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2020-2021 Project: Study on the Radiation Dose and Risk Assessment of
Recycling and Smelting Workers Related to Radiation Anomalies in Steel
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There are dozens of reported cases of iron and steel radiation anomalies
in Taiwan every year. The reasons for the radiation anomalies are that most of
the waste steel materials such as steel pipes or components contain natural
radioactive material deposits, and a small number of scrap metal material
containing waste radioactive sources which are artificial radioactive materials.
This project is planned to carry out for two years. The content includes
research and analysis of commercial computer codes on radiation protection
assessment, which codes are suitable for assessing the radiation impact of
persons involved in handling or disposing of steel radiation anomalies.
Through the collection and analysis of the international control/management
measures and detection/processing procedures of steel radiation anomaly, and
comprehending current detect and dealing situation of steel radiation anomaly
by means of visits and inspections of the steel industry. With the planned
relevant simulation scenarios to evaluate and confirm the relevant workers'
radiation doses and health risks. Besides, this project will propose and
establish the optimal operation process planning and reasonable control
measures for iron and steel radiation anomalies for reference by the competent
authorities to improve and strengthen the effectiveness of radiation control

after the discovery of iron and steel radiation anomalies in Taiwan.

keywords : Iron and steel radiation anomalies, radiation safety, radiation

control, optimization, ALARA, radiation dose
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1. RESRAD-RECYCLE
*3+% i {7 RESRAD-RECYCLE v3.10 2. 425V % o 3% I pFF 5

2005 & 6 " - jEJF B B 77 % % (Argonne National Laboratory, ANL) % 7.
BRI IBELHEP P Farr 5K L P iR d RS 3R A o
(1) #2538 =% %

238 % P ¢ 7 Windows XP 22 Windows 10 = f& 18 % % &t o

Windows XP % #:iE 4%

SEPLﬁﬂRHRMHEO@HWMO%i%ﬁ&E’?ﬁﬁ*%ﬁ
AR PR R R RI46 s RS EEN LR 2 F G -

Bl4-6 x#4E:Fw 1 (WinXP /&)
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STEP2. &% X#MBlm4&™ F &l T ZLE[FEE R (4B 4-7)

1 {(0)]
BITRAA..
BIEE (18] haER 0

X0

BTD
HERO
RAUTEERD
kD)
EFGAM

AR

B 47 £ EENFEH 2(WinXP 4 5)

STEP 3. #2;% % Welcome & & » T 3 [NEXT]3 77 - # (4c ] 4-8) -

Welcome

‘Welcome to the RESRAD-RECYCLE Setup program.
This program will install RESRAD-RECYCLE on your
- computer.

It is strongly recommended that you exit all Windows programs
before running this Setup program.

Click Cancel to quit Setup and then close any programs you
have running. Click Next to continue with the Setup program.

WARNING: This program is protected by copyright law and
international treaties.

Unauthorized reproduction or distribution of this program, or any
portion of it, may result in severe civil and criminal penalties, and
will be prosecuted to the maximum extent possible under law.

Cancel |

Bl4-8 x #4E:Fw 3(WinXP 1 w)

STEP4. E& AR F X-EFTH A > 2ERD FRURL > &7 X
LA g 2 B 4 [NEXT]H 7 T — % (4o 8] 4-9) ©
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Choose Destination Location @

Setup will install RESRAD-RECYCLE in the following folder.
To install to this folder, click Nest.

To install to a different folder, click Browse and select another
folder.

You can choose not to install RESRAD-RECYCLE by clicking
Cancel to exit Setup.

Destination Folder

C:AARESRAD_Family\RECYCLE Browse... |

< Back Cancel

Bl 49 £ &ENER 4(WinXP 4 5)

STEP 5. #2;% # /T @77 (Program icons)k T_- Z &k ¥ P& L AL
= £ 4% [NEXT]H 7 T = % (4] 4-10) ¢

Select Program Folder

Setup will add program icons to the Program Folder listed below.
You may type a new folder name, or select one from the existing
Folders list. Click Next to continue.

Proaram Folders:
RESRAD for Windows:

Ezisting Folders:

Administrative Tools

it g B TS
B a)
i ein

< Back I Next > I Cancel |

B 4-10 % £4255% 5 5(Win XP /1 5 )

STEP 6. % % % (5487 B 4-11 %6 > BaF[FE e 4tts Tz
RESRAD-RECYCLE % #4254 -
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RESRAD-RECYCLE Setup

\ i ) RESRAD-RECYCLE Setup was completed successfully.

Bl 4-11 % %4554 5 6 (WinXP 4 &)

Windows 10 % #1642

STEP 1. 35 ¥] RESRAD-RECYCLE v3.10 5K & 3 3% /5 o
AR TR ARFRE B4 12T EG S B RTRELS

1]

E v &

B RESRAD-RECYCLE 3.10 Setup 2020/5/21 T4 04:18

Bl4-12 % £4&:F % 1 (Win 10 4 &)

STEP2. %% (MM 4T F L4 D ERH[(MAREER L AR
71 AN G (e B 4-13) -

RE©)

UASERRASSNTA

@ Import to Grammarly
HRAsEEEy)
FEEmEREP)

@ 3= OneDrive(M)

[&f Edit with Notepad++

RESRAD-RECYCI ©

(€) f=F ESET NOD32 Antivirus R

R >
2 4E

BATRERG) >
B L/ WinRAR BIE(W)
B n3EAWA

a 70E| "RESRAD-RECYCLE 3.10 Setup.rar"(T)

B EanssEs

a EMA % "RESRAD-RECYCLE 3.10 Setup.rar” T RE
B EEas=zA)

B mEAZL

Bl 4-13 £ £ F 6 2(Winl0 4 6)
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YCLE 3.10 v o

= 5 : 20 AR

B RES g

Welcome to the InstallShield Wizard
for RESRAD-RECYCLE

The InstallShield Wizard(TM) will help install RESRAD-
RECYCLE on your computer. To continue, dick Next.

Next > Cancel

Bl 4-14 % %4254 5 3(Win 10 4 &)

STEP 4.~ STEP 6 iE#227 457 % o 4cfr ¢ it Win XP % %642 o 3 &t
EAF Rk o

SRR AR REART R %ﬂl"}?w Jeeo & iRk Mg IR

s «‘;{ ﬁ‘«‘}'«%—"‘ - ﬁ )j;u? m;.‘? ;;Et =

o

(2) RESRAD-RECYCLE # it

* 3+ 34 ¥ RESRAD-RECYCLE s ivié¢ # 2 % 72 30 % a8
AR ;N (o 3k BoA s & A TR & ¢ a9 Sample Case ﬁ;f] G
SAMPLEL.RCY)® ¥ :3#3 7 > L #RF 5L T4 4 7 Sample Case ﬁi%]
I ¥ & ¢ SAMPLEL.REP):E {7t % %ﬁ Pl iE 42 ¥ 3% RESRAD-
RECYCLE e/ & » ¥ X 2558 T £ fEar % o

d 3P aiv & 2 Fr s RESRAD-RECYCLE #25% t = X K& 1 F {7

RALARAK > Tt A B A Win XP & Win 10 & f& T E % 52T 8 (74 {7
;é VBB F R AT o

A FHFFHES s 258 % 1 B “Run-timeerror 757 > #2358 Sg 20 B B o

B. 3 73+
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238 % % F 5 4 ¢ 1 CALCRR LT
AR FHE> ﬁ#ﬁ*ifﬂfzxﬁﬁﬁaﬁrﬁ@o

Program Files (x86) » RESRAD_Family » RECYCLE

~ - I % ~

Manual
ADTESTO1.RCY
ADTESTO2.RCY
ADTESTO3.RCY
ADTESTO4.RCY
ADTESTOS.RCY
CAICRR
1| CALCRR 4
» | CALCRR
COEFF_RC.LIB )
DCF_EXT.LIB 996/3/26 £ 10:36 L
DCF_EXT.NEW -F 4 EE

1

b

Bl 4-15 L FARNE 5 2 i * Az5d

ﬂWMXPﬁiﬂ%Tﬁﬁﬁﬁﬁ%ﬁﬁ»%’@ﬁﬁﬁﬁﬁ’ﬁﬁ

Fie g ut o AWinlo(64 o) kT uREFLE NS > AP
ﬁ)éféi@‘])\;}'%m’éﬁ» 5 ek s l,jgj)\ SBcBAEY B € DT ‘pg#ﬁJ?P\
% B+ “Run-time error 380: Invalid Property Value” » 4258 %g2_ B B o
PR TSR AN AR P T2 q—\f\g% F_o JE_P W Bk & /?Jp‘ﬁ'#
250 fE s 7 eni® % % %5 Win XP (SP4)2r Win 10 (64 = 7)d f& > e
FPEE RIS AR A A AT - R R o

@ﬁww?ﬁﬁﬁiﬁﬁﬁﬁﬁT’ﬁéﬁﬁmﬁ%@ﬁ*%%ﬁx
SAMPLEI.RCY) » i - % £ § 618 ! # % (Hh & © SAMPLELREP)itt {7
o 0 Fesd l%?5ﬁ§£° Bl BB b MRS 0 P f ARG Y
M AREALR o B DG RT A B Bl LR O R el B
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B. ¥z # * (End-use)i & * # & £ (Cumulative dose).# % 7 & jic £ £
(¢ U238 1 fE#HE &) -

C. E #1¢ * Reuse Product: Tool reuse & > F82- 5 2 5% E "% < o
D. # * | & { Individual ~ Collective ~ Cumulative #| & 5% % £ 5 3 #7{
# o

ERalaREr GRS p‘% %38 % % 5 RESRAD-RECYCLE 3.0
A T PR R T I %R RT P AN {ATEL AP P B hv3.10
e gH4E i * (Reuse) baifrff%%ﬁw (Ingestion rate) = £ ¢F H| & &4k F] 5 i
FA RSl od TV ABAETREE Z R FEIRAT TS A > @
g%’ié@]iﬁﬁi%% fow B2 2 i 'rigp;}%;:, benZ b o TANREE F

éﬁmﬂlﬁc z-l—_gtbbﬁ,{,ﬁ—\).gpl-%mg{ »bajmﬂ_:,m,p = BB ozt
¥ ) (#@"MLIE 14 ~1B-26) » #3n 5‘; SRVURLE S NI -2 LR
ﬁ:‘f?-:r\‘ /PJ Ff‘ = @ = 19 § P‘L_,_, °

2. MicroShield

(1) A2 3V 22 ¥ 2 P38

B »* MicroShield ér42 5822 8 22 p3d > 42 8 2 g 0 A ahfp
% MicroShield Pro » #2358 ek & 5 v12.07 » o Mgl chg e @24 A 1
FHETRAE AR AKX A g ERpL 0 YT EKRE ﬂt‘*% £
At ABRE G 0 AP F AN I P REDRFICEFANTPRE F
PF oo B ot A3 F ¥ MicroShield sl T4y 4 o £ ¥ ki)
ANSI/ANS 6.6.1 Reference Problem 1.1 » $7 it 4c@] 4-16 27 % 4-4 #151 - 78]
oo BRSNS BEER 0 it 5 6.2MeV e 3 R 5 1 photon/sec 0 &R i
Bs 2 F 0 %A S 000122 glom’ s i F e bRt TS 0 X F p
iR PEESEE 200 ~ 1000 ~ 3000 £2 5000 3 & 5 Y % i £ bR SUERE S 5T

-

,[j; < o

PEEEHEAWALS AP FEETAE L NGRS e al

% DOT ~ COHORT Il ~ QADMOD #* SKREEN - & % &7 » A2t # i
MicroShield Pro 73+ & % % &2 £ P e cn T A AP 330 > Bor 2304 ik
T eiE 472 3 }i ¥k fi']”ﬁ BRI fREI R T o o Pt B R A UE T M Bl 313
AR M AR o



X (variable) —p

|
|
A l
l
l
|

Bl 4-16 ANSI/ANS 6.6.1 Reference Problem 1.1 A i= 45 it

# 4-4  ANSI/ANS 6.6.1 Reference Problem I.1 ﬁia?] > S BAE &

R LH B~ Sk
X Dose Point 200 ~ 1000 ~ 3000 ~ 5000 feet
Y Dose Point 57 feet
Air density (g/cm3) 0.00122
Source energy 6.2 MeV
Source strength 1 photon/sec
Buildup material Air

% 4-5 ~3+F F (7 MicroShield 2+ & & % 271t i

. » Col e MicroShield | MicroShield
FEHE Hifpsl2t ey 28 (£p) (2 %)
(&%) (rad/y) (rad/y) (rad/y)
200 8.00E-11 ~1.20E-10 9.10E-11 9.10E-11
1000 2.00E-12 ~3.00E-12 2.60E-12 2.60E-12
3000 4.50E-14 ~7.50E-14 7.00E-14 7.00E-14
5000 3.50E-15 ~5.80E-15 5.30E-15 5.30E-15

(2) 3 (v 3%

MicroShield € - A7 # it g S+H 3= H 4258 > BA) 0 A 6 aff (v
RERAD T MR o SRR F T @ e 2 R

% 39 F




DR R TS 4 (Debug) 0 FEARS R BRI E 0 HRE D
?&@%@ﬁﬁﬂiﬁQﬁmWﬁﬁ%’Eﬁiﬁiﬁﬁﬁ%%i—0%
P éj‘—u-%ﬁ TR AR o IS @ -52'7 o € LR PR IE > (1)
B F G E R Q)R R L fcack s ﬁpiz%\ B HIBR IR H R
%E*@T&ﬂrmafv R TRLRE S Rpt S SR CLIR I S SUE & air b Sl
L3 ERBES o

3. MCNP

(1) #2322 B & ip)ie

B> MCNP sfg ;822 B 2 RI3E > 2 B 2 g 0 AR F Y afesl &

MCNP6 » 4258 e & 5 v6.2 > 423 ¢ 7 3 % DVD > % K Fpde™ !

B l- E2 PR

HA2- AFUADVD AR I E 2 eh PR &

HI 3 % BEcomd o B HE IR TR Y B % K
£ “INSTALL_wmdows

HA A RERE BF - B emd ARE T gy~ R £
“INSTALL windows test”

AE EOEARATE TEHYVILESR SRTRTET IR
BRIGEZ w0 d T % KB AR Y ¢ By £ 8 T AR iRIEE 0 B
P jx;léﬁﬁﬁs?ﬁ -:_%g,’,.]m—‘—'- 5B S dx“lég > MCNP e (40 # 0 d

Ao 4-17 #7510 ABY 0 SR ZBRER 0 st B 5 0.2 MeV ek
E —éq‘;‘fzr’ﬁ#;?%é 0.1 24 gy %A 2 1135 glom?® » 1§ 4 B 1% b i e

+ 3 o 4L }jri*".&r]',)ﬁlb"f xﬁv}ﬁagmt’ & EI’]@,'——E"‘J‘ sk 5 m_ﬁklj'éo\«“"
(Transmitted fraction) » i& 1 i 8 X G| fe PF¥ 4R % 247227358 > f3247
e S L Eﬁ@?}%%??iimp 1 #T(NIST)® 12 {8 3| w/p (0.9985
cm?/gat 0.2 MeV)¥ p(11.35g/em®) » p/p kb p T+ @3 u» #-H &5
11333 cmr’ > % » T X ()7 @S % - 8 E % 03220

I

lo 2(1)

MCNP &3t 5 & 5% Bom 30 4 4-6 0 4 7 |F PRRET 2972 22 MCNP -
ik S o BERT 0 AP HFEMCONP - 8 B % fair2 £ 4p e o B
TR E DGR SR O] MR R ) 2R LR
TS F A o R RER R G
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Thin lead shield:
x=0.1 cm

Assume 100%
Intrinsic efficiency

—

Detector

Collimated Point Source
of photons: E = 0.2 MeV

Bl 4-17 [ E 255 it

% 4-6 3 F P 1T MCONP 3-8 55 % & 34772 et 1

i+ Hp TiafE | AP L (%) | v E (fF472 /MCNP)
80 0.2500 0.1936 (77%) 1.288
160 0.2563 0.1347 (53%) 1.256
320 0.3063 0.0841 (27%) 1.051
1,000 0.2940 0.0490 (17%) 1.095
10.000 0.3229 0.0145 (4%) 0.997

(2) 4 i

MCNP - 2 FERANF T AR I HEHPAET T L F - TR
Fefp PR B3 AR 0 PAEARE T S AR A BB o AITH AT
R BATHER A 0 AR A L B A R (AR )R 0 i
@a@wwggﬁjghnbﬁm@¥WH*T’ﬁf’LBhwnﬁ%%?%ﬁﬂﬁ
& (Debug)iAps 2  » X HIHAFHa T o Apg s 7 2 F o A %A
FRER R AR R ENDF@ ,3»% WP e o =AY F R

B Fr g % o



I NMERAMZPEEEE R0 P REFLNGHPETGAEN Z ‘f’*
Yo FRE LTRSS (L TEF P D)

AFHARBT 109 £ RFRIHR/ AT FHMGBEFREHE T L
BE BP(TIEIEP 12 % 2> E&]F\ A A BN PR R 2

A\

f

2Pl ER R TG ﬁ‘:}\(w Tmp 2)» PR/ LEY ERL Wed g %
TR DENE RN TR S FIER ww FEGES TR 4
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Gimid 2.45x10%°  4.90x10%  2.45x10%°  4.90x10%
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SR e FEEYE (cm) 400 400 100 100
Bk A L Steel Steel Steel Steel
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Integration =773k F_{E 5 #4235 ek (B o
# 4-10 RESRAD-RECYCLE :* ¥ ”}:"‘ 1
o = HiRI W RE FER
Lz : S R
IR p B e R ey prosupg A CTER
(cm) (cm) (g/ecm?) (cm) (h) (km) ( ) (Person, )
BORLE 0 B A HC 127 201 Steel 393 400 1.6
B P i Br >
HC 60 900 Steel 3.93 200 138 788 57 959
BREE A 0 4B
S 4B R e
BORLIS T R e o FC 035 50 Steel 2546 200 4
7 2 ¥
W ORALEE  BEER  BAFES HC 127 201 Steel 393 400 16
B g o BAULL
i WA —> HC 60 900 Steel 3.93 200 14 1075 77 2458
BREE A A
#
BREE P Bd 2.
o WA —> HC 60 900 Steel 3.93 200 LIS 871 76 1878
i PR
BORLE B AR v HC 127 201 Steel 393 400 1.6
B P B >
HC 60 900 Steel 3.93 200 138 788 57 959
BB B A 48
BN R (F SR,
R R HC 175 351 Steel 59 10000 80
LR R
BORS s ER HC 139 279 Steel 5.9 400 4
Bklis 1 R 1 R FC 127 253 Steel 7.86 300 5
FEOEET S~y
Gl AR FC 40 100 Steel 2 200 1
(=3 # TR
RS L AL F A 45,
HC 228 Steel 2.7 150 25
lin il 5
OB ALIAR g HC 127 100 Steel 2.7 400 0.8
BHEE it >
‘ HC 60 900 Steel 3.93 200 39 258 66 594
Bl B g KR Ry
Concr
VR A& BB FC 3433 10 100 62
cte
FEAE Concr
Tras R HC 300 0.2 250 2000
SRR R/ R ete
, Concr
NEA R R FC 3433 10 100 6
cte




# 4-11 MicroShield Pro 3+ & 7 3t

$ rEagL $E B wp AL
1iEs B é - H T e EEg
fe (cm)  (cm) (cm) (g/em’)
cm
R i
: RV 225 225 201  Steel 3.93 400
ok
<Rl F 3 F
% s RV 106 106 900  Steel 3.93 200
7
LIS OES | 25.4
R v
w BALASE CVES  0.35 50 Steel . 200
W ARREE
o g RV 225 225 201  Steel 3.93 400
<L IF ¥
% e RV 106 106 900  Steel 3.93 200
7
<Rl i F
% 13“ RV 106 106 900  Steel 3.93 200
B L &
RV 225 225 201  Steel 3.93 400
ok
RLiE 3%
% 13“ RV 106 106 900  Steel 3.93 200
,,:;]_»‘\J: :
%H ’“gi,, RV 310 310 351  Steel 5.9 10000
oML (E AR
S
‘ . RV 246 246 279  Steel 59 400
EAE & & °
;v:i;l\{: :
E%i ‘"fi CVES 127 253 Steel 7.86 300
B (R
O S SN B
o K% AEZEHET  CVES 40 100 Steel 2 200
w R
; § S S
" J%H* ‘"fi RV 404 404 455  Steel 27 150
"ﬁ ‘/_g_.l 1T A ﬁ
,.:i-&‘{, :
% ";i RV 225 225 100  Steel 3.93 400
Tk AL
Beli@iE L P4 RV 106 106 900  Steel  3.93 200
S e
/ﬁ i CVES 3433 10  Concrete 2.7 100
=2 3
W AES: 300 0.2 100
SEPEZE/ S CVES 300 0.2 Concrete 2.7 200
Bt 300 0.2 250
~h A& 48 CVES 3433 10 Concrete 2.7 100
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el na b PR g, FEBRSRIGREEE
(B9) (cm) (o) (cm)
Wr A& BB Th-232 24353 [Fl4x 3433 10 100
VR AR s F/PESZ 5479 300 0.2 100
E LR Th-232 5479 [Fl4= 300 0.2 200
3288 300 0.2 250
SEA&EDHE Th-232 24353 [Fl4x 3433 10 100
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AR R E G s
DECE SN F

MCNP 33t

RR &3

cff A BB B R PTER o pt ?h > RR Y ¢h A&
22 MCNP 54 * ICRP 74> & ¥ it

% 4-13RR ~ MS =5 §F S

FRET S

Fenig h gk o ’&_2}&’\;{ i
i B R iRy o B A
2 MCNP 7 P F-Rh % o o MS el .7 T’é,&”f”“f

B33

R PR Y i

R o 3h 8 3 34
i RR & MS % 300 hR BE G FHFDLE - HRIT A
BREYAa ag el Rl

R F1E

IV e T G ’EQE'T/EI
FEHTF)F#* FGR 12> @
T3 E B ehkiR o

MS

RESRAD- MicroShield Ratio
1A B R P RECYCLE Pro (RR/MS)
(v3.10) (v12.08)
FLIFE ¥ L ookl -2 B
A fi*“ ffﬁ E%* RS 6.83x1011  8.15x10°1° 0.08
A IR
BLiEE L P 5.60x10"1  6.31x1010 0.09
GRLIFE T BT -> S4B
BFEE o0 % Gl 8.04x1071%
R %
B et Bkl AwABR, EF G R .
, ’ 4.82x10710  3.56x10°8 0.01
ST F 4 X X
BRLiE E L BOR AmABRR, Bi5eT R W 1 10
, , ' 6.83x10 8.15x10 0.08
AP rEP 28R4
BORLEE L A 5.68x1011  6.40x1010 0.09
-SSR EEIRDS N Eean 1.
- i B > BT 2.08x1077
BORLEE L 7 4.66x1011 5.26x10°1° 0.09
PETEREE S i
- i AR > PR AT 1.31x107"
#ix K,% SR HEHE L man-Svo HARZ R L g st HE o H =5 uSve

YR (FIE B Bt PR AR

7R 4 > £ % 7 RESRAD-RECYCLE #k (48 2. i 45 % &
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% 4-14 RR~MS ¥ MCNP =iz B R FROR B o il i 545 &

RESRAD-  MicroShield ) )
) MCNP6  Ratio Ratio
1 T4 B R TP RECYCLE Pro
(v1.0) (RR/MS) (MS/MCNP)
(v3.10) (v12.08)
B Bk en
, ‘ R RETERE  CGEn 81510 0.08
BELEE R 13 EH 2 g
BRALiEE L P 5.60E-11 6.31E-10 0.09
c B> R
BpEE L 2 ARG 8.04E-18
CGREL A D SR L TF A
R T ie A ‘ , 191E-10  145E-11 13.13
i SidBRL, A Gg
BALIS R s RUE 4.03E-11 9.68E-10 0.04
Bpls 1 4k (T R 1.47E-10 1.73E-09 0.08
GRLAE R B R
B ® 745E-12  8.37E-11 0.09
it ﬁ
Beklis o L A fE AR 2.15E-08 2.44E-07 0.09
S4B R, HAOR K
, ‘ " BEER Gree1 s14E-10 0.08
AL ik g 3868 i
B P 3.13E-10 1.76E-09 0.18
e sl > KR Ry
Bopli@d ol >R E 1.39E-17
W A& RE S 1.73E-08 6.48E-08  3.16E-08 0.27 2.05
W AR SRR
Fras 7 2.16E-07 3.82E-04 2.73E-04 5.7E-04 1.40
5B
2E AR 1.68E-09 6.27E-09  3.06E-09  0.27 2.05
=
oA HEE = F man-Sv HA LR IGEAE  Him i uSve
MCNP 8 2 %2 3328 i b - BHEEL2 P35 )3 1%
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B v
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Lok o N e w3 L 7
RECYCLE
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BAF M AR TR > AP R ERFEY RR vk AT ASREFE
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6. 2 MicroShield #2554 R ¥ & R 6|87 1 (738 P — 2. F P12 % v
o A

- R HFH FAM iEL

18 chfg s R W A7 5 % B > 55+ R ##m*wﬁﬁ‘ %4 Th-232’-,p)§

Ed B3P Ac228 384G ihe 2 THEABETEE Y RAPET R
£
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SHE AT I 5 11 B 5 oA R 4 R B

F 4% 0 PlA R enfg SR E 7F 5 #2358 5 MicroShield Pro (v12.08) o

F 4-16 st A F P E R R E FPPRF Y S RE TR R R
P ¥R e T
LY e Th-232 Th-232 & daughters

R 24353 Bq 24353 Bq

iR A e Cylinder Volume — End shields = Cylinder Volume — End shields
Bt % <t L= 3433 cm x 5 10cm L jE 3433 cm x 5 10cm
B R AR Concrete Concrete

SRR B R 2.7 g/lem? 2.7 g/lem?

R e R 100 cm 100 cm

Buildup factor Air gap Air gap

Integration MAX. MAX.

Effective dose
(ICRP 74 - 1997)

Ratio (F % /4t =) 1.367x10"

1.045x10°"> mSv/h 1.429%x10® mSv/h
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0.852 > #2828 B4 4 BiplE2 1.02 & ; BEdg 5R 30 2 A Aoz pliE
£ 540038 puSv/h > @ 2 rde Tt P2 F ke E B % L 0077 255
FEHERAGLEEREZ 202 EFHEHERK > FEHEILRE T
%7 0.04 uSv/h o @ P pEEg SR ik eH 100 2 4 Euz FplE AR % 5 0.030
uSv/h » @ # 4 T frd P2 F ok e85 2% 5 0.008 > F]H ﬁ?l]?é_,"ut&fv& ’
BN EERFTEERELHEFLE TG 0.02uSv/h o g2 5 100 =
P R BRI E RS EEREDLE 5 AFFY ﬁﬂi&wﬂﬂmﬁi v

B #(0.122uSv/h) tele — B-KT > B Bpgenp BiBA AR S E A %
i PSR RS BETRL BT 5L AR Y o

TR ¥ A 2 AR EABE I PR TR T BT AT ER
AR R RS P e Tl AP Rk R A% E AR
FHE G PN ST R AR A R RIS PRS-

SRR e (E B2 4 Th-232)2 35 5 % $p| @ o= B2 PEEGNL R

m
WA FA G-

3o 4-17 Seiflt A& E R AR S 0B P2 AR BREGE B %
£

AT1121 £ ]2 4| S E
WHiRE e E ﬁﬂmwm) (uSv/h)
FEHE [ e e F e
FERE (Th-232) (Th-232 & daughters)
5cm 0.698 8.748x10° 0.852
30cm 0.038 9.119x10°® 0.077
100 cm 0.030 1.006x10°® 0.008
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