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Nuclear Accident
at the Fukushima Daiichi Nuclear Power Station
in March 2011
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A problem of radioactive

contamination
90Gy /90y 137Cs
Phys. Half-life  :29 years Phys. Half-life  :30 years
Bio. half life :49 years Bio. half life : 70 days
Eff. half-life :18 years Eff. half-life :70 days
137
90Gy Cs .

B -ray(max:0.55MeV) B -ray(max:0.51MeV)

5%
l B -ray(max:2.28MeV) B?ray(max:1.'l7 V) l'y-ray(o.66l\/|eV)

0Ly 137B 3

—1

-1 —1
Teff o Tphfy T Thio —
In the contamination water, °°Sr

. . has more dangerous and difficult
Tphy ¢ Physical halt-life | fidentification than '3"Cs.

Terf o effective half-life

Tio - biological half-life




Measurement method of
concentration for °°Sr

method1

from measurement of °°Y.

A Sr is able to be measured a concentration
by to extract chemically. A few weeks After the
extracting, °°Sr is estimated the concentration

sample

Extracting
N A few weeks

@ ——— oy

Sr Sr
method?2

Measurement of 8 -ray from a sample
(1)Energy calorimeter
(2)Range counter
(3)Cherenkov counter

(1)Energy calorimeter
This device measures a deposition energy of beta-
ray. The beta-ray from 90Sr deposits more than 137Cs.

137Cg |
B -ray(max:1.17MeV) it

0Gyr S
B -ray(max:2.28MeV) >m"{
Not Real-time count
(2)Range counter
This device identifies gamma-ray and beta-ray
using multilayer detectors and this counter decides
the 90Sr by the many reactions of beta-ray detection.

Real-time count

(3)Cherenkov counter
This device is threshold type of the beta-ray's
velocity from °°Sr and '37Cs.

137Csg |
B -ray(max:1.17MeV)

90G \ >
B -ray(max:2.28M§V\}l

Real-time count




Development of 2°Sr Counter

Scintillating Fiber Sheet Trigger

/

PMTs

Pl
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Shielding block




Development of °°Sr Counter



Development of 2°Sr Counter
Detection mechanism

AT -ray
Veto scintillator v
Shielding Block

WLS fibers
(0.2 mm Dia.)

Aerogel
(2 cm thick.)

Trigger scintillating fibers. .,
(0.2 mm Dia.)

Cosmic ray



Development of °°Sr Counter

Detection Logic

coincidence

’ Scaler
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Fan out

Disc.=Discriminator

veto
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Development of 2°Sr Counter

Trigger fiber Veto scintillator

The trigger must have a lower density
for Cherenkov radiation condition. By
using the fiber of 0.2 mm in diameter,
the energy loss can be reduced.

A scintillator size is 400 x 200 x 5 N
mm?3. The veto counter is composed of "=

this scintillator, WLS fiber and a small :S
PMT. ™
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Development of °°Sr Counter

WLS fiber
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In order to not react on beta-ray from '3’Cs The light guide using WLS fiber to
read Chernekov light perform to

with the maximum energy of 1.17 MeV, aerogel
radiator requires index of between 1.017 and use small PMTs and to reduce
gamma-ray noise.
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Development of °°Sr Counter
Performance

sensitive of counter sensitive of counter
3+ - h1 3+
oF e o oF
of Background Rws 5o of
oF Moan 715203 o 1 Average: 74.8
C Sigma 1.649 + 0.380 C Deviation: 2.6
r 90 r i
8; 137Cs(25kBq) W Sr(25kBa) 8; L Uniformity :96%
6 Sensitive 6 h
L . -3 B 11 [ —
i :2.8x10° Hz/Bq i I postion —
- | C —+5¢cm
2— 21— —0cm
C C -| } —-5cm
0‘....|...|...J.LH.H.|...|...|. %‘..H. ’J |‘|—||“|||||||—|10ch
0 20 40 60 80 100 120 140 0 70 80 90 100 110 120
count rate[Hz] count rate[Hz]
Prototype
Effective area : 30x 10 cm?
9%Sr sensitivity : 2.8 x 103 Hz/Bq
137Cs sensitivity: 6 x 10° Hz/Bq
BG noise ratio 0.28 Hz
Sr/Cs ratio: 500
Position uniformity : 96%




Discussion

Prototype

Effective area :
%Sr sensitivity :
137Cs sensitivity:
BG noise ratio
Sr/Cs ratio:

30x 10 cm?

2.8 x 103 Hz/Bq
6x 10° Hz/Bq
0.28 Hz

500

Position uniformity : 96%

#05/™sr ratio

Limit of detection for *°Sr

" 3600sec |

0
limit of detection [qucm%

NST‘ —
NCS —
Ngr >

aSxzt + ct
bkSxt + ct

Ncs + 2.58v/ N,

Reliability of 99% or more

Ng, : Number of counts for Sr
N¢s : Number of counts for Cs
a : Sr sensitivity [Hz/Bq|

b : Cs sensitivity [Hz/Bq|

c : Noise ratio [H 2]

S : Effective area [cm?]

k : Sr/Cs ratio

t : time of measurement [sec]

x : lomit of detection [Bq/cm?]

Limit of detection :

Monitoring time
Allowable ratio of Cs/Sr : 100

Limit of detection :

Monitoring time
Allowable ratio of Cs/Sr : 100

~0.3 [Bg/cm?]
: 60 sec

~0.08 [Bq/cm?]
: 600 sec




Discussion?

Limit of detection: 0.3 [Bg/cm?]
Monitoring time: 60 sec
Allowable ratio of Sr/Cs: 100

Limit of detection: 0.08 [Bg/cm?]
Monitoring time: 600 sec
Allowable ratio of Sr/Cs: 100

New reference value: 10 Bg/kg of °°Sr in foods
by Ministry of Health, Labour and Welfare in Japan.

Beta-ray is measured only the surface
of the sample.

30 cm .
- > Improving the performance
10cm - (1) PMT logic optimization
# ample (2) Extending effective area
‘ ...and so on.
+ T cm

Limit 30 Bg/kg--- 60 sec
Limit 8 Bg/kg --- 600 sec

The limit of detection satisfies the reference value
with monitoring of 10 minutes.




Summary

We performd production and measurement of
prototype.

Effective area: 30x 10 cm?
90Sr sensitivity: 2.8 x 103 Hz/Bqg
137Cs sensitivity: 6 x 10° Hz/Bq
BG noise ratio: 0.28 Hz

Sr/Cs ratio: 500

Position uniformity: 96%

Limit of detection : 8 [Bqg/kg]
Sample size: 30x10x1cm?
Monitoring time: 600 sec
Allowable ratio of Sr/Cs: 100
Reliability of 99% or more

The counter has a limit of detection of satisfies for the
reference value.

Further improve the sensitivity of °°Sr and a practical trial
production run is expected.
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Shielding block

Prototype

Effective area: 30x 10 cm?
%0Sr sensitivity : 2.8 x 103 Hz/Bq

137Cs sensitivity: 6x 10°Hz/Bq
BG noise ratio 0.28 Hz

Sr/Cs ratio: 500

Position uniformity : 96%

Scintillating Fiber Sheet Trigger
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Cherenkov counter for 2°Sr/'37Cs
with aerogel radiator

9OSr/9OY 137CS

95%
B -ray:0.51MeV
8 -ray:0.55MeV v -ray:0.66MeV

5%
B -ray:2.28MeV B-ray:1.17MeV

Cherenkov photons

The maximum energy of beta-ray from
137Cs as threshold is 1.17 MeV. It mean a

radiator requires index of less than 1.049
and 1.017 or more.

The earogel radiator /can - be
decide the index of region to
1.003-1.3 at time of produei




Development of °°Sr Counter

MECH1 left-handed (LAD-C) notation solvogel synthesis: 2014/4/27
PS mold size:  96.25 mm 5.C.D. complition: 2014/5/15
| 1D | MEC1-1a | MEC1-1b [ MEC1-1c |
ref.index @405nm (absolute) 1.0450 1.0450 1.0449
e rO g e trans.length @400nm | [mm] 46.4 45.4 46.1
dimension [mm] 93.5 93.5 93.5
size thickness 10.1 10.3 10.1
volume [cm’] 88 90 89
density [g/cm’]| 0.152 0.152 0.153
k @405nm [cm*/g]| 0.29 0.296 0.293
total error of ref.index 0.0011 0.0009 0.0009
error ref.index @405 0.0003 0.0004 0.0003
] n 0.0011 0.0008 0.0008
resolution trans.length [mm] 1.4 1.3 1.4
of volume [cm’] 2 2 2
Fheasirement density [a/c ml] 0.004 0.004 0.004
spot radius @405nm| [mm] 4 3 3
aerogel-screen distance [mm] 1823 1823 1823
) corner a 168.5 165.5 165.5
3pot :T“‘t corner B (mm] |16 168.0 166.0
ot corner y 166.5 169.0 167.0
corner 8 168.5 166.0 168.5
transmittance @400nm [%T] 80.5 79.8 80.3
A 93.50 93.50 93.50
demension B 93.50 93.50 93.50
(detail) C tmm] 53750 93.50 93.50
D 93.50 93.50 93.50
G long.shrink.ratio 0.971 0.971 0.971
137 a 10.00 10.25 10.25
In order to not react on beta-ray from Cs thickness b (g | 1025|1000 | 10.00
. . (detail) [+ 10.00 10.25 10.00
with the maximum energy of 1.17 MeV, aerogel a 10.00 | 1050 | 1025
H . H weight 13.37 13.63 13.55
radiator requires index of between 1.017 and | 2 | &l | | | |
1 O 49 crack free free free
-
remark




Development of °°Sr Counter

Scintillating Fiber trigger

trigger scintilloting fiber ADC distribution

h4

Entries 2000

- Mean 2.126

600— RMS 2.5
500—

400%— Tr1 :: eff "\’70%
- Tr2 :: eff ~68%
PE TrINTr2 :: eff ~54%

| 200—

: ! . mof—
By using 0.2 mm in diameter, - M .
0 L [ S R L

the trigger has thinner.




Development of 2°Sr Counter

Veto scintillator

veto scintillotor ADC distribution

- h2

4001— Entries 4550

C Mean 7.419

350 — RMS 4.63

- ¥2 / ndf 112.2/60

300 Constant 97.97 +2.16

C Mean 6.61+0.05

250(— Sigma 1.981+0.033
2003—

) 0= N, .~6.6 [p.e.]
E = P i 100
A size of scintillator is 400 x 200 x 5 | -
mm?3. The veto counter is composed of | E
the scintillator, WLS fiber light gwde ~ A

and a Sma” PMT 3 number of photoelectrons [p.e.]

RO\ oW LT \



Calculate of maximum

maximum range for (8 -ray

R=0.542E/MeV - 0.133 [g/cm?] (E>0.8MeV)
R=0.407(E/MeV)'38 [g/cm?](0.15<E<0.8MeV)

E:EFDEFHITRILF—[MeV]

Density of aluminum

B.=h34de/5/5/0.21
=2.55[g/cm?3]

calculate

R,=0.542%1.174-0.113=0.503
R,=0.497*0.512'%=0.162

L=R/ o
L.=0.197cm

L,=0.0635cm

maximum range for B -ray
from 137Cs is 2mm.

range for B -ray

137Cg
B,.:0.512MeV
137mB g
B,.. 1.174MeV
137
|/ Ba
I T SR
2 U T
= S et =
> i
ED ) i//mbji}u
q) _",/f/ 1*111;’, cm?)
S Ssiii =
© | Il L —HHH—
e J LT
10 102 103

Al O i KRFE (mg/cm?)

B7.3 7= AhOETORKRE
Higt) 74 Y b —7EERET 3R
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