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« "2.1f a Party adopts an emergency measure, it shall review the scientific basis of that measure within six months and make
available the results of the review to any Party on request. If the emergency measure is maintained after the review,

because the reason for its adoption remains, the Party should review the measure periodically.”
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|AEA Review of Safety
Related Aspects of Handling
ALPS-Treated Water at
TEPCO’s Fukushima Daiichi

Nuclear Power Station

Report 4: Review Mission to TEPCO and METI
(November 2022)
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SAFETY PRINCIPLES . ... ... it ILL. Cmsscutﬁng Requirements and Recommendations
Introduction (31—32) .................................... (a) Overview

Principle 1: Responsibility for safety (3.3-3.7)................
Principle 2: Role of government (3.8-3.11)...................
Principle 3: Leadership and management for safety (3.12-3.17) .
Principle 4: Justification of facilities and activities (3.18-3.20). . .
Principle 5: Optimization of protection (3.21-3.24)............
Principle 6: Limitation of risks to individuals (3.25-3.26).......

SE-1 [1] states the fundamental safety objective and ten associated safety principles, and briefly
describes their intent and purpose. The following safety principles are considered in the development
of requirements applicable to discharges:

+ Principle 1, Responsibility for safety: The prime responsibility for safety must rest with the
person or organization responsible for facilities and activities that give rise to radiation risks.

Principle 7: Protection of present and future generations + Principle 5, Optimization of protection: Protection must be optimized to provide the
(327-3.29) . et highest level of safety that can reasonably be achieved.
Principle 8: Prevention of accidents (3.30-3.33)............... +  Principle 6, Limitation of risks to individuals: Measures for controlling radiation risks must

Principle 9: Emergency preparedness and response (3.34-3.38) .

Principle 10: Protective actions to reduce existing or

unregulated radiation risks (3.39-340) ....................

ensure that no individual bears an unacceptable risk of harm.
Principle 7, Protection of present and future generations: People and the environment,
present and future, must be protected against radiation risks.
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* Principle 4: Justification of faci ¢ The principle of justification: Any
lities and activities decision that alters the radiation

+ For facilities and activities to be ~ €XPosure situation should do mo
considered justified, the benefits e 800d than harm.
that they yield must outweigh the e« This means that, by introducing
radiation risks to which they give  a new radiation source, by reduc
rise. For the purposes of assessin ing existing exposure, or by redu
g benefit and risk, all significant cing the risk of potential exposur
conseqguences of the operation of e, one should achieve sufficient i
facilities and the conduct of activ ndividual or societal benefit to of
Ities have to be taken into accoun  fset the detriment it causes. (ICR
t. (IAEA) P)




Cherel =X

5 F7| (dumping into the

3 A X]

=
=

I

sea)




X<}
LS —
L_
L=

¢4 ICRP2| &
O, 15 LtEf

Ol
JUN

A K
2~3 T

L
—

Ol Al RBE

d

« 20164 Y= 02 2|0
S ZXA0A ICRPS| Re

&9 79| gLt
« ICRP E 11N’

Al
=

= 80

=0

0| 1/10002

Mol sEH

2 1/2~1/32
&

Qfd}

=)

o



2] ol E F7|2| ?l™e2 FALI?
- J0f w2 7| At=27t PHEO Us

7k



— O O
« A -2E:
O FTH LA 1Y 2 =% 5% $tT: 60,000Bg/L (MEZr-A0 HiES A0 Cigt Y= EAY
TA|)
o= HX|: 1,500Bq/L

FA|OF M1 M & X|op= BO|T A S MEEY R HiE2 28
= H

. SHTHRIYOR QIs0] LBOISOA| PG FE FIIM
vid 0jgto 2 Metn, EIME 0N MY 35RO U
off HEHE MEHZT M0 ofg I|Z) Y 3
A2 ARIZOIN N wrEshe SAbM T}

Al SE CiE|9te] S3H0| o 0.27} EEE 2

b o

2X| ZA S0 A 1ms
HSHEOIM 4K H7|2
| et of 20062 S, CHE RO W
3h arArM O|OjAf CHS T 20| I
MY

Ir

%
. 1/60 (Cs 134) + 1/90 (Cs137) + 5/30 (Sr90)+1,500/60,000 (A=4=4) = 0.219

=, 282 22X UM 22 198 d7 g3 49 UWE I|= U80] 0.219msv/H 0| & &,






|AEA Review of Safety
Related Aspects of Handling
ALPS-Treated Water at
TEPCO’s Fukushima Daiichi

Nuclear Power Station

Report 4: Review Mission to TEPCO and METI
(November 2022)

CofY 23N
OF CFOJX| =42

)

T2 ;

1} 24

2%

ALPS- Xﬂﬂ\
o2 | OF X
A X|0|| CHSt
HXH 7|

ol AE

(4XF HOAM
2022. 11.)



e the “selection of radionuclides su
bject to removal by ALPS”

 "absence of evidence Is not evide
nce of absence"

» selecting those that should be "su
bject to measurement and assess
ment with vigorous verification”

AE™ME _ AIPSE AP X|=
HFAFM SO M-

I
-OLH_I_
-1 O

27t BltF= R0| "Glb=

E —
Q9| 2 A'= OfH

HIN HSIYS SHete
=% 1 Horo| Cf 40| E0fof
SHe SHAMY SEO| A%



TABLE: II-1: RADIONUCLIDES IN THE REVISED SOURCE TERM PROPOSED BY TEPCO.

Cc-14 Y-90 1-129 Eu-154 Pu-239
Carbon ¥ttrium lodine Furopium Plutonium
Mn-54 Tc-99 Cs-134 Eu-155 Pu-240
Manganese Technetium Cesium Europium Plutonium
Co-60 Ru-106 Cs-137 U-234 Pu-241
Cobalt Ruthenium Cesium Uranium Plutonium
Ni-63 Cd-113m Ce-144 U-238 Am-241
Mickel Cadmium Cerium Uranium Americium
Se-79 Sh-125 Pm-147 Np-237 Cm-243
Selenium Antimony Promethium Neptunium Curium
Sr-90 Te-125m Sm-151 Pu-238 Cm-244
Strontium Tellurium Samarium Plutonium Curium

MNote 1: Nuclides with a red border were added to ensure the approach is conservative.
Note 2: Tritium will also be measured in addition to these radionuclides.
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* However, the TF noted that as a
consequence of revising the sour
ce term, the radionuclides now c
ontributing most to the dose have
changed. In particular, C-14 and
1-129 are now in the top three rad
lonuclides contributing most to t
he overall dose to the representat
Ive person from the discharge of
the APLS treated water.
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KT11-06
gi11-05
KH11-07
KI11-27
SY08 Joban
SY09 Miyako
0508 KNOT

Suzuki et al., 2010
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Biogeosciences Discuss., 10, 1401-1419, 2013 TN Ri -
wwwblogeosciences-discuss.net10/1401/2013/ 5 Biogeosciences
doi:10.5194/bgd-10-1401-2013 A Discussions
© Author(s) 2013, CC Altribution 3.0 License.

This discussion paper is/has been under review for the journal Biogeosciences (BG).
Please refer to the corresponding final paper in BG if available.

lodine-129 concentration in seawater near
Fukushima before and after the accident
at the Fukushima Daiichi Nuclear Power
Plant

T. Suzuki", S. Otosaka‘, J. Kuwabaraz, H. Kawamura1, and T. Kobayashi1

IJapan Atomic Energy Agency, Ibaraki, Japan
2Japan Atomic Energy Agency, Aomori, Japan

Fig. 2. 28| concentrations in surface seawater (< 50 m) before and after the 1TFNPP accident
as a function of latitude. The dark green, light green, dark orange, and light orange symbols
indicate cruises KT-11-06, BO-11-05, KH11-07, and KT-11-27, respectively, after the 1FNPP
accident. The white symbols indicate a cruise before the Fukushima NPP accident.
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» According to Tepco, a max
imum of 62.2 Bqg/L I-129,
far higher than the 9 Bg/L
legal limit, was found in th
e water filtered by the Ad
vanced Liquid Processing
System, which was report
edly capable of removing
everything but tritium.

* (2018. 8. 19)

thejapantimes

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

ALPS system at Fukushima No. 1 plant
failing to remove more than tritium from
toxic cooling water
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» Tepco, which gathered dat - Fishermen and residents a
a in fiscal 2017 through M re worried about the wate
arch, also detected a maxi r discharge plan, and a go

mum 92.5 becquerels of r vernment panel debating

uthenium 106, shy of the how to deal with it has ma
100 :>ecquere| legal limit, inly focused on the tritium
as well as 59 becquerels ‘0 rather than the other subs

f technetium 99 against th  tances.

e limit of 1,000 becquerel . water is injected perpetua
S. lly to keep the fuel cold bu
t it is extremely toxic.



* The Task Force further noted that it
IS not clear as to whether sediment
ation is included in the dose asses
sments for humans and flora and fa
una based on the modelling approac
h that has been used. TEPCO confir
med that the methodology describe
d had only been used to 1dentify mi
nor exposure pathways and had not

peen used In calculations of doses.

* The Task Force noted that TEPCO
nas not considered in-growth of p
rogenies 1N the sediments over the
discharge period.
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7/ 2% &2 (OBT)

* However, ICRP 56 says thatthe « &
exact proportions of OBT in the [
various molecular components of =
the human diet are unknown and

there are uncertainties associated | oI JI= 2 =
with the doses received followin ! I(j[; ;J ) ;Lo (33“ [[2';6;'_ ;ﬂ
g the intake of tritium. It was agr AS Z2F0ME 7722 o
eed that there are uncertaintiesab =32 =&0| E 1 &

out OBT formation in seafood an

d the associated doses to humans

flora and fauna.
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» Jaeschke BC, Bradshaw C. Bioaccumulation of tritiated water in phytopla
nkton and trophic transfer of organically bound tritium to the blue mus
sel, Mytilus edulis. J Environ Radioact. 2013 Jan;115:28-33.

» Kim SB, et al. Organically bound tritium (OBT) formation in rainbow trou
t (Oncorhvnchus “mykiss): HTO and OBT-spiked food exposure experime
nts. Appl Radiat Isot. 2013 Feb;72:114-22.

« Duff MC, et al. Assimilation and transport of organic bound tritium in a
n i9rri<g:1ated pine forest. Environ Sci Process Impacts. 2019 Jun 19;21(6):93
8-949.

* Choi YH et al. Tritium levels in Chinese cabbage and radish plants acutel
y exposed to HTO vapor at different growth stages, Journal of Environm
ental Radioactivity, 2005; 84(1):79-94 -> OBT/TFWT 24~2800
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In the REIA, TEPCO has stated that whilst there ar
e currently no permanent inhabitants 3 km north of
the site, the representative person could still travel t
o0 the beach in that area. Therefore, TEPCO has use
d this location for calculation of external doses.

TEPCO further acknowledged that not including co
nsumption of seafood from this location by the repr
esentative person may be questioned.

TEPCO stated that the representative person for the
potential exposure assessment is a fisherman (adult)
who consumes seafood from 3km north of the site.
TEPCO further explained that they had now include
d doses from internal exposure pathways for other a
ge groups (inhalation of sea spray, ingestion of seaf
ood and inadvertent ingestion of water).
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|ETE'1_ H = j ELLTIL:]_ lll
7] &= - 7] &= = 7) & = 7] &
] [ '*'-;7’1 _-1_ ] P 4,",___'_:' II' ] i r?_] =1 ] i D] ':‘Ij H] - 1-'|]
“19] |
A ("W 95 | 385 - 542 | 47 | 841 | 83 |1042.3] 221.2 | 381.9
g5
A ZEIHG] 14 1200 - 4400 67 | 2750 12 (44400 402.0 |2.240.0
sy |ET] 142 | 641 421 | 106 | 63.1 21 883 | 424 | 471
2203
Al ZH| _ _ . _
“1FHo] 300 | 2200 - 1850 | 240 | 2000 60 | 4950 | 1600 | 174.0
Ak (et - 13.0 - 209 - 203 | 2500 [ 813.1 | 47.1 | 2558
g5
Al ZH o) 20.0 20.0 720 | 3,100 [2.058.0 2025 |1.572.0
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] LKL, JEAYL 4P
—LH
T e | oaw [3EE] e | oaw |3EE
S 434.2 439.1 1.1 293.0 2919 -0.4
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! 364.2 443.3 21.7 2000 2228 11.4
i 485.6 2608 | -45.0 135.1 875 | -52.7
T 200.5 200.5 0.0 39.7 425 7.1
A a7 23.6 43.1 | 265 28.7 205 | 2586
= 2] 117] 721 9.0 9.6 36.1 36.7 1.7
S 69.5 8.4 12.8 34.0 385 13.2
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A 209 24.2 158 9.1 10.4 14.3
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A 20529 19442 3.3 1,034.2 9595 7.2
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3T BARAKBESENNA SRS & K
EEHE X EEEM

2 = 9 o |% ol ok | 4
5 5 (Kg/yr) 366.2 604.6 646,4
_ Al AL
# & F (Kgiyr) 4.9 66.3 73.9 ¢ OH OI-QEI-%
| b . <->
+ # (1 /vr) 31,89 31,89 | 65.7 60,63 1 5 2 h/yr 1 10 h/yr
% F (Kgfyr) 3.8 | s5.8 | 59.7
- o] EnE=
o ¥ (Ke/yr) 75.9 125,56 | 134.0
. | « 6.5 Kg/yr <-> 7.1 Kg/yr
# = F (Kg'vyr) 4,0 | 6.6 . 7.1
#d 8 $ 5 (hreyr) 120,0 180.0 -' 1350,0
#Ml + & (hr'yr} 9.4 18,9 2.0
@ 4 8 F (ho/yr) 11.0
| SHEeAs S8 71 1980
& = (o yr) 1400 2900 ﬁzqn 6200
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Low Dose, Background Radiation

* Low dose, Low dose rate « Background Radiation

* 100 mGy for LET radiation « 1 mSv from background rad
* 0.1 G/hr on

* 10 mGy for HET radiation
* 0.01 G/hr
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O
Radon Exposure
Epidemiology U4 Health physics ®=2
Measurement Y& Dosimetry Mk
 Alpha particle in the air  Energy
* Bg/m3 » Biokinetics, model physiolog
. detector y, phantom measurements

* Gy, Sv for organ dose

 Radiation detriment by lifeti
me risk of cancer and herita
ble effects

» Working level month

* Lung cancer risk among min
ers



Steps of Dosimetry and Uncertainty

* Energy
« Radiation: Low/High Energy Transfer

Activity (Becquerel, Curie)

. Damage « Absorbed dose (Gray, Joule/Kg), S5
* Space
« Time : : = I A
. Character - Equivalent dose (Sievert, Joule/Kqg), =74
2t
o
* Dose Index - Radiation weighting factor

« Average, Peak, Sum,

Effective dose (Sievert, Joule/Kg), R
 Tissue weighting factor



28 & UFL= TAI={E Radon/lodi

ne

* Internal exposure

* Spatial heterogeneity
 Airway bifurcations
 Thyroid nodules

« Temporal heterogeneity
 Organically binding
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 Sporadic uncontrolled discharge




Spatial heterogeneity of dose, Radon

Radiation and Environmental Biophysics (2022) 61:561-577
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Fig.2 Distribution of transformed basal and secretory cells in a bron-
chial airway bifurcation model irradiated by radon progeny alpha
particles based on direct hits plus indirect contributions of bystander

cells

* the maximum particle enhancement f

actors
344 in homes vs. 461 in mines

Considering larger parts of the bronchi
al epithelium and the effects of mucoc
iliary clearance, the maximum local tis
sue dose in 3 mm? patches is still abou
t 4.3 Gy in mines and 1.1 Gy in homes

corresponding to the ~10 mGy upper |
imit for the macroscopic low dose ran

ge.

B.G. MADAS. Radon exposure and the d
efinition of low doses



Temporal heterogeneity of dose, Tritium

e &t A 7K (tritiated gas: HT)
* 0.01% of inhaled HT converted to HTO in the body

« ST TFWT (tissue free water tritium)
- 10 days

. 27|14
« Short term OBT (exchangeable organically bound tritium) 40 days

* Long term OBT (non-exchangeable organically bound tritium) 350 da
ys



Radiation Detriment (crp publication 152, 2020 Ju

ne)

« Radiation detriment is a concept used to quantify the harmful st
ochastic effects of low-level radiation exposure to the human po
pulation. It is determined from lifetime risk of cancer for a set of
tissues and organs taking into account their severity in terms of
lethality, quality of life, and years of life lost. It also considers he
ritable effects. The radiation detriment is estimated as a sex- an
d age-averaged risk indicator for a composite reference populati

on.

» dose and dose-rate effectiveness factor (DDREF), age at expos
ure, sex difference and lethality fraction
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Fig. 3.10. Cumulative excess risk per Gy for all solid cancers in Euro-American females
estimated by the excess absolute risk model. The risk calculated for 0.1 Gy was multiplied
by 10, which 1s expressed as the risk per Gy. The data points marked by circles correspond
to those in Fig. 3.11. The cross markers indicate the cumulative excess risk 20 years after
the exposure.

ICRP Publication 152. Radiation detriment calculation methodology. Sag
e 2022
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Fig. 4.1. Comparison of radiation detriments between males, females, and the average for

. " Fig. 4.3. Comparison of radiation detriments calculated for different age at exposure cate-
both sexes. Reference detriment is the average for both sexes.

gories. Reference detriment is based on the whole population (aged 0-89 years at exposure).

ICRP Publication 152. Radiation detriment calculation methodology. Sag
e 2022



Radon Dose Conversion Coefficient
(ICRP)

Table 1. Dose conversion convention coefficients obtained by equating ICRP values for total radiation detriment (all cancers
and hereditary effects) with estimates of lung cancer risk from radon exposure'”.

Exposed population Lifetime lung cancer risk (WLM™) Total detriment (Sv?) Effective dose (mSv WLM ™)

ICRP Publication 65 ICRP Publication 60"
Whole 2.8x 107 7.3 % 1072 4
Workers 2.8%x 107 5.6 x 1072 5
ICRP Publication 115" ICRP Publication 103
Whole 50x 107 5.7%x 1072 9
Workers 50x 107 4.2 x 1072 12

James W Marsh. Radiation Protection Dosimetry 2017;177(4);46
6-74
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