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INSPECTION OF SAN ONOFRE UNIT 3 L.P. ROTORS FOR
STRESS-CORROSION CRACKING

SUMMARY

This report documents the ultrasonic inspection carried out on the LP2
and LP3 turbine rotors of Unit 3 during a refuelling outage in October
1985 for possible stress-corrosion cracking in the disc bore region and

the dbwe1'ho1es.

A number of small indications were detected in the hub and bore regions
of several discs, and also at the LP3 Stage 7 (steam end) dowel hole
region. These indications were attributed to original non-metallic
inclusions in the disc forgings, and to surface irregularities on the

bore caused during the fitting of the discs on to the shaft.

No evidence of stress-corrosion cracking was found on or adjacent to

either the disc bores or the dowel holes.

TEST EQUIPMENT

The ultrasonic flaw detectors and probes used for the various scans were
compatible and were as specified in procedural Sections 4 and 5,

appendix A.



EQUIPMENT CALIBRATION

3.1 Bore Region Inspection

Calibration was carried out in accordance with the procedure,
section 4.2, appendix A. Calibration data were tabulated on U.T.

form 1, appendix B.

3.2 Dowel Hole Inspection

Calibration was carried out in accordance with the procedure,
section 5.2, appendix A. Calibration data were recorded on U.T.

form 4, appendix B.

3;3 Equipment Calibration Results

~ The calibration data recorded on U.T. form 1 and U.T. form 4,
appendix B, illustrate that the requirements of the procedure,
section 4, were achieved, and maintained throughout the entire

inspection.

INITIAL SCANNING CALIBRATION : DISC BORE

This was carried out in accordance with the procedure, section 4.3,

appendix A. Data were recorded on U.T. form 2, appendix 8.
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5.

PROCEDURE FOR INSPECTION

5.1 Disc bore scan

The disc bore scan was similar to that satisfactorily employed on
the SAN ONOFRE Unit 2 L.P. rotors, and in accordance with the

approved procedure, section 5, appendix A.

5.2 Dowel hole scan

The dowel hole scan was similar to that satisfactorily employed on
the SAN ONOFRE Unit 2 L.P. rotors, and in accordance with the

approved procedure, section 5, appendix A.

RECORDING OF INDICATIONS

6.1 Disc bore scan

A1l relevant indications were recorded on U.T. form 3, appendix B,

in accordance with the procedure, section 4.7.

6.2 Dowel hole scan

A11 relevant indications were recorded on U.T. form 5, appendix B,

in accordance with the procedure, section 5.4.



1.

6.3 Condition Monitoring

During future refuelling outage ultrasonié inspections for stress-
corrosion cracking, the data recorded in this report (indication
co-ordinates, prove movements, gain settings etc.) shoqu be
referred to. In this way it should be possib]é to detect whether

any discontinuity propagation has occurred during service.

CONCLUSION

No evidence of stress-corrosion cracking was found in any of the disc

bore or dowel hole regions on either rotor.

'Indications in the hub region of the discs were generally 'point-types'

and attributed to the presence of isolated non-metallic inclusions.
Indications on the bore were attributed to surface irregularities

arising during the fitting of the discs to the shaft.

The indication recorded in the dowel hole region of LP3, Stage 7 (steam

end) was attributed to the presence of isolated non-metallic inclusions.

T. RICKETS
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APPENDIX A

SAN ONOFRE UNIT 3 LP ROTORS

Procedure for ultrasonic inspection of disc bores and disc dowel holes.
GENERAL |

This procedure prescribes the ultrasonic technique to be applied to search the
bore and dowel hole regions of all discs on LP rotors 1, 2 and 3 for detection
of stress corrosion cracking.

1. SURFACE CONDITION

The scanning surface shall be free from dirt, scale or residue that
could affeét the examination.

2. COUPLANT
The couplant between test probe and the forging shall be 'Ultragel’.

3. ULTRASONIC FLAW DETECTORS

Krautkramer type USIP 11.
4. INSPECTION OF BORE REGION

4.1 Test Probes
Angle probes - single crystal.
Frequency - 2MHz.

Crystal dimensions - 10mm diameter or 20 x 22mm.

Manufacturer - Mateval or Wells Krautkramer.

Type LCA2/30

300 compression wave

" LSA2/38 - 389 shear wave
" LSA2/45 - 450 v "
" AP65 - 650 "
" AP70 - 700 v v
" AP75 - 750 "

n AP8O - 800 n n




4.2 Equipment Calibration

(a)
(b)

(c)

4.2.1

n

Calibration of equipment shall be carried out:-

prior to commencement of inspection

at any change of test probe_

or

every four hours whichever is the more frequent.

A signed record of fhese calibrations shall be kept and made
available with the final report. (UT Form 1).

The characterigtics to be covered are:-

1. Time base and Gain Linearity

2. Sensitivity calibration.

Time base and Gain Lirearity

These ca]ibration§ shail be carried out in accordance with
BS 4331 Part 1 Clause 5 and 7 using the A2 reference block
described in BS 2704,

Sensitivity calibraticn

Calibration checks for sensitivitv shall be carried out using
the 100mm radius on th2 AZ reference hlock as a standard.
For‘each test probe the amplitude of the signal shall be
adjusted to 80% full screen height and the calib.ited gain
control reading (in dB) recorded. This operation shall be
carried out with the uncalibrated gain control set to maximum

and the pulse erergy on setting 3.




4.2.3 At the end of each probe use,a final check of the time base

calibration and the amplitude of the echo from the
artificiaf reflector shall be carrfed'out on the disc hore
calibration block. The values obtained shall bs recorded on
UT form 1. The procedure for the amplitude measurement
shall be identical to that for scanning calibration in
clause 4.3. The echo amplitude frcm the reflector shall be
expressed as a percentage of the full screen height. Any
‘fa11 in amplitude greater than two st,‘compared with the
previously reported signal shall be noted and recorded for

correction purposes against the disc under inspection.

4.3 Scanning calibration

Using the disc bore calibration block, shown in Fig. 1:-

1.

Place the test probe on the appropriate scanning face of the

calibration block with the beam axis directed tangentially to

the simulated bore surface.

Adjust the probe position to give maximum indications from the

artificial reflector.

Adjust the unca]ibréted gain to maximum and the pulse energy

to 3.

Adjust the calibrated gain control to 20% FSH or maximum
amplitude obtainable. -

Record the echo amplitude as a percentage of full screen height.
Record the beam patn distance.

Record the probe and flaw detector identification. This

calibraticn shall be recorded on UT Form 2.



4.4

4.5

4.6

Sensitivity monitoring

Monitoring of sensitivity during the testing period shall bhe
perfermed in accordance with 4.2.2 ahd recordéd on UT Ferm 1. Any
fall in signal amplitude greater than 24B compared with the initial
recorded signal shall necessitate recalibration against the disc
bore calibration block and repeat of‘the inspection performed since
the previous calibration.

Scanning

Each disc shal1 be scannaed over the hub and appropriate panel
surfaces using the test probes designated in the scanning plah.

See Table 1 and Figs. 2 - 8.

Scanning Jigs made for each disc configuration shall be used when
scanning from dicc panels. The test probe shall be moved forward
and backward along the quide at a speed not greater than 150mm per
second. The progressive circumferential movement of the probe jig
between scans shall not exceed 1CCrm.

When testing from the hub surface the scan shall cover tﬁe whole of
the periphery with a probe overlap of at least 15% with each pass.

Scanning Sensitivity

Scanning sensitivity to be used on both the test block and forgings

shall be the maximum.

Equipment calibration shall be:

Uncalibrated gain control - full

Calibrated gain control - To obtain 80% FSH or maximum amplitude
Pulse energy , -3

Suppression - Ni1l



4.7 Recording of Indications

A1l indications -~ grass level +6dB (i.e. twice grass level) shall
be reccrded on UT Form 3. |
The infcrmation shall include:

1. Stage and flew indentification.

2. Scanning face - inlet or exhaust.

3. Circumferential position - hub datum to jig scanning edge,

4. Scanning direction - clockwise or counter clockwise.

5. Flaw detector/probe combination icentification.,

6. Probe angle used.

7. Echo amplitude as a percentage of full screen height.

8. Grass level in percentage FSH.

2. Beam path distance.
10. Distance from hub to indax point of srobe. a
11. Distance form indication to bore surfaca,

12. DNistance of indication from hub =ad of bora.

5. INSPECTIOM CF DOWEL HOLE REGION

£

5.2

Test Prohes

Wells Krautkramer 5MHz combined double compression probe type CD
15/5 (15%mm diameter crystals).

Wells Krautkramer 2MHz single crystal shear wave probe MAP 60°.

Calibration

Calibration shall be carried out:-
(a) prior to commencement of inspection.
(b) at any change of test probe.

{c} at end of any scan.



The dowel hole calibration block Fig. 9 shall be used. Data shall

be recorded on UT Form 4.

5.2.1

5.2.2

5.2.3

Time base

For shear wave examination the time base shall be
calibrated in turn to accommodate the near (12 o'clock)
and distant (6 o'clock) artificial reflectors associated
with the simulated dowel hole in the dowel hole test
block. The single artificial reflector located at the 3
o'clock position will be used for ca]ibration for

compression wave examination.

Scanning sensitivity

For shear wave examination the amplitude of the echo from
the 6 x 2mm artificial reflector in the simulated dowel
hole shall be set to 80% full screen height and increased
to 2mm grass level. If this condition is unattainable
using the 2MHz 600 shear wave probe at the 6 o'clock
position, owing to high grass level, the gain shall be
reduced to give a 2mm grass level and the amplitude of the
echo from the artificial reflector recorded in terms of
percentage screen height. Scanning shall then be carried

out at this level.

For the compression wave examination the amplitude of the
echo from the artificial reflector in the simulated dowel
hole at the 3 o'clock position shall be set to 80% full

screen height and increased to 5% FSH grass level.



5.3.

4_\

Scanning

Scanning shall be carried out from the circumferential

surface of the hub as shown in Fig. 10.

The 12 o'clock position shall be scanned using the
2MHz MAP 60° shear wave probe.

The 6 o'clock position shall be scanned using the
2MHz MAP 60° sheaf Wwave probe.

The 3 and 9 o'clock positions sﬁall be scanned using
tne 5MHz combined double crystél compression wave
probe.

Recording of Indications

All indications ;) grass level + 6dB shall be
recorded on UT Form 5.

The amplitude of isolated indications shkall be
reported at the gain reading necessary to obtain 80%
full screen height from the appropriate artificial
reflector.

All multiple (clouds, groups, wtc.) indications
shall be recorded giviag the maximum and average
height and the beam pzath limits.

These shall be repovted relative.to 80% full screen
height gain setting except in the case oé the

6 O'clock position where the gain setting in para.

5.2.2 shall be reported.



TABLE 1

————————

. SCANNING PLAN - See skeatches

Stages 1 - 2

1. 307 angled compressicn wave scan.
2. 457 shear wave scan from hub.
a) normal o axis of bore.

b) angled to give ccverage o7 bore
belew radius.

fhear wave scan from disc panel.

Stages 3 - 4

As Stage 1 - 2 with no restricticn “rom balancing

slot.
Stage 5
o .
1. 457 shear wave scan from nub.
a) normal to axis of bore.
b) angled to gitve coverage o bore
below radius.
ol
2. 757 shear wave scan fram disc panel. .
. Q ~ )
3. 30 shear wave scan frsm disc npanel.
Stage 6
o)
1. 38 shear wave scan frcm hub.
a) normal to axls 5f bore.
b) angled tc give covarage of bere
below radius.
o ; \
2. 75° shear wave scan from disc panel.
an® :
3. 80" shear wave scan fr:m 4isc panel.
Stage 7
1. 387 shear wave scan fron hut .
a) normal to axis ¢f oore
b) angled to glve covarage cf bore
below radius,
)
2. 70 shear wave scan frcm diz:> napsl
. 75% shear wave 3can from 4lsc sanel
o]
i, 80~ shear wave scan frcm disc oanel
Stage 8
1. 33° shear wave scan from hub.
a) normal to axis ¢f bore.
5) angled to glve coverage cf bcre
below radius.
2. 650 shear wave scan frcm disc panel.
3. 70° shear wave scan from disc panel.
4, 75° shear wave scan from disc panel.

5. 80° shear wave scan from disc panel.
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APPENDIX B

RESULTS OF INSPECTION

Results are tabulated first for Unit 2 and second for Unit 3. Results are
tabulated for each of 4 operators in turn; forms are in numerical order: UT

form'l, UT form 2 etc.

No form is included where a particular operatér has not been involved in a

particular calibration or inspection.
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DISC BORE INSPECTION EQUIPHENT CALIBRATION CHECK - para. 4.2
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DISC BORE INSPECTION INITIAL SCANNING CALIBRATION - para. 4.3
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DISC BORE INSPECTION

SET: c et 7S
ROTOR 8 IOENT: £ 2.2 SPF - /56 /T 7

Stage |Flow |Face |Circumfl | Scan |Equipt |
| [Position [CW/CCW |Serial |Angle |Ident |% F.S.H.
| |

Probe

AJIKE DoeilS

INDICATION RECORD - para. 4.7
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DOWEL HOLE INSPECTION EQUIPMENT AND SCANNING CALIBRATION - para. 5.2
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INDICATION RECORD - para. 5.4
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DISC BORE INSPECTION EQUIPMENT CALIBRATION CHECK - pars. 4.2
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DISC BORE [NSPECTION

INITIAL SCANNING CALIBRATION - para. 4.3
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DISC BORE INSPECTION

INOICATION RECORD - para. 4.7
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DISC BORE [NSPECTION EQUIPMENT CALIBRATION CHECK - para. 4.2
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01SC BORE [NSPECTION

INITIAL SCANNING CALIBRATION - para. 4.3
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DISC BORE INSPECTION

557:4/1//7”“/3 ‘
ROTOR & IDENT: L2~  APF-

INDICATION RECORD - para. 4.7
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DOWEL HOLE INSPECTION : EQUIPMENT AND SCANNING CALIBRATION - para. 5.2
Dowel Hole Calibration Block
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INDICATION RECORD - para. 5.4
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NORCROLS
01SC BORE INSPECTION EQUIPMENT CALIBRATION CHECK - para. 4.2

LP2 oniT 3 LW A2 Block

A luis3
Equipment Serial No. 20180 - S233

Fowae @,‘/6(4 rrea

S N R R R iy oy

]| | ] | » | . | o | d | e ] 145 rmO (B¢ )io0sian oLUris .—7
aogfgs‘l 2o-oo1.' 39° l 232 ' — | — 'L bl l vl I el ! 338 1% 2275
pools| 2000 | RO | Fo3 | Po— | — | " | _So 26
SocrSd o 0o ! B ! o3 ! — I lL ~ ! — ! — l So 2l 06 00 k
Sewtd 2000 | 5% | IS |~ | o~ | / i - i - | 4l 22
Soer®™ 2000l 7" | 5, L 1 — ! — = 'y, |20 024§
bowB) 0300 | IF | 782 | — | — | | — I — .5 IS o5 30
Cor®y (oo | 95 R0z | L 1 | ug 2y
coerBsl 2200| B | ¥o3 | | - | | | — 1 4= | 2 o1 us
JorBsh 0245 | 70° T ap2 I~ T =1 — 1 — — 1 3¢ 19 o5 30
790,3:]' 19.30 | B | goz I -~ | -~ i — | — | Udo 22, '
70‘,%&] 23 30 J' Lo’ ! go3 : — L v g — ! — ! — S 22 03 -00
8oc, 3d 03301 70" | 7021 o~ | | — — i — | 3 ¢ | vor usen
gmgg{ 184S { i { 7<) } v 1[ — } — 'L — } - : Ly 20
o8yl 230 | AS° | 957 | — | «— | v | — | — | Ly 2.0 23 30
Rwsgi 23 3og (75 } uszl v } v f / } — ,’ / ,' 4.2 21y 00- 3o

| | | | | | | | |

T ] | I [ | | | l

| } = L | 1 | |

) | ! ! ! ! | ! L

! I T I T { 1 { T

. . 'Q/wnrc 2% i 9N )
* Tick to indicate satisfactorily completed Operator Signature
ur Form 1



OISC BORE INSPECTION INITIAL SCANNING CALIBRATION - para. 4.3
Disc Bore Calibration Block
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DISC BORE INSPECTIOQN

SET: c At o7 S
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01SC BORE INSPECTION EQUIPMENT CALIBRATION CHECX - para. 4.2
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OISC BORE INSPECTION

Beam Path

INITIAL SCANNING CALIBRATION - para. 4.3
Disc Bore Calibration Block
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INDICATION RECORD - para. 4.7
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DOWEL HOLE INSPECTION

ser: churr #B
ROTOR & IDENT: L - 3B

EQUIPMENT AND SCANNING CALIBRATION - para. 5.2

Dowel Hole Calibration Block
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P7’*‘.\l§l Stage |Flow |Face | Serial | Angle |ldent |Beam ° |Index Pt | Calibration | Calibration | Levels ) lAac.
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INDICATION RECORD - para.
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DISC BORE INSPECTION E£QUIPMENT CALIBRATION CHECK - para. 4.2 PRAYT

L LP 3 - (Ui #3 1w A2 Block
Equipment Serial No. 5959 PF 4 SE ,
7/
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DISC BORE INSPECTION

INITIAL SCANNING CALIBRATION - para. 4.3

Disc Bore Calibration Block

Date | Probe i ' Equipment Serial i Beam Path | Echo Amplitude i Grass
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Va 1 ese eSS/ | ] [ ! 7EO | Boe TEAB | 52
02 B8S| 208 | 2o l | I D30 | ec%s Eax3 | zoez
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DISC BORE INSPECTION INDICATION RECORD - para. 4.7
v, -..Twer
. = DS
SEV: LAt 17 S | ; ?zwr I s Es
ROTOR & IDENT: L2 3 AF- = et/ GEELATOR EsD
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DISC BORE INSPECTION EQUIPHENT CALIBRATION CHECK - para. 4.2  M1ARKS
Tuerine Bome Mo, A5 (e ir™3) 114 A2 Block
Equipment Serial No. 5 .233 Priveisg

Fovar Cavsearron

ZwvirusDate | Time | Probe | Beam | Index | Time Base | - Time Base | Amplifier |  Calibrated Gain O P Drnde fokit cIT L
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0ISC BORE INSPECTION

INITIAL SCANNING CALIBRATION - para. 4.3

Oisc Bore Calibration Biock

AP DR
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INDICATION RECORD - para. 4.7
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INDICATION RECORD - para. 5.4
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DISC BORE INSPECTION

EQUIPMENT CALIBRATION CHECK - para. 4.2
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015C BORE INSPECTION

INITIAL SCANNING CALIBRATION - para. 4.}

Disc Bore Calidration Block
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Angle Ident 5233 §959 the e ()
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01SC BORE INSPECTION

SET: Lt 17 ™S
ROTOR & IOENT: L2 3 OF~

INDICATION RECORD - para. 4.7

Z = TakET"

D T /SR ELSE

L a7 Sreaes Ed
B+ Lot/ Senikesrol EarD

Distance from | £/=45z/ IENTS ¢S AH
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EQUIPMENT AND SCANNING CALIBRATION - para. 5.2

Oowel Hole Calidbration Block

LFPF3R

DOWEL HOLE INSPECTION
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