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1. 2E9 74

AT ' ol FE, AT
AAN7A A2EE A ki EAskE WA FF0|
AAQ7LA] EA s A EA S HAUAMI EZ (NORM; naturally
occurring radioactive material) o]gt1 F-2w, 238y, 235U, 32T, 9K o]
gz Aolth olg &, P°U, *PU, ¥*The 247 $8EAd, JEEA4,
EgALe] YA BIAES Zeth 309 A BAAES BT
= (geRn) & FEstal,  AdAAelA  Zh=(sRn) > 37HA FH 9
WA F D AR 7t BHAbEe X2 HI AT E st — gk
*?Rn (T2 = 3.82 d), E&: *Rn (T2 = 55.6 s), 2tEl3= *"Rn (T
= 3.96 s). °|F, *Rno] BAA R ozt A HY, N7 Z
I 19 o] SEEArE S Y T A EQ PORal] dutE Y E SR
A Zrol A A f ek, 2hE (*PRn) o] WAMI B2 5 7] o] X Z}ef| A W& H W
T7) Foll =S EA g o el F AG ] HxF PPUE P, 232Th0ﬂ
Ha Adde=z ze W37IE 74, Hu Ade A9
El1= (*"Rn) & #9124 EA0]&o] Zof v Fof A2 Jg x|
ket EE(ZZORH)Q 3%, gh=el wls) w7 Frol, U] FoE

= WA 3 2 9]
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T ACHLH, 2019). AR 5H0® A 7o UL Ax v
FEE(ppm FF) EAE, BHEL] o] B2t (ICRP, 2014). *°U°)
erE ghed] EHFQl PRao] Wol AYHE #eEd Yol WY
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4.2 MeV
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4.77 MeV
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234mpg
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234Th
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230Th
75380
4.69 MeV

¥

226Ra
1600
4.78 MeV

¥

222Rn
3.82¢
5.49 MeV

\

218pg
31

6.0 MeV
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A ek, Warder ZAYEQ Ay BAE SIdoR
AE=X A7} A A el el G3teh (G Keller, 2001, WHO, 2010).
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th=2 7PE B EAAVIAR gedor g b SHAIRE,
WAV sAd LR e o R Eqbgete]l 19 139 o] ¢4k E b
aAFE el *Poo® wigtEr fEhw BYANES wel *fPox
Adotg ¥ S sto] Mo 2 WEE a1, *MPb ) *MBit 247 wlEHs 2 & Sk,
A ow dgerdae *Ppbel A w7k gt *Rno 2 HE
J_(:Sl_:l—q?_‘l__ 218PO, 214Pb, 214Bi 214PO QIOPb QIOBi ZIOPO 206Pb_(_3_ F/}‘EQ/] X]_i
F (radon progeny), w5 4= (radon decay products)©]et
=9

=2 G YAl 5.59 MeVe Qats 21, 5% HEW A o whet
g3 EQl 218po 3} ok uhe) Ak 7h2E ¢k 0.1 MeV, 5.49 MeV e oA & 1}y
Zh=t}, 2po& ok 0.1 MeV 9] oAUAE ztal 98 (recoi) I, $A4 T
FAs7F Ak (J Porstendortfer, 1979). 7131731 9] 2f=0 2 5 Ad ¥
=0 AEAFE TAGEHE " 33 o] FolRoly FAAAE
st ¢F 0.5 nme AAS Zeth 37 F9 o8 EA 7R
S 2~ (clustering) 3o wj-¢- WEA (K1 s) ZA7o] 0.5-5 nm=E
< 7F3Fal, unattached fraction® DA X}, o] 5 ofjo] Z Fof F-2} x|t A
°F 20-500 nm® #7S 7Zkil attached fractiono]2} LZHTH(/
Porstendorter, 1994, UNSCEAR, 2000).

gt=o| XAEHF
(218':)01 214Pb1 214Bi, 214':)0.__)

TS gej 2k
EI‘E @ Hal A
(222Rn) = JE_-I —_— E-I \
%
() eausn 88 =
S~
2y e
R
Az}




3. =9 W& AAUF

o

gh=o] b 3 EkolA A H wrF R WEEH e S
7o) kAl (emanation), 5% (transport), W= (exhalation) & EP%
T TS TR 226Ra2§TE1 WAt o] A 2h=
, Tee el BE Al kS A9 37 txﬂf&E}UCRP,
2014). B=2] WA= zxwam *°Ra?] ulg ¥ gl ghEAxte] HE
(recoil) &2 ®HATT} *Rad LutE3|A] 4.87 MeVe Q#ts zteth
SR EY A we} dupd ) ghES UA S Uy 2k, dubade 4.78
MeVe] olUA & 2ta1, ehi=& Ht U E 86 keVE Z=TH(/AEA
2013). 71AFHR]l gh=date] HEAYZE A5 AR EHA )
A&std, ghEo]l AxteA FFo 2 WAMETH ¥ 0% WALE ghES
2} (diffusion) ¥ ©]5F (advection) ol 28 ¢4 ¥=& ukel =5 H ).
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(emanation coefficient), emanation factor, emanation power,
emanation fraction .2 =T} A 3} EoFe] AutA ol WAMA|4=+= 0.05—
0.7%2 d&HA QA (WW Nazaroff, 1992). ZAF(grain) o] Eokz 7],
FRaEe ERA] GFE MAE 3744 o8 0%, Auow
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4. 2= /a4

2=l el did Ak BEEY =2 AP EERH
A2 QT ICRP, 2014). 17A17] Aol FF-5 AtololA] =& A&
EA7E AAHALL, 1947] o] F52 Fadloz  Hgol
01 ¥ QA } (Haerting and Hesse, 1879). ©1%-, 1924 d 0] | ¢to] 2}=o]

ojgt vFow Ry ZRlstAtta AFE A (Ludewig and Lroenzer,
1924). R, A 2ol o3 ¥ Fo] # =mrhal A5 [l
1970714 €773 o] 2hizell ot u)F2 A e FEREA] X3l

1986 AARAZ]F-(WHO) ol &J8] 2= A A= #H%
dolo g AAFJH(WHO, 1986). WHOO] Atst7]3#el A LA+ 4
(IARO) = =g Wi 17o 7 AAQSATHUARC, 1988). A9E
FaehEsse] wet e B 8] &0 3-14% = hEo®E dElA glom,
HES FA o ® H9e] Fa/AJNEAR B53ta JATHWHO, 2009).
ok, FAATYE el mE2EH S A9, vlEAxtel] vlE] FHhd g ES
o} vy G A Qo (WHO, 2010), 201996 AAA 02 g9
ost ylZ o7 <ldt wHe AFYAE 84,000 Aoz JERHTHWHO,



FEivEr Sl A Fat WARA I FAEFS 2020 7] Az
7.31 mSvoltH(KINS, 2020). ssRn 1% 58} o] AFAWrALA v &2k
ok 56%E A etH, -2 *PRnoll % WPy FHolrh, -t =
B Ak v Z 3L 2009 715 3.82 mSv .U 3.49 mSv F7138H
TJ%N°AEﬂAA’WH}HE“PEiJHﬁL&ﬂTA’WWW+
o] Z <Qlaf 98 ¥ *L 2009 Bt} 1.31 mSv Z7hstd o, kA ¢
% ot 9 EE9] AT SR QlE gsRnell o) g W F-9 &S
2009 (1.40 mSv) Xt} 2.22 mSv 7}tk v w2 2 F29] 3] Z o x
ghofl oJsh 9 &3 HGA AL Atolo] frolgh AdAdE whe W EE
AEFFAA G2 T7HE ol Hol, el A H7he ghEol o st 9 7gks oF
22 S7M AT (ICRP, 2010).
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wdetd ZeEAe il 4 (deposition) ¥z, @Ry )
T2 oA AARZ] Ao FHsth. @Nbr] e
2 218130, 214Pb, 214Bi, 2141300] ﬁﬂ%é}‘ﬂ, 218POI’/]' 214PO"1_:_;
T o2 HIAHP S Attt (UNSCEAR, 2000; ICRP, 2010).

|o

g g=e] AEEFo] #Hotel 7oA Nk, 2h=2
= ST} divketd, gkl S0 i ow
53] % = Agket7] wEol ok (ICRU,
2012). wpebA, Bh=9] s 2 E S5t gho] AL F O WA sk
NIEAGFS  FAsH] Al HFAA F (equilibrium  factor) 7F
EYJHUGH(UNSCEAR,  1982). B394 F &= 339 A
A ekoll %5 %= PAEC (Potential Alpha Energy Concentration)i}
FHGFeolA e AL F0) PAECY W R Ao &, 41 ghEo|
°|et PAEC ¢+ HIAEO PAEC = AR AT AN, O s
HEAdHe  ZHen ge AT s H¥ETUsE
EEC (Equilibrium Equivalent Concentration) & =74
EREH FHFGAAFE= A (1-1)3 2ol 2dd}, 33
=

N
S
off
kit
I
)
')

(1-2) ¢} o] UFIFHFS doy|= b= AT sz AgHH,
e B X}éf‘s—.z AL ato A vl &2 A At FHJA= 2=
ApEAF O] F olZ=E A7]9 FX, V& Fol 9FS wow
A¥ARoR 57‘3 E‘r FPZAA F= At AeleA ®BE 77 04,
0.6°.% AHE-B T (UNSCEAR, 2000).
_ Ecc (1-1)
Crn
ECC = 0.105C, + 0.515C, + 0.380C; (1-2)

01714, €, = *"*PoS] W5 § = [Bq/m?]
C, = *!'Pb 2] WAFs 5= [Bq/m®]

C; = *'Bi9] WAFs &% [Bg/m®]

1986 2h=of o) 3t F5 thAk ol th st S FAAFZHE Al 2t
2hE o] 2Pl U)ol AEA o= Y UEed WLM (Working Level

oo
-l
1
iy
|
-
11
el
LH



Month) | TH(ICRP, 1993). 1 )7 @™ WL(Working Level) & +7] 1L
= 1.3x10° MeVe duteuxs d wubghr] #HE z2pEeEo)
deoj ot FAUTUAFE PAECS BH57s% ECCO #A&=
2 (1-3) 7 (1-4) 9k &t}

PAEC = 0.27 X ECC [mWL] (1-3)

PAEC = 5.56 X 107® X ECC [m]J m™3] (1-4)

oo] 2% A 7], unattached fraction, T&E 5o AIEH &84
A= 7} (physical dosimetry) 2F & 8t AL T (epidemiological study)
ZHEH FEE il O Eccd FEAFE B8 9 nSv/(Bqhm )=
AR (UNSCEAR, 1995). mebAd, S54% 2hes el S4xd00A
P, AHFEE PR FaAse] F4o] 7heskH, 4 (1-5) %

e,

A

FEZTF=9 XCgryX F XOccupancy  [mSv] (1-5)

A7, Cry =FF=E = [Bqm™]
F=3%A7[]

Occupancy = A% [h]
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Ok v npe} o] ghEe] YHE By AFZAA R 2ENEES
Alme] FRITE, F5FE T AR FAtell TlofskE oferkA] akl=e
AR E =3, AEY 9 BETEs 378, AuUe] 2=}, ¢FE Ajo]
el geEs wown 3 Frre] Zv] e AuUFre] EAN FES
dojFi= A 22 AFEHAE 9T L= UCRP, 2014). &Y
gEsiel Zlosts Fost Q9 T dtue el EYOCEHH
AEYRZ O] FOITH(UNSCEAR, 2000). °lF: <48zate] <l
WA, FEAHE =ako], Z1AA 7], A 7)ol o8 HAY sk (A
Gadgd ]992) %Ei}ﬂ% #8 a9 (stack effect) @ AW o] x] =1

o F719 WE7E vketd sfgo] o)FHTE
)J—EHX% o= I%Lo]-x:] A=E2 vldy AE o] EoFALo]2 Eof glEo]
YE2 §d5 s avtel 71013tk AdnkAl g A s = ghE] 9
Ot EQF O 2 HE ool o& wAysttt A A AT (WW Nazaroff,
1988). sHAIRE, ofmEQ}L T2 uFTAE M= #E Ao o=
A5 A o o ek F o] B F oA EH, A Aoz g A7 X E A

oorth H AAHE A% A9, HART oA BRA 1F
obshE o] AAo] FrsEA, A HEFE F/hE QS WA E

AN SIS 2A;SR T IV Yarmoshenko, 2020).
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7Y T WA FoR E u ghEo] FHu I EHYoR Tt
AP 3} dnkelof] tf3lk Ay Z o7 213k HA A7 AF3E7F 1 mSvel
=l a]-%oﬂ o] &) © ] X [} el &)k

Ao whek] Ao T F ghE FEE B3 5 AN, dutgow
2 7] Foll At A A EER gy 24 1-100 Bg m™°
o] 3, thF--2] 3% 10 Bq m™* oIS (UNSCEAR, 2000). % 8] 2HE <]
ST A A EARE Aojstr] o 7] wlitel A Aol thgt WARA
HA oA e e r x3etA Gt (UCRP, 2014).

oo 4 ©
I o HN r%ﬂ

b el Ay 2hE 5 9] Fite oF 40 Bq m P01, A F3hebe} 10~
70000 Bq m™9] & AxE zh=t}h 53] P8Uc] we A et FAk, 3173t
B Ao Ao e elEwrnyl HRATh HE £/ 31
ghEo] ttE Eoko2RE YAHAT, AFAAZRE HES BEL

@Hﬁygﬂ T e ZFAQAd gtEAdorw A UTH(UNSCEAR,
2000). =3, mUo] ASE 544, FAZEE AR 135 ofutEV}
Ao o Hol EAstY], FUldAME StEAPleR ASAA st

wale] S o At

azAA 3%, A .
op7|gth BATHOR wrze] mxe] eHEd]

O‘D}(EPA 1999) ok AR ES gHEEY AIZFS A
ghEof tidt A YA AR AU F7)7F =E 2 Qe Atk

AR S 7|2 Ao whel ICRP= 3% 7HaA, 3 ZEAF 4= 7i9l A&
A7 & AAAEZA QAE agste] YA o® AR D F AT
# 4 3}sF+= H 4 3} (optimization) S A QF3HC} (JCRP, 1990). &F 3

oLt
ok

iG
=2

ALARA (As Low As Reasonably Available) &3l we} Al
34:‘10 FEdoz G Tt w2 FeoR fAES SRR S
EP ) 71E AEoA 3EHS TR dA Thest el E UE
EER = ‘9EVE o|FARNYUCRP, 2014). €3FX e} A FEXA
11 ] 2-

A
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} 30.5%25%32 cm?, 30.5%25%29 cm?9] A7|E zZt=t}. o),
223} 1= A}o] ﬁﬁwoﬂb 217 7.5 cm®] o] £ vt A A
a0 2 PR5 414 (17 °F 85 mm) o] o] 17 98} o] A
AAZ &8 FAS W, AN E 25 1522 st A A
olAste] wixET AL, 19 133’Jr o] ’\]E—ﬂ FIANEES
7hsatm, A Al 1:% 428

15022 xuWEEe F4 7 %—o}u}. A 2%4 15 A}OH
dAzdst v 233 15 2EE A, 29 99 22 F 479
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29 9. = 4&d A 24 (A4 65 mm, 45 mm, 25 mm) # Y 1, 2%
H Z5 o]_i%:& U)Jr_:

2. RAD7 &3 7]

DURRIDGE 2] RAD72 A 7to 7 #fey} ER0] w25 4753
558 SALGAZE vt 45 F 25 ATAMS—-2020—-43%. 9]
sttt RAD72 7]7]e] W&dE B=ZE o]lgsto] vAdHE 43t
ZIAE ¢F 8 IpmO.E RAD79 SN YFE =AUt} o, 2h=2
ApEAES IO o AejAal gk AN yH2 otk RAD7
2}i=0] = }véi“zA A&

ofd  F{lE =l
TIHEE S5k, gh=2 s E &3ttt & A oA U o
153 2% AFE3SH RAD7 2Wl= Z+ZF normal ‘}_Eoﬂfﬂ H 3101 =}
(conversion factor)  72.0 (Ba/m®)/cpm, 69.7 (Ba/m®)/cpm< ZH=t}.

ol 19 %

AN

WA ow dudE FAS] flall, dubde] nlAo] thr]kellA
oA ¢k 10 umeol”] wiLel, HFolA FSAHAAAEE FFAY
N A A3 A4=7] (LSC; Liquid scintillation counter) & ©]§-3}o] du}x&
71]%3‘:}. 5} ]‘ji, RAD7> ZgStellA &dabd e A5ES 938, A%<
a8 A S4dgE g8t = guEy A
o3} %“6‘}37_ ?1%poo] = H (recoi) ©th. olw, ¢ 559 MeV2
T BEo e et duba ) A7l #PPo2 77} of
5.49 Me ,O.l MeV e &FoUA 5 zh=t}, 7739 = &= YA (recoil

20 2] 8-1



energy) ol 98] 2Pox o] 3w o] kol &o] HYH(J Porstendorter,
1979). RAD79 ZAAMgA = UduZyz AyHdE gFE

ALoEe FHSE 2, 19 103} o] 1Hgke] oa MEAPZ]
SAGAG R EHIY(G De Simone, 2016). Rt=AAE719] 54 G
pzo A AT ehE ALaEe] Aol EAAE o] AZHW
RAD7E 49bil & B3R g0 o] $E5 LEaT)

g WTI7E oF 3.8YE Fol wAE heEAddez A
283710l = ojE o] itk whel, Bl &g 71 A9l 2hE 0] B8 F *ORa
FAFE ol ok 1600de WHE 7HA, stEAddowr &g
Mgl mANEY  *RacEHE ANE HES EHs,

]

SHEFE7IA Y f 3 2Use] BhES Ushs ER 298

i o
2 Ao A Ao B 552 Czech Metrology Institute 2]
EFEALS AMgE g3, #Ra9 WSS 8975kBg  ©) 1,
WAl (emanation) Al ni= 0.9960] T, of 2l &] 2 of o]l -1k7] A o] f-el]
wref A W ehEs vt A E

P =1y X Apqa X1 (2—1)

21 ;H "‘*1]
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5 —
. T (2-2)
o]714, P = 2= ¢ (output) [Bq/s]

Ao = BFEo 3 [s71]

Apq = P°Ra®] WAFs [Bq]

n = HAF(emanation) A5 [ ]

F == 571419 7% [lpm]

A, = ZHE FE71419 2HEF % [Bg/m?]

4, FE=EFA7] 1AL I/

A8z 54 53 vun 48 g8 RAD7 2diel djg
Aol Aol olE Y8 g st dAH 2rEFA7]
WL AHE o] gdlo] AXAIZHEE wFH RAD7 2o tiaf F=714 <l
A gds A3 ghE AL f3S 24kl g AW o
=g esE dAA AT 5 Aotk SF=ESH 7] el wek g2 A 4
A AGF}ol| A thA] A st
5. 3AAR

g} =) =
B3 7] 20x10x5cm39 2k HeES 8t s
SEhEgateld QFHI Fo T HES vtEojM Q9HoR HENEES

A zF= TENORM (Technologically Enhanced Naturally Occurring
Radioactive Materials) ol d| @3ttt whebr, 2 AGox = &0k 3
WAl hE wALE e FuEEe AolF w7 dg BHow
= O
=

TENORM ¢-2hg ¥ Ea 4 EE 833l

22 "-:l:" I "Nl-.|- 1_-li [£ 5



A 2 A 2}&= mass transfer equation

AW Yo gtes WEske AlEZF EAE 9, AW U9 gEvke
=7

Al kel whet }38t1 mass transfer equation® @ EHFHATE EA]
g=S A Aol BR FIeta, Fash Alte] EE W Y9
gEsrT BT Ho] A3 o= sk A Hok WA, A Yo
2= WA B o) whet Al kol whef 7EASkaL A (2-3) 3 o] A o H )
ac
e (2—-3)
7t AoC

o714, ¢ = W e BHEFE [Bg-m~?]
= EY F345 [h]

A e 2= Ade] EAE A9, gtEsE Skl 7193ske] H
o] gHesss A (2-4) 9 o] A ¥t}
dc E,S

(2—4)

o71M, E, = 2= A-F9EE (free exhalation rate) [Bq-m™2-h™1]
S =A59 HFETEHE [(m?]
V. =2 B fFaAdd A5 5y AL [md]

iy

SR SEE Bl WM e ehewEst ARl
SHEREE S Qg ehA) 93 FUEback diffusion) ol )3 FFastel A
Tl @ 9%e A 3 A SE

AgVe (9-5)




dcC ES q(C—Cp)
— =2+ — - (2-6)
@~ T T
2-=7)
q=MV
A7IA, q = FAAAR ] F71E [m3 - a7l
A, = 7717 [h1]
gh= Ao HEwEE, A T, SHEE SHA AR &S
pEEd FEHo 7 A (2-9) 9 o
Aesr = Ao+ A5 + A (9-8)
dc EoS + qCp

olo] thst #F= mass transfer equation®] 3= 24 (2—10) 3 2},

EyS +qC
C(t) = Coexp(—Aesst) + 0—613[1 — exp(—Aeprt)] (2-10)
AerVe
ATl A, WA YRS dAE HA st 27] ehes s 00 7
EAlete], A (2—-11)= ol&3te] 2= AFWEE Es &t
EyS +
c(t) =~ LBy oxp(—2epst)] (2-11)

g= Al 4 A AYER] Fr1e Bt
Ak (2-12)9 4 (2-

rr o
1>

S = 7beott. FHEARS AR
32 10%ET AV A58 gabA ] vls|
A7 FAZE ks AS, e a9t Zo v R (C Samuelsson,
1990), & AN = FHA R A71E agste], AME T3] A
A zfste] gt A ApE 002 7 8kt

EoS+4qCs (2-12)

C.=C =
E () /1effVc
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T FTEERE =gt A A (2-14) ¢
H,

%)
Arel ol Qe G T o, A, AA,

714 2ol wpgl zpo) 7} AT VC Rogers, 1991). ¥ Ao += A5
o] g Ooﬂ 7VAA EAsE L, AW W] AdEEE 0o 7HEA
EAsto], =] MA Aol A ] AsL eskA] ekSkrt.
g—i V(D V() —l—lVP VC —AC +f (2—-14)

A71A, €= A=l 23 HEHNE F5E [Bg-m 3]

D, = A=Y =9 FagAAS [m? - s

k = A5 =9 T35 (permeability) [m?]

p=3s% A4% [Pa-s]

P =¥ [Pal

A= 2h=8 BT [

f=A54 2= A9E [Bg-m3-s71]

>~

15 o) ehEe *Ra] dubgao] & A AR e
T AARRAol o] ¥ 0 F WAF(emanation) Bt olu], =2 A EO]
A A o] mpx ek gl f 2 A o f ), 2= "ﬁ” fe A5 226R34
WAL 529 FoaRUE p, 2h=2 BT A, YWAHAT Ec 9
CRapAECE AR g MM E AR /\]7}01] WPEP FaEas) S
el sl ST woR
ot gkl AAEW FeelA
gak (diffusion) ¥ ©] 5 (convection) o] &3 o]& 3ttt Al&4)
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AW ZHE o] o] 7ojEs A9 Ao Ee 179 A

g 712715 022 (VP=0) 7P 5= Quh vpxwo 2 Al g9
Al FAQo] FagA AL7 #Ldsta (D, €4), BhEe] HFLsHA
AdET (F 94) 7Hgstd, 2 (2—-14) 9 gAakbA A& o539 7ol
793)
0%C(z,t)
o — (2—16)
De— () +f=0
9 &AM, A
C(0) = Cg (2-17)
C(—o0) =§ (2—18)

o ;Ed A (2-16)0] 9% ARe] T EAF rs 27 F
PESTE 27 A (2-19)9 A (2-20) 7} o] ZHAT)

C(z)—g(l—exp(l))+CEexpG) z<0 (2-19)

C(z) =Cg

N A, 1 = \[%wm Ao B2 [m]

AR HESEES A (2-14) ¢ & ok 2

E = €elf — elACg (2-21)
A Aol A, gl WES et itel A SRR Y (v
AAwgel os 0ow 7HEE 5 Atk (R Colle, 1981). WA,
eElEES e o] JoEHa

Ey = elf (2-22)

o] o] Y=WEES E, AHHEE (free exhalation rate) o2} St}
AFBEES AR F5F, =3 E AWM S gh=g Gtk g9
HlHsl= 452 54z A4



EZ A (accumulation) 3te] A wf], Ao W& St=FxxE= 18 129
2o Az A7) UU%]%“H—] o] & =®3s = u, A= 3t
gE=YEES X} o7 7HAs 4 . ok, AW U HYetesas
Zae] Ao gEE 712717 Qiokar 7Hg stk WE| A of] &) A5
g=UEES E, Xﬂ 51} 25 (bound exhalation rate)olg} st 2 (2—
22) 9} &g th5 3 o] HolE

E, = €lf — elACg (2—-23)
A 7
0 CO)=Cg>0 En C(2)

SHIEE E, & AARTHEE E Rt &ov, ol ¥ Y9 gh=29

A
Tt =S, AR -9 A Y9 =t 71717 #obA, A (2-
15) 8] gitdkef 713 7}) ZolA] 7] wjito|t}, o] 22 {2 uFEHik (back
diffusion) & %2 & Ao] A},

o

ﬁ i

21 (2-22) I} 2] (2-23)& 24 (2-5) ¢ A3,
u=¢€ll (2—24)

FHLAT u ARS8 goudt AndelA ehedl e o g4
Agdel BT Fule] wds gow AP o, Am WA
SR} 255, FIE] 255 4 (2-15)0]4 Skl oF Fol
Ax T o] A Ow AT 5 k.




ES = CgV .2 (2—25)
AZIA, V. = R e H3] [m?]
S=3u=z ¥ += 2

i
oz
oy
g
12
3,

= 134 (2-16)° A3 =EE Alsed 2 =S sEe v
e,

) z<0 (2—-26)

b=l AFHEES A (2-14) o &) v 2,

E=— (2-27)

2 (2-22) 9] AHtEE vu S W, A (2-28) 3 Zol b/ (h+
H e 23] (Sh) &} Jn Fulo] gibA g e

2 Skt ghol wm AF . A9

HFo7h 350 FIEY Fwd] & ow, IS o] FopA,
=

Ey ol ZAVsHAl EvH (R Colle, 1981; C

(2—28)
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(2—29)

Cr =C(L) = C(-L)

(2—30)

—L<z<L

cosh (%)
cosh(p)

cosh (%)
cosh(f)

_ <1_

C(2)

[]

=0~

1714, B

o] Al

1 2=
E, = elf tanh(B) (1 _

5]

(2—14) ) 2

Al
o

(2—-31)

)

“
f

Pl 2710 uhel
CeVA

A
[Se}

)

[e]

745 0.7, o}
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ES =

il
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=
aa=
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(2—-33)
(2—-34)
(2—35)

o ASU>» L),

(2—35) &} 7t} o]
Jt}. olu, 4 (2-35) A

=

—-L<z<L
] 2 W (V> eVs,a - o),
Al

HA = 3
Ce7F 0 w 2] (2-35) 2 AHFW=F E ¢

cosh (%)
cosh(f)

tanh(f)
2afy

tanh(f)

H
Egoll A}

1+
elf tanh(p)

o] A
E, = €lf
5

V4

=
.
=
Eo

EEES S ERECEEE SR
a}

cosh (
cosh(f)

=N
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o O

1)

i =t
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Ve
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(2—-36)
(2-37)

C(2)

[Sa,

u Cpq = C(-L)

V, =LyS

C(L)
C(-L)

d _
F =

ct =
C

A Z

4 (2-14) 9 4 (2-16), obel 9] A% o] §5h,
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Abstract

Jin—Goo Kang
Department of Nuclear Engineering

The Graduate School

Seoul National University

This research experimentally confirmed that the radon
exhalation rate, which was measured by volume release method and

surface release method, was different for the same specimen while

ensuring the repeatability and reproducibility of radon exhalation rate.

The exhalation rate derived through surface exhalation measurement
shows different result depending on the measured exhalation area
and is larger than the exhalation rate derived through volume
exhalation measurement. However, in the existing radon exhalation
rate study, geometric factors of building materials such as thickness
and surface area compared to volume are not considered, and
geometric factors corresponding to diffusion effective volume were
not considered based on the assumption of radon exhalation in one
dimension. This study experimentally revealed that if the diffusion
effective volume is large compared to the size of the sample, the
radon release rate could be measured smaller than if the size of the
sample is sufficiently large. In addition, as the exhalation area became
smaller, the diffusion effective volume compared to the exhalation
area increased, and thus the surface exhalation rate was evaluated
bigger. Finally, it was experimentally confirmed that the radon

exhalation rate can be greatly evaluated by the radon concentration
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on the opposite side of the measurement plane, just as the radon
concentration on the measurement plane contributes to the reduction

in the radon exhalation rate due to the back diffusion.

Keywords : Surface Exhalation Rate
Volume Exhalation Rate
Exhalation area
Closed Chamber Method
Repeatability and Reproducibility of Measurements

Diffusion Effective Volume
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