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RiEE - REAKBENZENRZERNMNBRE - FEEESH -
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https://udn.com/news/story/7339/5083288?from=udn-catebreaknews_ch2
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KRR A (radon spa)E %
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ETREEEZBENHNE R RERZE

HEERAEE?
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BRE TR IE

RREAEZEE FWREMSES
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Fragsast AN, 2RV ENEHEE
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s OBEEELRENRE ; Oz -
MREBEBBEE  FOENEFTERR
EEARBA  RMEEREBREEN
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1996 FHADPRENMRAAUREM

SRR
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P E RN TR SR BT E
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RTYHFZHEHRR - AlINEBARE
%K ( Misasa ) A EJI| ( Tamagawa ) &
R WS - BUMA 75000 ZAIEKK
REAEARNEEER TRATRHN
B - BLATEIR R ER S A2 PR At
TER - BiF - BE - FEEHEAE -
RE - MR EEnANEERER
MEI R/ ERBEREENZAT (&
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A /ENM ESZE “radon room” SRAENM T ERE "radon gallery”

« BRERERRELS FERBNS
B - ML Y DNAEIS - B1EE Y
DNA AR BT RO -

o EHRRREETS - BRIV IEBSE
EABMAREEE Y - USRS
52 DNA B8 -

o BBBNMNRER - WEBSCYIEE
(SOD ) FIEMERK ( Gpx ) - 1R
BRI ESEH ZF - LB LEERENS
EWE -

o BIPBNNEA R EHEZHOLEE
MBHEBRNEE -

R 7BEER - BEHERNSEER
ERBIEARRNRRERE (AT -
PEMERR - B EIRE - RRER - BT
HlRBMERES - SOD 1 Gpx BIR
FERRRRREA LI H B BREMNEEK
- AeiREE R - EEREmE
ZBANmEE - DNA BEMABKETE
MRERPORBE - —(ERERAVERE
B ERE-P53-#080E - BB T MRS
B AR AYIR D 1B 58 -

2 - DB E S R E A
ER - RERERE - BBE—TNR
MR BREFIBANFERERE
- RS - FNERENRERS
MEREEERER - UREEERBE -

MPFPE2EBEAEMNERE
( Boulder) BHTXSRERELL
( Free Enterprise Radon Health
Mine ) & & & 2 7 A&

https://www.radonmine.com/
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EEEHE

ZERME—EEERF - o =K
B EAA AR KA BB E
FERRIEREENAER - BEEAE—
IBIAR - BE=E 18 MU THRER
Ran (visiting ) ZAITESBERRES
HNEEES @ EB2HNELOEREAER
BY - MRS RZHBETRSZER
Hex2n  BENRARRE  FAEE
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NAEERE  ALEeEREBHELF
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https://www.spadreams.com/healin

g-holidays/healingtherapies/radon-

treatment/


https://www.radonmine.com/
https://www.spadreams.com/healing-holidays/healingtherapies/radon-treatment/
https://www.spadreams.com/healing-holidays/healingtherapies/radon-treatment/
https://www.spadreams.com/healing-holidays/healingtherapies/radon-treatment/
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https://www.spadreams.com/healing-holidays/healing-therapies/radon-treatment/#c595194
https://www.spadreams.com/healing-holidays/healing-therapies/radon-treatment/#c596777
https://www.spadreams.com/healing-holidays/healing-therapies/radon-treatment/#c595203
https://www.spadreams.com/healing-holidays/healing-therapies/radon-treatment/#c595205
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BlanaE % ( Balneotherapy ) « iBR -

BB B2 BR%  EMERARKEE
B - R{CMRAENER - 8K -

BB E K B A ( speleotherapy,
halotherapy ) RIZ)a2 % - BEiFSE
BERARTREER B8 - ik - 14

( herbal, drink therapy ) B2 - 7535 »
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RE-BE - BRE EERNEEZ
7w RERESMEN - SO - M
RERNEEAEETERA -
SRERIRE

WHO FEIREEMFEHE - #HERS
BARARBENE - =B FEEMFR
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FE - RBFERREARNTE -

Bad Gastein M EREIR - SUAAEE
ERRRIEKF R 44 kBg /m3 - TNSRIEHEA
EmL—EERE 10-12 X - BR1 /)
- BIE% 18-22mSv - LEER 158 CTX &Y

BEAOHER R BKE P Okokkk

2E] Siebenquell GesundZeitResort *k* %S

KR8 Jizera LU Bad Flinsberg / Swieradow Zdroj

# :
RERRRAR. - o oo v |
3

Radium Palace **** jSss
The first radon baths in the world

&

B Spa Hotel Behounek ****

First radon bath of the world

E4Fe &P XM ( Bad Kreuznach ) -13E]


https://www.spadreams.com/park-hotel-health-spa-bad-flinsbergswieradow-zdroj-jizera-mountains-h739/#dmin=7&dmax=7
https://www.spadreams.com/park-hotel-health-spa-bad-flinsbergswieradow-zdroj-jizera-mountains-h739/#dmin=7&dmax=7
https://www.spadreams.com/siebenquell-gesundzeitresort-weissenstadt-franconia-h10S/#dmin=7&dmax=7
https://www.spadreams.com/radium-palace-jachymov-st-joachims-valley-west-bohemia-h520/#dmin=7&dmax=7
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EHEEVZRRIMNEHEIETLSRE
PRER 15 EN

RMERT EN T LT EABRSE -

R 8 73 A B B % 1C & (Point Kernel
method) 2 & it & Z& )= (Monte Carlo
method) - AJZ N RESRAD HIIFEH
RECYCLE[4,5,6] 22 MicroShield[7,8] - #&
E4 MCNP[9)% - E - MicroShield &2
MCNP E—M{bRERSTEI S EE -
i RESRAD-RECYCLE 8l 2% {ErY 8z 57 7
%Eﬂﬁz‘t CAHMERRNEZEEZITRY

wEBANANEBTREAESMERE -
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2.RESRAD-RECYCLE $;F 2B FIE D48
(BRIZEEE RESRAD-RECYCLE manual)
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Medium Medium
Concentration  Concentration
Used for the Used for the Default Dust Number
Recycle Source Mass Dmﬂt’y Thickness  Radius  Distance  Time Extemal Internal Internal Loading of
Step Scenario Geometry U] cm cm) cm h Pathway* Pathway" Pathway"  (g/m%)  Workers

Scrap Scrap cutter 1 half cylinder ~ 0.50 393 90 30 200 12 Scrap Scrap inh, ing Sx 10 3
delivery Scrap loader 1 half cylinder 25 39 253 127 400 4 Scrap Scrap inh, ing Sx 1ot 2

Scrap truck driver 1 half cylinder 20 393 900 o0 200 4 Scrap Scrap None 0 5
Scrap Scrap processor 1 half cylinder  0.50 590 60 30 200 12 Scrap Scrap inh, ing 110 3
smelting

Smelter yard 1 half cylinder 100 590 151 175 1,000 80 Scrap Scrap inh, ing 1x 1o 10

worker

Smeher locader 1 half cylinder 50 3% 9 139 400 4 Scaap Baghouse inh, ing 1% 107 5

Furnace operator 1 full cylinder 100 786 253 127 300 5 Serap Baghouse inh, ing 11002 3

Baghouse processor | full cylinder 1.0 200 100 40 200 1 Baghouse Baghouse inh, ing 1% 107 1

Refinery worker 1 full cylinder 90 7.86 228 127 300 5 Ingot Baghouse inh, ing 1x 107 3

Ingot caster 1 full cylinder 10 786 100 64 150 25 Ingot Ingot inh, ing 1107 2

Small object caster 1 full cylinder 1.0 7.86 1 20 100 50 Ingot Ingot inh, ing 1% 107 2

Slag worker 1 half eylinder 10 270 455 228 150 ] Slag Slag inh, ing 1% 1072 1
Ingot Ingot loader 1 half cylinder 50 7.86 100 0 400 2 Ingot Ingot Nooe 0 2
delivery Ingot truck driver 1 full cylinder 0 786 200 64 200 3 Ingot Ingot None [} 5
Initial Storage yard worker 1 half cylinder 50 786 100 201 1,000 40 Ingot Ingot None o 10
fabrication  Sheet maker | balf cylinder 0047 786 02 138 100 | Ingot Ingot ioh, ing 1107 15

Coil maker 1 full cylinder 10 786 122 58 150 1 Ingot Ingot inh, ing 1x10% 1
Final Shect handler I half cylinder  0.047 7186 02 138 100 1 Ingot Ingot None ] 20
fabrication  Coil handler 1 full cylinder 10 7.86 2 58 150 80 Ingot Ingot Nome 0 5
Product Product loader 1 half cylinder 50 7.86 100 201 400 20 Ingot Ingot None 0 2
distribution  Product truck driver 1 full cylinder 20 7.86 200 64 200 8 Ingot Ingot None 0 5

Shect assembler I half cylinder  0.047 7.86 02 138 100 20 lngot Ingot None o 20

Warchouse worker 1 haif cylinder 028 7.86 12 138 600 2.000 Ingot Ingot None [1] 5

* Radionuclide concentrations in ingot, slag, or bagh are calculated by using the ding mass and radi i it 1 factors.

" The medium is either the material handled by a worker of the material from which aut-ome dust pnrucl;s originate. Cmctmnms m the medium are calculated by using the comesponding mass
and radionuclide pantitioning factors. The medium concentration, muliplied by the dust loading factor, gives the concentration of radionuclides in air.
© If by default no internal pathway is considered, “none™ is listed. However, the user can clect 1o consider the internal pathways. In that case, radionuclide concentrations in the air are calculated by
using the medium concentrations listed in the column immediately to the left. Here, “inh” denotes inhalation and “ing” denotes ingestion.

[ 2.RESRAD-RECYCLE ;T 489B A 48
(BERIZKR% RESRAD-RECYCLE manual)
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HEEBERAENE ST LW —RES ES SR T  S2A 490 %5 24353 Bq - Th-232 %%%ﬁﬂ@g%ﬂ%
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RSIREEARKAESBRERYZ i i %(7] %if{\ . {% i g 212 B1TI-208 MOERBEMMEET

BHESENRsEUENENE @ O RIBESITERS Iy

ABH L 1l Bk E Ry ERNERERNRSHREETER
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The Thorium-232 Decay Chain

—RRER - ERAERTER - WETHT

Atomic Number TTENEERRASERSE Y —
81 82 83 84 85 8 87 8 89 90 HR ¥R R AR mE s
Ra-228| ¢, |Th-232 M ZE . e oe B 5 B B
Only main decays are shown 5752 s MITR - BRSO MERBNEFES
Gamma emitters are not indicated B\h ) YIRS TTE A Th-232 - EEE/H
Ac-228
315{‘3 HF1Z Ac-228 TS M - 5 TIERE
Pb212| o a o B SRS . G EEE
ol Po21s| ?;.%2: ?6-252: o T;212: TS M% —J+ EEOZEEEBSZK
§] HAZHENEENFEFZD MUK
Toom e |Goom - EESUEERARENMBLY - KH
& B Element_Names Halflife units I e i i i
§ [Po208| o Po-z'l_g ;’;‘:;Z::‘: ::z:::-” EEHIEFEETSEHENR  FTE0
stable | € 0.3x10 Ac - actinium h - hours SYSBER 3 - Hb . sEZERE
Rn - radon m - minutes
g."‘b'?:r':"f:m § - seconds EXBERESR  FTEESAHFEIEE
?I"_‘”']‘Zl‘l‘i’um EEFZNERA  DURGRIEEZEER

5.81-232 RE R II(ERHKIRS https://pubs.usgs.gov)

REHEEVREINEISTM | REIBEH

FAREHEEYREINEFHEFT -
AR ENESBREBEH (U T EHE
REESEZERBEREAREERW
& BRETNVBEEBHGIKESHR
FTRZEBRREREME  BER T2
EEH S EEE DA 2 BREBTE - A
RGBT REZ R EREMAESTEIE

ST EBER 1 - BRERAIES
T BRES REWEABEROEN
EPER  HRBEESELERERE
RIS ATREERSRENOBI
BERETNREFHREEE 2 %
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BERUAR : RARERRIEE

BERLaR - W@ETFEAR
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EERUELS | T 10530 1R 22 7Kl R

HEEMR : FE5%
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BAMENERY - REZEFEEYR
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BN EERERETTEEERFZ
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R IMFMETRREFHHERNF

E7BEHENANAESH

LIS QK Eiad
i ERREPIvES Th-232 Th-232 & daughters
SEE 24353 Bq
5T IR 2 48] Cylinder Volume - Side shields
SRR #1€0.35cm x & 50 cm
SR Iron
BRI 7.874 g/cm?
GRS 23 ER A 5c¢m, 30 cm, 100 cm
BERF Air gap
RHRED 8 MAX.
R AMGETRNERHTEXNTE 2 BEEAHNTEER
BB RS R 52 SRBEBEIEZE(uSv/h) FTEB E 2 (uSv/h)
Ep AT1121 151 28 8R4 ZRE
5cm 0.698 8.748x107 0.852
30 cm 0.038 9.119x10° 0.077
100 cm 0.030 1.006x10°® 0.008

ESALBUENSOER  EENE  BS . FRBRAE- B BNEER  B2% . 0 MicoShield (55t E3|
GEEABNENLLERESS 08  BHAD WEARAESHZMATN % ETEHESVNEBIE - 4260
0536 SFHEREBEAY - Bl BEAWERBHOS - HESHEBRE 6 WANT - AW
5 ANERETMBOERARRENT o mupmeammns . geyn SERESENHOER 28 Th
BRERNR 0% LEREFHR  gu.m 232 BETFHEIHT A BEEs sEa
PRTEEN - AMERBAZIRAS B BT (5 4059818 - TS RESRAD-
BS5ASEYRIERRGEE B DN SEMBEXEREAGMMe  provoi gz BRESEEVOR
230 AHEE 100 ApEmEEs,  National Laboratory) B 5 IE g semsmrnEssmTEED
TESRHEE - ;c&faaﬁ,armz@mr RESRAD-RECYCLE BIVETEMMAME  yess . mriag 909 . Hetyesie

& AR RAEREBER—ARICET
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R SMAM TENERHERERENTE 2 BHEARMNGAEER

SR B (22 BREE AR L8
R B (Bq) (Bq) (e 14/ =)
5cm 2.4353x10" 1.995x10" 0.82

30cm 2.4353x10* 1.195x10* 0.49
100 cm 2.4353x10* 8.792x10" 3.61
Thickness
p, N

RadiusI

Perpendicular
distance

Off-center distance

6.52 5T R A Rings 2 HEHUE (BERIZKRS RESRAD-RECYCLE manual)

TBYNEBEEPEBERSE)ESEHERY
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Z 6.MicroShield st & &5

30

FE/ER| B BE |HERE2EREEE IR E R
THEABES o i
(cm)  |(cm) (g/cm?) (cm) (h)
RUER | BREEE RV 225 [201| Steel | 3.93 400 16
= BRIER | T RV 106 [900 | Steel | 3.93 200 1.38
E BERIER | BEREE RV 225 |201| Steel | 393 400 16
R BRRIERE © S RV 106 [900 | Steel | 3.93 200 14
TRIE ;| T RV 106 [900| Steel | 3.93 200 1.15
BERNER | BEREEE RV 225 [201| Steel | 3.93 400 16
BRRIEE ; Tk RV 106 [900| Steel | 3.93 200 1.38
BERLA AR IEAS | RV 310 |351| Steel | 590 10000 80
BERLAYE | AmREEE RV 246 |279| Steel | 590 400 4
EERUE KR ;| JAIBIRIES CVES 127 253 Steel 7.86 300 5
BRRLAYE | SRIRESRIRIES | CVES 40 |100| Steel | 200 200 1
;z EERLEKR  IBBETIEAE RV 404 455 | Steel 2.70 150 25
‘% BERLAKE  EERE RV 225 100 | Steel 3.93 400 0.8
g BERLER | T RV 106 |[900 | Steel | 3.93 200 3.9
BEEm . FES CVES 3433 10 | Concrete | 2.70 100 62
300 |02 100
HEEm . BEE/MAZE/EEN
- CVES | 300 |02 |Concrete| 270 200 2000
300 |02 250
ARER B CVES | 3433 | 10 |Concrete | 270 100 6
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# 7. MicroShield Pro fHf BB R IR B BENRVISINE ST E

TEAEEBS AR MicroShield Pro (v12.08) / (uSv)
BERER  BREH | WEOBEARNNEBRRE T ERER 3.35x10%

BERIER | St 78 [ 2 8 58 g 2.53x10%
BRI « BERERE MBI, EEENEEY 1.40x10
BERIER | BEREEH MBI, ENREYES D ERH S 3.35x10*

FERIER © S = F S Wik Y 2.57x10%

BERIER | S BEAR 2. M 2 BT I AT 2.11x10%

AP ERPRINEZEESR - ILHH
IHEEE 1% - BEURELHE - 257
BRigR ZABUENE 6 FiR - &K
R ET - U A E S Bl R B

(Off-center distance) -

EEZXMHBNSHRESH - & (RS
AHEEIHAIRIMNEHEIE - AZREY
UKRBWMURERUE  EXRBRESE
Google Map IZHHRBEREN - BEEEK
BERNAEFREZRRER  TERRB
& 1kiE Google Map IR AV R IR R EATT
BRESEMNEMN - R 6 P - RV
% Rectangular Volume - CVES %

Cylinder Volume - End shields -
MicroShield BRI IEEFEFMRITT T

#1l RESRAD-RECYCLE WERZE ; #IdA -

f£ RESRAD-RECYCLE WEt& S - &hE
HRNEZOQGAFEMLT BAR
MicroShield 2 B¥E1TRVZE(TEIS -
Et - AR EIEEZEREAZNE

2T - #nr’xh=r’xh HPEnr=r’.
EEHERBNHEARES -
MicroShield ® & & & + (Buildup
factor)¥3% Air gap - EREFIRESD
(Integration)z& & - HIRMBENEERS
g1 - AMRABAEE - KERREN
10 FoBRWMANEE ; B2 B
EMEREAHERNIBEHRS - HE

HEANEKE -

BERER1ER2VIREIBE - £ 7 HE
8 N Rl# L MicroShield 1E&ETE 5|
Z7RIEHEEFNM - B 7 HER
MicroShield FT&E#ARMWTERE - K
ME A BRI AR R EMER S R 2B
FRBBRHEEEN - MCNP - E5tE2
H—HRRTR N - PHELEREIREE
TTRRSMNERESI T S RVLEE - EEME AR
BERETRIA-BWAELER BT
MicroShield RIEtE#ARZ 0589 »

—MRIRER - RRINHENZHEHEGIRIA
/N~ BHRERMRAR 23RV RE BRI IR BB RO RS ]
FYIEAERE - ER 7 9 - BRIBER T ROk
INEHTEIERSHIREIREZ " BRA
R BERER ,  EREBAREE
ERSRE SRR E&aN - I
BEREEERN - Hp
TEAEFFRI EREEB TR
DPESEHERY  ESNERISE
A BBERIEMR - BR8P - &
BERTRERIMNEHHESRSHEER
e HEEM: BEE/MAEREE
SME L - BEREBEREBZMAEM
REFE PRS- HI - AR EF
HERREMREBEMS - "ERAR
EETFEAE WEEDL AN REZ
BHEBYNNAETREREEE
SPHEEED - MICIREIBEHRILIE
ABBEER IR Z HHBERY - BHIR
EREEHHEE -

- ZABE



HREIPHERSE | Issue 160 32

# 8. MicroShield Pro £2 MCNP sHE RSB R IR R IFEIRVES MBS EIE

TrEASES sanm MicroShield Pro MCNP6
(v12.08) (uSv) (v1.0) (uSv)

REOREKBENNEBRES S EWETR 3.35x10%

BERIER © S 5 O = 0 #R 253x10°%

BERLAR AR LIEAE HHERg, ERAR 8.22x107"

BERLAIR | ARBER 401x10°%

BERDAIR © AEIRIES 716x10°%

BERUARR : SR ER RIS 3.16x10°%

EERLAKR - JETIFAR 9.84x10

WRIBE R SHSRE, 45 B S B U R 3.33x10°

ERIER | S 8 88 R 22 7R R 7.08x10%

HEBER : FH5 8.86x10™ 8.30x10

HEEm . BE/PAEREEIME 2.09 211

BHEmR : WH 8.57x10 8.03x10

et : MCNP STEERZ Mt =E —EIREEZZAI/NR 1%

25
#heE

BN RSN ES YRR IINEH TS T
RESRAD-RECYCLE HRIBEHTZ=NE
HBrREMEsENBERHTES
- M EPAEHNEEEKFILE
AL E - BEIE R EERMZOE
FFTEAH MicroShield - HEEEHE
BYREIMNERNT ST - LB
BFER MCNP tbE#E - AR
HoRHoEMERESENGER
B - mEEEMAEREZE - HRES

EEVRIRINEIETETTE - THRE
%X RESRAD-RECYCLE HIREEIEER
M—AEETE 28 - A MicroShield
BETES|ZE - BRI - TERE
SRS ERB R SRV EIREFE -
DRIZERAR  BHEREENER
MOES) - BERAE  JEETFA
8 HEEm: BE/MAENREEN
s - BERABEENZ - FERINES
HENERRS - R 7 HRARRSEN
IREFIRERE 2N - EEZHRRER

ERIEBYNNSETREREEEN
KN BHRBBRATEEZEFTE
EYRESINEIEFE AT - FHE AR
FFERARE—EEHEEY -

ANMARNEEZYNERRE - 25
BEHEBVNRIRIIFEREE - UKE
HEBYRRER N BEREEE VR
BB ERINFENEE I - B
REDEREANEZENEEMIEE
BE—LHRE -
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1. THRESFEZES  MEMSRERYSANBREEIE - PERE 83 F 6 H3%h(107/08 {Z1E)

I

2. THRRFEZEE  WMEFEENRBEHNEBY Z2BHRNERFEER  PERER 97 £ 06 B -

3. TTHERRFEZES - 107 FHEtRG BAEEEAET - PERKE 108 £ 08 B3 »

4.  HTTPS://resrad.evs.anl.gov/

5. Bakr W.F., Assessment of the radiological impact of oil refining industry, J Environ Radioact. 2010
Mar;101(3):237-43. doi: 10.1016/j jenvrad.2009.11.005. Epub 2009.

6. Chengl.J., Kassas B., Yu C, et al, RESRAD-RECYCLE: A Computer Model for Analyzing the Radiological
Doses and Risks Resulting from the Recycling of Radioactive Scrap Metal and the Reuse of Surface-
contaminated Material and Equipment, ANL/EAD-3, 2000.

7. The MicroShield Team, MicroShield User’ s Manual, Version 5, Grove Engineering Inc., Rockville, Maryland,
1996.

8.  HTTP://WWW.RADIATIONSOFTWARE.COM

9. Goorley T, James M., Booth T., et al., Initial MCNP6 release overview, Nucl. Technol. 180 (2012) 298-315.
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