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9 SHES &= MBBFFIUHEN, BEHETH %o
geos e MaEAd e BT HEH (Nuclear Gauge),
55 F A RE (Radiography), Hit#inT (Radiation
Processings), o} &1t #5##]H (Ionizring radiation)
%ol 3}

o F £L5HE T¥Y RETHE ¥ LEFEJ 5
moez FfAS L govt s & duA g 2 fIA
BES £ Aoz Yy 2 RES RELHIE Rty
BaA gel,

7. BH#EEMF (Radiography)

JERE B A B (Non destructive testing) o] 2} 32 £
B f% 9 mESd FEde 08, £BkEm
POEREEiE, Hi BEHE RS L B8 $¢ 2
BEHRRYS BEAYR g AW A BEDS + I
+ HEE R4 KESE FAsE ZBREE
(Radiography), #BFHEERUT), MEESE B
FRE B, Stress Ml Fol vk HHHA &% %
Bol glont Xi, rif 2 PAETH %9 Hsge
FEAA BERFOR HERME BESA RET 4+
2= BHBERRER] J1 dol ¥RE Y1 &
Bt EEs HEERE EfEshh

F 1R BEHRA st fHFE5g e 62 %K
T-HECE S = BABELLESLES 2 AIERA
£ BR3te TSk

g MH, BE 23 $ £BYY BEIAE

W—HEBEHR

© R Rk
% 1 W Radiography i BgtitfEe HR
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Tk X-HEB/ A Jov BEHRE U
X3 HEEY Bl ZEsz Cable ) i@ikiol
M7 53 52 B =& SEEESRY R
= BRI Kl LB I He FET Bl g o
2ok HER r-BigEEke) go) HAAR Uk X-§
HEEZA £ 400kV LT Aol =2 FAEEZ gov
X-HEFHo 2 A Batt Birkz ¥ htise &
% X-#% HANAE S 2 Energy 7t 3t ¢F
2 #EANA Frpsteh

r-EBEd ARt BHERRES 52 % Fre
o el BEREE(F1E 2R RERARS(T ®
= Depleted Uranium), ¥ r-8£9 HEBA77 &
g+ kgto © Shutter, EPE#R{F (Remote Control)3-
B MRE, REEEED =t HEBER)2 BIRE
o] g3 2 Bifel MESA oA gk BHHRA
w2l B—HrBHR, RERHRC o= /B
FREEAE BEH#ERY BED AEGEARNA BiE
X Ast kFEE 2n Ko 2 EFkel Shutter & FIH
g Aol Qa #%EY HFRAAE FRERE BFEY &
B 4 9 & Release FR o] FIA=AZ 3 EBEE
ol WHEdlTE. oL HRAMAY -8 KIS Size,
Energy ¢ Al %2 BEHRA =t=lA FE BE
#igo] @M /B 0.4~10cm 712 FAE BEY
£ 9ot 10cm BlES AL FHH Energy X#& ¥
438 B-tron, (15MeV) Linear Accerelator (1~10
MeV), Vande Graff (1~2MeV) %-& {3l ok gk

=k (EEES)
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(b) fREERE 23 By RE

# 2% Radiography el #HHEE r#EFEY ®E

i B % B E % % 60Co 137Cs 192] ¢ 10T m
A X-#EkR oF 2 #i 4 e # 5.263y 30.0y 74.2d 134d
(X-# : 100~400Kv) HiL &BY t 2m ik g Co CsCl Ir Tmy0;
r-RElnaRn 7 R 1.33  0.662 0.310.47 0.084
@i 2 Co(1--10Ci) Fe(cm)2~20 (MeV) .17 — 0.65 0. 052
192] 0.6~7.0 Rhm/Ci .35 0.37  0.55 0.00030
131Cs 1.2~9.0 pEE (Al 4.6 3.6 2.4 1.3
0Tm 0.4~2.5 B Fe 1.6 1.2 0.85 0.15
U] X-BBERE (cm) LPb 1.¢  0.56 0.12 0.04
f-tron(15KeV) 30~40 EFREE Fe(cm) 2~20 1.2~9.0 0.6~7.0 0.4~2.5

Linear accrelator (10MeV)
hitTH FRRE KE EE A
(Pb. Uranium)
EEA A2 A
K, &8

o X8, r-#-E 2 BB HES Frl wel &
¥ o2 Pb, Uranium ¢} o] B 24 =& &,
BEaWs 7ol BES} obF AL HHEY HENA e &
HTFES A PHEFREABERE (Neutron Radio-
graphy)e] Sl B RS Mg Ed FRL
HFa geor fizk 2= REY BREBENE RA
I gu. F2Ed KERNES BRIEo pikTFR
§s] BbETEE BHNE VR & 8T By
el glgo® FAGRA BEAZ 4 vk et
A #pT G PEA )N dol e BKESE
BHEE RN BERT 25 BRES 34 A2
3 ARR HHggEe=y Ride WMEBRT &
o RFEEAS FIMASY REBRE 7T + o ¥

T

o HAE BERHE KEY HRXE BREZHR}
3 g

Lh. BF 7 a8 (Nuclear Gauge)™®

a, B, 7 5L HIESE HEEREMTES BHdn 4
A A deE HEHRET BER Bk =& BEA
A O HAEES HNBE M #E 54, B
ol B, KFEE %& HHstE HEkolth o FE
o] Hme bl HBEE TR 31 HES EREme
2T 4 93 I HREE on lined EFETo2A
THEYE 9 RETEE ADHAZ + & e o
ol welA B REHRE, FRES g, TE9
AL el Hs] Bt ZE THESFA AW o fl

A a gk el RHE TURSHE HE B &
W, Glass, B, EEW F FHAA wel A=

T T olH g WBMHEM Hat MEOFHGE N5
2 Aoz ¢ud 930 F3FA EFNHME
WS Tretd Sooh. 0% WAHS TEERS F
FEl @REe HBE HA =t FAGE AASE
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#3% Nuclear Gauge (J-FJyEtiise)

1) ENRRhe| BHR (a.f.7.n ®)2 R E=
BRE FA.
O HEE @7 %)
O EBEFGH)
O Bbrzt( )
O K& &t (FETF#)
O wTigEst
O HEMWHEX-& =x r-B)
2) Bl mEE(ERE AR
O Bz (a % EHEI)
O Bt (aig THER)
O ECH REFWKSS WEHENAR S-R)
. O BERKREEE(a. 810
3) X-#ExsE AR
RI#X X# Sk
X, 8ol 8 BEEK

7} At (3% BR) BRFHHISEGA4 BE 73
Hol FIM= 2 g+ BIEF (Thickness Gauge), ¥ #l
fritsl HEE RS ogd 2w

(1) BB (Thickness Gauge)

Potehol A o) AR Rk D KELE FIESA 4
#e) FAE WEss BES RSHRREH W
HIE BERD REEAA LoFsd HAHRS B

Slit
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BE AN BARNES R HHE-E FIASE &
BLEREE 7 dod MEsie HEDHS HEAN o)
AR Ev r iR RES AN U &BxEY
BEEFAE BEsedl BREXEXD MEEH, HH
BRel obd X-#RE EHEE HANE X-RUEEA
et

EI3FA MEHA EHAAZ o= HBEekE 2 2
BRABEE Rt FR

9F-& Polyethylene A]—=, =z}, PVC A —Z %l
B v X —¥Fel HC, ¥7Pm, 8Kr, *4T1 %89] gie]
FIAEE ¢ @i AL iRy E B-HIE 9r,
106Ru, ol =] - *1Am o] FIAH 2 vt A
& #G] A = 1¥7Cs, °Co %9 r-RiF] ERAXY. B
BEARe HLESY FA AEANAN = %Sr, ¥Kr
P-mEES MRS BFERLTER kb= 8%
X-8¢ FRAE go.

o] #5¥E T2 on lineo 2 HEL 4+ I3 HE
HRE AEARE HBEEAEL & S 2 MAEY
B—teiEr, REMY iR, T8 wElkd & HE
2 AE 4 & Aol

(2) Mt (Level Gauge)

WArEtE BARY EEY #lgs FlAstd EAR
AHEAL BE Eold Bk =t EHEe wo1E W
EE H@olch o HEE Tl online o2 ¥k
S EEERT HBHET £ A

AR £3 fMAHE Aol r-|EEIEtol= = WA
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& 3. WEl AAS & BEsES dE ERHEE

FIAE = BeaRe

e 1A fExst ol | (MeV) & FBHE (mg/cm?)

uC . 5730y B8~ 0.156 1~10

M1 Tm 2.62y B-0.22 1~15

85K 10.76y B- 0.15, 0.67 10~13%

204T] 3.9y B-0.77 16~150

903y 28y B- 0.54(%Y - 2.25) 50~600

18Ry 1.0y B- 0.039(X°Rh $- 3.55) 100~1, 200

U1Am 458y 7 0.027, 0.033, 0.060 400~3, 500

BICs 30.0y 7 0.662 2~40g/cm?
80Co 5.27y r 1.17, 1.33 2.7~55g /cm?

]

$#4W Level Gauge 9] /=

£& FaEe MR g F4BEAA (SR
level 8] ol o} HMAHBBMES MHRE ERHSZ
Betel FEE AT A BRI Sy Se-d BRHIR
o2 WFAR Aol (b)HRE —Edt level ol gk
Folo) #brl Bl EfEs MET &+ dFoz —
3k Level & #ifpstaa 4« HEHHEC FAH=AZ
et B 2A & 0Co, BTCs o] Eof i
ot fEpke MEARS ROAEA = *MAm st #
itz

el ARV LESE REBEE ouba HEY
Bl mstERE EEe BT Al BE ¥
o) EETRAA FHE £ ek

Ch. #&# 1T (Radiation Processing)

HEHRE AR & FIAS 4ME, RER, &
el (LGRS don RE, BE, BE B
B mIE KBoz 7ot AIRSHE &I &
Bl BRLEM EA4 f¥bsx et 5] 4
k9 namEE, mBERE AETORE $oz 7

stel BRI WES RERREe s (B tn
deh. Bigdhel RAIFEC & ek LRSS T2
A3t ghod AEMECS EkaEy) s de i
SgERe 2 BB et st o

I EREE SRS old R 2 AHES (LEHEAE
F RS Bksy, M, Sl o RANMBEE 28
A1A (5] RNA, DNA) @l =+ HEPRE d=
Aoz dea vk g MR LETEH la-if,
B, r-%R, PEETH, BETROESEMD]S FIMstd
HEWS fE B, HERESHELG, JR{L plastic
W, WHBREK % #Eel EFd TEEMNS 55
e SEoE dEh olE T B, Ingh, L
R Be] ke 2x® mptd ¢ ot Kol ®H
£ M AR (D TR, %, AFEME %)
e EE el A BARNIE) #Hades 5
ol 3=t

2 FEE WES TARTFHES LEESS ke
VIE =v EHEGAA HEY R HBLRRES 5%
ste] HEO EHFY AERX T =t BITHERD
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#®4® HatginT (Radiation Processing)

AAHesF A104 A 235 1978
W5® GEBST FIURESR

O Hi® olvix) Fi
# W
% % ETR

# A #
BRER WE
B B
BRAHEE, HE
BT
TR AR RTRE

B-% BRARE
(% #)
O Hsigd A3 LBKE A
" w
r-# 2 BTR

OB W
O WPC(E{LARH)
O #BEAY BERM
O #HEHESW(Cross lin-
king, graft polymeri-
zation)
[OF: 1.:5:¢:1
O EERERE

=¥ Aoh

B i HERREESY S TEAL HBHR
Bikol olel R EE7T HES HRE phEEHR
Bz Al Ty BT ol o Bl HEo
ErEdoz ACEREEALE £RdA HALIZ I
o} BERREEAE EHHEE AR r-iRl
Fol A nk Biel weld e M, TR FAEH
Bifdl: SEEEFMHES(Electron Accerelator) 7t
R el MEETR KT MIEMl HEs B’
Biesle 7tm gvh. 4% BHEBRNT 7HE £
wetd FHH.

Ct EMTFHR &%

s BB (LBNRERES BRFstEd BH
F(tracer)7t FAA T glvh. BHEFEA = —RILEY
", BERMETE BHEERLTE S FAs- &
3 AMTEE FMAStE 78/ TENLE He] ¥R
R Bx ook e Rise 35S HiEse A
s 2o YEM BERR EBWAAE 2 YEA B,
HEZ] HEGEE - WHES HatEaEo 2 &
shet BrEttE tracer 2 GEYTTL. (EEAY tracer) (L2
RS REKKES £Hstas e HBdE #FED
T HEHERES LEHEEC 2 TR BEAET
Aolzte HFEE FAsd = T KA S B
BTEA FARe. olHd BEEE (LEMBKT

B R A
O LRI HENA S KEXKER LRRKERE 29
O Piston Ring, THRES EBHE M
O BB Ehak
O R, EKEESS WARRE
O o] T TRAAS HE =+ WERIE
O &8 IR~ BeE HE
O gEEE JE
O e Tty 58 HE
O #Hft EEED #7 35

(chemical tracer)slx e}, LIE 5 ERFFE F
AsE FE 1960ER Ll & BEH(ZHR), B
BRRE(EE BIEHEFR) £ WEEM £R A
ol gl o} 19604 LItk T¥Hezx 4= FIHS I
ek o] Hifife] KM WMES EMTE BAS4A
EHEWES BEHE ATAA BHT F Jd&e B =
£ HEe2E Hiwel Aol AU HMEKT BE
B, 58 %9 JEe] WHEDE BERES XERS,
i, BAR 59 AE AEBES AWAA BE,
B U EENeE BT ¢ ot B Folth §
5 %ol BEI FIASE/T Fndd Ak

Tigol v} LATHS RidA L5 BEHEEKT
5 FRE BB e hREES B B3 K
HELEEE BH3A 3oz WERAES =tA
T HAHEEET R F HEE g —BEBIFV
= REMMITE (Stable iratope)& FIHIE Aol
Bl WA BB ok olEE EAMNAe —
BILBRTES FAT fla A NEBEAA BE o
g4 RIS ol REE FETHEY sdhTRoE
HEHEA A o HEHEES HET + J 1 BEERMLTHE
= BAEAT Hld s BB RAede RfTEY
48-¢ HESHH (Mass spectroscopy) 2 FHAEYE
2 oo}, Rii#se HE Activable Tracer g o]z}8la
%ol L Stable isoatop o]zl 7.

HWHBEHT FRAME FE30H o8 HELEA
= Ralgeg PES fMERESA RET 5 = F#
gho] gleh. . dhell A fRFEAIAL FIS vhgoll Earshed
RaA .,

(1) MEEM AE

BHMES B2 AL 2 BRES LAt AR
He BT BT ohe @S BRES RHAS
BEel s Aol WMol o Bl “AES KA
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(2) REAREES RBKRMO AE
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KigE WMEHE R/RBFA Fo. 70 BRI R

A
=

KPREREEM ) RE(RBEEMYS BEKRRES WE)

A& BHE TEATFAAS FAL = gk
REEM T A Rk, 2k, [BHE &
BRo 2 KRS BRSBTS HAT FABAE
ke Rl ke WEe) WAE L g
oM = FES BRed
o] Fkl AL EE m: HAHERE a9 Hii
BAHEKRS BN KA HEmMAA 5223
8 el o] RolAl B SRS KERHE P
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E kB RuE MY e M—mo(

At
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3. HRA&MEMM TRFAMA R KA
Fige- 2

EEatghulo) zbol MraHE P BBHERAZTHEY THF
FEM-E 1950FM thetel HALE] #1 Az
A BRE HEERFNA L F10ERA L FRo) 1963F

UAE IR A10E A 235 1978

B ol FARa BERHEE A . &8l #
#F MR AE B URFAA) REAES &4 #
BEET 9ok %3 Gauge, Radiography, Tracer
application SEANA BHhg FIFE 42 J9. K@
AR A = HARo] Ul HFlA HHT &
AEHS 3953 gdor HEAAN dgste BES
roFa AR (IR BR)

IAEA o) HiEAREE 2 19764 HE HARWELL

# 6% Principal Radioisotope and Radiation Techniques in Current Industrial use

Gauging
Analysis
Natural gamma measurement
Neutron interaction

steel.
Tracer studies

Gas ionisation

Process control in basic industries such as fertiliser,

Thickness, density and level measurements.
Single or multi-element analysis systems using X-ray fluorescence.

Exploration and control in uranium mining.

coal, iron and

Flow measurement, mass-transfer studies, leak detection.

Smoke detection systems.

# 7% Major Industrial Areas Benefiting from Radioisotope and Radiation Applications

Agriculture, forestry, fishing
Mining and quarrying

Manufacturing industries

Civil engineering constructions

Electricity, gas, water and sanitary services

Research, services, transport and communications

— Coal mining
Metal mining
Crude petroleum and netural gas
Stone quarrying, clay and sand pits
Other non-metallic mining and quarrying
— Food
Beverages
Tobacco
Textiles
Footwear
Furniture
Paper and paper products
Printing and publishing
Manufacture of rubber products
Chemicals and chemical products
Products of petroleum and coal
Basic metal industries
Machinery manufacture
Roads
Bridges

Dams
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# 8% Selection of Typical Radioisotope Applications Showing Economic Benefit

Paper Industry,

— Large fully automated computerised equipment; USA company will

guarantee savinges of at least twice the monthly hire charge of

$ 150K.

— Semi automatic equipment; savings of at least 2% of paper cost.

— Installation of nucleonic belt weighers costing approximately $7.5K

will show total cost recovery within 12 months,

Plastics Industry

— Fully automatic thickness gauging system costing approximately

$ 32K can show annual savings of $80K.

Iron and Steel Industry

— Computerised coke weighing and moisture control system can show

savings of $0.6m—0.9m per year for an investment of $55K,
Tinplate coating thickness gauge can show savings of $80K per

1000 tonne of tin used. (1000 tonne is low for a modern tinplate

mill.)

-3 9& Economics of Thickness Gauging in the Kraft Paper Plant (1975, JAPAN)

Cash purchase
(10° yen/year)

Lease

(10% yen/year)

1. Investment A 46. 02 Inclusive of furnishings cost

2. Gross profit B 106.9 106.9 Production rate 250t/day
Saving of raw material B, (1.4%) (1.4%) 350days operation per year
Profit by B; B 45.7 45.7 Unit cost of raw material~37yen/kg
Increased production B; (2.0%) (2.0%)
Profit by Bs B, 61.2 61.2 Unit cost of product~72yen/kg
B,+Bs=B B 106.9 106.9

3. Loss C 6.71 14.73
Repair o 1.38 1.38 | Cy=0.03A
municipal property tax Cs 0.64 — Co=0. 014A
Insurance Cs 0.09 - Cs=0. 002A
Lease Cs - 13.35 C4=1.45A/5 per year
Interest Cs 4.60 — Cs;=0.1A
Ci+Co+Cy+Ce+-Cs C 6.71 14.73

4. Depreciation D 8.0 - D=0, 175A

5. Tax take E 49.91 47.93 E={B—(C+D)} %0.52

6. Net profit F 52.58 44.24 F=B | (C+E)

7. Amortization period G 0.88 4.31 G=A/ForG=(F/C%) +1

WA HTE AEMRY =24 19708R e
o] HETEMEE FEl A8 B Ee~8FEA RAF
L oubsh ek B BB FIMSE-E SRl A
9 %£plE Rz o (FE6R) KN FIBE 4
9 5¥E EEREES AL S0, LR, KB
amo] Eeolxa BEE(CHR) S BB RS B
HEERRE S el FAET dos KERNT
s} 7o FHHEfie ALY HER EHENS (BT7TER)
o] WMEHER 2w K LEY THEENERI

Rrel BT, EAWINTE, BME S K
FEZTERA THRF A ket @O RBOHTEL
d¢ F+ JdE Aoz BEsa Yok (8% A @4
Boll A WE] |B KEBRC 19605 {&‘ﬁﬂi-,—aq
19708 MRl A4 BmEZ mESA A3 gdeg E)%EP
o LEFIBEM E)ﬁ%ﬁﬂ- ?Ekﬂoi Z W3R B
Ho] g Aoz WA ¢

AR 58 THkio] %ﬁﬂ:ﬂ‘ﬂ el w2k %
Al TREHR 3 55— RE#SEE B9 Brhst
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# 10 ® Global Savings from the Use of Radioisotopes ( § millions U, S.)
Total from 24

countries (1961—63) USA (1963) USSR (1961) Total
Gauging 26.7—43.4 35.2—50.4 100+ 162—194
Radiography 12.1—28.9 4.0—7.6 22 38—58
Ionisation 1—2 * * 1—2
Tracing 10—40 27—48¢ 58* 95—146
Total 50—114 66—106 180 296—400

* Included in other groups.

¢ Also includes certain gauging and ionisation applications.
+ The exact distribution of savings between gauging and tracing is not known,

# 11 ® Nucleonic gauges in Indjan Industry (1976)

Applications

~S.No. Industry
Thickness gauges

Leuel gauges Density gauges Miscellaneous gauges

1. Food — — 2 —
2. Textiles & rubber. - —_ - —
3. Wood & Paper 13 14 — —
4. Chemicals & Plastics 7 42 4 —
5. Cement — 2 — —
6. Petroleum & Coal 1 6 — —
7. Basic metals 25 638 3 4
8. Machinery — 192 — —
9. Services 3 27 2 —
10. Miscellaneous —_ — 11 —
Total no. of Gauges. 49 921 22 4
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%17(]_3:7] Cﬂ?‘i *1 117‘.1 37‘.1 47‘-1 1970 100(%) 28. 0(%) 22 8 49 2
1971 100 26.5 24.4 49.1
(X-ray)
4 A 6 — 6 1o 1972 100 25.2 2.2 48.6
) " 1973 100 22.8 29.4 47.8
A4 H A4 2 - - 4 1974 100 22.5 3L.5 46.0
o FhHr¥¥ 9 1 1 1 1975 100 21.6 33.1 45.3
1976 100 20.4 36.0 43.6
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21
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#2033 Production of Radioisotopes at KAERI

Field of | General Radiation Labelled
application| application source compounds
Classt@ﬁ— Amount Amount Amount
cation (1 Ci) (mCi) (mCi)
FY -
1973 34,899.15 13.400 46
1974 32,958.40 184, 800 100
1975 38, 619. 45 296, 200 104
1976 59, 425.10 618, 500 180
1977 62, 258. 00 151, 100 206
Total 219,160.10 1, 264. 000 636
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%21 %™ UNDP/SF-ASSISTED PROJECT OF
Radiation Processing Demonstration
Facility in Korea

Number: ROK/71/535/B/01/18

Duration: Four years

Sector: Science and Technology

Subsector: Science and Technology Promotion

Government Cooperation Agency: The Korea Ato-
mic Energy Research Institute

Executing Agency: International Atomic Energy
Agency (I.A.E.A.)

Starting Date: Sept. 1973

Government Contribution: 340, 360,000 Won (local

O BEBE =t cRBBF 98 BEFEEGEH currency)
Bk UNDP Contribution: 475,000 (US dollars)
s e L _ Facility:
LR AKEGHAS GHTE ERFTEM A 1. ©Co, Medical Irradiator AECL. Model IR-79,
o] PIEEWR R FES KE Bty & EEMEAA (1000, 000Ci)
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geor 502RA 1 FEEE Hasl ek Al
BHEBRREEEA A THBERRET EAdn
BREHERY MR/ BEsty —RagBAAe 4
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2, Linear Electron Accerelator High Voltage
Engineering Cooperation EPS-300-IND (25mA)

B Rolet. zHd TFHFEFXE HFBML KT IWE
Brell A WMERES A 2 FREA F2R2RA BAFEA
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(Box Size: 45X45X45¢cm) 78.4. Bz
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IR Box| Box Box Box| Box Box| Box Box Box Box
1975 507 1295 — — — - — — 59 1861
1976 1135 2652 822 234 2 — — — 91 4936
1977 373 1600 915 1794 168 172 509 958 118 6607
78.1 — — - — - 36 11 — 7 54
78.2 — 530 211 415 - 48 80 — 13 1597
78.3 — 324 82 602 - 56 9 — 9 1082
78.4 — 124 278 369 - 66 278 — 28 1143
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