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Assessment of the Indoor Radon Concentration

by the Building Materials considering Back Diffusion

8 o
QAT EN @ A BE FEE A3 dad 9A FGE o)F AAUEL
Aougr) 0% Fd AW BE FES FRW WFA AFAA) BE $EES Gl
Qor, BE WEEA ¢ A UE FE 45 w9 Agh o) W, AW GE FEs
ZHRel W MmpEe ohE PEE 4ashl NuE, o B B JTFL u9
A @8 AR A BE S Sk BAT AU QA A9 By Ike A5

We examined radon transportation mechanism to predict the indoor radon
concentration by phophogypsum board. Using the mechanism, we verified the exhalation
rate of building materials, one of the significant variables to affect radon concentration
in dwellings. And we established the indoor radon concentration estimation model due to
radon exhalation rate. As the radon concentration increases in dwellings, the exhalation
rate from phosphogypsum board decreases. Therefore, radon concentration can be lower
than the expected value in space of poor ventilation. Because back diffusion increases in
proportion to material thickness, thickness increment does not induce the sudden
increment of radon concentration. To satisfy the most conservative EPA limit, the
radium content in the phosphogypsum board used in Korea is limited to less than
5pCi/g.



1. A&

Ay,

gk
=2

Asts A JhaEAM, $EECY BEEY B3 3 Fo

s

N

9 e,

oo

A= A}

SHE st R AFEE

N

e

=)

—

5.0
94

A W=z

el

&l

ol ¢

s
=

Hol &

s

——
o

N

o
of

_—

=y

o
ﬁo

BEstag A4

o
Eal

2]

o

o,

N

NEE Aste] QAo FEFE

el

wjr

s
=

2

A7 H7) Wl T,

H
=

, AE AlE ] At Il

2]

S T =)

}‘\_]:

AAE Bol AgHE <

==
==

Zl

=

LS|
&

R
1

2 A4H

%

T

——
o

3

Fu #AS T

& AuelM Buja, T

2k

o) A

o

= o
=2

gkl

]

AL el A <

S
)
——
o

o

B

m
wjr

ol

e

il

b

i)
r

xr

F
N

ol

eyl

Ale 2

| =
Al=

|

s

&)
e

ol o

)
=

=
a°

AA et

==
==

FAel gek webd Ay FE =9 3

s

=
=]

= ol #WAY

2.

A (porous medium)olA &= 7]A 9 AT o]

algl

F(diffusion)

3
R A

3} o] F(advection) WA F <]

7]

Hot

3|

VA el AA Bl T8

s

el €]

Z

e

o}
mo

ol

ﬁ]o
LA

o
1o

el

algl

0

Ho

(D W= =

(3) 2= wj A
4) g A



=, 3T 2 wWEY FxE gE olFd & JEFE R 359 a7 23 BE
TE 44X g o] AYAH, 2R oR giE HEE] AXA "ok g@Ed o
& ke A HAAAME ATl A olFIF FE ol gEA wiE
Whgome Fok F&o] vk wivHEAAY g AA S SETER dAsd gE
o weEbd e ol didt e mde vy e HY gkge st Mg §
Atk

(1) 71A e} A FozyEe] Sk

(2) 71A 7ol A 9] o] F(advection)

(3) HA FAl A e F <+ (absorption)

(4) 3LA el A 9] & & (adsorption)

oC, K
(1—-m)e 37 —V-((l—m)sDaVCa)—i——#VP-VC[Z 1)

- )‘Ca+ RAO)‘Ea_ ; ( Taz'_ Tz'a)

A7\M, C, = 72 AP 71F FAA 9 #BE FEBg/m’)

D, = N2 AR /1F TN HE FAAFm’ s



rOX
Il
o
i
B
ol
~
1
:\L
o
BN

= 37]9 Ad=Pa-s)
e=AA F¥5E
m = 71EoAe] & AF v&
P = 715 A e &7]e ¢E(Pa)
A= BEe B3 F5s)
R =34 B4 #5 $§%¥Bq ke dry mass)
o=13A B4 ¥E(kg m°)
E, = 71¥9 &7 FdA9 g= W& AF

)

1% FUIRRY gE gor @F oF AXBg m”° s

2

NN

= vhe goEvE /¥ B2 BE ol% A4Bg m® s

8

a9}

AA Aol e ke dE HAAL (@A (ol (Oed (DAA (e)ols Fo

= e

ot

msacw =V - (meDyvC,)— meiC,+ RoAE,— ; (T—Tw) @

ot
471X, C, = B2 AP 71F T2 A9 g FE(Bg m )

.

aC,
075t




°]% A7 (Bqg m® s

T,=0)

th( T

ol

B
o

‘Xﬂ
_,_.OFH

ol

xn
2

o}

oY)

A

-

ke
il

A A%
SEER

==
=

atolit o] Fel A 9
2

CASCIES

o 7+ (2)

b, o) ol PhERT gy

SRR

7

R

1

A
o
A

o]

=4

N1

R

1

49
.

0] 1}
;(E]_

&l oF

e}
3

&l

3

o]
Taw>
2719 %9}

VP-v(C,—AC,+ RoAE,

7

ojpvt Ay Ar|
K.

2

[e]

=
T

R

1

°]

o]

==

o[ 7} 104 100pm< = 0.1°]4 10

IR RE
2
v-DvC,+

0

o) A7 2]

=9
aC,

sl o
%

il

ot

T

ghEo]l =4 gkl o

£
4

s
.

|

&

o71M ZE(DL kAl Egkel] o

s

&

(2) & ZHe 7] ZEeM e u

SERE RN

A
2=

R

( TZZS: TS[Z>

i

7t

S A 27 Ry "4 #@v( T,

ol

R
1

RO WE} HE o 2ol

s

=, &=

KeN
=

_ﬂo

3 F3pg e

=
=

Ho

H
R
o

s

t}

R

1

(em®)

2] EFFEA w9

(2) )+

==
=

i

gt EE,E, Aol #A

o]

(g/cm®)

2olt), wepd 7

(g)—

oAe) BHEY W

aL

A 718

7

il

1

R

E

o~
T

HA

11PN
or

AA o) Fw WA



Syt geh mol FUbEA V139 W BE BE B BN 9F

Emenation cogticent

AG7A 715 22,

% thgwt 2ol 2 % 9l

d*C,
dr’?

K,
_#(

D,

ERERE Rt
3} 2,

al
E=E,/b €tk 71 o ge] e

o5& Fatel] o

Ty

L 8.
ﬁ
- ) --!_'_‘_,.r" #
.:,/ Fw |
N, .
o £ 2
ool Tem o J
o " 1
Motsture saturation (m)
23 2 F WY WA Aold) #A

3. A5AA ] T YEE

=

I FAE

dCa

)( )—AC,+ RoE .=

réd

4 _2C,+RoAE, =0

S AFAAY B¢ Zo] FFo] EAs: B

o wate] ¥ B} o7
2Fefe] sk wHlgko 7o) g&

7ttt gl e A9 i dFo] HW E,& 09
71 Bl A9 WHaE 73X ge

A dd webq E,

2 e

o Ael ek o

AZAANAY GE olFe AMns] 9d B

1%% AWRW D, K., E° kel Wa fonm AW

6)



(7)

o714, Py= RoAE °|H.
HE e AAxAL a9 304 Bxe] C (x=0)=C, Clx=x.)=Cy0lth

Ca(x=x.)=C»

Ca(X:()):Cl

o™ 3 AFAANA 9 T olF AAxE

A7, k= ZC , =82 Aol (diffusion length)o] T},

4 Ao = v 2
. X X PU
Ca(x)ZAsmh(T)-f—BCOSh(l—)+7 (8)
0 0

Cy,— C,coshf— Py(1— cosh8)/A
sinh 8 ’

fe] dapg o] gsle] A=A MY g = WEES d5Y F A g dEES A
S AL A o) A ﬂr% A 2R 2] FE G Ee] e s g s YUEd e dAkelth 7
e woll AA ASAA=EH

e AL WS Fad Agolt AFAAANNY 2

A7IM, A=

_D. coshf—1 ¢, . coshf
F==" ( snhg T sinng 2 sinhg ©)



(10)
(11)
(12)

o] wE % 9,

13)

A T

[e]

s

8l of

1 %
+439)]

AN e BEEE O
A7 S Aok o)

Xe

ly

==
=
=
-

Xe
2

A o] (diffusion length)ell H]
— )

3 o] 7+
1y
xC

3} 2y,

Ak 2]

}

RaoFE J

RaoE Jx,

A
)+ ¢
%
) A%

R
s

.
[e]

0

7
x C
21,

2 g
C2:O7]' Q‘?ﬂ Zj_

Ly
-

(

Ak 2]
i e o o

X
Py
A

==

G
'Z[‘_

[

RaoE )\ /D tanh
RaoE \ AD_ B

Ak 2]
Aol A

x.L1y 0l
2

Iy

D,

}

==
==
Rl

[}

Lo

X
F

F= RaoE wcg
F

F

=
Ty
ok
LB
aho, ehE A4 E )

sinh g~ g8 coshf~1 +% i

qkek 7]
e #

=

s

Al &

Nl

i
<]
T
i

LA

A4 99 2

==
==

th wkdel, A

A wepd FA u)

SRER!

e

H
=

2} A =

==
==

E7F oA A Hd A

Ho

=]

A} ol A

==
=

A =5, A

o]

7t

B Aok A " ey FE A

ijN

WEE

R

1

M

3

%



C _ x — v
—CG =G0

= 99 Ao ved ge Yest A,

FZFO—QC
Fy=Ro\Ex, a=x.(mh ')

%, T 34 AFE 2S4S AL 3 dolo] Ha obF e Wele] gl ), 7
e e W wesd 2%e o
)% 49 Astsh sy Last el

= 1A
Ahg arelEkA &sks W Ad ge ke vuEd Ze] 7E 5 Sl

Crulty =T (1~ exp(— 20)] (14

A7IA, Crlh=A17rell B2 AU B T

A=A AL E = AR WA
=2 uyg7te] %9

F:Fo_acRn(t)

dc§?(t) = F;U/A - “{/4 Cra() = AC R, (D = FUA —[-%* +A]cRn(t)
Crul)= aio/fxlf/fa{l_exf’[_(a_xéﬂ)ﬂ} (15)

TG B ASE ASAA FA MASEE, Gk AFARE FAL FAARE 1

TAhstE BYse FuF proh $E A4, AU BE BEE 29 AN ¥E



Ho
1

N
B

}

A
fu

1

[e]
Aol wet 180-550 Ba/kg (5-15 pCi/g) o=

R
1

7F vk =fiel A Qlat
RS e o R B R 2

[e]

T

w

o e
=3

R

1

A7
o] <ol

it

3

=

:'

X

Z
)
9

ol

2} A
2} A
H

al

==
=

LS|
&

==
=

R

1

IE I DU

utetel 4 ApgEE 2
AR ol A

[e]

T

==

2 A
‘:l_"‘

A

&

g A A

ste] 7}

o5 °]&

—
o

i

AAAT @7 go] 1

J

=

o}

o]

A

H|

=L
T

i

7
ﬁo
At
e

rveel

X
A

A

It}

Edl

|

A

i

q

&
!

FE2

714

q

2z A A

H

DURRIDGE RAD7S.2A uHtx=x] o]& Lulgkz]7]olt), 7% 7)ol A}

R

.

i3

I A2 e FAd

3

olE F

A,

G

0
B

t}

R

1

(15)

g ol9]el AL BE
2]

§ o gom,

0

Aol 7]
A el <]

}

il

A7t 3

Ly
-

2} A
dlow, 44 A

==

ol B7ke) 4]
=

o] A

==
=

il

ke
il

S A

ol

Lo o
FEth = gro] =

(<]

==

0 gE F
NI E

A
=

G

L

;OE
A

—_

i

o=t

==
==

w48 5

A=

A

=
—



3.0

= N N
3 o 3

radon concentration(pCi/l

Iy
o

0.5

0.0

experimental results

—— without back diffusion
— with back diffusion

58 66 74 82 90 98 106 114
time(hour)

phosphogypsum board(2.2cm)

——without back diffusion

radon concentration(pCi/l
[ [ N I ®
o (5] o (5] o

o
&

°
o

— with back diffusion

experimental reuslts

FANA (b 2

o Ra-226°] &5l dupd
o) =K
AA

o, gelveely A4

E5 Y Rn-222 HF

34 42

122

130

138

130

50 58 66 74 82 90 98 106
time(hour)
phosphogypsum board(3.7cm)
FAC g vE v 93 A9 W

S HDRES Pol AHgei

=
FANE ofstEe] A AEE

Foko) e g

12 B

AT AREH 5L
o S gte] o]t Rn-2227F A= A
< i

R
1

X
(o]
2 4



E 1L FuolE AARE

4 rE A& LE!
ofshE R w4
ol E Ru \Y% 266.8m® )
FoRE o (115m™<% 312.32m)
S AA )
obstE A - AHF-A(29H:10m*/hem”
- R 3.88volumes/hour AR A () 8mYh
- Fd, ol E9m7/h-m’
o} E 1 9.5mm7”] &,
AgHIRE | A 152m” SV E A}4 HmET 9k = 940kg
e (M3me= oF 352kg/m'9)
¥ 2. = HaR= EXAE
4 3 A5
A 51 Ra-226 3% g 5-15pCi/g (the¥)
HAaRe 9% p 0.65g/cm”
006 ZFRE A9
MaRE AbA S E
- I 0.11 HlEFHEe) 7S
0.95cm
MR AE FA X 1.25cm
1.50cm

21(15) 21A

= FA AR ERREH SEvs
FJEfe] Rn-222 X+ v

Yz 9% du) FY
5 &3 Pk o) W #se A melshd ko, Aol 5pCig
9 4% EPAZIES 9EA7E A 3A3 &




——4pCi/g

- 5pCi/g

6pCi/g

AN\

1.4

o ] © <
- o o o

1/12d)uoenusdsuod uopel

0.2

0.0

30 59 88 117 146 175 204 233 262 291 320 349 378 407 436 465 494 523 552 581 610 639 668 697

1

time(hour)

o] 7HA 9F dabge] AW ghE s

72171

=
©

L

AAEEFE el
A8l e ShEkel weE 2EkA A |

A%

e

==
==

Zl

o}

‘_Lmo

ﬂﬂ EE

T oW

AAE

s

AR ol

A%

A =,

o 27 w9 o

601:

gAA =1, o

j=3
=

ol

9

%

T

——
o

AALS o A LRk EL tF-Ee] Al

S
)
——
o

o

o

<

—_—

0

%

eyl

=9

A S A AR
=9 At AN FAER A4

==
==

58 1

2]

31 HEg

LS|
&

A2 ol AbEE =

1%
ool 9ol wrh,

M=

R
1

R
1

2 AaE= Y

o]

I
=

q

H

—

o], ¢

R
1

A7} =]

=90,
T =

15 WA

tel WA ehe o

171 13

= =]
= ©

o

EE D

]

o
00

vA
o

ol )

=
©



stA @& AT, A e wEE Ao JUbeE 9] A "ok S gake SR ¢
FA HEsk, o= dPoRE st

MR ed o
kol bpCi/gelstel 74

[1] V.C. Rogers and K.XK. Nielson, “Multiphase Radon Generation and Transport in
Porous Materials”, Health Physics Vol. 60, No. 6, pp.807-815, 1991

[2] Ching-Jiang Chen, Pao-Shan Weng, and Tieh-Chi Chu, “Radon Exhalation Rate from
Various Building Materials”, Health Physics Vol. 64, No. 6, pp.613-619, 1993

[3] Chiristopher Y. H. Chao and Thomas C. W. Tung, “Radon Emanation of Building
Material-Impact of Back Diffusion and Difference between One-Dimensional and

Three-Dimensional Tests”, Health Physics Vol. 76, No. 6, pp.675-681, 1999



	분과별 논제 및 발표자

