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* Motivation / Background
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UNSCEAR 2017 White paper

e 27. Within the next two to three years (i.e. by
2020), these ongoing studies are expected to
provide:

e (d) Better estimates of the doses received by
members of the public, in particular doses from
internal exposure to short-lived radionuclides in
the early phase of the accident, doses from
external exposure and how they varied according
to behaviour and location, and doses from the
ingestion of foodstuffs from the second year after

the accident onwards;
http://www.unscear.org/unscear/en/publications/Fukushima_WP2017.html
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wig R
1 54 2 5H 3 S8

1-128 24.99m 8.1 x10° 1.2x10’ 1.2% 10’

1-129 1.57x 10’y 48x10' 5.9 x 10’ 5.6 10'

1-130 12.36h 1.9%10’ 2.8x 10’ 26x10

I-131 8.0252d 1.3%10° 2.3x10° 23x10°
Te-132/1-132 | 3.204d/2.295h 1.9 % 10° 3.4x10° 34x10°

1-133 20.8h 2.8 % 10° 4.8 x 10’ 49x10°

1-134 52.5m 3.1x10° 5.5 x 10° 5.5x 10°

1-135 6.58h 2.6 X 10° 46x10° 46 x10°

https://www.nsr.go.jp/data/000085734.pdf
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Figure C-VIIl. Percentage contribution of different radionuclides to the dose rate in air at T m above
the ground in the first months after the accident
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Questions from a citizen and atmospheric

environmental

researchers
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http://radioactivity.nsr.go.
jp/ja/contents/4000/3698
/24/1210_201103.pdf
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The other issues?
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Observed spectrum

 Missing 132Te peaks at low )
energy in gammaspectra |

despite Clear 132| peaks at '. ...... j, ’.3,« ................... :?*
- XN |33 o2 o B3 oSSR ST osWEI TR,
o higher energy BE WSSS S 8 |5 BSRRE B8 OBSRSE B e 5B
N
210 \\\v////// '@&& ( M ’ ........................
" N N NN N 2 ~
N ‘n‘ ‘l’ ‘l .o .. ‘. ‘L
. . ‘0:' K ::i..-.:;.;.b - ::‘
| ot |
, \ Nt S e, c.
10- | I x“\
L Y W, /- |
0 500 1000 1500 U | 2000 39500 T

(Fv )

Location: Fukushima city, air sampling time: 18 Mar, 2011 12:50-13:00, sampled air
volume: 1 m3, filter: charcoal, measurement time: 19 Mar, 2011 15:51-16:08 (1,000 s),11

detector: HPGe semiconductor




Unusual shape of spectrum

The low energy peaks may be missing as the
spectrum could be showing radiation from the
outside environment penetrating through the
shield surrounding the germanium detector

Note: there was no background subtraction

This would explain the missing 13°Te & 131

peaks, i.e. the low energy peaks have been
attenuated by the shield

We will test this theory using simulations



* Ultimate goal

Contents
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Ultimate goal

 To reconstruct the concentration of
radioactive iodine-132 in the air



* Methods

Contents
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Methods

Huge source in the outside environment, small detector, & thick lead
shield makes simulations challenging. We adopt a multi-step

simulation approach using PHITS.

1. Transport photons from radionuclides within environment to

edge of shield
— Using periodic boundary conditions in x,y direct

2. Transport photons to inside of the shield

—  Generate weight windows automatically [T-WWG]

3. Re-transport photons through shield using weight windows
—  Much improved statistics on inside surface of shield

4. Turn on electron transport, calculate response of HPGE detector

— Required modification of PHITS [T-Deposit] tally

ions

(AN

For step 4.

cut-off energy for electron:
100keV

cut-off energy for photon:

PHITS has been improved
to be able to calculate
uncertainty correctly for
weighted transportation
by Dr. Sato

3keV




Geometry

[T [ [ [ | o
- || 8 o
i | ,8 B soll - .
air , TN
i | = lead o )
N Bl HPGe 2
© | Ll | o
[wo] x |
» Variable thickness lead shield (0, 3, 5 cm)
* 5.42 cm length, 5.72 cm diameter HPGe crystal
g | Radioactive sources (1311, 132Te, 134Cs & 13’Cs) distributed
il exponentially within soil, 8 =0.1 g/cm?
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Rl sources
- ground sources -

Distributed exponentially within the soil, 8=0.1 g/cm?

132Te considering ingrowth of 132
* 0.57 MBg/m?
131] considering ingrowth of 131mXe
e 7.0 MBg/m?
134CS
* 1.0 MBg/m?
137Cs considering ingrowth of 13/MmBa

* 1.0 MBg/m?

Activities applicable on 19t March 2011, based on simple decay
correction of UNSCEAR 2013 atmospheric release figures




Multi-step simulation

Step 1 Step 2 Step 3 Step 4

130
130

130
130

8 S 8 8
oy
o
>
(o]
2 — — —
5 25 28 s § ©
: N N N
x
3
L
8 8 8 S
8 8 |||||||||||||||||||||8 8
2 ° o ¥ 2
|
[wo] x [wo] x [wo] x [wo] x
Transport Generate weight Transport Turn on electron
photons to outer windows for photons through transport, calculate
edge of shield shield (unbiased) shield (biased) spectrum in detector

z [cm]

Note colours are not directly comparable between figures, but show sampling performance within each step

BARBYEZRI ROV L ITEE
EREORNBRILDEEDFERICEAIT 19
T —FiaHERFEEFBIAZIE—




e Results
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Simulated spectra from outside
radiation and from 1 Bg 3/Cs sample

105 E T T T T T T T T T T T T T
i —— 1 Bq "’Cs Sample ]
10° —— Background (5 cm lead shield)
1000

100

Ly

500 1000 1500 2000
Energy (keV)

Counts / 10 mins

[Assumptions]

Counting time: 10 min

Detector: HPGe

Outside source: 1 MBqg/m? 137Cs, activity of 131, 132Te & 134Cs in UNSCEAR decay-corrected proportions
Sample: 1 Bq 137Cs, and 131, 132Te & 134Cs with corresponding activity proportions




100 Bg 13/Cs on sample

105 E T T T T T T T T T T T T T
- —— 100 Bq "’Cs Sample i

10° I ———  Background (5 cm lead shield)
" c
=
E 1000 =
= :
5\2 g ) |
s 100 - Ikdjl 4
Q E 3
© ]

j |
o S
1: L % me MH o M

0 500 1000 1500 2000
Energy (keV)
Increasing the sample activity, the sample peaks at low energy now show

up above the spectra from the outside environment (5 cm lead shield)

However the high energy peaks are still mainly from the radiations coming
from the outside environment
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e Discussion
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Discussion

e Results suggest the shape of the spectrum depends on
the relative radioactivity of the sample vs the
radioactivity within the outer environment

* Missing peaks at low energy are consistent with the
sample activity being very low, and the spectra being
due to radiations coming from the outer environment

* |f low energy peaks are present, these are most likely
to be from the sample. Correspondence with high
energy peak count rates could be checked to
determine if high energy peaks are from sample or
from the outside environment




Limitations

e Otherissues to be considered
— Distribution of radionuclides in the environment

* Non-Uniform source distribution which was fallout
deposited on the ground

* Contamination of equipment and a monitoring car

* Chemical characteristics differences between a parent
and a daughter nuclides



Future plans

* Need to check these effects suggested by the
simulations are correct

* Proposed an experiment by taking the remote
monitoring vehicle to a high radiation
environment (e.g. Ottozawa, Okuma, next to
Fukushima Daiichi)

* Check for penetration of 13’Cs 667 keV gammas
from the outside environment through the shield
(i.e. is peak visible with no sample inside the |lead
shield)
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Additional Future plan

 More detailed analysis of measured spectrum
— Subtraction of back ground data

— Comparison of each peak considering efficiency of
the detector

— Confirmation on handling regarding HE-40T filters
and CHC cartilages



Conclusion of this part

* Re-analysis of the spectrum would be able to
improve the quality of dose reconstruction for
the early stages of the nuclear accident

— It has been prepared to carry out simulation for
olausible conditions by improving PHITS

— It has been established to carry out collaborative
approaches with relevant researchers including
the first responders for environmental monitoring



Ingestion dose?
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* Ingested activity was calculated by combining
concentration (monitoring data) and food
consumption and then converted to dose (0.1

million times)
T

Concentration of

each food
(number of

Ingested

activity

N
]

X Comsunption Ingested

amount for
each food (99)
~

activity

Committed

dose  __
X coefficient effective/equivalent

ﬁ J dose .



Committed equivalent dose to thyroid due to

iIngestion, 2011

Applied food restriction

(non-realistic)

Without Applying food restriction

avertable dose

Highest concentration of I-131 in
raw milk

5,210 Bg/kg

(sampled 2011-03-19)

xS SR

0 1 2 3 4 5 6 7

Committed equivalent dose due to ingestion [mSv]
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The other example of decay adjustment
without considering “ingrowth”(Tomato)

m Concentration[Bq/kg] m

s S 52 o
ER 25 = Te-132 4.7 0.4
[} -;V: + o 0
& U o o5 I~ , J
S I8 o8
O e -131 16.3 0.8
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Channel

Software decay corrected back from measurement time of the sample in the spectrometer to the
time the tomato was picked from the field.
To be conservative, it performed the correction without considering ingrowth, which gives a higher
[-132 activity, i.e.:
ATe(t) = ATe(O)e_ATet
Ai(®) = A(0)e Mt

However the correct solution (considering ingrowth) is actually: Ingrowth term }
ATe(t) = ATe(O)e_ATet
A

A;(t) = A;(0)e Mt + Are(0)[e?Tet — g~it] 36
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