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source type halflife Energy

(MeV)
Radium Natural 1590yrs 0.6, 1.12, 1.76
Radon-222 Natural 3.28 days 0.6, 1.12, 1.76
Co-60 Art. S5.3 years 1.17, 1.33
Cs-137 Art 33 years 0.667
Th-170 Art 127 days 0.084
Ir-192 Art 74 days 0.29, 0.58,
0.60, 0.61
Se-75 Art 120 days 0.12-0.97

Yb-169 Art 32 days 0.008-0.31
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RADIATION ABSORPTION BY THE SPECIMEN
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USE OF RADIOGRAPHIC SCREEN
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<100 1
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150 2
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Ir-192 2.9

Cs-137 2.7

Co-60 1.75
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THE USE OF
ENPOSURE CHART
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EXAMPLE OF X-RAY EXPOSURE
CHART

90kV 120kV 160kV 200kV
100 — 100kV 140kV 180kV1
] 7 7
/ / /
[ ] / /
[ ] / /

=
g
<C
E
o 10 77
§ 1777 7 SFD: 70 cm
o 17 7 FILM : D7
al [/ / / FILTER : NIL
] 7]/ FRONT AND BACK : 0.125mm
DEVELOPER : AGFA-GEVAERT

/ / / DENSITY : 2

X-RAY MACHINE: ANDREX 257
MATERIAL : SS
PREPARED BY: NDT GROUP UTN

(o) 10 20 30 40




GAMMA RAY EXPOSURE
CHART

E £ E IS
o o o o
() (e
100 IIIll) AL § g
y iy iy s 4 7
/ [/ / /
/ / / /,

; ///, £

E VA 4
3 2777
I 7 77
L 7 7 7 yas
x /AN S S /
(&3 // / / Source: Iridium-192
s // / / D_en5|.ty: 2.0 |
3 74 Film : Front - 0.1mm
O / Back - 0.15mm
0] 1 2L —~ Material: Steel H
77 77 Developer: G121/G135 ]
—~——~ Filter: Nil H
/ / ]
 /  / Film D7 i

0 50 100 150 200
THICKNESS (MM) FE

Gamma ray exposure chart



Relative

Gamma radiography
exposure chart-type 2

1.0

exposure

0.1

D=2.5
D=2.0
D=1.5

— [r=192 source

Type 11 film

| | |
0 1 2 3

Inches steel



APPLICATION OF EXPOSURE CHARTS
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Radiography Equivalent
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Operating energies

Metal or 50 100 140 220 250 400 1000 2000 6to Ir-192 Co-60 Ra-226
kV kV kV kV kv kV kV kV 31MeV

Alloy
0.08 0.08 0.12 0.18 0.35 0.35 0.4

Al1100 0.12 0.12 0.13 0.14 0.35 0.35

Al2024 0.05 0.05 0.05 0.08

Mg

Carbon 1.0 10 10 1.0 1.0 1.0 1.0 1.0 10 1.0 1.0 1.0

Steel

St. 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 10 1.0 1.0 1.0

Steel (18-8) 15 15 14 14 1.2 1.1 1.1

Cu 1.7 15 1.2

Monel 14 11 3.0 25 24 4.0 2.3 2.3

Pb 24 2.0 1.9 1.7 15 1.0

Zr 18 16 12

U
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90kV 120kV 160kV 200kV
100 T— 100kV 140kV 180kV1
[ | / / / /
[ ] / / /
[ ] / / /
7T
€
<
E
o W iI=7—F—71r—~
3 [l 7 717
o [/ 7 1/
L>|Dj- // // /// SFD: 70 cm
// / / / FILM : D7
FILTER : NIL
//// FRONT AND BACK : 0.125mm
! DEVELOPER : AGFA-GEVAERT
/ // DENSITY : 2
X-RAY MACHINE: ANDREX 257
// MATERIAL : SS
PREPARED BY: NDT GROUP
UTN
1

0 10 20 30 40
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Please calculate the
exposure required to
examine a
circumferential
aluminium pipe weld of
20” dia. and 0.5”
thickness by using a
DWSI technique. Other
parameters remain
constant as those
specified in the x-ray
exposure chart.



ASSIGNMENT -x-ray

Please calculate the exposure time for getting the
radiographic density of 2 for the following case:

1. 15mm plate weld at sfd=70cm
2. 20 mm plate weld at sfd=110cm

3. Circumferential pipe weld, dia=36",
thickness=0.75", technique: dwsi

4. Circumferential pipe weld, dia=3", thickness=
0.25” technique: DWDI

5. Circumferential pipe weld, dia=36", thickness
0.75” technique: SWSI focal point at the centre

6. In cases 1-6, what would be the exposure time if
the film used is now changed to D4

7/7/2021



ASSIGNMENT -gamma ray

Please calculate the exposure time for getting the

radiographic density of 2 for the following case:

. 1”7 plate weld at sfd=50cm
. 20 mm plate weld at sfd=110cm

. Circumferential pipe weld, dia=36",

thickness=1", technique: dwsi

. Circumferential pipe weld, dia=3", thickness=

0.5” technique: DWDI

. Circumferential pipe weld, dia=36", thickness 1”

technique: SWSI focal point at the centre

. In cases 1-6, what would be the exposure time if

the film used is now changed to D4

7/7/2021




Expc Chart
for X-_ai mma.Ray

90kV 120kV ~ 160kV  200kV
100kV 140kVv  180kV1

100

I S— /1

] 17 / /17 § 65 &

[ [ 17/ / 100 Vi
/17 7 7 /

RN
RN

N
\\
\\
N

7
// /

N7/ 94

i\:

/
U/

< _
= 1
E 2 /77 C
< o 77 7 7 \ 7
< I V] 7 7
£ wl / /// // //
o 17 77 x / NN
5 17 717 7 . S /Y /[ Il
s 7777 FILM ;D7 g v/ /S L
X 77 7 /17 FILTER : NIL 7 y Source: Iridium-192
FRONT AND BACK : 0.125mm O / Density: 2.0
/ / / / / DEVELOPER : AGFA-GEVAERT x VS S Film : Front - 0.1mm
DENSITY : 2 L F—F—/ Back - 0.15mm [
X-RAY MACHINE: ANDREX 257 (/77 Material: Steel i
i MATERIAL : SS / / // Developer: G121/G135 |
PREPARED BY: NDT GROUP 7/ Filter: Nil H
UTN
/// / / Film D7
4 /

0.1 .
1 f ! 0 50 100 150 200

0 10 20 30 40 THICKNESS (MM) FE




Intensity =

Inverse square law
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Attenuation coefficient graph
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Definition

Geometric Factors  §Film and Screen Factors
- Size of source - Type of film (grain size)
(focal-spot size] :
' P } - Moitling due to use
- Source to film distance § of a fluorescent screen

- Specimen to detector  J - Wavelength of the

(film) distance primary radiation

- Movement of the - Development time and
specimen during other film processing
the exposure factors

- Angle between source
and features of interest

- Abruptness of changes
In specimen thickness

* DEFINITION CHART




ACTIVITY (of radionuclides) (A)

terabecquerel TBi]
200270
1000 | curie Ci|T
+ Lar
gigabecquerel GBq)
127.0270
1000 | millicurie mdCi [T
< <37
hleuﬂhecuuerel MEq]
105
.
° Activity [ 15 ] —1 becquerel Bi]

I

| disintegrations per second
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Definition

Geometnc Factors Film and Screen Factors

- Size of source - Type of film (grain size)

(focal-spot size) - Mottling due to use

- Source to film distance | of a fluorescent screen

- Specimen to detector | - Wavelength of the
(film) distance primary radiation

- Movement of the - Development time and
specimen during other film processing
the exposure factors

- Angle between source
and features of interest

- Abruptness of changes
in specimen thickness

Definition chart
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e Casting cracks
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Film Characteristics ASME SE-94

Film
Type Speed Contrast Graininess
1 Low Very high Very Fine
2 Medium High Fine
3 High Medium Coarse
4(a) Very High(b) Very high (b) (c)
Medium (d) Medium (d) Medium (d)

(a): Normally used with fluorescent screen
(b): When used with fluorescent screen
(c): Graininess mainly iIs a characteristic of fluorescent screen

(d): When used for direct exposure or with lead screen



Film Characteristics-British

standard
S.No Film Type
1 Ultra fine grain, high contrast
2 Fine grain, high contrast

3 Medium speed



Film Characteristics-German

standard
Film Class Description
Gl Very fine grain
Gl Fine grain

G111 Medium grain
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Use Exposure |ASTM | Film
Factor class Type
With or |13.2 Special |D2
without |33 1 N4
lead |, g 1,2 D5
screen
1 2 D7
0.1-0.17 |- RCF




Guide for Film Selection to
Radiograph Steel (ASTM SE94)

-I}-/Ihie;:]zlss 50to 80to 120to 150to 250to 1Ir-192 1Mv Co-60 2Mv Radium 6 to 31 Mv
(in) 80kV 120KV 150kV 250KV 400kV

0-1/4 3 3 2 1

Yato Y2 4 3 2 2 1

14 10 1 4 3 2 2 2 1 1 2

1102 3 2 2 1 2 1 2 1

210 4 4 4 3 2 2 2 3 1
o8 4 3 3 2 3 2
Over 8
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Factors Affecting Radiographic Quality

oY)yl ddee 83 el Jal sall

DY) ae Jalaill g (o A3l Cigaall
s daliaal)

43S

Cplall

definition i aal

5 finsall daiy)

|dentification sl

daladl) o doaa pall daladl)

oW oo~



e ladyl gl dualua

Cua 9 o CangiBdle

100 * caiie e el = (Y0 JAanluall




Factors Affecting Sensitivity
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High and Low densities in a radiograph
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Radiography with poor contrast
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Wire Type

SERIES 1

SERIES 2

SERIES 3

DIN 62 FE

10 ISO 16




QI WIRE TYPE: ASTM

TABLE T-233.2
WIRE 1Q1 DESIGNATION AND WIRE DIAMETERS, in.

ASTM Set Wire Diameter

0.0032
0.004
0.005
0.0063
0.008
L 0.010
0.013
0.016
0.020
0.025
L 0.032
0.040
0.050
0.063
0.080
L 0.100
0.126
0.160
0.200
0.250
L 0320




WIRE TYPE 1Q|:BS3971

Wire No Diameter Wire No Diameter

(mm) (mm)
0.032 12 0.400
0.040 13 0.500
0.050 14 0.630
0.063 15 0.800
0.080 16 1.00
0.100 17 1.25
0.125 18 1.60
0.160 19 2.00
0.200 20 2.50
0.250 21 3.20
0.320

1
2
3
4
5
§)
7
8
9

—_ =
= O




|QI Hole Type: ASME

0.05”
41
1T

2T

Material




TABLE T-233.1
HOLE TYPE IQIDESIGNATION, THICKNESS, AND HOLE DIAMETERS, in.

Penetrameter Penetrameter 1 T Hole 2 T Hole 4 T Hole
Designation Thickness Diameter Diameter Diameter

5 0.005 0.010 0.020 0.040
7 0.0075 0.010 0.020 0.040
10 0.010 0.010 0.020 0.040
12 0.0125 0.0125 0.025 0.050
15 0.015 0.015 0.030 0.060
17 0.0175 0.0175 0.035 0.070
20 0.020 0.020 0.040 0.080
25 0.025 0.025 0.050 0.100
30 0.030 0.030 0.060 0.120
35 0.035 0.035 0.070 0.140
40 0.040 0.040 0.080 0.160
45 0.045 0.045 0.090 0.180
50 0.050 0.050 0.100 0.200
60 0.060 0.060 0.120 0.240
80 0.080 0.080 0.160 0.320
100 0.100 0.100 0.200 0.400
120 0.120 0.120 0.240 0.480
160 0.160 0.160 0.320 0.640

200 0.200 0.200 0.400
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TABLE T-276

QI SELECTION
Penetrameter
Nominal Source Side Film Side
Single-Wall Hole Type Essential  Wire Hole Type  Essential  Wire
Material Thickness Designation ~ Hole ~ Diameter, Designation ~ Hole  Diameter,
Range, in. in. in.

Up to 0.25, incl. 12 2T 0.008 10 2T 0.006
Over 0.25 through 0.375 15 2T 0.010 12 2T 0.008
Over 0.375 through 0.50 17 2T 0.013 15 2T 0.010
Over 0.50 through 0.75 20 2T 0.016 17 2T 0.013
Over 0.75 through 1.00 25 2T 0.020 20 2T 0.016
Over 1.00 through 1.50 30 2T 0.025 25 2T 0.020
Over 1.50 through 2.00 35 2T 0.032 30 2T 0.025
Over 2.00 through 2.50 40 2T 0.040 35 2T 0.032
Over 2.50 through 4.00 50 2T 0.050 40 2T 0.040
Over 4.00 through 6.00 60 2T 0.063 50 2T 0.050
Over 6.00 through 8.00 80 2T 0.100 60 2T 0.063
Over 8.00 through 10.00 100 2T 0.126 80 2T 0.100
Over 10.00 through 12.00 120 2T 0.160 100 2T 0.126
Over 12.00 through 16.00 160 2T 0.250 120 2T 0.160
Over 16.00 through 20.00 200 2T 0.320 160 2T 0.250




TABLE B-220

DIAMETER OF WIRE 1QI CORRESPONDING TO HOLE TYPE (1T, 2T, 4T)

Hole Diameter of Wire With EPS of Hole, in.
1Q1 No. 1T 2T AT

5 0.006
6 0.004
8 0.0032 0.005 0.008
10 0.004 0.006 0.010
12 0.005 0.008 0.013
15 0.006 0.010 0.016
17 0.008 0.013 0.020
20 0.010 0.016 0.025
25 0.013 0.020 0.032
30 0.016 0.025 0.040
35 0.020 0.032 0.050
40 0.025 0.040 0.063
50 0.032 0.050 0.080
60 0.040 0.063 0.100
70 0.050 0.080 0.126
80 0.063 0.100 0.160

100 0.080 0.126 0.200

120 0.100 0.160 0.250

140 0.126 0.200 0.320

160 0.160 0.250

200 0.200 0.320

240 0.250

280 0.320




YOU ARE REQUESTED TO RADIOGRAPH A SINGLE-V
BUTT WELD PLATE WITH ATHICKNESS OF 12MM AND
REINFORCEMENT OF 1 MM.

QUESTION:

1. IF THE REQUIRED SENSITIVITY IS 2% WHAT IS THE
MOST SUITABLE 1QI TO BE CHOSEN ACCORDANCE TO
DIN AND ASME

2. IF DURING THE INSPECTION WIRE DIAMETER OF
0.0063” ASTM 1QI IS VISIBLE WHAT IS THE % OF
SENSITIVITY

3. IF DURING THE INSPECTION NO.14 DINWIRE IS
VISIBLE WHAT IS THE % OF SENSITIVITY
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