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THE ELECTROMAGNETIC SPECTRUM
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X-Ray Tube Housing & Collimator
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Rotor with anode disc
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High tension outlet cathode side
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Radiation window

Protective casing of the tube assembly
9 Expansion bellows

10 X-ray beam collimator

11+12 Lead plates to limit the radiation
field

13 Useful x-ray beam
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X-ray tube assembly
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X-ray Monoblock
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X-ray (bremsstrahlung 1 # &5 %%)

f£ & (cathode)
% #&(anode)

Figure 2.5 Principle of formation of X-ray bremsstrahlung through deceleration in
the electrical field of the anode atoms (interaction with the nuclens of the atom)

X ~ o (lonization, excitation)
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Fl8s 45 5t 5

« Efficiency is defined as the ratio of output energy emitted as x-
rays to the input energy deposited by electrons.

Efficiency = 9 x 10-10 zV

Z : atomic number of target (#= ## & + 2)
V: tube voltage( # 7 /&)
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Council 1991.6.18 T Cd <100ppm 1992.12.31
Directive91/338/EC
EC 1994.12.20 | #r5 ¢ ZEH##L | Cr(VI) ~ Hg ~ Pb ~ 1996.6.30
Directive94/62/EC Cdi & <100ppm
Council 2003.2.13 3w+ T ® | Cr<100ppm ~ Hg ~ | 2006.7.1
Directive2002/95/E A & Pb ~ PBB ~ PBDE <
C-ROHS 1000ppm
Council 2003.2.22 YT BRRA T T | B R 7t foaJde | 2004.8.13
Directive2002/96/E TEA S P R I
C-WEEE R EBA R
Cr(VI) :4;';(6?%1)
PBB: % & 531% f’p (polybromlnated biphenyls)
PBDE : % ;&= ¥ m(polybrominated diphenyl ethers)

40



A

i
s
\
ke
:\-;\:ﬂ
123
—h
A
Eive
ﬂ\_;

o VEGRL U ¥PF S R F A i ? ’ ;é_ﬁﬁfﬁ“ 'fﬁi{f’ Eol e R AL T
mﬂ'b,;’%",? ?F‘}i(tvujiir’{gg’)t‘ e74) AL ~

v A
o Wkl 1 oW I e B T jﬁ(po yethylene - PE) & ¢ (polyvinyl
chloride > PVC) s R A R R ﬁ—’fiﬁ( alkyl benzene sulfonate » ABS)#: #°
S ”ﬁ’?%&@/”'%%%’ﬁﬁ pr O T Rk G EHE G T E
SRS XS AR

23:50:46



XSt kA 47 R e b Xk A 3

L2 )Mulichannel Analyzer Qutpul

Pb

Mo

K

il

NFEBPERR
Cigital Pulse Processar (Madae USA)

s

23:50:46

42



Xeta it ® (XRD)

' XSRS L E (XRD) frd XX § (XRF)F i# 3 7
555 L XA R B (XRF) i W35 4 9 hn ki
A (»%ﬂ ‘;ﬂ#rﬂ\ Aol B R ) o XSRS R %:(XRD)
A (BT —1—«‘}”’?’5 A g o

°E%§ FLo e 3kl
JOF R XS AR 7 T ﬁ?f? 4
;V @ EXET ARSI B
(NaCI)m‘*BBﬁz\ 0

c H ¥ g ;ﬂfga@a i AT ;}»L (G X i S 0 2 B
(XRDM* ! f‘? éiv' RIT 7 540 £ inde JTps 5 ¥ %&T%ﬁ
(XRD)ff J%0 @ A § EXSEEE R (XRF)# 5~

A= 2

y R Y ﬂif’f T o

Pl 9 B(% 4 =NaClhp= >
P )}fv B d 4 (Na)fr# (Clig
NSRS M

“3”\‘

11:50:46 T4 .



XRD VS XRF

XRD
Sample
collimator
X-ray boam 0 10 20 30 40 50 i
Ca XRF
Co
Cl jCa Fe
siS, KN, ocr Co
0 2 4 5 B Ke'

BTX uses a 30Kv X-ray tube to generate X-rays necessary for XRF and XRD analysis
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Shielding:
source housing
structural shielding
-primary barrier
useful radiation
-secondary barrier
leakage radiation
scatter radiation
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e ik % Flfc(occupancy factor, T) @ g4k &
]‘3?”5'?4%/’} MR 0 A A (b H m];g;‘,aaéx %o Wbk
AN - 2T F o P B XA X
W ITPER A AR B8 PF oo

E ik 4 %7 & (weekly permissible
exposure, P) @ A J & E R o Byrd 74
A ik~ eng 4% 5 0.4 mSv/week (0.1
& F/3¥)(25.8uC/kg) > — B4 fgrw s
2L 3 4] % 2 0.02 mSv/week (0.014 #F/i%)
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Occupancy Factor (it * F]#k)

TABLE 10.1. Occupancy Factors

Full occupancy
T=1

Partial occupancy
T'=1/4

Occasional occupancy
T =1/16

23:50:46

Comtrol space, wards, workrooms, darkrooms, corridors
large enough to hold desks, waiting rooms, rest rooms
used by occupationally exposed personncl, children’s play
areas, living quarters, occupied space in adjacent buildings

Corridors too narrow for desks, utility rooms, rest rooms
not used routinely by occupationally exposed personnel,
elevators run by operators, and uncontrolled parking lots

Stairways, automatic elevators, outside areas used only for
pedestrians or vehicular traffic, closets too small for future
workrooms, toilets not used routinely by occupationally
exposed personnel
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F1GURE 10.12. Broad-beam attenuation
in lead of X-rays produced by potentials
of 50 to 200 kV peak. The measurements
were made with a 90° angle between the
electron beam and the axis of the pulsed
wave form X-ray beam. The 50-, 70-, 100-,
and 125-kVp X-rays were filtered with 0.5-
mm aluminum; the 150- and 200-kVp X-
rays were filtered with 3-mm aluminum.
(From Radiological Health Handbook,
1970.)

K. R/ma-min at 1 meter

10°
A
t
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|
107}
1.0’35'
- 3
N ‘?’of
4 £
WE N\ 6
- 1O = ";f_
[~ ;2 é— -« 125 kVp
10° L 1
0 2 3 4

L ead, mm thick
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FIGURE 10.13. Attenuation in concrete of
X-rays produced by potentials of 50 to

300 kVp; 400 kV constant potential. The
measurements were made with a 90° angle
between the electron beam and the axis of
the X-ray beam. The curves for 50 to 300 kV
are for a pulsed waveform. The filtrations
were 1 mm Al for 50 kV, 1.5 mm Al for
70kV,2 mm Al for 100 kV, and 3 mm Al for
125, 150, 200, 250, and 300 kV. The 400-kV
curve was interpeolated from data obtained
with a constant potential generator and in-
herent filtration of approximately 3 mm Cu.
(From NCRP Report No. 49, Structural
Shielding Design and Evaluation for Medical
Use of X-Rays and Garnma Rays of Energies
up to 10 MeV, 1976, Full-size reproductions
of the figures giving barrter requirements

are available from the NCRP as an adjunct
to the report. By permission.)
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¥ RERFOLEE(HLER

L i@ & (HVL)
ERPT
‘BT &:(cm) R 53 (cm) 4 (cm)

(kVp) HVL HVL HVL

50 0.006 0.43

70 0.017 0.84

100 0.027 1.6

125 0.028 2.0

150 0.030 2.24

200 0.052 2.5

250 0.088 2.8

300 0147 3.1

400 0.25 3.3

500 0.36 3.6

1000 0.79 4.4

2000 1.25 6.4

3000 1.45 7.4

4000 1.6 8.8 2.7
6000 1.69 10.4 3.0
8000 1.69 11.4 3.1
10000 1.66 11.9 3.2
& 137 0.65 4.8 1.6
& 60 1.2 6.2 2.1

] 1.66 6.9 2.2
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+ (Lead Equivalent)
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1 2
#H SBWTHR e TR #He
1.008 1 4003

3 4 &H 5 6 7 ] s 10
#LI | 4 Be 1008 TR @B | wc| &N | ®o | ®mF | MNe
6941 | 91 1081 | 1201 | 1401 | 1600 | 1900 | 208

n 12 13 14 15 16 17 18
#Na |48 Mg #BAL | BSi| #P | S | &C | SAr
29 | 2431 26.98 | 2800 | 2097 | 3207 | 3545 | 3095

19 20 21 n B 24 25 26 ” 3 2 30 31 32 3 34 36
#K |$Ca | %S| $5Ti | 1V [48Cr [3EMn | 8 Fe | 45Co | 88N A Cu [ $2n | 8 Ga [5G | Boas | Fise &Kr
3910 | 4008 | 4496 | 4738 | 5094 | 5200 | 5404 | 5585 | se93 | seeo | 6355 | 6532 | 6972 | 7250 | 7492 | 7896 83.80

37 38 39 0 41 2 4“ 45 4“6 47 48 49 50 5 52 53 54
#Rb |f@Sr [£2Y (82 | ®™ |8Mo §TRu | #Rh | #£Pd | $RAg [#5Cd | In [Bsn | o | e | @1 | EXe
8547 | 8762 | 8891 | 9122 | 201 | o504 1010 | 1029 | 1064 | 1079 | 1124 | 1148 | 1187 | 1218 | 1276 | 1269 | 1313

55 56 61 n k) ™" k) 76 ” ™ ki 81 L) s 8 86
#Cs | 48Ba | MR | 320 [ 48T [ 48 W | #Re | 8Os | gIr | 48Pt | £ 40 $£T1 |$aPb | 4Bi | 8t Po S Rn
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8 89108

#3Ra | WR

@6 | TR
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#Lla | $5Ce | #Pr | #Nd 4 Sm | $§Fu | §.Gd | 82 Th | 44Dy | 4kHo | #fEr | 45Tm | #Yb | @Lu
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£l 90 91 92
SAc | #Th | $8Pa | WU
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225 HEMBAISRE THOER

1. # 4t dd F] 42 & -7 8¢ & 34 #7(Radioisotope Tracer Techniques) #1 (3%)
ifLig $2 38 B & (measurement of flow velocity and rate)

#| i (detection of leakage)

#] %4 (mixing of fluids, powders, slurries and gases)

| & #(measurement of corrosion rate)
2. A4 B2 48 34 87 (Radiography Techniques) #2

Ao % it x 4% #(industrial gamma and x ray radiography)

3k ﬁiﬁ'ﬁiﬂ‘ﬂﬁ(non-d&:stmctive testing)

¥ - B 4% (neutron radiography)
3. 3t 4 3 #7 (Gauging Techniques) #2

# i#% 3t (transmission gauges, beta and photon)

A 4 & # 41 3t (beta backscatter gauge)

Ha B = # 44 3 (gamma backscatter gauge)

x &t 88 8 3 (x ray fluorescence gauge)

#E 1% 3t (photon switching, level gauge)

% 4% o B 98 AL (selective gamma absorption)

Ae B i 8 (gamma scattering)

#Lfk F F(thermalization of neutrons)

+ F ¥ i% (neutron transmission)
4, ¥5 4% " 4f 449 (Irradiation Techniques) #3

%5 &t 3 ¥ (radiation sterilization)

4 4% % # (food preservation)

& F R4 - Bk 3244 F(radiation polymerization ~ cross-linking ~ curing and grafting)

B3 4% 7 (treatment off gases * liquid and solid wastes)
5, 447 4L HF (Analytical Techniques) #3

x &t 8 & H(x-ray fluorescence)

& T4 L (clectron capturc)

-4 #E #2551k 947 (neutron capture and activation analysis)
6. H fu(Miscellaneous Techniques) #3 & #4

## & i M & (static elimination)

¥ % 4% & (smoke detectors)

# A% T # R(lightning warning systems)

# %5 3t (dewpoint meters)

i 1. #L E (enhancement of electrical discharge) ﬁi»;;&_}’g_ig _ér]— 3 ;E %AE: 92

00:20:13 # - & #(nuclear batteries)
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B U 23 5 IR

IR % 1.Na-22 10mCix1 2.Co-57 25mCix1

{EE % 1.Ni-63 15mCix 4 2.Ni-63 10mCi x 1
BEMLUEREZE 1.Ni-63 15mCix 1
TEESRIE | 1.Ni-63 15mCix 1

IR LFR 1.Ni-63 15mCix 6 2.Kr-85 2mCi X 2

£R % 1.Cs-137 30uCix 1

Rl £ 1.Cs-137 100mCi










APPLICATIONS

Minerals

Lithology

Density and porosity

Correlation with other logs

Bed thickness and boundary location
Ash content in coal

Indication of fractures and permeable zones
Moisture determination in coal
Engineering

Rock strength and elasticity parameters
(with sonic log)

Detection of weathered or fractured zones
Ground compaction studies

Water

Location of aquifer and aquitard

Porosity measurement

Detection of cavities and missing cement

Cs-137

AMMA
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Check that the power switch is activated on the monitor.

IR B PR ESE I BA BA

Check that all service panels are closed and locked.

 HERD St B2 5 THEREHR /D

Check that no lead curtains are torn or missing.

TR EFATE BB R RGIR AR R T

Check that all emergency switches are in their released or out position.

RS LENI A AT

Check that there are no objects in the inspection tunnel.

S AR BB AR EON L B

Check that the circuit breaker switch is set to the on position.




SIEIE

* JhER A
MR 25T R S BRI L AR - PRI A IR R -

° /)EJ//%*

(58 RIS (AR > Al AL E/K) S et Fl s
RUNasd Nk A ARZAVEEGEZAIREZ/F A -

FomE > AR EE S EIEGUS RV R -

01:26:50 135



FIRE

T
ERLRAVIEATT (AN BIERREAK) B S R -
KEFIT A s AR 2 R ey

e

'

- S5 NE
BT DI CURRS R TR SR - TGS
%

« N ORI
Eﬁm??ﬂﬁuhﬂ?mﬁﬁ g ﬁ HFLOE - H e s i i A
BredAIEE - nIEE4EENE DhrE -
* i IA T R E

RE AR R IRR - Rl ERE T O R S RAEE2 AT DA
s R ERE
S/ N B 2R EE A 2. 5microSivert LA

01:33:34 136



SR DERR

* ‘Bad signals or X-Ray is blocked. Press R to ignore or S/Q to clear the
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