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Appendix A

SAFT-UT Images of the Most Significant Flaws

The SAFT-UT images display the vessel’s axes and list the material coordinates rather than the scanner coordinates. The units in
the images are given in inches, as determined by the software, and displays in metric units are not available at this time. Metric
units are given in the text whenever possible.

Planar Indications in the Near Surface Weldment

Figures A.la-d show planer indication #1 in the near surface weldment. This plan indication has a through-wall extent of 8 mm
based on different depth estimates of 10 to 18 mm. The detections were made in modes 0, 1, and 4. In the mode 4 inspection, the
indication had isolated TOF shape at a depth of 18 mm. There was a confirmation in mode 5 at a depth of 15 mm. The wave
packet width in mode 4 gives a smaller size of 3 mm. There is good evidence of coin shape in the end view of mode 4 and in the
side view of mode 5. The indication is characterized as planar based on the coin shape in modes 4 and 5. The length is 13 mm
and was made to LOS in mode 4. The width is 13 mm and was made to LOS in mode 5. The range of aspect radios (length/
depth) of this indication is 1.6 to 3. The maximum amplitude-to-noise ratio is 8 (131 to 16). With an X coordinate of 8 mm, the
indication is 2 mm from the HAZ. With Z coordinates of 10 to 18 mm, the indication is clearly below the cladding.
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B - Scan End View

X: -0.050-0.175(in) 10Opts
Y: 350.32-350.15(n) 8pts
2: 0.357-0.451(n) 11pis
Scale = 0.02(in)

§
<APLOT> HEAD ¥
test Collected: 05/06/93 15:16:15 &
Processed: 07/30/94 11:14:05 §<

TRANSOUCER: 5 Mi2, Norma) Beas, 3/8 in. dia. §\
aode : pulse-echo 3

f requency (ah z): 5.00  f number : 4.5 §
standoff(hgt-foc len) (in): 0.000  vel (in/sec) : 105000 8
incident angle (deg): 0.0 skev angle (deg) 3

9):
full beaw angle in aetal (deg): 6.0 bean entry dia.(in): 0 125
MATERIAL: Pressure Vessel User Research Facilit

ty
saterial velocity (in/sec): 235000 refracted angle (degd): 0.0

sabLie Tl e 00 ,

B e (AR AR M e
s e setonsth o Xt Y. Mo 30150t
init pos primary axis (in):  -0.7 final: 357 - 0.451(n) 11pts

1
init pos secondary axis  (in): 351.5 Final: 348, Scale = 0.02(in)
step stze: scan,inc axes {4n): 0.025, 0.025
scan,in¢ length (in): 2.200, 2,200 Ha-scans: 7821

FILE STATISTICS ........ mini D sax: 255  avg: 32.8 .......ee.... typs: ERV

This Flar was also detected in the 551_352 and 5s4_352 files

<APLOT> This 15 flaw ns_dz5_1. 02=.3 and vas neasured From the 5sd_. 352[]!‘119.

Figure A.1a Planar indication #1 in the near surface weldment: mode 10
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C - Scan View

X: 0.000 - 0.330(in) 12pls
Y: 350,11 -349.84(n) 10pts
Z: 0.268 - 0.564(in) 22pts

Scale = 0.05(in)

B - Scan End View

NS
<APLOT>

<APLOT> Head
test Collected: 05/06/93 15:29:38
Processed: 03/16/94 12:18:1%
TRANSOUCER: 4 M4z, Dual Element. Noraal Beam
node : pulse-echo
frequency (=hz): 4,00 f nuaber 1 4.8
standoff(hgt =foc len) (in): 0.390 vel (in/sec) : 105000
incident angle (deg): 0.0 skev angle deg

full beam angle in metal (deg): 12.0 bean entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
material velocity (in/sec): 235000 refracted angle (deg): 0.0
thickness. .. (in): 00
SAMPLING: Near Surface only

sanple period (ns):120.00 nunber of ?oints HE |
depth {along sound path) in naterfal to start sampling (in): 0.000
windov (us): 7,42 to 15.82 stop sampling (in): 1.000

SCAN: half wavelength in X and ¥

scan direction (deg): ©

init pos primary axis (in): -4.5 final: 4.5

init pos secondary axis (In): 352.0 final: 343.0

step size: scan,inc axes (1n): 0.030, 0.030

scan,inc length (in): 9.000, 9.000 #a-scans: 90601

FILE STATISTICS ........ nin: 0 sax: 131 avg: 1.3 ...l type: ENV

B - Scan Side View

X: 0.000 - 0,330(in) 12pis
Y: 350.11 - 349.84(Gin) 10pts
Z: 0.268 - 0.564(in) 22pts
Scale = 0.05(in}

<APLOT> This is flaw nsS_t. DZ=.3 and vas seasured from the 5s4_352 file.

g

Figure A.1b Planar indication #1 in the near surface weldment: mode 1
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8 - Scan End View

<APLOT> Head

TRANSOUCER: 2 Mz, Dual Element, 70 deq. L
rods

: pulse-echo
freguency (whz): 2.00 f numsber - t 4.8
standoff(hgt=Foc len) (in): 0.290 vel (in/sec) ¢ 105000
incident angle deg): 24.1 skew angle 0

(deg
full bean angle in metal (deq): 12.0 beam entry dia.(in): 0.125
MATERIAL: Pressure Vessel Usar Rasearch Facility
naterial velocity (in/sec): 235000 refracted angle (deg): 6.0
thickness. .. (in): $.000
SAMPLING: Near Surface only

init pos secondary axis (in): 1352.0 Ffinal: 343.0
step size: scan,inc axes (in): 0.060, 0.060
scan,in¢ length (in): 9.000, 9.000

FILE STATISTICS ........ min: 0 max: 49  avg:

<APLOT> This is flav fvS_1.
the confiraation call from the Ss1_352 file.

fa-scans: 22601
) I type: ENV

test Collected: 05/06/93 16:04
Processed: 03/17/94 12:44:53

sanple period (ns):560.00 number of ?uints 45
depth (along sound path) in material to start saspling (in 0.000
vindow (us): 5,52 to 30.16 stop sannllling (in): 3.000

SCAN: half vavelength in X and ¥

scan direction (deg): 0

init pos primary axis (in):  -7.1  final: 4.5

0Z=.3 and was neasured as a top-bottom signal with

Figure A.1c Planar indication #1 in the near surface weldment: mode 4
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C - Scan View

X: -0.006-0.714(in) 13pts
Y: 350.86 - 350.20(in) 12pts
Z: 0.187-0.988(n) 31pts
Scale = 0.20(n)

B - Scan Sids View
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B - Scan Side View

: 0.00-0.84(in) 1Spls
350.320 - 349.780(in) 1Opts
: 0.000 - 1.015(n) 39pts
cale = 0.20(in)

WON <X

<APLOT> HEAD
test

Collected: 05/06/93 16:06:25
Processed: 03/17/34 11:17:36

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L

node : pulse-echg
frequency (mhz): 2.00 f nusber : 4.8
standoff(hgt=foc len) (in): 0.290 vel (in/sec) : 105000
incident angle (deg):-24.1 skew angle (deg): 0
full beam angle in metal (deg): 12.0 bean antry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
material velocity (in/sec): 235000 refracted angle (deg):-656.0
thickness. .. (in): 39.000
SAMPLING: Near Surface only
$  sample period (ns):560.00 number of points : 45
! depth (along sound path) in material to start sampling (in): 0.000
1 window (us): 5.52 to 30.18 stop sampling (in): 3.000
3| scan: half wavelength in X and ¥
! scan direction (deg): 0
| init pos primary axis (in): 352.0 final: 343.0
J| init pos secondary axis Cin): -4.5 final: 4.5
l step size; scan,inc axes (in): 0.080, 0.060
J scan.inc length {in): 3.000, 3.000 #a-scans: 22801
i FILE STATISTICS ........ atn: 0 nax: 56 avg: 3.6 ti.ieiiiaaanan type: ENV
1

E(]ADLOT) This is a confirmation call for flaw nsS_1t. B - Scan End View

Figure A.1d Planar Indication #1 in the near surface weldment: mode 5
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Figures A.2a-b show planar indication #2 in the near surface weldment. This planar indication has a through-wall extent
of 6 mm based on different depth estimates of 12 to 18 mm. The detection was made in mode 5 where it had isolated TOF
shape at a depth of 18 mm. There was a confirmation in mode 3 at a depth of 12 mm. The wave packet width in mode 5
gives an alternate size of 2.5 mm. The indication is characterized as planar based on lack of normal beam detection.
There is no evidence of coin shape in the side view of modes 3 or 5. The width is 7 mm and was made to LOS in mode 5.
The range of aspect ratios (width/depth) of this indication is 1 to 3. The maximum amplitude-to-noise ratio is high at 75 to
15. With an X coordinate of 8 mm, the indication is 2 mm from the HAZ. With Z coordinates of 12-18 mm, the
indication is clearly below the cladding.

C - Scan View

B - Scan Side View

<APLOT> HEAD .
Egst Collected: 05/06/93 16:06:
“ Processed: 04/13/94 01:32:
TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node : ulse echo
frequenc (mh2): 2.00 f nunber 4.8
standoff(hgt =foc len) (in): 0.290 vel (in/sec) : IUSOOO
incident angle (deg):-24.1 skaw angle {deg
full beam angle in metal (deg): 12.0 beam antry dia. (|n) 0 125
MATERIAL: Pressure Vessel User Ressarch Facilit
material velocity {1n/sec): 235000 rafractod angle (deg):-65.0
thickness. .. (in): 9.000
SAMPLING: Near Surface only
sample period (ns):560.00 number of points 45
depth (along sound path) in material to start sangling Cin): 0.000
windov (us): 5.52 to 30.18 stop saapling (in): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): ©
inft pos primary axis €in): 32.0 final: 23.0
init pos secondary axis {in): -4.5 Final: 4.5
step s1ze: scan,inc axes <(in): 0.060. 0.060 B - Scan End View
scan,in< length ; (1n): 9.000, 9.000 Ha-scans: 2280t
F TATISTICS ........ min: max: vg: 4.8 L..iiiieiens
N\I/LE S ISTICS 0 a; 82 avg typ: X: 0.12-0.54(n) Spts
Y: 29.240 - 28.760(In) 9pis
<APLOT> This is flawv ns4_12. DZ-.1 and was measured as a wave packet. Z: 0.080-0.908(in) 32pts
B} Scale = 0.10(in)

Figure A.2a Planar indication #2 in the near surface weldment: mode 5
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B-Scan Side View

X:=0.24 => 0,72 (in) 17 pts
¥:28.826 —> 28.286 (in} 10 pts
2: 0401 -> 1,015(in) 24 pts
Scale = 0.20 (in)

C-Scan view

CAPLOT> HEAD
test Collected: 05/06/33 16:035:29
Processed: 04/15/34 02:26:26
TRANSOUCER: 2 MHz, Dual Element, 70 deg. L
wode : pulse-echo
fregquency {mh2): 2,00 f nuaber : 4.8
standofl‘(hgt-foc 1en) (in): 0.290 val (in/sec) : 105000
incident angle (deq): 24.1 skev angia 1 0
full beam angle in metal (deg): 12.0 bu- antry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facili
material v!locity {in/sec): 235000 rafracted angle (deg): §6.0
thicknes {in): 9.000
SAMPLING: Naar Surface only
sanple perio (ns):560.00 nunber of $oints : 45
depth (along sound path) in latar1al to start sampling (in): 0.000
window (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): O
tnit pos primary axis (in): 34 6 final: 23.0
init pos secondary axis (in): 4.5 final: 4.5
step size: scan,inc axes (in): 0. USO 0.060
scan,inc length {in): 3.000, 39.000 Ha-scans: 22804
FILE STATISTICS ........ min: 1] nax: 70 avg: 4.2 ..... ... type: ENV
¢APLOT> This is confirmation call for flaw nsd_12,
a 8-Scan End View

Figure A.2b Planar indication #2 in the near surface weldment: mode 3

A7 NUREG/CR-6471



Appendix A

Figure A.3 shows planar indication #3 in the near surface weldment. This planar indication has a through-wall extent of
3 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a depth of
21 mm. There was no confirmation in other modes and the indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view. The length is 10 mm and was made to LOS in
mode 4. The aspect ratio (length/depth) of this indication is 3 implying that it is probably oriented along the weld. The
maximum amplitude-to-noise ratio is low at 13 to 6. With an X coordinate of -8 mm, the indication is 2 mm from the
HAZ. With a Z coordinate of 21 mm, the indication is clearly below the cladding.

B - Scan End View

: -0.486 - -0.006(in) 9pis : @

1 58.36 - 57.70(in) 12pts

: 0.534 - 1.175(n) 25pts .

cale = 0.20(in) C - Scan View

<APLOT>
<APLOT> HEAD
test Collectsd: 05/06/93 16:04:49
Processed: 08/09/94 11:19:01
TRANSOUCER: 2 MHz, Dual Element, 70 deg. L
node < pulse-echo
frequency (mhz): 2.00 f nuaber 1 4.8
standoff(hqt =foc Ten) (in): 0,290  vel (in/sec) : 105000
incident angle (deg): 24.1 skav angle deg): 0

923
full beam angle in matal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
aaterial velocity {in/sec): 235000 refractsd angle {deg): 66.0

thickness. . (in): 9.000
SAMPLING: Mear Surface only
sanple period (ns):S60 nusber of points : 45
depth (along sound path) in natur1al to start sampling (in): 0.000
window (us): $.52 to 30.16 stop sampling (in) 3.000
SCAN: half vavelength in X and Y
scan direction (deg): 0
init pos primary axis {in): -7.1 Final: 4.5
in{t pos secondary axfs (in): 64.0 final: S5.0
steo size: scan.inc axes (in): 0.080. 0.060
n.inc length {in): 9.000. 3.000 : 22801
FILE STATISTI(S ........ Rin: ¢ max: 85 avg: 4.6 .. type: ENV

<APLOT> This s flaw ns_dz5.10. DZ=.12

0

8 - Scan Side View

Figure A.3 Planar Indication #3 in the near surface weldment: mode 4
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Figures A.4a-b show planar indication #4 in the near surface weldment. This planar indication has a through-wall extent
of 3 mm based on different depth estimates of 16 to 19 mm. The detection was made in mode 4 where it had isolated TOF
shape at a depth of 16 mm. There was a confirmation in mode 8 at a depth of 19 mm. The wave packet width in mode 4
gives an alternate depth size of 2.3 mm. The indication is characterized as planar based on lack of normal beam detection.
There is some evidence of coin shape in the end view of mode 4. The length is 14 mm and was made to LOS in mode 8.
The aspect ratio (length/depth) of this indication is 5 giving an orientation along the weld. The maximum amplitude-to-
noise ratio is low at 25 to 12. The X coordinates of -4 to -8 mm show that the indication is 2 to 4 mm from the HAZ.

The Z coordinates of 16 to 19 mm show that the indication is clearly below the cladding.

B - Scan End View C - Scan View

<APLOTY
<APLOT> Head
test Collected: 05/06/93 16:04:43
Processed: 08/09/94 10:56:19
TRANSDUCER: 2 MH2, Dual Element, 70 deq. L
soda : pulse-echo
frequency (nhz): 2.00 f nunber 1 4.8
standoff(hgt=foc 1en) (fn): 0.230  vel (in/sec) : 105000
incident angle (deg): 24.1 skev angle

eg): 0
full beam angle in wetal (deg): 12.0 beam entry dia.(in): 0.125
MATERIAL: Pressure vessel User Research Facility
material velocity (in/sec): 235000 refracted angle (deg): 65.0
thickness. .. {in): 9.000
SAMPLING: Near Surface only

sanple period ns):560.00  nuaber of points : 45
depth (along sound path) in saterial to start saspling (in): 0.000
windov (us): 5.52 to 30.16 stop sampling {1n): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): 0
:n:t pos prhadry a:ds1 g:n;: -7.1 :}na}: ;.S
nit pos secondary axis n): S6.0 nal: 47.0 "
step size: scan.inc axes (In): 0.060, 0.060 8 - Scan Side View
scan,inc length (in): 9.000, 9,000 #a-scans: 22801
FILE STATISTICS ........ nin: 0 max: P10 avel 4.7 L.ali.i.ieaes type: ENV X: -0.666 - -0.068(in) 33pls
Y: 52.76-52.16(in) 1ipts
<APLOT> This {s flay ns5.21. DZ=.09 and was measured as a wave packet. R Z: 0.401-1.015(n) 24pts
Scale = 0.20(n)

0

Figure A.4a Planar indication #4 in the near surface weldment: mode 4
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8 - Scan End View
X: -0.295--0.015(in) Bpts
Y: $2.92-52.28(in) 17pts
Z: 0.514.0.929(n) 0pls

Scale = 0.10(in)

[ <APLOT>
H <APLOT> 8]
| cAPLOT> HEAD
| test Collected: 03/06/93 16:37:07

Processed: 11/22/94 10:24:50

TRANSDUCER: 1.5 MMz, 45 deg. shear R
node : pulse-echo
frequency whz): 1.50 f number : 8.5
standoff(hqt =foc len) (tn) 0.250 vel (in/sec) : 105000
incident angle (deg): 35.0 skev angle (deg): 0 S
4 ful) beam angle in metal (deg): 6.0 beanm’ untry dia. (M) 0.12%
| MATERIAL: Pressure Vesse] Usar Rosearch Facilit
g material velocity (in/sec¢): 125000 refracted angle (deg): 44.4
thickness. .. (in): 9.000
1 SAMPLING: Near Surface only
sample period (ns):320.00 number of ? oints : 108
depth (along sound path) in material to start sampling (in): 0.000
window (us): 9. 30.04 stop sampling (in): 2.080
H SCAN: half wavelength 1n X and Y
scan direction (doq): [} 5
{nit pos primary axis §1n): -2.5 final: 10,0 -
init pos secondary axts in): 56.0 final: 47.0
step size: scan.inc axes (in): 0.040. 0.040
{ scan,inc length (1n):11.000, 3.000 Ha-scans: 62376
{ FILE STATISTICS ........ min: 0 max: 255 avg: 26.9 ............s type: ENV
| <APLOT> This is a confirmation call for flaw nsS_21%.
0 B - Scan Side View
: i

Figure A.4b Planar indication #4 in the near surface weldment: mode 8
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Figures A.5a-b show planar indication #5 in the near surface weldment. This planar indication has a through-wall extent
of 2.3 mm based on wave packet width. Detections were made in modes 2 and 4 where the indication had isolated TOF
shapes at depths of 11 and 12 mm. The indication is characterized as planar based on lack of normal beam detection.
There is some evidence of coin shape in the end view of mode 2. The length is 10 mm and was made to LOS in mode 2.
The aspect ratio (length/depth) of this indication is 4 giving an orientation along the weld. The maximum amplitude-to-
noise ratio is high at 63 to 12. With X coordinates of -6 and -14 mm, the indication is in the weld, possibly in the HAZ.
With Z coordinates of 11 and 12 mm, the indication is clearly below the cladding.

8 - Scan End View

X: -0.846 - -0.246(in) 11pts
Y: 108.00 - 108.34(in) 12pts
Z: 0.187-0.801(in) 24pis
Scale = 0.20(n)

¢APLOT> Head

test Collected: 05/06/93 16:04:49
Processed: 02/23/95 14:16:01

TRANSDUCER: 2 HMHz, Dual Element, 70 deg. L

node : pulse-echo

frequency (»h2): 2.00 f nuaber :
standoff(hqt foc len) (in): 0.290 vel (in/sec) : 105000
incident angle (deg): 24.1 skev angle

full beaa angle in metal (deg): 12.0 bean entry dfa. (1n) 0 125

MATERIAL: Pressurs Vessel User Research Facility
naterial velocity (1n/sec): 235000 refractad angle (deg): 66.0

thickness. . (in): 9.000
SAMPLING: Near Surface only
saaple period (ns): 5! nunber of points : 45
depth (along sound path) in -atnrial to start sampling (in): 0.000
windov (us): =~ 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis (in):  -7.1  final:

4.5
init pos secondary axis {in): 112.0 Ffinal: 103.0
step size: scan,inc axes (in): 0.060, 0.060
scan,inc length {in): 9.000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ sin: 0 max: N avg: 2.8 L....ciiienae typa: ERV

<APLOT> This is flaw ns5_22. D0Z=.09 and was nmeasured as a vave packet. B - Scan Side View

=

Figure A.5a Planar indication #5 in the near surface weldment: mode 4
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C - Scan View

X: -0.600-0.120(in) 13pts
Y: 109.00 - 108.46(in)} 10pts
Z. 0.187-0.908(in) 28pts
Scale = 0.20(in)

B - Scan End View

<APLOT> Head
test Collected: 05/06/93 15:59:42
Processed: 02/23/95 12:20:25
TRANSDUCER 2 Mz, Dua) Element, 70 deg. L
1 pulse-echo
frsauenc 2.00  f number : 4.8
standoff(hgt foc len) 0.290  vel (in/sec) : 105000

incident angle eg):-29.1 skey angle (deg): 0

full beas angle {n netal (deq). 12.0 beam entry dia.(in): 0.125
MATERIAL: Pressure Vessel tiser Research facility

naterial velocity (In/sec): 235000 refractsd angle (deg):-56.0

thickness. . (in): 3.000
SAPLING: Near Surface only
saaple peried {ns):560.00 nusber of points : 45
depth (along sound path) in material to start sang]ing (in): 0.000
windov (us): 5.52 to 36.16 stop saspling (in): 3.000
SCAN: half wvavelength in X and Y
scan direction (deg): €

-4.5 final: 4.5

init pos primary axis (in):
112.0  final: 103.0

Jdnit pos secondary axis (in

‘step size: scan,inc axes (in): 0.050, 0.060
scan,inc length (in): 3.000, 3.000 #a-scans: 22801
FILE STATISTICS ........ min: 0 max: 73 avg: 2.5 ...i..enn.n .. type: ENV

<APLOT> This is flaw ns5_22. 0Z=.09 and vas neasured from the 5s4_112 file. a B - Scan Side View

Figure A.5b Planar indication #5 in the near surface weldment: mode 2
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Figure A.6 shows planar indication #6 in the near surface weldment. This planar indication has a through-wall extent of

2 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a depth of

16 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of mode 4. The length is 9 mm and was made to LOS
in mode 4. The aspect ratio (length/depth) of this indication is 4 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is of medium range at 18.to 6. With an X coordinate of -3 mm, the indication is clearly in the
weld metal. With a Z coordinate of 16 mm, the indication is clearly below the cladding.

C - Scan View

. -0.486 - 0.174(in) 12pls
1 33.16-32.82(in) 10pts
1 0.374-1.015(n) 25pts
cale = 0.20(in)

0N <X

B - Scan End View

<APLOT)> HEAD

test Collected: 05/06/93 16:04:4%
Processed: 04/15/34 01:10:43
TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node : pulse-echo
frequency (whz): 2.00 f nusber 1 4.8
standoff(hgt=foc Ten) (in): 0.290 vel (infsec) : 105000
incident angle deg): 24.1 skew angle d 0

[ eg):
full bean angle in metal (deg): 12.0 bean entry dia.{in}: 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial valocity (in/sec): 235000 refracted angle (deq): 66.0

thickness... (in): 9.000
SAMPLING: Near Surface only
sample period {ns):S60.00 nusber of points : 45
depth (along sound path) in material te start sa-?linq (in): 0.000
vindov (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelsngth in X and ¥
scan direction {deg): 0
init pos primary axis (im): -7.1  Ffinal: 4.5

init pos secondary axis (in): 40.0 final: 31.0

step size: scan.inc axes (in): 0.060. 0.060

scan,in¢ length (in): 9.000, 9.000 Ba-scans: 22801

FILE STATISTICS ........ atn: 0 max: 74 avg: 4.5 ...l type: ENV

<APLOT> This is flaw ns4_26. 02=.08 and vas measured as a wave packet. 0 B - Scan Side View

Figure A.6 Planar indication #6 in the near surface weldment: mode 4
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Figure A.7 shows planar indication #7 in the near surface weldment. This planar indication has a through-wall extent of

2 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a depth of

15 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of mode 2. The length is 11 mm and was made to
LOS in mode 2. The aspect ratio (length/depth) of this indication is 5 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is high at 52 to 12. With an X coordinate of -6 mm, the indication is clearly in the weld metal.

With a Z coordinate of 15 mm, the indication is clearly below the cladding.

B - Scan End View

X: -0.540 - 0.000(in) 10pts
Y: 59.50-58.78(n) 13pis
Z: 0.401-1.042(in) 25pts
Scale = 0.20(In)

<APLOT>

<APLOT> Head

test Collected: 05/06/93 15:59:42
Processed: 04/18/34 12:10:04
TRANSDUCER: 2 MMz, Dual Element, 70 deg. L
wods : pulse-echo
fraauen (nhz): 2.00 f number t 4.8
standoff(hgc-fx Yen) (in): 0.290 vel (in/sec) : 105000
incident angle (deg):-24.1 skew angle (de
Full bean angle in metal (deq): 12.0 beam entry dia. (1n) 0 12%
MATERIAL: Pressure Vessel User Rsssar(h Facility
material velocity (in/sec): 000 rafrzcted angle (deq):-66.0
thickness, . (in): 3 000
SAMPLING: Near Surface only
sample period (ns):560.00 nunber of ?oints ¢ 45
depth (a1ung sound path) in material to start sampling (in): 0.000
windov (us): 5.52 to 30.1% stop sanpling (in): 3.000
SCAN: half vavslenqth in X and ¥
scan dirpction - (deg): 0
inlt pos primary axis (in):  -4,5 final: 4.5

init pos secondary axis (in): 64.0 Final: 55.0

step size: scan.inc axes (1n) 0.060, 0.080

scan,in¢ length {in): 9.000, 9.000 Ha-scans: 22801

FILE STATISTICS ........ ain: 0 max: B85 avg: B.J ....en.ieennen type: EXV

<APLOT> This {s Flav ns4_28. D0Z=.08 and vas neasured as a vave packet.’

0

8 - Scan Slide View

Figure A.7 Planar indication #7 in the near surface weldment: mode 2
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Figure A.8 shows planar indication #8 in the near surface weldment. This planar indication has a through-wall extent of
2 mm based on wave packet width. The detection was made in mode 7 where it had isolated TOF shape at a depth of
23 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the side view of mode 7. The width is 10 mm and was made to
LOS in mode 7. The aspect ratio (width/depth) of this indication is 5 giving an orientation across the weld. The
maximum amplitude-to-noise ratio is of medium range at 69 to 28. With an X coordinate of 11 mm, the indication is in
the weld, possibly in the HAZ. With a Z coordinate of 23 mm, the indication is clearly below the cladding.

B-Scan £nd View

X: 0.19 -> 0.70 (In} 15 pts
¥:187.655 -> 197]75('") 13 pts
2:0.714 => 1172(|n) 33 pts
Scale = 0.10 (in)

C-Scan view

<APLOT> HEAD
test Collected: 0S/06/93 16:36:03
Processed: 11/10/94 15:24:49

TRANSDUCER: 1.5 MMz, 45 deg, shear
rode ! pulse-echo
Frequency (mh2): 1.50 f nunber : 9.5
standoff(hgt =foc len) (in): 0.250 vel (in/sec) : 105000
incident angle {deg): 6.0 skew angle eg): O
full beam angle in netal (deq): 6.0 beal entry dia. (‘n) 0.125
MATERIAL: Prossure Vessel User Resefax Facilit
naterial velocity (in/sec): 125000 refracted angle (deg): 44.4
thicknass.. (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):320.00  number of points : 105
depth (along sound path) in material to start sampling (in): 0.000
wvindow (us): 4.76 tb 28.04 stop sampling (in): 2.090
SCAN: half -avalength in X and ¥
scan direction (deq): 0
{nit pos primary axis (in): 201.5 final: 131.0 8-5can Slde View
init pos secondary axis (in): 4.5 final: 4.5
step size: scan,inc axes (in): 0.040, 0.040 X: 0,14 —> 0.70(in) 15 pts
scan,inc length (in}: 9.000, 9.000 #a-scans: 51076 ¥:187.655 -> 197,175 {in) 13 pts
FILE STATISTICS ........ nin: 0 max: 255 avgr 27.7 ...eciee.nnn. type: ENV 2:0714 -> 1.172(In) 33 pts

Scale = 0.10 (In)
E,APLO‘D This is flaw ns4_31. 0Z+.08 and vas measured as a wave packet.

Figure A.8 Planar indication #8 in the near surface weldment: mode 7
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Figure A.9 shows planar indication #9 in the near surface weldment. This planar indication has a through-wall extent of

2 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a depth of

24 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of mode 4. The length is 11 mm and was made to
LOS. The aspect ratio (length/depth) of this indication is 6 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is high at 16 to 3. With an X coordinate of 12 mm, the indication is in the weld metal, possibly in
the HAZ. With a Z coordinate of 24 mm, the indication is clearly below the cladding.

B - Scan End View

X: -0.726 - -0.248(in) 9pts
Y: 371.30-370.52(in) 14pts
Z: 0.748 - 1,175(n) 17pls

Scale = 0.10(in)

<APLOT>

<APLOT> Head

test Collected: 05/06/93 16:04:49
Procassed: 03/17/94 08:02:30

TRANSDYCER: 2 MMz, Dual Element, 70 deg. L

aode : pulse-echa
frequency (nhz): 2.00 f number 1 4.8
standoff (hgt=foc len) (in): 0.230 vel (in/sec) 1 105000

inctdent angle (deg): 24.1 skev angle (deg): ©

full bean angle in netal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility

material velocity (in/sec): 235000 refracted angle (deg): 66.0

thickness. .. (in): 9.000
SAMPLING: Near Surface only
sample period (ns):560.00 nusber of points : 45
depth (along sound path) in material to start saapling (in): 0.000
windov (us): 5.52 to 30.18§ stop sampling (in): 3.000
SCAN: half wavelength in X and ¥
scan direction {deg): 0
init pos primary axis {in): -7.1  final: 4.5
init pos secondary axis (in): 374.0 fipal: 365.0
step size: scan.inc axes (in): 0.060. 0.060
scan,inc length (in): 9.000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ afin: 0 max: 81  avg: 3.2 ...ieeenaens type: ENV

APLOT» This is flaw ns5_30. 0Z-.08 and vas measured as a vave packet.

|

B - Scan Side View

Figure A.9 Planar indication #9 in the near surface weldment: mode 4
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Volumetric Indications in the Near Surface Weldment

Figures A.10a-f shows volumetric indication #1 in the near surface weldment. This volumetric indication has a through-
wall extent of 6 mm based on different depth estimates of 18 to 24 mm. The detections were made in modes 7 and 8
where they had isolated TOF shape at depths of 20 to 24 mm. There were confirmations in modes 3, 4, 5, and 9 at depths
of 18 to 23 mm. The wave packet width in modes 7 and 8 gives an alternate depth size of 2 mm. The indication is

characterized as volumetric based on detec

tion in orgothonal modes. There is no evidence of coin shape in the end views.

The length is 10 mm and was made to LOS in mode 4. The width is 10 mm and was made to LOS in mode 5. The range
of aspect ratios (length/depth) of this indication is 1.7 to 5. The maximum amplitude-to-noise ratio is of medium range at

97 to 30. With an X coordinate of -6 mm,

the indication is clearly in the weld metal. With Z coordinates of 18 to 24 mm,

the indication is clearly below the cladding.

B - Scan End View

X: -0.48-0.18(in) 12pis
Y: 74,846 - 74.306(in) 10pts
Z: 0.534-1.149(Gn) 24pts

Scale = 0.20(in)

<APLOT> Head

test

TRANSDUCER: 2 MHz. Dual Element, 70 deg. L
node : pulse-echa
frequency {nhz): 2.00 f nunber
standof f(hgt=foc len) (in): 0.290 vel (In/s
incident angle {deg): 24.1 skav angl
full beam angle fn netal (deg): 12.0 beam entr:

MATERIAL: Pressure Vessel Usar Research Facility
material velocity (in/sec): 235000 refracted

thickness. .. (in): 9.000
SAMPLING: Mear Surfacs only
sample period (ns):560.00 number of
depth (along sound path) in naterial to start sam
window (us): .52 to 30.16 stop samp
SCAN: half wavelength in X and ¥
scan direction (deg): O
init pos primary axis (in): 82.6 final:
init pos secondary axis (in): -4.,5 final:
step size: scan,inc axes (in): 0.060, 0.080
scan,in¢ length in): 9.000, 9.000
FILE STATISTICS ........ nin 0 wax: 68 avg:

E<IAPL0T> This is a confirmation call for flav nsS5_26.

05/06/93 16:05:29
12/15/94 09:53:56

Collected:
Processed:

: 4.8

: 105000
deg): 0
{in): 0,125
angle (deg): 66.0

ec)
e (
yvdi a.

points H 45
1ing (in): 0.000
?Mg (in): 3.000
7.0 B - Scan Side View
4.5
.- . X: -0.48 - 0.18(in) -12pts
3.4 BN BTN e ey Vi 74.848-74.306(n) 10pts

Z: 0.534-1.149(n) 24pls
Scale = 0.20(in)

Figure A.10a Volumetric indication #1 in the near surface weldment: mode 3
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B - Scan End View

X: -0.546 - -0.006(In) 10pts
Y 74.96-74.30(n) 12pts
Z: 0.401- 1/0420n) 25pis
Scais = 0.20(In)

104
TRANSDUCER: 2 MHz, Dual Element, 70 deg. L

aode : pultse-echo
frequency (ahz): 2.00 F nunber ¢ 4.8
standoff(hgt foc len) (In) 0.290 vel (iIn/sec) : 1050
incident angle (deg): 24.1 skav angle eg):
full bean angle in metal (deg): 12.0 bean entry dia.(in): 0 125
MATERIAL: Pressura VYesse] User Research Facility
material velocity (in/sec): 235000 refra<ted angle (deg): 65.0
thickness. .. (in): 9.000
SAMPLING: Near Surface only
sanple peritod {ns}:580.00 nunber of points : 45
depth (along sound path) in natertal to start sampling (in): 0.000
window (us): 5.52 to 30.16 stop sampling (in): 3.000

SCAN: half wavelength in X and v
scan direction

init pos prinary axis -2 final: 4.5

init pos secondary axis 80.0 final: 71.0

step size; scan,inc axes (in): O. 060, 0.060

scan,inc length (m) $.000, 9.000 #a-scans: 22801
FILE STATISTICS ........ min: max: BS avg: 4.3 .aiiiiaeens . type:

<APLOT> This is a confirmation call for ns5_26.

>

B - Scan Side View

Figure A.10b Volumetric indication #1 in the near surface weldment: mode 4
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¢t

w5

8 - Scan Side View

D T

: -0.54 -0.18(in) 7pts
Y: 74.840-74.120(in) T7pis
Z: 0.534.1.122(n) 12pls
Scale = 0.20(In)

C - Scan View

<APLOT> HEAD '
test Collected: 05/06/93 16:

§:25

Processed: 12/16/94 08:
2:26
TRANSOUCER: 2 tHz, Dual Element, 70 deg. L

node : pulse-acho

frequency (whz): 2.00 f numbar i 4.8
standoff(hqt-foc ten) (fn): 0,290  vel (in/sec) + 105000
in¢ident angle (deg):-24.1 skey angle (dsg): ©

full bean angla in metal (dag)' 12.0 bean entry dfa.(in): 0.125
MATERIAL: Pressurs Vessel User Research Facility
naterial velocity (in/sec): 235000 refra<tsd angle (deg):-66. 0

thickness... (in): 9.000
SAMPLING: Near Surface only
sanple perio (ns):1120.00 nunber of points : 22
depth (along sound path) {n matarial to start sangling (in): 0.000 S
windov (us): 5.52 to 29.04 stop sampling {in): 3.000 . %
SCAN: half wavelength in X and ¥ B - Scan End View s
(scian dlrs<t:on ; (g:q;: 0 final g
nit pos primary axis n): 80.0 nal: 7.0 . .0, 7ot 3
init pos secondary axis Ein; -4.5 f%gal: 4.5 5: :,0‘58440?;5(2)0(‘";; 37‘“’ i,
step size: scan,inc axes (in): 0.120, 0.1 . y Y
scan,inc length (in): 8.880, 8.880 Ha-scans: 5625 2: 0.534-1.122(n) 12pts §
FILE STATISTICS ........ atn: 0 max: 75 avg: 4.1 ............. type: Scale » 0.20(in) 10
NV .
<APLOT> This is a confirmation call for flaw nsS_26. 1|

N A AN NS

2Tk enyeranap b En RS

Figure A.10c Volumetric indication #1 in the near surface weldment: mode 5

A.19 NUREG/CR-6471



Appendix A

C - Scan View

B - Scan Side View
X: -0.38-0.18(in) 15pts
Y: 75.095-74.375(n) 19pls
Z: 0.572-1.057(in) 3Spis

Scale = 0.10(n)

X: -0.38-0.18(n) 15pts

Y: 75.095-74.375(in) 19pts
Z: 0.572-1.057(in) 35pls
Scale = 0.10(n)

¢APLOT> HEAD

test Collected: 05/06/93 16:36:03
Processed: 12/13/94 18:35:05
TRANSDUCER: 1.5 MMz, 45 deg, shear
node H pulsa echo
frequenc (mhz): 1.50 f nunber £ 9.5
standoff(hgt-Foc Ten) (in): 0 250 vel (in/sec) H 105000
incident angle (deg): 36.0 skew angle (de:

9):
full bean angle in setal (deq): 6.0 beal entry dia, (ln) IJ 125
MATERIAL: Pressure Vessel User Resef.” Facili
material velocity (in/sec): 125000 refra:ted angle (deg): 44.4

thicknes: (in): 9.000
SAMPLING: Naar Surface only . .

saaple period (ns):320.00  nuaber of points : 105

depth (alonq sound path) in material to start sampling (in): 0.000

vindoe (us): 4,76 to 38.04 stop sampling (in): 2.0%0
SCAN: half 'avsleng(h in X and ¥ B - Scan End View
?can d1re<tlun (deg): O

nit pos primary axis (inm): -81.5 final: 71.0 .

init pos secondar{ axis (in): -4.5 final: 4.5 X: -0.38-0.18(In) 15pts
step s1ze: scan.inc axes (fn): 0.040, 0.040 Y: 75.095 - 74.375(in) 19pts
scan,inc length (in): 9.000, 9.000 #a-scans: 51076 Z: 0.572-1.057(in) 35pis
FILE STATISTICS ........ min: 0  max: 244 avg: 21.4 ........... .. type: ENV Scale = 0.10(in)

<APLOT> This is Flaw nsS_26. DZ=.08. This flae was also detectad in S5s8_80 file. [J

Figure A.10d Volumetric indication #1 in the near surface weldment: mode 7
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B - Scan End View

X: -0.292 -0.108(in) 11pis
Y: 74.60-74.16(n) 12pis
Z: 0.714-1.128(in) 30pts
Scale = 0.10(in)

¢APLOT» Head

TRANSDUCER: 1.5 MHz, 45 deg. shear

sode : pulse-echo

frequency (ah2): 1.50 f nueber : 9.5
standoff(hgt=foc len) (in): 0.250 vel (in/sec) 1 105000
incident angle {deq): 36.0 skev angle

(deq): 0
full beam angle in netal (deg): 6.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (in/sec): 125008  refracted angle (deg): 44.4

thickness. .. (in): 38.000
SAMPLING: Near Surface only
sanple period (ns}:320.00  number of points : 705
depth (along sound path) {n material to start sa-? ing (in): 0.000
vindow (us): 4.76 to 230.04 stop sampling (in}: 14,100
SCAN: half vavelength fn X and ¥
scan direction (deg): 0
init pos primary axis (in): -10.9 final: 10.0

init pos secondary axis (in): B0.0 final: 7.0
step size: scan,inc axes (in): 0.040, 0.040
scan,inc length (in):11.000, 3.000 #a-scans: §2376

test Collected: 05/06/93 16:37:07
Processed: 12/16/34 03:14:39

<APLOT> This {s flav ns5_26. DZ-.08 ans vas measured fros the 55780 File.

FILE STATISTICS ........ min: 0 max: 255 avg: 5.1 ............. type: ENV

e

Figure A.10e Volumetric indication #1 in the near surface weldment:

A21

mode 8

Appendix A
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B - Scan Side View

X: -0.18 - 0.30(in) 13pts

Y: 74.760 - 74.400(ln) 10pts
Z: 0.872-1.057(in) 28pts
Scale = 0.10(in)

C - Scan View

;e:; Collected: 05/06/93 16:3
g:54 Processed: 12/08/34 13:2
TRANSOUCER: 1.5 MHz, 45 deg, shear
node : nu]se-echo
fre uency nhz): 1.50 f nunber : 9.5
standoff(hgt =fac lan) (1n) 0 250 vel (in/sec) : 105000
{ncident angle (deg):-36.0 skew angle {deg): 0
full beam angla in metal (deg): 6.0 bean entry dia. (|n) 0.125
MATERIAL: Pressure Vessel User Resef.” Facilit .
naterial velocity (in/sec): 125000 refracted angle (deg):-44.4
thickness. .. Cin}: 9,000
SAMPLING: Near Surface only
sample period (ns):320.00 nunber of peints : 105
depth (along sound path) in material to start sampling (in): 0.000
window (us): 4.76 to 38.04 stop sanpling (in): 2,090
SCAN: half vavalsngth in X and ¥ .
scan direction (deg): 0 ::
{init pos primary axis (in): 80.0 finmal: 71.0
init pos secondary axts (in): -4.5 final: 4.5
stnp size: scan,inc axes (in): 0.040, 0.040
can,inc length (in): 9.000, 9.000 #a-scang: 51076 &
FILE STATISTICS ........ nin: 0 max: 255 avg: 20.1 ..... oo typ
<APLOT> This is a confirmation call Far the flav nsS_26. B - Scan End View

Figure A.10f Volumetric indication #1 in the near surface weldment: mode 9
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Figures A.1la-f show volumetric indication #2 in the near surface weldment. This volumetric indication has a through-
wall extent of 6 mm based on different depth estimates of 20 to 26 mm. The detection was made in mode 9 where it had
isolated TOF shape at a depth of 23 mm. There were confirmations in modes 2, 5, 6, 7, and 8 at depths of 20 to 26 mm.
The wave packet width in mode 9 gave an alternate depth size of 3 mm. The indication is characterized as volumetric
based on detection in orgothonal modes. There is good evidence of coin shape in the end view of mode 2 but the depth of
the indication implies that it is not connected to the cladding. The length is 13 mm and was made to LOS in mode 2. The
width is 14 mm and was made to LOS in mode 5. The range of aspect ratios (length/depth) of this indication is of medium
range at 117 to 35. With an X coordinate of 9 mm, the indication is in the weld metal and 2 mm from the HAZ. With a
Z coordinate of 25 mm the indication is clearly below the cladding.

B - Scan End View

X: -0.360 - 0.180(in) 10pis
Y: 479.58 - 478.92(in) 12pis
Z: 0.748 - 1.175(in) 17pts

Scale = 0.10(In)

<APLOT> HEAD

test . - Collected: 05/06/93 15:59:42 C - Scan View

Processed: 12/20/93 12:18:37

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node : pulse-scho

freguancy (shz) 2.00 f nunber s 4.0
standoff(hgt=foc len) {in): 0.290 vel (in/sec) : 105000
incident angle (deg):-24.1 skev angle

0
full beam angle in aetal (deg): 12.0 bean entry dla (|n) 0.125
MATERIAL: Pressure Vessel User Research Facility
naterfal velocity (In/sec): 235000 refracted angle (deg):-66.0

thickness... (in): 9.000
SAMPLING: Near Surface only
sarple period {ns):560.00 nunber of go(nts 1 45
depth (along sound path) in material to start san? ing (in): 0.000
vindor (us): 5.52 te 30.16 stop sanpling (in): 3.000
SCAN: half wavelength in X and ¥
scan direction (deg): 0

init pos priaary axis (in):  -4.5 final: 4.5
init pos secondary axis  (in): 480.0 final: 471.0
step size: scan,inc axes (in): 0.060, 0.060

scan,inc length (in): 9.000. 9.000 Ba-scans: 22801

FILE STATISTICS ........ ain: 0 max: 137 avg: 5.2 ...l type: ENV §
8

<APLOT> This 15 a confirmation call for ns5_S. a B - Scan Side View fg

Figure A.11a Volumetric indication #2 in the near surface weldment: mode 2
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8 - Scan Side View

. -0.30 - 0.66(in) 9pts
T 479.240 - 478.640(in) 6pls
: 0.481-1.1223in) 13pls

cale = 0.20(in)

N < >

C - Scan View

¢ARLOT> HEAD R .
test Collected:

Processed:

TRANSOUCER: 2 HHz, Dual Element, 70 deg. L
aode : pulse-echa

fFrequency (nh2): 2.00 f number 4.8
standof f(hgt=Foc len) (in): 0.290 vel (In/sec) : 105000
{ncident angle (deq):-24.1 skex angla (deg):

full beam angle in matal (deg): 12.0 beam entry dia. Cin): 0.125
HATERIAL: Pressure Vessel User Research Facility

saterial velocity {in/sec): 235000 rsfracted angle (deg):-§6.0
thickness... (in): 9.000

SAMPLING: Naar Surface only
sample period (ns):1120,00 nusber of points : 22
depth (along sound path) in saterfal to start san?Hng (in): 0.000
vindovy (us): 5.52 to 29.04 stop sampling (in): 3.000

SCAaN: half wavelength in X agd ¥

scan direction . 69):

init pos primary axis {1n): 488.0 final: 479.0

init pos secondar¥ axis (In): -4.5 final: 1.5

step slze: scan.inc axes (1n) 0.120, 0.120

scan,in¢ length in): 8.880, 8,880 #ta-scans: 5625

FILE STATISTICS ........ u(n: 0 max: 98 avg: 5.9 ... typa: ENV

8 - Scan End View

[(]APlOD This is a confirnation call for the ns5_8 file,

Figure A.11b - Volumetric indication #2 in the near surface weldment: mode 5
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I R T SO A S

C-Scan viaw

3 X ~0.38 -> -0.02 (i 9 pts
Y:479.200 -> 478.760 (In) 12 pts
Z2:0.714 -> 1,157 (ln) 32 pts
Scale = 0.05 (In}

B-Scan Side View

<APLOT>
<APLOT> HEAD
test Collected: 05/06/92 16:37:40
Processed: 10/05/94 18:14:42
TRANSDUCER: 1.5 Mz, 45 deg. shear
sode : pulse-echo
Frequency (nh2): 1.50 f nuaber : 9.5
standuff(hgt =foc len) (1n) 0.250 vel (Infsac) : 105000
incident angle (deq):-36.0 skey angle (deg):

0
full beam angle in aetal (deg): 6.0 beas entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Resef~ Facilit

ty
materia) velocity {In/sec): 125000 refracted angle (dog):-44.4

thickness. .. ¢ (in): 9.000
SAMPLING: Hear Surface only .
sanple pariod (ns):320.00 ouaber of points : 133
depth (3long sound path) in material to start sanghnq (1n): 0.000
windov {us): 4.76 to 48.92 stop sampling (in): 2.770
SCAN: half vavelength {n X and Y
scan direction (deq}: 0
:n}t pos pr!naay axis‘ E:ng: 480.g Hna}: 476.8
nit pos secondary axis n): -1. nal: 0.7 "
step ?ha] sc:n ¥n< axes 21ng: 0.040, 0.040 8-Scan End View
scan,inc lengtl in): 1.1860, 2.200 fa-scans: 1680 -
FILE STATISTICS ........ nin: 0 max: 227 avg: 18.4 ......e.en... type: ENV 5‘4—709324001;2'70;7(:5"3 (Ir3 e pts

-> 7 (i
APLOT> This {s Flav ns_d25_9. 02=.13 ] 714 IIIS (In) 32 pts

2:0
Scals = 0.10 (Im

Figure A.11c - Volumetric indication #2 in the near surface weldment: mode 9
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8 - Scan End View

: -0.531--0.171(n) 10pts
T 479.40 - 478.92(in) 13pis
. 0.814 - 0.943(in) 24pls
cale = 0.05(n)

i

CAPLOT)> HERD : C - Scan View
test Collected: 05/06/93 16:37:
7

Processed: 10/05/%4 18:12:0

9
TRANSDUCER: 1.5 MHz, 45 deg, shear
node . : pulse-echg

fragquency (ahz): 1.50 f number t 9.5
standoff(hgt=Ffoc lan) (1n) 0,250 val (in/sec) : 105000
incident angle (deg): 36.0 skev angle

(ds 0
ful) bean angle In msta) (deg): 6.0 beam entry dia.(in) 0.125
MATERIAL: Pressure Vessel User Research faciliity
naterial velocity (in/sa<) 1ZSOOg rafracted angls (deg): 44.4
9.00

thickness. (in):
SAMPLING: Near Surface only
sanple period (ns):320.00 nusber of ?oints 1139
depth (along sound path) in material to start sampling (in): 0. 000
vindow (us): 48.92 stop sampling (in): 2.770
SCAN: half vavelength 1n X and ¥
scan direction (deg): 0
init pos prisary axis (in): -2.6 final: 1.6
init pos sacondau{ axis (in): 480.0 final: 478.0
step size: scan,inc axes (in): 0.040, 0.040
scan,inc length (in): 2.200, 2.040 Ha-scans: 2912
FILE STATISTICS ........ ain: 0 nmax: 239  avg: 20.8 ......... . type: El
v H

B - Scan Side View

[_ff.PLOT) This s a confiraation call for Flay nsS.9.

Figure A.11d - Volumetric indication #2 in the near surface weldment: mode 8
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B - Scan Side View

X: -0.50-0.02(in) 14pis
Y: 479.692 - 479.292(in) 11ipls
Z: 0.657-1.072(in) 30pls
Scale = 0,10(In)

C - Scan View

<APLOT> HEAD £
test Collected: 05/06/93 16:36:03F

Processed: 10/05/94 18:09:04

TRANSOUCER: 1.5 Mz, 45 deg, shear

node : pulse-echo
frequency {=hz): 1.50 f nunber 1 9.5
standoff(hgt foc len) (in): 0.250 vel (in/sec) : 105000
incident angle (deg): 36.0 skev angle 0
ful) bean angle in netal {dea): 6.0 beal entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Resaf~ Faci)d
material velocity (in/sec): 125000 rafractad angle (deg): 44.4
thickness... (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):320.00 nunber of go(nts : 39
depth (along sound path) in material te start sampling (in): 0.000
windoe (us): 4.76 to 48,92 stop sanpling (in): 2.770
SCAN: half wavelength in X and V .
scan direction (deg)
init pos prinary axis (1n) 451.3 final: 477.1
init pos secondar¥ axis {in): -1.5 Ffinal: 0.7
step size: scan,inc axes {{in): 0.040, 0,040
can,inc length . (in): 2.200, 2,200 #a-scans: 3136
FILE STATISTICS ........ ain; D max: 228 avg: 18.4 ............. type: EN
<APLOT> This is a confirmation call for nsS_9. B - Scan End View

Figure A.11e - Volumetric indication #2 in the near surface weldment: mode 7
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B-Scan End View

X:0.040 -> 0.523) (in) 13 pts

¥:479.40 -> 479.92 {in) 13 pPts

2:0.786 -> 1.223 (in) 32 pta

Scale = 0.10 (in) ] C-Scan view

<APLOT> HEAD .
test Collected: 05/06/93 16:33:29

Processed: 10/05/94 18:04:24
TRANSDUCER: 1.5 MHz, 45 deg, shear

noda : pulse-echo
frequancy (phz): 1.50 f nuaber : 9.5
standoff(hgt =fac len) (1n) 0.250 vel (in/sec) 3 105000
incident angle (deqg):-36.0 skev angle (deg): O
Full bean angle in mneta) (deg): 6.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research facility
natertal velocity (!n/se() 12 SD 0 refracked angle (deg):-44.4
thickness. .. 009
SAMPLING: Near Surface only
sanple perlod (ns):320.00 nuaber of galnts 138
depth (along sound path) in naterial to start sampling (in): 0.000
wvindow {us): 4. to 40.32 stop sampling (in): 2.770
SCAN: half vav:\ength in X and Y
scan direction (deg): 0
init pos prisary axis {in): -2.4 final: -0.2

inlt pos secondary axis (In): 480,0 final: 470.0
step size: scan,1nd axes (1n) 0.040, 0.040

scan,inc length {in): 2.200, 2.040 Ha-scans: 2912
FILE STATISTICS .. . ain: 0 nax; 245 avg: 19.4 .

type: ENV

B-Scan Side View

«APLOT> This' Is confirmation call for flaw nsS_8.

Figure A.11f - Volumetric indication #2 in the near surface weldment: mode 6
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Planar Indications in the Near Surface HAZ

Figures A.12a-c show planar indication #1 in the near surface HAZ. This planar indication has a through-wall extent of

3 mm based on wave packet width. Detections were made in modes 2, 3, and 5 where it had isolated TOF shape at depths
of 13 to 14 mm. There is good evidence of coin shape in the end view of mode 2. The indication is characterized as
planar based on the coin shape in mode 2. The length is 2 mm and was made to LOS in mode 2. The width is 10 mm and
was made to LOS in mode 3. The aspect ratio (length/depth) of this indication is 5 giving an orientation along the weld.
The maximum amplitude-to-noise ratio is of medium range at 88 to 25. With X coordinates of 11 to 18 mm, the indication
is probably in the HAZ. The Z coordinate of 13 to 14 mm shows that the indication is below the cladding by at least 4 to
5 mm. :

C - Scan View

B - Scan Side View

: -0.96 - -0.36(in) 11pis
: 52.106 - 51.506¢In) 11pls
: 0.267 - 1.042(in) 30pls
cale = 0.20(in)

N X

124
TRANSOUCER: 2 tHz, Oua! Element, 70 deg. L
aode : pulse-echo
(nh2): 2.00 f numsber : 4.8
(in): 0.290 vel (in/sec) 1 105000
incident angle (deg): 24.1 skev angle {deg): 0 .
full beaa angle in metal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Rasearch Facility
nmaterial velocity (in/sec): 235000 refracted angls (deg): 66.0
thickness. .. (in): 9.000
SAMPLING: MNear Surface only
sanple perfo (ns):560.00 nuaber of ?o‘nts : 45
depth (along sound path) in material to start san? ing (in): 0.000
window (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis (in): 59.6 Final: 47.0
init pos secondary axis {in): -4.5 4.5
step size: scan,inc axes ‘gn;: 0.060, 0.060
n

frequency
standoff(hgt=foc len)

scan, inc iength { 9,000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ ain: 0 max: 83 avg: 5.5 L...iii.eeae. typ B - Scen End View
ENV

X: -0.96--0.36(n) 11pis

Y: 52,106 - 51.506(in) 11pis
2: 0.267 -1.042(in) 30pts
Scale = 0,20(in)

D2-.12 and vas measured from ths 4s5_56 file.

éAPlOT) This is flaw ns_dz4_S.

Figure A.12a - Planar indication #1 in the near surface HAZ: mode 3
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OGN

<APLOT> Head

amaterial velocity
thickness. ..

sample period
window (us):

scan direction

.inc leng

B - Scan End View

-0.660 - -0.120(in) 10pis
1 51.98-51.26(n) 13pts

0.053 - 0.962(in) 35pls
cale = 0,20(in)

test Collected: 05/06/93 15:59:42
Processed: 04/18/94 12:04:05
TRANSOUCER: 2 tHz. Dual Element, 7?0 deg. L
mode : pulse-echo
frequency (nhz): 2.00 f nuaber : 4.8
standoff(hqt-foc ten) (m)- 0.290 vel (in/sec) i 105000
*  incident angle 1-24.1 skey angle (deg): O
full bean angle in netal (dag?: 12.0 bean entry dia. (1ng 0.125

MATERIAL: Pressure Vessel User Research facilit

SAMPLING: Near Surface only as
depth (along snund path) 1n material to start san ing (1n) 0.000
.16
SCAN: half navalength 1n X agd
init pos primary axis (1n
inft pos secondary axis (in
step stze: scan,inc axes (in):
th (n
FILE STATISTICS PR
<APLOT> This is flaw ns_dz4_S. DZ-.12 and vas measured From the 4s5.56 file.

€ - Scan View

. -0.660 - -0.120(In) 10pls
: §1.98-51.26(in) 13pls
: 0.053-0.962(in) 35pts
cale = 0.20(in}

BN <X

(in/sec): 235000 refra<tad angle (deg):-66.0
(in): s8.000

(ns):560.00 number of points

stop samp 1n9 (in): 3.000
eg): 0
)H -4.5 final: 4.5
): 56.0 final: 47.0
): 0.060, 0,060
): 9.000, 3.000 Ha-scans: 22801
ain: 0  max: 83 avg: 4.5 ............ . type: ENV [

B - Scan Side View

NUREG/CR-6471

Figure A.12b - Planar indication #1 in the near surface HAZ: mode 2
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C~$can view

X: =080 -> -0.42(In) 9 pts
Yi51.800 —> 51,260 (i) 10 pts
2:0.160 => 0982 (in) 31 pts
Scale = 0.10 (In)

B~-Scan End View

Collected: 05/06/93 16:06:25
Processed: 04/20/34 08:38:38

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L

naode : pulse-echo

frequency (whz): 2.00 f number 1 4.8

standoff(hgt=foc len) (in): 0.290 vel (in/sec) 1 105000

in¢ident angle (deg):-24.1 skev angle (deg): O

full beae angle in metal (deg): 12.0 beas entry dia. ((n) 0.125
MATERIAL: Pressure Vassel User Research Facility

material velocity (in/sec): 235000 refracted angle (deg):-68.0

thickness... (in): 9.000
SAMPLING: Near Surface only

sample perio (ns):560.00 nunber of ?o1nts T 45

depth (along sound path) in material to start sam ing (in): 0.000

windov (us): S.52 ¢t .16 stop sampling (in): 3.000
SCAN: half vavelength 1n X and ¥

scan direction {deg): 0

init pas primary axis (in): $6.0 Final: 47.0

init pos secondary axis (in): -4.5 final: 4.5

step size: scan,inc axes (in): 0.060. 0.060

scan,inc length (in): S.000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ »in: [i] max: 78 avg: 5.7 L..ieiiienaans type: ENV
<APLOT> This 1s flaw ns_d24_5. D2-.12 and was measured as a wave packet.

B-Scan Side View

Figure A.12c - Planar indication #1 in the near surface HAZ: mode 5§
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Volumetric Indications in the Near Surface HAZ.

Figures A.13a-b show volumetric indication #1 in the near surface HAZ. This volumetric indication has a through-wall
extent of 7 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF and possibly
cloud-like shapes at a depth of 20 mm. There was a-confirmation in mode 5 at a depth of 20 mm. The indication is
characterized as volumetric based on detection in orgothonal modes. There is no evidence of coin shape in the end views.
The length is 7 mm and was made to LOS in mode 6. The width is 13 mm and was made to LOS in mode 5. The range
of aspect ratios (width/depth) of this indication is 1.8 to 2.6. The maximum amplitude-to-noise ratio is high at 118 to 25.
With X coordinates of 6 to 17 mm, the indication is in the HAZ, possibly in the weld. With a Z coordinate of 20 mm, the
indication is clearly below the cladding.

C - Scan View

X: 0.520 - 1.040(in) 1dpts
Y: 479.28 - 478.92(n) 10pls
Z: 0.643 - 1.057(in) 30pls

Scala = 0.10(In)

B8 - Scan End View

<APLOT> HEAD
test Cotlected: 05/06/93 16:33:29
Processed: 10/06/94 06:41:29

TRANSDUCER: 1.5 MMz, 45 deq. shear

node : pulse-echo ¥
frequenc! {shz): 1.50 f nunber ;8.5 3
s:anduff(hgt =foc len) (in): 0.250 val (in/sec) : 105000 ¢
incident angle (deq):-36.0 skew angle 0 3
ful) beam angle {n metal (deg): 6.0 bean entry dia. (1n) 0.125 4
MATERIAL: Pressure vesse) User Research Faciiity ¥
nateri{al velocity (ln/sec) 125000 refra(tnd angle (deg):-44.4 ;s\
thickness. . (1n): 9.000 g
SAMPLING: Mear Surface only §
sanple period (ns):320.00 nueber of points : 147 %
depth (alung sound path) in materfal to start samgl'ng (in): 0.000 §
vindov (us): 76 to 51.48 stop sanpling (in): 2.930 §
SCAN: half wavelength in X and ¥ K
scan direction {deq): O ¥
init pos primary axis (in): -1.5 Final: 0.7 8 - Scan Side View

init pos secondary axis (in): 480.0 Final: 478.2

step sfze; scan,inc axes (in): 0.040, 0.040

scan,inc length {in): 2.200. 1.640 Ha-scans: 2632

FILE STATISTICS o....... aln: 0 max: 245 avgl 18.4 ... .eenilan tyne: ENV

X: 0520 - 1,040(n) 14pts
Y: 479.28 - 478.92(in) 10pls
Z: 0.643-1.057(n) 30pis -
Scale = 0.10(in)

[(]APLOD This is flaw ns_d25_6. 0Z=.26 and vas seasured as a cloud-1tks defect.

Figure A.13a - Volumetric indication #1 in the near surface HAZ: mode 6
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C - Scan View

: 0.00-0.60(n) 1ipls
. 479.360 - 478.460(in) 16pls
: 0.588 - 1.175(in) 23pls
cels = 0.20(In)
B - Scan Side View

«<PLOT> Head

test Coltected: 05/06/93 16:06:25
processed: 12/28/83 17:10:00
TRANSOUCER: 2 Mz, Dual Element, 70 deg. .
node . : pulse- e(ho
frequency (ahz): 2.00  F nusber .t 4.8
standoff(hqt-foc Ten) (in): 0.290  vel (in/sec) : 105000 ~

incident angle (deg):-24.1 skew angle (deg): 0

full bean angle 1n metal (deg) 12.0 . bean antry dia. (1n) 0 125
MATERIAL: Prassurs Vessel User Research Facility

material velocity (in/sec): 235000 refracted angle (deg):-66.0

thickness. . (in):
SAMPLING: Near surface only
sanple period (ns):560.00 nunber of points 45
depth (along sound path) in matsrial to start Sa“? ing {in): 0.000
vindor (us): 5.52 to 30,18 stop sampling (in): 3.500
{ scan: half vavelength in X and ¥
| scan direction (deg): 0 .
init pos primary axis (in): 408.0 final: 478.0 B : Scan End View
inft pos secondary axis (in): -4.5 final: 4.5

. 0.00-0.80(in) 1ipis

1 479.360 - 478.460(in) 16pls
: 0.588- 1.175(in} 23pls
cale = 0.20(in)

step size: scan,inc axes {in): 0.060, 0.060
scan,inc length (in): 9.

i #a-scans: 22801
FILE STATISTICS ........ rin: .

5.9 cieeisinn type: ENY

BN <X

i éAPLOﬁ This is confirmation for flaw ns5_6.

Figure A.13b - Volumetric indication #1 in the near surface HAZ: mode 5
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Figures A.14a-b show volumetric indication #2 in the near surface HAZ. This volumetric indication has a through-wall
extent of 3 mm based on different depth estimates of 11 to 14 mm. The detection was made in mode 2 where it had
isolated TOF shape at a depth of 11 mm. There was a confirmation in mode 1 at a depth of 14 mm. The wave packet
width in mode 2 gave an alternate depth size of 2.5 mm. The indication is characterized as volumetric based on normal

beam detection. There is no evidence of coin shape in the end views. The length is 13 mm and was made to LOS in mode
2. The width is 8 mm and was made to LOS in mode 1. The range of aspect ratios (length/depth) of this indication is 4 to

6 giving an orientation along the weld. The maximum amplitude-to-noise ratio is of medium range at 71 to 20. With X
coordinates of -14 to -25 mm, the indication is in the HAZ, possibly in the base metal. With Z coordinates of 11 to
14 mm, the indication is below the cladding by at least 2 mm.

B - Scan End View

X: -1.170 - -0.870(in) 11pts
Y: 247.46 - 247.04(In) 15pis
Z: 0.437-0.719(n) 21pis
Scale = 0.05(in)
'

C - Scan View

<APLOT>

<APLOT> HEAD
test Collected: 05/06/93 15:29:38
Processed: 02/16/95 17:48:55
TRANEDUCER 4 Mz, Dual Element, Normal Beam

: pulse-echo
frequency (nhz): 4.00 f nunber 0 9.5
standoff(hgt=foc len) (in): 0,390 vel (in/sec) + 105000
incident angle (deg): 0.0 skav angle (deg): 0
full bean angle in metal (deg) 6.0 beam entry dia. (‘n) 0.125
HATERIAL: Pressure Vessel User Research Facility
material velocity (in/sec): 235000 refra(tad angle (deg): 0.0
thickness, . (in): 9.000
SAMPLING: Near Surface only
sanple period {ns):120.00 nusber of qoints HE |
depth (along sound path) in saterfal to start sampling (in): 0.000
windov (us): 7.42 to 15.82 stop sanpting {in): 1.000
SCAN: half wavelength in X and ¥
scan direction (deg): ©
init pos primary axis (in): -4.5 final: 4.5

init pos secondary axis (in): 248.0 final: 239.0

step sfze: scan,inc axes (1n) 0.030, 0.030

scan.inc Tength (in): 9.000, 9.000 #a-scans: 90601

FILE STATISTICS ..uvuuas ain: 0 max: 208 a¥g: 1.7 ....ieeinenns type: ENV

<APLOT> This {s a confirmation call for flav nsS5_17.

0

B - Scan Slde View

Figure A.14a - Volumetric indication #2 in the near surface HAZ: mode 1
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B - Scan End View

-0.900 - -0.240(In) 12pts
T 247.82 - 247.10(in) 13pts
: 0.027 - 1,042(n) 39pls
cale = 0.20(in)

<APLOT»> Head
test Collectad: 05/06/93 15:59:42
Pracessed: 02/16/95 18:13:29

TRANSDUCER: 2 Miz, Dual Element, 70 deg. L .

mode : pulse-acho

frequency ) (nh2): 2.00 f number : 9.5

standoff(hgt=Foc len) {in): 0.290 vel (in/sec) : 105000

incident angle (deg):~24.1 skew angte (deg): 0

full beaa angle in metal (deg): 6.0 bean entry dia.(in): 0.125
MATERIAL: Pressure vessel User Research Facility

saterfial velocity (in/sec): 235000 refracted angle (deg):-66.0

thickness. .. {in): 9.000
SAMPLING: Near Surface only

sanple period {ns):560.00 number of gmnts ;43

depth (along sound path) in material to start san? ing (in): 0.000

windov (us): 5.52 te 30.16 stop sampling (in): 3.000
SCAN: half vavelength in X and Y

scan direction (deg): 0

init pos primary axis (in): -4.5 final: 4.5

init pos secondary axis (in): 248.0 final: 233.0 B - Scan Side View
step ‘size;. sc:n.lnc axes E:n;: 0.060. 0.060 .

scan,in¢ Jengt n). 9.000, S.000 Ha-scans: 22801 X: -0.900 - -0.240 12
FILE STATISTICS ..... co.omind 0 maxi 105 8v@: 4.3 .e...c....e.. type: ENV : 0.900 - -0.2400n) 12pls

ATISTICS ° tre Y: 247.82-247.10(n) 13pts
<APLOT> This §s flaw ns5_17. DZ-.1 and was measursd as a vave packet. Z: 0.027 - 1.042(In) 39pls
i Scale = 0.20(in)

Figure A.14b - Volumetric indication #2 in the near surface HAZ: mode 2
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Planar Indications in the Near Surface Base Metal

Figure A.15 shows planar indication #1 in the near surface base metal. This planar indication has a through-wall extent of
8 mm based on LOS in a cloud like shape, possibly 2.5 mm based on wave packet width. The detection was made in
mode 8 where it had isolated TOF shape at a depth of 18 mm. There were no confirmations in other modes. The
indication is characterized as planar based on lack of normal beam detection. There is no evidence of coin shape in the
end view of mode 8. The length is 7 mm and was made to LOS in mode 8. The range of aspect ratios (length/depth) of
this indication is 0.7 to 2.8. The maximum amplitude-to-noise ratio is low at 165 to 70. With an X coordinate of

122 mm, the indication is clearly in the base metal. With a Z coordinate of 18 mm, the indication is clearly below the
cladding.

C-Scan view

X:4.425 -> 5.145 (In) 19 pts

V129 20 -> 12880 () 11 pts
0.329 —> 0988 {in) 47 pts

Scale = 0.10(m

B—Scan End View

Collected: 05/06/93 16:37:07
: . Procassed: 11/01/394 13:01:07
TRANSDUCER: 1.5 MHz, 45 deg, shear

node : pulse-echg

frequency (mh2): 1.50 f nunbsr ;9.5
standoff{(hgt~foc len) (in): 0.250 . vel (in/sec) : 105000
incident angle {deg): 36.0 skev angle (de

full beam angle in netal (deq): 6.0 - bean entry dia. (1n) 0 125
MATERIAL: Pressure Vesse) User Basear(h Facility

paterial velocity (in/sec): 125000 refracted angle (deg): 44.4
thickness. .. (in): 9.000
SAMPLING: Near Surface only
sample period (ns):320.00 nunber of points : 10§
depth (along sound path) in -aterial to start sanqling (1n): 0.000
wvindow (us): 4.76 to 30.04 stop sanpling (in): 2.090
SCAN: 313” viavelength 1n X ?sd ;I
scan rection eg): 0 —
init pos primary axis (in): -2.5 final: 10.0 B-Scan Side View

init pos secondary axis (in)y: 136.0 Ffipal: 127.0
step size: scan.inc axes (in): 0.040, 0.040 \(-123 20 —> 128.80 (In} ” pts
scan,{nc length (1n):11.000, 9.000 Ha-scans: 62376 7:0.329 —> 0.986 (In) 47 pts
FILE STATISTICS ........ ain: 0 max: 255 avg: 28.5 ............. type: ENV Scale = 0.20 (in)

4425 ~> 5.145(in) 18 pts

éAPLOT> This is flav nsd_f. 02=.41 and was neasured as a cloud-1ike defect.

Figure A.15 - Planar indication #1 in the near surface base metal: mode 8
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Figure A.16 shows planar indication #2 in the near surface base metal. This planar indication has a through-wall extent of
7.4 mm based on LOS in a cloud like shape, possibly 3.5 mm based on wave packet width. The detection was made in
mode 8 where it had isolated TOF shape at a depth of 20 mm. There were no confirmations in other modes. The
indication is characterized as planar based on lack of normal beam detection. There is no evidence of coin shape in the
end view of mode 8. The length is 13 mm and was made to LOS in mode 8. The range of aspect ratios (length/depth) of
this indication is 1.8 to 4. The maximum amplitude-to-noise ratio is high at 190 to 35. With an X coordinate of 112 mm,
the indication is clearly in the base metal. With a Z coordinate of 20 mm, the indication is clearly below the cladding.

8-Scan End View

¥%:4.105 ~> 4.745 (I} 17 pts
¥:155.96 -> 15532 () 17 pts
Z: 0457 -> 1.057 (In} 43 pts
Scale = 0.20 (in)

C~ Scan view

X:4.105 ~> 4, 745 (in) 17 pts
¥:155.96 —> 155.32 (i) 1 pts
1 0.457 ~> 1.057 (In} 43 pts

0.20 {In) :

<APLOT> Head
test Collected: 05/06/93 16:37:0

Processed: 11/04/94 08:50:30 |
TRANSOUCER: 1.5 MHz, 45 deg, shear

node : pulse-echo
frequency (ahz): 1.50 f nusber 1 9.5
standoff(hgt =foc len) {in): 0.250 vel (in/sec) : 105000
incident angle (deg): 36.0 skev angle 0
full bean angle in netal (deg): 6.0 bear entry dia. (ln) 0.12%
MATERIAL: Prassure Vessel User Research Facility
material velocity (in/sec): 125000 refracted angle (deg): 44.4
thickness. (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):320.00 nunber of ?nlnts :
depth {along sound path) in la(erial to start sang ing (1n): 0 000
window (us): 4,76 to 38,04 stop sampling (in): 2.090
SCAN: half wavelength 1n X and Y
scan direction (deg): 0

init pos primary axis (1n : -2.5 final: 10.0

intt pos sa(ondar¥ axis (1n): 150.0 final: 151.0

step size: scan.inc axes (in): 0.040, 0.040

scan.inc length (in):11.000, 9.000 Ha-scans: 62376

FILE STATISTICS ........ nin: 0 max: 255  avg: 33.6 .....eieieeen type: EN

B~5can Slds View

X:4.105 > 4.745(in) 17
Y:155.96 -> 155,32 (In) 1 pts
2: 0.457 => 1,057 (In) 43 pts
Scale = 0.20 (in)

[(]ApLOT) This is flaw ns4_?. 02=-.29 and vas measured as a cloud-1{ke defect.

Figure A.16 - Planar indication #2 in the near surface base metal: mode 8
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Figure A.17 shows planar indication #3 in the near surface base metal. This planar indication has a through-wall extent of
4 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a depth of

15 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of mode 2. The length is 12 mm and was made to
LOS in mode 2. The aspect ratio (length/depth) of this indication is 3 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is of medium range at 22 to 9. With an X coordinate of 122 mm, the indication is clearly in the
base metal. With a Z coordinate of 15 mm, the indication is clearly below the cladding.

C - Scan View

X: 4.500 - 5.160(in) 12pls
Y: 36.82-36.16(n) 12pls
Z: 0.107-0.908(in) 31pls

B - Scan End View
Scale = 0.20(in)

<APLOT>

<APLOT> Head

test Collacted: 05/06/93 15:93:42
Processed: 04/15/94 02:10:31

TRANSDUCER: 2 Miz, Dual Element, 70 deg. L

node : pulse-echo
frequency {nhz): 2.00 f nuaber : 4.8
standoff(hgt=foc len) (in): 0.290 vel (in/sec) ¢ 105000
incident angle (deg):-24.1 skew angle eg): 0
full beas angle in metal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vesssl User Research Facility
naterial velocity (in/sec): 235000 refracted angle {(deg):-66.0
thickness. .. {in): 9.000
SAMPLING: Near Surface only
sample period (ns):560.00 number of points : 45
depth (along sound path) in paterial to start sa-? ing (in): 0.000
vindov (us): 5.52 to 230.16 stop sampling (in): 3.000
SCAN: half wavelength in X and ¥ .
scan direction (deg): 0
init pos prisary axis (in): -4.5 final: 4.5
init pos secondary axis (in): 40.0 final: 31.0
step size: scan,inc axes (in): 0.060, 0.060
scan,inc length (in): 9.000, 9.000 Ka-scans: 22601
FILE STATISTICS ........ nin: 0 max: 113 [:17: HE- P S typa: ERY
<APLOT> This s Flav ns4_2. DZ-.17 and vas measured as a wave packet.
1] : 8 - Scan Side View
o=

Figure A.17 - Planar indication #3 in the near surface base metal: mode 2
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Figure A.18 shows planar indication #4 in the near surface base metal. This planar indication has a through-wall extent of
4 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a depth of

11 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of mode 2. The length is 9 mm and was made to LOS
in mode 2. The aspect ratio (length/depth) of this indication is 2 which is unusually low compared to the other indications
detected in this data set. The maximum amplitude-to-noise ratio is high at 25 to 5. With an X coordinate of -46 mm, the
indication is clearly in the base metal. With a Z coordinate of 11 mm, the indication is below the cladding by 2 mm.

B—Scan End View

C-Scan view

X:—=1.980 ~> —1.440 (ln) 10 pts
¥:142.80 -> 142.14 (in) 12 pts
z 0080 -2 0855 {in) 30 pts
Scale 0.20 (In

2
: Processed: 11/03/34 08:06:

#l 9
#i TRANSDUCER: 2 MH2, Dual Element, 70 deg. L
: node : pulse-echo

frequency (ahz): 2.00 f nuaber $ 4,8
standoff(hqt =foc len) ( n): 0.290 vel (in/sec) : 105000
incident angle eg): .1 skew angle (de
full beas angle in metal (ds ): 12.0 beam entry dia, (ln) 0 125
MATERIAL: Pressure Vessel User Rssear(h facilit
naterial velocity (in/sec): 23500 refracted angle (deg):-66.0
thickness. . (in): 9.000
g1 SAMPLING: Near Surface only
sample perio {(ns):560.00 nuaber of Trnnts i 43
depth (alnng sound path) in material to start sampling 211\): 0.000
: vindov (us): 5.52 to 30.16 stop sanp?ing in): 3.000
3| SCAN: half wavalangth in X and ¥
3] scan direction «{deg): 0
fnit pos pri-ary axis (in): -4,5 final; 4.5
init pos secandar¥ axis (in): t44.0  Final: 135.0
step size: scan,inc axes (in): 0.060, 0.060
scan,inc length (in): 8.000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ min: 0 nax: 39 avg: 0.9 Li.eiiiiianns type: E
gl V

E(jAPI.Oﬁ This §s Flaw ns4_11, D2-.16 and vas apasurad as a vave packet.

8-Scan Side View

Figure A.18 - Planar indication #4 in the near surface base metal: mode 2
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Figure A.19 shows planar indication #5 in the near surface base metal. This planar indication has a through-wall extent of
3.6 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a depth of
12 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is good evidence of coin shape in the end view of modes 4. The length is 15 mm and was made
to LOS in mode 4. The aspect ratio (length/depth) of this indication is 4 giving an orientation along the weld. The
maximum amplitude-to-noise ratio is low at 19 to 9. With an X coordinate of -49 mm, the indication is clearly in the base
metal. With a Z coordinate of 12 mm, the indication is below the cladding by 3 mm.

8 - Scan End View

X: -2.226 - -1.566(in) 12p!s
Y: 126.86 - 126.02(in) 15pis
Z: 0.214-0.801(in) 23pis

Scale = 0.20(n)

C - Scan View

Processed: 11/02/94 12:26:2

?
TRANSDUCER: 2 MHz, Dual £lement, 70 deg. L

node : pulse~-acho

frequency (nh2): 2.00 f number t 4.8
standoff(hgt-foc len) {in): 0.290 vel (in/sec) : 105000
incident angle (deg): 24.1 skev angle

full bean angle tn petal (deq): 12.0 bean entry dia. (in) 0.125
MATERIAL: Pressure Vesse] User Research Factlity
material velocity (1n/sec): 235000 refracted angle (deg): 66.0

thickness... (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):560.00 nunber of points : 45
depth (along sound path) in waterial to start san? ing (in): 0.000
window (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis (iny:  -7.1  final: 4.5

init pos secondary axis (1n): 128.0 Final: 118.0

step sfze: scan,inc axes (in): 0.060, 0.060

scan,inc length (in): 9.000. 9.000 Ha-scans: 22801
FILE STATISTICS ........ min: 0 max: 48 avg: 2.5 ............. type: EN
v

8 - Scan Side View

¢APLOT> This is flav ns_dz4_6. 0z-.14 (J

Figure A.19 - Planar indication #5 in the near surface base metal: mode 4
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Figures A.20a-c show planar indication #6 in the near surface base metal. This planar indication has a through-wall extent-
of 3.5 mm based on wave packet width. The detections were made in modes 3 and 5 where it had isolated TOF shape at
depths of 13 and 16 mm. The shape quality is good for this indication. There was a confirmation in mode 1 at a depth of
14 mm. The different Z values 13 to 16 mm give an alternate depth size of 3 mm. There is good evidence of coin shape
in the end view of mode 3. The indication is characterized as planar based on the coin shape in mode 3. The length is

12 mm and was made to LOS in mode 1. The width is 20 mm and was made to LOS in mode 3. The aspect ratio
(width/depth) of this indication is 6 which tends to confirm planar orientation. The maximum amplitude-to-noise ratio is
of medium range at 29 to 10. With an X coordinate of -29 mm, the indication is clearly in the base metal. With a Z coor-
dinate of 13 mm, the indication is below the cladding by 4 mm.

8 - Scan End View

X: -1.350-.-0.960(n) 14pls
Y: 316.81-316.46(in) 16pts
Z: 0.479 - 0.691(in) 16pis

Scale = 0.05(in)

APLOT> Head
test Collected: 85/06/93 15:29:38
Processed: 03/19/34 05:04:47

TRANSDUCER: 4 Hiz, Dual Elesent, Noraal Beam C - Scan View

xode : pulse-echo

frequency (ahz): 4.00  f nuaber : 4.8
standaff(hgt =fo¢ len) (in): 0.330  vel (in/sec) : 105000
incident angle (deg): 0.0 skev angle (deq): 0

full bean angle in metal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
material velocity (infsec): 235000 refracted angle {deg): 0.0

thickness. .. (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):120.00  nusber of points : 71
depth (alang sound path) in material to start sampling {(in):  0.000
window (us): 7.42 15.82 stop sampling (in):  1.000
SCAN: half wavelength m X and ¥
scan direction (deg): 0 .
init pos prinary axis (in): 4.5 final: 4.5
init pos secondary axis  (in): 320.0 final: 311.0
step size: scan,inc axes (in): 0.030, 0.030
scan,inc length {in): 9.000, 9.000 Ha-scans: 90601
FILE STATISTICS ........ aind 0 wax: 130 avgr 13l type: ENV e
h ) 4
«PLOT> This is confirpation for Flar nsS_18. O B - Scan Side View 9

Figure A.20a - Planar indication #6 in the near surface base metal: mode 1
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B~Scan Side View
X: ~1.86 -> -0.72 (in) 20 pts
¥:317.726 -> 317.006 (in} 13 pts

Z2: 0.000 -> 0.988 (in) 38 pts
Scale = 0.20 (I}

C-Scan vlew

<APLOT>

<APLOT> HEAD
test . Collected: 05/06/83 16:05:29
Processed; 03/18/94 15:17:46
TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node : pulse-echo
freguenc (ah2): 2.00 F nunber 1 4.8
standoff(hqt-foc len) (in): 0.290 vel (in/ssc) : 105000
{ncident angle (deg): 24. 1 skev angle (deg): 0
full bean angle in netal (deg): 12.0 buan ontry dia. (|n) 0.125
MATERIAL: Pressure Vessel User Research Facil
naterial velocity (in/sec): 235000 refractnd angle (deg): 66.0
thickness. {in): 9.000
SAHPLING: Near Surface only
sanple period (ns):560.00 nusber of ?oints 45
depth (along sound path) in material to start sampling s g 0.000
window (us): §.52 to 30,16 stop sanpling (in 3.000
SCAN: half vavslength in X and ¥
scan direction (deg): 0
inlt pos primary axis (in): 222 Hnal 311.0
init pos secondary axis (in): -4.5  Final: 4.5
step size; scan.inc axes (in)' 0.060. 0.060
an,inc length (in): 5.000, 8.00C #a-scans: 22601
FlLE STATISTICS ........ nin: 0 max: S0 avg: 3.5 ... .. type: ENV

<APLOT> This 1s flaw ns5_18. DZ«.14 and vas measured as 8 wave packet fros this
file. This flaw vas alsa detected in the 5s5_320 fila.

0 8-ScanEnd Vlew

Figure A.20b - Planar indication #6 in the near surface base metal: mode 3
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B - Scan Side View

: -1.56--0.84(in) 13pts
1 317.000- 318.580(in} 8pts
0.321 - 0.988(In) 26pts

cnle = 0.20(In)

BN X

C - Scan View

<APLOT>

<APLOT> Head :
test Collected: 05/06/93 16:06:25

Processed: 03/21/94 07:22:26
TRANSOUCER: 2 MHz, Dual Element, 70 deg. L
node : ulsa—acho .

rrequen: )i 2.00 f pugber 4.8
standoff(hgt =foc len) (1n) 0.2390 vel (in/sec) 1
{ncident angle (deg):-24.1 skev angle (deg): 0
full beam angle in astal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
materfal velocity (in/sec): 235000 refracted angle (deg):-66.0
thickness. .. (in): 8.000
SAMPLING: Near Surface only
sample period (ns):560.00 nupber of goints 48
{§i depth (along sound path) in material to start sang ing (in): 0.000
window (us): 5.52 to 30.16 stop sampling (in): 3,000
SCAN: half vavalength in X and Y
scan direction (deg): 0
{nit pos prinary axis (in): 320.0 final: 311.0
init pos secondar¥ axis (in): -4.5 final: 4.5
step size: scan,inc axes (in): 0.060, 0.080 .
scan,inc length {in): 9.000. 9.000 fla-scans: 22801
FILE STATISTICS ........ nin: max: 52 avg: 3.9 .. type: ENV

<APLOT> This is 1faw ns5_18. D2-.14 and vas measured from the 5$3.320 file.

0

X

B - Scan End View

Figure A.20c - Planar indication #6 in the near surface base metal: mode $
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Figure A.21 shows planar indication #7 in the near surface base metal. This planar indication has a through-wall extent of
3 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a depth of

13 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of mode 4. The length is 9 mm and was made to LOS
in mode 4. The aspect ratio (Iength/depth) of this indication is 3 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is of medium range at 22 to 7. With an X coordinate of 32 mm, the indication is clearly in the
base metal. With a Z coordinate of 13 mm, the indication is below the cladding by 4 mm.

C - Scan View

X: 1.104 - 1.614(in) 11pts
Y: 71.34-70.88(in) 9pts
Z: 0.027-0.908(in) 34pts
Scale = 0.10(in)

B - Scan End View

<APLOT> HEAD .
test Collected: 05/06/93 16:04
149
) Processed: 04/21/94 22:39
]
TRANSOUCER: 2 MHz, Dual Element, 70 deg. L
node : pulse-echo
frequency {mhz): 2.00 f nunber ; 4.8
standoff(hgt =foc Yen) (1n) 0.290 vel (In/sec) i 105000
i{ncident angle (deg): 24.1 skev angle : 0
full bean angle {n metal (deg): 12.0 beaa entry dia. (1n) 0.125
MATERIAL: Prassure Vessal User Research Facility
" material velocity (in/sec): 235000 refracted angle (deg): 66.0
thickness. (in): 9.000
SAMPLING: Near Surface only ~ -
sanple period (ns):560.00 numnber of ?oints 145
depth (along sound path) in material to start samg ing (in): 0.000
vindow (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength 1n X and Y
scan direction (deg): 0
init pos primary axis (in): -7 Final: 4.5
init pos secondar¥ axis (in): 72.0 final: 63.0
step size: scan,inc axes (in): 0.060, 0.0690
scan,inc length (in): 9.000, 9.000 fa-scans: 22801
FILE STATISTICS ........ nin: 0 nax: 68 avg: 5.2 Li.iiiiiinaee t
CAPLOT> This is flav ns_dz4_10. Dz=.12 | B - Scan Side View

Figure A.21 - Planar indication #7 in the near surface base metal: mode 4
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Figure A.22 shows planar indication #8 in the near surface base metal. This planar indication has a through-wall extent of
2.5 mm based on wave packet width. The detection was made in mode 3 where it had isolated TOF shape at a depth of
15 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the side view of mode 3. The width is 11 mm and was made to
LOS in mode 3. The aspect ratio (width/depth) of this indication is 4 giving an orientation across the weld. The
maximum amplitude-to-noise ratio is low at 14 to 7. With an X coordinate of -100 mm, the indication is clearly in the
base metal. With a Z coordinate of 15 mm, the indication is clearly below the cladding.

C - Scan View

B - Scan Side View

<APLOT> Hea

| test Collected: 05/06/93 16:05:29
Processed: 11/02/94 11:44:40
H TRANSDUCER: 2 Mz, Dual Element, 70 deg. L
node : pulse-echo
frequency (ah2): 2.00 f number 1 4.8
standuff(hgt =foc len) (m) 0.290 vel (in/sec) : 105000

{ncident angle deg): 24.1 skey angle t 0

full beam angle in metal (deg) 12.0 bean entry dia, (in) 0.128
HATERIAL: Pressure Vessel User Research Facility

naterial velocity (in/sec): 235000 refracted angle (deg): 65.0

thickness. . ' (in):  9.000
SAMPLING: Neaf Surface only

sample period (ns):560.00 nusber of points : 45

depth (along sound path) in material to start sampling (in): 0.000

windov {us): 5.52 to 30.16 stop sanp?lng (in): 3.000 B - Scan End View
SCAN: 2?” vavelangth fa X and }

scan direction (deg): 0 - .

init pos primary axis {in): 130.8 final: 119.0 6: 142':1;%263'7162(;"35:&:; 10pts
inlt pos secondary axis  (in}: -4.5 . final: 4.5 © 0374-0.9080n) 210t P
step size: s<an.¥n( axes (in): 0.060, 0.060 - Z: 03 (In) 21pts
scan,in¢ length (in): 9.000, 9.000 Ha-scans: 22601 _ Scale = 0.20(In)
FILE STATISTICS ........ uin: 0 max: 53  avg: 3.6 ......ieeeann type: ENV

| <APLOT> This {s flar ns4_14. D2=.1 and vas measured as a vave packet.

Figure A.22 - Planar indication #8 in the near surface base metal: mode 3
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Figure A.23 shows planar indication #9 in the near surface base metal. This planar indication has a through-wall extent of
2.5 mm based on wave packet width. The detection was made in mode 3 where it had isolated TOF shape at a depth of

17 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the side view of mode 3. The width is 7 mm and was made to LOS
in mode 3. The aspect ratio (width/depth) of this indication is 2.8 giving an orientation across the weld. The maximum
amplitude-to-noise ratio is of medium range at 27 to 7. With an X coordinate of -102 mm, the indication is clearly in the

base metal. With a Z coordinate of 17 mm, the indication is clearly below the cladding.

node
freauenc

incident angle
material velocity
thickness...

sample porio

scan direction

init pos se(ondar‘y
step sfza: scan,in
scan.inc length
FILE STATISTICS

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L

4
standof f(hgt=foc len)

full bean angle in metal (deg): 12.0
MATERIAL: Pressure Vessel User Research Facility

SAMPLING: Neard'Surfaca only

depth (along sound path) in material to
windor (us): 5,52
SCAN: half wavelength in X and ¥

init pos prinary axis
axis
C axes

<APLOT> This 1s flav ns4_tS.

C . Scan View

B - Scan Side View

Collacted: 05/06/93 16:05:29
Processed: 11/02/94 11:44:40

: pulse-echo
(mh2): 2.00 f number 4.8
(in): 0.29%0 vel (in/sec) : 105000
(deg): 24.1 skex angle (

deg): 0
beaa entry dia.(in): 0.125

(in/sec): 235000
(in): 9.000

refracted angle (deg): 66.0

(ns):560.00 nusber of gaints ¢ 45
start sa-? ing (in): 0.000
to 30.16 stop sampling (in): 3.000 B - Scan End View
deg): 0
{in): 130.6 firal: 119.0 X: -4.32.-3.66(in) 12pis
(in): -4.5 Final: 4.5 Y: 125,186 - 124.286(n) 16pls

(ind: 0.00, 0.060
(in): 9.000, 9.000
ain: 0 max: S3

Z: 0.160- 1.149(in) 38pts
Scale = 0.20(in)

Ha-scans: 22801
3.6

avg: type: ENV

DZ=.1 and vas weasured as a wave packet.
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Figure A.23 - Planar indication #9 in the near surface base metal: mode 3
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Figure A.24 shows planar indication #10 in the near surface base metal.
of 2.5 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a depth of
13 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is no evidence of coin shape in the end view of modes 2. The length is 7 mm and was made to
LOS in mode 2. The aspect ratio (length/depth) of this indication is 2.8 giving an orientation along the weld. The maxi-
mum amplitude-to-noise ratio is of medium range at 24 to 10. With an X coordinate of -18 mm, the indication is in the
base metal, possibly in the HAZ. With a Z coordinate of 13 mm, the indication is below the cladding by 4 mm.

8-Scan End View

X:=1,020 => -0.480 (In) 10 pts
¥:200.32 -> 18854 (in) 14 pts
2:0.160 —> 0.882 (in) 26 pts

Scale = 0.20 {in)

<APLOT>
<APLOT> HEAD
tost Collocted: 05/06/93 15:59:42
Processed: 02/21/95 17:04:19
TRANSDUCER: 2 MHz, Dual £lement, 70 deg. L
node : pulse-acho
frequency (ahz): 2.00 f number : 4.8
standaff(hgt=Ffoc len) (in): 0.290 ve) (in/sac) : 105000
incident angle (deg):-24.1 skew angle

(de 0
full bean angle in netal (dag) 12.0 beam entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
material valocity (in/sec): 235000 refractcd angle (deg):-66.0

thickness. . {n): 9.000
SAMPLING: Near Surface only .
sasple period {ns);560.00 nuober of ?o1nts T 45
depth (aleng sound path) in matartal to start sanpling {in): 0.000
vindow (us): 5.52 to 30.16 stop saspiing (fn): 3.000
SCAN: half wvavelength {n X and ¥
scan direction (deg): 0
{nit pos primary axis (in):  -4.5 fina): 4.5
init pos secondar¥ axis {in): 208.0 fipal: 199.0
step sfze: scan.inc axes (in): 0.060, 0.060
scan,inc length {in): 9.000, 9.000 Ha-scans: 2260%
FILE STATISTICS ........ nin: [} max: 144 avg: 6.7 Liieiiuranian type: ENV

<APLOT> This ¥s flaw ns5.14. 0Z-,1 and was measured as a vave packet. Thesa viers

are normalized to SO counts. In tha unnorsaltized views it is at 113 counts,

and vhen normalized on the flav it is at 24 counts

1

Figure A.24 - Planar indication #10 in the near surface base metal: mode 2
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C-Scan view

B8-5Scan Side Vlew

Appendix A

This planar indication has a through-wall extent

NUREG/CR-6471



Appendix A

Figure A.25 shows planar indication #11 in the near surface base metal. This planar indication has a through-wall extent
of 2.5 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a depth of
15 mm. The TOF shape may be artificial do to the limits of the scanning aperture; the shape quality is poor for this
indication. There were no confirmations in other modes. The indication is characterized as planar based on lack of
normal beam detection. There is no evidence of coin shape in the end view of mode 4. The length is 15 mm and was
made to LOS in mode 4. The aspect ratio (length/depth) of this indication is 6 giving an orientation along the weld. The
maximum amplitude-to-noise ratio is of medium range at 15 to 6. With an X coordinate of 20 mm, the indication is in the
base metal. With a Z coordinate of 15 mm, the indication is clearly below the cladding.

B-Scan End view

X: 0474 -> 1.074 (in) 11 pts
¥:237.86 -> 237.00{in) 17 pts
2: 0481 —> 0.988 (In) 20 pts
Scale = 0.20 (in)

C-Scan view

<APLOT> HEAD
g test Collacted: 05/06/93 16:04:48

: . Processed: 02/21/95 12:35:35
§| TRANSDUCER: 2 MMz, bual Element, 70 deg. L

node : pulse-echo

frequency (wh2): 2.00 f nunber : 4.8
standoff(hgt «foc 1en) (in): 0.290 vel (in/sec) : 105000
{ncident angle (deg): 24.1 skev angle (deg):

: full bean angle in nmetal’ (dag) 12.0 bean entry dia. (ln) D 125
§| MATERIAL: Pressure vessel User Research Facility

material velocity (in/sec): 235000 r_efracted angle (deg): 66.0
: thickness. . (in): 9.008
2| SAMPLING: Naar Surface only
: sanple period (ns):560.00 nueber of points : 45
depth (along sound path) in material to start sampling (in): - 0.000
8 windov (us): S5.52 to 30.16 stop saspling (in): 3.000
8| SCAN: half wavelength in X and ¥
#| scan direction {deg): 0
init pos primary axis (in): -7.1 final: 4.5

init pos secondary axis (in): 240.0 final: 231.0

step size: sc<an,inc axes (in): 0.060, D.060

g scan,inc length (in): 9.000, 9.000 Ha-scans: 22801

8 FILE STATISTICS ........ win: 0 max: 137 avg: 3.5 Lo.e.eeeaaen type: ENV

DZ=.1 and vas measured as a wave packet.

<APLOT> This is flaw ns5_1B.

j|o

B-Scan Side View

Figure A.25 - Planar indication #11 in the near surface base metal: mode 4

NUREG/CR-6471 A .48



Appendix A

Figure A.26 shows planar indication #12 in the near surface base metal. This planar indication has a through-wall extent
of 2.5 mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF shape at a depth of
19 mm. There were no confirmations in other modes. The indication is characterized as planar based on lack of normal
beam detection. There is some evidence of coin shape in the end view of mode 8. The length is 11 mm and was made to
LOS in mode 8. The aspect ratio (length/depth) of this indication is 4 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is high at 216 to 45. With an X coordinate of 113 mm, the indication is clearly in the base metal.

With a Z coordinate of 19 mm, the indication is clearly below the cladding.

C - Scan View

X: 4.145 - 4.905(in) 20pis
Y: 167.36 - 166.80(in) 15pis
Z: 0.357-0.886(in) 38pls

Scale = 0.20(In)

B - Scan End View

Processed: 11/08/94 11:22:37

TRANSOUCER: 1.5 MH2, 45 deg, shear
wode . pulse-echo
frequency (mhz): 1.50 f nuaber : 9.5
standoff(hgt=Ffoc 1en) (in): 0.250  vel (in/sec) : 105000
incident angle (deg): 36.0 skev angle deg): 0
full bean angle in metal (deg): 6.0 bean entry dia.(in):.0.125
MATERIAL: Pressure Vesse) User Research Facility
waterial velocity (in/sec): 125000 refracted angle (deg): 44.4

thickness... (in): 9.000
SAMPLING: Near Surface only
sanple perfod (ns):320.00 nunber of points : 10§
depth (along sound path) in material to start sa-? ing (in): 0.000
windor (us): 4.76 to 38.04 stop sanpling (in): 2.080
SCAN: 2?” wiavalength in X ?Sd ;
scan direction eg): 0
init pos primary axis (in): -2.5 final: 10.0 B - Scan Side View

init pos secondary axis (in): 168.0 Ffinal: 153.0

step size: scan,inc axes (in): 0.040, 0.040

scan,in¢ length {in}:11.000, 9.000 #a-scans: 62376
FILE STATISTICS ........ mfn: 0 pax: 255  avg: 34.8 .........ee.. type: ENV

X: 4.145-4.905(n) 20pts
Y: 167.38 - 166.80(in) 15pts
Z: 0.357-0.886(in) 38pis

Scale = 0.20(in)

CAPLOT> This is flav nsd_16, DZ=.1 and vas neasured as a vave packet.

Figure A.26 - Planar indication #12 in the near surface base metal: mode 8
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Figure A.27 shows planar indication #13 in the near surface base metal.. This planar indication has a through-wall extent
of 2.3 mm based on wave packet width, possibly 1.6 mm based on ring around pattern. The detection was made in mode
8 where it displayed TOF shape at a depth of 14 mm. The shape quality is good for this indication. There were no confir-
mations in other modes. The indication is characterized as planar based on lack of normal beam detection. There is no
evidence of coin shape in the end view of mode 8. The length is 10 mm and was made to LOS in mode 8. The aspect
ratio (length/depth) of this indication is 6 giving an orientation along the weld. The maximum amplitude-to-noise ratio is
of medium range at 154 to 50. With an X coordinate of 142 mm, the indication is clearly in the base metal. Witha Z
coordinate of 14 mm, the indication is clearly below the cladding.

C - Scan View

X: 5.225-5905(n) 18pis
Y: 22388 -223.400n) 13pis
Z: 0.271-0.743(n) 34pis

Scale = 0.10(in)

B - Scan End View

<APLOT> Head .
test Collected: 05/06/93 16:37:07
) processed: 11/15/94 16:17:18
TRANSDUCER: 1.5 MHz, 45 deg, shear

node : pulse-echo

frequency (ahz): 1.50  f number : 9.5
standof f (hgt=Ffoc len) {in): 0.250 vel {(in/sec) -1 105000
incident angle (deg): 6.0 skev angle

(deg): 0
full bean angle in netal (deg): 6.0 beam entry dia.(in): 0.125
MATERIAL: Pressure Vesse) User Research Facility )
naterial velocity (in/sec): 125030 refracted angle (deg); 44.4
0

thickness. .. (in):

SAMPLING: Near Surface only
sample period (ns):320.00  number of s)oints ;105
depth (along sound path) in naterial to start sampling {in): 0.000
vindov (us)! 4.76 to 38.04 stop saapling  ({n): 2.090

SCAN: half vavelength in X and ¥
scan direction (deg): 0

init pos primary axis (in): -2.5. final: 10.0

init pos secondary axis (in): 224.0 Ffinal: 215.0

step size: scan,inc axes (in): 0.040, 0.040

scan,inc length (in):11,000, 9.000 Ha-scans: 62376

FILE STATISTICS ........ aln: 0 max: 246 avg: 22.3 ........e... type: ENV

B - Scan Side View

X: 6.225-5.905(in) 18pts
Y: 223.88 - 223.40(in) 13pls
Z: 0.271-0.743(in) 34pls

Scalo = 0.10(in)
APLOT> This {s Flay nsd_28. DZ-.09 and vas measured as a vave packet.

Figure A.27 - Planar indication #13 in the near surface base metal: mode 8
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Figure A.28 shows planar indication #14 in the near surface base metal. This planar indication has a through-wall extent
of 2.3 mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF shape at a depth of
20 mm. The shape quality is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of normal beam detection. There is some evidence of coin shape in the end view of
mode 8. The length is 10 mm and was made to LOS in mode 8. The aspect ratio (Iength/depth) of this indication is

4 giving an orientation along the weld. The maximum amplitude-to-noise ratio is of medium range at 143 to 45. With an
X coordinate of 43 mm, the indication is clearly in the base metal. With a Z coordinate of 20 mm, the indication is clearly
below the cladding.

B - Scan End View C - Scan View

X: 1.305-1.985(in) 18pts
Y: 165.64 - 165.120n) 14pts
Z: 0.643-1.043(in) 28pts

Scale = 0.10(in)

X: 1.305- 1.885(in) 18pls
Y: 165.64 - 165.12(in) 14pts
Z: 0.843-1.043(in) 29pts
Scale = 0.10(in}

<APLOT>
<APLOT> Head

test Collected: 05/06/93 16:37:07
Processed: 11/08/94 11:22:37
TRANSDUCER: 1.5 Miz, 45 deg, shear .
node : pulse-echo
fraquen< {shz): 1.50 f nusber R -1
standnff(hgt =foc len) {in): 0.250 vel (in/sec) : IOSDDO

incident angle {deg): 36.0 skey angle  (deg):
full beaa angle in eetal (deq) 6.0 beas entry dia. (1n) 0 125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (in/sec): |2sggo refracted angle (deg): 44.4
9.

thickness. . (in):
SAPLING: Near Surface only
sanple period (ns}:320.086  nuaber of points ¢ 105
depth (along sound path) in material to start sampling (in): 0.000
windor (us): 4.76 to 38.04 stop sampling {in): 2.080
SCAN: g?lf vavelanqth in X ?gd ; 0
scan direction eg): :
init pos prisary axis (in):  -2.5 final:  10.0 B - Scan Side View

init pos secondary axis (in): 168.0 final: 158.0

step size: scan,inc axes (in): 0.040, 9.040

scan,inc length (1n):11.000, 9.000 Ra-scans: 62376

FILE STATISTICS ........ ain: 0 max: 255 avg: 3.8 .....vieveann type: ENY

X: 1.305 - 1.985(In) 18pts
Y: 165.64-165.12(n) 14pts
Z: 0.643-1.043(In) 29pts

Scale = 0.10(In)
<APLOT> This Is Flaw ns4_22. DZ=.08 and vas weasured as a wave packet.

]

Figure A.28 - Planar indication #14 in the near surface base metal: mode 8
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Figure A.29 shows planar indication #15 in the near surface base metal. This planar indication has a through-wall extent
of 2.3 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a depth of
17 mm. The shape quality is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of normal beam detection. There is no evidence of coin shape in the end view of
mode 2. The length is 14 mm and was made to LOS in mode 2. The aspect ratio (length/depth) of this indication is

6 giving an orientation along the weld. The maximum amplitude-to-noise ratio is of medium range at 16 to 7. With an X
coordinate of -30 mm, the indication is clearly in the base metal. With a Z coordinate of 17 mm, the indication is clearly

below the cladding.

C - Scan View

. -1.500 - -0.780(In) 13pis
: 32.80 - 32.26(in) 10pls
: 0.401-1.095(in) 27pls
cale = 0.20(in)

oN

B - Scan End View

<ApLoT>

<APLOT> Head
test R Collected: 05/06/93 15:59:42
Processed: 04/15/94 02:10:31

TRANSDUCER: 2 Mz, Dual Elesent, 70 deg. L

node : pulse-acho

frequenc (ah2): 2.00 f number - t 4.8

standoff(hqt =foc Ten) (in): 0.290 vel (in/sec) : 105000

incident angle (deg):-24.1 skev angle (de

full beam angle in setal (deg): 12.0 beaa entry dia. (1n) 0 125
MATERIAL: Pressure Vessel User Research Facility

material velocity (in/sec): 235000 refracted angle (deg):-66.0

thickness. . (in): " 9.000
SAMPLING: Near Surface only

sanple period (ns):560.00 nuaber of points : 45

depth (atong sound path) “In naterhl to start sangling (in): 0.000

windov (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength 'm X and ¥ B-S Side Vi

scan direction (deg): 0 - Scan Slde View
init pos primary axis (in): -4.5 final: 4.5

init pos secondary axis (in):  40.0 final: n.0 X: +1.500 - -0.780(in} 13pts
step size: scan.,inc axes (in): 0.060, 0.060 Y: 32.80 - 32.26(in) 10pls
scan,inc length (in): 9.000. 9.000 Ha-scans: 22801 2: 0.401-1.095(in) 27pts
FILE STATISTICS ........ afn: 0 max: 113 avg: S.1 .......e.e.n type: ENV o ;

Scale = 0.20(in)

ﬁAPLOT) This {s flaw ns4_20. 0Z-.09 and vas measured as a vave packet,

Figure A.29 - Planar indication #15 in the near surface base metal: mode 2
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Figure A.30 shows planar indication #16 in the near surface base metal. This planar indication has a through-wall extent
of 2.3 mm based on wave packet width. The detection was made in mode 3 where it had isolated TOF shape at a depth of
18 mm. The TOF shape may be artificial because of the limits of the scanning aperture; the shape quality is fair for this
indication. There were no confirmations in other modes. The indication is characterized as planar based on lack of
normal beam detection. There is no evidence of coin shape in the end view of mode 3. The width is 7 mm and was made
to LOS in mode 3. The aspect ratio (width/depth) of this indication is 3 giving an orientation across the weld. The
maximum amplitude-to-noise ratio is low at 12 to 6. With an X coordinate of -104 mm, the indication is clearly in the
base metal. With a Z coordinate of 18 mm, the indication is clearly below the cladding.

C - Scan View

B - Scan Side View

<APLOT> HEAD
test Collected: 05/06/83 16:05:29

Pracessed: 11/02/94 09:36:38

TRANSDUCER: 2 tHz. Dual Element, 70 deg. L

node : pulse-echo

frequency (mh2z): 2.00 f number : 4.8

standoff(hgt=Ffoc len) (in): 0.290 vel (in/sec) : 105000

incident angle (deg): 24.1 skev angle . ag):

Full bean angle in metal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility

material velocity (in/sec): 235000 refracted angle (deg): 66.0

thickness... - (in): 9.000

SAMPLING: Near Surface 'on1y

sanple period (ns):560.00 nunber of ?aints : 43
depth (along sound path) {n material to start sampling (in): 0.000
windov (us): 5.52 to 30.16 stop sampiing (in): 3.000
SCAN: half wavelength in X and ¥
scan direction (deg): 0
init pos primary axis (in): 114.6 final: 103.0 B - Scan End View
inft pos secondary axts (in): -4.5 final: 4.5
step ?hei scan,(nc axes E:ng: 0.060., o.ggo a1 X: -4.26 - -3.84(in) Bpts
scan.inc lengt n): $.000, 9.000 Ha-scans: 2280 . R
FILE STATISTICS ........ min: 0 wax: 53 ave: 4.3 ............. type: ENV Y: 109.306 - 108.766(n) 10pts

Z: 0.374-1.175(in) 3ipis

. Scale =.0.20(in)

<APLOT> This is flaw ns4_21. 0Z-.03. These views are normalized to 20 counts.
without normalization it is at 31 counts. and normalization to the flav
is at 12 counts.

Figure A.30 - Planar indication #16 in the near surface base metal: mode 3
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Figure A.31 shows planar indication #17 in the near surface base metal. This planar indication has a through-wall extent
of 2.3 mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF shape at a depth of
20 mm. The shape quality is poor for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of normal beam detection. There is no evidence of coin shape in the end view of
mode 8. The length is 8 mm and was made to LOS in mode 8. The aspect ratio (length/depth) of this indication is

3 giving an orientation along the weld. The maximum amplitude-to-noise ratio is of medium range at 130 to 50. With an
X coordinate of 46 mm, the indication is clearly in the base metal. With a Z coordinate of 20 mm the indication is clearly
below the cladding.

B - Scan End View

X: 1.665-2.025(n) 10pts
- ¥: 175.60 - 175.24(in) 10pts
Z: 0.614-0.972(in) 26pls
Scale = 0.10(in)

<APLOT> HEAD X
test Collected: 05/06/33 16:37:07

Processad: 11/08/34 08:53:27
TRANgDUCER: 1.5 MH2, 45 deq, shear

0o : nuls' -echo
frequenc {mhz}: 1.50 f nunber :
standoff(hgt foc ten) (in): 0 250 vel (in/sec) : 105000
tncident angle (deg): 36.0 skew angle {de
full beam angle in metal (dsg) 6.0 bean sntry dia. (In) D 125
MATERIAL: Pressure Vessel Usor Resaarch Facili
natarial velocity (in/sec): refracted angle (deg): 44.4
thickness.. (in): 9 000
SAMPLING: Near Surface only
sanple period (ns}:320.00 number of ?olnts H
depth (along sound path) Cn naterial to start sampling (in): 0 000
vindov (us): 4, 8.04 stop sampling {in): 2.090
SCAN: half 'avelength 1n X and M
| scan direction (deg): 0

init pos primary axis (1n): -2.5 final: 10.0
jnit pos secondary axis (in): 184.0 Final: 175.0
step size; scan,inc axes (in): 0.040, 0.040

[ scan.inc length (in):11.000, 9.000 1 62376

| FILE STATISTICS ........ aln: 0 max: 255 avg: 341 .....eeee-.. type: ERV

B - Scan Slde View

X: 1.865-2.025(in) 10pts
Y: 175.60 - 175.24(in) 10pts
Z: 0.614-0.972(in) 26pis

Scale = 0.10(in}

1 (APLOT> This is flaw ns4_23. DZ-.09 and vas asasurad as a vave packet, These vig
vs are normalized to 130 counts vhich {s the hottspot for the flaw. Without the
ﬂar-alization these vievs are at 138 counts,

Figure A.31 - Planar indication #17 in the near surface base metal: mode 8
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Figure A.32 shows planar indication #18 in the near surface base metal. This planar indication has a through-wall extent
of 2 mm based on wave packet width. The detection was made in mode 7 where it had isolated TOF shape at a depth of
22 mm. The shape quality is fair for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of normal beam detection. There is no evidence of coin shape in the side view of
mode 7. The width is 11 mm and was made to LOS in mode 7. The aspect ratio (width/depth) of this indication is

6 giving an orientation across the weld. The maximum amplitude-to-noise ratio is of medium range at 85 to 30. With an
X coordinate of 39 mm, the indication is clearly in the base metal. The Z coordinate of 22 mm shows that the indication is
below the cladding.

8-Scan Side Vlew

X: 1.30 ~> 1.82(in) 14 p
Y:189.775 >183295(ln) 13 pts
2:0.714 => 1.272 (in) 40 pts
Scale = 0.20 (in)

C-Scan view

<APLOT> HEAD
test Collected: 05/06/83 16:36:03 %
Processed: 11/10/94,15:05:00 4
TRANSDUCER: 1.5 MHz, 45 deg, shear %
aode H pulsa-echo Y
freuuenc (ahz): 1.50  f number i 8.5 5
standoff(hgt-foc len) (h\) 0.250 vel (in/sac) : 105000
incident angle (deq): 36.0 skev angle o

(deg}: 0
full bean angle {n aetal (deg): 6.0 bean entry dia. (|n) 0.125
MATERIAL: Pressure Vessel Usar Resefrx Facilit
nater{al velocity (1n/sa<) tgsggg refracted angle (deg): 44.4
in): 9,

thickness. .
SAMPLING: Near Surface only
sample poriod (ns):320.00  number of gomts :
depth (along sound path) in material to start sang ing (in): 0 000
vindoy (us): 4.76 to 38.04 stop sampling  (in): 2,080

SCAN: half wavelength in X and ¥

scan direction (deq): 0

init pos primary axis (!n): 193.5  final: 183.0

init pos sacnndar¥ axis %(n): -4.5  final: 4.5
n

step size: scan,inc axes (in): 0.040, 0.040
scan,inc langth (in): 9.000, 9.000 Ha-scans: 51076
FILE STATISTICS ........ nin: 0 max: 255 avg: 27.8 ....v.ieieninn type: ENV

CAPLOT> This is flar nsd_29. DZ=.08 and vas measurad as a wave packet. 8-Scan End View

Figure A.32 - Planar indication #18 in the near surface base metal: mode 7
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Figure A.33 shows planar indication #19 in the near surface base metal. This planar indication has a through-wall extent
of 2 mm based on wave packet width. The detection was made in mode 7 where it had isolated TOF shape at a depth of
25 mm. The shape quality for this indication is poor and broken up, implying that more than one small flaw may be
present There were no confirmations in other modes. The indication is characterized as planar based on lack of normal .
beam detection or detection of orthogonal modes. There is no evidence of coin shape in the side view of mode 7. The
width is 16 mm and was made to LOS in mode 7. The aspect ratio (width/depth) of this indication is 8 which tends to
confirm more than one small flaw. The maximum amplitude-to-noise ratio is of medium range at 91 to 40. With an X
coordinate of 106 mm, the indication is clearly in the base metal. With a Z coordinate of 25 mm, the indication is clearly
below the cladding.

B - Scan Side View

X: 3.82-4.50(n) 18pts
Y: 220.615 - 220.055(in) 15pis
Z2: 0.814-1.357(in) 39pis

Scale = 0.20(in)

C - Scan View

<APLOT> HEAD
test Collected: 05/06/93 16:36:03
Processed: 11/15/94 17:06:46

TRANSDUCER: t.5 Miz, 45 deq, shear

node . pulse-echo

freguenc (ahz): 1.50 € nusber 1 9.5
standoff(hqt=foc len) (in): 6.250 vel (in/sec) : 105000
tncident angle (deg): 36.0 skey angle HE]

full bean angle in metal (deg): 6.0 beas entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User ResefAx Facility
matgrial velocity {in/sec): 125000 rsfractgd angle (dag): 44.4

thickness. (in): 9.000
SAMPLING: Near Surface only -
sample period {ns):320.00 - nuaber of ?aints ;105
depth (along sound path) in waterial to start san? ing (in): 0.6000
window (us): 4.76 to 38.04 stop saapling (in): 2.090
SCAN: half wavelength in X and Y
scan direction
init pos prisary axis (1n): 225.5 final:  215.0
init pos secondary axis (in): -4.5 final: 4.5
step size: scan.inc axes (in): 0.040. 0.040
scan,inc length (in): $.008, 9.000 #a-scans: St076 .
FILE STATISTICS ........ afn: 0 max: 255  avel 2%.4 .....ieeeenne type: ENV

B - Scan End View

ﬁAPLOT) This is flar ns4_33. DZ=.08 and vas measured as a wave packet.

Figure A.33 - Planar indication #19 in the near surface base metal: mode 7
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B - Scan End View

<APLOT>

<APLOT> Head
test

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L

node : pulss-echo

frequency (nhz); 2.00 f nunber ;4.9
standoff(hat=foc len) (in): 0.2%0 vel (in/sec) ¢ 105000
incident angle {deg): 24.1 skev angle :

(deg):
full beam angle in metal (deg): 12.0 bean entry dia.(in); 0,125
MATERIAL: Pressure Vessel User Research facility
naterfal velocity (in/sec): 235000 refracted angle (deg): 66.0
thickness. .. (in): 9.000
SAMPLING: Mear Surface only

sanple period (ns):560.00 nusber of points 45
depth (along sound path) in material to start sang ing (in): 0.000
windov (us): ~ 5.52 to 30.16 stop sampling (in): 3.000

SCAN: half vavelength in X and Y

scan direction deg): 0
init pos primary axis {in): 178,86 final: 167.0
init pos secondary axis (in): final: - 4.5

-4.5
{in): 0.060, 0.060

step size; scan,inc axes
scan.inc length (in): 9.000, 9.000 #a-scans: 22801
FILE STATISTICS ........ min: 0 amax: 87 avg: |- J type:

<APLOT> This {s flaw ns5_27.

0

DZ-.08 and vas measured as a vave packet.

Collected: 05/06/93 16:05:
Processed: 02/21/35 15:4

C - Scan View

B - Scan Side View

ENV X: 2.94-3.72(in) 14pls

. Y: 175.886 - 175.286(in) 11pts
Z: 0.080-0.828(in) 29pts
Scale = 0.20(In)

Figure A.34 - Planar indication #20 in the near surface base metal:

mode 3
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Figure A.34 shows planar indication #20 in the near surface base metal. This planar indication has a through-wall extent
of 2 mm based on wave packet width. The detection was made in mode 3 where it had isolated TOF shape at a depth of
12 mm. The shape quality is fair for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. There is no evidence of coin
shape in the side view of mode 3. The width is 8 mm and was made to LOS in mode 3. The aspect ratio (width/depth) of
this indication is 4 giving an orientation across the weld. The maximum amplitude-to-noise ratio is of medium range at

24 to 8. With an X coordinate of 81 mm, the indication is clearly in the base metal. With a Z coordinate of 12 mm, the
indication is below the cladding by 3 mm:.

B e e SR
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Figures A.35a-b show planar indication #21 in the near surface base metal. This planar indication has a through-wall
extent of 1.5 mm based on wave packet width. The detections were made in modes 2 and 4 where they had isolated TOF
shape at a depth of 8 mm. The TOF shape quality for this indication is fair. The indication is characterized as planar
based on lack of normal beam detection. There is good evidence of coin shape in the end view of mode 4. The length is
8 mm and was made to LOS in mode 4. The aspect ratio (length/depth) of this indication is 5 giving an orientation along
the weld. The maximum amplitude-to-noise ratio is high at 143 to 25. With an X coordinate of -24 mm, the indication is
clearly in the base metal. The Z coordinate of 8 mm shows that the indication is in the base metal, possibly in the

cladding.

B - Scan End View

<APLOT>
#1 <APLOT> HEAD

Bl tost Collected: 05/06/93 15:59:42
: Processed: 12/20/93 12:18:3?
] TRANSOUCER: 2 iz, Dual Elemont, 70 deg. L
3 node : pulse-echo
frequency (ah2): 2.00 f number : 4.8
standoff(hgt «foc len) {in): 0.290 vel (in/sec) H 105000
incident angle (deg):-24.1 skev angle deg): i
# ful) bean angle in metal (deg): 12.0 bean entry dia. (in) 0 125 3
B! MATERIAL: Pressure Vessel User Hesearch Facitity :
§ naterial velocity ({in/sec): 235000 refractad angle (deg):-66.0 ks
thickness. . {in): 9.000 ¥
8] SAMPLING: Near Surface only ’g
sample period {ns):560.00 nunber of ?olnts P45 ¥
g depth (along sound path) |n naturhl to start sus) ing (in): 0.000 §
#  windov (us): S.S 0.16 stop sampling” (in): 3.000 ks
B scAN: half wavalangth 1n X and ¥ §
§ "scan dirad’.}on i (??gg. 0 45 Finals 5 é
init pos primary axis n): -4, na 4, . ¢
init pus ;acundar‘r axis E}ng oﬂggoo 0. sézal 471.0 B - Scan Side View ?
step size: scan,inc axes n
: an.inc length (§n): $.000, 9.000 Ha-scans: 22801 X: -1.320--0.720(n) 11pis I3
. FILE STATISTICS ...vuuus nin: 0 max: 137 avel 5.2 sieiennnienas type: ENY Y: 471.84-471.36(n) Spts i
: ' . 0.000- 0. 3
8t <APLOT> This is Flaw nsS_18, DZ=.1 and was measured fron the 5s4_480 fila in gc.ho.og zg(:ls)S(ln) 33pts %’
which this flav was also detected. - %

Figure A.35a - Planar indication #21 in the near surface base metal: mode 2
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C-Scan view

%:~1.506 ~> -0.906 Ing 11 pts
¥A471.90 -> 471.42(In) 9 pts
Z:0.000 -> 05088 (in) 23 pts

Scale = 0.10 (in)

B-Scan End View

<APLOT>
<APLOT> Head

H test Collected: 05/06/93 16:04:49
i Processed: 12/20/33 13:15:47
| TRANSDUCER: 2 MHz, Dual Element, 70 deg. L .

node : pulse-echo

frequency (ahz): 2.00 f nusber : 4.8

stnndoff(hgt foc len) {in): 0.290 vel (in/sec) : 105000

incident angle (deg): 24.1 skav angle (deg): 0

] full beam angle 1n eetal (dag). 12.0 bean entry dia.(in): 0.125
| MATERIAL: Pressure Vesse] User Research Facili

SRS sy s g

material velocity {in/sec): 235000 rnfractsd angle (deg): 66.0 §<
thickness. .. (in): 9.060 §
SAMPLING: Near Surface only %
sanple perfod (ns):560.00 nuaber of points : 45
depth (along sound path) in material to start sa-ellng (in): 0.000
windov (us): 5.52 to 30.16 stop sanpling (in): 3.000
SCAN: half wavelangth in X and ¥
scan direction (deg): 0
:n:t pos primary axis‘ E:n;: -7.1 gna} 4,5
nit pos secondary axis n): 480.0 nal: 421.0 o
step ?ha% sc:n,(nc axes Eing 0.060, 0.060 8-Scan Side view
scan,inc lengt in): 8.000, 9.000 #a-scans: 22001 g -
FILE STATISTICS ........ sin: 0 max: 143 avgi 4.2 L..iieeenan. type: ENV ¢-4;|533 _2;‘7)1905 ‘31 hls

: 0.000 —> 0.586 (ln) 23 p!s
Scalo = 0.20 (in)

<APLOT> This is Flaw nsS_19. Original DZ=.1, but was measured errantly. This
lav has a DZ=.06 (ninlaus) because it was measured as a shapeless echo.
0

Figure A.35b - Planar indication #21 in the near surface base metal: mode 4
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Volumetric Indications in the Near Surface Base Metal

Figures A.36a-b show volumetric indication #1 in the near surface base metal. This volumetric indication has a through-
wall extent of 6 mm based LOS in a cloud like pattern. The detection was made in mode 9 where it failed to display TOF
shape but looked more cloud like in nature at a depth of 20 mm. There was a confirmation in mode 1 at a depth of

19 mm. The indication is characterized as volumetric based on normal beam detection. There is no evidence of coin
shape in the side view of mode 9. The length is 6 mm and was made to LOS in mode 1. The width is 7 mm and was
made to LOS in mode 9. The aspect ratio (width/depth) of this indication is 1.2, and the length-to-depth ratio is 1.0. The
maximum amplitude-to-noise ratio is low at 88 to 40. With an X coordinate of 28 mm, the indication is clearly in the base
metal. With a Z coordinate of 20 mm, the indication is clearly below the cladding. -

B - Scan End View

X: 1.050 - 1.410(in) 13pls
Y: 27.74-27.28(in) 16pls
2: 0.649-0.874(in) 17pts
Scale = 0.05(in)

<APLOT> Head
test Collected: 05/06/93 15:29:38

Processed: 04/18/94 13:26:33 €-5can view
TRANSDUCER: 4 MHz, Dual Element, Normal Beam

sode : pulse-echo

frequency (nhz): 4.00 f nunber 1 4.8
standoff(hgt =foc len) (in): 0.330  vel (in/sec) H 105000
incident angle deg): 0.0 skew angle (deg):

L]
full bean angle in astal (dsg) 12.0 beam sntry dia. (in): 0 125
MATERIAL: Pressure Vessel User Research Facilit
saterial velocity (in/sec): 235000 refractsd angle (deg): 0.0
0

thickness. .. (in):
SAMPLING: Near Surface only
sanple period {ns):120.00  nunber of points : 71
depth (along sound path) in material to start sappling (in): 0.000
yindoy (us): 7.42 to 15.82 stop saspling (in): 1.060
SCAN: half vavelength in X and Y
scan direction (deg): 0

init pos primary axis (n):  -4.5 final: 4.5

init pos secondary axis  (in): 32.0 final:  23.0

step size; scan,inc axes (1n) 0.030, 0.030

scan,inc length (in): 9.000, 9.000 #a-scans: 90601

FILE STATISTICS ........ ain: 0 pax: 255  av9: 4.5 ..eiieiennan type: ENV

<APLOT> This is a confirsation call for flae nsd_4.

"

B-Scan Sids View

Figure A.36a - Volumetric indication #1 in the near surface base metal: mode 1
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O O A G A L L P

SR

C - Scan View

X: 0.86-1.22(in) 10pts

Y: 27.560-27.080(In) 13pis
Z: 0.400-0.943(in) 39pis
Scale = 0.10(in)

8 - Scan End View

<APLOT> Head
test Collected: 05/08/93 16:37:48
Processed: 10/25/94 10:53:58
TRANSDUCER: 1.5 MMz, 45 deg, shear
wnode 1 pulse-echo
frequency {wh2): 1.50 f nunber ]
standoff(hgt-foc len) {in): 0.250 vel (in/sec) : 105000
incident angle (deg):-36.0 skew angle
full bean angle in metal (deg): 6.0 bean entry dia.(ln) u 125
MATERIAL: Pressure Vessel User Resefrx facilit
naterial velocity (in/sec): 125000 refracted angle (deg):-44.4
thickness. .. {in): 9.000
SAMPLING: Near Surface only
sanple period {ns):320.00 nuaber of ?omts
depth (along sound path) in naterial to start sampling (in .
window (us): 4.76 to 39.04 stop saspling (in): 2.090
SCAN: half vavelength in X and ¥ R
scan direction (deg): 0
init pos primary axis (in): 32.0 final: 23.0
init pos secondary axis {in): -4.5 final: 4.5
step size; scan,inc axes (in): 0.040, 0.040
scan.inc length {in): 9.000, 9.000 #a-scans: 51076
FILE STATISTICS ........ ain: 0 max: 255 avg: 22.0 ......... ... type: ENV
[ﬁk?LOT) This fs flaw nsd_4. D0Z=.25 and vas measursd as a cloud-like defect. B - Scan Side View

Figure A.36b - Volumetric indication #1 in the near surface base metal: mode 9
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Figures A.37a-b show volumetric indication #2 in the near surface base metal. This volumetric indication has a through-
wall extent of 3 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a
depth of 20 mm. The shape quality is poor for this indication. There was a confirmation in mode 3 at a depth of 18 mm.
The different Z values 18 to 20 give an alternate depth size of 2 mm. The indication is characterized as volumetric based
on detection in orthogonal modes. There is no evidence of coin shape in the end view of mode 2 and side view of mode 3.
The length is 13 mm and was made to LOS mode 2. The width is 7 mm and was made to LOS in mode 3. The aspect
ratio (length/depth) of this indication is 4 giving an orientation along the weld. The maximum amplitude-to-noise ratio is
of medium range at 8 to 3. With an X coordinate of 79 mm, the indication is clearly in the base metal. With a Z coordi-
nate of 18 mm, the indication is clearly below the cladding.

B - Scan End View

C - Scan View

X: 2.780-3.380(in) t1pls
Y. 311.70-311.04(in) 12pls
Z: 0.508 - 1.175(in) 26pts
Scale = 0.20(in)

X: 2.780 - 3.380(in) 11pts
Y: 311.70- 311.04(in) 12pts
Z: 0.508 - 1.175(in) 26pls
Scale = 0.20(in)

R S S SIS

<APLOT> Head
test Coltlected: 05/06/93 15:53:42
Processed: 03/10/94 14:37:51
TRANSDUCER: 2 Miz, Dual Eleaent. 70 deg. {
| node : pulse-echy
fre uency {mh2): 2.00 f nusber :
standoff(hgt foc len) (tn): 0, 280 vel (in/sec) : 105000
incident angle eg): -24. skaw angle E
full beaa angle in wetal (ueq) 12, ﬂ bean entry dia. (1n) 0 125
MATERIAL: Pressure Vessel User Rssur<h Facility
aaterfal velocity (in/sac): 235000 ufracted angle (deg):-86.0

thickness. . (in): 8.000
SAMPLING: Naar Surfau only
sanple period (ns):560.00 nuaber of go!nts i 45
depth (along sound path) in -aterial to start san? ing (1in): 0.000
windor (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half vavelength 1n X and ¥
scan dirsction (deg): ©
init pos primary axis (in): -4.5 final: 4.5
init pos secondar‘/ axis {in): 312.0 final: 203.0
step size: scan,inc axes (in): 0.060, 0.060
scan, in¢ length (in): 9.000, 8,000 Ra-scans: 22801
FILE STATISTICS ........ nin: 0 wax: 5S4  avgl 3.2 ....iiinanen type: ENV

B A A S S N

éAPlOT) This ¥s flaw ns5.11. D2~-.12 and was measured as a vave packet,

B - Scan Side View

Figure A.37a - Volumetric indication #2 in the near surface base metal: mode 2
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B - Scan Side View

3.30-3.78(in) 9pts
T 311.466 - 311.166(in)  6pts
: 0.481-0.908(in) 17p!s
cale = 0.10(in)

<APLOT>
<APLOT> HEAD
test Collected; 05/06/93 16:05:29
Processed: 03/18/94 15:06:40
TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node ; pulse-acho
frequency (nhzg: 2.00 f nusbar t 4.8
standoff (hgt~foc len) {in): 0.290 vel (infsec) T 105000
incident angle (deg): 24.1 skew angle (deg): 0
full beam angle in matal (deg): 12.0 beam entry dia.{in): 0.125
MATERIAL: Pressure Vessel User Research Facility
materfal velocity (In/sec): 235000 refracted angle (deg): $6.0
thickness... {in): 9.000
SAHMPLING: Near Surface only
sanple pariod (ns):560.00 nuerbar of ?nints : 45 .
depth (along sound path) in material to start sampling (in): 0.000
window (us): 5.52 to 30.16 stop saapiing (In): 3.000
SCAN: half vavelength in X and ¥
scan direction (deg): 0
init pos primary axis {in): 3t14.6 final: 303.0
{nit pos secondary axis {in): -4.5 fipal: 4.5
stop size: scan,inc axes (in): 0.060, 0.060
scan,inc length (in): 9.000. 9.000 #a-scans: 22801
FILE STATISTICS ........ nin: 0 max: S5 avg: 3.4 ......... eves type: ENV
<APLOT> This §s a confiraation call For Flav ns5_11. B - Scan End View

Figure A.37b - Volumetric indication #2 in the near surface base metal: mode 3

A.63 NUREG/CR-6471



Appendix A

Figure A.38 shows volumetric indication #3 in the near surface base metal. This volumetric indication has a through-wall
extent of 2.5 mm based on ring around pattern. The detection was made in mode 7 where it displayed a pair of TOF
shapes at a depth of 20 mm. The shape quality is good for this indication. There were no confirmations in other modes.
The indication is characterized as volumetric based on the detection of ring around shape. There is no evidence of coin
shape in the side view of mode 7. The width is 12,mm and was made to LOS in mode 7. The aspect ratio (width/depth)
of this indication is 5 giving an orientation across the weld. The maximum amplitude-to-noise ratio is high at 100 to 25.
With an X coordinate of 71 mm, the 1nd1cat1on is clearly in the base metal. With a Z coordinate of 20 mm, the indication
is clearly below the cladding.

B-5can Side view

: 242 -> 3.10(in) 18 pts
Y'?OO 575 -> \93 935 (in} 17 pts
2:0.614 -> 1.114 (In) 36 pls
Scale = 0.20 (in)

C-Scan view

<APLOT>

<APLOT> HEAD .
test Collected: 0D5/06/93 16:36:03
| Processed: 11/10/34 15:44:21
TRANSDUCER: 1.5 Mi2, 45 deg. shear
node : pulse-echo

fre uen {nh2): 1.50 f nunber : 9.5

standoff(hgt «foc len) (ln) 0.250 vel (in/sec) : 105000

incident angle (deg): 35.0 skev angle dag

.0
full bean angle in metal (deg): 6.0 bean entry dia. (In) '0.125
MATERIAL: Pressure Vessel User Resefax Facility
mnaterial velocity (infsec): |35300 refracted angle (deg): 44.4

thickness. {in): 3.000 -
SAMPLING: Near Surface only
sanple period {ns):320.00 nunber of points : 105
dapth (along sound path) in naterial to start sam ging {in): 0.000
vindov (us): .04 stop sanpling (in): 2.03%0
SCAN: half vave\ength |n X and ¥ :
scan dirsction (deg): 0
tntt pas grinary axis {tn): 208.5 final: 199.0
inft pos secondarr axis  (in): -4,5 final: 4.5 8-$can End View
step ?za] sc:n nc axes E:n; 0.040, g 3408 . . X 242 > 330 () 18 pts
scan,inc langth - n): 9.000, #a-scans: 5102 e
FILE STATISTICS ........ nin: 0 max: 255  avg: 30.4 ............. type: ENV V2°0575 ~>199.935 (in) 17 pts

0614 > 1, 114 (n} 36 pts
Scala = 0.20 (In)

<APLOT> This {s flaw ns4_18. OZ=.1 and vas measured as a ring aroung signal.

Il i -

Figure A.38 - Volumetric indication #3 in the near surface base metal: mode 7
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Figures A.39a-b show volumetric indication #4 in the near surface base metal. This volumetric indication has a through-
wall extent of 2.3 mm based on wave packet width. The detection was made in mode 5 where it had isolated TOF shape at
a depth of 16 mm. The shape quality is good for this indication. There was a confirmation in mode 2 at a depth of

16 mm. The two Z values of 16 mm give an alternate depth size of less than 1.5 mm. The indication is characterized as
volumetric based on detection in orthogonal modes. There is no evidence of coin shape in the end view of mode 2 and side
view of mode 5. The length is 12 mm and was made to LOS in mode 2. The width is 12 mm and was made to LOS in
mode 5. The range of aspect ratios (length/depth) of this indication is 5 to 8. With an X coordinate of -64 mm, the
indication is clearly in the base metal. With a Z coordinate of 16 mm, the indication is clearly below the cladding.

8-Scan End View C-Scan view

<APLOT> Head

test Collected: 05/06/93 15:53:42
Processed: 02/21/95 17:04:19
TRAMSOUCER: 2 MHz, Dual Element, 70 deg. L
node : pulse-echo
frequency . {sh2): 2.00 f nunber : 4.8
standoff(hgt=fac len) (in): 0.290  vel {in/sec) ¢ 105000
incident angle (deg):-24.1 skev angle (deq): 0

full bean angle in metal (deg): 12.0 beam entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility )
material velocity (in/sec): 235000 refracted angle (deg):-66.0

thickness. .. (in): 9.000
SAMPLING: Near Surface only :
sanple period (ns}:960.00  ousber of polnts @ 45
depth (along sound path) in saterial to start sampling (in): 0.000
windov (us): 5.52 to 30.16 stop sup?ing (in): 3.000
SCAN: half vavelength in X and ¥
scan direction ' (deg): 0
init pos primary axis (1n):  -4.5 final: 4.5

1nft pos secondary axis  {in): 208.0 final: 199.0

step size: scan,inc axes {in): 0.060, 0.060

scan,inc length (in): 9.000, 9.000 Ra-scans: 22801

FILE STATISTICS ........ ain: 0 max; 144 avg: 6.7 ..iiviinnennn type: ENV

B~Scan Side View

X:~3.000 -> -2.460 (in) 10 pts
¥:204.34 -> 203.86 (| 9 pts
2:0454 -> 0.882(in) 17 pts

<APLOT> This 1s a confirmation call for flav ns5_15. Scale= 0.10 (In)

Figure A.39a - Volumetric indication #4 in the near surface base metal: mode 2
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B - Scan Side View

: -3.00--2.10(in) 16pls

204.760 - 204.340(in) 8pis
. 0.401 - 0.988(In} 23pls
cale = 0.20(in)

<APLOT>

<APLOT> HEAD

test Collected: 05/06/93 16:06:25
Processed: 02/21/95 18:14:44

TRANgDUCER. 2 Mz, Dual Element. 70 deg. L

-1 pulse-echo
frequenc mh2): 2,00 f nuaber : 4.8,
standoff(hgt-foc Ten) (1n)- 0.290 val (in/sec) : 105000
incident ang (deg):-24.1 skew angle (de ;: 0
full bean ang'le in metal (deg): 12.0 beam antry d!a.(ln 0.125
MATERIAL: Pressure Vessel] User Rassarch Facilitc
material velocity (1n/sec): 23500 refracted angle (deg):-66.0
thickness. (In): 9. nou
SAMPLING: Near Surface only
sample period (ns):560.00 number of ?uints H 45
depth (along sound path) in materfal to start sa-? ing (in): 0.000
window (us): 5.52 t 16 stop sampling (in): 3.000

scaN: half wavelength |n X and b

scan direction (deg): 0
init pos primary axis {in): 208.0 final: 199.0
init pos secondary axis {in): -4.5 final: 4.5
step size; scan.inc axes (in): 0.060, 0.060
scan.inc length {in): 8.000, 9.000 Ha-scans: 22801
FILE STATISTICS R 1 H o rax: 9t avg: 4.9 ..... Ceraraea type: ENV

<APLOT> This 1s flaw ns5_15. Orfiginal DZ=.1, but measurement was slightly off.
This flaw has a DZ~.09 and measurad as a wave packet.

o 8 - Scan End View

Figure A.39b - Volumetric indication #4 in the near surface base metal: mode 5
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B:- Scan End View

X: 0.900-1.175(in} 12pts
Y: 209.45-209.18(Gn) 12pts
Z: 0.451-0.761(in) 34pls

Scale = 0.05(in)

<APLOT> HEAD
test Collected: 05/06/93 15:16:15
Processed: 11/16/34 03:43:48
TRANSDUCER: 5 Miz, Normal Beas, 3/8 in. dia.
aode : pulse-echo
fraquanc (ahz): 5.00 f nunber : 9.5
standnff(hgt =foc len) {in): 0,000 vel (in/sec) H 105000
incident angle (deg): 0.0 skew angle (deg):
ful) bean angle in metal (de ): 6. beam entry dia.(in): o 125
MATERIAL: Prassure Vessel User ﬁasearch Facility
aaterial velacity (in/sec): 235000 rsfra<tsd angle (deg): 0.0
thickness. (§n): 9.000
SAMPLING: full voluse
sasple pariod (ns): 80.00 nusber of ?nints :
depth (along sound path) in -ater!al to start sanpling (in): U 000
vindov (us): 0.00 to 12.72 stop sampling (in): 1.499
SCAN: half wavelength in X and ¥
scan direction (deg): 0
init pos primary axis (in): -2.5 f{fnal: 2.5
tnit pos secondary axis (in): 296.0 fina}: 2072.0
stop size: scan.inc axes (in): 0.025, 0.025
an,in¢ length (in): 5.000, 9,000 - Ha-scans: 72561
FILE STATISTICS ........ ain: 0 max: 255 avg: 38,5 ..o type: ENV
<APLOT> This 1s a confiraation call for flav ns4_32.
0
A
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Figures A.40a-b show volumetric indication #5 in the near surface base metal. This volumetric indication has a through-
wall extent of 2 mm based on wave packet width. The detection was made in mode 4 where it had isolated TOF shape at a
depth of 11 mm. The shape quality is poor but not unusual for a shallow indication. There was a confirmation in mode 10
at a depth of 12 mm. The different Z values 10 to 11 mm give an alternate depth size of 1 mm. The indication is charac-
terized as volumetric based on normal beam detection. There is no evidence of coin shape in the end view of mode 4.

The length is 9 mm and was made to LOS in mode 4. The width is 5 mm and was made to LOS in mode 10. The aspect
ratio (length/depth) of this indication is 4 giving an orientation along the weld. The maximum amplitude-to-noise ratio is
high at 99 to 20. With an X coordinate of 26 mm, the indication is clearly in the base metal. With a Z coordinate of 10 to
11 mm, the indication is below the cladding by 1 to 2 mm.

C - Scan View

B - Scan Side View

X: 0.900- 1.175(n) 12pis
Y: 209.45 - 209.18(in) 12pls
Z: 0.451-0.761(in) 34pts

Scale = 0.05(in)

Figure A.40-a - Volumetric indication #5 in the near surface base metal: mode 10
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C - Scan View

B - Scan End View

X: 0.774-1.494(In) 13pts
Y: 209.76 - 209.04(in) 13pts
Z: 0.000- 1.042(n) 40pls
Scale = 0.20(in)

<APLOT> HEAD

test Collected: 05/06/93 16:04:48
Processed: 11/16/94 11:52:18
TRANSDUCER: 2 MHz. Dual Element, 70 deg.
node : pulse-echo
frequenc {ahz): 2.00 f nunber
standoff(hgt =foc len) (in): 0.290 vel (in/sec) : 105000
incident angle (dag): 24.1 skev angle (deg): 0
full bean angle in netal (deg): 12.0 bean entry dia.(in): 0.12S
MATERIAL: Pressure Vesse) User ﬂesear(h Facility
materfal velocity (In/sec): 235000 refrsctud angle (deg): §6.0
thickness... {in}: 3.000
SAMPLING: Near Surface only
sample period {ns}:560.00 nuober of Toints ;45
depth (along sound path) in material to start saspling (in): 0.000
window (us): 5.52 to 30.18 stop sampling (in): 3.000
SCAN: half vavelength 1n X and V
scan direction (deg): 0 B - Scan Side View
init pos prl-a‘rty axis E:ng: =71 ﬂna}: 4.5
init pos secondary axis n): 216.0 nal: 207.0 .
step size: scan.inc axes (in): 0.060, 0.060 X: 0.774 - 1.494(in) 13pts
an,inc¢ length (in):-9.000, 3.000 Ha-scans: 22801 Y: 209.76 - 209.04(n) 13pts
KIlE STATISTICS ........ nin: 0 max: 83 avg: 3.3 ......... .... type: ENV Z: 0.000 - 1.042(in) 40pts

JjN’LOD This is flae ns4_32. DZ=.08 and vas measured as a wave packet. Scale = 0.20(n)

Figure A.40b - Volumetric indication #5 in the near surface base metal: mode 4
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Figures A.4a-b show volumetric indication #6 in the near surface base metal. This volumetric indication has a through-wall
extent of 2 mm based on different depth estimates, and an alternate size of 1 mm based on wave packet width. The detection was
made in modes 1 and 7 where it had isolated TOF shape at depths of 17 and 19 mm. The shape quality is poor for this indication.
There were no confirmations in other modes. The indication is characterized as volumetric based on normal beam detection.
There is no evidence of coin shape in the side view of mode 7. The length is 5 mm and was made to LOS in mode 1. The width
is 10 mm and was made to LOS in mode 7. The range of aspect ratios (width/depth) of this indication is 3 to 10. the maximum
amplitude-to-noise ratio is of medium range at 119 to 30. With an X coordinate of 34 mm, the indication is clearly in the base
metal. With a Z coordinate of 17 mm, the indication is clearly below the cladding.

B-Scan End View

X 1.200 ~> 1.500 E“\g 11 pts
Y1 48.59 -> 48,29 {in) 11 pts
2:0.635 -> 0.846 (In) 16 pts
Scale = 0.05 (in)

C-Scan view

9:38
Processed: 04/24/94 13:

$:40
TRANSDUCER: 4 MHz. Dual Elenent, Normal Beam

sode : pulse -echo

frequency (vh2): 4.00 f nusber : 4.8
standoff(hgt=foc len) (in): 0.330  vel (in/sec) : 105000
incident angle (deg): 0.0 skev angle (de:

ful) bean angls in aetal (deq) 12.0 bean antry dia. (1n) 0 125
MATERIAL: Pressure Vessel User Research Facilit
naterfal velocity {in/sec): 235000 refrac(ad angle (deg): 0.0
9.000

thickness. . (in):
SAMPLING: Naar Surface only

sanple period (ns):120.00 nunber of points : N

depth (a]ung sound path) in material to start sap fing (in): 0.000

window (us): 7.42 to 15.82 stop sampling (in): 1.008
SCAN: half vavelength in X and Y

scan direction (deg): 0

}n:t pos primary axis gngz -4.5 Hna}: 4.5

nit pos secondary axis n); 56.0 nal: 47.0

step fizei scan,inc axes Sn;: 0.030, 0.030 B-Scan Slde View
scan,inc lengt n): 9.008, 8.000 Ha-scans: 30601 -

ins . . X:1.200 => 1.500(ln) 11 pts

F}I:'L”EI STATISTICS ........ nin: 0 max: 252 ava: .7 ...l type V- 48.58 > 48.23 (in) 11 pts

Z: 0,635 -> 0.846 (In) 16 pts

<APLOT> This 15 Flaw ns4_27. D0Z=-.04 and was neasured from the 457_56 file Scale- 0.05(In)

in vhich this flav was also detected.

Figure A.41a — Volumetric indication #6 in the near surface base metal: model 1
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B - Scan Slde View

X: 1.45-2.06(in) 16pts

Y: 48.776-48.375(n) 1ipts
2: 0.600-0.872(in) 27pis
Scale = 0.10(in)

<APLOT> C - Scan View

<APLOT> Head
test Collected: 05/06/93 16:36:03
Processed: 10/26/94 08:47:36
TRANSOUCER: 1.5 MHz, 45 deg, shear
aode 1 pulse-echo
frequency (nhz): 1.50 f nuaber : 9.5
standuff(hgt =foc len) (‘ln) 0.250 vel (in/sec) : 05 00
incident angle (deg): 36.0 skev angle {de
full beam angle in mstal (deg): 6.0 bean entry dia. (ln) D 125
MATERIAL: Pressure Vessel User Resefx Facil
aatarial velecity (‘n/sec)' 125000 refra(ted angle (deg): 44.4
thickness (in): 9.000
SAIPLING: Near Surface only .
saaple period (ns):320.00 nuaber of points : 105
depth (along sound path) in laterﬁal to start sang ing (in): 0.000
windor (us): 4.76 to 38.0 stop saapling (in): 2,080
SCAN: half wavelength in X and Y
scan direction deg): 0
init pos primary axis (in): 57.5 Final: 47.0
init pos secondary axis (in): -4.5 Final: 4,5
step size: scan,inc axes {in): 0.040, 0.040
scan,inc length (fn): $.000, 9.000 Ha-scans: 51076
FILE STATISTICS ........ aln: 0  max: 255  avg: 26.3 (..v.evne.... byps: ENV

<APLOT> This is Fiav ns4_27. DZ=.04 and was measured as a wave packst.

0

B - Scan End View

Figure A.41b - Volumetric indication #6 in the near surface base metal: mode 7
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Figure A.42 shows volumetric indication #7 in the near surface base metal. This volumetric indication has a through-wall
extent of 1.6 mm based on ring around pattern. The detection was made in mode 8 where it displayed a pair of TOF
shapes at a depth of 19 mm. The shape quality is good for this indication. There were no confirmations in other modes.
The indication is characterized as volumetric based on the detection of ring around shape. There is no evidence of coin
shape in the end view of mode 8. The length is 8 mm and was made to LOS in mode 8. The aspect ratio (width/depth) of
this indication is 5 giving an orientation along the weld. The maximum amplitude-to-noise ratio is high at 195 to 45. With
an X coordinate of 123 mm, the indication is clearly in the base metal. With a Z coordinate of 19 mm, the indication is
clearly below the cladding.

B - Scan End View

C - Scan View

X: 4.505-5.185(in) 18pis
Y: J.04-2.48(in) 15pts
Z; 0.600-1.028(n) 31pts
Scale = 0.10(in)

X: 4.505 - 5.185(in) 18pts
Y: 3.04 - 2.48(In) 15pts

Z: 0.600 - 1.028(in) 31pls
Scale = 0.10(n)

<APLOT>

<APLOT)> Haad
test Collected: 05/06/33 16:37:0?7
Processed: 10/18/94 07:53:26
TRANSOUCER: 1.5 MHz, 45 deg, shear
node . : pulse-echo
Frequency (nhz): 1.50 f number 9.5
standoff(hgt=Foc len) (in): 0.250 vel (In/sec) + 105000
incident angle (deg): 36.0 skev angle (deg): 0

full beas angle in neta! (deg): 6.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (In/sec): 155000 refracted angle (deg): 44.4
H .000

thickness. .. {in):

| SAMPLING: Rear Surface only
sanple period (ns):320.00 nunber of points : 105
depth (along sound path) in material to start sanplfng (in): 0.000
windov (us): 4.76 to 38.04 stop saup?inq (in):  2.080

8 - Scan Side View

SCAN: half wavelength in X and ¥
scan direction (deg): ©
init pos primary axis (in):  -2.5  Final: 10.0

X: 4505 -5,185(in) 18pis

init pos secondary axis (in): 8.0 final: -1.0 © 3.04 - t
step size: scan,!nc axes (in): 0.040, 0.040 ;I 8800 ?:gg:zi";sg:"
scan,inc length (1n}:11.000, 3,000 #a-scans: 62376 . l‘-om.l P
FILE STATISTICS ........ aint D maxi 253 avg: 264 seeresii.ne. type: ENV Seale = 0.10(n)

ﬁAPlOT) This 1s Flav ns4_19, DZ=.064 and vas neasured as a ring around signal.

Figure A.42 - Volumetric indication #7 in the near surface base metal: mode 8
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Figure A.43 shows volumetric indication #8 in the near surface base metal. This volumetric indication has a through-wall
extent of 1.6 mm based on ring around pattern. The detection was made in mode 8 where it displayed a pair of TOF
shapes at a depth of 14 mm. There were no confirmations in other modes. The indication is characterized as volumetric
based on the detection of ring around shape. There is some evidence of coin shape in the end view of mode 8. The length
is 12 mm and was made to LOS in mode 8. The aspect ratio (length/depth) of this indication is 3 giving an orientation
along the weld. The maximum amplitude-to-noise ratio is of medium range at 148 to 40. With an X coordinate of

145 mm, the indication is clearly in the base metal. With a Z coordinate of 14 mm, the indication is clearly below the

cladding.

B-Scan End View

X:5.345 -> 5985 (In) 17 pts
¥:208.86 -> 208.32(in) 17 pts
Z2:0.300 -> 0.957 (in) 47 pts
Scale = 0.20 (in)

59
TRANSDUCER: 1.5 M2z, 45 deq, shear

node : pulse-echo

frequen: hz): 1.50 f nunber 1 9.5
s:andoff(hgt =foc len) (ln) 0.250 vel (In/sec) 1 105000
incident angle (deg): 36.0 skev angle  (de

g): 0
full beas angle in aetal (deg): ¥.0 bean entry dia. (In) 0.125
MATERIAL: Pressure Vessel tser Research Facility
material velocity (in/sec): 125000 rafractsd angle (deg): 44 q
thickness {in): 9.000
SAMPLING: Naar Surface only
sanple perio {ns):320.00 nunber of ?o1nts s 105
depth (along sound path) in later!al to start sampling (in): 0.000
windov (us): 4.76 to 38.0 stop sanpling (in): 2,090
SCAN: half wvavelength in X and Y
scan direction
init pos primary axis (in): -2.5 final: 10.0
init pos secondary axis (in): 216.0 Ffinal: 207.0
step size: scan,inc axes (in): 0.040, 0.040
scan,inc¢ length (in):11.000, 9.000 H#a-scans: 62378
FILE STATISTICS ........ ain: 0 max: 255 avgl 29.5 L.....iiuiies
NV

¢APLOT> This 1s Flaw ns4_24. 0Z=.09 and was measured as a wave packet.

Processed: 11/15/94 09:01

C~Scan vilew

X: 5.345 -> 5,985 (in) 17
¥:208.96 -> 200,32 (In) 1 pls
2:0.300 -> 0.957 {In) 47 pts
Scale ~  0.20 (in)

8-Scan Slde View

Figure A.43 - Volumetric indication #8 in the near surface base metal: mode 8
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Figures A.44a-c show volumetric indication #10 in the near surface base metal. (Note: volumetric indication #9 in the
near surface base metal was merged with volumetric indication #7). This volumetric indication has a through-wall extent
of 1.5 mm based on wave packet width. Detections were made in modes 1 and 2. It had isolated TOF shape in mode 2 at
a depth of 11 mm and normal beam shape in mode 1 at 10 mm. The shape quality is poor but not unusual for a shallow
indication. There were confirmations in modes 3 and 4 at a depth of 11 mm. The different Z values 10 to 11 mm give an
alternate depth size of 1 mm. The indication is characterized as volumetric based on normal beam detection. There is
good evidence of coin shape in the end view of mode 2 which tends to characterize the indication as volumetric. The
length is 11 mm and was made to LOS in mode 2. The width is 11 mm and was made to LOS in mode 3. The aspect
ratio (length/depth) of this indication is 7 and the width-to-depth ratio is also 7 which tends to confirm volumetric orien-
tation. The maximum amplitude-to-noise ratio is high at 212 to 25. With an X coordinate of 79 mm, the indication is
clearly in the base metal. With a Z coordinate of 10 mm, the indication is below the cladding, and possibly connected to

it.

B8-Scan End View

X: 3.240 -> 3.660 (in) 15 pts
¥:420.22 -> 419.65 (in) 20 pts
2:0.226 -> 0. 705 {in} 35 pts

Scala = 0.10 (In

C-Scan view

<APLOT>

<APLOT> Head
tost Collacted: 05/06/93 15:29:38
Processed: 03/15/94 07:24:32
TRANSDUCER: 4 MHz, Dual Elenent, Normal Beam
aode i pulsa-echo
freguency hz): 4.00 f number 1 4.8
standuff(hg( foc len) (1n) 0.390 vel (in/sec) : 105000
incident angle (deg): 0.0 skey angle
full beam angle in metal (deg ) 12.0 bean entry dia. (1n) D 125
MATERIAL: Pressure Vessel User Rasaarch Facility
aaterial velocity (n/sec): 235000 (afracted angle (deg): 0.8
thickness. . (in): 9.000
SAMPLING: Near Surface only
sample period (ns):120.00 nuaber of points 7
dfosh (?logq sognd pa[h) ;n -aterial to start san??lnq (in): 0.800
windov (us 15.82 stop samplin in): 1. 00!
SCAN: half wavelength 1n X and Y ° pling (in) .
scan direction {deg): 0
init pos primary axis (in):  -4.5 Final: 4.5

init pos secondary axis " (in): 424.0 Final: 415.0
step size: scan,inc axes (in): 0.030, 0.030

scan,inc Yength (in); 9.000, 9,000 #a-scans: 90601

FILE STATISTICS ........ nin; 0 Bax: 212 8¥9! 2.4 t.ieeninunans type: ENY
<APLOT> This 1s flav nsS_25. DIZ=.06 and vas measured from the 552_424 File,
a

8-Scan Side View

Figure A.44a - Volumetric indication #10 in the near surface base metal: mode 1
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<APLOT> Head
test

TRANSDUCER: 2 MHz,
node
frequency

incident angle

thi
sanple perio
vindov (us):

scan direction

(whi
standoff(hgt foc Jan) i ). 0.2‘90
full beas angle 1n setal (deg) 12.0
MATERIAL: Pressure vesse! User Research Facility
natoﬂa] velocity
SAPLING: Rear Surface only ns):560
depth (along sogng path) in uteria\ to start sng
16
SCAN: half vavahngth in X ?gd Y
init pos primary axis
intt pos secondary axis
step size: sc<an,inc axes (in): 0.060, 0.060
scan,inc length
FILE STATISTICS ..
<APLOT> This §s Flaw ns5_25. DZ=.06 because it is a shapless echo.

...... ain: 0 max: 118 avg:

8 - Scan End View

X: 3.300 - 4.080(in) 14pis
Y: 420.58 - 419.80(in) 14pts
Z: 0.080 - 0.828(in) 29pis

Scale = 0.20(in)

Collected: 05/06/93 15:59:42
Processed: 03/15/94 08:42:16

Dua! Element, 70 dag. L

pulsa-acho

2.00 f number 1 4.8
ve) (In/sac) 105000
skev angle

(deg): 0
beam entry dia, (1n) 0.125

(in/sec): 235000 rofractod angle (deg):-66.0
(in): 9.000

.00 number of g?ints 45
ng 0.000
ing 2(n) 3.000

stop samp

n:  -4.5  finals 4.5 B - Scan Side View
(1n): 429.0 final: 415.0

Ha-scans: 22801
2.1 oo, type: ENV

: 3.300 - 4.080(in) 14pts

© 420.58 - 419.80(In) 14pis
: 0.080 - 0.828(In) 29pls
cale = 0.20(in)

(in): 9.000. 9.000

BN <X

NUREG/CR-6471

Figure A.44b - Volumetric indication #10 in the near surface base metal: mode 2
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C-Scan view

B-Scan Side View

<APLOT>
<APLOT>
<APLOT> HEAD
test

Collected: 03/06/93 16:05:29
Processed: 03/15/94 09:33:51

TRANSDUCER: 2 tHz, Dua) Element, 70 deg. L
node : pulse~-echo

freq (nh z); 2.00 f nusber : 4.8
standoff(hgt foc len) (in): 0.290 vel (in/sec) : 105
incident angle deg): 24.1 skew angle g): 0

(de
full beam angle in metal (deg): 12.0 bean sntry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Ressarch Facilit

material velocity (in/sec): 235000 refracted angle (deg): 66.0
thickness... (in): 9.000
SAMPLING: Near Surface only
sanple period {ns):560.00 nunber of ?o1nts t 45
depth (along sound path) in naterial to start sa-g ing Ein): 0.000
vindov (us): 5.52 30.16 stop sampling (in): 3.000
sCaN: half wavelenath in X and ¥
scan direction (deg): 0
:n:t pos prh\aay axis1 E:ng: 426.6 ‘f‘:na‘: 4|2.g
nit pos secondary axis n): -4.5 nal: .
step size: scan, ¥n< axes (in): 0.060. 0.050 B-Scan End View
scan,inc length (in): 9.000. 9.000 Ha-scans: 2280t 3.42 -> 3.60 (n!
FILE STATISTICS ........ mnin: 0 pax: 57 avg: 3.4 ... .. type: ENV it

X ts
Y¥:420.8646 ~> 420. 105 (l 10 pts
2:0.080 —> 0.855 (in) 30 pts

<APLOT> This is a confirsation call for flav ns5_25. Szgla = 0.20 Um

gl 0

Figure A.44c - Volumetric indication #10 in the near surface base metal: mode 3

A75 NUREG/CR-6471



Appendix A

Figures A.45a-b show volumetric indication #11 in the near surface base metal. This volumetric indication has a through-
wall extent of less than 1.5 mm based on a bright indication without TOF shape at depth of less than 10 mm. The
detection was made in modes 1 and 2 where the bright, shallow indication failed to take shape at depths of 8 and 9 mm.
There were no confirmations in other modes. The different Z values 8 to 9 give an alternate depth size of 1 mm. The
indication is characterized as volumetric based on normal beam detection. There is no evidence of coin shape in the end
view of mode 2. The length is 10 mm and was made to LOS in mode 2. The width is 7 mm and was made to LOS in
mode 1. The aspect ratio (length/depth) of this indication is 7 giving an orientation along the weld. The maximum
amplitude-to-noise ratio is high at 102 to 25. With an X coordinate of 24 mm, the indication is clearly in the base metal.
The Z coordinate of 8 to 9 mm shows that the indication is below the cladding, and possibly connected to it.

B-Scan End View C-Scan view

1.020 => 1.380 (in) 7 pts
Y352 92 -> 352.50 (In) B pts
Z:0.080 -> 0.668(In) 23 pts
Scale = 0.10 (in)

Processed: 03/17/94 00:02:56
TRANgDUCER' 2 MHz, Dual Element, 70 deg. L

no : pulse-echg
frequency (nhz}: 2.00 f number s 4.8
standnff(hgt =foc len) {in): 0.230 val (in/sec) : 105000
incident angle deg):-24.1 skew angle deg): 0
full beam angle in metal deg) 12.0 beam entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
nmaterial valocity (in/sec): 235000 refracted angle (deg):-66.0
thickness. (in): 9.c00
SAMPLING: Near Surface only
sample period {ns):560.00 nunber of points : 45
depth (alcr\g sound path) in -atarlal to start sanﬁ)Hng (in): 0.000
vindov (us): 5.52 to 30.16 stop sampling {in): 3.000
SCAN: half vavelength in X and Y
scan direction eg): 0

init pos primary axis (1n): -4.5 final: 4.5

init pos secondary axts (in}: 360.0 final: 351.0

step si2e: scan,inc axes (in): 0.060, 0.060

scan,inc length {in}: 9.000, 9.000 Ha-scans: 22801

FILE STATISTICS ........ ain: 0 nax: 155 avg: 2.5 ...ieiiianann type: EN

,1 <APLOT> This {s fla nsS_4. DZ=-.06 becauss this flaw is shapelass in the CBI. [] 8~Scan Slde View

o

Figure A.45a - Volumetric indication #11 in the near surface base metal: mode 2
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C - Scan View

X: -3.36--294(in) 8pls

Y: 472.980 - 472.500(in) 9pls
Z: 0.000-0.561(n) 22pls
Scala = 0.10(in)

B - Scan End View

<APLOT) Head
test Collected: H
Processed: 03/17/94 07:4

TRANSDUCER: 4 MHz, Dual Element. Normal Beaa
node : pulse-echg
frequency (nh; 4.00 f nunber 4,8
standoff (hgt=foc len) (in) 0.3%0 vel (in/sec) 05000
{ncident angle 0.0 skev angls (deg
full bean angle in netal (deg) 12.0 bean antry dia. (In) 0 125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (in/sec): 235000 rafra(tad angle (deg): 0.0

thickness. .. (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):120.00 number of points : Al
depth (along sound path) in material to start sampling (in): 0.000
vindor (us): 7.42 to 15.82 stop sampling (in): 1.000
SCAN: half wavelength 1n X and Y
scan direction (deg): 0
init pos primary axis (in): -4.5 final: 4.5
init pos secondar{ axis (in): 360.0 final: 351.0
step slze: scan,inc axes (in): 0.030, 0.030
scan,inc length (in): 9.000, 9.000 #a-scans: 90801
FILE STATISTICS ........ afn: 0 max: 102 avgl 2.2 ......ieeaens type: ENV

<APLOT> This is Flav nsS_4. DZ=.06 and vas measured from the Ss2_360 file.

B - Scan Side View

Figure A.45b - Volumetric indication #11 in the near surface base metal: mode 1
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Planar Indications in the Cladding

Figure A.46 shows planar indication #1 in the cladding. This planar indication has a through-wall extent of less than

1.5 mm based on an indication without TOF shape at the clad to base metal interface. The detection was made in mode 2
where it lost TOF shape but remained brighter than 95 counts at a depth of 6 mm. There were no confirmations in other
modes. The indication is characterized as planar based on lack of detection in normal beam or orthogonal modes. There
is no evidence of coin shape in the end view of mode 2. The length is 14 mm and was made to LOS in mode 2. The
aspect ratio (length/depth) of this indication is 9. The maximum amplitude-to-noise ratio is high at 130 to 30. The Z coor-
dinate of 6 mm shows that the indication is in the clad-to-base metal interface.

B-Scan End View

—-1.260 ~-> -0,900 7 pts
Y473 22 ~> 472,80 8 pts
2:0.027 -> 0561 (|n) 21 pts
Scale ~ 0.10 (i)

C-Scan view

<APLOT> Head
test Collected: 05/08/93 15:59:42
Procassed: 12/20/93 12:10:37

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node : pulse-echo
frequenc (whz): 2.00 f nunber i 4.8
standoff(hgt =faoc len) (1n)' 0.290 vel (in/sec) : 105000
incident angle aq) -24. 1 skew angle (deg
full bean angle 1n metal (deg): 12 bean entry dia, (1n) 0.125
MATERIAL: Praessure Vessel Usar Resaar(h Facilit
naterial velocity (in/sec): 235 refractad angle (deg):-66.0
thickness.. {n): 9. ODD
SAMPLING: Near Surface only
sample period {ns):560.00 nuaber of goints H 45
depth (along sound nath) in waterial to start san? ing {in): 0.000
window (us)! 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength in X and i
scan direction (deg):
init pos primary axis (in): -4.5 final: 4.5
init pos sscnndar¥ axis (in); 480.0 final: 471.0
step size: scan,inc axes (in): 0.060, 0.060
scan, inc length (in): 9.000, 9.000 H#a-scans: 22001
FILE STATISTICS ........ ain; 0 max: 137  avg: 5.2 .i.iionnenen type: ENV

8-5can Slde View

r(]APlDD This is flav ns5_8. DZ=.06 because this flaw i5 shapeless in the CBI.

Figure A.46 - Planar indication #1 in the cladding: mode 2
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Figures A.47a-b show planar indication #2 in the cladding. This planar indication has a through-wall extent of less than
1.5 mm based on an indication without TOF shape at the clad to base metal interface. The detection was made in modes

3 and 5 where it lost TOF shape but remained brighter than 95 counts at depths of 6 and 7 mm. There were no
confirmations in other modes. The two Z values of 6 to 7 mm give an alternate depth size of 1 mm. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. There is no evidence of coin
shape in the side view of modes 3 and 5. The width is 7 mm and was made to LOS in modes 3 and 5. The aspect ratio
(width/depth) of this indication is 5. The maximum amplitude-to-noise ratio is high at 170 to 30. The Z coordinate of 6 to
7 mm shows that the indication is in the clad-to-base metal interface.

C - Scan View

X: -3.42--3.06(in) Tpis

Y: 472.866-472.506(in) 7pts
7. 0.000-0.695(n) 27pts
Scale = 0.10(n)

B - Scan Side View

<APLOT>

<APLOT> Head
test Collected: 05/06/33 16:05:2

t
Processed: 12/21/93 08:01:1

TRANSDUCER: 2 MHz, Dual Element, 70 deg. t
mode H pulse -gchg

frequency (mhz): 2.00 f numsbar : 4.8
standoff(hgt=foc lan) (in): 0.290 vel (in/sec) : |05000
incident angle -(deg): 24. 1 skew angle
full beam angle in metal (deg): 12, beam entry dia. (1n) 0 125
HATERIAL: Pressure Vessel User Resuarch Factlit
material velocity (in/sec): 2350 rafrnctad angle (deg): 66.0
thickness. (in): 9. ODD
SAMPLING: Near Surface only
sample period (ns):560.00 nusber of ?o1nts 1 45
depth (along sound path) in -aterlal to start sa-q ing (in): 0.000
window (us): 5.52 to 30.18 stop sampling (in): 3.000
SCAN: half wavelength in X and ¥
scan direction (deg): 0
{nit pos primary axis (in): 482.6 final: 471.0
init pos secondar¥ axis {in): -4.5 final: 4.5
step size: scan.inc axes (in): 0.060, 0.060
scan,inc length {in): 9.000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ nin: 1} max: 163 avg: 4.2 c.iiieiananns type:

éAPLUD This 1s flaw nsS_20. ©02-.06 because this ts shapeless {n the CBI. 8 - Scan End View

Figure A.47a - Planar indication #2 in the cladding: mode 3
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C - Scan View

: -3.36 - <2.94(in) 8pts
1 472.980 - 472.500(n) Spts
: 0.000-0.561(In) 22pts

8 - Scan Side View cate = 0.10(in}

C¢APLOT> HEAD
;est Collected: 05/056/93 16:06:2

Processad: 12/21/93 09:03:4

2
TRANSOUCER: 2 Miz, Dual Element, 70 deg. L
node ¢ putse-echo

frequency hz): 2,00 f nuaber 1 4.8
standoff(hgt foc len) (In): 0.290 vel (in/sec) : 105000
incident angle (deg):-24.1 skew angle (dag): 0
full bean angle in nata) (deg): 12.0 beam entry dia. (ln) 0.125
MATERIAL: Pressure Vessel User Research Facilit
matertal velocity (1n/sec): 235000 rafracud angls (deg):-66.0
thickness. .. (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):560.00 nunber of points : 45
depth (along sound nath) 1n material to start san glng (in): 0.000
window (us): 2 to 16 stop sampling (in): 3.000
SCAN: half vavalength in X and Y
scan direction (deg): 0
i{nit pos primary axis {in): 480.0 final: 471.0
init pos secondary axis ()i -4.5  Final: 4.5
stsp size: scan,inc axes (in) 0.060, 0.060
an,inc Yength in): $.000, 9.000 Ra-scans: 22801
FILE STATISTICS ........ nin: 0 wax: 170 avg: 4.6 ........ ve... type: EN

CAPLOT> This s flav nsS_20. Original DZ=.1, but was measured errantly. This
flav has a DZ+.06 and vas measured as a wave packet. 0 B - Scan End View

Figure A.47b - Planar indication #2 in the cladding: mode 5
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Figure A.48 shows planar indication #3 in the cladding. This planar indication has a through-wall extent of less than

1.5 mm based on an indication without TOF shape at the clad to base metal interface. The detection was made in mode 2
where it failed to display TOF shape but remained brighter than 95 counts at a depth of 6 mm. There were no confir-
mations in other modes. The indication is characterized as planar based on lack of detection in normal beam or orthogonal
modes. There is no evidence of coin shape in the end view of mode 2. The length is 8 mm and was made to LOS in mode
2. The aspect ratio (length/depth) of this indication is 5 giving an orientation along the weld. The maximum amplitude-to-
noise ratio is of medium range at 97 to 30. The Z coordinate of 6 mm shows that the indication is in the clad-to-base metal
interface. The X coordinate of 9 mm shows that the indication is over the weld.

C - Scan View

B - Scan End View

X: -0.300 - 0.840(in) 20pis
Y: 48302 - 482.54(in) Spts
Z: 0.000-0.641(n) 25pls B - Scan Side View
Scale = 0.10(in)
X: -0.300 - 0.840(in) 20pts
- Y: 483.02-482.54(in) 9pis
APLOT> HEAD 4 Z: 0.000- 0.641(in) 25pts
> g
test Collected: 0S/0f Seale = 0.10(n)
Processed; 12/1f
#1 TRANSDUCER: 2 MHz, Dual Element, 70 deg. L T ——— e SR AR
8 mode : pulse-echo — s S e
frequency (mhz): 2.00 f number : 4.8
standoff(hgt=foc len) {1n): 0.290 vel (in/sec) : 105000
incident angle {deg):-24.1 skew angle (deg): 0
: full beam angle in matal (deg) 12.0 beam entry dia (1n) 0.125
HMATERIAL: Pressure Vessel User Research Facility
material velocity (in/sec¢): 23500 rafractad ang]a (deg):~66.0
thickness. )i sl 000
SAMPLING: Near Surface only
sample perio (ns):560.00 number of ?oints : 45
depth (along sound path) in material to start samepling (in 0.000
window (us): 5.52 to 30.186 stop sampling (in 3,000
SCAN: half wavelength in X and v
scan direction (deg): ©
intt pos primary axis (in): -4.5 final: 4.5
init pos secondary axis (in): 488.0 final 479.0
step size: scan,inc axes (in): 0.060, 0.060
scan,inc len (in): 9.000, 8.000 Ha-scans: 22801
FILE STATISTICS ........ min: 1] max: 97 avg: 5.3 .iiiiiiaienn. type: ENV

éAPLOT> This is Fflaw ns5_24. oOriginal 02-.09. Without 8x reduction the flaw becomes a shapsless echo in the CBI., thus D2=.06.

Figure A-48. Planar indication #3 in the cladding: mode 2
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Figure A.49 shows planar indication #4 in the cladding. This planar indication has a through-wall extent of less than

1.5 mm based on an indication without TOF shape at the clad to base metal interface. The detection was made in mode 3
where it displayed evidence of coin shape at a depth of 6 mm. There were no confirmations in other modes. The indi-
cation is characterized as planar based on lack of detection in normal beam or orthogonal modes. There is good evidence
of coin shape in the side view of mode 3 which tends to confirm the indication as planar. The width is 16 mm and was
made to LOS in mode 3. The aspect ratio (width/depth) of this indication is 11 which tends to indicate a larger through-
wall extent than 1.5 mm. The maximum amplitude-to-noise ratio is high at 83 to 15. The Z coordinate of 6 mm shows
that the indication is in the clad-to-base metal interface. The X coordinate of 14 mm shows that the indication is over the
HAZ.

B - Scan End View

X: 0.12-0.84(in) 13pls
Y: 478.686 - 478.026(in) 12pts
Z: 0.000-0.534(in) 21pls

Scale & 0.20(in)

<APLOT> Head

| test Collected: 05/06/93 16:05:29
3 Processed: 12/21/93 09:01:19
4] TRANSDUCER: 2 Mz, Dual Element. 70 deg. &
: node : pulse-echo
f!equen< ohz): 2.00 f number : 4.8
standoff(hgt=foc len) ("I) 0.290 vel (in/sec) : 105000
{ncident angle ): 4.4 skew angle

(deq): 0
4 full beam angle in metal (deg) 12.0 beaw entry dia. (m) 0.125
gl MATERIAL: Pressure Vesse) User Research Facility
3 naterial velocity (in/sec): 235000 refracted angle (deg): 66.0

1 thickness. .. {in): 9.000

4l SAMPLING: Near Surfaca anly

4i sample period (ns):560.00 nuaber of Eufnts i 45
depth (along sound path) in material to start sampling (in): 0.000
vindov (us): 5.52 to 30.16 stop sampling (in): 3.000

SCAN: half wavelength m X agd Y

isc‘an dlrect}on ; d ): 0 final

nit pos primary axis n): 482.6 nal: 4Nn.0

init pos secendary axis  ({a): -4.5 final: 4.5 8 - Scan End View

dl step size: scan,inc axes (in): 0.060, 0.060

#l scan,inc length (in): 9.000, 9.000 #a-scans: 22001 X: 0.12-0.84(in) 13pts

B FILE STATISTICS ........ pin: 0 max: 163 avgi 4.2 L..ieiieinan type: ENV Y: 478.686 - 478.026(in) 12pls

Z: 0.000-0.534(in) 21pls
Scale = 0.20(In}

<APLOT> This {s flav ns5_29. Original DZ-.08. but this flav {s a shapeless echo
: in the (B8I. Therefore, DZ=.06 (minimum).

¢ al

Figure A.49 - Planar indication #4 in the cladding: mode 3
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Volumetric Indications in the Cladding

Figures A.50a-b show volumetric indication #1 in the cladding. This volumetric indication has a through-wall extent of

3 mm based on wave packet width. The detection was made in mode 2 where it had isolated TOF shape at a depth of

7 mm. The shape quality is good for this indication. There was a confirmation in mode 3 at a depth of 8 mm. The
different Z values of 7 to 8 mm give an alternate depth size of 1 mm. The indication is characterized as volumetric based
on detection in orthogonal modes. There is some evidence of coin shape in the end view of mode 2. The length is 12 mm
and was made to LOS in mode 2. The width is 10 mm and was made to LOS in mode 3. The range of aspect ratios
(length/depth) of this indication is 4 to 12 which tends to confirm the larger through-wall extent. The maximum
amplitude-to-noise ratio is high at 162 to 20. The Z coordinate of 7 to 8 mm shows that the indication is in the clad-to-
base metal interface. The X coordinate of -36 mm shows that the indication is over the base metal.

B-Scan End View

X:=1.620 -> ~1.200 Eln) 8 pts

V473 16 ->472.62{in) 10 pts C~Scan view
000 -> 0.580 (in) 23 pts g

Scala = 0.20{in)

s

<APLOT> Head

test Callected: 05/06/93 15:59:42
Processed: 12/20/93 12:18:37

TRANSDUCER: 2 MHz, Dual Element, 70 deg. 1

§

BS

sode : pulsn -echo |3
frequency tah2): 2.00  f nuaber : 4.8 §
standnff(hgt =Fac len) (in): 0.290 vel (in/sec) : IDSIJOD ¥
fncident angle (deg ):-24.1 skev angle (de: H
full bean angle In netal (deq) 12.0 hea- entry dia. (1n) 0.125 §
MATERIAL: Pressure Vessal User Research Facil{ §
naterial velocity (in/sec): 235000 refracted angle (deg):-56.0 &
thickness. ({a): 9.00C ¥
SAMPLING: Near Surface only 3
saaple period (ns):560,00 nunber of qnmts H 45
depth (along sound path) in nater!al to start sa-? ing (1n): 0.000 %
window (us): 5.52 to 30.16 stop sanpling (in): 3.000 g
SCAN: half wavelength in X and ¥ S
scan direction (deg): 0 §
init pos prinmary axis (in): -4.5 final: 4.5 b
init pos secundar{ axis (4n): 480.0 final: 471.0 &
step size; scan.inc axes (in): 0.060. 0.060 §
scan,inc 1angth {in): 9.000, 9.000 #a-scans: 22801 §
FILE STATISTICS ........ nin: 0 nax: 137 AVEE 5.2 Liieianranane typs: ENV i
f

¢APLOT> This is flav ns5.2. 0Z-.12 and vas nsasured fron file $53_480. 0 B-5can Side View

Figure A.50a - Volumetric indication #1 in the cladding:> mode 2
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B - Scan Side View

C - Scan View

: +1.98--1.38(In) tipis
. 473,286 - 472.685(in) 11pls
: 0.027-0.641(in) 24pts

cale « 0.20(in)

ON <X

<APLOT> Head

test * Collected: 05/06/93 16:05:29
Processed: 12/21/33 09:01:13
TRANSODUCER: 2 MHz, Dual Element, 70 deg. L
aode : pulsae-echo
frequency whz): 2.00 f nuaber i 4.8
standuff(hgt =foc len) (1n) 0.290 vel (in/sec) : 105000
incident angle (deg): 24.1 sker angle {de 0
full beam angle fn metal (deg) 12.0 bean entry dia. (1n) 0.125°
MATERIAL: Pressure Vessel User Research Facilit!
saterial velocity (infsec): 235000 refra(ted angle (deg) 66.0
thickness. .. (in): 9.000
SAMPLING: Near Surface only s
sample period (ns):560.00 nunber of points ¢ 45
depth (along sound path) in aaterial to start saapling (in): 0.000
vindov (us): = 5.52 to 30.16 stop sanpling (in): 3.000
SCAN: half wavalength in X and ¥
scan dlract}on . (dqu: 0 1
init pos primary axis (in): 482.6 final: 471.0 .
init pos secondary axis (in): -4.5 Final: 4.5 B - Scan End View
step size: scan,inc axes (in): D.060, 0.080
scan.inc length (in): 9.000. 9.000 Ha-scans: 22601 -1.98 - -1.38(n) 11pls
FILE STATISTICS ........ win: 0 max: 163  avg: 4.2 ............. type: ERV 473.286 - 472.685(in) 11pls

: 0.027 - 0.641(in) 24pis

¢APLOT> This is flay ns5_2, ,DZ-.12 and vas measured as a vave packet. cale-020(ln)

Figure A.50b - Volumetric indication #1 in the cladding: mode 3
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Figures A.51a-d show volumetric indication #2 in the cladding. This volumetric indication has a through-wall extent of

3 mm based on different depth estimates of 5 to 8 mm and a smaller size of 2.3 mm based on wave packet width. The
detection was made in modes 2 and 5 where it had isolated TOF shape at depths of 5 and 6 mm. The shape quality is poor
but not unusuat for a shallow indication and is broken up indicating that more than one small flaw is present. There were
confirmations in modes 1 and 3 at depths of 6 and 8 mm. The indication is characterized as volumetric based on normal
beam detection. There is no evidence of coin shape in the end view of modes 2, the side view of mode 3, and the side
view of mode 5. The length is 11 mm and was made to LOS in mode 2. The width is 12 mm and was made to LOS in
mode 5. The aspect ratio (width/depth) of this indication is 5 and the length-to-depth ratio is 5 which tends to confirm
volumetric orientation. The maximum amplitude-to-noise ratio is of medium range at 92 to 30. The Z coordinates of 5 to
8 mm show that the indication is in the clad-to-base metal interface. The X coordinate of 15 mm shows that the indication

is over the HAZ.

C - Scan View

B - Scan Side View

X: 0.78-1.38(n) 11pls
Y: 484.286 - 483.686(in) 11pls
Z: 0.000-0.721(in) 28pls

Scale = 0.20(in)

CAPLOT> HEAD
test Snllscug: 03505/93 16:05:29
rocessed: 12/28/93 15:04:35.
TRANSDUCER: 2 MHz, Oual Element, 70 deg. L
aode : pulse-echo
Frequency - (rh2): 2.00 f nunber i 4.8
s(mdofl‘(hgt =foc len) {in): 0.290 vel (1n/ss<) 1 105000
incident angle (deg): 24.1 skew angle (deg):
Full bean angle in metal (deg): 12.0 bean entry dia (ln) 0.125
| MATERIAL: Pressure Vesssl User Research Facil(
naterial velocity (in/sec): 2350 ref vactad angh (deg): 66.0
thickness.. n): 000
SAMPLING: Near Surface only N
sanple period {ns}:560.00 nunber of ‘)nlnts i 45
depth (along sound path) in material to start sanpling (in): 0.000
windov (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength 1n X and Y
scan diractton (deg): 0 |
init pos primary axis (in): 490.6 final: 479.0 B - Scan End View
init p\‘:s sacondar¥ axis E:n;: -4.5 final: 4.5
step size: scan,inc axes n): 0.060, 0.060 . .
scan.inC length (in): $.000, 9.000 Ha-scans: 22801 x: 0.78 - 1.33(n) 11pts
FILE STATISTICS ........ win: 0 waxi 87  avg: 5.3 .........ee.. type: ENV Y. 484.286 - 482.686(in) 11pls
Z: 0.000-0.721(in) 28pls
<APLOT> This is a confirmation call for echo ns5.3. Scale = 0.20(In)

Figure A.51a - Volumetric indication #2 in the cladding: mode 3
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C -Scan View

X: 0.42-1.02(n) 11pls
Y: 483.500 - 482.840(in) 12pis
Z: 0.000-0.855(In) 33pts
Scale = 0.20(in)

B - Scan Side View

<APLOT>

<APLOT> Head
test Collected: 05/06/93 16:06:25

Processed: 12/28/93 17:10:00
TRANSDUCER: 2 MHz, Dual Element, 70 deg. L .
sode : pulse -gcho
frequency (ahz): 2.00 f nusber T 4.8
standoff(hgt =foc len) (in): 0. 290 vel (in/sec) H 105000
incident angle (deg): -24 1 skav angle H
full bean angle 1n metal {deg): bean entry dia (1n) 0 125
MATERIAL: Pressure Vessel User nesearch Facility
»aterial velocity (1n/sa<) 235000 rofractod angle (deg):-66.0
thickness. . (in): s.000
SAMPLING: Near Surface only
sanple perio (ns):569,00 nuaber of goints i 45
depth (along sound path) in naterfal to start sang ing (in): 0.000
vindow (us): 5,52 to 30.16 stop sanpling (in): 3.000
SCAN: half vavelength in X and ¥
scan direction (deg): 0
init pos primary axis (in): 488.0 fipal: 479.0
tnit pos se(andan’l axis (in): -4.5  final: 4.5
step size: scan,inc axes (in): 0.060, 0.060
scan,inc length {in): 3.000, 9.000 fta-scans! 22801
FILE STATISTI(S ....... afn: 0 nax: 98  avg:r 5.9 ............. type: ENV

<APLOT> This is flav ns5_3. 0DZ=.12 and was measured from the 5s3_488 File,
1] 8 - Scan End View

Figure A.51b - Volumetric indication #2 in the cladding: mode 5
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B - Scan End View

X: 0.450-0.780(in) 12pis
Y: 483.98 - 483.65(in) 12pls
Z: 0.183-0.550(n) 27pts

Scale = 0.10(In)

“APLOTS

<APLOT> HEAD
test

TRANSDUCER: 4 Mz, Oua) Elesent. Norsal Bean

aode 1 pulse-echo

frequency (sh2): 4.00 f nunber
standoff(hgt foc len) (in): 0 330 vel (in/s
incident angle (deg): 0.0 skev angl

full bean angle 1n mgtal (deg) 12.0 bean entr
MATERIAL: Pressure Vessel User Research Facility
naterial velocity {in/sec): 235000 rnfracted

thickness. .. (in): 3.000

SAHPLING: Near Surface only
sanple period (ns):120.00 numbsr of
depth (along suund path) 1n waterial ta start sam
windov (us): 5.82 stop samp

SCAN: half wavs]enq(h tn x and ¥

scan direction (deg): 0

init pos primary axis (in): -4.5 Final:
init pos secondary axis (in): 480.0 Fina):
step size: scan.inc axes (in): 0,030, 0.030
scan,inc length {In): 9.000, 9.000
FILE STATISTICS ........ ain: 0 max: 144 avg:

CT\PLOT) This is a confirmation call for flav ns5_3.

Collected: 05/06/93 15:2!
Processed: 12/17/33 15:3

i 4.8
ec) : |05000
] (deg
y dia. (1n) 0 125

angle (deg): 0.0

?oints H 7

? ing (in): 0.000
ing (in): 1.000
4.5

479.0

H#a-scans: 90601

1.2 .oieivevene.. type: ENV

C - Scan View

B - Scan Side View

X: 0.450- 0.780(in) 12pls
Y: 483.98 - 483.65(in) 12pis
Z: 0.183-0.550(in) 27pts
Scale = 0.10(in)

Appendix A

Figure A.51c - Volumetric indication #2 in the cladding: mode 1
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WN<x

<APLOT> head

test Collected: 05/06/93 15:
Processed: 12/16/93 13:
TRANSDUCER: 2 MHz, Oual Elenent, 70 deg. L
de s pulse-echo
frequency (nh2): 2.00 f number 1 4.8
standoff(hqt foc len) {in): 0.290 vel (in/sec) 1 105000
{ncident angle eg):-24.1 skew angle (dag): 0
full bean angle in natal (dag)' 12.0 bean antry dh.(in) 0.125

MATERIAL: Pressure Vessel uUser

natarial velocity (in/ssc)
thicknes. (in):
SAMPLING: Near Surface only
sample period {ns):560.00 nupber of qoints : 45
depth (along sound path) in material to start san? ing (1 : 0.000
vindow (us): .52 to 30.18 stop saspling H 3.000
SCAN: half wavelength in X and ¥
scan direction (deg): 0
1n}t pos nrilagy axis! gng: 4.5 F}na}: 7;(5’
nit pos secondary axis n): 488.0 nal: 479.
step sfze: scan, (nc axes (in): 0.060. 0.060 B - Scan Side View
scan,inc length (in): 9.000, 9.000 #a-scans: 22801
FILE STATISTICS .. A s H 0 wmax: 97 ave: 5.3 ...iieeaenn. . type: ENV : 0.660 - 1.080(in} 8pis

<APLOT> This is Flav nsS_3.
vhich this flav vas al

B - Scan End View

: 0.660 - 1.080(in) 8pls
T 484.10 - 483.62(In) 9pls
0.053 - 0.534(in) 19pis

l:ale = 0.10(in)

D2=.12 and was measured fros the Ss53.488 file, in

C - Scan View

: 0.660 - 1.080(in} 8pts

: 484.10 - 483.62(in) Spts
: 0.053-0.534(in) 19pis
calo = 0.10(in)

Rnsaarch Facility
5000 rsfracted angle (deg):-66.0

T 484.10 - 483.62(in) 9pls
: 0.053-0.534(n) 19pls

so found.
cale = 0.10(In)

oN

NUREG/CR-6471

Figure A.51d - Volumetric indication #2 in the cladding: mode 2
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Figures A.52a-c show volumetric indication #3 in the cladding. This planar indication has a through-wall extent of 2 mm
based on different depth estimates and less than 1.5 mm based on a coin shaped indication at the clad to base metal inter-
face. The detection was made in mode 3 where it displayed coin shape at a depth of 6 mm. There were confirmations in
modes 1 and 5 at depths of 6 and 8 mm. The different Z values of 6 to 8 mm give an alternate depth size of 2 mm. The
indication is characterized as volumetric based on normal beam detection. There is good evidence of coin shape in the side
view of mode 3. The length is 6 mm and was made to LOS in mode 1. The width is 18 mm and was made to LOS in
mode 1. The range of aspect ratios (width/depth) of this indication is 9 to 12. The maximum amplitude-to-noise ratio is of
medium range at 83 to 25. The Z coordinate of 6 to 8 mm shows that the indication is in the clad-to-base metal interface.
The X coordinate of 18 mm shows that the indication is over the base metal.

B - Scan End View

: 0.570-0.930(n) 13pts
: 478.76 - 478.34(in) 15pis
0.197 - 0.451(in) 19pts
cale = 0.05(In)

DN =< X

TRANSDUCER: 4 Miz, Oua) Elenent, Normal Beam

MATERIAL: Pressure Vessel User Research Facility
saterial velocity (in/sec): 235000 refracted angle (deg):

thickness. .. (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):120.00 nusber of points
depth {along sound path) in satertal to start sampling (in):
vindov (us): 7.42 to 15.82 stop sanp?ing (in):
SCAN: half wavelength in X and ¥
scan direction - (deq): 0
init pos primary axis (in): -4.5 final: 4.5

init pos secondary axis  (in): 479.0 final; 470.0
stap sfze: scan,inc axes (in): 0.030, 0.030

FILE STATISTICS ........ afn: 0 pax: 138 avg: 1.4

<APLOT> This is a confirmation call for flar ns5_S.

node : pulse-echo

fraquency (shz): 4,00 f number 1 4.8
standof f(hgt=foc len) (in): 0.390 vel (in/sec) : 105000
incident angle (deg): 0.0 skev angle  (deg): 0

full bean angle 1n netal (deq): 12.0 bean entry dia.(in): 0.125

scan,in¢ length (in): 9.000, 9.000 #a-scans: 90601
type: ENV

C - Scan View

B - Scan Side View

Figure A.52a - Volumetric indication #3 in the cladding: mode 1
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B - Scan Side View

: 0.06-0.84(in) 14pts

: 478.626 - 477.966(in) 12pis
0.000 - 0.561(In) 22pis

cala = 0.20(In)

BN <X

C - Scan View

<APLOT> HEAD
test Collected: 05/06/33 16:05:29

Processed: 12/21/33 09:01:18
TRAHSODUCER: 2 Miz, Dual Element, 70 deg. L

aode : pulse-echo

frequency (nhz): 2.00 f nunber 1 4.8
standoff(hgt=Foc len) (4n): 0.290  vel (in/sec) : 105000
incident angle (deg): 24.1 sker angle

eg):
full beas angle in setal (deg): 12.0 bean entry dia. ((n) 0 125
MATERIAL: Pressurs Vesse) Usar Research Facility
saterial velocity (in/sec): 235000 refracted angle (deg): §6.0

thickness. .. (in):
SAMPLING: Hear Surface only
sanple period {ns):560.00 nunber of ?oints ¢ 45
depth (along sound path) in nateria) to start sampling (in): 0.000
windov (us): 5.52 te 30.16 stop sanpling (In): 3.000
SCAN: half wavelength in X and ¥
scan direction (deg): 0
init pos primary axis (in): 482.6 fipal: 471.0

init pos secondary axis (in): -4.5 final: 4.5

step size: scan.inc axes (1n) 0.060. 0.060

scan, Inc length (in): 9.000, 9.000 Ra-scans: 22801

FILE STATISTICS ........ aln: 0 max: 163  avg: 4.2 L.....eeeeeen type: ENV

[ <APLOT> This {s Flaw ns5.5. 0Z=.13 and vas neasured as a vave packet. B - Scan End View

Figure A.52b - Volumetric indication #3 in the cladding: mode 3
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B - Scan Side View

X: 0.30-0.78(in) 9pts
Y: 478.860 - 478.440(n) 8pis
Z: 0.027-0.508(in) 19pis

Scale = 0,10(in)

C - Scan View

<APLOT> Head

test Collected: 05/06/93 16:06:2%
Processed: 12/21/93 08:03:42
TRANSDUCER: 2 MMz, Dual Element, 70 deg. L
node : pulse-echo
frequency {ah2): 2.00 f number : 4.8
standol‘f(hqt foc lem) {in}: 0.290 vel (in/sec) : 105000

{ncident angle (deg):-24.1 skav angle deg):

full beas anglae in metal (deq) 12.0 bean entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility

naterial velocity {in/sec): 235000 rsfra(tad angle (deg):-66.0

thickness. . (in): 9.000
SAMPLING: Near Surface only
sample period {ns):560.00 nuaber of goints ;45
depth (along snund path) {n material to start san ing (in): 0.000
vindov (us): 5.5 30.18 stop saspling (in): 3.000
SCAN: half nave]ength in X and Y
scan direction (de )] )
in{t pos primary axis (1n): 480.0 final: 471.0
init pos secondary axis (in): -4.5 final: 4.5
step size: scan,inc axes (in): 0.060, 0.06C
scan,inc length (in): 3.000, 9.000 Ha-scans: 22801
FILE STATISTICS ........ ain: 0 nmax: 170 avg: 4.6 ..... Veraeean type: ENY

B - Scan End View

ﬁAPlOD This Is Flav ns5.5. D2=.12 and vas measured From the 553460 File.

Figure A.52c - Volumetric indication #3 in the cladding: mode 5
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Figures A.53a-d show volumetric indication #4 in the cladding. This volumetric indication has a through-wall extent of
2 mm based on different depth estimates of 7 to 9 mm and less than 1.5 mm based on an indication without TOF shape at
the clad to base metal interface.
remained brighter than 95 counts at depths of 7 and 8 mm. There was a confirmation in mode 3 at a depth of 9 mm. The
indication is characterized as volumetric based on normal beam detection. There is no evidence of coin shape in the side
f mode 4. The length is 16 mm and was made to LOS in mode 4. The width is 8 mm and

view of mode 3 and end view o

The detection was made in modes 1 and 4 where it failed to display TOF shape but

was made to LOS in mode 3. The range of aspect ratios (width/depth) of this indication is 9 to 11. The maximum

amplitude-to-noise ratio is high

at 210 to 20. The Z coordinate of 7 to 9 mm shows that this indication is in the clad-to-

base metal interface. The X coordinate of 98 mm shows that the indication is over the base metal.

8- Scan

<APLOT>
<pPLOT> Head

test

TRANSPUCER: 4 MHz, Dual Eleaent, No
noda ]
frequency (nhz):
standoff(hgt=Ffoc len) (1n)

incident angle H
Full beam angle 1n metal (deg) 1
MATERIAL: Pressure Vesse] User Rese
naterial velocity (infsec): 2
thickness. . (n):
SAMPLENG: Near Surface only

sanple period (ns):12
depth (along sound pith) in mater
wvindov (us): 7.42 ¢t 82
SCAN: half wavelength |n X and Y
scan direction (deg): 0
init pos primary axis (in):
{init pos sacondar¥ axis (in):
step size: scan.inc axes (in):
scan,inc length {in):
FILE STATISTICS ........ ain 0
<APLOT> This fs flaw ns4_3. DZ=.12

0

0.

wo

C - Scan View

X: 3.780 - 4.140(in) 13pls
Y: 0.00--0.30(n) 11pls
2: 0.183-0.522(in) 25pts
Scale = 0.05(in)

End View

Collected: 05/06/93 15:29:38
Processed: 04/03/94 19:45:17
rnal Bean
ulse-echo
4.00 f nuaber : 4.0
390 vel (in/sec) : 105000
0.0 skev angle 0
bean entry dia. (1n) 0.125

2.0
arch facility
35000 refrac(ed angle (deg): 0.0
9.000
0.00 nunber of ?nm!s N
1al to start saspling (in): 0.000
stop saapling (in): 1.000
-4.5 ﬂna} 4.5
o oot e 8 - Scan Side View
000, 39.000 Ka-scans: 30801
max: 251 ave: 1.8 ... typa: ENV X: 3780 - 4.140(In) 13pts

Y: 0.00--030(n) 11pts
2: 0.183-0.522(In) 25pis
Scale = 0.05(in)

and vas measured fron the 4s4_8 file.

Figure A.53a - Volumetric indication #5 in the cladding: mode 1

NUREG/CR-6471
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B - Scan Side View C - Scan View

: 3.54-4.140n) 11pis
: 0.266 --0.334(in) 1ipis
0.000 - 0.695(in) 27pis
cala = 0.20(in)

@ N

<APLOT> head
test Collected: 05/06/93 16:
Processed: 04/03/94 20:
TRANSOUCER: 2 Iti2, Dual Elenant, ?0 deg. t
mode 1 pulse-echo
frequenc {nhz) 2 00 £ nusber D 4.8
standoff(hgt-roc Ten) {in): 0.290 vel (in/sec) + 105000
incident angle (deg): 24.1 skev angla (de g:
full beam angle in metal (deg): 12.0 bean entry dia. (1n 0.12%
MATERIAL: Pressure Vessel User Research Facility
naterial volnc!ty (in/sec): 235000 rafructed angle (deg): 66.0
thicknes (in):
SAMPLING: Near Surface only
sample parfod (ns):560.00 nunber of go{n(s H 45
depth (along sound path) in material to start samg {ng (in): 0.000
vindov (us): 5.52 to 30.16 stop sampling (in): 3.000
SCaH: half vavelength in X and ¥
scan direction (deq): :
init pos primary axis (in): 10‘6, final: -1.0 8 - Scan End View
init pz‘zs sacondar){ axis E}ng 0 6;65 gégal: 4.5
step size: scan,inc axes n): 0. ., 0.
scan,inc length (in): 9.000, 9.000 Ha-scans: 22801 X: 3.54-4.14(n) 11pts
FILE STATI S e ain: 0 nax: 8 avg! 3.4 .......o..aen ype: Y: 0. - n pts
FISTIC 1 Si t ENV 266 - -0.334(i 11pt
i : : : 0.695(in) 27pls
[<]APLOT> This is a confirmation call for flaw ns4_3. éca?eo-ogm(ln) (in) P

Figure A.53b - Volumetric indication #4 in the cladding: mode 3
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B-Scan End View

3.234 -> 3,894 (In) 12 pts
% 0.20 ~> =0.58 {in}) 14 pts

X

¥: C~-Scan view
g: 0.000 ~> 0(828 {in) 32 pts

I<

ale = 0.20
<APLOT>
<APLOT> HEAD
test Collacted: 05/0D6/93 16:04:49
Processed: 04/03/94 21:20:46
TRANSOUCER: 2 MHz, Oual Element, 70 deg. L
node : pulse-echa
frequency hz): 2,00 f nunb : 4.8
standoff(hqt-fo: 1en) (1n) 0.290 vel (1n/sac) : 105000
in¢ident angle (d 39): 24 l skev angle ): 0
full beam angle in metal (deg): pean entry dia. (1n) 0.125
MATERIAL: Pressure Vassel User Research Facility
natertal velo<§ty (in/sec): 235000 refracted angle (deg): 66.0
thicknss (in): 9.000
SAMPLING: Near surface only
sample period {ns):560.00 nunber of go!nts s 45
depth (along sound path) in naterial to start san? ing (in): 0.000
wvindov (us): 5.52 to 30.16 stop sampling (in): 3.000
SCAN: half wavelength in X and ¥
scan direction (d ag) i}
init pos primary axis {in): -7.1  final: 4.5
init pos secondary axis {in): 8.0 final: -1.0
Step size: scan,inc axes (in): 0.060, 0.060
an.inc length (in): 9.000, 9,000 Ha-scans: 2280
FILE STATISTICS ........ ain; 0 nax: B1 U7 N TN S type: ENV
<APLOT> This {s flav ns_dz4.3. D0Z-.12 as was peasured From this file. This flar B~Scan Slde View
vas also detected in the 4s1 8 file.

Figure A.53c - Volumetric indication #4 in the cladding: mode 4
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B - Scan Side View

.3.00-3.78(in) 14pts
0.246 - -0.174(in) 8pis
: 0.053-0.748(n) 27pis
cale = 0.20(in)

<APLOT)>

<APLOT> HEAD
test Collected: 05/06/93 16:05:23
Processed: 04/03/94 20:34:08

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
node 1

pulse-acho
frequency (nhz). 2.00 f nunber 4.8
standoff(hgt =foc len) (in): 0.290 vel (in/sec) : 105000
incident angle (deg): 24. 1 skew angle
full bean angle in netal (deg): 12.0 bsa- untry dia (|n) ﬂ 125
MATERIAL: Pressure Vessel User Research Facili
nateria) velocity (in/sec): 235000 refra(ted angle (deg): B6.0
thickness. .. (in): s.000
SAMPLING: Near Surface only
sample period (ns):560.00 number, of ?oints : 45
depth (along sound path) in material to start san? ing (in): 0.000
window (us): $.52 to 30.18 stop sampling (in): 3.000
SCAN: half vavelength in X and Y
scan direction (deg): 0O
inft pos primary axis (in): 2.6 final: -9.0
init pos secondary axis (in): -4.5 final: 4.5
step size: scan,inc axes (in): 0.060, 0.060
scan,inc length {in): 9.000, 39.000 Ha-scans: 22801
FILE STATISTICS ........ min: o max: 46 avg: 3.1 ..... veersess bype: ENV

<APLOT> This is a confirmation call for flaw ns4_3.

D

B - Scan End View

Figure A.53d - Volumetric indication #4 in the cladding: mode 3
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Figures A.54a-c show volumetric indication #5 in the cladding. This volumetric indication has a through-wall extent of
less than 1.5 mm based a bright indication without TOF shape in the clad to base metal interface. The detection was made
in modes 2 and 5 where the bright, shallow indication failed to take shape at a depth of 6 mm. There was a confirmation
in mode 3 at a depth of 6 mm. The three Z values of 6 mm give an alternate depth size of less than 1 mm. The indication
is characterized as volumetric based on detection in orthogonal modes. There is some evidence of coin shape in the side
view of mode 3. The length is 12 mm and was made to LOS in mode 2. The width is 11 mm and was made to LOS in
mode 3. The maximum amplitude-to-noise ratio is of medium range at 112 to 40. The Z coordinate of 6 mm shows that
the indication is in the clad-to-base metal interface. The X coordinate of 21 mm shows that the indication is over the base
metal.

C-Scan view

B-Scan End View

X:0.720 -> 1.140 (in} 8 pts
Y479 10 —> 478.74 (In) 7plS

027 —> 0.588 (in) 22 pts
Scale = 0.10 {in)

TRANSDUCER: 2 MHz, Dual Element, 70 deg. L
sode : pulse-echo
frequency (wh2): 2.00 f nuaber :
standoff(hgt foc len) (in): 0.290 vel (in/sec) : |05000
incident angle (deg):-24.1 skev angle (deq):

9): 0
full beam angle in netal (deg) 12.0 baas entry d‘la (!n) 0.125
HATERIAL: Pressure Vessel User Research Facility
000

material velocity (in/sec): 23500 refracted angle (de GS o
thickness. . (in): 39.000 ste (deg):
SAMPLING: Near Surface only
sample period (ns):560.00 nunber of points : 45
depth (along sound path) in material to start sampling (in): 0.000
vindow (us): 5.52 to 30.16 stop sanp?mg {in): 3.000
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis {in): -4.5 final: 4.5

init pos secondary axis (in): Final: 471.0 8-5can Side View

oo ?'ui SE:"""C anes E}"?z 3 080, 0.060 %:0,720 => 1.140 (in) B pts

scan,inc leng n): 9.000. 9.000 Ra-scans: 22801 3 - o,

FILE STATISTICS ........ pln: 0 max! 137 D82 tiiaeniieann : ¥:479,10 -2 478,74 (in) _ 7 pts
* ave 2 typs: ENV z:0027 3>1 o388 22 pts

cale =

‘jAPLOD This is flav ns_d25_7. This flaw vas also detected in th e 555_480 file

Figure A.54a - Volumetric indication #4 in the cladding: mode 2
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B - Scan Side View

0.90 - 1.56¢in} 12pts

478.106 - 478.566(in) 10pis

0.000 - 0.614(in) 24pis
cale = 0,20(in)

C - Scan View

I capLOT>

<APLOT> Head .
test Collected: 05/06/93 16:05:29
Processed: 12/21/93 09:01:18 S
TRANSDUCER: 2 Miz, Dual Element, 70 deg. L
sode : pulse-echo
frequency whz): 2.00 f ousber :
standuff(hgt «foc len) ((n) 0.290 vel (in/sec) B 105
inctdent angle deg): 24.1 skew angle (deg): 0
full beas angle in metal (deg)' 12.0 beas entry dia.(in): 0.125
MATERIAL: Pressure vessel User Research Facility
saterial velocity (in/sec) 235000 refracted angle (deg): 66.0
thickness.. (n): 9.000
SAHPLING: Hear Surface only
sasple period (ns):560.00 number of ?olnts 145
depth (along sound path) in materfal to start san? ing (in): 0.000
H window {us): - 5.5 30.16 stop sampling (in): 3.000
| scan: half -ave]ength |n X and ¥
scan direction (deg): 0
inlt pos primary axis (in): 482.6 final: 471.0
init pos secondary axis (In): -4.5 final; 4.5
step sfize: scan,fnc axes (in): 0.060. 0.080

scan,inc length (in); 9.000. 9.000 Ha-scans: 22801
FILE smnsncs verewree mln 0 max: 163 avg: 4.2 .......ev.... type: ENV

<APLOT> This is Flaw nsS_72. 0Z-.15 and was measured as a wave packet.
. B - Scan End View

Figure A.54b - Volumetric indication #5 in the cladding: mode 3
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B - Scan Side View

0.66 - 1.14(in) 9ptis
479.160 - 478.800(in) 7pls
0.027 - 0.508Gn) 19pts

cala = 0.10(n)

<X

C - Scan View

N

<APLOT>

(APLOT> Head

test Collected: 05/06/93 16:06:
Processed: 12/21/93 09:0:
TRANSDUCER: 2 MMz, Dual Element, 70 deg. L
node ' pulsa -scho
fraquenc {mhz); f nusber
standuff(hqt-fuc ten) (in): 0. 290 vel (in/sec)
incident angle (deg):-24.1 skee angle (deg

full beam angle in setal (deg): 12.0 bsan entry dta.(in): 0.125

MATERIAL: Pressure Vessel User Rasea((h Faciltty
naterial velocity (In/sec): 235000 refracted angle (deg):-66.0
thickness. .. {in): 9.000
SAHPLING: Near Surface only
sanple pariod (ns):560.00 number of Yoints i 45
depth (along sound path) in naterial to start sampling (in): 0.000
vindow (us): 5.52 t 30.16 stop sampling {(in): 3.000
SCAN: half vavelength In X ang ¥
scan direction (deg): ©
init pos primary axis (|n): 480.0 final: 471.0
init pos sezondar{ axis (1n): -4.5 final: 4.5
step size: scan,inc axes (in): 0.060, 0.060
scan,inc length {in): 9.000, 9,000 #a-scans: 22001
FILE STATISTICS ........ ain: 0 max: 170 avg: 4.6 ........ case. typa: ENV

<APLOT> This is Flav nsS_7. DZ=.15 and was neasured from the 553_480 file.
B - Scan End View

Figure A.54c - Volumetric indication #5 in the cladding: mode 5
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Figures A.55a-c show volumetric indication #6 in the cladding. This volumetric indication has a through-wall extent of
less than 1.5 mm based on an indication without TOF shape at the clad to base metal interface. The detection was made in
modes 1 and 2 where the bright, shallow indication failed to take shape at a depth of 7 mm. There was a confirmation in
mode 3 at a depth of 9 mm. The different Z values of 7 to 9 mm give an alternate depth size of 2 mm. The indication is
characterized as volumetric based on normal beam detection. There is no evidence of coin shape in the end view of modes
2 and the side view of mode 3. The maximum amplitude-to-noise ratio is high at 255 to 20. The Z coordinate of 7 to

9 mm shows that the indication is in the clad-to-base metal interface. The X coordinate of 94 mm shows that the indication
is over the base metal.

C-Scan view

X:3.720 -> 4,230 (in) 1@ pts

19.56 ~> 18.08 (in) 17 pts
2:0.085 -> 0.550{In) 34 pts
Scale = 0. 10 (In)

B~Scan End View

%3720 -> 4230 in 19 pts
Y¥:19.56 -> 19 17 pts
Z: 0.08% —> O(ISSO (In) 39 pts
e =

<APLOT> HEAD
test So”ﬂ(“g 05/06/93 15:29:38
roce.
TRMSDUCER' 4 Mz, Oual Elsment, Nornal Bean ssed: 04/18/34 13:18:30
no! s i pulse-echo
freuunn< (shz): 4.00 f nusber i 4.8
stsndoff(hgt =foc len) (In): l) 390 vel (in/sec) : 105000
incident angle {deg): 0.0 skew angle (deg): 0
Full beam angle in metal (da J: 12.0 beam entry dia, (in) 0.125
NATEltlIA‘l ]Pre]ssu;'tts Vsssehu;ar f)iesearch Facility
natertal velocity n/sec refracted ang) .
thickness. . (in): 9.000 < gle (dea): 0.0
SAHPLING: Near Surfa:e only
saaple period (ns):4 nunber of fuints N
sfgst‘;.(?zg?g so;nd path) h\ ;a(erial to start 5“?1‘"9 {in): 0.000
. stop saaplin in): 1.
SCAN: half wavelength |n )( and v ° pling - {1 000
scan direction (deg): 0
intt pos prisary axis (In):  -4.5  final: 4.5
init pos secondary axis (In): 24.0 final: 15.0
step sl2e: scan,inc axes (in): 0.030. 0.030
scan,inc length {in): 9.000, 9.000 Ha-scans: 90601
FILE STATISTICS ........ aln: D nax: 255  av@: 3.8 ............. type: ENY B8-Scan Side View
<APLOT> This 1s flav ns_dz4_8. O2~.12 and was measured from th X:3.720 -> 4.230(In) 18 pts
vhich this Flaw is also detacted. ron the 452.24 file. in Y 18568 > 13.00(m 17 pts
2:0.085 -> 0.550 (in) 34 nts
0 Scale = 0.10 (in)

Figure A.55a - Volumetric indication #6 in the cladding: mode 1

A.99 NUREG/CR-6471



Appendix A

C - Scan View

X: 3.780 - 4.500(In) 13pis
Y: 19.68 - 19.14(in) 10pis
Z: 0.053-0.695(In) 25pis
Scale = 0.20(in)

B - Scan End View

<APLOT» Head

test Collected: 05/06/93 15:59:42
. Processed: 04/15/94 01:55:32
TRANSOUCER: 2 MHZ, Dual Element, 70 deg. L
node : pulse-echo
Frequency 2.00 f pumber

4.8
standoff(hgt =foc len) 0.250 val (in/sec) 1050rm
{ncident angte 24 skew angle
full bean angla in metal (deg). 12, 0 haal entry dla.(in) 0 125
MATERIAL: Pressure Vessal User Reseoarch Facili
naterial velocity {in/sec): 235000 refracted angle (deg):-66.0
.000

thickness. .. Gin):
SAMPLING: Near Surface only
sanple period (ns):560.00 nuaber of Tolnts t 45
depth (along sound path) ln naterial to start sampling (in): 0,000
wvindow (us): 5.52 t 0.16 stop saapling (in): 3.000
SCAN: half wavelength in X and Y
scan direction {deg): 0
:n:t pos prisary anis1 8"%: -4 5 nna;' 4.5
nit pos secondary axis n, 4.0 na 15.0 .
step size; scan, ¥nc axes (1n) 0. 060 0.060 B - Scan Side View
scan, inc langth (in): 9.000. 9.000 Ha-scans: 22801
FILE STATISTICS ....... Lonin: u max: 88 avg: 4.9 ............. type: ENV X: 3.780 - 4.500Gn) 13pts

Y: 19.68 - 19.14(in) 10pts
2: 0.053-0.695(n) 25pts
Scale = 0.20(In)

<APLOT> This {s flav ns4_8. DZ-.06 because this is a shapeless echo in the CBI.

0

Figure A.55b - Volumetric indication #6 in the cladding: mode 2
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B-5can Slde View

. 348 ~> 4.02(in) 10 pts

g 9806 ~> 19,326 (in) pts
080 ~> 0.668 (In) 23 pts
¢~ 0.20 (In)

C-Scan view

<APLOT>

<APLOT> HEAD
tast

Collected: 05/06/33 16:05:29 3
Processed: 04/15/94 02:17:28
TRANSOUCER: 2 Mz, Dual Element, 70 deg. L

node : pulse-echo
2.00 f number
0. 250 vel (in/saec)

fraqumc (nhz 4.8

standoff(hqt =foc len) (in 105000

{acident angle eg): 24.1 skev angle {deg): @

full beam angle in netal (deg): 12.0 bean entry dia.(in): 0.125
MATERIAL: Pressuro Vessol Usar Rasaarch faciltity

naterial velocity {in/sec): 23500 refractod angle (deg): 66.0

thickness. . n): 3. 000 .
SAMPLING: Near Surface only

sasple perfod {ns):560.00 nusber of paints 45

depth (along sound path) in naterial to start sam 1ing (ln); 0.000
vindov (us): 5.52 to .16 stop sampling (in): 3.000
SCAN: half wavelength 1n X and Y

scan direction {deg): 0

init pos primary axis (in): 26.6 final; 15.0

init pos secandar¥ axis (in): -4.5 Ffinal: 4.5

step size: scan,inc axes {in): 0.060, 0.060

scan,inc length (in): 9.000, 9.000 01

FILE STATISTICS ........ ain: 6 max: &3 avg: 3.7 ... type: ENV

<APLOT> This {s a confirmation for flaw ns4_8.
a B-5can End View

Figure A.55c - Volumetric indication #6 in the cladding: mode 3
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Planar Indications in the Weldment Below 25 mm

Figure A.56 shows planar indication #1 in the weldment below 25 mm. This planar indication has a through-wall extent of
14 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at a depth
of 64 mm. The shape quality is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on the tip signal pattern. The length is 18 mm and was made to LOS in mode 6. The aspect
ratio (length/depth) of this indication is 1.3. The maximum amplitude-to-noise ratio is high at 36 to 5. With an X coordi-
nate of -8 mm, the indication is in the weld. With a Z coordinate of 64 mm, the indication is in the middle third of the
vessel.

<APLOT> Head
tast

MATERIAL:

aaterial velocity (!n/g?c)

0

Rl

B - Scan End View

X: -0.800 - 0.080(in) 23pls
Y. 215.52 - 214.48(in) 27pis
Z2: 2.215-3.501(in) 9ipts

Scale = 0.20(in)

Collected: 05/06/93 16:33:29
Processed: 03/06/95 06:56:56

TRANSDUCER: 1.5 Mz, 45 deg, shear
node : pulse-echo
Fraquency {nh2z): 1. f number : 9.5
standoff(hgt =foc len) (1n): 0.250 vel (in/sec) : 105000
incident angle {deg):-36.0 skew angle (deg): ¢
Full beas angle in metal (deg): 6.0 bean entry dia. (1n) 0.125

Pressure vessel Usar Resaarch Faciiit

val‘ractad angle (deg):-44.4

thickness. S.DDO
SAMPLING: Naar Surface only
sanple period ns):320.00 number of points : 705
depth {along sound path) in -atar1al to start sampling {in): 0.000
vindoy (us): .76 to 230.04 stop saspling (in): 14.100
SCAN: half vave!enqth in X and ¥
scan direction {deg): 0
init pos prisary axis (in): -10.0 final; 1.0
1nit pos secondary axis {in): 216.0 final: 207.0
step size: scan, ‘,nc axes {in): 0.040, 0.040 .
scan,inc length {in):11.000, 9.000 Ha-scans: 62376
FILE STATISTICS ........ nin max: 255 avg: 4.3 ............. type: ENV
<APLOT> This is flaw fv4_E. 02Z=.56 and was measured as a tip signal.

C - Scan View

X: -0.800-0.080(in) 23pis
Y: 215.52 -214.48(in) 27pts
Z: 2.215-3.501(in) 9ipls
Scale = 0.20(n)

B - Scan Side View

Figure A.56 - Planar indication #1 in the weldment below 25 mm: mode 6

NUREG/CR-6471
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Figures A.57a-b show planar indication #2 in the weldment below 25 mm. This planar indication has a through-wail
extent of 13 mm based on tip signal pattern. The detection was made in mode 10 where it displayed normal beam shape at
a depth of 115 mm. There was a confirmation in mode 6 at a depth of 112 mm. ‘ The confirmation mode detected the tip
signal pattern. The indication is characterized as planar based on the tip pattern. The length is 25 mm and was made to
LOS in mode 6. The width is 9 mm and was made to LOS in mode 10. The aspect ratio (length/depth) of this indication
is 2. The maximum amplitude-to-noise ratio is high at 56 to 11. With an X coordinate of -8 mm, the indication is in the
weld. With a Z coordinate of 115 mm, the indication is in the middle third of the vessel.

B-Scan End View

X:-0.825 -> <0.075 (in) 31 pts
¥Y: -0.85 ~> -2.00 (in) 47 pts
2:4.286 —> 4.863 (in) 63 pts
Scale = 0.20 (In)

<APLOT> test Collected: 05/06/93 1
16:1S
Processed: 04/03/94 13:55:44
TRANSDUCER: 5 Miz, Norpal Beam, 3/9 in. dia, ’
node : pulse-echo
frequency (shz): 5,00 f nuaber $19.1
standoff(hgt ~foc len) (in): 0.000 val (in/sec) : 105000
{ncident angle eg): 0.0 skev angle v}
full beam angle in netal (deg): 3.0 bean entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research facility
watertal velocity (infsec): 235000 refracted angle (deg): 0.0
thickness. .. (in): 9.000
SAMPLING: full volume
sarple period (ns): 80.00 nusbar of ?nints 1 1064
depth (along sound path) in naterial to start san? ing (in): 0.000
window (us): 0.00 to 85.04 stop sampling {in): 10.000
SCAN: half vavelength in X and ¥
scan direction (deg): 0
init pos primary axis (in): -2.5 fina): 2.5
init pos secondary axis (in): 0.0 final: -9.0
step size: scan,inc axes (in): 0.025, 0.025 8-Scan Slde View
scan, inc length (in): 5.000, 9.000 Ha-scans: 72561
FILE STATISTICS ........ ain: 0 max: 255 avg: 7.5 .......e.eee. type: ENV ¥:-0.825 -> -0.075 (In) 31 pts
] ¥: -0,85 -> -2,00(In) 47 pts
<APLOT> this is flaw do_dz4_?. This snapshot shows 2 echoes, one of vhich is 2:4.286 -> 4.869 (in) 63 pts
confirned volumetric b{ 4s56_0 Scale = 0.20 (In)
¢APLOTY ‘THIS' 1s an {lleaql connand.

Figure A.57a - Planar indication #2 in the weldment below 25 mm: mode 10
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8 - Scan Side View B - Scan End View C - Scan View

X: -0.960--0.040(n) 24pts X: -0.960 - -0.040(in) 24pts X: -0.960 - -0.040(n) 24pls
¥: :0.48--1.48(n) 26pis Y: -0.48--1.48(n) 26pts Y: -0.48--1.48(n) 26pls

Z: 3.648 - 4.885(in) 87pts Z: 2.648-4.886(n) B7pls Z: 3.648-4.886(n) B7pis
Scaile = 0.20(in)

Scale = 0.20(in)

Scale = 0.20(in)
"

<APLOT> HEAD
test Collectad: 05/06/93 18:33:29
Processed: 04/11/94 07:32:34
TRANSDUCER: 1.5 Mi2, 45 deg, shear

[ : pulse -echo

frequzn f nunber

standnff(hgt ~foc len) vel (in/sec)

incidynt angle (deq):-36.0 skev angle (de

full beas anq]e in metal {(deg): 3.0 beas entry dia. (ln) 0 125
MATERIAL: Pressure Vessal User Research Facllity

$19.1
: \05000

naterial valocity (in/sec): 125000 refracted angle (deg):-44.4
thicknes (in): 8.000

SAMPLING: Near surface only
sample period (ns):320.00  number of goints T705
depth (aleng sound path) in saterial to start sam ing (in): 0.000
windov (us): 4.76 to 230.04 stop:sampling (in): 14,100

SCAH: half vavelength in X and ¥

scan direction (deg): ©

1nit pos primary axis (in): -10.0 final: 1.0

init pos sacondary axis {in): 0.0 final: -8.0

step size: scan,inc axes (|n) 0,040, 0.040

scan,inc length (in):11.000, 9.000 Ha-scans: 62376

FILE STATISTICS ........ nin: nmax: 255  avg: tees-anenens type: ENV

This flay

CAPLOT> This is flaw do_dz4.?. DZ=,515 and was measured as a tip signal.
vas also seen in the 4s0_0 file.

8 - Scan Side View

Figure A.57b - Planar indication #2 in the weldment below 25 mm:
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Figures A.58a-b show planar indication #3 in the weldment below 25 mm. This planar indication has a through-wall
extent of 11 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes
at a depth of 75 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at a depth of
74 mm. The different Z values of 74 to 75 mm give an alternate depth size of 1 mm. The indication is characterized as
planar based on the tip signal pattern. The length is 18 mm and was made to LOS in mode 6. The range of aspect ratios
(length/depth) of this indication is 1.6 to 18 which tends to confirm the larger through-wall extent. The maximum
amplitude-to-noise ratio is high at 21 to 3. With an X coordinate of -7 mm, the indication is clearly in the weld. The Z
coordinate of 75 mm shows that the indication is in the middle third of the vessel.

B-Scan End View

X:-0.6840 -> 0.160 (in) 21 pts
¥:102.40 —> 101.52 (in) 23 pts
Z:2. 272 => 3,386 (In) 79 pts
Scale 0.20 (in)

C-~Scan view

X:=0.640 -> 0,160 (in) 21 pts
¥:10240 -> 101.52 (i) 23 p
2:2.272 > 3.386 (In) 79 pls
Scale 0.20 (in)

test © Collected: 05/06/93 16:33:28
Processed: 01/20/95 09:12:53
TRMgDU(ER: 1.5 tHz, 45 deg, shear

node . pulse-echo

frequency {ah2): 1.50 f nuaber : 9.5
standof F(hgt=Foc len) (in): 0.250 vel (in/sec) : 105000
incident angle {deg):-36.0 skev angle {deg

0
full bean angle in metal (deg): 6.0 beam entry dia. (1n) 0.125
HATERIAL: Pressure Vessael User Research facility

material velocity (in/sec): 125000 refracted angle (deg):-44.4
thickness.. (in): 9.000
SAMPLING: Near Surface only
sasple period (ns):320.00 nunber of ?oints
depth (along sound path) m nateria] to start sa-? ing (in): 0 000
vindov (us): 4.76 to 230.0 stop sampling (in): 14.100
SCAN: half vavelength {n X and ¥ .
scan direction {deg): 0
init pos primary axis (in): -10.0 final: 1.0
init pos secondary axis (in): 104.0 Final: 95.0
step slze: scan,inc axes (in): 0.040, 0.040
scan,inc length (1n):11.000, 9.000 pa-scans: 62376
FILE STATISTICS ........ ain: 0 nax: 255 avg: 5.0 ............. type: ENV

<APLOT> This is flav do_d25.12. 0Z=.46 and w3s seasured as a tip signal. This flaw
alse shoved up in the Ss8_104 file.

B-Scan Side View

Figure A.58a - Planar indication #3 in the weldment below 25 mm: mode 6
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B - Scan End View
C - Scan View

X: -0.692.-0.012(in) 18pls
Y: 102.28 - 101.60(in) 18pis
Z: 2.629-3.229(in) 43pis
Scale = 0.20(in)

X: -0.692--0.012(In) 18pts
Y: 102.28 - 101.60(n) 18pis
Z: 2.629-3.229(n) 43pts

Scale = 0.20(in)

Collacted: 05/06/93 16:37:07
Processed: 01/06/85 10:37:12
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Figure A.58b - Planar indication #3 in the weldment below 25 mm: mode 8
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Figure A.59 shows planar indication #4 in the weldment below 25 mm. This planar indication has a through-wall extent of
11 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at a depth
of 73 mm. The shape quality is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on the tip signal pattern. The length is 18 mm and was made to LOS in mode 6. The aspect
ratio (length/depth) of this indication is 1.6. The maximum amplitude-to-noise ratio is high at 25 to 5. The X coordinate
of -7 mm shows that the indication is in the weld. The Z coordinate of 73 mm shows that the indication is in the middle

third of the vessel.
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8 - Scan Side View

Figure A.59 - Planar indication #4 in the weldment below 25 mm: mode 6
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Figure A.60 shows planar indication #5 in the weldment below 25 mm. This planar indication has a through-wall extent of
9 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at a depth
of 81 mm. The shape quality for this indication is good but broken up, implying that more than one small flaw may be
present. There were no confirmations in other modes. The indication is characterized as planar based on the tip signal
pattern. The length is 16 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 1.8.
The maximum amplitude-to-noise ratio is high at 37 to 6. The X coordinate of -6 mm shows that the indication is in the
weld. The Z coordinate of 81 mm shows that the indication is in the middle third of the vessel.
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incident angle (deg):-36.0 skew angle

0
: full bean angle in metal (deg): 6.0 bean entry dia. (1n) 0,125
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_ <APLOT> This is Flay fv4_10. 02=.47 and vas measured as a tip signal.

Figure A.60 - Planar indication #5 in the weldment below 25 mm: mode 6
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Figure A.61 shows planar indication #6 in the weldment below 25 mm. This planar indication has a through-wall extent of
9 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at a depth
of 211 mm. The shape quality is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on the tip signal pattern. The length is 30 mm and was made to L.OS in mode 6. The aspect
ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise ratio is of medium range at 27 to 11. The X

coordinate of 23 mm shows that the indication is in the weld. The Z coordinate of 211 mm shows that the indication is
near the outer wall of the vessel.
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Figure A.61 - Planar indication #6 in the weldment below 25 mm: mode 6
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Figures A.62a-b show planar indication #7 in the weldment below 25 mm. This planar indication has a through-wall
extent of 9 mm based on tip signal pattern. The detection was made in modes 6 and 8 where it displayed a pair of TOF
shapes at depths of 68 and 63 mm. The shape quality is good for this indication. There were no confirmations in other
modes. The indication is characterized as planar based on the tip signal pattern. The length is 16 mm and was made to
LOS in mode 8. The aspect ratio (length/depth) of this indication is 1.8. The maximum amplitude-to-noise ratio is high at

15to 5. The X coordinate of -8 mm shows that the indication is in the weld. The Z coordinate of 63 to 68 mm shows that
the indication is in the middle third of the vessel.
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Figure A.62a - Planar indication #7 in the weldment below 25 mm: mode 6
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B - Scan End View
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<APLOT> This is Flav do_dz5_18. This {s a confirmation call of original
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Appendix A

C - Scan View

Figure A.62b - Planar indication #7 in the weldment below 25 mm: mode 8

A 111

NUREG/CR-6471



Appendix A

Figures A.63a-b show planar indication #8 in the weldment below 25 mm. This planar indication has a through-wall
extent of 7 mm based on wave packet width. The detection was made in modes 6 and 8 where it had isolated TOF shapes
at depths of 213 and 218 mm. The shape quality is good for this indication and is broken up indicating that more than one
small flaw may be present. There were no confirmations in other modes. The two Z values of 213 to 218 mm give an
alternate depth size of 5 mm. The indication is characterized as planar based on lack of detection in normal beam or
orthogonal modes. The length is 24 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this
indication is 3. The maximum amplitude-to-noise ratio is of medium range at 31 to 13. The X coordinate of 6 mm shows
that the indication is in the weld. The Z coordinate of 213 to 218 mm shows that the indication is near the outer wall of

the vessel. '
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Figure A.63a - Planar indication #8 in the weldment below 25 mm: mode 6

NUREG/CR-6471 A.112




8 - Scan End View
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Figure A.63b - Planar indication #8 in the weldment below 25 mm: mode 8
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Figure A.64 shows planar indication #9 in the weldment below 25 mm. This planar indication has a through-wall extent of
7 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a depth of

213 mm. The shape quality for this indication is good but broken up, implying that more than one small flaw may be
present. There were no confirmations in other modes. The indication is characterized as planar based on lack of detection
in normal beam or orthogonal modes. The length is 30 mm and was made to LOS in mode 6. The aspect ratio
(length/depth) of this indication is 4 which tends to confirm the large through-wail extent. The maximum amplitude-to-

noise ratio is high at 121 to 15. The X coordinate of 24 mm shows that the indication is in the weld. The Z coordinate of
213 mm shows that the indication is near the outer wall of the vessel.
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Figure A.64 - Planar indication #9 in the weldment below 25 mm: mode 6
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Figure A.65 shows planar indication #10 in the weldment below 25 mm. This planar indication has a through-wall extent
of 6 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at a
depth of 117 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on lack of detection in normai beam or orthogonal modes. The length is 19 mm
and was made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise
ratio is high at 60 to 12. The X coordinate of -7 mm shows that the indication is in the weld. The Z coordinate of

117 mm shows that the indication is in the middle third of the vessel.
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Figure A.65 - Planar indication #10 in the weldment below 25 mm: mode 6
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Figure A.66 shows planar indication #11 in the weldment below 25 mm. This planar indication has a through-wall extent
of 6 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a depth of
213 mm. The shape quality.is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 17 mm and was
made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise ratio is
low at 90 to 45. The X coordinate of 16 mm shows that the indication is in the weld. The Z coordinate of 213 mm shows
that the indication is near the outer wall of the vessel.
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Figure A.66 - Planar indication #11 in the weldment below 25 mm: mode 6
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Figures A.67a-b show planar indication #12 in the weldment below 25 mm. This planar indication has a through-wall
extent of 6 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
depth of 215 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at a depth of 213
mm. The two Z values of 213 to 215 mm give an alternate depth size of 2 mm. The indication is characterized as planar
based on lack of normal beam detection or detection in orthogonal modes. The length is 25 mm and was made to LOS in
mode 6. The aspect ratio (length/depth) of this indication is 4 which tends to confirm the large through-wall extent. The
maximum amplitude-to-noise ratio is of medium range at 109 to 40. The X coordinate of 16 mm shows that the indication
is in the weld. The Z coordinate of 213 to 215 mm shows that the indication is near the outer wall of the vessel.
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Figure A.67 - Planar indication #12 in the weldment below 25 mm: mode 6
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Figure A.67b - Planar indication #12 in the weldment below 25 mm: mode 8
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Figure A.68 shows planar indication #13 in the weldment below 25 mm. This planar indication has a through-wall extent
of 6 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a depth of
209 mm. The shape quality is good for this indication. There were no confirmations in other modes. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 15 mm and was
made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 2.5. The maximum amplitude-to-noise ratio
is high at 43 to 10. The X coordinate of 10 mm shows that the indication is in the weld. The Z coordinate of 209 mm

shows that the indication is near the outer wall of the vessel.
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Figure A.68 - Planar indication #13 in the weldment below 25 mm: mode 6
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Figure A.69 shows planar indication #14 in the weldment below 25 mm. This planar indication has a through-wall extent
of 6 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a depth of
212 mm. The shape quality is good for this indication. There were no confirmations in modes. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 27 mm and was
made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 4.5 which tends to confirm the large through-
wall extent. The maximum amplitude-to-noise ratio is of medium range at 115 to 40. The X coordinate of 9 mm shows
that the indication is in the weld. The Z coordinate of 212 mm shows that the indication is near the outer wall of the

vessel.
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Figure A.69 - Planar indication #14 in the weldment below 25 mm: mode 6
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Figure A.70 shows planar indication #15 in the weldment below 25 mm. This planar indication has a through-wall extent
of 4 mm based on LOS in a cloud like pattern. The detection was made in mode 6 where the shape appeared cloud like in
nature at a depth of 212 mm. The shape quality for this indication is fair but broken up, indicating that more than one
small flaw may be present. There were no confirmations in other modes. The indication is characterized as planar based
on lack of detection in normal beam or orthogonal modes. The length is 42 mm and was made to LOS in mode 6. The
aspect ratio (length/depth) of this indication is 10. The maximum amplitude-to-noise ratio is high at 53 to 13. The X
coordinate of 10 mm shows that the indication is in the weld. The Z coordinate of 212 mm shows that the indication is
near the outer wall of the vessel.
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Figure A.70 - Planar indication #15 in the weldment below 25 mm: mode 6
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Figure A.71 shows planar indication #16 in the weldment below 25 mm. This planar indication has a through-wall extent
of 4 mm based on LOS in a cloud like pattern. The detection was made in mode 6 where the shape appeared cloud like in
nature at a depth of 203 mm. The shape quality is poor and broken up indicating that more than one small flaw is present.
There were no confirmations in other modes. The indication is characterized as planar based on lack of detection in
normal beam or orthogonal modes. The length is 25 mm and was made to LOS in mode 6. The aspect ratio
(length/depth) is 6 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is high at
44 to 10. The X coordinate of -8 mm shows that the indication is clearly in the weld. The Z coordinate of 203 mm shows
that the indication is near the vessel outer wall,
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Figure A.71 - Planar indication #16 in the weldment below 25 mm: mode 6
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Volumetric Indications in the Weldment Below 25 mm

Figures A.72a-b show volumetric indication #1 in the weldment below 25 mm. This volumetric indication has a through-
wall extent of 5 mm based on ring around pattern. The detection was made in mode 9 where it displayed a pair of TOF
shapes at a depth of 116 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at a
depth of 121 mm. The confirmation mode gave a through-wall extent of 5 mm based on wave packet width. The two

Z values of 116 to 121 mm give an alternate depth size of 5 mm. The indication is characterized as volumetric based on
the detection of ring around shape. The length is 23 mm and was made to LOS in mode 8. The width is 17 mm and was
made to LOS in mode 9. The aspect ratio (length/depth) of this indication is 5 and the width-to-depth ratio is 3 which
tends to confirm volumetric orientation. The maximum amplitude-to-noise ratio is high at 51 to 10. The X coordinate of
12 mm shows that the indication is in the weld. The Z coordinate of 116 to 121 mm shows that the indication is in the
middle third of the vessel.
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Figure A.72a - Volumetric indication #1 in the weldment below 25 mm: mode 8
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Figure A.72b - Volumetric indication #1 in the weldment below 25 mm: mode 9

NUREG/CR-6471 A.124



Appendix A

Figure A.73 shows volumetric indication #2 in the weldment below 25 mm. This volumetric indication has a through-wall
extent of 4 mm based on ring around pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes
at a depth of 213 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as volumetric based on the detection of ring around shape. . The length is 9 mm and was made to
LOS in mode 6. The aspect ratio (length/depth) of this indication is 2. The maximum amplitude-to-noise ratio is of
medium range at 43 to 13. The X coordinate of 6 mm shows that the indication is in the weld. The Z coordinate of

213 mm shows that the indication is near the outer wall of the vessel.

C - Scan View

X: -0.400 - 0.560(in) 25pts
Y: 29.60 - 28.84(in) 20pis
Z: 7.744-8.716(n) &9pls
Scale = 0.20(In)

B - Scan End View

<APLOT> Head

test d Collected: 05/06/93 16:33:28

Processed: 04/01/95 19:31:31

TRANSODUCER: 1.5 M4z, 45 deg, shear .
node

. : pulse-echo
frequency {mhz}: 1.50 f nunber 191
standoff (hgt=foc len) (in): 0.250 vel (in/sec) s 105000

incident angle (deg):-36.0 skew angle (deg): 0
fu]‘ :ea- azgle in metal (deg): 3.0 bean entry dia.(in): 0.12§

MATERIAL: Pressure Vessel User Research Facility
naterfal velocity {in/sec): 125000 rafracted angle (deq):-44.4
thickness... (in): 9.000
SAMPLING: Near Surface only
sanplie period (ns);320.00 nusber of points : 705
depth (along sound path) in materfal to start sampling (in): 0.000
vindow (us): 4.76 to 230.04 stop sanpling (in): 14,100
SCAN: half vavelength in X and ¥
?cian dire(t}ﬂn 1 (%793: o 10.0 final 1.0
nit pos primary axis n): -10. nal: .
init gus gacnndary axis (in): 32,0 final: 23.0 B - Scan Side View
step size; scan,inc axes (in): 0.040, 0.040 g .
scan, inc length (in);11.000. 9.000 Ha-scans: 62376 . e X: -0.400 - 0.560(in) 25pts
FILE STATISTICS ........ sin: 0 max: 255 avg: 7.1 (i..iaeiennan type: Y. 29.60 - 28 84(n) 20pls
CAPLOT> This is flaw FvS_BB. DZ=.17 and was measured as a ring around signal. Z: 7‘744-8‘_716(In) 69pts
Scale = 0.20(in}
0

Figure A.73 - Volumetric indication #2 in the weldment below 25 mm: mode 6
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Planar Indications in the HAZ Below 25 mm

Figure A.74 shows planar indication #1 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 34 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes
at a depth of 135 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on the tip signal pattern. Using LOS in mode 6, the length was measured as
greater than 15 mm but was limited by the edge of the available aperture (data). The aspect ratio (length/depth) of this
indication is greater than 0.4; the loss of data probably limits the length measurement. The maximum amplitude-to-noise
ratio is high at 31 to 4. The X coordinate of 20 mm shows that the indication is probably in the HAZ. The Z coordinate
of 135 mm shows that the indication is in the middle third of the vessel.
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Figure A.74 - Planar indication #1 in the HAZ below 25 mm: mode 6
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coordinate of 17 mm shows that the indication is probably in the HAZ.
indication is in the inner third of the vessel.
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Figure A.75 - Planar indication #2 in the HAZ below 25 mm:
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Figure A.75 shows planar indication #2 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 18 mm based on tip signal pattern. The detection was made in mode 8 where it displayed a pair of TOF shapes
at a depth of 48 mm. The shape quality for this indication is good but broken up, implying that more than one small flaw
may be present. There were no confirmations in other modes. The indication is characterized as planar based on the tip
signal pattern. The length is 75 mm and was made to LOS in mode 6. The aspect ratio (Iength/depth) of this indication is
4 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is high at 38 to 3. The X
The Z coordinate of 48 mm shows that the
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Figure A.76 shows planar indication #3 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 10 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes
at a depth of 73 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on the tip signal pattern. The length is 18 mm and was made to LOS in mode 6.
The aspect ratio (length/depth) of this indication is 1.8. The maximum amplitude-to-noise ratio is high at 22 to 4. The X
coordinate of -17 mm shows that the indication is probably in the HAZ. The Z coordinate of 73 mm shows that the
indication is in the middle third of the vessel.
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Figure A.76 - Planar indication #3 in the HAZ below 25 mm: mode 6
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Figure A.77 shows planar indication #4 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 9 mm based on LOS in a cloud like pattern. The detection was made in mode 6 where the shape appeared cloud
like in nature at a depth of 213 mm. The shape quality is good for this indication. There were no confirmations in other
modes. The indication is characterized as planar based on lack of detection in normal beam or orthogonal modes. The
length is 21 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 2. The maximum
amplitude-to-noise ratio is of medium range at 43 to 15. The X coordinate of 26 mm shows that the indication is probably
in the HAZ. The Z coordinate of 213 mm shows that the indication is near the outer wall of the vessel.
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Figure A.77 - Planar indication #4 in the HAZ below 25 mm: mode 6
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Figure A.78 shows planar indication #5 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 9 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at
a depth of 224 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on the tip signal pattern. The length is 27 mm and was made to LOS in mode 6.
The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise ratio is of medium range at 29 to
8. The X coordinate of 24 mm shows that the indication is probably in the HAZ. The Z coordinate of 224 mm shows that
the indication is near the outer wall.
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Figure A.78 - Planar indication #5 in the HAZ below 25 mm: mode 6
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Figure A.79 shows planar indication #6 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 8 mm based on wave packet width. The detection was made in mode 6 at a depth of 216 mm. The shape has the
appearance of a cluster or cloud. There were no confirmations in other modes. The indication is characterized as planar
based on lack of detection in normal beam or orthogonal modes. The length is 22 mm and was made to LOS in mode 6.
The aspect ratio. (length/depth) of this indication is 3. The maximum amplitude-to-noise ratio is high at 120 to 25. The X
coordinate of 26 mm shows that the indication is probably in the HAZ. The Z coordinate of 216 mm shows that the

indication is near the outer wall of the vessel.

8 - Scan End View

: 0.680 - 1.520(In) 22pts
+ .56 -2.68(in) 23pls

8.030 - 8.816(in) 56pts
cala = 0.20(in)

WN <X

<APLOT>
<APLOT> HEAD
test Collected: 05/05/93 16:33:29
Processed: 04/12/94 12:28:34
TRANSDUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo
frequency (ohz}: 1.50 f nuaber
standuff(hgt-foc len) ((n) 0.250 vel (in/sec)
incident angle (deg):-36.0 skev angle (deg): 0
full bean ang'la in setal (deg): 3.0 beas entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (in/sec): 125000 rafracted angle (deg):-44.4
thickness... {in): 8.000
SAMPLING: Near Surface only
sanple period (ns):320.00 nusber of ?omts B
depth (along sound path) in naterial to start sn? ing (1n;
vindov (us): 4.76 to 230.04 stop saapting {in
SCAN: half wavelength in X and V
scan direction ): O
init pos primary axis (in): -10.0 Final): 1.0
init pos secondur axis (in): 8.0 Final: -1.0
step size: scan,inc axas (in): 0.040, 0.040
scan,inc length :11,000, 9.000 #a-scans: £2376
FILE STATISTICS ........ Mn: ll sax: 255  avar 2.5 .....ieeianen type: ENV
<APLOTY This s flaw fv5.30, D2-.3
1]

: 0.680 - 1.520(In) 22pls
T 3.56 - 2.68(in) 23pls

: 8.030 - 8.816(in) S6pis
calo = 0.20(in)

ON<X

A S R L

C - Scan View

8 - Scan Side View

Figure A.79 - Planar indication #6 in the HAZ below 25 mm: mode 6
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Figure A.80 shows planar indication #7 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 7 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at
a depth of 76 mm. The shape quality is good for this indication. There were no confirmations in modes. The indication
is characterized as planar based on the tip signal pattern. The length is 14 mm and was made to LOS in mode 6. The
aspect ratio (length/depth) of this indication is 2. The maximum amplitude-to-noise ratio is of medium range at 17 to 5.
The X coordinate of 16 mm shows that the indication is probably in the HAZ. The Z coordinate of 76 mm shows that the
indication is in the middle third of the vessel.
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Figure A.80 - Planar indication #7 in the HAZ below 25 mm: mode 6
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Figure A.81 shows planar indication #8 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 7 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
depth of 214 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 10 mm
and was made to LOS in mode 6. The aspéct ratio (length/depth) of this indication is 1.4. The maximum amplitude-to-
noise ratio is of medium range at 92 to 25. The X coordinate of 30 mm shows that the indication is probably in the HAZ.

The Z coordinate of 214 mm shows that the indication is near the outer wall of the vessel.
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Figure A.81 - Planar indication #8 in the HAZ below 25 mm:
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Figures A.82a-b show planar indication #9 in the heat affected zone below 25 mm. This planar indication has a through-
wall extent of 5 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
depth of 218 mm. The shape quality is good but more than one TOF shape was present for this indication. There was a
confirmation in mode 8 at depth of 216 mm. The confirmation mode gave a through-wall extent estimate of 4 mm based
on wave packet width. The two Z values of 216 to 218 mm give an alternate depth size of 2 mm. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 22 mm and was
made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 4 which tends to confirm the large through-
wall extent. The maximum amplitude-to-noise ratio is of medium range at 88 to 35. The X coordinate of 24 mm shows
that the indication is probably in the HAZ. The Z coordinate of 216 to 218 mm shows that the indication is near the outer
wall of the vessel.
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Figure A.82a - Planar indication #9 in the HAZ below 25 mm: mode 6
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Figure A.82b - Planar indication #9 in the HAZ below 25 mm: mode 8
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Figure A.83 shows planar indication #10 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 5 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
depth of 134 mm. The shape quality is good and more than one TOF shape was present for this indication. There were no
confirmations in other modes. The indication is characterized as planar based on lack of detection in normal beam or
orthogonal modes. The length is 19 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this
indication is 4 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is of medium
range at 57 to'18. The X coordinate of 23 mm shows that the indication is probably in the HAZ. The Z coordinate of

134 mm shows that the indication is in the middle third of the vessel.
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Figure A.83 - Planar indication #10 in the HAZ below 25 mm: mode 6

NUREG/CR-6471 A.136



Appendix A .

Figure A.84 shows planar indication #11 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 5 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
depth of 208 mm. The shape quality is good but more than one TOF shape was present for this indication. There were no
confirmations in other modes. The indication is characterized as planar based on lack of detection in normal beam or
orthogonal modes. The length is 26 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this
indication is 5 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is of medium
range at 38 to 10. The X coordinate of 23 mm shows that the indication is probably in the HAZ. The Z coordinate of

21 mm shows that the indication is near the outer wall of the vessel.
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Figure A.84 - Planar indication #11 in the HAZ below 25 mm: mode 6

A.137 NUREG/CR-6471



Appendix A

Figure A.85 shows planar indication #12 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 4 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
depth of 215 mm. The shape quality is good but more than one TOF shape was present for this indication. There were no
confirmations in other modes. The indication is characterized as planar based on lack of detection in normal beam or
orthogonal modes. The length is 20 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this
indication is 5 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is of medium
range at 71 to 20. The X coordinate of 30 mm shows that the indication is probably in the HAZ. The Z coordinate of .
215 mm shows that the indication near the outer wall of the vessel.
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Figure A.85 - Planar indication #12 in the HAZ below 25 mm:
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Figure A.86 shows planar indication #13 in the heat affected zone below 25 mm. This planar indication has a through-wall
extent of 4 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a
(depth of 232 mm. The shape quality is good but more than one TOF shape was present for this indication. There were no
confirmations in other modes. The indication is characterized as planar based on lack of detection in normal beam or
orthogonal modes. The length is 33 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this
indication is 8 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is of medium
range at 26 to 10. The X coordinate of -28 mm shows that the indication is probably in the HAZ. The Z coordinate of
232 mm shows that the indication is near the outer wall, possibly connected to the outer wall of the vessel.
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Figure A.86 - Planar indication #13 in the HAZ below 25 mm: mode 8
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Figures A.87a-b show planar indication #14 in the heat affect zone below 25 mm. This planar indication has a through-
wall extent of 4 mm based on LOS in a cloud like pattern. The detection was made in mode 8 where the shape appeared
cloud like in nature at a depth of 189 mm. There was a confirmation in mode 6 at depth of 192 mm. The confirmation
mode gave a through-wall extent estimate of 3 mm based on wave packet width. The two Z values of 189 to 192 mm give
an alternate depth size of 3 mm. The indication is characterized as planar based on lack of detection in normal beam or
orthogonal modes. The length is 18 mm and was made to LOS in mode 8. The aspect ratio (length/depth) of this
indication is 4.5 which tends to confirm the large through-wall extent. The maximum amplitude-to-noise ratio is of
medium range at 32 to 12. The X coordinate of -14 -mm shows that the indication is probably in the HAZ. The Z
coordinate of 189 to 192 mm shows that the indication is in the outer third of the vessel.
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Figure A.87a - Planar indication #14 in the HAZ below 25 mm: mode 6
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Figure A.87b - Planar indication #14 in the HAZ below 25 mm: mode 8
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Planar Indications in the Base Metal Below 25 mm

Figures A.88a-b show planar indication #1 in the base metal below 25 mm. This planar indication has a through-wall
extent of 26 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes
at a depth of 136 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at depth of

123 mm. The confirmation mode gave a through-wall extent estimate of 1 mm based on wave packet width. The two Z
values of 123 to 136 mm give an alternate depth size of 13 mm. The indication is characterized as planar based on the tip
signal pattern. The length is 23 mm and was made to LOS in mode 6. The range of aspect ratios (length/depth) of this
indication is 0.9 to 1.8. The maximum amplitude-to-noise ratio is high at 27 to 5. The X coordinate of 28 mm shows that
the indication is in the base metal, possibly HAZ. The Z coordinate of 123 to 136 mm shows that the indication is in the

middle third of the vessel.
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Figure A.88a - Planar indication #1 in the base metal below 25 mm: mode 8
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Figure A.88b - Planar indication #1 in the base metal below 25 mm: mode 6
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Figures A.89a-b show planar indication #2 in the base metal below 25 mm. This planar indication has a through-wall
extent of 15 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes
at a depth of 121 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at a depth of

122 mm. The confirmation mode gave a through-wall extent estimate of 3 mm based on ring around pattern. The two

Z values of 121 to 122 mm give an alternate depth size of 1 mm. The indication is characterized as planar based on the tip
signal pattern. The length is 41 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this indication is
3. The maximum amplitude-to-noise ratio is of medium range at 30 to 8. The X coordinate of 24 mm shows that the
indication is in the base metal, possibly in the HAZ. The Z coordinate of 121 to 122 mm shows that the indication is in
the middle third of the vessel. '
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Figure A.89a - Planar indication #2 in the base metal below 25 mm: mode 6
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Figure A.89b - Planar indication #2 in the base metal below 25 mm: mode 8
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Figure A.90 shows planar indication #3 in the base metal below 25 mm. This planar indication has a through-wall extent
of 13 mm based on tip signal pattern. The detection was made in mode 7 where it displayed a pair of TOF shapes at a
depth of 145 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on the tip signal pattern. The width is 15 mm and was made to LOS in mode 7.
The aspect ratio (width/depth) of this indication is 1.2. The maximum amplitude-to-noise ratio is of medium range at 51 to
14. The X coordinate of 58 mm shows that the indication is clearly in the base metal. The Z coordinate of 145 mm shows
that the indication is in the middle third of the vessel.
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Figure A.90 - Planar indication #3 in the base metal below 25 mm: mode 7
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Figure A.91 shows planar indication #4 in the base metal below 25 mm. This planar indication has a through-wall extent
of 11 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a depth of
214 mm. The shape quality for this indication is good. Because more than one TOF shape was present the indication is
!)ro}cen up, implying that more than one small flaw may be present. There were no confirmations in other modes. The
indication is characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 30 mm
and was made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise
ratio is of medium range at 45 to 12. The X coordinate of 43 mm shows that the indication is clearly in the base metal.
The Z coordinate of 214 mm shows that the indication is near the outer wall of the vessel.
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Figure A.91 - Planar indication #4 in the base metal below 25 mm: mode 6
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Figure A.92 shows planar indication #5 in the base metal below 25 mm. This planar indication has a through-wall extent
of 8 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF shape at a depth of
211 mm. The shape quality is good. More than one TOF shape was present for this indication, implying that more than
one small flaw may be present. There were no confirmations in other modes. The indication is characterized as planar
based on lack of detection in normal beam or orthogonal modes. The length is 27 mm and was made to LOS in mode 6.
The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise ratio is high at 59 to 12. The X
coordinate of 31 mm shows that the indication is in the base metal, possibly HAZ. The Z coordinate of 211 mm éhows
that the indication is near the outer wall of the vessel.
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Figure A.92 - Planar indication #5 in the base metal below 25 mm: mode 6
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Figure A.93 shows planar indication #6 in the base metal below 25 mm. This planar indication has a through-wall extent
of 7. mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF shape at a depth of
113 mm. More than one TOF shape was present. The shape quality for this indication is good but broken up, implying
that more than one small flaw may be present. There were no confirmations in other modes. The indication is
characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is 16 mm and was
made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 2. The maximum amplitude-to-noise ratio is
high at 65 to 15. The X coordinate of 46 mm shows that the indication is clearly in the base metal. The Z coordinate of
113 mm shows that the indication is in the middle third of the vessel.

B - Scan End View

X: 1.468 - 2.268(in) 21pts
Y: 31536 -314.48(in) 23pts
2 3.915-4.844(in) 66pts

Scale = 0.20(in) C - Scan View

<APLOT>

<APLOT> Head

test Collected: 05/06/93 16:37:07

Processad: 03/21/94 14:32:18

TRANSDUCER: 1.5 MMz, 45 deg. shear
node

: pulse-echo
frequen( (nhz): 1.50 f nunber :19.1
standoff (hgt=foc len) (in): 0.250 vel (in/sec) : 105000
incident angle (deg): 36.0 skev angle

1]
full beam angle in metal (deg): 3.0 bean entry dia. (1n) D.125
MATERIAL: Pressure Vessel User Research Faciiity
material velocity (in/sec): 125000 refracted angle {deg): 44.4

thickness. .. (in): 9.000
SAMPLING: Near Surface only
sample period (ns):320.00 number of ?oints 705
depth (along sound path) in material to start sal? ing (in): 0.000
vindov (us): 4,76 to 230.04 stop sampling (In): 14,100
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis, (in): -10.8 final: 10.0
init pos secondary axis (in): 320.0 final: 311.0
step srze scan,inc axes (in}: 0.040, 0.040
scan,inc length (in):11.000, 9.000 Ha-scans: 62376
FILE STAFISTICS ........ nin: 0 max: 255 avgr 7.3 ............ type: ERV

CAPLOT> This is flaw fv5_26. 0Z=.29 and was measured as a vave packet.

B - Scan Side View

Figure A.93 - Planar indication #6 in the base metal below 25 mm: mode 8
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Figure A.94 shows planar indication #7 in the base metal below 25 mm. This planar indication has a through-wall extent
of 7 mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF shape at a depth of
113 mm. More than one TOF shape was present. The shape quality for this indication is good but broken up, implying
that more than one small flaw may be present. There were no confirmations in other modes. The indication is charac-
terized as planar based on lack of detection in normal beam or orthogonal modes. The length is 16 mm and was made to
LOS in mode 6. The aspect ratio (length/depth) of this indication is 2. The maximum amplitude-to-noise ratio is high at
65 to 15. The X coordinate of 46 mm shows that the indication is clearly in the base metal. The Z coordinate of 113 mm
shows that the indication is in the middle third of the vessel.

B - Scan End View

X: 1.400 - 2.400(n) 28pts
Y: 489,44 - 488.44(in) 26pls
Z: B.244.9.144(in) 64pts

Scale = 0.20(in)

<APLOT> Head
test

TRANSOUCER: 1.5 MHZ, 45 deg, shear

C - Scan View

Collected: 05/06/93 16§:33:29
Processed: 01/01/94 19:16:52

node : pulse-echg
frequency (mhz): 1.50 f number $19.1
standoff(hgt=foc len) (in): 0.250 vel {in/sec) : 105000

incident angle (deg):-36.0 skev anale deg): O
full bean angle in metal (deg): 3.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial vetocity (infsec): 125000 refracted angle (deg):-44.4
thickness. .. (in): 9.000
SAMPLING: Near Surface only
sample period (ns):320.00  number of ?oints T 705
depth (aleng sound path) in material to start sanpling (in): 0.000
window (us): 4.76 to 04 stop sampling (in): 14.100
ScaN: half vavelength in X and v
scan direction (deg): 0
init pos prinary axis (in): -10.0 final: 1.0
init pos secondary axis (in): 496.0 Final: 487.¢
step size: scan,inc axes (in): 0.040, 0.040

B - Scan Side View

X: 1.400 - 2.400(in) 28pts

scan,inc length (in):11.000, 9.000 fla-scans: 62376 Y: 489.44 - 488.44(In) 26pts
FILE STATISTICS ....uu.. win: D max; 243 ava: 6.9 ...iiieeeennas type: ENV Z: 8.244-9.144(In) 64pts
Scale = 0.20(in)

lﬁAPLOT) This is flaw fvS_27. D2=.28 and vas neasured as a vave packet.

Figure A.94 - Planar indication #7 in the base metal below 25 mm: mode 6
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Figure A.95 shows planar indication #8 in the base metal below 25 mm. This planar indication has a through-wall extent
of 7 mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF shape at a depth of
238 mm. More than one TOF shape was present. The shape quality for this indication is good but broken up, implying
that more than one small flaw may be present. There were no confirmations in other modes. The indication is charac-
terized as planar based on lack of detection in normal beam or orthogonal modes. The length is 28 mm and was made to
LOS in mode 8. The aspect ratio (length/depth) of this indication is 4 which tends to confirm the large through-wall
extent. The maximum amplitude-to-noise ratio is high at 84 to 20. The X coordinate of 31 mm shows that the indication
is in the base metal, possibly HAZ. The Z coordinate of 238 mm shows that the indication is near the outer wall, possibly
connected to the outer wall of the vessel.

B - Scan End View

X: -1.692--0.772(n) 2dpls
Y: 47.20 - 46.24(in) 25pls
Z: 8.887-9.730(in) 60pts

Scale = 0.20(in) C - Scan View

1 <APLOT>
<APLOT>

<APLOT> HEAD
test Collected: 05/06/93 16:372:07
Processed: 04/25/94 06:18:58
TRANSDUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo
frequency : 1,50 f nunber :18.1
standoff (hgt=foc len) 1 0.250 vel (in/sec) : 105000
incident angle (deg) 6.0 skew angle (deg): 0
full beam angle in metal (deg): 3.0 beam entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (in/sec): 125000 refracted angle (deg): 44.4

thickness... {in): 9.000
SAMPLING: Near Sufrface only
sample period (ns):320.00 number of ?Mnts H
depth (along sound path) in naterizﬂ to start sampling (in): 0 000
vindow (us): 4,76 to 230.04 stop sampling (in): 14,100 B - Scan Side View

SCAN: half wavelength in X and Y

scan direction 6 X: +1.692--0.772(n) 24pts
init pos primary axis (in): -10.9 final: 10.0 Y. 47.20- 4624(‘5))25;7!‘;
init pos secondary axis {in): 48.0 final: 39.0 Z: 8.867 . 9.730 S0t
step size: scan,inc axes (in): 0.040, 0.040 (in) 60pts
scan,inc length {in):11,000, 9.000 #a-scans: 62376 Scale = 0.20(In)

FILE STATISTICS ........ ain: 0 max: 255 avg: 18.1 (.ocieiaeaee. type: ENV

CAPLOT> This is flaw do_dz4_12. 0Z«.32 ]

Figure A.95 - Planar indication #8 in the base metal below 25 mm: mode 8
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Figures A.96a-b show planar indication #9 in the base metal below 25 mm. This planar indication has a through-wall
extent of 7 mm based on tip signal pattern. The detection was made in mode 8 where it displayed a pair of TOF shapes at
a depth of 110 mm. The shape quality is good for this indication. There was a confirmation in mode 6 at a depth of 111
mm. The confirmation mode gave a through-wall extent estimate of 4 mm based on wave packet width. The two Z values
of 110 to 111 mm give an alternate depth size of 1 mm. The indication is characterized as planar based on the tip signal
pattern. The length is 16 mm and was made to LOS in mode 6. The aspect ratio (length/depth) of this indication is 2.
The maximum amplitude-to-noise ratio is of medium range at 62 to 20. The X coordinate of 37 mm shows that the
indication is clearly in the base metal. The Z coordinate of 110 mm shows that the indication is in the middle third of the
vessel. ‘

B - Scan End View

X: 1.120 - 1.840(in) 19pls
Y: 173.92-173.20(in) 19pts
Z: 4.001-4.658(in) 47pts

Scale = 0.20(in)

C - Scan View

X: 1.120 - 1.840(in) 19pts
Y: 173.92-173.20(in) 19pts
Z: 4.001-4.658(in) 47pls
Scale = 0.20(in)

CAPLOT>

<APLOT> Head
test Collected: 05/06/33 16:33:29

Processed: 02/17/95 13:41:11
TRANgDUCER' 1.5 MHz, 45 deg, shear

: pulse-echo
Frequency (mhz): 1.S0 f nunber 1 8.5
standoff(hgt=Foc len) (in): 0.250 vel (in/sec) : 105000
incident angle (deg):-36.0 skew angle

(deg): 0
ful) bean angle in metal (deg): 6.0 bean entry dia. (In) 0.125
MATERIAL: Pressure vesse] User Research Facility

material velocity (in/sec): 125000 refractad angle (deg):-44.4
thickness. . (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):320.00 nunbar of gcints :
depth (along sound path) in material to start saspling (in): 0 000
window (us): 4.76 to 230.04 stop sampling (in): 14.100
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis (in): -10.0 fimal: B - Scan Side View

1.0
init pos secondary axis  ({n): 176.0 final: 167.0
step size: scan inc axes (in): 0.040, 0.040
can,in¢ length (in):11.000, 9.000 #a-scans: 62376
rILE STATISTICS ........ nin: 0 max: 255 avg: 4.8 ............. typa: ENV

X: 1.120- 1.840(in) 19pts
Y: 173.92 - 172.20(in) 19pts
Z: 4.001-4.658(in) 47pls

<APLOT> This 1s a confirmation call for Flaw fvS_SS. Scale = 0.20(in)

Figure A.96a - Planar indication #9 in the base metal below 25 mm: mode 6

NUREG/CR-6471 A.152



Appendix A

C - Scan View
8 - Scan End View

X: 1.388-1.908(in) 14pts
X: 1.388-1.908(in) 14pls Y: 173.52-173.00(in) 14pts
Y: 173.52-173.00(in) 14pts Z: 4.115-4.701(in} 42pis
Z: 4.115-4.701(in) 42pts Scale = 0.20(in)

Scale = 0.20(in)

<APLOT> Head

test Collected: 05/06/93 16:32:07
Processed: 03/28/95 16:00:58

TRANSDUCER: 1.5 MH2, 45 deg, shear

node : pulse-echo

frequency (ohz): 1.50 f number 11841
standof f Chgt=Foc len) (in}: 0.250 vel (in/sec) 105000
in¢ident angle (deg): 36.0 skev angle {deq,

0
full beam angle in metal (deg): 3.0 bean entry dia. (in): 0.125
MATERIAL: Pressure Vesse| User Research Facility
material velocity {in/sec): 125000 refracted angle (deq): 44.4
thickness. .. (in): s.000
SAMPLING: Near Surface only

sanple period (ns):320.00 nunber of points : 705
depth (along sound path) in material to start sanﬁo”ng (in): 0.000
vindow (us): 4.76 to 230.04 stop sampling (in): 14.100
ScAN: half wavelength in X and v
scan direction X (deg): ¢
init pos primary axis (in): -10.9 final: 10.0
init pos secondary axis {in): 176.0 final: 167.0
step size: scan,inc axes (in): 0.040, 0.040
scan,inc length {in):11.000, 9.000 #a-scans: 62376
FILE STATISTICS ........ nin; 0 max: 253 avg: 6.5 ....... veeess type: ERV

<APLOT> This 1s flaw fy5_55. DZ=.26 and vas neasured as a tip signal.
il B - Scan Side View

Figure A.96b - Planar indication #9 in the base metal below 25 mm: mode 8
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Figure A.97 shows planar indication #10 in the base metal below 25 mm. This planar indication has a through-wall extent
of 6 mm based on tip signal pattern. The detection was made in mode 8 where it displayed a pair of TOF shapes at a
depth of 201 mm. The shape quality is good for this indication. There were no confirmations in other modes. The
indication is characterized as planar based on the tip signal pattern. The length is 20 mm and was made to LOS in mode 8.
The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-noise ratio is of medium range at 53 to
20. The X coordinate of -159 mm shows that the indication is clearly in the base metal. The Z coordinate of 201 mm
shows that the indication is in the outer third of the vessel.

8 - Scan End View

X: -8.572--5812(in) 20pts
Y: 15,52 - 14.60¢in) 24pls
Z: 7.501-8.373(in) 62pts
Scale = 0.20(in)

C - Scan View

<APLOT> Haad
test Collected: 05/06/93 16:37:07
Processed: 04/05/94 22:44:27
TRANSOUCER: 1.5 MHz, 45 deg, shear
mode : pulse echo
fre uency : 1,50 f nunbar 11941
standoff(hqt-foc len) (1n) 0 250 vel (in/sec) : 105000
incident angle {deg): 36.0 skew angle 0
full beam angle in metal (deg): 3.0 bean entry dia. (vn) 0.125
MATERIAL: Pressure Vessel User Research Facility
eaterfal velocity (in/sec): 125000 refracted antﬂa (deg): 44.4

thickness. .. (in): 9.000
SAMPLING: Near Surface only
sample period (ns):320.00 number of points : 705
depth (aleng sound path) in material to start sampling (in): 0.000
window (us): 4.76 to 230.04 stop sampling (in): 14.100
SCAN: half wavelength 1n X and ¥
scan direction (deg): 0
init pos primary axis (in}: -18.9 final: 10.0
init pos secondary axis (in): 18.0 final: 7.0
step size; scan,inc axes (in): 0.040, 0.040
scan,inc length (in): 11, 000 9.000 #a-scans: 62375
FILE STATISTICS ........ nin: 0 max: 255 av@: 7.2 .....iiiianan type: ENV
< > . .. .
DAPLOT This 1s flaw fvS_20. DZ=.23 and was neasurad as a tip signal B - Scan Side View

Figure A.97 - Planar indication #10 in the base metal below 25 mm: mode 8
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Figures A.98a-b show planar indication #11 in the base metal below 25 mm. This planar indication has a through-wall
extent of 6 mm based on tip signal pattern. The detection was made in mode 8 where it displayed a pair of TOF shapes.
The shape quality is good for this indication. There were no confirmations in other modes. The indication is characterized
as planar based on the tip signal pattern. The length is 23 mm and was made to LOS in mode 8. The aspect ratio
(length/depth) of this indication is 4 which tends to confirm the large through-wall extent. The maximum amplitude-to-
noise ratio is of medium range at 68 to 25. The X coordinate of -70 mm shows that the indication is in the base metal.

The Z coordinate of 203 mm shows that the indication is in the outer third of the vessel.

B-Scan End View

¥:-3.092 -> -2.492 (in) _16 Fts
Y: 86.28 —> B5.00 (in) 33
2:7.587 —> 8416 (In) 59 pls
Scale = 0.20 (in)

C-Scan view

<APLOT>

<APLOT> Head
test Collected: 05/06/33 16:37:07

Processed: 08/14/94 16:04:38
TRANSDUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo

freuuenc (phz): 1.50 f nunber :19.1
standoff(hgt=Foc len) (in): 0.250 vel (in/sec) B 105000
incident angle (deg): 38.0 skew angle (deg):
full beam angle in metal (deg): 3.0 bean entry dia. ({n) 0 125
MATERIAL: Pressure vessel User Research Facilit
materfal velocity {in/sec): 125600 refracted angle (deg): 44.4
thickness... (in): 9.000
SAMPLING: Mear Surface only
sanple period (ns):320.00 number of qmnts 1 705
depth (along sound path) in material to start sampling (in): 0.000
window (us): 4.76 to 230.04 stop sampling (in): 14.100

SCAN: half wavelength in X and Y

scan direction eg): 0

init pos primary axis (1n): ~10.9 Final: 10.0

init pos secondary axis {in): 88.0 final: 79.0

step size: scan,inc axes (in): 0.040, 0.040

scan,inc length (in):11.000, 9,000 #a-scans: 62376 2
FILE STATISTICS ........ nin: 0 max: 255 avg: 11.9 ......iieeenn type: ENV 8

<ARLOT> This is Flaw Fv4_11. 02«.23 and was measured as a tip signal.

U B-Scan Slde View

Figure A.98a - Planar indication #11 in the base metal below 25 mm: mode 8
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B - Scan Side View

X; -3.10--2,18(n) 24pls
Y: 86.772 - 85.832(in) 22pls
2: 7.701-8.416(n) Sipts

B - Scan End View Scale = 0.20(in)

C - Scan View

X: -3.10--2.18(in) 24pts
- Y: 86.772 - 85.932(in) 22pts
Z: 7.701-8.416(in) S51pts
Scale = 0.20(n)

[ <APLOT>
| <APLOT> HEAD
| test

Collected: 05/06/93 16:36:03
Processed: 08/16/94 13:58:07
TRARSDUCER: 1.5 MHz, 45 deg, shear

node : pulse-echo

frequency (ehz): 1.50 f number 1191
standoff (hgt=foc len) (in): 0.250 vel (in/sec) : 105000
{ncident angle (deg): 36.0 skew angle eg): 0
full beam angle in aetal (deg): 3.0 bean entry dia.(in): 0.125

MATERIAL: Pressure Vessel User Research Facility
naterial velocity (infsec): 125000 refracted angle (deq); 44.4

thickness... (in): 9.000

SAMPLING: Near Surface only
sample pariod (ns):320.00 nunber of points 705
depth (along sound path) in material to start sampling (in): 0.000
vindow (us): 4.76 to 230.04 stop sampling  (in): 14.100

SCAN: half wavelength in X and ¥

scan direction (deg): ©

init pos primary axis (in): 89.9 final: 71.0

init pos secondary axis (in): -4.5 fipal: 4.5

step size: scan,inc axes (in): 0.040, 0.040

scan,inc length {in): 9.000, 9.000 #a-scans: 51076

FILE STATISTICS ........ min: 0 max: 255 avg: 14.8 ..........aa. typel ENV

<APLOT> This is flav do_dz4_11. Original DZ=.33. Without 8x reduction, the shapes
seperate, resuiting in three distinct echoes, the largest of which has a

0Z=,12 B - Scan End View

Figure A.98b - Planar indication #11 in the base metal below 25 mm: mode 7
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Figures A.99a-b show planar indication #12 in the base metal below 25 mm. This planar indication has a through-wall
extent of 6 mm based on tip signal pattern. The detection was made in mode 6 where it displayed a pair of TOF shapes at
a depth of 118 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at a depth of

119 mm. Based on LOS in a cloud like shape, the confirmation mode gave a through-wall extent estimate of 13 mm. The
two Z values of 118 to 119 mm give an alternate depth size of- 1 mm. The indication is characterized as planar based on
the tip signal pattern. The length is 17 mm and was made to LOS in mode 6. The range of aspect ratios (length/depth) of
this indication is 1.3 to 2.8. The maximum amplitude-to-noise ratio is of medium range at 50 to 15. The X coordinate of
25 mm shows that the indication is in the base metal, possibly in the HAZ. The Z coordinate of 118 mm shows that the
indication is in the middle third of the vessel.

<APLOT>
<APLOT> Head

incident angle

material velocity
thickness. ..
sampie psriod

window (us):

]

test Collected: 05/06/93 16:33:29
Processed: 02/24/95 12:52:33
TRANSDUCER: 1.5 M2, 45 deg, shear
node ¢ pulse-echo
frequency (ah2): 1.50 f nunber : 9.5
standoff(hgt-fac len) (1n)- 0.250 vel (in/sec) H 105000

deg):
ful) beanm angle in metal (deg): 6.0 bean entry dia. (1n) lJ 125
MATERIAL: Pressure Vessel User Research Facility

SAMPLING: Near Surface anly ns): 705
depth (along sound path) 1n natarial to start sampling (1n)§ 0.000

76 to 230.04 stop sampling (in): 14.100
SCAN: half vavelength in X and ¥

scan direction (deg): O

init pos prieary axis (in): -10.0 final: 1.0

init pos secondary axis (in): 264.0 final: 255.0

step size: scan,inc axes (in): 0.040, 0.040

scan,inc length (in):11.000, 9.000 #a-scans: 52376

FILE STATISTICS ........ nin: 0  max: 255 avg: 6.4 ............. type: ENV

C - Scan View

X: 0.520-1.320(n) 21pts
Y: 261.20 - 260.48(in) 19pts
2: 4.272-5258(n) 70pis
Scale = 0.20(in)

B - Scan End View

(deg):-36.0 skew angle

(in/sec): 125000 refracted angle (deg):-44.4
(in): 9.000

320.00 number of pofnts

<APLOT> This is flaw fv5_64. DZ=.5 and was measured from the Ss8_264 File.

B - Scan Side View

5

Figure A.99a - Planar indication #12 in the base metal below 24 mm: mode 6
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<APLOT>

full beam angle in metal (deg): 6.0
MATERIAL: Pressure Vesssl User Research F
naterial velncity (in/sec): 125000
thicknes (in): 9.000
SAMPLING: Near surface only
sanple period (ns}:320.00
depth (alnng sound path) in material to
window (us): 4.76 to 230.04
SCAN: half wavelength in X and ¥
scan direction
init pos primary axis
init pos secondary axis

stap sfze: scan,inc axes .04
scan,inc length (in):11.000,
FILE STATISTICS ....... . onin: 0 nmax:

<APLOT> This is a confirmation call for f
vave packet.
0

B - Scan End View

<APLOT> Head
test Collected: 05/06/93 16:37:07
Processed: 02/26/95 20:43:17
TRANSOUCER: 1.5 MHz, 45 deg, shear
node 1 pulse-echo
frequency 1.50 f number + 9.5
standnff(hgt-fcm Ten) @ 0.250 vel (in/sec) : 105000
incident angle (deg): 36.0 skev angle (de

9):
beam entry dia. (1n) 0 125
acility
refracted angle (deg): 44.4

number of Eolnts T 708
start sanpling (in): 0.000
stop sampling (in): 14,100

final: 10.0
final:  255.0
0.040
9.000 Ha-scans: 62376
255 avg: 6.0 .ii.ieiaenn. . type: ENV

lav fv5_64. DZ=.5 and vas measured as a

C - Scan View

B - Scan Side View

X: 0.708 - 1.588(in) 23pts
Y: 261.12 - 260.44(in) 18pts
Z: 4.243-5.458(n) B6pls

Scale = 0.20(in)

Figure A.99b - Planar indication #12 in the base metal below 25 mm: mode 8
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Figure A.100 shows planar indication #13 in the base metal below 25 mm. Based on LOS in a cloud like pattern, this
planar indication has a through-wall extent of 4 mm. The detection was made in mode 6 where the shape was cloud like in
nature at a depth of 123 mm. The shape quality for this indication is good but broken up, implying that more than one
small flaw may be present. There were no confirmations in other modes. The indication is characterized as planar based
on lack of detection in normal beam or orthogonal modes. The length is 30 mm and was made to LOS in mode 6. The
aspect ratio (length/depth) of this indication is 8 which tends to confirm the large through-wall extent. The maximum
amplitude-to-noise ratio is of medium range at 58 to 20. The X coordinate of 36 mm shows that the indication is clearly in
the base metal. The Z coordinate of 123 mm shows that the indication is in the middle third of the vessel.

B-Scan End View
80 ~> 1920(n) 22 pts

.28 -> 310,00 (in) 33 pts
501 -> 5401 (in) 64 pts
0.20 (in)

C-Scan view

<APLOT> Head
test Collected: 05/06/93 156:33:29
Processed: 03/18/94 15:46:29
TRANSDUCER: 1.5 Miz, 45 deg, shear
node : pulse-echg
frequency {(mh2): 1.50 f number 31941
tandoff(hgt =foc len) ('in): 0,250 vel (in/sec) : 105000
incident angle (deq):-36.0 skew angle deg): 0
full beam angle in metal (deg): 3.0 bean entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial velocity (in/sec); 125000 refractsd angle (deg):-44.4
thickness.. (in): 8.000
SAMPLING: Near Surface only
sample period (ns):320.00  number of ?oints :
depth (along sound path) in naterial to start sarn? ing (in): 0 000
vindow (us): 4,76 to 230.04 stop sampling (in): 14.100
SCAN: half wavelength in X and V
scan direction (deg): 0
init pos primary axis (1n): -10.0 final: 1.0
init pos secondary axis (in): 312.0 fimal: 303.0
step sfze: scan,inc axes (in): 0.040, 0.040
scan,inc length {in):11.000, 9.000 #a-scans: 62376
FILE STATISTICS ........ min: 0 max: 255 avg: 10.0 ......eiennen type: ENV
APLOT> This 1s flaw fvS_?. DZ~.46 and was measured as a cloud-1ike defect.
B~Scan Side View

Figure A.100 - Planar indication #13 in the base metal below 25 mm: mode 6
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B - Scan End View

X: -2.492 - -1.692(in) 21pts
Y: 3.20-1.80(n) 36pts

Z: 7.101-8.001(in) 64pts
Scale = 0.20(in)

T> Head
é:g%o o Collected: 05/06/93 16:37:07
Processed: 04/13/94 02:25:11

TRANSDUCER: 1.5 MHz, 45 deg, shear

mode 1 pulse-echa
frequency (nhz): 1.50 f number 119
standuff(hgt =foc len) (in): 0.250 vel (in/sec) : 105000
incident angle (deg): 36.0 skev angle (de
full beam angle in metal (deg): 3.0 heam entry dia. (1n) 0 125
MATERIAL: Pressure Vessel User Research Faciiit
material velocity (in/sec): 125000 refracted angle (deg): 44.4
thickness... (in): 9.000
SAMPLING: Near Surface only
sample period (ns):320.00 number of $n1nts 705
depth (along sound path) in material to start sampling (in): 0.000
vindow (us): 4.76 to 230.04 stop sampling (4n): 14.100
SCAN: half wavelength {n X and ¥
scan direction (deg): 0
init pos primary axis n): -10.9 finpal: 10.0
init pos secondary axis (in): 8.0 Final: -1.0
step size: scan,inc axes (in): 0.04D, 0.040
scan,inc length {in):t1.000, 3.000 fla-scans: 62376
FILE STATISTICS ........ nin: 0 max: 255  avo: 7.1 L..ieieeiaeen type: ENV

(APLOT> This is flay fvS_35. DZ=.54 and was measured as a cloud 1ike defect.

Figure A.101a - Planar indication #14 in the base metal below 25 mm: mode 8

NUREG/CR-6471 A.160

Figures A.101a-b show planar indication #14 in the base metal below 25 mm. Based on LOS in a cloud like pattern, this
planar indication has a through-wall extent of 4 mm. The detection was made in mode 8 where the shape was cloud like in
nature at a depth of 192 mm. The shape quality for this indication is good but broken up, implying that more than one
small flaw may be present. There was a confirmation in mode 6 at a depth of 195 mm which gave a through-wall extent
estimate of 4 mm based on wave packet width. The.two Z values of 192 to 195 mm give an alternate depth size of 3 mm.
The indication is characterized as planar based on lack of detection in normal beam or orthogonal modes. The length is

25 mm and was made to LOS in mode 8. The aspect ratio (length/depth) of this indication is 6 which tends to confirm the
large through-wall extent. The maximum amplitude-to-rioise ratio is of medium range at 38 to 10. The X coordinate of
-49 mm shows that the indication is clearly in the base metal.. The Z coordinate of 192 to 195 mm shows that the
indication is in the outer third of the vessel.

C - Scan View

B - Scan Side View
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1
B - Scan End View

: -2.320- -1.480(in) 22pts
: 3.00-2.16(in) 22pis
7.330- 7.973(in) 46pts
cale = 0.20(in) C - Scan View

tgst Collected: 05/06/93 16:33
2 §
Processed: 04/12/94 12:28 4
34
TRANSDUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo
frequency (ahz): 1.50 f nurber 119.1
standoff (hgt=foc len) (in): 0.250 vel (in/sec) 1 105000
incident angle (deg):-36.0 skew angle (deg): 0

full beam angle in metal (deg): 3.0 bean entry dia.(in): 0.125

MATERIAL: Pressure Vessel User Research Facility

naterial velocity (in/sec): 125000 refracted angle (deg):-44.4

thickness... (in); 9.000 i
SAMPLING: Near Surface only :

sanple period (ns}:320.00 nuaber of points : 705 %

depth (along sound path) in material te start sampling (in): 0.000 5

vindov (us): 4.76 to 230.04 stop sampling (in): 14.100 :
SCAN: g'alf n?velength in X ?Sd ;

scan rection eg): 0 . " .

init pos primary axis (in): -10.0 final: 1.0 [ B - Scan Side View
init pos secondary axis {in): 8.0 final: -1.0 B d .

step size: scan.inc axes (in): 0.040. 0.040 X: -2.320--1.480(n) 22pts
scan,inc length (in):11.000, 9.000 #a-scans:- 62376 [ Y: 2.00-2.16(In) 22pts
FILE STATISTICS ........ min: 0 max: 255 avg: 7.5 ... ... type: E 3 Z: 7.330-7.973(in) 46pts
W Scale = 0.20(in)

¢APLOT> This is a confirmation for call fv5_35.

Figure A.101b - Planar indication #14 in the base metal below 25 mm: mode 6
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Figure A.102 shows planar indication #15 in the base metal below 25 mm. Based on LOS in a cloud like pattern, this
planar indication has a through-wall extent of 4 mm. The detection was made in mode 9 where the shape was cloud like in
nature at a depth of 220 mm. The shape quality for this indication is good but broken up, implying that more than one
small flaw may be present. There were no confirmations in other modes. The indication is characterized as planar based
on lack of detection in normal beam or orthogonal modes. The width is 18 mm and was made to LOS in mode 9. The
aspect ratio (width/depth) of this indication is 4. The maximum amplitude-to-noise ratio is of medium range at 25 to 7.
The X coordinate of 90 mm shows that the indication is clearly in the base metal. The Z coordinate of 220 mm shows that
the indication is in the near the outer wall of the of the vessel.

C'- Scan View

B - Scan End View . .3.82--3.02Gn) 21pls

© -9.560 --10.720(n) 30pts
© 8.40%-9.287(n) 63pts
cale = O 20(in)

X: -3.82--3.02(in) 21pis
Y: -9.560--10.720(in) 3I0pts
Z: 8.401-9.287(in) 63pls

Scale = 0.20(in)

ON<X

| <APLOT> Head
1] test Collected: 05/06/93 16:37:48
] Processed: 04/08/94 07:59:15

3| TRANSDUCER: 1.5 Miz, 45 deg, shear
4 mode : pulse-echo
fre uenc: (nhz): 1.50 f number :19.1
standoff(hgt -foc len) (in): 0.250 vel (in/sec) : 105000
incident angle (dey):-36.0 skey angle (de ) 0
: full bean angle {n metal (deg) 3.0 bean entry dia. (1n) 0.125
§| MATERIAL: Pressure Vessel User Research Facilit

H  naterial velocity {in/sec): 125000 refracted angle (deg):-44.4
#| thickness... (in):
4] SAMPLING: Near Surface only

| sample period (ns}):320.00  nuaber of points : 705

depth (along sound path) in material to start sampling (in): 0.000

H  window (us): 4.76 to 230.04 stop sampling (in): 14,100
1 scan: haif vavelength inXand ¥
#l scan direction (deg):

init pos primary axis (in): 0.0 final: -9.0

init pos secondary axis  (in): -4.5 final: 4.5
| step size; scan,inc axes (in): 0.040, 0.040
| scan,inc length (in): 39.000, 8.000 #a-scans: 51076

FILE STATISTICS ........ win: 0 max: 249 ave: 5.9 ...iiieeaen type: ENY

<APLOT> This is flaw fv4 5. 0Z=.79 and was measured as a cluster,
j d‘P B - Scan Side View

Figure A.102 - Planar indication #15 in the base metal below 25 mm: mode 9
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Figure A.103 shows planar indication #16 in the base metal below 25 mm. Based on LOS in a cloud like pattern, this

planar indication has a through-wall extent of 4 mm. The detection was made in mode 6 where the shape was cloud like in

nature at a depth of 122 mm. The shape quality for this indication is good but broken up, implying that more than one

small flaw may be present. There were no confirmations in other modes. The indication is characterized as planar based

on lack of detection in normal beam or orthogonal modes. The length is 15 mm and was made to LOS in mode 6. The

aspect ratio (length/depth) of this indication is 4. The maximum amplitude-to-noise ratio is of medium range at 52 to 14.
The X coordinate of 36 mm shows that the indication is clearly in the base metal. The Z coordinate of 122 mm shows that

the indication is in the middle third of the vessel.

B~Scan End View

X: 0,400 ~> 2,000 (in) 41 pts
Y¥:312.60 -> 311.00 (in} 41 pts
Z:4.386 —> S5.601 (in} 86 pts

Scale = 0.20 (in)

C-Scan view

<APLOT> Head

test Collected: 05/06/93 16:33:29
Processed: 03/21/94 21:18:37
TRANSOUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo
frequency (ehz): 1.50 f number $19.1
standof f(hgt=foc 1en) (in): 0.250  vel (in/sec) : 105000
incident angle (deg):-36.0 skev angle

eg): 0
full beam angle in metal (deg): 3.0 beam entry dia. (m) 0.125
MATERIAL: Pressure Vessel User Research Facility
material velocity {in/sec): 125000 refracted angle (deg):-44.4

thickness. . (in): 9.000
SAMPLING: Near Surface only
sanple pariod (ns):320.00 nuaber of points : 705
depth (along sound path) in material to start sampling (in): 0.000
wvindow (us): 4.75 to 230.04 stop sampling {in): 14.100
SCAN: half vavelength in X and ¥
scan direction (deg): 0
init pos primary axis {in): -10.0 final: 1.0

init pos secondary axis  '(in): 320.0 final: 311.0

step size: scan,inc axes. (in): 0.040, 0.040

scan,inc length {in):11.000, 9.000 Ha-scans: 62376

FILE STATISTICS ........ Bpin: 0 wax: 255 avy: B.8 ........ieeen type: ENV

[<]APLOT> This is Flae fvS5_13, D2-.70 and vas neasured as a cloud-1ike defect.

B-Scan Side View

%: 0400 -> 2,000 (in) 41 pts
Y:312,60 => 311,00 (i) 41 pts
2:4.385 -> 5.601 (in) 86 pts
Scale = 0.20 (in)

Figure A.103 - Planar indication #16 in the base metal below 25 mm: mode 6
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Volumetric Indications in the Base Metal Below 25 mm

Figures A.104a-c show volumetric indication #1 in the base metal below 25 mm. Based on LOS in a cloud like pattern,
this volumetric indication has a through-wall extent of 7 mm. The detection was made in modes 6 and 8. In mode 8 the
shape was cloud like in nature at a depth of 108 mm. In mode 6 a through-wall extent estimate of 1 mm was obtained
from a wave packet width. The shape quality is good for this indication. There was a confirmation in mode 10 at a depth
of 115 mm. The two Z values of 108 to 115 mm give an alternate depth size of 7 mm. The indication is characterized as
volumetric based on normal beam detection. The length is 19 mm and was made to LOS in mode 6. The width is 6 mm
and was made to LOS in mode 10. The aspect ratio (length/depth) of this indication is 3. The maximum amplitude-to-
noise ratio is high at 105 to 25. The X coordinate of 28 mm shows that the indication is in the base metal. The Z
coordinate of 107 to 115 mm shows that the indication is in the middle third of the vessel.

B-Scan End View

X: 1,425 => 1,700 (i} 12 pts
¥1238.90 -> 238.52 (in) 16 pts
Z:4.371 -> 4,681 (in) 34 pts
Scale = 0.0S (in}

C-Scan view

<APLOT>
<APLOT> Head
test Collected: 05/06/93 15:1
Processed: 03/13/95 08:24:
TRANSDUCER: 5 MHz, Normal Beam, 3/8 in. dia.
node : pulse-echo .
frequency hz): 5 00 f number 119.1
standuff(hgt-fec len) (1n) 0.000 vel (in/sec) : 105000
incident angle (deg): 0.0 skew angle :

full beam angle in metal (deg): . beam entry dia. (1n) D 125
MATERIAL: Pressure Vessel User Research Facilit

]

material velooty {in/sec): 235000 refracted angle (deg): 0.0
thicknes (in): 9.000
SAPLING: fuﬂ volune
sample period (ns): 80.00 nunber of ?oints
depth (along sound path) in material to start sampling (in): 0 a0o0
window (us): 0.00 tec B85.04 stop sampling (in): 10.000
SCAN: half wavelength 1n X and ¥
scan direction (deg): 0
init pos primary axis (in): -2.5 final: 2.5
init pos secendary axis (in)}: 240.0 final: 231.0
step size: scan,inc axes (in): 0.025, 0.025
scan,inc length {in): 5,000, 9.000 Ha-scans: 725631
FILE STATISTICS ........ min: 0 max: 255 avg: 8.0 ............. type:

<APLOT> This is a confirmation call for flaw fv5_51.

8-Scan Side View

Figure A.104a - Volumetric indication #1 in the base metal below 25 mm: mode 10
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B - Scan End View

X: 0.760 - 1.400(in) 17pts
Y: 238.75-237.32(in) 22pis
Z: 4.658 - 5.201(in) 39pls

Scale = 0.20(in)

C - Scan View

<APLOT> Head

test Collected: 05/05/93 16:33:2%
Processed: 03/10/95 07:40:40
TRANSDUCER: 1.5 MHz, 45 deg, shear
rode : pulse-echo
frequency (mhz): 1.50 f number 119.1
standoff(hgt=Foc len) (in): 0.250 vel {in/sec) : 1050090
incident angle (deg):-36.0 skew angle

(deg): 0
full beas angle in metal (deg): 3.0 beam entry dia.(in): 0.125
MATERIAL: Pressure vessel User Research Facility
saterial velocity (infsec): 125000 refracted angle (deg):-44.4

thickness... (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):320.00 nurber of ﬁ)oints : 205
depth (along sound path) in naterial to start sampling (in): 0.000
vindow (us): 4.76 to 230.04 stop sampling (in): 14.100
SCAN: half wavelength in X and Y
scan direction (deg): 0
init pos primary axis (in): -10.0 final: 1.0
init pos secondary axis (in): 240.0 final: 231.0
step size: scan,inc axes (in): 0.040, 0.040
scan,inc length (in):11.000, 9.000 , Ha-scans: 62376
FILE STATISTICS ........ nin; 0 max: 255 ave: B.2 .. ...e.. .. type: ENV

<APLOT> This is flar Fy5_51, D2=,52 and vas moasured from the 5s8_240 fils.
; B - Scan Side View

Figure A.104b - Volumetric indication #1 in the base metal below 25 mm: mode 6
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C - Scan View

X: 0.708 - 1.788(in) 28pts
Y: 238.72-237.88(In) 22pts

Z: 3.758.-4.844(in) 77pis
B - Scan End View Scate = 0.20(in)

<APLOT> Hea
test Collected: 05/06/33 16:37:07
Processed: 03/04/95 18:57:22
TRANSDUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo
frequency (mhz): 1.50  f number : 9.8
standoff(hgt=foc len) (in): 0.256  vel (in/sec) 105000
incident angle {deg): 36.0 skew angle (deg): ©
full beam angle in netal (deg): 6.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
raterial velocity (in/sec): 125000 refracted angle (deg): 44.4
thickness... (in):
SAMPLING: Near Surface only
sanple period (ns):320.00  number of points : 705
depth (along sound path) in material to start sampling (in): 0.000
vindow (us): 4.76 to 230.04 stop sampling (in): 14,100
SCAN: half wavelength in X and ¥
scan diraction (deg): 0
init pos primary axis (1n): -10.3 final: 10.0
init pos secondary axis (in): 240.0 final: 231.0
step size: scan,inc axes (in): 0.040, 0.040
scan,inc length (in):11.000, 8.600 Ha-scans: 62376
FILE STATISTICS © 0 max: 234 avg: 5.3 type: ENV

<APLOT> This 15 flav fy5_51. DZs.52 and vas measured as & cluster of echoes., "
B - Scan Side View

Figure A.104c - Volumetric indication #1 in the base metal below 25 mm: mode 8
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Figures A.105a-c show volumetric indication #2 in the base metal below 25 mm. Based on wave packet width in mode 6,
this volumetric indication has a through-wall extent of 5 mm. The detection was made in modes 6,7, and 10. In mode 6 it
displayed TOF shape at a depth of 118 mm, while in mode 7 it displayed TOF shape at a depth of 113 mm and gave a
through-wall extent of 3 mm based on wave packet width. The detection in mode found the indication at a depth of

117 mm. The different Z values of 113 to 118 mm give an alternate depth size of 5 mm. The indication is characterized
as volumetric based on normal beam detection. The length is 19 mm and was made to LOS in mode 10. The width is

11 mm and was made to LOS in mode 10. The aspect ratio (length/depth) of this indication is 4 which tends to confirm
the large through-wall extent. The maximum amplitude-to-noise ratio is high at 77 to 17. The X coordinate of 58 mm
shows that the indication is clearly in the base metal. The Z coordinate of 113 to 118 mm shows that the indication is in
the middle third of the vessel.

B - Scan End View

X: 1.975-2.500(in) 22pts
Y: 348.50 - 347.62(in) 36pis
Z: 4.389-4.672(in) 30pts

Scale = 0.05(in)

<APLOT> Head
test Collected: 05/06/93 15:16:15
Processed: 03/15/94 12:54:14
TRANSDUCER: 5 MHz, Normal Beam, 3/8 in. dia,
node : pulse-echo
frequenc (nhz): 5.00  f number BER C - Scan View
standoff(hgt =fac Ten) (in): 0.000  wvel (in/sec) : 105000

incident angle (deg): 0.0 skew angle (deg):

full beap angle in metal (deg) 3.0 beam entry dia. (1n) 0 125
MATERIAL: Pressure Vessel User Research Facility

material velocity (in/sec): 235000 refracted angle (deg): 0.0

thickness... (in): $.000
SAMPLING: full volume
sample period (ns): 80.00 nuaber of points : 1064
depth (along sound path) in material to start sampling (in): 0.000
window (us): 0.00 to 85.04 stop sampling (in): 10.000
SCAN: half wavelength in X and VY
scan direction (deg): 0
init pos primary axis (in): -2.5 final: 2.5
init pos secondary axis (in): 352,06 final: 343.0
step size: scan,inc axes (in): 0.025, 0.025
scan,inc length (in): 5.000, 9.000 #a-scans: 72561
FILE STATISTICS ........ min: 0 max: 255 avg: 7.6 ........00..n type: ENV

APLOT> This 1s Flaw fv5_52.1, DZ=.24 and was measured from the 5s6_352 File,
D B - Scan Side View

Figure A.105a - Volumetric indication #2 in the base metal below 25 mm: mode 10
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C - Scan View

X: 1.800 - 2.960(in} 30pts
Y: 348.40 - 347.68(in) 19pts
Z: 4.029-5.101(in) 76pls
Scale = 0.20(in)

B - Scan Side View

X: 1.800-2.960(in) 30pts
Y: 348.40 - 347.68(in) '19pts
Z: 4.029-5.101(n) T6pts
Scale = 0.20(in)

B - Scan End View

<APLOT> HEAD
test Collected: 05/06/93 16:33:29
Processed: 03/17/94 18:22:07

TRANSDUCER: 1.5 Miz, 45 deg, shear
node : pulse-eche
frequency (ahz): 1.50 f number 119.1
standoff (hgt~foc len) (in): 0.250 val (In/sac) + 105000
incident angle (deg):-36.0 " skew angle ): 0

g,
full bsam angle in netal (deg): 3.0 bean entry dia.(in): 0.125
MATERIAL: Pressure Vessel User Research Facility
naterial velacity (1n/§$cg: 1%5383 refracted angle (deg):-44.4
n): 9.

thickness...
SAMPLING: Near Surface only
sanple period (ng):320.00 nunber of points @ 705
depth {along sound path) in material to start sang ing (in): 0.000
window (us): 4.76 to 230.04 stop sampling’ (in): 14.100
SCAN: half wavelength in X and v
scan direction (deg): 0
B - Scan Side View

init pes primary axis (in): -10.0 final: 1.0

init pos secondary axis (in): 352.0 Final: 343.0

step size: scan.inc axes (in): 0.040, 0.040

scan,inc length (in):11.000, 9.000 #a-scans: 62376

FILE STATISTICS ........ min: 0 max: 255 avgr 2.3 ............. typa: ENV

X: 1.800 - 2.960(in) 30pts
Y: 348.40 - 347.68(in) 19pts
Z: 4.029-5.101(in) 76pts
<APLOT> This is flaw Fv5_52.1. DZ=.24 as was measured from this file. This flaw Scale = 0.20(in)
was also detected in the 5sD_352 and the 5s6_352 files.
1]

Figure A.105b - Volumetric indication #2 in the base metal below 25 mm: mode 6
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<APLOT>
<APLOT>
<APLOT> HEAD
test

TRANSDUCER:

mode
Frequency

1

MATERIAL: Pre
material ve

<APLOT» This

]

standoff(hqt foc len)
incident angle
full beam angle in aetal (deq):

thickness...
SAMPLING: Near Surface only

sanple period (ns):320.00 nunber of ?oints 1705
depth (along sound path) 1in nater1a1 to start sampling (in): 0,000
window (us): 4,76 to 230.04 stop sampling  (in): 14.100
SCAN: half wavelength in X and Y
scan direction (deg): 0
:n:: pas prina;y asds1 g}n; 351.9 F}na}' 343.?
nit pos secondary axis n nal: .
step size: scan,inc axes (in) 0. 040 0.040 B - Scan End View
scan,inc length in): 9.000, 9.000 Ha-scans: 51076
FILE STATISTICS ........ nin 0 max: 255 avg: 6.3 .......... +o. type: ENV X: 2.58-3.06(in) 13pts

which
550_352 file.

Appendix A

C - Scan View

B - Scan Side View

Collected: 05/06/93 16:36:03
Processed: 03/15/94 01:53:35
.S Mz, 45 deg, shear

: pulse-acho
{mh2): 1.50 f number :19.1
(in): 0.250 vel (in/sec) : 105000
deg): 36.0 skevy angle 0
3.0 beam entry dia. (1n) 0.125

ssure Vessel User Research Facilit
(in/sec): 125000 refracted angle (deg): 44.4

locity
{in): 9.000

Y: 347.852 - 347.412(in) 12pts
Z: 4.186 - 4.686(in) 36pts
Scale = 0.10(in)

DZ=.24 and was measured from the 5s56_352 file in

is Flav fvS5_52.1.
This flar also shoved up in the

this flav vas also detected

Figure A.105c - Volumetric indication #2 in the base metal below 25 mm: mode 7
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Figures A.106a-e show volumetric indication #3 in the base metal below 25 mm. This volumetric indication has a
through-wall extent of 5 mm based on wave packet width. The detection was made in mode 8 where it had isolated TOF
shape at a depth of 91 mm. More than one TOF shape was present. The shape quality for this indication is good but
broken up, implying that more than one small flaw may be present. There were confirmations in modes 6,7,9, and 10 at
depths of 86 to 96 mm. The confirmation modes gave a through-wall extent estimate of 3 to 4 mm based on wave packet
width. The different Z values of 86 to 96 mm give an alternate depth size of 10 mm. The indication is characterized as
volumetric based on normal beam detection and detection in orthogonal modes. The length is 12 mm and was made to
LOS in mode 6. The width is 48 mm and was made to LOS in mode 9. The aspect ratio (width/depth) of this indication is
10. The maximum amplitude-to-noise ratio is of medium range at 35 to 10. The X coordinate of 56 mm shows that the
indication is clearly in the base metal. The Z coordinate of 86 to 96 mm shows that the indication is in the middle third of
the vessel.

B-Scan End View

X: 2,150 ~> 2.500 (in) 15 pts
342,83 -> 342.35 (in) 20 pts
2:3581 > 3798 (in) 24 pls

Scale = 0.05 (in)

<APLOT> Head
test Coliected: 05/06/93 15:16:15

Processed: 03/16/94 12:38:58
TRANSDUCER: 5 MH2, Nornal Beam, 3/8 in, dia.-

node : pulse-echo C-Scan view

frequency nhz): 5.00  f nuaber :19.1
standoff(hgt=foc ten) (1n) 0.000  vel (in/sec) : 105000
incident angle (deg): 0.0 skew angle

: 0
full bean angle in metal (deg): 3.0 beam entry dia. Cin) 0.125
MATERIAL: Pressure Vessal User Research Facility
material velocity (infsec): 235000 refractad angle (deg): 0.0
thickness.,. (in): 9.000
SAMPLING: full volume
sample peried (ns): 8 nunber of points : 1064
depth (along sound path) 1n naterial t‘.o start saspling (in): 0.008

window (us): 0.00 to 85.04 stop sampiing (in):  10.000
SCAN: half wavelength in X and ¥
scan direction (deg): 0
init pos primary axis (in): -2.5 fina): 2.5
init pos secondary axis (in): 344.0 final: 335.0
step size: scan,inc axes (in): 0.025, 0.025
scan,inc length (in): 5.000, $.000 Ha-scans: 72561
FILE STATISTICS ........ ain: 0 max: 255 ave: 7.6 Li.oieeavede type: ENV

<APLOT> This is a confirmation call for flaw fvS 451,
B-Scan Side View

Figure A.106a - Volumetric indication #3 in the base metal below 25 mm: mode 10
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B - Scan End View C - Scan View

<APLOT>
<APLOT> Head

test Collected: 05/06/93 16:33:23
Processed: 03/19/34 12:10:10
TRANSDUCER: 1.5 MHz, 45 deg, shear 3
sode : pulse-echo
frequency (nh2): 1.50 f nunber :19.1
standuff(hgt=fuc Ten) {in): 0.250 vel (in/sec) : 105000
incident angle {deg):-35.0 skev angle (deg): 0

full bear angle in metal (deg): 3.0 bean entry dia. (1n) 0.125
MATERIAL: Pressure vessel User Research Facility
naterial velocity (in/sec): 125000 refracted angle (deg):-44.4

thickness. .. (in):
SAMPLING: Near Surface only
saaple period (ns):320.00 nunber of points : 705
depth (along sound path) 1n naterial to start sampling (in): 0.000
vindow (us): 4,76 t 0.04 stop sampling (in): 14.100
SCAN: half wavelength 1n x and Y
?':?n direct:on s (-2;39): 0 final
nit pos primary axis n): -10.0 naj: 1.0 B-S ide Vi
init pos secondary axis gin) 34,0 final: 335.0 can Side View
step size: scan.inc axes (in): 0.040, 0.040 < . .
scan, inc Tength {in):11.000, 9,000 feoscanss &2 X zase. 3;"102%")‘9%:‘3
STATISTICS ........ : : HE 2 SRR e: . o R
FILE S nini 0 max: 255 avg P Z: 3.029-3.701(n) 48pts
E(ll\lﬂl.OT> This is confiraation For flay fvS_4S_1. Scale = 0.20(in)

Figure A.106b - Volumetric indication #3 in the base metal below 25 mm: mode 6
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B - Scan Side View

X: 2.06-3.30(in) 32pts
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8 - Scan End View
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B - Scan Side View
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Nv
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Figure A.106e - Volumetric indication #3 in the base metal helow 25 mm: mode 9
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Figure A.107 shows volumetric indication #4 in the base metal below 25 mm. This volumetric indication has a through-
wall extent of 5 mm based on ring around pattern. The detection was made in mode 7 where it displayed a pair of TOF
shapes at a depth of 106 mm. The shape quality is good for this indication. There were no confirmations in other modes.
The indication is characterized as volumetric based on the detection of ring around shape. The width is 9 mm and was
made to LOS in mode 7. The aspect ratio (width/depth) of this indication is 1.8. The maximum amplitude-to-noise ratio
is high at 35 to 8. The X coordinate of 108 mm shows that the indication is clearly in the base metal. The Z coordinate of
106 mm shows that the indication is in the middle third of the vessel.
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Figure A.107 - Volumetric indication #4 in the base metal below 25 mm: mode 7
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Figures A.108a-b show volumetric indication #5 in the base metal below 25 mm. This volumetric indication has a
through-wall extent of 5 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF
shape at a depth of 85 mm. The shape quality is good for this indication. There were confirmations in modes 7 and 8 at
depths of 81 and 82 mm. The confirmation mode gave a through-wall extent estimate of 1 mm based on wave packet
width and 4 mm based on ring around pattern. The different Z values of 81 to 85 mm give an alternate depth size of 4
mm. The indication is characterized as volumetric based on detection in orthogonal modes and the detection of ring
around shape. The length is 28 mm and was made to LOS in mode 6. The width is 14 mm and was made to LOS in
mode 7. The range of aspect ratios (length/depth) of this indication is 6 to 7 which tends to confirm the large through-wall
extent. The maximum amplitude-to-noise ratio is high at 63 to 13. The X coordinate of 29 mm shows that the indication
is in the base metal, possibly in the HAZ. The Z coordinate of 81 to 85 mm shows that the indication is in the middle
third of the vessel.
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Figure A.108a - Volumetric indication #5 in the base metal below 25 mm: mode 8
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C - Scan View
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windov (us): 4.76 to 230.04 stop sampling (in):  14.100
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scan direction (deg): ©
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step size: scan,inc axes (in): 0.040, 0,040
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B - Scan End View
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-Figure A.108b - Volumetric indication #5 in the base metal below 25 mm: mode 7
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Figures A.109a-b show volumetric indication #6 in the base metal below 25 mm. This volumetric indication has a
through-wall extent of 5 mm based on wave packet width. The detection was made in mode 6 where it had isolated TOF
shape at a depth of 130 mm. The shape quality for this indication is good but broken up, implying that more than one
small flaw may be present. There was a confirmation in mode 10 at a depth of 128 mm. The two Z values of 128 to
130 mm give an alternate depth size of 2 mm. The indication is characterized as volumetric based on normal beam
detection. The length is 20 mm and was made to LOS in mode 6. The width is 9 mm and was made to LOS in mode 10.

The aspect ratio (length/depth) of this indication is 4 which tends to confirm the large through-wall extent.

The maximum

amplitude-to-noise ratio is of medium range at 86 to 24. The X coordinate of 31 mm shows that the indication is. in the
base metal, possibly in the HAZ. The Z coordinate of 128 to 130 mm shows that the indication is in the middle third of

the vessel.

B - Scan End View
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Figure A.109a - Volumetric indication #6 in the base metal below 25 mm: mode 10
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B - Scan End View
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TRANSDUCER: 1.5 MH2, 45 deg, shear

aode : pulse-echg
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full beam angle in netal (deg): 3.0 bean entry dia.(in): 0.125

MATERIAL: Pressure Vessel User Research Facilit
naterial velocity {in/sec): 125000 refracted angle (deg):-44.4

thickness... (in): 9.000
SAMPLING: Near Surface only
sanple period (ns):320.00 number of peints : 703
depth (along sound path) {n material to start sam? ing (in): 0.000
wvindoy (us): 4.76 to 230.04 stop sampling (in): 14,100
SCAN: half wavelength 1n X and Y
scan direction deg): 0
init pos primary axis (ln) -10.0  Final: 1.0
{nit pos secondary axis (in): 232.0 Fipal: 223.0
step size: scan,inc axes (in): 0.040, 0.040
scan.inc length (in):11.000, 9.000 #a-scans: 62376
FILE STATISTICS ........ ain: 0 max: 255 avg: 8.3 .. type: ENV
<APLOT> This 1s flaw fvS_92. 0Z=.19 and vas aeasured as a vave packet.
O . B - Scan Side View

Figure A.109b - Volumetric indication #6 in the base metal below 25 mm: mode 6
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Figures A.110a-b show volumetric indication #7 in the base metal below 25 mm. This volumetric indication has a
through-wall extent of 5 mm based on ring around pattern. The detection was made in mode 6 where it displayed a pair of
TOF shapes at a depth of 103 mm. The shape quality is good for this indication. There was a confirmation in mode 8 at
depth of 104 mm. The confirmation mode gave a through-wall extent estimate of 2.5 mm based on wave packet width.
The two Z values of 103 to 104 mm give an alternate depth size of 1 mm. The indication is characterized as volumetric
based on the detection of ring around shape. The length is 46 mm and was made to LOS in mode 6. The aspect ratio
(length/depth) of this indication is 9. The maximum amplitude-to-noise ratio is low at 13 to 6. The X coordinate of

48 mm shows that the indication is clearly in the base metal. The Z coordinate of 103 to 104 mm shows that the indication
is in the middle third of the vessel.
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TRANSDUCER: 1.5 MHz, 45 deg, shear
node : pulse-echo
frequency 1.50 f number t 8.5
standoff(hgt foc len) (in): 0.250 vel (in/sec) : 105000
incident angle deg):-36.0 skev angle 0
full beam angle in metal (deg) 6.0 bean entry dia. (1n) 0.125
MATERIAL: Pressure Vessel User Research Facility
material velocity (in/sec): 125000 refracted angle (deg):-44.4
thickness. . (in): 9.000
SAMPLING: Near Surface only

sample period (ns):320.00 nunber of goints 1 272

depth (along sound path) in nmaterial to start sampling (in): 3.720

window (us): €4.28 to 151.00 stop sampling (in): 9.150
SCAN: half vave\ength in X and ¥

scan direction {deg): O

init pos primary axis (in):  -6.0 final: 0.4

inft pos secondary axis (in): 352.0 final: 343.0

step size: scan,inc axes (in): 0.040, 0.040

scan,inc length (in): 6.360, 9.000 #a-scans: 36160
FILE STATISTICS ...... L. omin: 0 max: 43 avg: 2.0 .....oiieen type: ENV

B - Scan Side View

: 1.403-2.523(in) 29pts
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<APLOT> This is flaw do_dz5_103.1. Orfginal call made in a spot processed file.
without Bx DZ for the ring- around remains .18. Ring~around is more apparent
when the larger signal in the End view is isolated. However, DY=1.8 to ']

Figure A.110a - Volumetric indication #7 in the base metal below 25 mm: mode 6
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8 - Scan End View
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Z: 3.758-4.386(in) 45pts
Scale = 0,20(in)

C - Scan View
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Processed: 03/12/94 00:15:49
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material velocity (in/sec): 125000 refracted angle (deg): 44.4

thickness. .. (in): 3.000
SAMPLING: Near Surface only

sampie period (ns):320.00 nueber of points : 705

depth (along sound path) in material to start san? ing (in): 0.000

window (us): 4.76 to 230.04 stop sampling (in): 14.100
SCAN: half wavelength in X and ¥

scan direction (deg): 0

init pos primary axis {in): -10.9 Final: 10.0 B - Scan Side View
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gtep size: scan,inc axes (in): 0.040, 0.040

gcan,inc length (in):11.000, 9.000 Ha-scans: 62378
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<APLOT> This is a confirmation call for flaw fvS_103a.
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Figure A.110b - Volumetric indication #7 in the base metal below 25 mm: mode 8
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Figure A.111 shows volumetric indication #8 in the base metal below 25 mm. This volumetric indication has a through-
wall extent of 4 mm based on ring around pattern. The detection was made in mode 6 where it displayed a pair of TOF
shapes at a depth of 119 mm. The shape quality for this indication is good but broken up, implying that more than one
small flaw may be present. There were no confirmations in other modes. The indication is characterized as volumetric
based on the detection of ring around shape. The length is 41 mm and was made to LOS in mode 6. The aspect ratio
(length/depth) of this indication is 10 which tends to confirm the large through-wall extent. The maximum amplitude-to-
noise ratio is of medium range at 79 to 24. The X coordinate of 26 mm shows that the indication is in the base metal,
possibly in the HAZ. The Z coordinate of 119 mm shows that the indication is in the middle third of the vessel.
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(deq):-36.0 skey angle {deg): 0
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Appendix B

Inspections of the Midland Vessel

This appendix contains the results of a nondestructive examination of nuclear reactor vessel weldment for the presence of
fabrication defects. Sections of material, approximately 1219 mm (4 ft.) in length, were cut from an unused nuclear reactor
vessel, the Midland Vessel, by Babcock and Wilcox (Booth 1998) and sent to the EPRI NDE Center. PNNL conducted a
sequence of ispections using the Synthetic Aperture Focusing Technique for Ultrasonic Testing (SAFT-UT) on this vessel
material under the sponsorship of the U.S. Nuclear Regulatory Commission for the purpose of detecting and characterizing the
fabrication (preservice) defects. The results of these SAFT-UT inspections are the subject of this report.

Among the principle findings of this analysis is that the SAFT-UT data correlates with a destructive analysis of one block of the
material. The results of this correlation demonstrate that the majority of the destructively analyzed flaws are ready apparent in the
SAFT-UT data. The SAFT-UT inspections of approximately 1000 square inches of clad surface area show eight total defects at
the clad to base metal interface. All of the eight defects are less than 2.2 mm in through-wall extent and in the range of 2 to

15 mm in lateral extent. In 164 linear inches of weld, 23 total defects were found in the weldment, heat-affected zone, and base
metal. Of these 23 defects, 17 had a through-wall extent of 2 mm or less. The remaining 6 defects had a through-wall extent in
the range of S to 18 mm. The lateral extent of the 23 base-metal defects was in the range of 5 to 36 mm. The size distribution of
flaws as measured by SAFT-UT in the Midland blocks is estimated to be not measurably different in shape from that of the
Marshall distribution; however, the overall density of flaws is estimated to be substantially larger than that of the Marshall
distribution.

Recommendations are given in this appendix for gaining additional resolving power using SAFT-UT. The frequencies of
transducers, scanning step sizes, and requisite data volumes for examining vessel material for fabrication defects are discussed.
The use of material coordinates for inspection systems is recommended for efficiency in analysis and protecting the quality of the
data.

Appendix B provides the reader with an understanding of the vessel material that was inspected and the kinds of inspections that
were performed by SAFT-UT. A correlation of the SAFT-UT indications that were found in the data with a destructive analysis
of a fraction of the material is also given. Finally, the detection methods, the sizes and types of the defects, and the distribution of
those defects in important categories are documented in this Appendix.
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1.0 Introduction

This report is part of a program, sponsored by the U.S. Nuclear Regulatory Commission (NRC), to develop a technical
data base for fabrication flaws that exist in nuclear reactor pressure vessels (RPV). In this program, samples of RPV
material are examined to detect and characterize the flaws introduced into the material when it was fabricated. The
obtained flaw data can then be used to estimate rates of occurrences in a portion of the reactor population.

During the month of June 1989, the Midland blocks, consisting of material removed from the beltline region of the
Midland reactor pressure vessel were examined using the Synthetic Aperture Focusing Technique for Ultrasonic Testing
(SAFT-UT) developed by PNNL under sponsorship of the U.S. NRC. The SAFT-UT system provides very high-
resolution images for use in reliably detecting flaws and accurately sizing the flaws detected. The SAFT-UT system was
taken to the Electric Power Research Institute (EPRI) NDE Center in Charlotte, North Carolina, where the Midland
blocks were sent after being cut from the reactor pressure vessel. Ultrasonic and radiographic test were performed by
NDE Center staff and SAFT-UT examinations were performed by PNNL staff. The purpose of the SAFT-UT
inspections was to obtain information on the population of fabrication flaws in the Midland vessel.

Data from a destructive analysis of a portion of the vessel material, obtained from the EPRI NDE Center, has been
correlated with the SAFT-UT data. The destructively analyzed flaws have been used to confirm the sizing accuracy and
adjust the detection and characterization method. The adjusted characterization method has been applied to all of the
indications in the SAFT-UT data and a complete set of images are provided in the report. The distribution of flaws in
important categories is provided in the report.

This report contains a description of the Midland blocks. The physical characteristics of the blocks, including the
thickness of the cladding, are reported in Section 2. The details of the SAFT-UT inspections are given in Section 3.
This section contains a description of what portion of each Midland block was inspected. It contains a specification for
the transducers used. Section 4 contains the correlation of the SAFT-UT data with a destructive analysis of one of the
Midland blocks. This section contains a description of the detection and sizing methods for SAFT-UT indications as
supported by the destructive analysis. Section 5 contains a complete analysis of the indications of the fabrication defects
found by SAFT-UT in the Midland blocks. The images of the indications are included in this section. Section 5 should
be skipped by those who are not interested in the specifics of the SAFT-UT images. Section 6 contains the distribution
of the fabrication flaws in important categories, and Section 7 describes the recommendations for use of SAFT-UT to
conduct inspections of reactor pressure vessel material.
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2.0 Description of Midland Blocks

Information obtained from Babcock and Wilcox indicated that this vessel was manufactured by piercing a large ingot of
steel and then rolling it until a ring of the proper shape and size was obtained. The cladding was deposited using a
multi-wire (either 3 or 6) process and then it was smoothed with a belt grinder. The cladding is nominally 6 mm (1/4-
in.) thick with a minimum thickness of 4.8 mm (3/16 in.).

The blocks were nominally 224 mm (8.8 in.) thick and 762 mm (30 in.) wide. Block lengths varied but were about
1219 mm (48 in.) long. The reactor pressure vessel (RPV) circumferential weldment was centered in the blocks. Three
of the blocks inspected by SAFT-UT were cut down in size so that they were only 305 mm (12 in.) wide, in preparation
for subsequent machining into mechanical test specimens. The location, type, orientation, and size of all of the detected
flaws were to be estimated. This information would provide guidance for machining the mechanical test specimens in
order to avoid unintentionally including flawed material in the study of the mechanical properties of non-degraded and
intentionally degraded reactor vessel material.

Blocks were removed from three circumferential welds as shown in Figure 2.1. The blocks were numbered with the
weld number (1, 2, or 3) and then with the order of removal in the sequence as show in the figure. Block 1-8 is then
the eighth block removed from weld number 1. Weld #1, sometimes referred to as the beltline weld, is the weld
between the lower shell course and the intermediate shell course of the vessel.

A coordinate system was established for each of the blocks and fiducial marks were placed on the blocks for use in the

NDE. The weld center line was marked and the distance along the weld was measured as either plus or minus a
distance from a fiducial mark near the center of the block. Figure 2.2 shows the nominal cross section of the weld.

B3 NUREG/CR-6471



Appendix B

T
i

g
oy
£ [ -
5 4 i
A
£ T
1———1;—

T

}

i

Figure 2.1 Diagram of Material Removed from the Midland Vessel
Source: Babcock & Wilcox Co. (1989)
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Figure 2.2 Photograph of Weld Cross Section
(Provided by Oak Ridge National Laboratory)
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3.0 SAFT-UT Measurements

Four of the blocks that were cut from the beltline weld of the Midland vessel were inspected by SAFT-UT. The
inspections covered a total of 4166 mm (164 in.) of circumferential weld length by collecting 155 files containing 650
Mbytes of data. Figure 3.1 shows some of the Midland blocks at the EPRI NDE Center when the SAFT-UT inspections
were starting. Figure 3.2 shows the SAFT-UT system during the inspections. Figures 3.3 and 3.4 show the scanning
configuration on Block 1-8.

As described in Section 2, a coordinate system was established for each block. The center line of the weld was marked
and this line, replacing the circumferential axis of the vessel, is labeled the "Y" axis in this report. The distance across
the weld, replacing the height axis of the vessel, is labeled the "X" axis in this report.

3.1 SAFT-UT Inspections of Midland Block 1-8

Block 1-8 was the first block inspected by SAFT-UT. This block was 224 mm (8.8 in.) thick, 1156 mm (45.5 in.) in
circumferential length, and 722 mm (30.4 in.) high. Because of the scanner’s geometry, a decision was made to scan
the central 787 mm (31 in.) of the block and only return to the outer portions if time permitted.

Table 3.1 describes the inspections that were made on Block 1-8 by SAFT-UT. Block 1-8 received 45° shear wave
inspections that were not made on the other three blocks. The other blocks received normal beam inspections from the
top or bottom faces. These faces were not available on Block 1-8 when the SAFT-UT inspections were made.

Inspection #1 in the table was made with an RTD 88-255, L-wave, 2.0-MHz dual element normal beam probe on the
clad surface. Inspection #2 was made with an RTD 1287-1156, L-wave, 2.0-MHz, dual element 45° probe from the
clad surface. The direction of insonification was +X; that is, reflectors were illuminated from their -X side. Inspection
#3 is a repeat of #2 where the insonification direction is -X. Inspections #4 and #5 were made from the clad side with an
RTD 84-23, 70° L-wave, 2.0-MHz, dual element probe. Inspections #6 and #9 were full volume normal beam
inspections using an Aerotech 107489, 2.25-MHz, 6.4 mm (0.25-in.) diameter, contact transducer on the clad surface.
Inspections #7 and #8 were full volume 45° shear wave inspections from the clad side using a 1.0-MHz, 6.4 mm (0.25-
in.) diameter transducer on a 45° wedge. Inspections #10 and #11 were full volume 45° shear wave inspections from
the unclad side using an Aerotek K31358, 2.25-MHz, 6.4 mm (0.25-in.) diameter transducer on a 45° wedge.

3.2 SAFT-UT Inspections of Block 1-9

Table 3.2 describes the inspections that were made on Block 1-9 by SAFT-UT. This block was 305 mm (12 in.) wide
and did not receive 45° shear wave inspections. Instead, normal beam inspections were made from the bottom face.

Inspection #1 was made with an RTD 84-23, 70° L-wave, 2.0-MHz, dual element probe where the direction of
insonification was +X. Inspection #2 is a repeat of #1 where the insonification direction is -X. Inspections #3, #4, and

#5 were full volume normal beam inspections using an Aerotech 107489, 2.25-MHz, 6.4 mm (0.25-in.) diameter,
contact transducer.

3.3 SAFT-UT Inspections of Block 1-11

Table 3.3 describes the inspections that were made on Block 1-11 by SAFT-UT. This block was 305 mm (12 in.) wide
and did not receive 45° shear wave inspections. Instead, normal beam inspections were made from top face.

Inspection #1 was made with an RTD 84-23, 70° L-wave, 2.0-MHz, dual element probe where the direction of
insonification was +X. Inspection #2 is a repeat of #1 where the insonification direction is -X. Inspections #3, #4, and
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#5 were full volume normal beam inspections using an Aerotech L07489, 2.25-MHz, 6.4 mm (0.25-in.) diameter,

contact transducer.

Table 3.1 SAFT-UT Inspections on Block 1-8

Near-Surface (Clad) Zone Inspections

1 / Normal beam N/A 2.0 -51 to 102 -715t0 75
(2.0 t0 4.0) (-3.0 t0 3.0)
2 /45°L +X 2.0 -51 to 102 -75 to 75
(2.0 to 4.0) (-3.0 t0 3.0)
3/45°L X 2.0 -51 to 102 -75 to 75
_ (-2.0 to 4.0) (-3.0 to 3.0)
4 /70°L +X 2.0 -560 to 535 -152 to 152
(-22.0 to 21.0) (-6.0 to 6.0)
5/70°L -X 2.0 -560 to 535 -152 to 152
(-22.0 t0 21.0) (-6.0 t0 6.0)
Inspections of the Weld from the Clad Side
6 / Normal beam N/A 2.25 -432 to 381 -317 to 330
(-17.0 to 15.0) (-12.5 to 13.0)
7 /45°S +X 1.0 -411 to 393 -330 to 330
(-16.2 to 15.5) (-13.0 t0 13.0)
8/45°S +Y 1.0 -406 to 381 -76 to 76
(-16.0 to 15.0) (-3.0 t0 3.0)
Inspections of the Weld from the Unclad Side
9 / Normal beam N/A 2.25 -483 to 422 -342 to 355
(-19.0 to 16.6) (-13.5 to 14.0)
10 / 45°S +X 2.25 -483 to 406 -356 to 229
(-19.0 to 16.0) (-14.0 t0 9.0)
11/ 45°S -X 2.25 -483 to 355 -38 to 267
(-19.0 to 14.0) (-1.5 to 10.5)
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Table 3.2 SAFT-UT Inspections on Block 1-9

Near-Surface (Clad) Zone Inspections

1/70°L _ +X 2.0 -560 to 535 -152 to 152
(-22.0 10 21.0) (-6.0 10 6.0)

2/70°L -X 2.0 -560 to 535 -152 to 152
(-22.0 t0 21.0) (-6.0 t0 6.0)

Inspections of the Weld from the Clad Side

3 / Normal beam N/A \ 2.25 -450 to 465 -152 to 152
‘ (-17.7 to 18.3) (-6.0 to 6.0)

~ Inspections of the Weld from the Unclad Side

4 / Normal beam 'N/A 2.25 -635 to 610 -152 to 152
(-25.0 to 24.0) (-6.0 t0 6.0)

Inspections of the Weld from Bottom Side

5 / Normal beam N/A 2.25 -457 to 400 =152 to 152
(-18.0 to 15.7) (-6.0 to 6.0)

3.4 SAFT-UT Inspections of Block 1-12

Table 3.4 describes the inspections that were made on Block 1-12 by SAFT-UT. This block was 305 mm (12 in.) wide
and did not receive 45° shear wave inspections. Instead, normal beam inspections were made from top face.

Inspection #1 was made with an RTD 84-23, 70° L-wave, 2.0-MHz, dual element probe where the direction of
insonification was +X. Inspection #2 is a repeat of #1 where the insonification direction is -X. Inspections #3 and #4
were full-volume normal beam inspections using an Aerotech 1.07489, 2.25-MHz, 6.4 mm (0.25-in.) diameter, contact

transducer.
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Near-Surface (Clad) Zone Inspections
1/70°L +X 2.0 -475 to 601 -152 to 152
(-18.7 t0 24.0) (-6.0 t0 6.0)
2/70°L -X 2.0 -475 to 601 -152 to 152
(-18.7 to 24.0) (-6.0 to 6.0)
Inspections of the Weld from the Clad Side
3 / Normal beam N/A 2.25 -483 to 597 -152 to 152
(-19.0 t0 23.5) (-6.0 to 6.0)
Inspections of the Weld from the Unclad Side
4 / Normal beam N/A 2.25 -584 to 635 -152 to 152
(-23.0 t0 25.0) (-6.0 t0 6.0)
Inspections of the from pr Side
5 / Normal beam N/A 2.25 -356 to 587 -152 to 152
(-14.0 to0 23.0) (-6.0 to 6.0)

Table 3.4 SAFT-UT Inspections on Block 1-12

Near-Surface (Clad) Zone Inspections
1/70°L +X 2.0 -508 to 584 -152 to 152
(-20.0 to 23.0) (-6.0 t0 6.0)
2/70°L -X 2.0 -508 to 584 - -152 to 152
(-20.0 t0 23.0) (-6.0 t0 6.0)

Inspections of the Weld from the Unclad Side

3 / Normal beam N/A 2.25 -584 to 610 -152 to 152
(-23.0 t0 24.0) (-6.0 t0 6.0)

Inspections of the Weld from Top Side
4 / Normal beam N/A 2.25 -508 to 584 -152 to 152
(-20.0 t0 23.0) (-6.0 t0 6.0)

B.9
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Figure 3.2 Photo of SAFT-UT System as Configured for Inspection of Midland Blocks
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Figure 3.3 Photo of SAFT-UT Scanner Performing Inspections on the Clad Side of a Midland Block
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Figure 3.4 Photo of SAFT-UT Scanner Performing Inspections on the Unclad Side of a Midland Block
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4.0 Correlation of SAFT-UT Data with Destructive Analysis of Block 1-8

In this section a comparison is made of SAFT-UT inspection results with a destructive analysis performed by the EPRI
NDE Center on Block 1-8. The destructive analysis reported sizes for defects at the weld root and at the clad-to-base
metal interface. The detection results for SAFT-UT are given for the weld root followed by the detection results for the
clad-to-base metal interface.

4.1 Destructive Analysis of Indications

Tables 4.1 and 4.2 describe the results from the destructive analysis of 13 indications found by the (non-SAFT)
ultrasonic testing (UT) performed by the staff at the EPRI NDE Center. Indications were found near the root of the
weld and near the clad-to-base metal interface.

For the six indications in the base metal (Table 4.1), "Y" refers to the circumferential position (along the weld center
line) for the indication as reported by the UT. "DY" is the extent of a flaw in circumferential direction as measured by
the destructive analysis. If the indication was not found in the destructive analysis, then no value is given for "DY."
"X" and "DX" are not given but the defects are reported to be in the weld root which inplies "X" = 0.0 1+ 12 mm.

"Z" refers tothedepth from the clad side of the block (inside of the vessel) as reported by the UT. "DZ" is the extent in
the depth dimension as measured by the destructive analysis. The characteristics of the defects that were found in the
destructive analysis are also given in Tables 4.1 and 4.2 along with a reference to the individual photographs of the
defects.

For the seven indications near the clad-to-base metal interface (Table 4.2), "DY" is not reported by the destructive
analysis. If the indication was not found in the destructive analysis, then no value is given for "DX."

Defects were not determined by the destructive analysis for indications 1, 4, 9, 12, and 13. Two defects were found for
indications 3, 6, and 10. Figures 4.1 through 4.11 were provided by the Electric Power Research Institute’s NDE
Center, Charlotte, North Carolina.

4.2 Defects Found in the Weld Root

Table 4.3 shows the results of the analysis of SAFT-UT data for the detection of the weld root defects from the
destructive test. The detection result is shown for each of the six different SAFT-UT inspections performed on Block 1-
8. Two of the defects, #5 and #6, were readily apparent in the SAFT-UT data. One of the defects, #2, was not
detected. It should be noted that none of the six defects were in the central 610 mm (24 in.) of the block. As a
consequence of this, all of the defects were missed by at least one SAFT-UT inspection and one of the defects, #3, was
not covered by -any of the SAFT-UT inspections because this defect was located near the end of the block.

4.2.1 Description of Detection Method

The defects were small slag, typically 1-2 mm in diameter, and were located at the weld root, about 8 mm (3.5 in.)
below the clad surface. In order to successfully detect the weak signals from these reflectors, the SAFT-UT data was
analyzed by looking for the presence of distinguishing shapes amidst the surrounding background noise. The typical
shape for a reflector in the 45° shear inspections is shown in Figure 4.12. This shape can be found only in the side
view (B-scan) of the 45° shear data. The typical shape for a reflector in the normal beam data is shown in Figure 4.13.

This detection method leads to the identification of additional reflectors in the SAFT-UT data. These additional
reflectors fall into two general categories. The first category are those that are found near the weld root, between 80
mm and 95 mm (3.25 and 3.75 in.) from the clad surface. There are two indications in this category and they are found
by both 45° shear and normal beam inspections. The second category of additional base-metal indications found by
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SAFT-UT are not found near the weld root. There are seven of these indications and most of these are only found by
the normal beam inspections. All of the SAFT-UT data have been analyzed by this detection method. The data are
reported in Section 5.0. All the summary results are covered in Section 6.0.

Table 4.1 Results from the Destructive Analysis of Indications in Block 1-8
(Weld Root Indications)

1 -465 - - - 100 - Presence not determined
' (-18.3) 3.9) by destructive test.
2 -445 1 - - 98 2 Slag. See destructive test
(-17.5) (0.04) (3.8) (0.08) results in Figure 4.1.
3t 470 0.75 - - 74 1.25 | Destructive test found 2
(18.5) (0.03) 2.9) (0.05) defects. Both were slag.
3b - 3 - - 1.25 See destructive test results
‘ 0.12) (0.05) of 3b in Figure 4.2.
4 420 - - - 91 - Presence not confirmed by
(16.5) (3.6) destructive test. See
destructive test results in
Figure 4.3.
5 380 5 - - 89 2 Slag. See destructive test
(15.0) 0.2) (3.5) (0.08) results in Figure 4.4.
6t 350 2 - - 99 1.5 Destructive test found 2
13.8 (0.08) 3.9) (0.06) defects, both slag. See
6b 3.5 - - 2.5 destructive test results in
0.14) (0.10) Figures 4.5 and 4.6.

4.3 Defects Found Near the Clad-to-Base Metal Interface

Table 4.4 shows the results of the analysis of SAFT-UT data for the detection of the four clad-to-base metal defects
from the destructive test. Only the four locations where the destructive analysis reported defects are considered in the
table. One of the defects, #8, was readily apparent in the SAFT-UT data in that it had the proper shape in side-view B-
scan and had considerable amplitude in both inspections. One of the defects, #7, was detected and had the proper shape
from one inspection only. One of the defects, #11, was detected at a high amplitude, but shapeless spot. One of the
defects, #10, was not detected by SAFT-UT.

4.3.1 Description of Detection Method

The five defects were small slag, typically 1-2 mm in depth and 2-5 mm in length, and were located at the interface
between the clad and the base metal. In order to successfully detect the signals from these reflectors, the SAFT-UT data
was analyzed in two steps. The first step was to look for the presence of distinguishing shapes. The second step was to
look for high-amplitude signals that have some bulk, not just one hot pixel, where the amplitude is considerably above
the background reflections from the clad-to-base metal interface. The typical shape for a reflector in the 70°L-wave
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inspections is shown in Figure 4.14. This shape can be found only in the side view (B-scan) of the 70° L-wave data.
The typical image for a reflector that is included based on amplitude alone is shown in Figure 4.15.

It is important to consider the number of additional flaws that this detection method leads to in the SAFT-UT data from
Block 1-8. These additional reflectors fall into two general categories. The first category are those that have a
distinguishing shape. There were no reflectors in this category in the data from Block 1-8. The second category are the
reflectors that qualify based on amplitude. There are three reflectors in this category in the SAFT-UT data from Block
1-8. All of the SAFT-UT data have been analyzed by this detection method. The results are reported in Section 5.0.

"Table 4.2 Results from the Destructive Analysis of Indications in Block 1-8
(Near-Surface Zone Indications)

7 81 - =22 4 - 1 Clad-to-base metal inter-

3.2) (-0.8) (0.16) (0.04) face slag. See destruc-
tive test results in Figure
4.7.
8 112 - 33 5 - 2 Clad-to-base metal inter-
4.4) (1.3) 0.2) (0.08) face slag. See destruc-
tive test results in Figure
4.8.
9 112 - 0 - - - Presence not determined
4.4) 0.0) o by destructive test.
10a 204 - 15 5 - 1 Clad-to-base metal inter-
(8.0 (0.6) 0.2) ‘ (0.04) face. See destructive test
results in Figure 4.9.
10b - - - - 2 - 1 1 mm below interface.
(0.08) 0.04) See destructive test re-
sults in Figure 4.10.
11 ’ 235 - - -15 1.5 - 0.5 Clad-to-base metal inter-
9.2) (-0.6) (0.06) (0.02) face. See destructive test
' results in Figure 4.11.
12 235 - 12 - - - Presence not determined
9.2) 0.5 by destructive test.
13 288 - -11 : - - - Presence not determined
(15.3) (-0.4) by destructive test.
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Table 4.3 Detection by SAFT-UT of the Weld-Root Defects found in the
' Destructive Analysis of Midland Block 1-8

#2

#6

Normal beam, clad side
Normal beam, unclad side
45° shear, clad, dir = 0

45° shear, clad, dir = 90

45° shear, unclad, dir
45° shear, unclad, dir

0
180

No coverage
No detection
No coverage
No detection
No detection
No detection

No detection
No detection
No detection
No coverage
Detection
Detection

Detection Results

Not detected

Detected (high S/N)

#5

#3

Normal beam, clad side
Normal beam, unclad side

45° shear, clad, dir =

0

45° shear, clad, dir = 90

45° shear, unclad, dir
45° shear, unclad, dir

0
180

Detection
No detection
No coverage
No detection

Detection

Detection

No coverage
No coverage
No coverage
No coverage
No coverage
No coverage

Detection Result

Detected (high S/N)

No coverage

Table 4.4 Detection by SAFT-UT of the Clad-to-Base Metal Defects found in
the Destructive Analysis of Midland Block 1-8

#7 #8 #10 #11
70°, L-wave, dir = +X Detection Detection No detection No detection
70°, L wave, dir = -X No detection Detection No detection Detection
Detection Result Detection Detection No detection Detection
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(a) Depth: 14.25 mm (0.561 in.), as machined

(b) Depth: 14.15 mm (0.557 in.), as machined

Figure 4.1 DA Photograph of Midland Flaw 1-8 #2

Photographs provided by the EPRI NDE Center
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(c) Depth: 14.1 mm (0.555 in.), as machined

(d) Depth: 14.05 mm (0.553 in.), as machined

Figure 4.1 (cont’d)
Photographs provided by the EPRI NDE Center
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14.02 mm (0.552 in.), as machined

(e) Depth:

as polished and etched

(f) Depth: 14.97 mm (0.550 in.)

’d)

Figure 4.1 (cont
Photographs provided by the EPRI NDE Center
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(b) Polished and etched

Figure 4.2 DA Photograph of Midland Flaw 1-8 #3b
Photographs provided by the EPRI NDE Center
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Photograph of Midland Flaw 1-8 #4b, as machined.

Figure 4.3 DA
h provided by the EPRI NDE Center

Photograp
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Figure 4.4 DA Photograph of Midland Flaw 1-8 #5t
Photographs provided by the EPRI NDE Center
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(b) Depth: 5.82 mm (0.229 in.), as machined

Figure 4.5 DA Photograph of Midland Flaw 1-8 #6b
Photographs provided by the EPRI NDE Center
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(b) Depth: 6.2 mm (0.244 in.), as machined

Figure 4.6 DA Photograph of Midland Flaw 1-8 #6t
Photographs provided by the EPRI NDE Center

NUREG/CR-6471 B.24



Appendix B

v v ).

.. fh\.

“sc. ) I..\..»n

3X

ification: 6

, magni

(c) As polished and etched

oA
‘ uw
b

A
©

I
"

-

¢ 20X

ion

ificati

magni

’

hed and etched

(d) As polis

6 (cont’d)

gure 4

Fi
Photographs provided by the EPRI NDE Center

NUREG/CR-6471

B.25



Appendix B

(b) As polished and etched, magnification: 6.3X

Figure 4.7 DA Photograph of Midland Flaw 1-8 #7b
Photographs provided by the EPRI NDE Center
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(a) As polished and etched, magnification: 6.3X

(b) As polished and etched, mhgnification: 20X

-8 #8

Figure 4.8 DA Photograph of Midland Flaw 1

Photographs provided by the EPRI NDE Center
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(a) As polished and etched, magnification: 6.3X

Figure 4.9 DA Photograph of Midland Flaw 1-8 #10a
Photographs provided by the EPRI NDE Center
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(b) As polished and etched, magnification: 20X

Figure 4.10 DA Photograph of Midland Flaw 1-8 #10b
Photographs provided by the EPRI NDE Center
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(b) As polished and etched

Figure 4.11 DA Photograph of Midland Flaw 1-8 #11
Photographs provided by EPRI NDE Center
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Figure 4.12 Typical Shape for a Reflector in the 45° Shear Inspections. Side View (XZ) of Base-Metal Indication
in Block 1-8 at Y = 350 mm. 45° shear inspection from the unclad side. Beam direction is +X. Z values in the
figure are measured from the unclad side.
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—Scan End Wiew

- —2,300 (in} 45 pts
-> 1460 (in) 18 pte
-~ B6.164 {in) 29 pfs
.20 {in)

Figure 4.13 Typical Shape for a Reflector in the Normal Beam Data. Side View (XZ) of Base-Metal Indication in
Block 1-8 at Y = 350 mm. Normal beam inspection from the unclad side. Z values in the figure are measured
from the unclad side.

NUREG/CR-6471 B.32



Appendix B

B-Scan Side Wiew

£:—1.893 ~> -0439 {in] 16 pts
Y 360 —=> 550 (iny 20 pts
20000 -> 1675 (in) 214 pts
Scale = 0.20 {in)

Figure 4.14 Typical Shape for a Reflector in the 70° L-Wave Inspections. Side View (XZ) of Clad to Base-Metal
Indication in Block 1-8 at Y = 112 mm. 70° L-wave inspection with beam direction of +X.
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B-Scan Side View

LN -

Figure 4.15 Typical Shapeless Image for a Bright Reflection in the 70° L-Wave Inspections. Side View (XZ) of
Clad to Base-Metal Indicatioh in Block 1-9 at Y = 117 mm. 70° L-wave inspection with beam direction of +X.
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5.0 Analysis of SAFT-UT Data

In this section, the indications detected in the SAFT-UT data are characterized according to location, size, and flaw type.
Images are presented in this section for all of the indications. Tables are provided for listing and describing the important
attributes of the indications.

SAFT-UT images are presented in three engineering views: side view, end view, and C-scan view. The axes displayed in
the images are the scanner's axes and the coordinates are scanner coordinates, not material coordinates. When the scanner
axes differs from the material axis, an explanation is given in the figure caption.

The first of the three views in the figures is always the B-scan side view. In this view, the vertical axis is "Z" in scanner
coordinates, with axis label given in the form of "Z: X.XXX - Y.YYY" where X.XXX is the coordinate at the top of the
vertical axis and Y.YYY is the coordinate at the bottom of the axis. The horizontal axis is "X" in scanner coordinates, and
the "Y" axis is perpendicular to the view. The scale given is the distance between the tick marks (minor tick marks
included).

The second of the three views is always the B-scan end view. In this view, the vertical axis is "Z" and the horizontal axis is
"Y." The third view is always the C-scan end view where the vertical axis is "Y" and the horizontal axis is "X."

The units in the images are given in inches, as determined by the software, and displays in metric units are not available at
this time. Metric units are given in the text wherever possible. The tables give material coordinates for the location of the
reflectors. Sizing in the tables uses the best available information from the inspections in which a reflector was detected.

For large flaws, a doublet set of time-of-flight (TOF) curves is expected. However, in analyzing the data, there were no
cases where a doublet set of TOF curves was detected. The search for doublet TOF curves included exhaustive examination
down to the background noise level of the data. Since no doublet TOF curves could be detected, it was postulated that the
flaws were very small (no measurable extent along the line of insonification) and that the second TOF curve was merged
with the first one.

Using this explanation, it then becomes important to be able to place an upper bound on the extent of a flaw that will cause
the two TOF curves to collapse. There are a number of ways that this upper bound can be estimated. Two time-of-flight
curves are said to be resolved when there is a 6-dB drop in amplitude between the two curves. This method yields a
conservative result. A smaller amplitude drop, 3 dB, can be used to distinguish when a single TOF curve has greater
effective ringdown due to the presence of a second curve. Flaws that have extent causing this broadening of the TOF curve
can be sized to some degree and an effort should be made to do so.

The SAFT-UT data from the Midland blocks permits recognition that a TOF curve has increased in ringdown size. For the
45° shear inspections at 2.25 MHz, this criterion produces an upper bound flaw size of less than 1.3 mm (0.050 in.). In
viewing the images of the responses from some of the indications, the responses tended to be tight packets. For indications
imaged with the 70° probe, the upper bound flaw size was larger. For the 3 dB criterion, the upper bound flaw size was
determined to be 2.24 mm (0.088 in.).

The lateral resolution of the system determines the minimum size in the plane perpendicular to the insonification direction
for small reflectors. The resolution in this plane is on the order of 5.1 mm to 8.13 mm (0.2 in. to 0.32 in.) depending on the
spatial sampling used for the various transducers and scans performed.

Since the indications in the Midland vessel had little measurable through-wall extent, it is difficult to characterize the

indications as planar or volumetric. Still, it is important to use what features the data provides, and the following rules have
been used in characterizing each reflector in the SAFT-UT data. For a reflector to be characterized as a planar flaw, it must
be detected in an angle beam inspection or in normal beam from the bottom or top machined surfaces. And in addition, the
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reflector must be not detected in a normal beam inspection from the clad or unclad surfaces whete adequate coverage is
provided by at least one such inspection. All remaining reflectors are considered to be volumetric flaws.

5.1 Indications In and Near the Weld

There were a total of 23 indications that were detected in the SAFT—UT data from the weld and base metal in the four
Midland blocks. None of the 23 showed a doublet TOF curve but nine of them had measurable through-wall extent.

5.1.1 Estimation of Weld and Base-Metal Defects in Block 1-8

Twelve indications were found in the weld and base metal in Block 1-8 but none showed measurable broadening of the TOF
curve. Table 5.1 shows a direct comparison of the sizes and locations of reflectors in the SAFT-UT data that correspond
with flaws found in the destructive analysis. Table 5.2 shows the location and characterization of all indications in the weld
and base metal of Block 1-8 that were detected and characterized by SAFT-UT.

Table 5.1. Comparison of SAFT-UT Results with the Destructive Analysis of Weld Root Indications in Block 1-8

Destructive 380 5 -- -- 89 2 X and DX not given but flaw
Data (15.0) 0.2) (3.5 0.1 ‘is in the weldment so X is 0
+ 12.7 mm (0.5 in.). See
Figure 4.4.
SAFT-UT 380 5 -5 13 89 1.3 DZ is determined from 45°S
(15.0) 0.2) (-0.2) (0.5) (3.5) (0.05) inspection from the unclad
: ' ' side. See Figure 5.1d.
| I S N
Destructive 350 2.0 Lo -- 99 1.5 See Figures 4.5 and 4.6.
Data (13.8) (0.08) 3.9) (0.06)
35 : 25
© (0.14) - (0.10)
SAFT-UT 350 10 -10 18 91 1.3 . | DZ is determined from 45°S
(13.8) 04) | (-04) 0.7) (3.6) *(0.05) inspection from the unclad
side. See Figure 5.2g.
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Table 5.2. SAFT-UT Results from Weld and Base Metal of Block 1-8

89
(3.5)

1.3
(0.05)

Detected by SAFT-UT in normal beam from the clad

side and in two different 45¢S files from the unclad
side. See Figure 5.1. DZ is determined from data
shown in Figure 5.1d. This is one or more small volu-
metric defects. Destructive analysis shows one defect
labeled ST. See Table 4.1 and Figure 4.4 for DA
results.

351
(13.8)

20
(0.8)

-10
(-0.4)

18

©.7)

91

(3.6)

13

(0.05)

Detected by SAFT-UT in 45¢S files from the unclad
side. See Figure 5.2. DZ is determined from data
shown in Figure 5.2g. This is one or more small planar
defects. Destructive analysis shows two small defects
label 6t and 6b. See Table 4.1 and Figure 4.5 for DA
results.

318
(12.5)

15
(0.6)

(0.4

-10

13
0.5)

91
(.6)

13
(0.05)

Detected by SAFT-UT in normal beam from the clad
side and in a 45°8 inspection from the clad side. See
Figure 5.3. This is a volumetric defect. DZ is
estimated from Figure 5.3d.

249
9.8)

0.2)

0.0
(0.0)

20

- 0.8)

109
4.3)

13
(0.05)

Detected by SAFT-UT in normal beam from clad and
unclad side. Also detected in 45°8 files from the clad
side. See Figure 5.4. This is a small volumetric defect.
DZ is estimated from Figures 5.4k and 5.4g. DX is
estimated from Figure 5.4h, and DY is estimated from
Figure 5.4e.

127
(-5.0)

10
0.9)

0.00
(0.0)

15
(0.6)

112
(4.4)

Detected by SAFT-UT in normal beam from the clad
side. See Figure 5.5. No estimate is made for DZ since
this reflector is only detected in normal beam from the
clad side. This is one or more small volumetric
defects.

249
(-9.8)

10
(0.4)

13
(0.5)

t0.3)

79

G.D

Detected by SAFT-UT in normal beam from the clad
side. See Figure 5.6. No estimate is made for DZ since
this reflector is only detected in normal beam from the
clad side. This is a small volumetric defect.

-391
(-15.4)

10
0.4)

0.2)

(0.3)

86
(3.4)

Detected by SAFT-UT in normal beam from the clad
side. See Figure 5.7. No estimate is made for DZ since
this reflector is only detected in normal beam from the
clad side. This is a small volumetric defect.

-465
(-18.3)

B.37

15
(0.6)

20
(0.8)

109
4.3)

1.3
(0.05)

Detected by SAFT-UT in 45°S from the unclad side.
See Figure 5.8. DZ is estimated from Figure 5.8a. No
estimate is made for DX. DY is estimated from Figure
5.8b. This is a small defect, possibly planar since it
was not detected in normal beam. But, confidence is
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St
limited by the lack of coverage from the clad side. An
indication was reported at this location by NDE center

UT. Destructive analysis did not find a defect.

-71 15 -15 10 183 - Detected by SAFT-UT in normal beam from the clad
(-2.8) (0.6) (-0.6) 0.4) (7.2) side. ‘See Figure 5.9. No estimate is made for DZ since
this reflector is only detected in normal beam from the
clad side. This is a small volumetric defect.
-185 25 2.5 51 155 - Detected by SAFT-UT in normal beam from the clad
(-7.3) (1.0) 0.1 2.0) 6.1) side. See Figure 5.10. No estimate is made for DZ
since this reflector is only detected in normal beam
from the clad side. This is probably multiple
volumetric defects.
-254 20 -13 13 183 - Detected by SAFT-UT in normal beam from the clad
(-10.0) 0.8) (-0.5) 0.5) (7.2) side. See Figure 5.11. No estimate is made for DZ
since this reflector is only detected in normal beam
from the clad side. This is probably multiple small
volumetric defects.
-325 19 38 13 208 - Detected by SAFT-UT in normal beam from the clad
(-12.8) | (0.75) (1.5) 0.5) (8.2) side. See Figure 5.12. No estimate is made for DZ

since this reflector is only detected in normal beam
from the clad side. This is probably multiple small
volumetric defects.

5.1.2 Indications of Weld and Base-Metal Defects in Block 1-9

Eight indications were found in the weld and base metal in Block 1-9. Four of the eight are within ;1 in. of the weld center
line and are considered to be associated with the weld. The other four are outside this zone and are considered to be
indications from the parent material. Seven of the eight showed measurable depth extent. Table 5.3 shows the location and
characterization of all indications in the base metal of Block 1-9 that were detected and characterized by SAFT-UT.
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Table 5.3. SAFT-UT Results from Weld and Base Metal of Block 1-9

Indications in and near the Weld of the Base Metal
-582 36 18 - 178 18 Detected by SAFT-UT in normal beam from the bottom
(-22.9) (1.4) (-0.7) (7.0) 0.7 side. See Figure 5.13. This is probably multiple planar
defects separated by 36 mm (1.4 in.) in Y.
-584 23 -43 - 145 <5 Detected by SAFT-UT in normal beam from the bottom
(-23.0) 0.9) -1.7) 5.7 (<0.2) | side. See Figure 5.14. This is either small planar defects
separated by 23 mm (0.9 in.) in Y or a single planar
defect of the size noted.
-597 - -66 - 178 10 Detected by SAFT-UT in normal beam from bottom
(-23.5) (-2.6) (7.0) (0.4) | side. See Figure 5.15. Only part of the defect was
insonified by SAFT-UT. This is probably a small planar
defect of the size noted.
-221 13 | -30 - 64 5 Detected by SAFT-UT in normal beam from the bottom
(-8.7) (0.5) (-1.2) 2.5) (0.2) | side. See Figure 5.16. This is probably a single planar
defect of the size noted.
-69 13 2 - 114 5 Detected by SAFT-UT in normal beam from the bottom
(-2.7) (0.5) 0.1 4.5) (0.2) | side. See Figure 5.17. This is a small planar defect.
183 25 -2 - 121 8 Detected by SAFT-UT in normal beam from the bottom
(7.2) (1.0) (-0.1) 4.8) (0.3) | side. See Figure 5.18. This is a small planar defect.
203 10 0 5 119 - Detected by SAFT-UT in normal beam from the clad
(8.0) (0.4) (0.0) (0.2) 4.7) side. See Figure 5.19. No estimate is made for DZ since
this reflector is only detected-in normal beam from the
clad side. This is a small volumetric defect.
185 23 76 5 206 - - Detected by SAFT-UT in normal beam from the clad
(7.3) 0.9) 3.0) 0.2) 8.1 side. See Figure 5.20. No estimate is made for DZ since
this reflector is only detected in normal beam from the
clad side. This is a small volumetric defect.

5.1.3 Indications of Weld and Base-Metal Defects in Block 1-11

Two indications were found in the weld and base metal in Block 1-11. Both of the indications showed measurable depth
extent. Table 5.4 shows the location and characterization of the two indications in the base metal that were detected and
characterized by SAFT-UT.
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Table 5.4. SAFT-UT Results from Block 1-11

: Detected by SAFT-UT in normal beam from the top
0.3) (5.2) (0.1) '] side. See Figure 5.21. This is a small planar defect.
-13 - . 150 2 Detected by SAFT-UT in normal beam from the top
(-0.5) ' (5.9) (0.1) side. See Figure 5.22. This is either small planar defects
separated by 20 mm or a single planar defect of the size
noted.

5.1.4 Indications of Weld and Base-Metal Defects in Block 1-12
One indications was found in the base metal in block 1-12. Table 5.5 shows the location and characterization of the
indication.

Table 5.5. SAFT-UT Results from Block 1-12

-96 10 -3 - 119 2 Detected by SAFT-UT in normal beam from the top side. See
(-3.8) | (0.4) | (-0.5) (4.7) { (0.1) | Figure 5.23. This is a small planar defect.

5.2 Indications Near the Clad-to-Base Metal Interface

Table 5.6 shows a direct comparison of the sizes and locations of the reflectors in the SAFT-UT data that correspond with
flaws found in the destructive analysis. There were a total of eight indications that were detected in the SAFT-UT data from
the clad-to-base metal interface in four Midland blocks. All of the SAFT-UT data were analyzed using the method described
in Section 4.2.1. '
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Table 5.6. Comparison of SAFT-UT Results with the Destructive Analysis of Block 1-8 (Near-Surface Zone
Indications)

v  Note;

Destructive 81. -- - =22 4 7 1 See Figure 4.7.

Data 3.2) (-0.8) . (0.16) 0.27) (0.04)

SAFT-UT 89 5 ~ 8 ‘ 5 8 <2.2 See Figure 5.26. Thereisa
3.5) (0.3) (0.2) (0.3) (<0.09) | sign difference between the

destructive analysis and the
SAFT-UT data for X. The
origin of this difference is
not known.

=

See Figure 4.8.

-1.3)

Destructive 112 -- 33 5 10 2

Data 4.9 (13) - (0.2) 04) (0.08)

SAFT-UT 112 5 - =33 5 10 <22 See Figure 5.27. Thereis a
4.4) 0.2) (0.2) 0.4) (<0.09) | sign difference between the

' » not known.

destructive analysis and the
SAFT-UT data for X. The
origin of this difference is

Destructive 235 -- 15 - 1.5 6 0.5 See Figure 4.11.

Data 9.2) (-0.6) (0.06) (0.24) (0.02)

SAFT-UT 236 5 18 5 | 5 | <2.2 See Figure 5.28. There is a
9.3) 0.2 0.7) 0.2) 0.2) (<0.09) | sign difference between the

destructive analysis and the
‘SAFT-UT data for X. The
origin of this difference is
not known.

5.2.1 Estimation of Defects at the Clad-to-Base Metal Interface in Block 1-8

Six indications were found at the clad-to-base metal interface in Block 1-8. Table 5.7 shows the location and
characterization of all indications in Block 1-8 that were detected and characterized by SAFT-UT.
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Table 5.7. SAFT-UT Results from the Clad-to-Base Metal Interface of Block 1-8

-526 5 -20 5 5 <22 Detected by SAFT-UT in 70° L-wave inspection in the +X

(-20.7) | (02) | (-0.8) | (0.2) | (0.2) (<0.09) | direction only. See Figure 5.24. This is a volumetric
defect.
=211 2 -20 5 -5 - <2.2 Detected by SAFT-UT in 70° L-wave inspection in the +X
(-8.3) 0.1) | (-0.8) | (0.2) | (0.2) | (<0.09) | direction only. See Figure 5.25. This is a volumetric de-
fect.
89 5 8 5 8 <2.2 Detected by SAFT-UT in 70° L-wave inspection in the +X

(3.5) 0.2) 0.3) | (0.2) (0.3) (<0.09) | direction only. See Figure 5.26. This is a volumetric de-
fect. Destructive analysis shows one small defect labeled
#7. See Table 4.1 and Figure 4.6 for DA results.

112 5 -33 5 10 <22 Detected by SAFT-UT in 70° L-wave inspections in the
4.4 02) | -1.3) | (02) 0.4) (<0.09) | +X and -X directions. See Figure 5.27. This is a volu-
metric defect. Destructive analysis shows one defect
labeled #8. See Table 4.1 and Figure 4.7 for DA results.
This indication had been conservatively called planar in
Doctor (1991). DA confirms volumetric.

236 5 18 5 5 <22 Detected by SAFT-UT in 70° L-wave inspection in the -X
9.3) 0.2) 0.7) 0.2) 0.2) (<0.09) | direction only. See Figure 5.28. This is a volumetric
defect. Destructive analysis shows one small defect labeled
#11. See Table 4.1 and Figure 4.10 for DA results.

442 15 -23 5 5 <22 | Detected by SAFT-UT in 70° L-wave inspection in the +X
(17.4) 0.6) | (-09) | (0.2) 0.2) (<0.09) | direction. See Figure 5.29. This is a volumetric defect.

5.2.2 Estimation of Defects at the Clad-to-Base Metal Interface in Block 1-9

One indication was found at the clad-to-base metal interface in Block 1-9. Table 5.8 shows the location and characterization
of the one indication found by SAFT-UT in Block 1-9 at the clad-to-base metal interface.
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Table 5.8. SAFT-UT Results from the Clad-to-Base Metal Interface of Block 1-9

117 15 -30 5 5 <22 Detected by SAFT-UT in 70° L-wave inspection in the +X
4.6) | (0.6) | (-1.2) | (0.2) | .(0.2) (<0.09) | direction. See Figure 5.30. This is either two small volu-
metric defects or a larger defect of the size noted.

5.2.3 Estimation of Defects at the Clad-to-Base Metal Interface in Block 1-11

One indication was found at the clad-to-base metal inierface in Block 1-11. Table 5.9 shows the location and
characterization of one indications found by SAFT-UT in Block 1-11.

Table 5.9. SAFT-UT Results from the Clad-to-Base Metal Interface of Block 1-11

<2.2 Detected by SAFT-UT in 70° L-wave inspection in the -X
0.2) (0.45) (<0.09) | direction only. See Figure 5.31. This is the deepest of the 8
indications found in the near-surface zone. Because no
destructive data exists to prove otherwise, this indication is
conservatively assumed to be planar.

5.2.4 Estimation of Defects at the Clad-to-Base Metal Interface in Block 1-12

No indications were found at the clad-to-base metal interface in Block 1-12.
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B—Scan Side View

#:—2.048 -> 2,052 {in) 42 pts
¥e 12,75 > 15,00 {in} 10 pts
Z: 0,000 —> 9,936 (in) 217 pts

-

Scale = 0.50 (in)

Figure 5.1a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). Normal beam
inspection from the clad side. This indication corresponds to flaw #5 in the destructive analysis.
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—Scan End View

-> 2,052 (in) 42 pts
5.00 {in) 10 pts
336 {in} 217 pts
I

Figure 5.1b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). Normal beam
inspection from the clad side. This indication corresponds to flaw #5 in the destructive analysis.
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C—-Scan view

Xi—2.048 => 2,052 {in} 42 pts

ts

12,75 => 15.00 (i 5
ts

ny. 1
Z:3.128 -> 4,140 (in) 2
Scale = 0.50 {in)

Figure 5.1c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). Normal beam
inspection from the clad side. This indication corresponds to flaw #5 in the destructive analysis.

NUREG/CR-6471 B.46



Appendix B

B—Scan Side View

¥:-2.043 —> 2,051 (in}) 42 pts
¥ 14,70 => 16,00 (in) 14 pts
2:4.573 -> 7,199 (in) 85 pts
Scale = 0,50 (in)

Figure 5.1d Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). 45° shear
inspection from the unclad side. Beam direction is +X. Z values in the figure are measured from the unclad side.
This indication corresponds to flaw #5 in the destructive analysis.
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B—Scan End View

$:=2.043 => 2051 (in) 42 pts
Y 14,70 —> 16.00 (in} 14 pts
Z:4.573 -> 7.139 (i} 8S pts
Scale = 0,20 (in)

Figure 5.1¢ End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). 45° shear
inspection from the unclad side. Beam direction is +X. Z values in the figure are measured from the unclad side.
This indication corresponds to flaw #5 in the destructive analysis.
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X—=2.049 >

Yo 14,70 —=> 1
214573 —>

Scale = 0,20 {in)

Figure 5.1f C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). 45° shear
inspection from the unclad side. Beam direction is +X. Z values in the figure are measured from the unclad side:
This indication corresponds to flaw #5 in the destructive analysis.
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B-Scan Side View

¥:11.050 —-> 7,050 (in) 41 pts
Y1 1580 -=> 14,50 (inj 14
Z:4.573 -> 6,380 {in) 78
Scale = 0.50 {in}

pte
pts

Figure 5.1g Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side. X
values in the figure are +2 to -2 inches in material coordinates. This indication corresponds to flaw #5 in the
destructive analysis.
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B—Scan End View

X:11.080 —> 7.050 {(in
¥ 15,80 == 14,50 {in}
Z:4.573 -> B.980 (in}
Scale = 0,20 (in)

Appendix B

Figure 5.1h Side View (YZ) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side. X

values in the figure are +2 to -2 inches in material coordinates.
destructive analysis.
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C-Scan view

11,050 -—> ?0'. (
" 15,

:4.5?3 -~ 8.8
cale = '

Figure 5.1i C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 381 mm (15.0 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side. X

values in the figure are +2 to -2 inches in material coordinates. This indication corresponds to flaw #5 in the
destructive analysis.
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B—Scan Side View

2,100 => =2,000 (in) 42 pts
1040 -> 14,50 (in} 42 pts
4,830 —=> 7.958 (in) €3 pts
ale = 0.50 {in)

PANE S

PR R

Figure 5.2a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). Normai beam
inspection from the unclad side. Z values in the figure are measured from the unclad side. This indication
corresponds to flaw #6 in the destructive analysis.
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B—Scanh End Yiew

2,100 => ~2,000 (in) 42 pts

1040 —> 14,50 {in) 42 pts

7:4.830 —> 7.958 {in) 69 pts
= 0,50 (in)

Figure 5.2b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). Normal beam
inspection from the unclad side. Z values in the figure are measured from the unclad side. This indication
corresponds to flaw #6 in the destructive analysis.
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C-Scan view

~-> —=2.000 (in) 42 pts
-> 14,50 (in) 42 pts
~-> 7858 {in} B3 pts
0.50 (in)

Figure 5.2c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). Normal beam
inspection from the unclad side. Z values in the figure are measured from the unclad side. This indication
corresponds to flaw #6 in the destructive analysis.
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B-Scan Side Yiew

x—=2.149 -> 2,051 :;in) 43 pts
Y1200 => 16,00 (m) 41 pts
Z:4.573 —> 7,168 (in) 84 pts
Scale = 0,50 {in)

Figure 5.2d Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). 45° shear
inspection from the unclad side. Beam direction is +X. Z values in the figure are measured from the unclad side.
This indication corresponds to flaw #6 in the destructive analysis.
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B=Scan End View

Xi—2.148 => 2,051 (in) 43 pts
112,00 => 18.00 (iny 41 pts

. 4,573 —> 7,168 (in) 84 pts
cale = 0,50 {in) o

Figure 5.2¢ End View (YZ) of Base-Metal Indication in Block 1-8 at' Y = 13.8 45° shear inspection from the:
unclad side. Beam direction is +X. Z values in the figure are measured from the unclad side. This indication. .
corresponds to flaw #6 in the destructive analysis.
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C—-Scan view

—-2,149 —> 2,051 {in) 43 pts

200 -> 16800 (in} 41 pts

73 -> 7.168 (in) 84 pts
0.50 (in}

Figure 5.2f C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). 45° shear
inspection from the unclad side. Beam direction is +X. Z values in the figure are measured from the unclad side.
This indication corresponds to flaw #6 in the destructive analysis.
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Figure 5.2g Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side. X
values in the figure are +2 to -2 inches in material coordinates. This indication corresponds to flaw #6 in the
destructive analysis.
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B—Scan End View

A 6,150 ==
¥y 15,80 >
Z:4444 >
Scale = 0.2

2.150 {in} 81
11.80 {in).
05051 {in) 1‘:’1

Figure 5.2h Side View (YZ) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side. X
values in the figure are +2 to -2 inches in material coordinates. This indication corresponds to flaw #6 in the
destructive analysis.
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Figure 5.2i C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 351 mm (13.8 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side. X
values in the figure are +2 to -2 inches in material coordinates. This indication corresponds to flaw #6 in the
destructive analysis.
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B-Scan Side View

X:=2.048 => 2,052 (in) 42 pts
Y: 10.25 => 14,50 {in}) 18 pts
g: 0.000 —=> 9,336 (in} 217 pts

cale = (.50 {in)

Figure 5.3a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 318 mm (12.5 in.). Normal beam
inspection from the clad side. s :
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B-Scan End Yiew

X:—2.048 —> 2,052 (in) 42 pts
Y: 10.25 => 14.50 (in) 18 pts
Z:0.000 -> 8,936 (in) 217 pts
Scale = 0,50 (in)

Figure 5.3b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 318 mm (12.5 in.). Normal beam
inspection from the clad side. : C
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C—-Scan view

$i-2,04F —> 2,052 (in) 42 pts
1025 -» 14,50 (in) 18 pts
Z2:3404 —> 6,164 (in) 61 pts
Scale = 0,50 {im

Figure 5.3¢ C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 318 mm (12.5 in.). Normal beam
inspection from the clad side.
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Figure 5.3d Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 318 mm (12.5 in.). 45° shear
inspection from the clad side.
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B—Scan End View

-2,099 -> 2,001 (in) 42 pts
0 -> 1400 (in) 17 pts
-> 5439 (in} 102 pts

0.50 ({in)

Figure 5.3e End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 318 mm (12.5 in.). 45° shear
inspection from the clad side.
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C—-Scan view

—-2.0899 -> 2.001 {in) 42 pts
Y1000 —> 14,00 (iny 17 pts
Z: 2733 —> 5439 {in) 102 pts

-

Scale = 0.50 {in)

Figure 5.3f C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 318 mm (12 5.in.). 45° shear
inspection from the clad side.
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B-Scan Side Yiew

#£1-2,148 —>» 2.052 (iny 43 pts
Y. 7.00 => 11.00{in} 17 prs
Z: 0,000 => 3,938 (in) 217 pts
Scale = 0,50 (in)

Figure 5.4a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). Normal beam
inspection from the clad side.

NUREG/CR-6471 B.68



Appendix B

B-Scan End Yiew

2,148 —> 2,052 (in) 43 pts
7.00 => 11.00(in) 17 pts
: 0,000 => 9,936 (in) 217 pts
le = 0.50({in)

Figure 5.4b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in. ) -Normal beam
inspection from the clad side.

B.69 NUREG/CR-6471



Appendix B

C—-Scan view

2.052{in} 43 pts
1.00 {in; 17 pts
646 (iny 11 pts

AT

Figure 5.4c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). Normal beam
inspection from the clad side. :
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B-Scan Side View.

93 => 2.001 (in) 41 pts
O == 11.00{ny 17 pts

3.885 —> 5.332(in 55 pts
cale = .20 {in)

X:=1.9
Y. 7.0
Z:
S

Figure 5.4d Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). 45° shear inspectioh
from the clad side. Beam direction is +X.
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B—Scan End View

X:—=1.993 => 2.001 (in) 41 pts
Vi 700 == 11.00(n) 17 pts

£1 3883 —> 2332 (in 95 pts
Scale = 0,20 ({in)

Figure 5.4¢ End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). 45° shear mspectlon
from the clad side. Beam direction is +X.
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C—-Scan view

®:=1,993 => 2,001 (iny 41 pts
¥ 700 -2 11.00(iny 17 nts

Z:3.885 -> 5332 (in}y 55 pts
Scale = 0,50 (in}

Figure 5.4f C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). 45° shear
inspection from the clad side. Beam direction is +X.
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B-Scan Side Yiew

¥:11.000 => B,300 {in) 42 pts
Ve =200 => 2,00 (im 17 pis

Z:3.510 —> 5,037 (i) 58 pts
Scale = 0.20 {in)

Figure 5.4g Side View (in scanner coordinates) of Base-Metal Indication in Block 1-8 at Y = 249 nim (9.8 in.).
45° shear inspection from the clad side. Beam direction is -Y. X coordinates shown in the figure correspond to Y
material coordinates.
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B-Scan End View

X:10400 —=> 8,300 {in) 16 pis
¥, =2.00 => 2,00 (in) 17 pts

7! 3.403 => 5.091 (in) B4 pts
Scale = 0.20 (in}

Figure 5.4h End View (in scanner coordinates) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.).
45° shear inspection from the clad side. Beam direction is -Y. Y coordinates shown in the figure correspond to X
material coordinates.
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C—Scan view

X:11,000 => B.300 {in) 42 pt

Y, -2.00 -> 2,00 (i_n) 17 pts
Z: 3,510 => 5.037 (iny 54 pts
Scale = 050 (in)

Figure 5.4i C-scan View (in scanner coordinates) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.).
45° shear inspection from the clad side. Beam direction is -Y. Y coordinates shown in the figure correspond to X
material coordinates.
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E B-Scan Side View

Figure 5.4j Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). Normal beam
inspection from the unclad side. Z values shown in figure are measured from the unclad side.
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Figure 5.4k End View (YZ) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). Normal beam
inspection from the unclad side. Z values shown in figure are measured from the unclad side.
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C-Scan view

2000 => =2,000 (in

¢ 8,90 => 13,00 (in)
Z:4.368 —» 6,532 (in)
Scale = 0.50 {in)

Figure 5.41 C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = 249 mm (9.8 in.). Normal beam
inspection from the unclad side. Z values shown in figure are measured from the unclad side.
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B—Scan Side View

W—2,148 => 2,052 {in) 43 pts
We=7.00 => =300 (in) 17 pts
Z: 0,000 => 9936 {in} 217 pts
Scale = 0,50 (in)

Figure 5.5a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -127 mm (-5.0 in.). Normal beam
inspection from the clad side.
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B—Scan End View

X:—2,148 —> 2,032 {in) 43 pts
W =7.00 => =300 (in) 17 pts
Z: 0,000 => 9,936 {in) 217 pts
Scale = 0,50 (in) :

Figure 5.5b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -127 mm (-5.0 in.). Normal beam
inspection from the clad side.
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C-Scan view

¥:—2.048 -> 1,952 (in) 41 pts
Yo =700 =3 =3,00(iny 17 pts
Z:4.002 => 4,738 (in) 17 pts
Scale = 0,50 (in)

146

Figure 5.5¢ C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -127 mm (-5.0 in.). Normal beam
inspection from the clad side.
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X =2.048 —> 2,052
Yi=12.00 == =81
2. 0,000 -> 4,93
Scale = 050 (i)

Figure 5.6a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -249 mm (-9.8 in.). Normal beam
inspection from the clad side.

B.83 NUREG/CR-6471



Appendix B

B—Scan End Yiew

Xi—2.048 => 2,052 {in) 42 pts
¥i—-12.00 => =800 (iry 17 pts
Z: 0,000 => 9,936 (in) 217 pts
Scale = 0.50 (in)

Figure 5.6b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -249 mm (-9.8 in.). Normal beam
inspection from the clad side.
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C-Scahn view

—%.048 -> 2,052 (in) 42 pts

.8
Y-
Z
S

2.00 -=> =800 (inJ
1 2,944 —> 3.358 {in)
cale = 0,50 (in

Figure 5.6c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -249 mm (-9.8 in.). Normal beam
inspection from the clad side.
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B—Scan Side View

X1~2.048 => 2,052 (in) 42 pts
Yi=17,00 => -13.00 {iny 17 pts
Z: 0,000 => 9,336 (in) 217 pts
Scale = 0.50 {in)

Figure 5.7a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -391 mm (-15.4 in.). Normal beam
inspection from the clad side.
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B—Scan End View

X:—2.048 —> 2,052 {in) 42 pts
Wi=17.00 => =13,00 {iny 17 pts
Z: 0,000 => 9,936 (in} 217 pts
Scale = 0,50 {in)

Figure 5.7b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -391 mm (-15.4 in.). Normal beam
inspection from the clad side.
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C—Scan view

N—2.048 —> 2,052 (in) 42 pts
Vi—17.00 =5 -13.00 (iny 17 pts
£, 3174 —> 3726 {(iny 13 pts

Scale = Q.50

Figure 5.7¢ C-scan View (XY) of Base-Metal Indlcatlon in Block 1-8 at Y = -391 mm (-15. 4 in.). Normal beam
inspection from the clad side.
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BE—Scan Side View

X 2000 => =2.000 (in) 41 pts
¥i—=14.20 —> —-18.80 (in) 47 pts
Z:3.939 => 4,533 (in} 20 pts

Scale = 0.20 (in)

Figure 5.8a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -465 mm (-18.3 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side.
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B—-Scan End View

N: 2,000 —> =2,000 (in) 41 pts
¥i—14.20 => —=18.80 (in} 47 pts
213,933 —> 4,533 (in) 20 pts

Scale = 0.20 (in)

Figure 5.8b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -465 mm (-18.3 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured. from the unclad side.
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20
14
10
6
3
C-Scan view

X: 2,000 => =2.000 (i[’l) 41 pts

¥i—14,20 —» —18.80 (in) 47 pts

Z:3.939 —> 4533 {in) 20 pts 0

Scale = 050 (in)

Figure 5.8¢c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -465 mm (-18.3 in.). 45° shear
inspection from the unclad side. Beam direction is -X. Z values in the figure are measured from the unclad side.
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B—Scan Side View

%:—2,048 > 1,352 {in}) 41 pts
Yo =300 ~> 0,00 {in) 17 pts
Z: 0,000 —-> 9.93E {in} 217 pts
Scale = 050 (in)

Figure 5.9a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -71 mm (-2.8 in.). Normal beam
inspection from the clad side.
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B—Scan End View

X—2,048 —> 1.352 {in) 41 pts
¥y =300 -> 0,00 {in) 17 pts
Z: 0,000 => 3336 {iny 217 pts
Scale = 0,50 {in)

Figure 5.9b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -71 mm (-2.8 in.). Normal beam
inspection from the clad side.
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C-Scan view

¥—-2.048 -> 1,952 ({in} 41 pts
¥y —3.00 ->» 0,00 {in) 17 pts

Z: 6,900 —> 7438 {in) 14 pts
Scale = 0,50 {in)

Figure 5.9c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -71 mm (-2.8 in.). Normal beam
inspection from the clad side.
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B—Scan Side View

Xi—2.048 —=> 2,052 (in) 42 pts
Y =925 -> —5.50 {iny 18 pts
Z: 0,000 => 9,336 {in} 217 pts
Scale = 0,50 (im)

Figure 5.10a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -185.4 mm (-7.3 in.). Normal beam
inspection from the clad side.
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B—-Scan End Yiew

¥—2.048 —> 2,052 {in} 42 pts
W-9,25 -» =550 {in) 16 pts
Z: 0,000 => 9,936 {in) 217 pts
Scale = 0,50 {in)

Figure 5.10b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -185.4 mm (-7.3 in.). Normal beam
inspection from the clad side.
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C-5Scan view

Xi—2,048 -> 2,052 {in) 42 pts
¥ =925 -> =550 (in) 16 pte
Z: 5,750 —> 6.440 {in) 15 pts
Scale = (.50 (in)

Figure 5.10c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -185.4 mm (-7.3 in.). Normal beam
inspection from the clad side.
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B—Scan Side View

X=2.048 -> 1,
YVi-12.50 —>
20,000 —> g.!
Scale = 0.50 (in)

Figure 5.11a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -254 mm (-10.0 in.). Normal beam
inspection from the clad side.
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B—-Scan End View

¥:=2.048 —=> 1,952 (in) 41 p
Y¥i—12,50 -> =825 (iny 18 p
Z: 0,000 => 9.936 (in) 217 p
Scale = .50 (in)

t
t
t

Figure 5.11b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -254 mm (-10.0 in.). Normal beam
inspection from the clad side.
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C—-5¢an view

=> 1.952 (in) 4
> -8.25{n 1
7.580 {in)

¢

Figure 5.11c C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -254 mm (-10.0 in.). Normal beam
inspection from the clad side.

NUREG/CR-6471 B.100



Appendix B

B~Scan Side View

X=2.048 -> 2,052 (m) 42 pts

¥i—=15.00 —> —-11 D0 {iny 17 pts

Z: 0,000 —=> 9,336 (in}) 217 pts
Scale = 0,50 (in)

Figure 5.12a Side View (XZ) of Base-Metal Indication in Block 1-8 at Y = -325 mm (-12.8 in.). Normal beam
inspection from the clad side.
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B—Scan End View

¥1—2.048 -> 2,052 (in) 42 pts
Yi—15.00 -> —=11.00 {iny 17 pts
Z: 0,000 -> 9936 (in) 217 pts
Scale = 0,50 {in)

Figure 5.12b End View (YZ) of Base-Metal Indication in Block 1-8 at Y = -325 mm (-12.8 in.). Normal beam
inspection from the clad side. '
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C—Scan wiew

2,052 (in) 42 pts
11.00{in) 17 pts
.3?}2 (in) 25 pts

Figure 5.12¢ C-scan View (XY) of Base-Metal Indication in Block 1-8 at Y = -325 mm (-12.8 in.). Normal beam
inspection from the clad side.
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B-Scan 5

X: 0,001 -> -32,99
Wi—23.60 -> ~11,
200,000 —> 745

Scale = 050 {in)

Figure 5.13a Side View (scanner coordinates xz) of Base-Metal Indication in Block 1-9 at Y = -582 mm (-22.9
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +36.8 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 216 mm (8.5
in.) to 114.3 (4.5 in.).
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X 0,001 =>=3,993 {in) 41 pts
¥i~-23.60 => =20,00 {in} 19 pts
Z: 0,000 => 7452 {in) 163 pts
Scale = 0,50 (in)

Appendix B

Figure 5.13b End View (scanner coordinates yz) of Base-Metal Indication in Block 1-9 at Y = -582 mm (-22.9
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +36.8 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 216 mm (8.5

in.) to 114.3 (4.5 in.).
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C-5Scan view

¥ 0.001 => =3.998 ({in) 41 pts
¥i~23.80 -> ~20.00 (in) 19.pts
Z: 5,704 => 6348 (iny 15 pts

Scale = 0.50 {in)

Figure 5.13¢ C-scan View (scanner coordinates xy) of Base-Metal Indication in Block 1-9 at Y = -582 mm (-22.9

in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +36.8 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 216 mm (8.5
in.) to 114.3 (4.5 in.).
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X:-0,999 -> 4,999 (in) )
iny 1

1
9
Z: 0,000 —> 7452 (in) 163
Scale = 0,50 {in}

¥i=23.60 => =20.00 {

Appendix B

Figure 5.14a Side View (scanner coordinates xz) of Base-Metal Indication in Block 1-9 at Y = -584 mm (-23.0
in.).. Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 191 mm (7.5

in.) to 88.9 mm (3.5 in.).
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B—Scan End View
Xi—-0.993 —> 4,933 (in) 41 pts
¥Vi=23.60 —>» =ZQ.00 {in} 19 pts
200,000 => 7452 (iny 183 pts
Scale = 0.50 {n)

-0
~2

Figure 5.14b End View (scanner coordinates yz) of Base-Metal Indication in Block 1-9 at Y = -584 mm (-23.0
in.).. .Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 191 mm (7.5
in.) to 88.9 mm (3.5 in.).
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C-Scan view

X:—0,893 —> 4,933 {in) 42 pts
¥i—23.80 => —139.80 {in) 20 pts
24738 —> 4922 {n) 5 pts
Scale = 0,50 {in)

Figure 5.14c C-scan View (scanner coordinates xy) of Base-Metal Indication in Block 1-9 at Y = -584 mm (-23.0 .
in.)... Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 191 mm (7.5
in.) to 88.9 mm (3.5 in.). ‘
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B—-Scan Side Yiew

N 0,001 => -3,993 (i) 41 pts
Wi—23.60 —> -11.60{in) &1 pts
Z: 0,000 —> 7432 {in) 163 pts
Scale = 0.50 (in)

Figure 5.15a Side View (scanner coordinates xz) of Base-Metal Indication in Block 1-9 at Y = -597 mm (-23.5
in.).- Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 216 mm (8.5
in.) to 114 mm (4.5 in.).
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B-Scan End View

¥ 0,001 => =3,999 (in) 41 pts
Wi—23.60 -3 =20,00 (iny 19 pts
Z: 0,000 —> 7452 (in}) 163 pts
Scale = .50 (in)

Figure 5.15b End View (scanner coordinates yz) of Base-Metal Indication in Block 1-9 at Y = -597 mm (-23.5 .
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -

152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 216 mm (8.5
in.) to 114 mm (4.5 in.).

B.111 NUREG/CR-6471



Appendix B

3
C-Scan view
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Figure 5.15¢c C-scan View (scanner coordinates xy) of Base-Metal Indication in Block 1-9 at Y = -597 mm (-23.5
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
48 mm (-1.9 in.) to 41 mm (-1.6 in.). X in the figure corresponds to material coordinates of Z from 216 mm (8.5 in.)
to 114 mm (4.5 in.).
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Figure 5.16a Side View (Scanner Coordinates XZ) of Base-Metal Indication in Block 1-9 at Y = -22.1 mm (-8.7
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -

152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 119 mm (4.7
in.) to 13 mm (0.5 in.).
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B—Scan End View
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Figure 5.16b End View (Scanner Coordinates YZ) of Base-Metal Indication in Block 1-9 at Y = -22.1 mm (-8.7
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to 368 mm (1.45 in.).
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Figure 5.16c C-scan View (Scanner Coordinates XY) of Base-Metal Indication in Block 1-9 at Y = -22.1 mm (-8.7
in.). Normal beam inspection from the bottom side. X in the figure corresponds to material coordinates of Z from,
119 mm (4.7 in.) to 13 mm (0.5 in.). '
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B—Scan Side View
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Figure 5.17a Side View (Scanner Coordinates XZ) of Base-Metal Indication in Block 1-9 at Y = -69 mm (-2.7
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
152 mm (-6 in.) to +368 mm (+1.45 in.). X in the figure corresponds to material coordinates of Z from 165 mm (6.5
in.) to 64 mm (2.5 in.).
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B—-Scan End Yiew
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Scale = 0,50 (in}

Figure 5.17b End View (Scanner Coordinates' YZ) of Base-Metal Indication in Block 1-9 at Y = -69 mm (2.7 in.).
Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -152
mm (-6 in.) to +368 mm (+1.45 in.). ’
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C-Scan view
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Figure 5.17¢ C-scan View (Scanner Coordinates XY) of Base-Metal Indication in Block 1-9 at Y = -69 mm (2.7
in.). Normal beam inspection from the bottom side. X in the figure corresponds to material coordinates of Z from
165 mm (6.5 in.) to 64 mm (2.5 in.).
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B—-Scan Side View
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Scale = 0.50 {in}

Figure 5.18a Side View (Scanner Coordinates XZ) of Base-Metal Indication in Block 1-9 at Y = 183 mm (7.2
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
102 mm (-4 in.) to 178 mm (7 in.). X in the figure corresponds to material coordinates of Z from 168 mm (6.6 in.) to
64 mm (2.5 in.).
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Figure 5.18b ‘End View (Scanner Coordinates YZ) of Base-Metal Indication in Block 1-9 at Y = 183 mm (7.2
in.). Normal beam inspection from the bottom side. Z in the figure corresponds to material coordinates of X from -
102 mm (-4 in.) to 178 mm (7 in.).
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C-Scan view
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Figure 5.18c C-scan View (Scanner Coordinates XY) of Base-Metal Indication in Block 1-9 at Y = 183 mm (7.2
in.). Normal beam inspection from the bottom side. X in the figure corresponds to material coordinates of Z from ,
168 mm (6.6 in.) to 64 mm (2.5 in.).
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Figure 5.19a Side View (XZ) of Base-Metal Indication in Block 1-9 at Y =

B—Scan End View

-2.099 -> 2.001 (in) 42 pts
4,00 -> 810 {iny 42 pts
0.000 ~> 9 EI {iny 217 pts
cale = 0.50 {in)

inspection from the clad side.
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Figure 5.19b End View (YZ) of Base-Metal Indication in Block 1-9 at Y = 203 mm (8.0 in.). Normal beam
inspection from the clad side.
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C—Scan view

199 —-> 2,001 {in) 42 pts
30 O {in) 42 pts
(iny 15 pts

Figure 5.19c C-scan View (XY) of Base-Metal Indication in Block 1-9 at Y = 203 mm (8.0 in.). Normal beam
inspection from the clad side.
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Scale =

Figure 5.20a Side View (XZ) of Base-Metal Indication in Block 1-9 at Y = 185 mm (7.3 in.). Normal beam
inspection from the clad side.
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Figure 5.20b End View (YZ) of Base-Metal Indication in Block 1-9 at Y = 185 mm (7.3 in.). Normal beam
inspection from the clad side.
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C-Scan view

Y
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Scale = 0.50 {in)

Figure 5.20c C-scan View (XY) of Base-Metal Indication in Block 1-9 at Y = 185 mm (7.3 in.). Normal beam
inspection from the clad side.
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Figure 5.21a Side View (Scanner Coordinates XZ) of Base-Metal Indication in Block 1-11 at Y = -152 mm (-6.0
in.). Normal beam inspection from the top side. Z in the figure corresponds to material coordinates of X from -102

mm (-4 in.) to 178 mm (7 in.). X in the figure corresponds to material coordinates of Z from 188 mm (7.4 in.) to 84
mm (3.3 in.).
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Appendix B

Figure 5.21b End View (Scanner Coordinates YZ) of Base-Metal Indication in Block 1-11 at Y = -152 mm (-6.0
in.). Normal beam inspection from the top side. Z in the figure corresponds to material coordinates of X from-102.

mm (-4 in.) to 178 mm (7 in.).
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C-Scan view
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Figure 5.21c C-scan View (Scanner Coordinates XY) of Base-Metal Indication in Block 1-11 at Y = -152 mm
(-6.0 in.). Normal beam inspection from the top side. X in the figure corresponds to material coordinates of Z from
188 mm (7.4 in.) to 84 mm (3.3 in.).
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Appendix B

Figure 5.22a Side View (Scanner Coordinates XZ7) of Base-Metal Indication in Block 1-11 at Y = -140 mm (-5.5
in.). Normal beam inspection from the top side. Z in the figure corresponds to material coordinates of X from -102
mm (-4 in.) to 178 mm (7 in.). X in the figure corresponds to material coordinates of Z from 188 mm (7.4 in.) to 84

mm (3.3 in.).
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B-Scanh End View
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Scale = 0,50 (in)

Figure 5.22b End View (Scanner Coordinates YZ) of Base-Metal Indication in Block 1-11 at Y = -140 mm (-5.5
in.). Normal beam inspection from the top side. Z in the figure corresponds to material coordinates of X from -102
mm (-4 in.) to 178 mm (7 in.).
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C~-Scan view
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Figure 5.22¢ C-scan View (Scanner Coordinates XY) of Base-Metal Indication in Block 1-11 at Y = -140 mm
(-5.5 in.). Normal beam inspection from the top side. X in the figure corresponds to material coordinates of Z from

188 mm (7.4 in.) to 84 mm (3.3 in.).
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B—Scan Side View
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Figure 5.23a Side View (Scanner Coordinates XZ) of Base-Metal Indication in Block 1-12 at Y = -96 mm (-3.8
in.). Normal beam inspection from the top side. Z in the figure corresponds to material coordinates of X from 89
mm (3.5 in.) to 76 mm (3.0 in.). X in the figure corresponds to material coordinates of Z from 168 mm (6.6 in.) to 64
mm (2.5 in.).
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Figure 5.23b End View (Scanner Coordinates YZ) of Base-Metal Indication in Block 1-12 at Y = -96 mm (-3.8
in.). Normal beam inspection from the top side. Z in the figure corresponds to material coordinates of X from 89
mm (3.5 in.) to 76 mm (3.0 in.).
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C—-Scan view
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Figure 5.23c. C-scan View (Scanner Coordinates XY) of Base-Metal Indication in Block 1-12 at Y = -96 mm (-3.8
in.). Normal beam inspection from the top side. X in the figure corresponds to material coordinates of Z from 168
mm (6.6 in.) to 64 mm (2.5 in.).
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B—-Scan Side View
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Figure 5.24a Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = -526 mm (-20.7 in.). 70° L-
wave inspection with beam direction of +X.
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B-Scan End Yiew
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Scale = 0,20 (in)

Figure 5.24b End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = -526 mm (-20.7 in.). 70° L-
wave inspection with beam direction of +X.
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C—Scan view
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Scale = 0.20 (in)

Figure 5.24c C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = -526 mm (-20.7 in.). 70° L-
wave inspection with beam direction of +X.
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Figure 5.25a Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = -211 mm (-8.3 in.). 70° L-
wave inspection with beam direction of +X.

NUREG/CR-6471 B.140



Appendix B

B—Scan End View
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Figure 5.25b End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = -211 mm (-8.3 in.). 70° L-
wave inspection with beam direction of + X.
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C—Scan view
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Figure 5.25¢ C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = -211 mm (-8.3 in.). 70° L-
wave inspection with beam direction of +X.
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B—Scan Side View
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Scale = 0.20 (in)

Figure 5.26a Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 89 mm (3.5 in.). 70° L-wave
inspection with beam direction of +X. This indication corresponds to flaw #7 in the destructive analysis.
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B—Scan End Yiew
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Figure 5.26b End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 89 mm (3.5 in.). 70° L-wave
inspection with beam direction of +X. This indication corresponds to flaw #7 in the destructive analysis.
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Figure 5.26c C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = 89 mm (3.5 in.). 70° L-
wave inspection with beam direction of +X. This indication corresponds to flaw #7 in the destructive analysis.
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Figure 5.27a Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 112 mm (4.4 in.). 70° L-wave
inspection with beam direction of +X. This indication corresponds to flaw #8 in the destructive analysis.
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B—Scan End View
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Figure 5.27b End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 112 mm (4.4 in.). 70° L-wave
inspection with beam direction of +X. This indication corresponds to flaw #8 in the destructive analysis.
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C—Scan view
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Figure 5.27¢ C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = 112 mm (4.4 in.). 70° L-
wave inspection with beam direction of +X. This indication corresponds to flaw #8 in the destructive analysis.
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B—Scan Side View
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Figure 5.27d Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 112 mm (4.4 in.). 70° L-wave
inspection with beam direction of -X. This indication corresponds to flaw #8 in the destructive analysis.
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B—-Scan End Wiew
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Figure 5.27¢ End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 112 mm (4.4 in.). 70° L-wave
inspection with beam direction of -X. This indication corresponds to flaw #8 in the destructive analysis.
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C—-Scan view
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Figure 5.27f C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = 112 mm (4.4 in.). 70° L-
wave inspection with beam direction of -X. This indication corresponds to flaw #8 in the destructive analysis.
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Figure 5.28a Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 236 mm (9.3 in.). 70° L-wave
inspection with beam direction of -X. This indication corresponds to flaw #11 in the destructive analysis.
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Figure 5.28b End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 236 mm 9.3 in.). 70° L-wave
inspection with beam direction of -X. This indication corresponds to flaw #11 in the destructive analysis.
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Figure 5.28¢ C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = 236 mm (9.3 in.). 70° L-
wave inspection with beam direction of -X. This indication corresponds to flaw #11 in the destructive analysis.
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B—Scan Side View

X:—1.6389 —-> -0,23
16.80 -> 18,20

Figure 5.29a Side View (XZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 442 mm (17.4 in.). 70° L-
wave inspection with beam direction of +X.
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B—Scan End View
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Figure 5.29b End View (YZ) of Clad to Base-Metal Indication in Block 1-8 at Y = 442 mm (17.4 in.). 70° L-
wave inspection with beam direction of +X.
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Figure 5.29¢ C-scan View (XY) of Clad to Base-Metal Indication in Block 1-8 at Y = 442 mm (17.4 in.). 70° L-
wave inspection with beam direction of +X.
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B-Scan Side View
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Figure 5.30a Side View (XZ) of Clad to Base-Metal Indication in Block 1-9 at Y = 117 mm (4.6 in.). 70° L-wave
inspection with beam direction of +X.
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B-Scan End View
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Figure 5.30b End View (YZ) of Clad to Base-Metal Indlcatlon inBlock1-9atyY =

117 mm (4.6 in.). 70° L-wave
inspection with beam direction of +X.
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C-Scan view
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Figure 5.30c C-scan View (XY) of Clad to Base-Metal Indication in Block 1-9 at Y = 117 mm (4.6 in.). 70° L-
wave inspection with beam direction of +X.
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Figure 5.31a Side View (XZ) of Clad to Base-Metal Indication in Block 1-11 at Y = 387 mm (15.3 in.). 70° L-
wave inspection with beam direction of -X.
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B-Scan End View
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Figure 5.31b End View (YZ) of Clad to Base-Metal Indication in Block 1-11 at Y = 387 mm (15.3 in.). 70° L-
wave inspection with beam direction of -X.
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Figure 5.31c C-scan View (XY) of Clad to Base-Metal Indication in Block 1-11 at Y = 387 mm (15.3 in.). 70° L-
wave inspection with beam direction of -X.
bl
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Appendix B

6.0 Distribution of Flaws in the Midland Blocks

Characteristics of the fabrication flaws in reactor pressure vessels are necessary inputs to the application of fracture
mechanics calculations for assessments of reactor pressure vessel integrity, The features of the indications found by
SAFT-UT in four Midland blocks have been extracted from the data. The flaws are distributed across the important
feature types (location, type, and size). SAFT-UT Probability of Detection (POD), False Call Probability (FCP), and
sizing error are estimated in this section. Flaw rates are estimated in this section without adjustment for POD, FCP, or
sizing error.

6.1 Features of SAFT-UT Indications

Tables 6.1 and 6.2 show the location, type, and size for the 31 flaws found in the SAFT-UT data from the inspections of
the Midland blocks. These tables are summaries of the detailed information contained in Section 5 of this report.

6.1.1 Location

Five categories were defined for classifying the location of indications in the Midland blocks: the near-surface zone
(including the clad-to-base metal interface), weld root, weld, weld fusion zone, and base metal. In the first category are
the indications at the clad-to-base metal interface. The near-surface zone is defined as the inner 25 mm of the vessel.
Eight indications were found in this category. In the second category are indications near the weld root; four indications
were found in this category, between 80 and 95 mm below the clad surface and within 412 mm of the weld centerline.
In the third category are the indications within the weld. Ten indications were found in this category, where the weld
cross section shown in Figure 2.2 was used for the location of the weld material. In the fourth category are indications
in the weld fusion zone. Four indications were found in this zone, where the fusion zone was assumed to extend 6 mm
beyond the weld-metal cross section shown in Figure 2.2. In the last category are indications in the base metal. Five
indications were found in this category.

6.1.2 Type
The 31 flaws found in the Midland blocks have been categorized as either planar or volumetric. Planar flaws in this
categorization are meant to include those flaws that are most important to calculations of vessel integrity such as

vertically oriented cracks, lack of fusion in the weld, etc. Volumetric flaws in this categorization are meant to include
flaws such as inclusions, pores, and laminations. The method used to determine the flaw type is described in Section 5.

6.1.3 Size

Tables 6.1 and 6.2 show both through-wall extent and circumferential extent of the 31 flaws.

6.2 Number of Flaws in the Categories

Table 6.3 shows the distribution of the 31 flaws as a function of through-wall extent, location, and type. The table also

shows some interesting features of the flaw distribution, such as, the flaws found in the near-surface zone, weld root,
and HAZ are all less than 2.2 mm in through-wall extent.
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6.3 Probability of Detection, False Call Probability, and Sizing Error

In order to use the SAFT-UT results in an estimation procedure for flaw rates, it is necessary to determine the detection
and sizing capabilities of SAFT-UT. Some valuable detection and sizing information can be obtained from this data set;
that is, the SAFT-UT inspections of the Midland blocks and the destructive analysis of Midland Block 1-8. Additional
information can be extracted from other tests that SAFT-UT has been used in and from the PISC II program.

6.3.1 Probability of Detection (POD)

The results from the PISC II program have shown that three distinct defect types should be considered when quantifying
the POD of defects in heavy section steel (Crutzen, 1988). Smooth, planar defects (e.g., thermal fatigue cracks) are the
most difficult to detect, rough planar defects are easier to detect, and volumetric defects such as slag inclusions and
porosity have significantly higher POD than the other two defect types.

In the PISC II exercises, advanced UT techniques were used to inspect extensive amounts of pressure vessel material.
Using these inspection data, the POD estimates shown in Table 6.4 were obtained from a logistic curve fit (Heasler
1993). As one can see from the table, the advanced procedures do best with volumetric defects.

The SAFT-UT probability of detection for volumetric defects with through-wall extent in the range of 1 to 2 mm can be
estimated at 0.7 for both near-surface and sub-surface defects in the Midland blocks. This estimate uses the SAFT-UT
detection results, reported in Section 4, of three detections for four defects inspected in the near-surface zone and two
indications for three defects inspected in the weld root.

Since three of the Midland blocks (1-9, 1-11, and 1-12) received SAFT-UT inspections from the top or bottom machined
_ face of the blocks, the POD for vertically oriented planar reflectors is increased and assumed to be the same as for
volumetric flaws. The POD for SAFT-UT in the inspections of Midland blocks is estimated in Table 6.5.

6.3.2 False Call Probability

The results of the advanced method inspections of the PISC II program give an upper limit for FCP of 0.12 (0.08 clad)
for volumetric flaws in thick section material. This value was reported in Heasler (1993) and was calculated from the
number of detections in material without known flaws. But this number is only an upper limit because no destructive
test was made to confirm that the material was blank.

The Midland destructive test results do not directly apply to a calculation of false call probability for SART-UT. The
destructive test was performed to examine selected indications in the EPRI NDE Center UT data (Foulds 1993). The
selection of the locations for destructive analysis was reported to be biased toward the more significant indications (the
larger ones) in the UT data.

6.3.3 Sizing Error

SAFT-UT was used in the PISC III Full Scale Vessel (FSV) test located in Stuttgart, Germany at the Materialpru-
fungsanstalt (MPA) Laboratory that involved the characterization of 12 indications in a full-scale reactor pressure vessel
(PISC III report, 1993). The flaws in that FSV test had a range of 6 to 110 mm in through-wall extent; the statistical
results for sizing error showed that SAFT-UT tended to undersize the flaws by 3.7 mm and the standard deviation of the
SAFT-UT results from the true state was 4.7 mm (Doctor et al. 1994).
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destructive analysis for defects numbers 1, 4, 9, 11, and 12 and, for this reason, no comparison can be made to a SAFT-UT
estimate. Two defects (numbers 2 and 10) were not detected in the SAFT-UT data. One defect (number 3) was not inspected by
SAFT-UT because it was at the end of the block.

The two small defects in the weld root (numbers 5 and 6) were undersized by SAFT-UT. The three small defects at the clad-to-
base metal interface were oversized by SAFT-UT.

6.4 Flaw Rate Estimates

A parametric form for the flaw rate function, a two-parameter Weibull function, has been used to represent the rate of occurrence
of flaws as a function of through-wall extent as follows: '

s W
Ao =Benp| (]

where A4(s) is the number of flaws with through-wall extent greater than s, per unit of weld length,;
B, is the total number of flaws per unit of weld length;
s is the through-wall extent of a flaw; and
o and B, are the two parameters of Weibull function that are to be fit to the empirical data.

In this report, we fit the raw data in Tables 6.1 and 6.2 to the Weibull model. The resulting estimate shows what the results are
when detection or sizing errors are not included. This approach gives the most “optimistic” result that can be obtained from the
data, because the introduction of detection and sizing error will increase the flaw rate function and also widen the confidence
bounds.

Figures 6.1 and 6.2 present the results of a maximum likelihood Weibull fit to the SAFT-UT data for the 31 flaws. Figure 6.1
displays the estimates and confidence bounds for the parameters o and ;, which determine the shape of the cumulative flaw rate
function. This plot shows the 50%, 80%, 90%, and 95% confidence bounds on these parameters. Figure 6.2 presents a plot of
A(s), surround by 95% confidence bounds.

Tables 6.8 shows five different flaw rate parameters set for the Weibull model that have been published (Found et al. 1993)
including the data in this report. The Marshall estimates for parameters o and ; fall somewhat outside the 95% confidence
region produced by the maximum likelihood fit to the SAFT-UT data. The significance of this discrepancy is not great because
the confidence bounds on the Marshall distribution would show significant overlap with the SAFT-UT distribution. The estimate
for B, for Marshall distribution does not agree with the SAFT-UT results. According to the maximum likelihood fit to the SAFT-
UT data, a 95% confidence bound on By is (3.5 to 14.4) flaws/m; much higher than the Marshall Committee estimate of 0.003 to
0.3 flaw/m (0.4 to 40 flaws/m®), where we have used a narrow gap weld cross section of 0.008 m>.

In summary, the SAFT-UT data from the four Midland blocks does not support the assumption of a Marshall distribution of flaws
in this material. The most significant differences between the two distributions is that the total flaw density as measured by
SAFT-UT is higher than that assumed in the Marshall distribution. The other published flaw density estimates shown in

Table 6.8 have that property as well. But the number of flaws that support these estimates of the flaw rate function is small.
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Table 6.1 Summary of Base Metal Defects found by SAFT-UT

1-8 89 13 5 Volumetric Root
91 1.3 20 Planar . Root
91 1.3 15 Volumetric Root
109 1.3 5 Volumetric Weld
112 - 10 Volumetric* ' Weld
79 - 10 Volumetric* Weld
86 - 10 Volumetric* Root
109 1.3 10 | Planar Fusion
183 - 15 Volumetric* Weld
155 - 15 Volumetric* Base
183 - 20 Volumetric* Fusion
208 - ‘ 20 Volumetric* Weld
1-9 178 18 - 36 Planar Weld
145 5 23 Planar Base
178 10 - Planar Base
64 5 13 Planar Base
114 5 13 Planar Weld
121 8 25 Planar. Weld
119 - 10 Volumetric* Weld
206 - 23 Volumetric* Base
1-11 132 2 10 ' Planar Weld
150 2 20 Planar Fusion
1-12 119 2 10 Planar Fusion

* These defects were only detected in normal beam from the clad or unclad side. For this reason, they are estimated to be volumetric in nature
without measurable through-wall extent.
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Table 6.2 Summary of Clad-to-Base Metal Defects found by SAFT-UT

Appendix B

1-8 5 <2.2 5 Volumetric Near-surface
5 <2.2 Volumetric Near-surface

8 <2.2 5 Volumetric Near-surface

10 <2.2 5 Volumetric Near-surface

5 <2.2 5 Volumetric Near-surface

5 <2.2 15 Volumetric Near-surface

1-9- 5 <2.2 15 Volumetric Near-surface
1-11 11 <2.2 23 Planar Near-surface

Table 6.3 Midland:

Number of Flaws in Categories

 Through-Wall Extent of Flaw

Near Surface 8 0 0 0 0 0 0 0 0
Root 3 1 0 0 0 0 0 0 0
Weld 6 1 0 1 0 1 0 0 0 1
Fusion (HAZ) 1 3 0 0 o O 0 0 0 -0
Base 2 0 0 2 0 0 0 1 0 0
Total 20 5 0 3 0 1 0 1 0 1 20 11
* Volumetric
** Planar
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Table 6.4 POD for Advanced Procedures from Fits to PISC-II Data

Smooth Planar Base ** 0.19 0.23
Clad ‘ ok 0.19 0.25
Rough Planar Base wok 0.35 0.60
Clad ok 0.16 0.40
Volumetric Base 0.30 0.84 0.99

' Clad 0.18 0.60 ok

* Through-Wall Extent of Defect
** No estimation

Table 6.5. Estimated POD for SAFT-UT Inspections of the Midland Blocks

POD for Near-Surface 0.7 - -

POD for Weld and Base Metal - 0.7 0.84 0.99
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Table 6.7 True-State Table for Through-Wall Extent

Appendix B

1 Not determined Not applicable Root

2 1 mm Not detected Root

3t 0.75 mm Not inspected Root

3b 3 mm

4 Not determined Not applicable Root
5 2 mm 1.3 mm Root
6t 2 mm* 1.3 mm Root
6b 3.5 mm

7 1 mm < 2.2 mm CBI**
8 2 mm < 2.2 mm CBI

9 Not determined Not applicable CBI

10a 1 mm Not detected CBI

10b 1 mm

11 0.5 mm < 2.2 mm CBI

12 Not determined Not applicable CBI

13 Not determined Not applicable CBI

* Two defects found and sized but no data provided on spatial relationship.
** (Clad-to-Base Interface zone )
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Table 6.8 Flaw Rate Function Parameters

' 6.25 0.003 to 0.3
o s (a)
Marshall Distribution (0.246) 1 (0.02)
3.81 T4 3.5t014.4
-UT ® .
SAFT-UT, 31 flaws (0.15) 1.39 (2.30) (1.06 to 4.41)
711 2.1 19t013.2
g ©
SAFT-UT, 11 flaws (0.28) 1.49 (0.66) (0.59 to 4.02)
127 11.0
: . @
SAFT-UT, Sandia Report (0.05) 0.61 (3.4)
EPRI NDE Center UT, 4.70 130 3.0
SandiaReport ~ | (0.185) ‘ (0.93)

(@) Marshall, 1982.

(b)  Data from this report. SAFT-UT inspections of four Midland blocks without adjustment for POD or sizing error.

(c)  Datareported in Doctor (1991). SAFT-UT inspection results without correlation with destructive analysis and without adjustment for POD
or sizing error.

(d) Datareported in Foulds (1993).
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Table 6.9 Estimates of Cumulative Flaw Rates
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0.0013 -
Marshall® 02-2 0.13 0.0004 - .04
SAFT-UT, 31 flaws"™ 42 1.7 0.054
SAFT-UT, 11 flaws* 1.7 1.2 0.24
SAFT-UT, Sandia Report'” 2.4 1.1 0.21
EPRI NDE Center UT,
. 1.9 1.0 . 0.10
Sandia Report .
(a) The flaw distribution for preservice condition of vessels recommended in U.S. Nuclear Regulatory Guide 1.154 for use in
probabilistic fracture mechanics analysis of PWR vessel integrity under pressurized thermal shock.
(b) Data from this report. SAFT-UT inspections of four Midland blocks without adjustment for POD or sizing error.
(c) Data reported in Doctor (1991). SAFT-UT inspection results without correlation with destructive analysis and without adjustment
for POD or sizing error.
(d) Data reported in Foulds (1993).
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Figure 6.1 Parameter Estimates with Confidence Bounds for Simple Weibull Fit to the SAFT-UT Data of 31
Flaws
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Figure 6.2 Estimate of Cumulative Flaw Rate Function with 95% Confidence Interval for Simple Weibull Fit to the
SAFT-UT Data of 31 Flaws

B.175 NUREG/CR-6471



Appendix B

7.0 Recommendations for the Use of SAFT-UT on Vessel Material

The SAFT-UT field system was designed to provide a spatial sampling that would provide high-resolution images for
defects that are of potential importance to structural integrity. It was in this configuration that the SAFT-UT system was -
used for the inspection of the Midland blocks. In general, the flaws found by SAFT-UT were small. Destructive
analysis of Block 1-8 found mainly slag inclusions that were sometimes less than 1 mm (0.04 in.) in extent in one or
more dimensions. After the SAFT-UT system was used on the Midland blocks, improvements were made to the system
to permit more accurate characterization of these small fabrication defects. The changes to the SAFT-UT system are
described in this section.

The SAFT-UT normal beam inspections of the Midland blocks were made with a 2.25 MHZ transducer. A 5.0 MHZ
transducer is recommended for the inspection of small fabrication defects in the base metal of vessel material in order to
gain better performance in measuring lateral extent.

The inspections of the clad-to-base metal interface are composed mostly of 70°, 2.0-MHZ, L-wave. inspections. An
inspection of this type has a wavelength in the metal of 3 mm (0.12 in.). Objects greater than 2.2 mm in depth extent
will show some measurable size. Unfortunately, the use of a higher frequency for the 70° L-wave inspections is not
recommended. The clad-to-base metal region is a difficult medium for the propagation of higher frequencies. But
because of the occurrence of volumetric indications (slag inclusions) at the clad-to-base metal interface, the use of a 4.0-
MHZ dual-element, normal beam, near-surface transducer is recommended to supplement the 70°, 2.0 MHZ SAFT-UT -
inspections. - : :

The above discussion of minimum measurable lateral extent has not considered the spacial sampling intervals that must
accompany the SAFT-UT scanning process. For the inspections of the Midland blocks most of the data were taken with
2.5 mm steps in X and Y. Because the spatial sampling locations are made randomly with respect to the location of the
small fabrication defects, the minimum measurable lateral extent must be increased by one step size interval. This
significantly increases the minimum measurable lateral extent, and we recommend that step sizes in X and Y be set to
one-half wavelength for SAFT-UT inspections. This is 0.64 mm (0.025 in.) for 5 MHZ normal beam and 1.5 mm
(0.060 in.) for 70° L-wave inspections.

The implications of the above recommendations, where one wants to detect and accurately size very small indications, on
the computer methods are significant. File sizes for RF data will exceed 100 MBytes. The SAFT-UT system was not
configured to acquire, process, or display inspections with such large data sizes when the Midland blocks were

inspected. Even on the present SAFT-UT system, based on an 80 MIP processing CPU, the SAFT focusing can

require more than 24 hours when the use of high gain causes large amounts of both signal and noise to be present in the
RF (raw) data. For analyzing small indications, the data must be taken with very high density. The reality is that, for
these kinds of inspections, the file sizes can become so large that some difficulties remain for fieldable systems. We
expect that the implementation of the above recommendations will become more manageable as computer methods
advance.

A significant additional recommendation regards the use of material coordinates in the acquisition of SAFT-UT data.
The SAFT-UT system used scanner coordinates for its computer records (file header information) and for display
purposes when the Midland data was taken. A recommendation for the analysis of multiple inspections of vessel
material is that all of the images be presented in material coordinates and that the material coordinates should be
documented as a computer record when the data is taken. Such presentation simplifies the interpretation of inspections
from different angles and from different sides of the vessel, instills confidence in the interpretation, and reduces
ambiguity.
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