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Methods

New Radon Detection System 1n Water :1)-5)

1)Degassing Radon 1n Purified Water:
New Air-Water Mixer:
Degassing Coefficient depend on Air/Water Flow Rate

2)Dehumidified Water Vapor:
Dehumidifier Efficiency by 4 Methods

3)Absorption Radon by Activated Charcoal:

Coefficient on Cooling Temperature:-90C

4)Desorption Radon by Activated Charcoal:

Coefficient on Heating Temperature :+250°C

5)Measurement Radon

High Sensitivity Radon Detector with Electrostatic Collection
of 222Radon Daughters(?'*Po): Detection Limits 5(mBg/m?)



Radon Measurement System in SK Purified Water

3)Absorption 2)Dehumidifier
D R
1 — _[% ﬂ Elect. :I_
Flow dehumidifier Water Purified
(Air) Perma Pure * * 1 System
I Dryers
DewPoint I l - «——1.8 L/min é
Flow a Thermo | | Pump =
Chatcoal meter meter (water) [T
12¢g  Cu filament U-tube glass
Ethanol (-90°C) Vesse I
: ID
: 1)Degassin
heater| 4)Desorption Ethanol —0 )Deg g —1 |OD
l , (-90°C) -
2-0 L/min Cu filament %
g —— 7]
Pzr.np _I — U-tube = g -
1r 4
A0 0 I == 2.2 L/min g | =
filtgr —
i -
@ Rn detector -
=
a
2.
5)Measurment 2
< SKTan




Radon measurement system

Water temperature &
flow rate sensor

\

| Air temperature & dew Refrlgerator
Pure air | point sensor ‘

cylinder _
)ﬁlr flow meter

*Refrigerator
No.2

Air pump

Pressure \ \‘

gauge /

0.5 filter

Cu water trap No.2

Charcoal trap Cu water trap N'o/l"
, & <

£

A"

N



S)Measurement Radon

Electrostatic collection Radon Detector

Typical Pulse high distribution

350 mm

= Sensor : PIN Photo-Diode

" Electro-polished stainless steel
* Electrostatic Voltage -2kV
- Detection Limits 6(mBg/m?)

2009/11/30-2009/12/11

30 —

I 212Bi b14
23 2181)O hb
20

CPD:Count/channel/d

Photo Diode 15
;._20 10
2 5 ! 212p
"""" Volume:70liter ™ % 0
\ 1 51 101 151 201
~ ¢ 7/ channel
e

500 mm

Detector Calibration by Source
226Ra(PYLON 78.3Bq)
CF=1.93%0.01[CPD/(mBg/m3)]
AH:Absolute Humidity=0.011(g/m?)
CF=2.03-1.08*SQRT(AH), AH<1.6g/m3

o-rays energy separation



1)Degassing Radon in Purified Water

Fa | Ionization Cw=Ca(Fa/Fw+a), Ca0>>Cw

— Fw: Water Flow=1.83L/min

chamber _ .
Fa:Air Flow =2.32L/min
Ca a: Solubility=0.24
0 Ca:Rn Concent. in Gas Phase
: [ Cw:Rn Concent. in Liquid Phase
Fw, Cw Cs: Water Rn Concent.(10Bq /L)
Sample water by Liquid Scintillation Method from ISO
1.4

H

N
—
L

4378x +
R = 0.8308

Fa, Ca0

Pure Air

—
o

Coeffi:degassing Cw/ Cs
o P
© O
l_

1dmin 0.80 1.00 1.20 1.40  1.60



3)Absorption Radon by Charcoal

Absorption Coefficient with Cooling Temp -90°C

ﬁxp conditions \

RnDet RnDet f Sample air: mine air
nve nve ow
— - j— i DeW * (100 Bq/m3)
No.2 No.1 (Air) DewPoint:-55°C
Fair:2 L/min
charcoal:24 g
charcoal \Baking:250°C, thr ~_/
%”U-Tube 12
ethanol(-90°C) 5 1
208
charcoal: S
Mitsubishi Chemicals: G4-5 % 06 F
CPH 5
204 |
Coeffi:absor=1— ] Q
I="CPH,-D © "
CPH, : RnDetNo1:214PoCPH 36h
CPH,: RnDetNo2:214PoCPH 0 |l . r.

D :Difference of Two Rn Det

10 20 30 40 50 60 70
Run Time(h)



Radon Measurement, OD, Input and 1D Water

214

RUN | Sample | Time(hr) | Va (m’) | Vw (m’) ( CPP];)) ( mB(f]a/m3) ( mBCc;;]m3)
*1 | BLANK 5 0.66 - 40.7 *21.59 :
*2 | BLANK 9 1.16 - 32.0 *16.70 -
3 OD 5 0.67 0.55| 1054 55.32 7.08
4 OD 7 0.94 0.77| 125.0 65.38 6.53
5 OD 9 1.21 1.00| 169.0 88.20 7.34
6 Input 12 1.78 1.31 60.0 32.02 1.06
7 Input 27 3.92 2.95 87.0 45.64 1.03
*8 ID 27 3.76 2.94 80.0 42.08 0.82

Cw=Ca (Va/Vw+a)

Ca=(Vd/Va)(Ca’-Cy)/F

*without Flushed Pure Water

*preliminary

F= Fmixer x Fabsorption x Fdesorption x Fdecay

Ca’=CPD/CF
Va/Vw=Fa/Fw=1.21~1.36
Enrichment:Va/Vd=10~56
Vd=0.07(m?)

* Cg=19=*=3(mBg/m?)
0=0.29 (Tw=16C)




Radon Concentration in SK Pure Water

120
e
£ 100 | [
o 5 | ‘OD at Depth 4m
& |
g8 r 44/
I
o 3 |,
= Input | . o
g 40 6 é __________________ *x8 | |
S |- T ID at Depth 10m
5 20 7 ? --------------------------------------------------------------------
2 *¥1 *Z | Blank RUN
“ 0 . . . |
0 1 2 3 4 5

Va: Amount of Pure Air(m3)



Radon Concentration in SK Pure Water

100 | @D at Depth 4m: 7.0£0.6(mBg/m°)

=
|—C:)—|

ID at Depth 10m : 0.8 0.2(

mBg/m?) ‘

Cw: Rn Concentrat in Water(mBg/m?)

O

0 1 2 3

Vw: Amount of Pure Water(m?)



Summary

Development of Low Level Radon Concentration
Measurement System in SK Pure Water,
by using Air/Water New Mixer,
and Absorption/Desorption of Activated Charcoal

This Results:
« OD Water at Depth 4m: 7.0+=0.6 (mBq/m?)
« Input Water: 1.0£0.2(mBg/m?)

 ID water at Depth 10m: 0.8+0.2 (mBg/m?)

Phy.Lett.B452(1999)418-424, by Y.Takeuchi et al.
*Return Water <5.0 (mBg/m?)

Input Water <3.2 (mBg/m?)

ID at Tank Bottom 3-5 (mBg/m3)

ID at Tank Central <1.4 (mBg/m?)
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