer
to organisms. The effects of exposure to radiation are different depending on the nuclides, even when
emitted at the same ratio to legally required concentration.

Therefore, to confirm the impact of each radionuclide discharged with the same ratio of legally
required concentration, exposure assessment was conducted using a hypothetical ALPS treated water
discharge for each radionuclide at the legally required concentration (“the sum of ratios” is one), and
radionuclides significant for exposure were selected.

a. Source term
The annual drainage for each radionuclide was set as presented in Table E-1, in accordance with
the conditions below.

* The annual drainage for tritium was set to the upper limit, 22 TBq (2.2E+13Bq).

* From the perspective of verifying the impact of radionuclides other than tritium with significant

impact on exposure, the tritium concentration in ALPS treated water to be discharged was set
to 100,000Bq/L, lower than the tritium concentration in ALPS treated water (approx.
150,000Bqg/L-2.5 million Bq/L), and annual drainage was set at a conservatively high value of
220 million L (2.2E+0.8 L).

+ Annual amount discharged was set based on the product of the legally required concentration

limits and annual drainage for each radionuclide.

b. Concentration of each radionuclide in seawater used for exposure assessment
Based on the tritium concentration in seawater (at all layers) presented in Table 5-5, the
concentration of each radionuclide in seawater to be used for exposure assessment was calculated
based on the ratio of tritium and the annual discharge of each radionuclide. The concentration of
each radionuclide in seawater used for assessment is presented in Table E-2.
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c. Results of exposure assessment and selection of radionuclides for operational control

The assessment method for internal exposure received through ingestion of marine products is the
same method employed in the 4-3.b, and the person subject to exposure assessment was set to ingest
a large amount of marine products.

The assessment results regarding internal exposure received by adults in the case where discharge of
each radionuclide is conducted at the legally required concentration limits is presented in Table E-3 in
descending order. The eight radionuclides causing exposure exceeding 0.001mSv/year, if discharged
at the legally required concentration limits, were selected as radionuclides for operational control due to
the significant impact on exposure assessment.

Regarding external exposure, there are radionuclides which cause exposure exceeding 0.001mSv/year
when considering transition to fishing nets. However, as presented in Table E-4, these radionuclides
all use the dose conversion factor for Co-60, and there is little impact to actual external exposure when
compared to Co-60, due to the photon energy released from each radionuclide as well as its emission
rate. Therefore, it was decided that there was no need to subject these radionuclides to operational
control.

d. Confirmation regarding environmental protection

Previous reviews focused on the impact on human exposure. Further reviews were conducted to
confirm if there were other radionuclides to be subjected to operational control from the perspective
of environmental protection.

Specifically, a. Source term was used to assess the impact that each radionuclide has on marine
products using the assessment method presented in Reference B. The assessment results are presented
in Table E-5 (Same Table as Table B-5 is shown) in descending order.

The most significant impact radionuclide is Fe-59, but the results were lower than the lower limit of
the derived consideration reference levels. Due to Fe-59 already has been subjected to operational
control from the perspective of reducing human exposure, and the assessment value of other
radionuclides was smaller by one digit or more when compared to Fe-59, TEPCO decided that Fe-59
was not be subjected to operational control from the perspective of environmental protection.
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Table E-1 Source Term for Confirming the Impact of the 63 Radionuclides Other Than
Tritium (annual discharge)

Subiect Radionuclide Annual Annual
ubjec
di ! lid concentration drainage discharge Remarks
radionuclide
(Ba/L) @ (Ba)
H-3 1.0E+05 2.2E+08 2 2E+13 + The amount of trittum discharged
C-14 2 0E+03 2.2E+08 4 AE+11 annually was set to be the upper limit.
Mn-54 LOE+03 2.2E+08 —_ + Tritium concentration was set to be
- 3 2E108 - lower than the concentration in stored
Fe-59 4.0E+02 ' 8.8E+10 ALPS treated water, etc. so that the annual
Co-58 LOE+03 2.2E+08 2 2E+1 drainage can be set at a higher value.
. ' + Subject source term is only set for
Co-60 2.2E+08
: 2.0E+02 T 3ET03 4.4E+10 assessment purposes when conducting
Ni-63 6.0E+03 : 1.3E+12 hypothetical discharge of ALPS treated
_ 2.2E+08 water to verify the impact of exposure for
Z0-65 2.0E+02 4.4E+10 each radionuclide subject to the legally
Rb-86 3 0E+02 2.2E+08 6.6E+10 required concentration limits (** the sum of
2 2F+08 ratios” is one). In reality, water of such
Sr-89 3.0E+02 ' 6.6E+10 | quality will not be discharged.
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 OE+03 2.2E+08 22F+11
Tc-99 1 OE+03 2.2E+08 22E+11
Ru-103 1.0E+03 2.2E+08 22E+11
Ru-106 1. 0E+02 2.2E+08 2.2E+10
+
Rh-103m 2.0E+05 2.2E+08 44E+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
2E+
Sn-123 4.0E+02 2.2E+08 8.8E+10
+
Sn-126 2.0E+02 2.2E+08 4.4E+10
+
Sb-124 3.0E+02 2.2E+08 6.6E+10
+
Sb-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 1LIE+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
+
1-129 9.0E+00 2.2E+08 2.0E+09
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Subject Radionucl%de An.nual {Xnnual
radionuclide concentration drainage discharge Remarks
(Bq/L) L) (Bg)

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 2.2E408 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 44E+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
Tb-160 5.0E+02 2.2E+08 11E+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 225408 1.1E+09
Am-242m 5.0E+00 22508 1.1E+09
Am-243 5.0E+00 225408 1.1E+09
Cm-242 6.0E+01 225108 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 E-2 Concentration of Seawater Used for Assessment

Concentration of seawater used for assessment
(within an area of 10km*10km)

Subject Annual discharge X X
radionuclide (Bq) Average concentration of all Average concentration of top
layers layer

(Ba/L) (Bq/L)
H-3 22E+13 5.6E-02 1.2E-01
C-14 44E+11 1.1E-03 2.4E-03
Mn-54 2.2E+11 5.6E-04 1.2E-03
Fe-59 8.8E+10 2.2E-04 4.8E-04
Co-58 2.2E+11 5.6E-04 1.2E-03
Co-60 4.4E+10 1.1E-04 2.4E-04
Ni-63 1.3E+12 3.4E-03 7.2E-03
Zn-65 4.4E+10 1.1E-04 2.4E-04
Rb-86 6.6E+10 1.7E-04 3.6E-04
Sr-89 6.6E+10 1.7E-04 3.6E-04
Sr-90 6.6E+09 1.7E-05 3.6E-05
Y-90 6.6E+10 1.7E-04 3.6E-04
Y-91 6.6E+10 1.7E-04 3.6E-04
Nb-95 22E+11 5.6E-04 1.2E-03
Tc-99 2.2E+11 5.6E-04 1.2E-03
Ru-103 2.2E+11 5.6E-04 1.2E-03
Ru-106 2.2E+10 5.6E-05 1.2E-04
Rh-103m 4.4E+13 1.1E-01 2.4E-01
Rh-106 6.6E+13 1.7E-01 3.6E-01
Ag-110m 6.6E+10 1.7E-04 3.6E-04
Cd-113m 8.8E+09 2.2E-05 4.8E-05
Cd-115m 6.6E+10 1.7E-04 3.6E-04
Sn-119m 4.4E+11 1.1E-03 2.4E-03
Sn-123 8.8E+10 2.2E-04 4.8E-04
Sn-126 4.4F+10 1.1E-04 2.4E-04
Sb-124 6.6E+10 1.7E-04 3.6E-04
Sb-125 1.8E+11 4.5E-04 9.6E-04
Te-123m 1.3E+11 3.4E-04 7.2E-04
Te-125m 2.0E+11 5.0E-04 1.1E-03
Te-127 1.1IE+12 2.8E-03 6.0E-03
Te-127m 6.6E+10 1.7E-04 3.6E-04
Te-129 2.2E+12 5.6E-03 1.2E-02
Te-129m 6.6E+10 1.7E-04 3.6E-04
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Concentration of seawater used for assessment
(within an area of 10km™*10km)

Subject Annual discharge X X
radionuclide (Bq) Average concentration of all Average concentration of top
layers layer
(Bq/L) (Bg/L)
1-129 2.0E+09 5.0E-06 1.1E-05
Cs-134 1.3E+10 3.4E-05 7.2E-05
Cs-135 1.3E+11 3.4E-04 7.2E-04
Cs-136 6.6E+10 1.7E-04 3.6E-04
Cs-137 2.0E+10 5.0E-05 1.1E-04
Ba-137m 1.8E+14 4.5E-01 9.6E-01
Ba-140 6.6E+10 1.7E-04 3.6E-04
Ce-141 2.2E+11 5.6E-04 1.2E-03
Ce-144 4.4F+10 1.1E-04 2.4E-04
Pr-144 44E+12 1.1E-02 2.4B-02
Pr-144m 8.8E+12 2.2E-02 4.8E-02
Pm-146 2.0E+11 5.0E-04 1.1E-03
Pm-147 6.6E+11 1.7E-03 3.6E-03
Pm-148 6.6E+10 1.7E-04 3.6E-04
Pm-148m 1.1IE+11 2.8E-04 6.0E-04
Sm-151 1.8E+12 4.5B-03 9.6E-03
Eu-152 1.3E+11 3.4E-04 7.2E-04
Eu-154 8.8E+10 2.2E-04 4.8E-04
Eu-155 6.6E+11 1.7E-03 3.6E-03
Gd-153 6.6E+11 1.7E-03 3.6E-03
Tb-160 1.1IE+11 2.8E-04 6.0E-04
Pu-238 8.8E+08 2.2E-06 4.8E-06
Pu-239 8.8E+08 2.2E-06 4.8E-06
Pu-240 8.8E+08 2.2E-06 4.8E-06
Pu-241 4 4E+10 1.1E-04 2.4E-04
Am-241 1.1E+09 2.8E-06 6.0E-06
Am-242m 1.1E+09 2.8E-06 6.0E-06
Am-243 1.1E+09 2.8E-06 6.0E-06
Cm-242 1.3E+10 3.4E-05 7.2E-05
Cm-243 1.3E+09 3.4E-06 7.2E-06
Cm-244 1.5E+09 3.9E-06 8.4E-06
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Concentration of seawater used for assessment
(within an area of 10km™*10km)

Subject Annual discharge X -
. . Average concentration of all Average concentration of top
radionuclide (Bq)
layers layer
(Bg/L) (Bg/L)
Subject exposure pathway Swimming Seawater
Beach sand Ship hull
Fishing net

Ingesting marine products

Table E-3 Results of Assessment Regarding Internal Exposure (for adults)
When Discharging With Each Radionuclide at the Legally required concentration Limits
(Eight radionuclides exceeding 0.001mSv/year selected as subjects to operational control)

Legally Internal exposure
) required dose received
No. S.ubject. concentration through ingesting Remarks
radionuclide limits marine products
[Bq/L] (mSv/year)
1 Sn-126 2 0E+02 2 6E-02 Subject to operational control
) Sn-123 4.0E+02 2 3E-02 Subject to operational control
3 Sn-119m 2 0E+03 1.9E-02 Subject to operational control
4 Fe-59 4.0E+02 5 6E-03 Subject to operational control
5 Cd-115m 3 0E+02 1 4E-03 Subject to operational control
6 C-14 2 0E+03 1.3E-03 Subject to operational control
7 Cd-113m 4.0E401 1.3E-03 Subject to operational control
8 Ag-110m 3 0E-+02 1.0E-03 Subject to operational control
9 Zn-65 2.0E+02 8.4E-04
10 Mn-54 1.0E+03 5.2E-04
11 Co-58 1.0E+03 2.5E-04
12 Co-60 2.0E+02 2.3E-04
13 Tc-99 1.0E+03 2.1E-04
14 Te-129m 3.0E+02 1.4E-04
15 Te-127 5.0E+03 1.3E-04
16 Te-123m 6.0E+02 1.3E-04
17 Eu-155 3.0E+03 1.3E-04
18 Te-125m 9.0E+02 1.2E-04
19 Pm-148m 5.0E+02 1.1E-04
20 Eu-152 6.0E+02 1.1E-04
21 Te-127m 3.0E+02 1.1E-04
22 Gd-153 3.0E+03 1.1E-04
23 Pm-146 9.0E+02 1.1E-04
24 Pm-148 3.0E+02 1.1E-04
25 Eu-154 4.0E+02 1.1E-04
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Legally

Internal exposure

i required dose received
No. S.ubject. concentration through ingesting Remarks
radionuclide limits marine products
[Bg/L] (mSv/year)
26 1-129 9.0E+00 1.1E-04
27 Sm-151 8.0E+03 1.0E-04
28 Pm-147 3.0E+03 1.0E-04
29 Am-241 5.0E+00 1.0E-04
30 Am-243 5.0E+00 1.0E-04
31 Te-129 1.0E+04 9.9E-05
32 Am-242m 5.0E+00 9.7E-05
33 Pu-239 4.0E+00 8.4E-05
34 Pu-240 4.0E+00 8.4E-05
35 Ce-144 2.0E+02 8.4E-05
36 Pu-241 2.0E+02 8.1E-05
37 Pu-238 4.0E+00 7.8E-05
38 Ni-63 6.0E+03 7.7E-05
39 Pr-144 2.0E+04 6.7E-05
40 Cm-243 6.0E+00 6.3E-05
41 Cm-244 7.0E+00 5.9E-05
42 Ce-141 1.0E+03 5.7E-05
43 Cm-242 6.0E+01 5.0E-05
44 Tb-160 5.0E+02 4.9E-05
45 Rh-103m 2.0E+05 3.6E-05
46 Nb-95 1.0E+03 2.7E-05
47 Sb-125 8.0E+02 2.4E-05
48 Sb-124 3.0E+02 2.0E-05
49 Ru-103 1.0E+03 2.0E-05
50 Y-90 3.0E+02 2.0E-05
51 Ru-106 1.0E+02 1.9E-05
52 Y-91 3.0E+02 1.7E-05
53 Cs-135 6.0E+02 6.2E-06
54 Cs-137 9.0E+01 6.1E-06
35 Cs-134 6.0E+01 5.9E-06
56 Cs-136 3.0E+02 4.7E-06
57 Ba-140 3.0E+02 9.8E-07
58 Rb-86 3.0E+02 6.3E-07
59 Sr-90 3.0E+01 2.9E-07
60 Sr-89 3.0E+02 2.7E-07
61 H-3 6.0E+04 1.1E-07
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Legally

Internal exposure

i required dose received
Subject } . .
No. . ) concentration through ingesting Remarks
radionuclide o ]
limits marine products
[Bg/L] (mSv/year)
62 See parent radionuclide for assessment
Rh-106 3.0E+05 0.0E+00 results
63 See parent radionuclide for assessment
Ba-137m 8.0E+05 0.0E+00 results
64 See parent radionuclide for assessment
Pr-144m 4.0E+04 0.0E+00 results

Table E-4 Results of Assessment Regarding External Exposure Received From Fishing Nets
When Discharging With Each Radionuclide at the Legally required concentration Limits

Legally
required Exposure from
Radionuclide concentration fishing net Remarks
limits [mSv/year]
[Ba/L]

1 Te-127 5 0E+03 2 1E-03 Referred to Co-60 for dose conversion
factor

5 Eu-155 3 0E+03 1 3E-03 Referred to Co-60 for dose conversion
factor

3 Gd-153 3 0E+03 1 3E-03 Referred to Co-60 for dose conversion
factor

4 Sn-119m 2 0E+03 8 5E-04 Referred to Co-60 for dose conversion
factor

5 Nb-95 1 OE+03 43E-04 Referred to Co-60 for dose conversion
factor

6 Ru-103 1 0E+03 4 3E-04 Referred to Co-60 for dose conversion
factor

7 Ce-141 1. 0E+03 4 3E-04 Referred to Co-60 for dose conversion
factor

3 Pm-146 9 0E+02 3 8E-04 Referred to Co-60 for dose conversion
factor

9 Te-123m 6.0E--02 2 6E-04 Referred to Co-60 for dose conversion
factor

10 Cs-135 6.0E+02 2 6E-04 Referred to Co-60 for dose conversion
factor

11 Pm-148m 5 0E-+02 2 1E-04 Referred to Co-60 for dose conversion
factor

12 Th-160 5 OE+02 2 1E-04 Referred to Co-60 for dose conversion
factor

13 Sn-123 4 0E+02 1 7E-04 Referred to Co-60 for dose conversion
factor

14 Co-58 1.0E+03 1.6E-04

15 Mn-54 1.0E+03 1.4E-04

16 Rb-86 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

17 $r-89 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

18 v-91 3 0E-+02 1 3E-04 Referred to C0-6f(2)lct:[(:)rr dose conversion
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Legally

required Exposure from
Radionuclide concentration fishing net Remarks
limits [mSv/year]
[Bq/L]

19 Ag-110m 3 0E+02 1 3E-04 Referred to Co-6f(a)wtj[(:)rr dose conversion

20 Cd-115m 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

11 Sb-124 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

2 Te-127m 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

23 Te-129m 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

24 Cs-136 3.0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

25 Ba-140 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

2% Pm-148 3 0E+02 1 3E-04 Referred to Co-60 for dose conversion
factor

27 Eu-152 6.0E+02 1.1E-04

28 Co-60 2.0E+02 8.5E-05

29 Eu-154 4.0E+02 8.1E-05

30 Sb-125 8.0E+02 5.2E-05

31 Zn-65 2.0E+02 2.0E-05

32 Cs-134 6.0E+01 1.5E-05

33 Cs-137 9.0E+01 8.5E-06

34 Ru-106 1.0E+02 3.5E-06

35 Pu-241 2.0E+02 2.7E-06

36 Ce-144 2.0E+02 1.7E-06

37 Te-125m 9.0E+02 8.9E-07

38 Sn-126 2.0E+02 6.0E-07

39 Cm-243 6.0E+00 1.2E-07 Referred to Am-243 for dose

conversion factor

40 Am-243 5.0E+00 1.0E-07

41 Sr-90 3.0E+01 2.7E-08

42 I-129 9.0E+00 6.2E-09

43 Am-242m 5.0E+00 5.8E-09

44 Pm-147 3.0E+03 5.4E-09

45 Am-241 5.0E+00 4.5E-09

46 Fe-59 4.0E+02 3.8E-09

47 Tc-99 1.0E+03 3.4E-09

48 Sm-151 8.0E+03 2.0E-09

49 C-14 2.0E+03 1.3E-09

50 Cd-113m 4.0E+01 1.0E-09

51 Cm-242 6.0E+01 4.6E-10
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Legally

results

required Exposure from
Radionuclide concentration fishing net Remarks
limits [mSv/year]
[Bq/L]

52 Ni-63 6.0E+03 2.0E-10

53 H-3 6.0E+04 8.2E-11

54 Cm-244 7.0E+00 6.3E-11

55 Pu-239 4.0E+00 3.3E-11

56 Pu-240 4.0E+00 3.1E-11

57 Pu-238 4.0E+00 2.9E-11

58 v-90 3 0E-+02 0.0E+00 See parent radionuclide for assessment
results

59 Rh-103m 2 0E+05 0.0E+00 See parent radionuclide for assessment
results

60 Rh-106 3 0E+05 0.0E-+00 See parent radionuclide for assessment
results

61 Te-129 | OE--04 0.0E-+00 See parent radionuclide for assessment
results

62 Ba-137m 8 OE-+05 0.0E+00 See parent radionuclide for assessment
results

63 Pr-144 2 OE+04 0.0E+00 See parent radionuclide for assessment
results

64 Pr-144m 4 0E-+04 0.0E+00 See parent radionuclide for assessment

*Hatching indicates radionuclides subject to operational control

Table E-5 Results of Assessment Regarding Environmental Protection
When Discharging With Each Radionuclide at the Legally required concentration Limits

Legally required Results of exposure assessment
Radionuclide coanent.ration (mGy/day) Remarks

limits Brown

(Bq/L] Flat fish Crab seaweed
1 Fe-59 4.0.E+02 5.4.E-01 54.E-01 5.8.E-01
2 Sn-126 2.0.E+02 9.7.E-03 9.3.E-03 9.0.E-03
3 Pm-148m 5.0.E+02 7.5.E-03 7.2.E-03 8.1.E-03
4 Mn-54 1.0.E+03 6.6.E-03 6.0.E-03 6.6.E-03
5 Eu-152 6.0.E+02 5.4.E-03 5.1.E-03 5.4.E-03
6 Pm-146 9.0.E+02 5.1.E-03 4.9.E-03 5.4.E-03
7 Tb-160 5.0.E+02 4.2.E-03 4.2.E-03 4.5.E-03
8 Eu-154 4.0.E+02 3.8.E-03 3.6.E-03 3.8.E-03
9 Nb-95 1.0.E+03 2.3.E-03 2.3.E-03 2.4.E-03
10 Gd-153 3.0.E+03 2.2.E-03 2.3.E-03 2.5.E-03
11 Pm-148 3.0.E+02 1.5.E-03 1.4.E-03 2.0.E-03
12 Eu-155 3.0.E+03 1.3.E-03 1.3.E-03 1.3.E-03
13 Co-58 1.0.E+03 1.1.E-03 1.1.E-03 1.1.E-03
14 Sn-123 4.0.E+02 1.0.E-03 9.7.E-04 1.0.E-03
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Legally required Results of exposure assessment
Radionuclide conCénFration (mGy/day) Remarks

limits Brown

(Bq/L] Flat fish Crab seaweed
15 Sn-119m 2.0.E+03 9.6.E-04 9.1.E-04 6.7.E-04
16 Ce-141 1.0.E+03 8.6.E-04 8.2.E-04 8.8.E-04
17 Co-60 2.0.E+02 5.6.E-04 5.6.E-04 6.1.E-04
18 Ce-144 2.0.E+02 4.7.E-04 2.7.E-04 4.7.E-04
19 Ru-103 1.0.E+03 7.4.E-05 7.2.E-05 7.5.E-05
20 Ag-110m 3.0.E+02 3.9.E-05 2.3.E-04 3.4.E-05
21 Y-91 3.0.E+02 3.6.E-05 2.2.E-05 1.6.E-04
22 Zn-65 2.0.E+02 3.1.E-05 6.6.E-05 3.1.E-05
23 Cd-115m 3.0.E+02 2.1.E-05 1.9.E-05 8.3.E-06
24 C-14 2.0.E+03 1.0.E-05 8.4.E-06 6.7.E-06
25 Te-127 5.0.E+03 9.4.E-06 9.4.E-06 8.7.E-05
26 Cs-136 3.0.E+02 9.4.E-06 9.4.E-06 9.4.E-06
27 Am-243 5.0.E+00 8.7.E-06 8.5.E-06 9.6.E-06
28 Ru-106 1.0.E+02 6.4.E-06 4.7.E-06 6.7.E-06
29 Cm-243 6.0.E+00 5.8.E-06 5.6.E-06 8.3.E-06
30 Ba-140 3.0.E+02 5.6.E-06 7.7.E-06 1.0.E-05
31 Sb-124 3.0.E+02 5.1.E-06 4.6.E-06 6.1.E-06
32 Sb-125 8.0.E+02 3.2.E-06 2.9.E-06 4.0.E-06
33 Pm-147 3.0.E+03 2.2.E-06 8.2.E-06 2.3.E-05
34 Te-129m 3.0.E+02 1.6.E-06 1.6.E-06 1.5.E-05
35 Cs-134 6.0.E+01 1.4.E-06 1.4.E-06 1.4.E-06
36 Sm-151 8.0.E+03 1.0.E-06 6.9.E-06 6.4.E-06
37 Te-125m 9.0.E+02 1.0.E-06 1.0.E-06 8.8.E-06
38 Am-241 5.0.E+00 9.1.E-07 9.0.E-07 8.9.E-07
39 Te-123m 6.0.E+02 9.0.E-07 9.2.E-07 5.4.E-06
40 Cd-113m 4.0.E+01 7.9.E-07 7.3.E-07 1.4.E-07
41 Cs-137 9.0.E+01 7.9.E-07 7.6.E-07 7.8.E-07
42 Cm-242 6.0.E+01 7.8.E-07 1.7.E-06 2.6.E-05
43 Te-127m 3.0.E+02 7.7.E-07 7.7.E-07 7.2.E-06
44 Am-242m 5.0.E+00 7.2.E-07 7.0.E-07 1.3.E-06
45 Rb-86 3.0.E+02 6.7.E-07 5.3.E-07 1.3.E-06
46 Ni-63 6.0.E+03 2.3.E-07 7.9.E-07 1.7.E-06
47 Cm-244 7.0.E+00 8.6.E-08 1.9.E-07 2.9.E-06
48 Tc-99 1.0.E+03 6.7.E-08 1.6.E-07 3.1.E-05
49 Cs-135 6.0.E+02 1.7.E-08 7.9.E-09 7.1.E-09
50 Sr-89 3.0.E+02 1.4.E-08 3.6.E-09 6.0.E-08
51 H-3 6.0.E+04 4.7.E-09 4.7.E-09 1.8.E-09
52 Pu-238 4.0.E+00 4.4.E-09 7.5.E-09 4.4.E-07
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Legally required Results of exposure assessment
) ) concentration (mGy/day)
Radionuclide o Remarks
limits Brown
Flat fish Crab
[Bq/L] seaweed
53 Pu-240 4.0.E+00 4.1.E-09 7.0.E-09 4.2.E-07
54 Pu-239 4.0.E+00 3.9.E-09 6.8.E-09 4.2.E-07
55 Sr-90 3.0.E+01 2.6.E-09 6.9.E-10 1.1.E-08
56 Pu-241 2.0.E+02 3.0.E-10 4.5.E-10 2.1.E-08
57 1-129 9.0.E+00 9.1.E-11 54.E-11 7.6.E-09
See parent
58 Y-90 3.0.E+02 0.0.E+00 0.0.E+00 0.0.E+00 | radionuclide for
assessment results
See parent
59 Rh-103m 2.0.E+05 0.0.E+00 0.0.E+00 0.0.E+00 radionuclide for
assessment results
See parent
60 Rh-106 3.0.E+05 0.0.E+00 0.0.E+00 0.0.E+00 | radionuclide for
assessment results
See parent
61 Te-129 1.0.E+04 0.0.E+00 0.0.E+00 0.0.E+00 | radionuclide for
assessment results
See parent
62 Ba-137m 8.0.E+05 0.0.E+00 0.0.E+00 0.0.E+00 | radionuclide for
assessment results
See parent
63 Pr-144 2.0.E+04 0.0.E+00 0.0.E+00 0.0.E+00 | radionuclide for
assessment results
See parent
64 Pr-144m 4.0.E+04 0.0.E+00 0.0.E+00 0.0.E+00 radionuclide for

assessment results

*Hatching indicates radionuclides subject to operational control
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E2. Setting operational control value

The seven radionuclides, except for C-14, subject to operational control were undetected in the
analysis conducted for tanks and outlet water of ALPS. Operational control value for undetected
radionuclide were set by adding concentration increased by 20%, accounting for errors, to the lowest
detection limit (the group out of the two tank groups with the larger value in the result) of the
performance test for secondary treatment and rounding off the value. Operational control value for
C-14 with detected levels were set as two times the maximum value for concentration rounded off.

The flow chart for setting operational control value is presented in Figure E-1, and operational
control value is presented in Table E-6.
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( 62 nuclides + C-14 )

Step 1

Conduct exposure assessment for each radionuclide
when hypothetical water, which contains the legally
required concentration of subject radionuclide, is
discharged.

Step 2

A 4

Radionuclide subject to
operational control

Step 3

A

Do the assessment results in step 1
uggest that radionuclide exceeds
0.Q01mSv/vear?

Has the subject been detected in
previous analysis?

No

A 4
< Not subject to operational controD

No

A 4

Step 4-1
The target value for operational control shall be set
at approx. two times the maximum concentration
previously detected for each radionuclide.

Step 4-2
The target value for operational control shall be set
with a 20% margin for analysis error added for the
maximum value of detectable threshold for each
radionuclide.

Figure E-1 Flowchart for Setting Operational Control Value
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Table E-6 Operational Control Values

Legally . . Ratio of
. Lowest Lowest detection Operational
] ] required o o legally
Radionuclides . detection limit limitx1.2 control value .
concentration required
[Ba/L] [Ba/L] [Bg/L] .
[Bq/L] concentration
Fe-59 4.0E+02 8.66E-02 1.04E-01 2.0E-01 5.0E-04
< Ag-110m 3.0E+02 4.26E-02 5.11E-02 6.0E-02 2.0E-04
E
g
g Cd-113m 4.0E+01 8.55E-02 1.03E-01 2.0E-01 5.0E-03
=
8
3
g Cd-115m 3.0E+02 2.70E+00 3.24E+00 4.0E+00 1.3E-02
5
Sn-119m 2.0E+03 4.24E+01 5.09E+01 6.0E+01 3.0E-02
Sn-123 4.0E+02 6.59E+00 7.91E+00 8.0E+00 2.0E-02
Sn-126 2.0E+02 2.92E-01 3.50E-01 4.0E-01 2.0E-03
g Legally . . . . Ratio of
=] . Highest Highest detection | Operational atio o
E Radionuclide required detection limit limitx2 control value legally
8 concentration required
3 [Bq/L] [Bq/L] [Bq/L] concentration
E [Ba/L]
8
Q
§ C-14 2.0E+03 2.15E+02 4.30E+02 5.0E+02 2.5E-01
Total ratio of legally required concentration 3.2E-01
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Reference F Differences in dispersion range depending on water discharge point

In considering the method of discharging the ALPS treated water, TEPCO initially considered the
proposal to discharge the water from the Units 5 and 6 water outlet in NPS, as was when Units 5 and
6 were in regular operation. The location of the water discharge point under consideration and the
water outlet of Units 5 and 6 are shown in Figure F-1.

A comparison of the results of the dispersion simulations for the different discharge points is shown
in Figures F-2 to F-4. There is no significant difference in the concentration range of 0.1 Bq/L, but
the concentration around NPS is lower when the water is discharged from 1km offshore.

i

Areas where no daily
fishery *
Estimated water
volume: approx. 60
billion (6.0E+10) liters

North-South 3.5km

Point of water discharge under
consideration
- %

|
| :
Submarine | j
| tunnel i
1
: y l- 1 : J

B
e Point of water outlet of Units 5 and 6
| H
i b
§ 4 11 2 J
Futaba-machi ® = _ Okuma-machi
4
—_ 5 e E
h'us\’ —— | I oo L : -
-"‘"-'-';_. \_{--_;:. L
A — N\ N 3
(£ { N\ — & 1 km
: 3 jyjten |

Source: TEPCO Holdines. Inc. hased on Geosranhical Survev Institute man (Electronic National T.and Weh)
https://maps.gsi.go.ip/#13/37.422730/141.044970/&base=std&Is=std&disp=18&vs=c1j0h0k0|0u0t0z0r0sOmOf1
HEERSEI R T

Figure F-1 Point of the water discharge in the consideration plan and point of the water
outlet of Units 5 and 6
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(Water discharged from 1km offshore) (Water discharged from the water outlet of Units 5 and 6)

FigureF-2 Comparison of the annual average concentration distribution on the sea surface due to different

discharge points (Wide area)
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0.1 0.1
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(Water discharged from 1km offshore) (Water discharged from the water outlet of Units 5 and 6)

FigureF-3 Comparison of the annual average concentration distribution on the sea surface due to different

discharge points (Enlarged view)
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FigureF-4 Comparison of the annual average concentration distribution on the sea surface due to different
discharge points (Cross-sectional view)
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Reference G Attribution of undetected nuclides to the source term based on measured values

The 64 nuclides included in this assessment include many undetected nuclides that have never
been detected in previous analytical evaluations. As shown in 4-1, based on measured values, the
annual discharge amount is conservatively set assuming that even nuclides below the detection limit
are included at the detection limit. However, it is presumed that many of the nuclides that have never
been detected are actually much lower concentrations than the detection limits, taking into account
their half-life and other factors.

In order to confirm the conservativeness of the exposure assessment results, the results of
exposure assessment for each nuclide were tabulated separately for detected and undetected nuclides.
The results are shown in Tables G-1 to G-4.

In all cases, the attribution of undetected nuclides is significant, and the assessment results are
considered to contain a considerable degree of conservatism.

Table G-1 Attribution of detected and undetected nuclides (human exposure)

(1) Source term based on actual measurement
Source term
Assessment i. K4 tank group ii. J1-C tank group iii. J1-G tank group
case
Marine products More than More than More than
. . average average average
ingestion average average average
Detected nuclides| 4.5E-06 1.9E-05 8.3E-07 3.4E-06 1.5E-06 5.7E-06
Exposure | Undetected |y 35 o5 | 44505 | 3.3E05 | IIE-04 | 9.2E-05 | 3.1E-04
(mSv/year) nuclides
Total 1.7E-05 6.3E-05 3.4E-05 1.1E-04 9.4E-05 3.1E-04
Proportion of undetected 74% 70% 98% 97% 98% 98%
nuclides in total

*  Exposure is the sum of external and internal exposures
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Table G-2 Attribution of detected and undetected nuclides (environmental protection, K4 tank
group)

K4 tank group
Assessment case
Flat fish Crab Blown

seaweed

Detected nuclides 7.5E-07 7.3E-07 8.1E-07

Exposure Undetected nuclides 1.7E-05 1.6E-05 1.8E-05
(mGy/day)

Total 1.7E-05 1.7E-05 1.9E-05

Proportion of urﬁ::;cted nuclides in 96% 96% 96%

Table G-3 Attribution of detected and undetected nuclides (environmental protection, J1-C
tank group)

J1-C tank group

Assessment case
Flat fish Crab Blown
seaweed
Detected nuclides 1.5E-05 1.5E-05 1.5E-05
Exposure | 5 jetected nucides 7.6E-06 7.1E-06 7.8E-06
(mGy/day

Total 2.2E-05 2.2E-05 2.3E-05

Proportion of unt(éet:;:cted nuclides in 349, 339 339

Table G-4 Attribution of detected and undetected nuclides (environmental protection, J1-G
tank group)

J1-G tank group

Assessment case
Flat fish Crab Blown
seaweed
Detected nuclides 2.9E-07 2.8E-07 3.0E-07
Exposure |\ 1 detected nuclides 5.6E-05 5.4E-05 5.8E-05
(mGy/day

Total 5.6E-05 5.5E-05 5.9E-05

Proportion of unt(icte;:cted nuclides in 99% 999, 999,
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Reference H Details of Exposure Assessment Results per Radionuclide
HI1. Assessment of internal exposure in humans
The results of internal exposure assessment presented in 5-4 are presented in tables H-1 to H-8 by each

radionuclide.

(1) Source term based on measured value of the 64 radionuclides

i K4 tank group (“the sum of the ratios”of radionuclides other than tritium is 0.29)
ii. J1-C tank group (“the sum of the ratios”of radionuclides other than tritium is 0.35)
iii. J1-G tank group (“the sum of the ratios”of radionuclides other than tritium is 0.22)

(2) Source term based on the hypothetical ALPS treated water
(“the sum of the ratios”of radionuclides other than tritium is 1)

Table H-1 Results of Assessment Regarding Internal Exposure of Humans
(Measured value (K4 tank group), average amount of marine products ingested)

Result of exposure assessment
Radionuclide (mSv/year) Remarks
Adult Child Infant
Sn-123 9.8E-06 1.8E-05 2.4E-05 Radionuclide subject to operational control
I-129 2.7E-06 2.0E-06 8.6E-07
C-14 1.4E-06 1.2E-06 6.8E-07 Radionuclide subject to operational control
Sn-126 4.9E-07 8.4E-07 1.1E-06 Radionuclide subject to operational control
Cd-115m 3.0E-07 4.4E-07 7.4E-07 Radionuclide subject to operational control
Sn-119m 2.3E-07 4.3E-07 5.6E-07 Radionuclide subject to operational control
Cd-113m 5.8E-08 5.0E-08 6.1E-08 Radionuclide subject to operational control
Co-60 4.9E-08 1.2E-07 1.6E-07
Ru-106 3.3E-08 5.7E-08 7.6E-08
H-3 2.9E-08 2.5E-08 2.1E-08
Fe-59 2.3E-08 4.8E-08 1.0E-07 Radionuclide subject to operational control
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
Ag-110m 2.1E-09 2.9E-09 3.6E-09 Radionuclide subject to operational control
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
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Result of exposure assessment

Radionuclide (mSv/year) Remarks

Adult Child Infant
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
Mn-54 3.2E-10 4.3E-10 4.8E-10
Eu-154 3.1E-10 5.1E-10 7.7E-10
Tb-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
Te-129 9.8E-11 1.6E-10 2.3E-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 43E-11
Pr-144 2.3E-11 3.7E-11 5.6E-11
Ru-103 2.1E-11 34E-11 4.0E-11
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

Rh-106 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 1.5E-05 2.4E-05 2.9E-05
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Table H-2 Results of Assessment Regarding Internal Exposure of Humans
(Measured value (K4 tank group), large amount of marine products ingested)

Result of exposure assessment

(mSv/year)

Radionuclide Remarks
Adult Child Infant
Sn-123 3.7E-05 7.0E-05 8.9E-05 Radionuclide subject to operational control
1-129 1.3E-05 1.0E-05 4.1E-06
C-14 5.2E-06 4.5E-06 2.5E-06 Radionuclide subject to operational control
Sn-126 1.9E-06 3.2E-06 4.0E-06 Radionuclide subject to operational control
Cd-115m 1.6E-06 2.3E-06 3.8E-06 Radionuclide subject to operational control
Sn-119m 8.5E-07 1.6E-06 2.1E-06 Radionuclide subject to operational control
Cd-113m 3.1E-07 2.6E-07 3.1E-07 Radionuclide subject to operational control
Co-60 2.7E-07 6.8E-07 8.4E-07
Ru-106 1.6E-07 2.9E-07 3.8E-07
Fe-59 1.2E-07 2.6E-07 5.3E-07 Radionuclide subject to operational control
H-3 1.1E-07 9.8E-08 8.0E-08
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
Ag-110m 9.9E-09 1.4E-08 1.7E-08 Radionuclide subject to operational control
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
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Result of exposure assessment

(mSv/year)

Radionuclide Remarks
Adult Child Infant

Cs-134 2.3E-09 8.1E-10 6.4E-10
Mn-54 1.8E-09 2.5E-09 2.7E-09
Eu-154 1.7E-09 2.7E-09 4.1E-09
Tb-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
Te-129 4.2E-10 7.1E-10 9.9E-10
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
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 See parent radionuclide for assessment results

Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 6.1E-05 9.4E-05 1.1E-04

Table H-3 Results of Assessment Regarding Internal Exposure of Humans
(Measured value (J1-C tank group), average amount of marine products ingested)

Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant
Sn-119m 1.3E-05 2.5E-05 3.2E-05 Radionuclide subject to operational control
Sn-123 1.3E-05 2.3E-05 3.1E-05 Radionuclide subject to operational control
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Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant

Sn-126 1.2E-06 2.1E-06 2.7E-06 Radionuclide subject to operational control

C-14 3.8E-07 3.3E-07 1.9E-07 Radionuclide subject to operational control
1-129 3.6E-07 2.7E-07 1.1E-07

Cd-115m 2.9E-07 4.3E-07 7.2E-07 Radionuclide subject to operational control

Cd-113m 6.4E-08 5.4E-08 6.7E-08 Radionuclide subject to operational control
Te-127m 5.0E-08 1.0E-07 1.8E-07
H-3 2.9E-08 2.5E-08 2.1E-08

Fe-59 2.7E-08 5.7E-08 1.2E-07 Radionuclide subject to operational control
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
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 Radionuclide subject to operational control
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
Ce-141 3.6E-10 6.4E-10 7.9E-10
Eu-155 3.3E-10 5.6E-10 8.7E-10
Tb-160 3.1E-10 5.2E-10 6.1E-10
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Result of exposure assessment

Radionuclide (mSv/year) Remarks

Adult Child Infant
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
Sb-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
Te-129 1.7E-10 2.8E-10 4.1E-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 42E-11 49E-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
Cs-135 4.2E-16 1.8E-16 1.7E-16

Rh-106 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 2.8E-05 5.1B-05 6.7E-05
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Table H-4 Results of Assessment Regarding Internal Exposure of Humans
(Measured value (J1-Ctank group), large amount of marine products ingested)

Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant
Sn-119m 4.9E-05 9.4E-05 1.2E-04 Radionuclide subject to operational control
Sn-123 4.7E-05 8.9E-05 1.1E-04 Radionuclide subject to operational control
Sn-126 4.6E-06 8.0E-06 9.9E-06 Radionuclide subject to operational control
I-129 1.7E-06 1.3E-06 5.4E-07
Cd-115m 1.5E-06 2.3E-06 3.7E-06 Radionuclide subject to operational control
C-14 1.4E-06 1.3E-06 7.0E-07 Radionuclide subject to operational control
Cd-113m 3.4E-07 2.9E-07 3.4E-07 Radionuclide subject to operational control
Te-127m 2.2E-07 4.5E-07 7.6E-07
Fe-59 1.5E-07 3.1E-07 6.2E-07 Radionuclide subject to operational control
Y-91 1.2E-07 2.2E-07 2.7E-07
H-3 1.1E-07 9.8E-08 8.0E-08
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 Radionuclide subject to operational control
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
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
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Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant

Eu-155 1.8E-09 3.0E-09 4.6E-09
Tb-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
Sb-124 8.1E-10 1.4E-09 1.6E-09
Te-129 7.5E-10 1.3E-09 1.8E-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 43E-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 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 1.1E-04 2.0E-04 2.5E-04

Table H-5 Results of Assessment Regarding Internal Exposure of Humans
(Measured value (J1-G tank group), average amount of marine products ingested)

Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant
Sn-119m 3.7E-05 7.1E-05 9.2E-05 Radionuclide subject to operational control
Sn-123 3.6E-05 6.7E-05 8.8E-05 Radionuclide subject to operational control
Sn-126 1.9E-06 3.3E-06 4.2E-06 Radionuclide subject to operational control
C-14 1.0E-06 8.8E-07 5.1E-07 Radionuclide subject to operational control
Cd-115m 7.5E-07 1.1E-06 1.9E-06 Radionuclide subject to operational control
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Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant

1-129 3.0E-07 2.3E-07 9.5E-08

Cd-113m 2.0E-07 1.7E-07 2.0E-07 Radionuclide subject to operational control
Te-127m 1.4E-07 2.8E-07 4.9E-07

Fe-59 6.8E-08 1.4E-07 3.0E-07 Radionuclide subject to operational control
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 2.9E-08 2.5E-08 2.1E-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 Radionuclide subject to operational control
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
Mn-54 1.3E-09 1.7E-09 1.9E-09
Te-123m 1.3E-09 2.2E-09 3.4E-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
Sb-124 6.0E-10 1.0E-09 1.2E-09
Eu-155 5.3E-10 9.0E-10 1.4E-09
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Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant

Pm-146 5.2E-10 8.1E-10 1.1E-09
Ce-141 5.0E-10 9.0E-10 1.1E-09
Te-129 5.0E-10 8.2E-10 1.2E-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 43E-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 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results

Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 7.9E-05 1.5E-04 1.9E-04

Table H-6 Results of Assessment Regarding Internal Exposure of Humans
(Measured value (J1-G tank group), large amount of marine products ingested)

Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant
Sn-119m 1.4E-04 2.7E-04 3.4E-04 Radionuclide subject to operational control
Sn-123 1.4E-04 2.6E-04 3.3E-04 Radionuclide subject to operational control
Sn-126 7.3E-06 1.3E-05 1.6E-05 Radionuclide subject to operational control
Cd-115m 4.0E-06 5.9E-06 9.7E-06 Radionuclide subject to operational control
C-14 3.9E-06 3.4E-06 1.9E-06 Radionuclide subject to operational control
I-129 1.4E-06 1.1E-06 4.5E-07
Cd-113m 1.0E-06 8.8E-07 1.1E-06 Radionuclide subject to operational control
Te-127m 6.0E-07 1.3E-06 2.1E-06
Fe-59 3.7E-07 7.7E-07 1.6E-06 Radionuclide subject to operational control
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
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Result of exposure assessment

Radionuclide (mSv/year) Remarks
Adult Child Infant

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
Zn-65 1.2E-07 1.5E-07 2.2E-07
H-3 1.1E-07 9.8E-08 8.0E-08
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 Radionuclide subject to operational control
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
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
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
Te-129 2.2E-09 3.6E-09 5.1E-09
Sb-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
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Result of exposure assessment
Radionuclide (mSv/year) Remarks
Adult Child Infant
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 See parent radionuclide for assessment results
Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 3.0E-04 5.6E-04 7.1E-04

Table H-7 Results of Assessment Regarding Internal Exposure of Humans
(the hypothetical ALPS treated water, average amount of marine products ingested)

Result of exposure assessment
Radionuclide (mSv/year) Remarks
Adult Child Infant
Sn-119m 1.5E-04 2.9E-04 3.7E-04 Radionuclide subject to operational control
Sn-123 1.2E-04 2.3E-04 3.0E-04 Radionuclide subject to operational control
Zn-65 9.8E-05 1.2E-04 1.8E-04
C-14 8.7E-05 7.4E-05 4.3E-05 Radionuclide subject to operational control
Sn-126 1.4E-05 2.4E-05 3.0E-05 Radionuclide subject to operational control
Cd-115m 3.5E-06 5.2E-06 8.8E-06 Radionuclide subject to operational control
Cd-113m 9.2E-07 7.9E-07 9.6E-07 Radionuclide subject to operational control
Fe-59 5.1E-07 1.1E-06 2.2E-06 Radionuclide subject to operational control
Ag-110m 7.1E-08 9.9E-08 1.2E-07 Radionuclide subject to operational control
H-3 2.9E-08 2.5E-08 2.1E-08
Total 4.8E-04 7.5E-04 9.4E-04
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Table H-8 Results of Assessment Regarding Internal Exposure of Humans
(the hypothetical ALPS treated water, large amount of marine products ingested)

Subject

Result of exposure assessment

radionuclide (mSv/.y = Remarks
Adult Child Infant

Zn-65 5.9E-04 7.3E-04 1.0E-03
Sn-119m 5.7E-04 1.1E-03 1.4E-03 Radionuclide subject to operational control
Sn-123 4.7TE-04 8.8E-04 1.1E-03 Radionuclide subject to operational control
C-14 3.3E-04 2.9E-04 1.6E-04 Radionuclide subject to operational control
Sn-126 5.2E-05 9.1E-05 1.1E-04 Radionuclide subject to operational control
Cd-115m 1.9E-05 2.8E-05 4.5E-05 Radionuclide subject to operational control
Cd-113m 6.5E-06 5.6E-06 6.6E-06 Radionuclide subject to operational control
Fe-59 2.8E-06 5.8E-06 1.2E-05 Radionuclide subject to operational control
Ag-110m 2.0E-07 2.8E-07 3.4E-07 Radionuclide subject to operational control

H-3 1.1E-07 9.8E-08 8.0E-08

Total 2.0E-03 3.1E-03 3.9E-03
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H2. Results of assessment regarding environmental protection
The results of exposure assessment presented in Reference B are presented in tables F-9 to F-12 by
each radionuclide.

(1) Source term based on the measured value for 64 radionuclides

i K4 tank group (“the sum of the ratios”of radionuclides other than tritium is 0.29)
ii. J1-C tank group (“the sum of the ratios”of radionuclides other than tritium is 0.35)
iil. J1-G tank group (“the sum of the ratios”of radionuclides other than tritium is 0.22)

(2) Source term based on the hypothetical ALPS treated water
(“the sum of the ratios”of radionuclides other than tritium is 1)

Table H-9 Result of Assessment for Environmental Protection
(source term by measured value (K4 tank group)

Result of exposure assessment
Radionuclide [mGy/day] B Remarks

Flat fish Crab oy

Fe-59 1.2E-05 1.2E-05 1.3E-05 Radionuclide subject to operational control

Sn-123 1.6E-06 1.5E-06 1.7E-06 Radionuclide subject to operational control
Pm-148 1.3E-06 1.2E-06 1.7E-06

Sn-126 6.9E-07 6.6E-07 6.4E-07 Radionuclide subject to operational control
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
Tb-160 1.2E-07 1.2E-07 1.3E-07
Ce-144 7.8E-08 4.5E-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 3.9E-08 5.6E-08

Sn-119m 4.3E-08 4.1E-08 3.0E-08 Radionuclide subject to operational control

C-14 4.0E-08 3.3E-08 2.7E-08 Radionuclide subject to operational control

Cd-115m 2.4E-08 2.2E-08 9.3E-09 Radionuclide subject to operational control
Mn-54 2.3E-08 2.1E-08 2.3E-08
Gd-153 1.2E-08 1.3E-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 4.5E-09 4.6E-09 4.5E-09
Cs-137 1.9E-09 1.9E-09 1.9E-09
Zn-65 1.2E-09 2.6E-09 1.2E-09
Ba-140 9.3E-10 1.3E-09 1.7E-09
Te-129m 9.1E-10 9.2E-10 8.4E-09
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Result of exposure assessment

Radionuclide [mGy/day] Brown Remarks
Flat fish Crab seaweed
Sb-125 7.0E-10 6.2E-10 8.7E-10
Am-243 5.8E-10 5.6E-10 6.4E-10
Cs-134 5.7E-10 5.4E-10 5.7E-10
Cs-136 4.9E-10 4.9E-10 4.9E-10
Te-127m 4.3E-10 4.3E-10 4.1E-09
Ru-103 3.9E-10 3.8E-10 3.9E-10
Ag-110m 3.8E-10 2.2E-09 3.3E-10 Radionuclide subject to operational control
Cm-243 3.2E-10 3.1E-10 4.6E-10
Te-127 3.2E-10 3.2E-10 2.9E-09
Rb-86 2.2E-10 1.8E-10 4.5E-10
Te-125m 1.9E-10 2.0E-10 1.7E-09
Cd-113m 1.9E-10 1.7E-10 34E-11 Radionuclide subject to operational control
Sb-124 8.5E-11 7.6E-11 1.0E-10
Pm-147 7.5E-11 2.7E-10 7.5E-10
Am-241 6.1E-11 5.9E-11 5.9E-11
Ni-63 4.5E-11 1.5E-10 3.3E-10
Tc-99 2.5E-11 5.9E-11 1.1E-08
1-129 1.1E-11 6.7E-12 9.3E-10
Sr-90 1.0E-11 2.7E-12 42E-11
Te-123m 7.3E-12 7.4E-12 44E-11
Cm-242 4.3E-12 9.4E-12 1.4E-10
Cm-244 4.1E-12 8.9E-12 1.4E-10
Am-242m 3.0E-12 2.9E-12 5.2E-12
Sr-89 2.5E-12 6.3E-13 1.1E-11
Pu-238 3.7E-13 6.2E-13 3.7E-11
Pu-240 3.4E-13 5.8E-13 3.4E-11
Pu-239 3.3E-13 5.7E-13 34E-11
Sm-151 5.9E-14 4.1E-13 3.8E-13
Pu-241 2.2E-14 3.3E-14 1.6E-12
Cs-135 3.8E-17 1.7E-17 1.5E-17
Y-90 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Rh-103m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Rh-106 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Te-129 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 1.7E-05 1.7E-05 1.9E-05
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Table H-10 Result of Assessment for Environmental Protection

(source term by measured value (J1-C tank group)

Result of exposure assessment

Radionuclide [mGy/day] Brown Remarks
Flat fish Crab seaweed
Fe-59 1.4E-05 1.4E-05 1.5E-05 Radionuclide subject to operational control
Sn-119m 2.5E-06 2.3E-06 1.7E-06 Radionuclide subject to operational control
Sn-123 2.0E-06 2.0E-06 2.1E-06 Radionuclide subject to operational control
Sn-126 1.7E-06 1.6E-06 1.6E-06 Radionuclide subject to operational control
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 9.4E-08 1.6E-07
Tb-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 8.4E-08 9.5E-08
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
Cd-115m 2.3E-08 2.1E-08 9.1E-09 Radionuclide subject to operational control
Gd-153 2.3E-08 2.4E-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 Radionuclide subject to operational control
Ru-106 1.1E-08 8.0E-09 1.1E-08
Am-243 7.0E-09 6.9E-09 7.7E-09
Co-58 5.4E-09 5.4E-09 5.4E-09
H-3 4.7E-09 4.7E-09 1.8E-09
Cm-243 3.9E-09 3.7E-09 5.6E-09
Zn-65 1.8E-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 7.4E-10 7.2E-10 7.1E-10
Ag-110m 6.8E-10 4.0E-09 5.9E-10 Radionuclide subject to operational control
Ru-103 4.8E-10 4.7E-10 4.8E-10
Ba-140 4.6E-10 6.3E-10 8.5E-10
Cs-134 2.2E-10 2.1E-10 2.2E-10
Cd-113m 2.0E-10 1.9E-10 3.7E-11 Radionuclide subject to operational control
Cs-137 2.0E-10 2.0E-10 2.0E-10
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Result of exposure assessment

Radionuclide [mGy/day] Brown Remarks
Flat fish Crab seaweed
Sb-124 2.0E-10 1.8E-10 2.4E-10
Cs-136 1.8E-10 1.8E-10 1.8E-10
Rb-86 1.4E-10 1.1E-10 2.7E-10
Sb-125 1.1E-10 1.0E-10 1.4E-10
Pm-147 7.3E-11 2.7E-10 7.3E-10
Cm-242 5.2E-11 1.1E-10 1.8E-09
Cm-244 49E-11 1.1E-10 1.7E-09
Ni-63 4.0E-11 1.4E-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
Am-242m 1.0E-11 1.0E-11 1.8E-11
Tc-99 9.8E-12 2.3E-11 4.5E-09
Pu-238 4.5E-12 7.5E-12 4.5E-10
Pu-240 4.2E-12 7.0E-12 4.2E-10
Pu-239 4.0E-12 6.9E-12 4.2E-10
I-129 1.5E-12 8.8E-13 1.2E-10
Sr-90 3.8E-13 1.0E-13 1.6E-12
Sr-89 3.1E-13 7.8E-14 1.3E-12
Pu-241 2.2E-13 3.3E-13 1.6E-11
Sm-151 1.7E-13 1.2E-12 1.1E-12
Cs-135 4.2E-18 1.9E-18 1.7E-18
Y-90 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Rh-103m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Rh-106 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Te-129 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 2.2E-05 2.2E-05 2.3E-05
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Table H-11 Result of Assessment for Environmental Protection

(source term by measured value (J1-G tank group)

Result of exposure assessment

[mGy/day]

Radionuclide Brown Remarks
Flat fish Crab seaweed
Fe-59 3.6E-05 3.6E-05 3.8E-05 Radionuclide subject to operational control
Sn-119m 7.1E-06 6.8E-06 5.0E-06 Radionuclide subject to operational control
Sn-123 5.9E-06 5.7E-06 6.1E-06 Radionuclide subject to operational control
Sn-126 2.7E-06 2.6E-06 2.5E-06 Radionuclide subject to operational control
Pm-148 8.1E-07 7.5E-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
Mn-54 9.3E-08 8.4E-08 9.3E-08
Cd-115m 5.9E-08 5.5E-08 2.4E-08 Radionuclide subject to operational control
Gd-153 5.1E-08 5.4E-08 5.9E-08
Nb-95 4.0E-08 3.9E-08 4.1E-08
Ce-141 3.8E-08 3.6E-08 3.9E-08
C-14 3.0E-08 2.5E-08 2.0E-08 Radionuclide subject to operational control
Eu-155 3.0E-08 2.9E-08 3.0E-08
Am-243 1.8E-08 1.8E-08 2.0E-08
Co-58 1.5E-08 1.5E-08 1.5E-08
Ru-106 1.1E-08 8.3E-09 1.2E-08
Cm-243 1.0E-08 9.6E-09 1.4E-08
H-3 4.7E-09 4.7E-09 1.8E-09
Zn-65 4.6E-09 9.8E-09 4.6E-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 1.9E-09 1.1E-08 1.7E-09 Radionuclide subject to operational control
Am-241 1.9E-09 1.9E-09 1.8E-09
Ru-103 1.4E-09 1.4E-09 1.4E-09
Ba-140 1.2E-09 1.6E-09 2.2E-09
Cs-137 1.1E-09 1.0E-09 1.1E-09
Cd-113m 6.3E-10 5.8E-10 1.1E-10 Radionuclide subject to operational control
Cs-134 6.0E-10 5.7E-10 6.0E-10
Sb-124 5.3E-10 4.7E-10 6.4E-10
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Result of exposure assessment

Radionuclide [mGy/day] Brown Remarks
Flat fish Crab seaweed
Cs-136 4.2E-10 4.2E-10 4.2E-10
Rb-86 3.9E-10 3.1E-10 7.8E-10
Sb-125 2.1E-10 1.9E-10 2.6E-10
Pm-147 2.0E-10 7.3E-10 2.0E-09
Cm-242 1.3E-10 2.9E-10 4.5E-09
Ni-63 1.3E-10 4.3E-10 9.4E-10
Cm-244 1.3E-10 2.8E-10 4.3E-09
Te-125m 5.7E-11 6.0E-11 5.0E-10
Te-123m 3.7E-11 3.8E-11 2.2E-10
Tc-99 3.2E-11 7.7E-11 1.5E-08
Am-242m 2.7E-11 2.6E-11 4.8E-11
Pu-238 1.1E-11 1.9E-11 1.2E-09
Pu-240 1.1E-11 1.8E-11 1.1E-09
Pu-239 1.0E-11 1.8E-11 1.1E-09
1-129 1.2E-12 7.4E-13 1.0E-10
Sr-90 1.0E-12 2.7E-13 4.3E-12
Sr-89 7.9E-13 2.0E-13 3.3E-12
Pu-241 5.6E-13 8.4E-13 4.0E-11
Sm-151 4.6E-13 3.2E-12 3.0E-12
Cs-135 2.2E-17 1.0E-17 9.1E-18
Y-90 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Rh-103m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Rh-106 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Te-129 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Ba-137m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Pr-144m 0.0E+00 0.0E+00 0.0E+00 See parent radionuclide for assessment results
Total 5.6E-05 5.5E-05 5.9E-05
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Table H-12 Result of Assessment for Environmental Protection
(source term based on the hypothetical ALPS treated water)

Result of exposure assessment

Radionuclide [mGy/day] B Remarks
Flat fish Crab rownt
seaweed
Pm-148m 7.5E-03 7.2E-03 8.1E-03
Fe-59 2.7E-04 2.7E-04 2.9E-04 Radionuclide subject to operational control
Sn-126 1.9E-05 1.9E-05 1.8E-05 Radionuclide subject to operational control
H-3 4.7E-09 4.7E-09 1.8E-09
Total 7.8E-03 7.5E-03 8.4E-03
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Reference I. Uncertainties in this assessment
This section summarizes the implications for assessing this report of the uncertainties that may
arise concerning the discharge plan and methodology for this assessment.

I 1. Uncertainties associated with the discharge plan
Regarding the facilities and method of discharge of this plan, there is a possibility that the discharge
plan may be subject to change due to local approval, regulatory review, and review by the relevant

authorities.

In the event of any changes to the discharge plan, the content of the radiation impact assessment
will be reviewed, and a revised version of the report will be prepared. The parameters that directly
affect the exposure assessment, such as the water quality of the ALPS treated water (“the sum of the
ratios” of radionuclides other than tritium is less than one) indicated in “TEPCQO’s Action in
Response to the Government’s Policy”, the upper limit of the tritium discharge amount (2.2E+13Bq),
and the tritium concentration after dilution (1,500 Bg/L), will not be changed so as to increase the
exposure assessment results. Therefore, these parameters are not exposed to have a significant
impact on the result of this assessment.

I 2. Uncertainties associated with the assessment conditions

The data, parameters, and assumptions used in this report are subject to uncertainty. However, due
to the setting of the source term and conservative assumptions, it is considered that there is no
significant likelihood that the assessment results in this report will exceed the dose limits or other
criteria for assessment (Table I-1).

Table I-1 Uncertainties associated with the assessment conditions

Item

Details of uncertainty

Impact on assessment

Source term

New nuclides may be
added to the list of
nuclides to be
assessed

If a new nuclide is added, the radiation effect
assessment will be carried out again, and the report will
be revised if necessary. Based on the past analysis
results, there is hardly possibility that new nuclides with
high concentrations will be added. Therefore, it is
considered that there is no significant likelihood that the
assessment results in this report will exceed the dose
limits or other criteria for assessment.

Source term

There are few
measurement results
of nuclides other than
tritium, and each
nuclide's
concentration (nuclide
composition) has not
been determined

A preliminary assessment of the case where each
nuclide is discharged at the legally required
concentration is conducted for each nuclide, and only
the nuclide with the significant impact is assessed using
the source term based on the upper limit for discharge
control (the ratio of the legally required concentration is
1). So it is assumed that there is no need to revise the
source term for any future measurement results. On the
other hand, the source term may be set too high for the
actual discharge.

Dispersion
and transfer
assessment

Actual weather and
ocean conditions are
likely to have annual
and long-term
variations

The assessment was carried out using two years of
weather and ocean data, and the data of the year with the
higher average concentration was used in the evaluation.
In addition, the model used in this assessment is based
on that verified the annual variations were not
significant with the cesium dispersion calculations
carried out for four years from 2013 to 2016. Therefore,
it is considered that there is no significant likelihood that
the assessment results in this report will exceed the dose
limits or other criteria for assessment.
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Item

Details of uncertainty

Impact on assessment

Long-term variations will be confirmed and addressed in
the environmental monitoring after the start of the
discharge into the sea.

The dispersion and transfer calculations in this report do
not consider the settling of particles or their migration to
the marine sediment, which is a conservative assumption
for the assessment of seawater concentrations. In
evaluating the exposure of animals and plants, the

Assent of . S . . . .
transfer and Uncertainty of migration to the marine sediment is assessed using
dispersion dispersion and distribution coefficients based on the calculation results
transfer by nuclide of seawater concentrations with the? assumptior'l
mentioned above. The assessment is conservative
assumption, therefore it is considered that there is no
significant likelihood that the assessment results in this
report will exceed the dose limits or other criteria for
assessment.
There is uncertainty in . .\ .
The enrichment and partition coefficients are taken from
parameters such as . . .
. internationally recognized IAEA documents. The
enrichment factors . .
o and distribution transfer coefficients are also taken from data used in
Migration of coefficients Japan’s safety reviews. Although there are uncertainties
nuclides themselves. There is in these coefficients, our reports state that there is no
v significant possibility that the assessment results in this
also uncertainty in the . . . -
. report will exceed the criteria for assessing dose limits,
differences due to fish .
etc., because conservative assessments have been made
and the nature of the .
. . 1n source terms, etc.
marine sediment.

For marine products ingesting, national statistical data
were used as the ingest of adults. Although there is data
by district, not by age, the difference between the
national statistical data and the Tohoku district is about

Representative The data on lifestyle 10%.

individuals does not reflect In addition, although the lifestyle data used were set

regional data. by surveying the whole country for dose assessment at

NPS, the conservative estimation was conducted for
other parameters such as source term. Therefore it is
considered that there is no significant likelihood that the
assessment results in this report will exceed the dose
limits or other criteria for assessment.

For those nuclides for which dose conversion

External Dose conversion coefficients are not available, the maximum conversion
exposure coefficients for all 64 | coefficients for By and @ nuclides are used, and a
assessment nuclides are not conservative assessment is carried out. Therefore, it is

available.

considered that the evaluation results in this report are
unlikely to exceed the criteria for evaluation of dose
limits, etc.
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Terminology

Term

Definition

Multi-nuclide removal
facility (ALPS)

Water treatment system which removes the 62 radioactive materials other than
tritium inside contaminated water to a level which satisfies regulatory
requirements (Advanced Liquid Process System).

ALPS treated water

Water treated using the ALPS until radioactive material other than tritium
definitely falls below standards stipulated in safety regulations. (“the sum of the
ratios”of radionuclides other than tritium is less than 1)

Treated water to be
purified

Water treated using the ALPS, etc. which does not meet standards stipulated in
safety regulations (“the sum of the ratios”of radionuclides other than tritium is
less than 1).

ALPS treated water,
etc.

A collective term for ALPS treated water and treated water to be purified.

Strontium removed
water

Water which has had most of its contaminants, cesium and strontium, removed.

Secondary treatment

Repeated treatment of treated water using the ALPS, etc. to be purified which the
“the sum of the ratios”of radionuclides other than tritium is not less than 1

Groundwater bypass

A measure implemented to reduce the volume of ground water coming close to
the Reactor Building by pumping up ground water flowing from the mountain
out to sea up a well located away from the Reactor Building, and discharging to
the sea after verifying that discharge standards are met.

Subdrain

A measure implemented to reduce contaminated water resulting from ground
water flowing into the Reactor Building by pumping ground water up a subdrain
(a well near the building), treating it, and discharging to the sea after verifying
that discharge standards are met.

Legally required
concentration

The criteria for discharging the radioactive materials into the environment,
stipulated in “Announcement Stipulating the Dose Limit Based on Regulations
Regarding the Refining Business of Nuclear Raw Material and Nuclear Fuel
Material”. The sum of the ratios to legally required concentration must be less
than 1.

Target value for
discharge

A target value stipulated for each nuclide discharged to control the amount of
radioactive material released annually from the nuclear power station. FDNPS
had stipulated 22 TBq(2.2E +13Bq) as the target value for discharge regarding
tritium prior to the accident.

Operational control
value

A concentration limit value, stipulated autonomously by TEPCO from the
perspective of exposure reduction, for the eight nuclides with significant impact
on exposure when discharging ALPS treated water. Detection of densities
exceeding the subject value result in the discharge being stopped and the water
will be transferred to the storage tank.

World Health
Organization’s
(WHO) guidelines
regarding water
quality for drinking

Guideline regarding water quality for drinking stipulated by the World Health
Organization. The guideline stipulates parameters for water quality acceptable
for continued consumption from the perspective radioactive materials,
microorganisms, chemicals, etc. Values for radioactive material stipulated are
10Bq/L for Cs-137 and 10,000Bq/L for tritium.

International
Commission on

ICRP Guidance are documents that set out the basic concepts and essential
numerical criteria for radiation protection.
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Term

Definition

Radiological
Protection (ICRP)
Guidance

International Atomic
Energy Agency
(IAEA) Safety
Standards

A document stipulated by IAEA as standards to protect the safety of health, lives
and property of people when using radiation and radioactive material as part of
activities relevant for securing nuclear safety. The document consists of safety
fundamentals, safety requirements and safety guides which present principles and
standards to be adhered to. The TAEA Safety Standards Document has been
developed based on comments from all TAEA members’ countries.

Representative person

A hypothetical individual subjected to exposure when evaluating exposure of the
public in the review of radiological protection. Environment and lifestyle which
could contribute to increased dose are considered.

Potential exposure

Exposure considering future events that are not guaranteed to occur but can be
anticipated as probable events or sequence of events such as operational events,
accidents involving radiation source, equipment failure and operational errors. Used
in the review of radiological protection.

Area which no fishing | An area in which the right of members of a fishery cooperative to jointly use a
is conducted in on a certain area for fishing (joint fishery right) has not been established. Area where
daily basis the right to fish is not established.

Regional Sea
Modeling System

A numerical analysis model for studying sea currents developed by Rutgers
University.

Submersion model

A model for calculating dose from external exposure assuming a situation where
a person is surrounded by radioactive material (submersion).

Concentration factor

An expedient coefficient representing the relationship between the radionuclide
concentration (wet weight) in marine products (edible parts) and radionuclide
concentration in the environment seawater. Used in the model to evaluate transfer
to organisms.

Effective dose
conversion coefficient

A conversion coefficient used to evaluate the amount of exposure a person
receives from radioactive material.

Effective dose

A conversion coefficient used to evaluate the amount of internal exposure a

coefficient person receives through the respiratory ingest and general ingest of radionuclide.
Environmental Protection of non-human organisms from the hazardous impact of ionized
protection radiation.

Reference animals and
plants

A specific type of animals and plants hypothesized to link the dose and impact
regarding exposure to background radiation.

Animals and plants
dose conversion
coefficient

A conversion coefficient used for the simplified calculation of internal exposure
and external exposure received by an organism through environmental
radionuclides.

Derived consideration
reference levels
(DCRL)

A band of dose rates with a single-digit range for each species of organisms,
defined by the ICRP. In cases where this dose rate level is exceeded, the effect
on organism should be considered.

Concentration ratio

A transfer coefficient which empirically derives the ratio between radionuclide
concentration in marine products (overall) with radionuclide concentration in the
environment seawater for the purpose of use in the review of exposure in animals
and plants from background radiation.

Distribution (or
partition) coefficient

The ratio when the concentration of radioactive material in seawater (Bg/L) and
marine sediment (Bq/kg) is at an equilibrium. Used to evaluate the transfer of
radioactive material from seawater to marine sediment.
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Development members

In compiling this report, employees with knowledge on the assessment of radiological impact on the
environment were selected and assigned, and experts in the three fields especially important for
assessing radiological impact: human radiological protection, environmental protection and marine
dispersion simulation, were invited as members from outside the company.
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Laboratory, Central Research Institute of Electric Power Industry, human
exposure assessment)
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calculation)
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Laboratory, Central Research Institute of Electric Power Industry, dispersion
calculation)
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