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FOREWORD

In assuring light water reactor safety, it is vital to have confidence that
no leaks or breaks will develop in the reactor pressure vessel and associa-
ted piping, which together constitute the primary coolant circuit. The
possibility must be considered that initially small defects in these thick
steel components may grow under the stresses arising from repeated pressure
and temperature changes and the embrittlement of the metal caused by the
radiation emanating from the reactor core.

Ultrasonic testing is widely used for detecting, locating and sizing defects
in primary circuit elements at various stages of plant life. The successive
PISC projects have together made up a most notable sustained international
effort to assess the effectiveness of these inspection techniques.

The Plate Inspection Steering Committee (PISC-1) programme (1976-1980) was
intended to establish the capabilities of manual ultrasonic procedure based
on the 1974 ASME Code Section XI Procedure. The Programme for the
Inspection of Steel Components (PISC-II, 1981-1986) constitutes a broader
based evaluation of the best performance obtainable by modern ultrasonic
techniques under optimal conditions.

The present paper is the second in a series of reports currently being
issued which describe the results of the PISC-II studies. Included are
descriptions of the four round robin test plates and of the ultrasonic
procedures applied to them by the participating inspection teams. The report
also lists the participating organisations and gives the time schedule of
the tests and an indication of the costs incurred.







GLOSSARY

ALOK - Amplitude Locus Curves

ASME XI Code - American Society of Mechanical Engineers Boiler and Pressure
Vessel Code, Section XI.

CEC - Commission of the European Communities

CSNI - Committee on the Safety of Nuclear Installations of the OECD Nuclear
Energy Agency

DAC - Distance Amplitude Curve
DDT - Defect Detection Trials (United Kingdom)

DG XII - General Directorate XII (Science, Research and Development of the
CEC)

EMAT - Electromagnetic acoustic transducer (EMAT)
F.B.H. - Flat Bottom Hole
HAZ - Heat Affected Zone

IWB-3000 - ASME Boiler & Pressure Vessel Code -Section XI - Standards for
examination evaluations

ISI - In-Service Inspection

Ispra - Ispra Establishment of the CEC Joint Research Centre
JPVRC - Japanese Pressure Vessel Research Committee

JRC - Joint Research Centre (of the CEC)

KTA rules - Regelung fiir Kerntechnische Anlage

LWR - Light watef reactor

MBSP - Multiple Beam Satellite Pulse

MITECH - Multibeam Inspection Technology

NDE - Non-destructive examination

NDT - Non-destructive testing

NEA - Nuclear Energy Agency of the OECD

OECD - Organisation for Economic Co-operation and Development




Plate - Large welded test assembly for the PISC-II round-robin tests

P-Scan - Projection Scan (Inspection technique developed by the Danish Weld-
ing Institute)

PSI - Pre-Service Inspection
PVRC - (United States) Pressure Vessel Research Committee

RL - Referee Laboratory (Non Destructive Testing Laboratory of the JRC Ispra
Establishment)

RRT - Round Robin Testing (or Trials), in which samples are circulated to
various locations for inspection by different teams

SAFT - Synthetic Aperture Focusing Technique

SDH - Side Drilled Hole

TOFD - Time-of-flight diffraction
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1. INTRODUCTION

1.1. The most distinctive feature of the PISC-II programme was the
series of intercontinental round robin tests (RRT) on four large
welded test assemblies (which for brevity will subsequently be
called "plates"). One assembly of particular note for PISC-II was
Plate No. 3 (1), which was incorporating a massive PWR inlet
nozzle.

1.2. The RRT was also a challenge to the PISC-II group supervising the
work, which was to start by the end of 1981 or early in 1982, and
to be reported in 1984. The present report itself is evidence that
the schedule was met despite a series of difficulties with customs
formalities and other problems. '

1.3. By any measure, PISC-II was a very large and important venture of
its type : institutions from 15 countries took part, spending the
equivalent of 25 man.years in inspecting the plates and reporting
the results.

1.4. The present report describes the following aspects of the PISC-II
RRT :

- the test plates, the defects in them and how they were fabrica-
ted;

- the inspection procedures applied by the inspection teams;

- the participants in the RRT;

- the time schedule;

- financial aspects of the exercise.

(1) This plate was also called the BREDA, or Italian plate as it was
fabricated in Italy by the BREDA Division of ANSALDO.




2. THE PISC-IT RRT PLATES

2.1. Plate No. 1
2.1.1. General description

Plate 1 was offered to the PISC-II programme by the Federal Republic of
Germany. Fabricated for the German national programme, the plate was
also examined using acoustic emission techniques under a collaborative
programme between the Federal Republic of Germany and the United States.
The plate is flat and has a longitudinal weld containing manufacturing
defects. Is thus of particular interest for checking the capability of
acceptance tests, and pre-service inspection (PSI) and in-service ins-
pection (ISI) techniques.

The base material 1is of reactor grade. The plate contains a central
submerged arc weld and is clad according to German guidelines for
surface characteristics.

Dimensions : 1045 x 1026 x 246 mm
Base Material : 20MnMoNi55

Weld : Submerged arc, lower bound conditions, Flank angle -7o
Cladding : Strip type, 2 layers, parallel to the weld
Total thickness : 6 mm
Surface finish :
a. long wave roughness for a test surface of 50 mm x 50 mm :
less than or equal to 0.4 mm
b. local roughness depth : less than or equal to 10 aum
c. depth between cladding beads : less than or equal to 1.5
mm.
Weight : 2200 Kg.

The plate is shown in Figures 1 and 2.
2.1.2. The defects present

There are 15 intended isolated areas containing defect,
consisting of manufacturing defects of the type likely to be encountered
in practice. These defective areas include :
. microcracks of the hot and cold cracking type,
. macrocracks of 20 mm in the through thickness dimension or more,
. slag inclusions, generally long ones with equivalent diameter of
3 to 4 mm,
. porosities.

Eight of the defective areas are very near or near to the clad surface.

As aresult of the destructive examination, Plate No. 1 demonstrates
the presence of several layers of base material defects in one half of

this plate. (Figure 3).
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BENCH MARK
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Two-layer strip cladding

Figure 1 : PISC-II - Plate No. 1 (Federal Republic of Germany)

BLOCK= PLT1 TEAM=RAR 10881
DEF NREF X1 X2 Y1 Ye 21 Ze

1 .::: 470.8 478.8 3.91000.9 117.0 132.0
c «::: 418.9 430.8 86.0 135.0 122.8 132.0
3 ::1: 484.P 488.9 70.0 130.8 216.8 221.0
4 ::: 434.8 450.9 195.8 171.8 38.8 47.0
5 ::: 499.0 434.9 235.8 433.9 122.8 142.0
6 <::: 438.9 446.0 275.0 343.8 8.0 16.0
7 ::: 461.9 489.9 452.0 545.0 211.8 225.0
8 s:: 417.0 422.0 469.9 472.9 127.0 138.9
9 s:1:: 432.9 443.0 486.0 5786.80 36.8 51.0
19 :::: 418.9 442.8 655.9 763.0 121.8 138.0
11 :::: 433.9 442.9 682.9 778.0 37.8 42.9
12 :::: 438.0 448.4 682.9 778.0 8.8 15.0
13 :::: 452.8 455.0 682.8 798.0 1.8 5.0
14 :::: 463.9 464.0 465.9 6108.8 16.0 18.8
16 :::: 458.9 461.8 0.8 475.0 8.0 11.0

Coordinates of the main defect envelopes in plate No. 1 after phase 2 cutting




Figure 2 : PISC-II - Plate No. 1 (Federal Republic of Germany)
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The positions of the main areas of defects are illustrated in Figure 4.

2.1.3. Procedures used to fabricate the defects

Several types of defects were deliberately introduced into the weld
seam during the welding process :

- hot cracks were induced by using an Inconel electrode;
- cold cracks were obtained using a "GURONIT" tanker electrode with
1.2%C;
- slag inclusions were generated by Tleaving out weld material in
certain places of the weld flanks;
- porosities were obtained by contaminating the area to be welded with
fat or evaporated paint.

2.2. Plate No. 2

2.2.1. General description

The United Kingdom offered one of three similar plates which has been
prepared for the British "DDT" exercise.

Identified as Plate No. 2 in the PISC-II exercise, the plate is
characterized by several defects of the service-induced type in the
weld (and was thus complementary to Plate No. 1 which contained
fabrication defects).

Dimensions : 1520 x 1540 x 262 mm

Material : SA533B Class 1

Weld : The submerged-arc weld is in the form of a double "J", with
proportions of about one-third of the total thickness (from clad
side) to two-thirds of the thickness (see Figure 5).
Root radius of 12 mm, with included angle of 12 degrees.

Cladding : - strip clad, parallel to the weld

two Tayers :first : AISI 309L - second : AISI 308L

- total thickness : 6 to 8 mm

surface finish roughness : Ra;g 10/Mm - Rt max <: 30/M|n
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Depth of notches between strips = 0.5 mm max.
Weight : 4600 Kg (approximately).
The plate is illustrated in Figures 5 and 6.

Eighteen deliberate flaws of the following two types are present in
the weld seam :

near-surface vertical cracks with sizes from about 30 to 60 mm in
height, with the exception of defect No. 14 which has a height of 11
mm. One of these fatigue cracks (defect No. 10) is in compression.

welding flaws :

. slag inclusions;
. copper cracking;
. carbon cracking.

Figure 7 shows the position of the defects in the plate after the first
phases of the destructive examination (Table 1).

2.2.3. Procedures used to fabricate the defects

Strips containing a number of defects were implanted into the seam weld
flanks (Figures 8 and 9). Each flaws was prepared from a fatigue
specimen with the mating crack faces maintained in juxtaposition.
Rectangular blocks containing the cracks were then removed from the
fatigue specimens. The crack edges were partly opened out by grinding,
and this gap was filled with weld metal to completely enclose the
crack. The final size and shape of the defect enclosed was controlled
by the depth of grinding and filling. Individual defect sizes and
aspect ratios varied. Defects were orientated mainly parallel to the
weld seam, although some were transversal; all the defects were normal
to the surface. The defect blocks were electron-beam welded together
and separated by spacer blocks to form two strips which were inserted
into the test piece seam weld flanks.

This method of fabrication allowed ultrasonic inspection and some ra-
diography of the defect envelopes at three stages before they were
completely enclosed in the test piece :

a. as small rectangular blocks, each containing an embedded defect;

b. as an insert strip formed as a composite from the blocks;

c. when the insert strips were welded into each half-plate prior to
making the main seam weld.
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Figure 6 - PISC-II - Plate No. 2 (United Kingdom)

10




‘2 93e|4 uL sado|aAua 309j3p papudjuUL dY3} JO SI3RULPU00)

§'8 @°8
6’8 8'9
B'6s B8°95
B'6e @°LE
§'59 B8°59
§°'8 §°¢
B°59 B°t9
8’6 B8'8
§°'See §'cee
5'B22 S5°61i¢
B°661 B 681
a'es @8-4i
B°6E B°8
8°29 B8'vE
8'le s°8i
s'eb 8°6
B°ES B'Fe
B'Bs S°4
B'ls B8°8e
B8°@91 8°851
Bl B'691
B esi 8 oll
8 sk B8°bEC
s'i2l a'8ti
B ese @°9@e
B°26l B ESI
@'bee 8’65l
8 LE2 87 bE2

ez \Z

@ @95 B°0SS B'H18
B'L19 B°2.5 B°618
B 52p 1B 9Lb 10" 8SL
' bEPLB G2 LB" 6SL
@'925 87125 8°FlL
§'LEE @' LEE S'EL8
@'9EE §°62E 5" 989
899 B°Bbb S b18
@'bbl B'LEL B°Sbl
@2l B°8EL B° 122
B° 5218 6LEL8°ESL
B LiblB SLELB EBL
B'v0B6 B°BLR B°08L
B L89 S'HBI B L8
B'09% B'12b B° 18
B'25618°21018° 969
B 98, 8°S8. 8°9@.
B'265 8°655 §'b6Y
@20l B'2L 2°969
B'b6ELD BBELD " LEL
B llblB SLELD 25
B' 16218 @1218°8b.
@°25118°28818° 192
B EL6 B'ESE §°L2L
@'SE8 B'@92 B°0SL
B @S 07949 B°LEL
B'b@AE B° 882 B°LEL
B'ELL B°85 B8°22L

oA LA X

5218 82
@'2Lg L2
8" €S 32
8" bSe 52
@282 b2
5118 €2
5°589 22
57218 12
B 8EL @2
8’612 61
@' 85L gl
B 28L Ll
B Lll al
B9 5l
G ALl bl
@269 £l
B E£89 21
5' 969 Ll
@' 969 ol
8 2L 6
B ibl 8
B EEL 2
8" 952 9
5 b2l 5
B Skl b
B 122 £
2P 2
B 6L )

IX 433N 430

L 9tqel

11




(wopbuty paitun)
¢ "ON ®3e|d UL SMe|J p3pudjul 3yl JO uOLILSOd : / d4nbL{

) SIXV—A BN -
N AYY

= [ ] ]
-ﬂ u ' v — har o
81
2 = L1 N :
B En n 3
N £l 9l M_ ﬂ_ i mw | d
143
T = D = L & Y D o
pejy————— — 5
8
1 =
= £l J. s . N 2
|8 s — =]
- wm e G - == o= B T, e G- - — e G - G v - P ——
g| v g L — — Y — k
— 1l 9 m &

12




2 "ON 93e|d uL poyjaw diuys Aq uoijuasul 30333Q : 8 24nbL4

13

S®20778 OVAD 3NOILVI ONIOI3M

WV38-NO¥12313 A9 Q3¥Vd3¥d SLY3SNI JI¥LS

ww
0st




5C 2 Flale 2 Y324

2.

N

%&&@\@v
o

Oy
R

N

Plate No.

in

G

-

i

R

Cross-section of the weld seam

Figure 9




Although the fatigue defects s were intended to be rectangular, some of
the ultrasonic scan plots were of an irregular shape (Figure 10). This
may have been due to residual stresses in the enclosing weld compres-
sing the fracture faces and causing variations in reflectivity. Higher
sensitivity scans confirmed defect continuity in the poorly reflective
regions. It was anticipated that subsequent welding of the main seam
weld adjoining the insert strips and subsequent stress relief would
relieve the compressive residual stress and hence improve the reflecti-
vity of defects.

In addition to the strip-implanted defects described, three other types
of welding defects were included in the main seam weld of Plate No. 2.
These were slag inclusions, intergranular cracking formed by localised
copper contamination, and planar cracks formed by localised addition of
carbon in the weld. Defect size was controlied in the through thickness
by the number of defective weld runs laid, and in length, by grinding
back each defective weld run to the required length and making up with
sound weld. One of the carbon crack defects was formed from five
separate 40 mm x 10 mm deep planar cracks, each sufficiently close to
one another to form a defect volume 60 mm x 50 mm deep according to the
ASME proximity rules (Figure 11). Destructive examination revealed the
presence of only three of these five intended defects (defects 18, 9
and 8 on Figure 7).

2.3. Plate No. 9

2.3.1. General description

Plate No. 9 was offered to the programme by the Japanese Pressure
Vessel Research Committee (JPVRC). It had been fabricated for the Japa-
nese national programme, and for their collaborative work with the US
PVRC. The flat base plate is clad and has a nozzle welded to it.
Fatigue cracks were introduced into the inner radius corner of the
nozzle, and one of them had been repaired.

The materials used satisfy the ASME material code requirements, and
were subjected to complete NDE to confirm that there were no inherent
defects.

The plate is shown in Figures 12 and 13. The nozzle was constructed
such that straight beam examination was possible.

A1l welding was performed automatically, with the exception of some
defect implantations which were performed manually. The welding condi-
tions were very similar to those used in reactor pressure vessel fa-
brication.

Dimensions : 1950 x 1950 x 200 mm
Nozzle : ID = 292 mm
: OD = 535 mm

weld centre-line diameter : 890 mm

15
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Figure 11 - Detail of intended defects in Plate No. 2
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Figure 13 - PISC-II - Plate No. 9 (Japan)
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Material : Plate - SA 533 B Class 1

Nozzle - SA 508 Class 3

Weld : automatic submerged-arc (Figure 14)

Cladding : - plate : strip cladding, 1 layer, thickness about 5 mm.

Surface finish :

- inner radius corner area : manual cladding.

nozzle ID clad : as welded with 25 mm band arc;
- nozzle inner radius corner : ground to surface rough-
ness of 12.5 um;
- plate clad : as welded with 75 mm band arc; under-
“cut between bands approximately .8 mm; no crater.

Weight : 6660 Kg.

2.3.2. The defects present

Type of defects : - 9 subsurface defects 10 to 15 mm deep (cold crack-

ing and lack of fusion);

- 3 near-surface defects 10 to 15 mm deep, but sur-
raunded by satellite defects (one of them, defect No.
5, near to the unclad surface);

- 3 fatigue cracks at nozzle inner radius corner, of
depth 10, 25 and 25 mm. One of the 25 mm deep cracks
had been repaired.

Five supplementary small defects were retained for the evaluation of
the inspection results.

2.3.3. Procedures used to fabricate the defects

20

Hydrogen-induced cracks were generated through the weldment thickness
by shield-metal arc welding with lower preheating.

One crack was introduced by using high-carbon-content electrodes
(0.3% carbon), which induced many branches in the deposit metal
(defect No.6).

One crack (defect No. 12) was introduced by using low alloy electro-
des (BL-96); this resulted in fewer branched configurations.
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Figure 14 - PISC-II - Plate No. 9 (Japan)
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- To simulate Tack of fusion, thin plates of the desired defect sizes
were fillet-welded on the edge preparation surface of the intended
locations using the jig set-up shown in Figure 15. The gap between
the surfaces of thin plate and edge preparation was maintained during
the subsequent butt welding to the plate.

- Three fatigue cracks were generated from the tips of saw cuts on the

inside corner of the nozzle by local cyclic hydrostatic pressure
loading, as shown schematically in Figure 16. The artificial notches
were subsequently obliterated by machining to the final nozzle confi-
guration. The sizes of the fatigue cracks were estimated as shown in
Figure 17 (a), (b), (c).
The largest fatigue crack was repaired by the half-bead welding
technique to about 1/3 crack depth. From the procedure and record of
the repair, the final configuration of crack was estimated to be as
shown in Figure 17 (d).

22
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~__ SEAL PLATE

O-RING
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FATIGUE CRACK

C\RTIFICIAL NOTCH

ARTIFICIAL NOTCH PRODUCED BY
ELECTRIC DISCHARGE MACHINING

N

FINAL INSIDE SURFACE OF NOZZLE

Figure 16 - Schematic illustration of method for inducing fatigue cracks
on the inside of the nozzle.
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Figure117 - Estimated configuration of the three fatigue cracks in
Plate No. 9 (all dimensions in mm).
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- Following is a full list of the intended defects :

Japanese fabrication report).

Type of Defect
intended Number
defect(s)

Hydrogen-induced crack
Hydrogen-induced crack

Hydrogen-induced crack
Hydrogen-induced crack
Lack of fusion

High-carbon-electrode
induced crack

Hydrogen-induced crack
Hydrogen-induced crack
Hydrogen-induced crack
Hydrogen-induced crack
Lack of fusion

Low-alloy electrode
induced crack
Fatigue crack
Fatigue crack
Fatigue crack

Location

(according to the

Remarks

(y in degrees)

30
0

in HAZ (plate side)

in HAZ (plate and nozzle; both
sides connected by transverse
crack)

in weld metal

in weld metal

attached to the edge surface of the
nozzle material

overlayed on the edge surface of
the plate

in weld metal, has many branches

in HAZ (plate side)

in weld metal

in weld metal

attached to the edge surface of the
nozzle material ‘
overlaid on the edge surface of

the plate

in the inner radius of the nozzle
in the innder radius of the nozzle
in the inner radius of the nozzle
repaired by half-bead method.

Figure 18 gives top and side views of Plate No. 9, with an indication
of the position of the intended defects (based on the results from the
destructive examination) shown in Table 2.
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BLOCK= NOZS TEAM=RAR 18009 el s
o| (2lele] 2
OQflo|r~| nl]c (]
cls8|S|[E]138] >
| . Y < S o
DEF X1 X2 Y1 Ye Z1 z2 al5|8|5|S| =
slo|2S|B] =
_ 23|83l ] S
1 1:1:: 449.9 46P.0 26.6 36.2 55.8 68.5 viv
2 :::: 439.8 456.8 356.4 362.1 55.8 65.0 viv
3 1::: 443.9 448.8 328.7 336.7 57.5 65.8 vi|v
4 1::: 432.9 456.8 296.4 386.3 56.8 72.8 viv
5 :::: 411.8 414.8 268.5 272.3 185.8 197.8 v v
b 1::: 435.9 465.8 236.2 246.4 7.8 50.8 v v
7 :::: 430.8 465.8 285.3 215.1 51.8 88.9 viv
8 ::: 434.8 463.8 176.9 185.8 53.8 72.8 vilv
9 1::: 429.0 467.9 145.8 156.7 52.8 36.8 vV
18 1:: 429.8 468.8 116.5 124.7 53.8 81.5 LN
11 ::: 417.8 420.8 87.6 92.4 146.5 162.9 v v
12 :: 447.0 461.8 56.2 66.4 7.8 35.08 v v
Inner Radius Angular DX (mm) DY (mm) DZ (mm)
Defects position (")
No.
13 315 33 1 53
14 225 34 1 53
15 90 94 1,5 112 Repaired
Table 2 : PISC II, Plate No. 9 intended defects
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Figure 18. Intended defective areas in Plate No. 9 (JAPAN).




2.4. Plate No. 3

2.4.1. General description

Plate No. 3 was contributed by Italy (ANSALDO BREDA Division and ENEL)
and by the Commission of the European Communities (JRC ISPRA).

The plate is an inlet nozzle of a PWR pressure vessel. It was manufactu-
red in accordance with Westinghouse fabrication rules and the ASME
Boiler and Pressure Vessel Code, Sections III, V, IX, XI. ,

This plate is especially important in that it represents a real nozzle
design on which techniques and procedures were tested in near-to-real
conditions. ‘

Figures 19 to 24 illustrate the plate and give some detailed dimen-
sions. '

Dimensions : - plate : 2620 x 2300 x 250 (mm)
- nozzle : ID : 780 mm
0D : 1370 mm
- weld line diameter : 1530 mm

Material : - plate : SA 533 B Class 1 (ASME)
- nozzle : SA 508 Class 2

Weld : submerged-arc,
flank angles as shown on Figures 22 and 23.

Cladding : - plate : strip clad (automatic cladding), 1 layer, thick-
: ness more than 3.2 mm
- nozzle : wire clad (automatic cladding), 2 layers, thick-
ness more than 3.2 mm
- weld zone : hand cladding

Surface finish : to all parts 250 RMS - Ra = 6A/um

Weight : 16000 Kg.

There are a total of 43 defects present in plate No. 3. Thirty-four of
these were intended, and nine supplementary unintended small weld
defects have also been identified. ‘

The intended defects are of two types : service-induced defects and
welding defects.
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Figure 22 - Detail of Section B-B of Plate No. 3.
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Figure 24 - PISC-II Plate No. 3 (Italy-CEC)
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- Service-induced defects

. circular : 8 defects with diameter 3 to 25 mm

. rectangular : 9 defects with height 10 to 60 mm

. composite : 4 sets of defects

. inner radius corner cracks : 3 machined slots 7 to 10 mm deep.

- Welding defects

. lack of fusion : 4 defects; (2, 2, 10 and 20 mm in height).
. slag inclusions : 5
. lack of bonding (cladding) : 1 zone

Table 3 Tists the main characteristics of the intended defects in Plate
No. 3.

2.4.3. Procedures used to fabricate the defects

2.4.3.1. - Two types of service-induced type defect modules were used :
diffusion bonding (I.K.E. University of Stuttgart - FRG) and forging
(CETIM - France).

Both were inserted into the weld by the implant technique.

- Diffusion bonding modules : The technique consists of bringing toge-
ther two carefully polished surfaces and then recrystallizing the steel
in the boundary layers under the combined effect of temperature and
pressure. It 1is sufficient to create the desired imperfection on the
surface of one or both pieces. CETIM (France) and IKE (Federal Republic
of Germany) have experience with this technique (Figure 25).

- Forged modules : CETIM (France) drew up and tested a specification
for obtaining planar defects by forging together two blocks containing
a pre-shaped defect. In this process, the two parts are welded together
by forging. The defect characteristics after forging are determinated
by the shape of the original defect. This has the advantage of
generating defect tips like those of real cracks (important for their
diffraction effect) (Figure 26).

- Types of defects : Two "families" of defect modules, "R"-type and
“S"-type, were produced by IKE. For rough, or “R"-type defects, real
brittle-fracture surfaces were used. Notched samples were cooled with
liquid nitrogen and broken under bending load. Position and orientation
of the fracture surfaces were kept under control during all fabrication
steps. The resulting module contained a defect with matching surfaces
at a distance of less than 1 mm.




DEF. SERVICE INDUCED TYPE DEFECTS WELDING DEFECTS
Nr.
Near Sub Dimen.
Circ.] Rect. Comp. Ir. Surf. Surf.| L.F. Slag I| L.Bond | Manuf. m REMARKS
1 X X BREDA Sx230
2 X X IKE g 10 Smooth crack
3 X X IKE 60x60 Smooth crack
4 X X IKE 17x85 Smooth + starter
5 X IKE 17x85 Rough crack
6 X X IKE 3 - 18 | Random Cloud
7 3 X IKE 3 - 18 | Random Cloud
B X X IKE 10/40 Shadow
9 X X . IKE 10740 | Shadow
10 x BREDA 4x85
n X X IKE 10x50 Smooth + starter
12 X X IKE 10x50 Rough crack
13 x X CETIM x12 Smooth modified|
14 X X CETIM ix12 Smooth by
15 X X CETIM 6x24 Smooth welding
16 X . X CETIM 6x24 Smooth Drocess
17 b3 BREDA 6x33
18 x X IKE 8 25 Rough crack
19 x X 1KE ¥ 25 Smooth crack
20 X X IKE g1 Rough crack
21 X X IKE g17 Smooth crack
22 X BREDA 5x106
23 X X BREDA 3x20 Smooth
24 X X BREDA 3x20 "
25 b3 X BREDA 10x40 "
26 X b3 BREDA 20x60 "
27 X X IKE g 10 Smooth crack
28 X X IKE g 10 Rough crack
29 X BREDA 3x60
30 X X IKE g3 Smooth crack
31 X X BREDA 25x60
A X X JRC
B X X JRC
[« X X JRC
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Table 3: Main characteristics of the intended defects in PISC-II Plate No. 3
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Figure 25 - Different defect modules for the PISC-II Programme, inclu-
ding composite and surface defects manufactured by IKE
(Federal Republic of Germany)
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Figure 26 - CETIM (France) scheme for the fabricating a forged defect
' module.
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Smooth, or "S"-type, defects have a surface roughness similar to
fatigue cracks. As it would have been too expensive to use actual
fatigue samples, the defect surfaces were engraved to roughness values
of Ra = 20 to 50‘/u|n. The distance between the two defect surfaces was
below 0.2 mm. The defects were produced either by machining flat
depressions into the sample surfaces or by inserting ceramic foils.

Different defect shapes and dimensions were required :
- circular defects with diameter 3 to 25 mm.

- rectangular/elliptical defects 10x40 to 25x100 mm, with two "half-
moons" on the narrow sides (some of them combined with a cylindrical
"starter" of diameter 3 mm on one of the long sides).

- composite modules with several different defects overlapping at two
levels, as shown in Figure 27.

- random cloud : 6 different circular defects (3,7 - 6,8 - 9,4 - 12,5
- 15,9 and 18,3 mm in diameter) in two planes 3 mm apart, without
overlapping of the projection (Defects No. 6 and 7).

- shadow : one plane contained a 40 mm diameter defect.A second plane
10 mm apart contained three 10 mm diameter defects, the proaect1on of
which were within the projection of the 40 mm defect. ~

- Surface defects : semi-e]]iptica] "S"-type defects, of dimensions 5
mm x 1 mm up to 50 mm x 10 mm, with long axis in the surface and with
an inclination of 0, 7 and 15 to the module-axis.

- Nozzle inner corner cracks : three cracks were machined in the inner

radius area before clad was applied to the nozzle plate. The machi-
ning was performed by JRC-NDT people who have many years of experien-
ce with the fabrication of high quality calibration defects.
A circular milling cutter, 63 mm in diameter and 1,5 mm thick was
used to make siots with variable depths up to about 9 mm. These slots
were then plugged with inlays shaped on one side to the surface of
the nozzle plate and on the other side to the defect shape. The
resulting defect shape is illustrated in Figure 28.
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¢ 80 mm
DEFECT N°6 - RANDOM CLOUD

DEFECTS N°8 AND 9
SHADOW

DEFECT N° 7-RANDOM CLOUD

FIG. 27 -"RANDOM CLOUD" AND 'SHADOW *~ MODULES

MANUFACTURED BY IKE.




INLAY

CLAD

Figure 28 : Inner radius cracks in
the nozzle of Plate No. 3.
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2.4.3.2. Implanting modules by welding. The technique of implanting
coupons containing defects into the weldment is the best one, but it
involves difficulties which only experienced welders can overcome. The
welding sequence has to be designed in such a way as to avoid :

. significant structural changes,

. generating fabrication defects,

. melting the coupon and destroying the defect,

. propagating the defect contained in the coupon.

2.4.3.3. Welding flaws of the following type were obtained during the
process of welding the nozzle to the shell:

- Lack of fusion : using a larger filler wire and a heat input which is
adequate to melt the filler but not the parent plate.

- Slag inclusion : Interrupting or deviating the weld pass to leave a
trough of the required size, which is then filled with crushed slag
and welded over. '

Figure 29 shows 'top and side views of Plate No. 3 indicating the
position of the intended defects based on the results of the destructi-
ve examination listed in Table 4.




BLOCK= ™T0Z3- TEAM=ARR18883

DEF NREF" X1 X " Ye 21 22

: 773.8 ?78.8 127.9 144.9 217.90 222.0

1 :

2 : 736.0 736.5 146.5 147.3 229.8 239.9

3 : 716.8 718.9 317.8 322.2 64.0 124.0

4 727.9 730.0 174.6 181.3 86.5 1093.5

5 : 728.8 732.8 273.5 288.2 86.5 103.5

6 796.0 8082.9 239.3 243.5 108.8 158.8

? 796.0 802.9 208.8 214.9 98.0 178.9

8 787.0 799.0 29.1 32.80 35.9 75.9

9 785.0 797.0 59.8 63.9 30.8 80.9

10 748.0 743.0 192.2 198.5 186.0 190.0

11 723.0 726.8 12.4 16.7 179.8 189.9

12 : 722.9 727.8 77.0 81.3 172.0 187.0

13 : 722.0 725.0 192.7 194.8 5.8 21.0

14 720.0 723.8 257.8 260.7 5.8 24.9

15 : 717.0 719.0 12.8 15.4 5.0 27.9

16 : 723.9 728.9 77.3 80.6 5.0 34.9

17 765.8 771.8 355.5 358.0 43.0 49.9

18 :::: 785.B 792.9 265.8 267.6 20.5 45.5

19 : 785.9 792.@ 185.8 187.6 17.5 42.5

20 775.9 782.9 284.8 286.9 67.8 93.9

21 :::: 782.0 785.0 164.9 166.9 32.8 58.9

22 : 730.9 735.0 344.8 352.0 98.0 1083.8

23 : 789.5 799.9 158.3 159.7 202.8 205.0

24 : 729.9 729.5 158.3 159.7 53.8 56.0

2s 735.8 736.6 295.0 298.9 211.0 221.8

26 791.7 793.4 294.2 298.7 42.0 62.8

27 :::: 712.7 715.3 396.1 396.9 17.8 27.8

28 :::: 719.8 711.8 146.5 147.3 19.0 29.8

29 : 765.8 769.8 94.2 98.7 25.9 28.8

30 794.5 795.5 3@81.4 301.6 22.5 25.5

31 : 778.0 795.8 248.0 252.5 4.5 5.8

32 738.9 738.0 118.8 119.1 199.8 202.8

33 : 745.9 759.2 265.8 269.0 13.8 17.0

34 ?75.0 783.9 278.8 280.5 227.0 230.0

35 :::: 818.9 821.0 285.0 285.7 5.0 8.0

36 :::: 770.8 779.8 266.8 267.8 178.0 182.8

37 :::: 746.0 754.8 257.2 257.7 159.8 161.8

38 : 740.0 742.0 286.8 287.7 73.0. 75.0

39 : 770.0 773.0 8.8 8.4 227.0 229.0

40 787.0 799.0 62.3 60.6 191.9 193.8
Inner radius Angular o DX (mm) DY (mm) DZ (mm)
defects position ()
A 220 19 1,5 32,5
B 230 16 1,5 28,5
C 35 19 1,5 32,5

Table 4 - PISC-II Plate No. 3, intended defects.
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NOZZLE PLATE No 3

NOZZLE PLATE No 3
AAR10003
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Figure 29 - Top and side views of PISC-II Plate No. 3, with an indica-
tion of the intended defects.




3. ULTRASONIC PROCEDURES APPLIED BY THE PARTICIPATING INSPECTION TEAMS

3.1. Procedures in the spirit of the ASME Code

Throughout this report an "ASME procedure" or "a procedure in the
spirit of ASME" 1implies a procedure that approximately corresponds to
the intrumentation requirements of article 4 of ASME V (1980).
Essentially such a procedure requires that a weld be scanned in two
directions parallel and perpendicular to the weld direction with a
minimum scan line separation of 90% of the transducer element size.
Two angle probes e required 45 and 60° or two other angles separated
by a minimum of 10°.

Distance amplitude calibration in PISC also referes to the requirements
of ASME V article 4 and used a series of 1/4 T, 1/2 T and 3/4 T side
drilled holes 3/8" (9.5 mm).

In PISC an ASME sizing implies a procedure in which probe movement,
amplitude drop techniques are used to establish defect dimensions 1in
the Y and Z directions. However, different criteria are used (50% DAC,
20% DAC, etc.) to determine the extremities of the defects, than those
specifically recommended by ASME.

Similarly the reporting thresold of 50% DAC for indications recommended
in ASME V varied in the "PISC ASME procedures".

Small departures from ASME occur with some teams but in the opinion of
the PISC-II Data Analysis Group it is reasonable to include many teams
in groups of procedures generally referred to as ASME or ASME type
procedures.

3.2. Particular Procedures

By particular procedures are mainly meant combination of such techni-
ques as : Focussing transducers, mode-converted shear waves, multiple
beam satellite pulse (MBSP), focussed arrays, holography, spectroscopy,
tip peak diffraction, TOFD, SAFT, EMAT's... and complex combinations of
high sensitivity and sizing techniques.

3.3. Advanced sizing techniques

Teams using single techniques and aiming only for sizing often employed
advanced techniques such as : focused beams, holography, spectroscopy,
tip peak diffraction, TOFD, SAFT, etc.

3.4. Detection procedures/techniques

Several teams claimed only for detection; single techniques (e.g.
EMAT's) were used only to detect surface defects without an evaluation
of the height and size.

3.5. Table of procedures and codifications

Teams and procedures were coded according to the participant and
procedure identification scheme shown below.

45




PROCEDURE IDENTIFICATION SCHEME

XY 12 34 (e.g. EC SZ 8499)

Technique identification

99 : results for all techniques taken together (thus procedures
as combined by the team
97 : as above, but combination made by the computer.

L__Procedure identification

from 01 to 68 : in the spirit of ASME
from 69 to A2 : special (or advanced sizing)

Remarks regarding : - claims for techniques and procedures
- particular features
- sizing particularities

. 01 : 1/2 max for sizing
. 02 : 20% DAC for sizing
. 03 : 40% DAC for sizing
. 04 : 80% DAC for sizing
. 05 : 50% DAC for sizing

: Sizing on C and B scans.

: Inner Radius Examination

: particular frequency used for clad surface examination

: particular frequencies used for clad surface examination
: particular application of a well-known procedure

: detection only

: sizing procedure only

Team identification : confidential




PROCEDURE CODES

A. In the spirit of ASME

Amplitude Examination Manual or Supplementary techniques
Cut-off level Surface Automatic
01 10% DAC U=Unclad M=Manual
02 10% DAC U M S*
03 10%DAC U M TD=Tandem
04 10% DAC u A=Automatic
05 10% DAC U A S
06 20% DAC U M -
07 20% DAC U M
08 20% DAC U M 1D
09 20% DAC u A -
10 20% DAC u A
1 50% DAC U M -
12 50% DAC U M S
13 50% DAC U A
14 35% DAC u M S
15 35% DAC U M D
16 20% DAC u M S+TD
17 10% DAC U M S+TD
18 10% DAC C=Clad M S+TD
19 20% DAC C M S+TD
20 10% DAC C M -
21 10% DAC C M S
22 10% DAC C M D
23 10% DAC C A -
24 10% DAC c A S
25 20% DAC C M -
26 20% DAC C M S
27 20% DAC C M 0
28 20% DAC C A -
29 20% DAC C A S
30 50% DAC C M -
31 50% DAC C M S
32 50% DAC C M D
33 50% DAC C A -
34 50% DAC C A
35 10% DAC B=Both -
36 10% DAC B M S
37 10% DAC B M D
38 10% DAC B A -
39 10% DAC B A
40 20% DAC B M

* S indicates the use of a special transducer for near-surface examination such as 70°
shear or compression wave with single or double crystal.
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Amplitude Examination Manual or Supplementary techniques
Cut-off level Surface Automatic

TD=Tandem
A=Automatic
S

1]
[ I e

CCwWOCOmWwWwWw
TrPPrPIZPrPIZ>rI

S+TD

S+TD

S+TD

S+TD

S (P-Scan)
A S+TD
A S
SA=Semi-Automatic P Scan

DAC
DAC
DAC
DAC
DAC
DAC
DAC

> > > >

CCcCoOCccacac O

. s . . . )
* S indicates the use of a special transducer for near-surface examination such as 70
shear or compression wave with single or double crystal.




B, Other Procedures

e P D D D D S = D P e = = S = e e = R R R = e e e P W W S = = P WP W D WP = em A AP W R R B W = e e - -

Amplitude Examination Manual or Supplementary techniques
Cut-off level Surface ~ Automatic
3] U=Unclad Focusing/Tip Peak echo
70 20% DAC ] M Tandem only
71 U M Mode Convert. S. Waves
y 2 u M Focusing
73 (C) ' MBSP
74 ] Focused Array
75 U Array
/6 U Holography
j7 u . Holography (focused)
/8 U Spectroscopy
/9 u Spectroscopy focused
B0 High C=Clad A Focused
B1 C Array
: C Holography
: C (Focused) Holography
B4 C Spectroscopy
B5 : B Inner Radius Cracks
B6 High B=Both A S (focusing)
B B P Scan (focused)
R B Array S
B9 u Inner radius
D0 C Inner Radius
1 C. A S+Tip Peak+TOFD+SAFT
D2 C S Array,, Holography,
Spectroscopy, ,TOF
B3 ’ SAFT
D4 EMATS
D5 Holography, SAFT
b6 S+ E.C.
D7
D8
D9
\O 10% DAC u A S+Tip Peak+TOFD+SAFT
1 10% DAC B A S+Tip Peak+TOFD+SAFT
3 50% DAC B A TD+S
4
5
2 20% DAC c A Multi-angle+TOFD+SAFT
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4. THE PISC-II PARTICIPANTS AND THE RRT TIME SCHEDULE

4.1. List of PISC-II participants

BELGIUM
Association Vincotte - Brussels
S.A. COCKERILL - Seraing

DENMARK
Danish Welding Institute - Glostrup

FINLAND
Valtion Teknillinen Tutkimuskeskus (VTT) - Helsinki

FRANCE

Commissariat a 1'Energie Atomique (CEA) Centre d'Etudes Nucleaire (CEN)
de Saclay

FRAMATOME - Chalon _

Etablissement de Construction d'Armes Navales (ECAN) - Indret

FEDERAL REPUBLIC OF GERMANY _

Fraunhofer Institut fir Zerstorungsfreie Priifverfahren (IZFP) -
Saarbriicken

Kraftwerkunion (KWU) - Erlangen

Bundesanstalt fiir Materialpriifung - (B.A.M.)Berlin

ITALY

Ente Nazionale per 1'Energia Elettrica (ENEL) - Piacenza
ANSALDO-BREDA-TERMOMECCANICA - Milano

Acciaierie Tubificio di Brescia (ATB) - Brescia

Centro Informazioni Studi e Esperienze (CISE) - Segrate

JAPAN

Japan Power Plant Inspection Institute
Ishikawajima-Harima Heavy Industries Co. Ltd. (I.H.I.)
Mitsubishi Heavy Industries Ltd.,

Hitachi Ltd., '

Toshiba Corp.,

Babcock Hitachi Copr.

Japan Steel Works

J.G.C. Corp.

Chyoda Chemical Eng. Construction co., Ltd.,

Kobe steel Ltd.,




Japanese Society for NDT Subcomm. 202
Nippon Kokan KK

Sumimoto Metal Industries

Canon Holosonics Inc.,

Hitachi Zosen Corp.

NETHERLANDS
Rontgen Technische Dienst E.V. (RTD) - Rotterdam, in collaboration with

. Ministry of Social Affairs - Den Haag

. Joint Research Centre - Petten Establishment

. N.V. Tot Keuring van Electrotechnishe Materialen (KEMA) - Arnhem
. Kon. Shell Laboratories - Amsterdam

. KEMA N.V.

NORWAY
Det Norske Veritas - Oslo

SPAIN

TECNATOM S.A. - Madrid

CIAT Nuclear S.A. (CINSA) - Madrid
Equipos Nucleares S.A. (ENSA) - Madrid

SWEDEN

AB Statens Anlaggningsproving - Tdby

Tekniska Rontgencentralen A.B. (T.R.C.) - Tiby
ASEA-ATOM- Vdsterds

UNITED KINGDOM

United Kingdom Atomic Energy Authority - NDT Centre - Harwell
United Kingdom Atomic Energy Authority - Risley Laboratories
Babcock Power Ltd. - Renfrew - Scotland

Central Electricity Generating Board - Manchester

Rolls Royce & Associates - Derby

AOTC - Manchester

U.S.A.

Combustion Engineering Inc. - Windsor, Connecticut
Babcock & Wilcox - Barberton, Ohio

Nuclear Energy Services (N.E.S.) Danbury, Connecticut
Chicago Bridge and Iron Company (C.B.I.) Houston, Texas
Southwest Research Institute (SWR) San Antonio, Texas
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Westinghouse Electric Corporation - Pittsburg, Pennsylvania
General Electric Co. San Jose, California

Spectron Development Lab. Inc. Seattle, Washington
Battelle pacific Northwest Lab. - Richland, Washington

A complete listing of the teams that participated in the RRT is atta-
ched as Annex I. Individual sheets for each team describe briefly the
procedures used and give the corresponding procedure codes. The file is
classified in alphabetical order by country names : Belgium, Denmark,
Finland, France, Federal Republic of Germany, Italy, Japan, Nether-
Tands, Norway, Spain, Sweden, United Kingdom, United States of America.

4.2. The time schedule of the RRT

The four test plates, i.e. two flat plates (Nos. 1 and 2) and two noz-
zle plates (Nos. 3 and 9) were circulated through 13 countries and were
tested by about 50 teams. The two flat plates and the two nozzle plates

were circulated in pairs, starting in January 1982. The full RRT was
scheduled to be concluded in the second half of 1984, and in the event

it ended on September 10, 1984.

In Europe, the test pieces usually traveled with a customs document cal-
led an "ATA Carnet", which avoided teams having to pay a customs.
deposit. When traveling with the "ATA Carnet", plates had to be
returned to the place of origin (J.R.C. Ispra) within 12 months.

Outside Europe this procedure could not always be used and the pieces
had then to be "temporarily imported" (and a money deposit left with at
the customs authorities).

Of course, with such a lengthy, complex exercise a certain number of
problems were to be expected.

These included :

- plates blocked at customs due to a strike of customs personal,

- a nozzle plate fell off a lorry onto the highway,

- customs problems due to a limitation on steel importation,

- European countries that would not accept the "ATA Carnet",

- teams sending the plates on to the next country with several weeks of
delay.

The RRT time schedule actually achieved for the circulation of the test
pieces over the whole test period is shown on the next page. The upper
part concerns 1982, the central part 1983, and the lower part 1984. "T"
refers to Teams; "C" refers to Country.
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The remaining abbreviations used on the chart have the following
significance :

B : BELGIUM V : VINCOTTE
C : COCKERILL

DK : DENMARK SV : SVEJSECENTRALEN
E : SPAIN CN : CINSA

EN : ENSA -
TN : TECNATOM

FINLAND VT : VALTION TEKNILLINEN TUTKIMUSKESKU

FRANCE CE : CEA SACLAY
EC : ECAN
FE : FRAMATOME

F.R.G. : FEDERAL REPUBLIC OF GERMANY

GREAT BRITAIN HA : UKAEA HARWELL
’ RI : UKAEA RISLEY
BE : BABCOCK POWER LIMITED+R.R.&ASS.
BV : BABCOCK POWER LIMITED+AOTC
CE : CEGB Manchester

AT : ATB
BR : (BREDA) ANSALDO
CI : CISE
EN : ENEL
JAPAN

NETHERLANDS KA : KEMA
RT : RTD

NORWAY DN : DET NORSKE VERITAS

SWEDEN S : STAATENS ANLAGGNINGSPROVNING
T : TRC

UNITED STATES OF AMERICA




5. FINANCIAL ASPECTS

It is difficult to make a detailed breakdown of the cost of PISC-II
because of the diversity of the inputs to the programme and the fact
that many of them took the form of contributions-in-kind.

The PISC-I1I programme was based upon the goodwill of the participants,
each of which covered the costs of their teams' inspections and
contributed to the common costs of the programme.

Important contributions were made by :

- France : Parametric studies on "The Effect of Cladding Characte-
ristics". :

- Federal Republic of Germany : Plate No. 1 and the parametric studies
on the "Possible Use of Electromagnetic Techniques".

- Italy : Plate No. 3 (along with the CEC) and the parametric studies
on "The Effect of Defect Characteristics". '

- Japan : Plate No. 9.

- United Kingdom : Plate No. 2.

A substantial financial contribution was provided by the CEC through
the Ispra Establishment of its Joint Research Centre. This included
work by technical staff, tools, computer hours, etc., as well as the
manpower needed to manage the programme, do the destructive examination
of the plates, collect data, develop the computer code to analyse them,
evaluate the results and perform some of the parametric studies.

Partial funding was also provided by the JRC and the CEC for the
parametric studies and several specific actions by experts from CEC
countries.

The following estimates made by Ispra give an approximate idea.of the
resources that were required to carry out PISC-II (1 European Currency
Unit (ECU) = § 0.72 US) :

- RRT plates : - fabrication 1,100,000 ECU
- transport 75,000 ECU
- PS : - sample fabrication 120,000 ECU
- special equipment 140,000 ECU
- other costs to Ispra 680,000 ECU
- manpower : - RRT inspections 35 man-years (m-y)
- PS studies 15 m-y
- provided by JRC Ispra 56 m-y

to fulfill role as
Operating Agent

Equating one man-year of effort to 100,000 ECU, the total cost of
PISC-I1 was approximately 12,700,000 ECU, of which about 7,100,000 ECU.
(55%) was funded by the Commission of the European Communities through.
its Joint Research Centre, Ispra Establishement and Directorate General
XII, Directorate D (Nuclear Research and Develppment).
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6. CONCLUSIONS

6.1. A1l important testing procedures and techniques were represented
by at Tleast one of the teams. Several repetitions will make it
possible to calculate some simple statistics. (Figure 28).

. Defects of different types were present in the plates. One plate
(Plate No. 3) dincorporated a real inlet nozzle of a pressurized
water reactor pressure vessel.

6.3. The RRT was concluded on schedule.
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APPENDIX 1

LIST OF PISC-II RRT TEAMS

(Note : Appendik 1 is being issued in separate document available only
to participants and CSNI).
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APPENDIX II

PISC I1 Members of the "Round Robin Test Organization" (RRTO) Sub-Group

Mr. E. Borloo : CEC - JRC Ispra - Italy
Chairman from end 1981 until 1985

Mr. W. Biirgers : CEC, JRC Ispra - Italy

Mr. P. Caussin : Association Vincotte - Belgium
(Chairman from 1980 to end 1981)

Mr. G. Deuster : Fraunhofer Gesellschaft - IZfP - Federal Republic of
Germany (Secretary)

Mr. M. Certo : CISE - Italy

Mr. K. Cowburn : UKAEA, RNL - United Kingdom

Mr. S. Crutzen : CEC - JRC Ispra - Italy

Mr. G. Gatti : Ansaldo Breda - Italy

Mr. Lambert : CETIM - France

Mr. G. MACIGA : ENEL, DCO -Piacenza, Italy

Mr. G. Mayer : IKE - Federal Republic of Germany
Mr. Y. Pralus : CETIM - France

Mr. A.C. Prot : CEA - CEN/FAR - France

Mr. R. Saglio : CEA - CEN/FAR - France

Mr. Sorel : CETIM - France
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