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X-Ray examination of the PISC II RRT plates

Objectives

The X-Ray examination of the four plates of the PISC II Round Robin
Tests pursued two main objectives :

Detection and sizing of the defects in these thick test sections by a
general X-Ray examination.

Preparation of references for the following iterative destruction
and detailed X-Ray examination of the important parts of the plates.

As a consequence of the different geometries of the 4 plates, diffe-
rent approaches have been used for the X-Ray examination. The fol-
lowing three pieces of X-ray equipment have been used for the
examination. Their specific application for each operation phase
(general application and inspection after the several cutting phases)
will be given together with the inspection history of each plate.

Characteristics of the X-Ray equipment and related parameters

MEL - 8 MeV - Linear accelerator (ANSALDO-BREDA)
(Fig. 1).

Source type : X-Ray Linear accelerator MEL up to 8 MeV energy

Focal spot : 3 mm

Focal distance : 2000 mm (+ Wall thickness)

Incidence : Radiation through single wall

Penetrameters : DIN 54109 Fe

Film type : KODAK AA - M

Front screen : 1 mm Ta.

Back screen : 1 mm Ta.

Film size : 30cmx40cm - 15cmx30cm

Film density : 1,8 - 3,5D

Film development : Automatic

Radiographic wire sensitivity : from 1 to 0,5% (in function of the
steel thickness)




VARIAN 200 A - 2 MeV Linear accelerator (JRC-Ispra)
(Fig. 2)

Source type : X-Ray linear accelerator VARIAN 200 Aof 1 and 2 MeV

energy

Focal spot : }f 2 mm

"Focal distance : 2000 mm

Incidence : Radiation through single wall

Penetrameters : DIN 54109 Fe

Film type : AGFA Gevaert D4-D7

Front screen : 0,2 mm Ta.

Back screen : 1 mm Ta.

Film size : 24cmx30cm

Film density : 1,8 -3,5D

Film development : Automatic

Radiographic wire sensitivity : from 1 to 0,5% (in function of the
steel thickness)

BALTEAU 400 KV Radiographic equipmént (JRC-Ispra)
(Fig. 3)

Source type : IndusErial radiogrﬁphic equipment 400 KV BALTEAU
Focal spot : 4x4mm- - 1,5x1,5mm

Focal distance : 1000 mm

Incidence : Radiation through single wall
Penetrameters : DIN 54109 Fe

Film type : AGFA Gevaert D7 - D5 - D4 - D2 with Pb
Front screen : 0,10 mm Pb

Back screen : 0,20 mm Pb

Film size : 30cmx40cm - 18cmx24cm - 10cmx24cm

Film density : 1,8 - 3,5D

Film development : Automatic

Radiographic wire sensitivity : 1%




APPENDIX I

X-Ray examination of RRT plate No. 9 (see Fig. 4)

The general X-ray examination of plate No. 9 cons1sted of three diffe-
rent examinations shown schemat1ca11y in F1g 5.

A. Spec1f1c X-ray examination of the welding and in the neighbourhood
of the known defects with a total of 12 radiograms with the MEL
equipment. A1l the defects could be put in evidence and localized in
the right X-Y position. :

B. Industrial examination of the plate No. 9 each 30° by a total of 12
radiograms with the MEL equipment.b This 1inspection confirmed the
results already obtained by the inspection described in point A.

C. X-ray exam1nat1on of the inner radius corner at the f0110w1ng Y
angles (0 °/90°/225° ). The three radiograms at the indicated posi-
tions were done with the MEL equipment on different films (Kodak AA,
T and M) in order to take into account the different wall th1ckness
of the test specimens.

Only the existing defects at 90° and 225° y angles could be pUt in
evidence.

After this general X-ray examination of the plate a first cutting
has been done as shown in Fig. 6, resulting in four annular pieces
(1-4) only the annuli Nos. 2 and 3 were then subsequently submitted
to further detailed examination.

The further inspection of annulus No. 3 with MEL is shown in Fig. 7.
The complete inspection of annulus No. 3 was done in radial (X) and
perpendicular (Z) direction thus to obtain exact X/Y/Z location of
the defects in annulus No. 3. With this procedure all three defects
at Y angles (900, 225° and 3150) could be put in evidence, localized
and dimensioned.

The detailed X-ray inspection of annulus No. 2 of plate No. 9
required four further iterative cutting phases and related X-ray
examinations. The X-ray examinations of the different pieces of
annulus No. 2 of plate No. 9 required a total of more than 160
radiograms which have been done with BALTEAU 400 KV equipment
varying the exposition time and film characteristics adapting them
to the thickness of the different cutted pieces (see Fig. 9 of main
PISC Report No. 3).

Detailed results of the different inspection phases are given in the
chapter 3 of the PISC II report No. 3.




APPENDIX II

X-ray examination of plate No. 2

Plate No. 2 of the PISC II round robin test is shown in Fig. 8. The
inspection of plate No. 2 has been subdivided in different phases.

The first phase (see Fig. 9) was effectuated on the reduced piece of
plate No. 2 with the MEL equipment and Kodak M film with 15 radiograms
in the Z direction (1 radiogram every 100 mm) and 30 radiograms in the
X direction (2 radiograms every 100 mm).

The two radiograms every 100 mm in X direction were necessary for a
better location of the defects with the beam centre at Z = 50 mm and at
Z=200 mm position.

For the second inspection phase (sizing phase), the block has been cut
into slices and the radiograms were taken with the VARIAN equipment and
AGFA GEVAERT film D4 in the Y-direction for a better sizing of the
defects in the X-Y directions. In the following phases 3 and 4 after
additional cutting, the resulting pieces (see Fig. 27 of PISC II report
No. 3) were examined with the BALTEAU 400 KV equipment and Agfa Gevaert
film D5, D4 and D2.

Detailed results of the different inspection phases are given in the
chapter 4 of the PISC II report No. 3.




APPENDIX III

X-ray examination of Plate No. 1

Plate No. 1 of the PISC II RRT is shown in Fig. 10.

The X-ray examination procedure of plate No. 1 was similar to that
applied to plate No. 2.

Plate No. 1 was reduced as shown in Fig. 11 and inspected with the MEL
equipment and Kodak M film in Z and X directions using 10 radiograms
for each direction (one radiogram every 100 mm). For the inspection
phase No. 1bis, the block has been furthermore reduced to a thickness
of 100 mms and inspected by 10 radiograms in the X direction with the
VARIAN 200 equipment and Agfa Gevaert film D4. For the inspection phase
No. 2 with VARIAN 200 equipment and Agfa Gevaert film D4, the remaining
block has been furthermore cut in (X/Y/Z) directions as shown in Fig.
35 of PISC II Report No. 3. A final even more detailed inspection of
the pieces after final cutting is foreseen, also with VARIAN 200
equipment and Agfa Gevaert D2 film.

Detailed results of the inspection phases 1, 1bis and 2 are given in
the chapter 5 of the PISC II report No. 3.




APPENDIX IV

X-ray examination of RRT plate No. 3

Plate No. 3 of the PISC II RRT, also called nozzle plate is shown in
Fig. 12.

The plate theoretically contains 31 implanted defects in the welding
range and 3 radius corner defects. The implanted defects were known to
the Referee Laboratory that means : type and dimensions of the defects,
their position and their inclination in the Z/direction (see Table 1).

A visual impression of the distribution of the defects of plate No. 3
is given in Figs. 44 and 45 of the PISC II Report No. 3.

The following three X-ray examinations have been performed on plate No.
3 all with the MEL equipment; they are schematically shown in Fig. 13.

A. X-ray examination of the welding zone in the nozzle plate by

centering the X-ray on the known defects and with inclination of the
X-ray source parallel tob'the defects inclination (max range of the
angles from + 10" to - 7 ) with the film attached to the countersur-
face of the plate (then not necessarily perpendicular to the X-ray
beam).
The examination has then been completed by 3 radiograms for the
detection of the radius corner defects, also shown in Fig. 13 (A).
In total 40 radiograms were taken in the three positions shown in
Fig. 13 (A) detecting 28 of the 34 implanted defects. Exposition
time and film characteristics (Kodak AA and M) were adapted to the
respective wall thickness.

. Industrial peripheral inspection has been effectuated in (Z) direc-
tion by means of radiograms, also with varying exposition time and
film characteristics as shown in Fig. 13 (B) which confirmed in the
main lines the results obtained by the procedure described in (A).

. A third additional control inspection as shown in Fig. 13 (C) has
then been undertaken at the same conditions as inspections (A) and
(B) with the only difference that the film was perpendicular to the
X-ray beam, which has been maintained parallel to the Z direction
(axis of the nozzle). This permitted to correct and increase the
precision of the location and sizing of the detected defects.

The evaluation of these three inspection procedures put in evidence 29
of the 34 defects and the existance of about 10 supplementary natural
defects. A1l the defects (natural and artificial) are listed in Tables
6 at 7 of the PISC II Report No. 3.




Fig. 1 MEL 8MeV Linear Accelerator




Fig. 2 VARIAN 200 A 2 MeV Linear Accelerator




Fig. 3 BALTEAU 400 KV radiographic equipment




Plate No. 9
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Fig. 8 Plate No. 2
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Plate No. 3
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