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\ s WASHINGTON, D. C, 20555
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feaet
Docket No. 50-289 . 6
FACILITY: Three Mile Island, Unit No. 1 (TMI-1)

LICENSEE: GPU Nuclear Corporation (3PUN)

SUBJECT:  SUMMARY OF MEETING WITH GPUN ON AUGUST 9, 1982 CONCERNING
GPUN'S STEAM GENERATOR EDDY CURRENT TESTING PROGRAM

Background

As & part of their program to recover the steam generators from ﬂ;
intergranular stress corrosien cracking of the tubes, GPUN has been 3
conducting an extensive eddy current testing (ECT) program to ensure S

that all defective tubes are identified. The purpose of the

August 9, 1982 meeting was to brief the staff on GPUN's plans for ’;
conducting their ECT inspection program and status of inspection -
results to date, A copy of GPUN's presentation is attached. "°\\
N\
Discussion ‘.L

GPUN has decided to conduct a 100%, full length ECT program on the

steam generators and have been conducting this 1nsgcction since early

July, They have experimented with varfous ECT probes and have

concluded that a modified standard differential probe (.540") incorporating
a higher f{11 factor and increased gain settings is able to detect
circumferential intergranular cracks in the TMI.1 tubing, and hence

fs being used as the production probe. The ,540" probe has grovod
ftself far superior for this application than the standard ,510" probe
commonly used in steam generator ECT, GPUN has performed correlation
studies comraring the results of a 4 x 1 absolu*e probe with the 540"
probe as well as the results of metallurigical examination of
approximately 18 feet of TMI.1 tubing., The results of the correlation
studfes have shown immediate correlation on 99.4% of the indications
using the 4 x 1 absolute and 540" probes. The remaining .6% of

the non correlating indications (17) were under evaluation; at the time
of the meeting, 14 had been reevaluated and had shown correlation, with
the remaining 3 not yet evaluateu. Hence, there 1s cssontia!l{ 100%
correlation.! Additionally, no defects have been found by metallography
below the very top of the tube which were not first fdentified by ECT,

‘lt should be noted that the correlation study was done on tube
defects below the roll transition area.

Bl ron
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Preliminary results of the ongoing full ECT have identified additional

indications in the tubes, below 16" from the top of tubes (tubes with

defects above 16" can be repaired by the explosive urnsion technique).
be affected

It is presently unknown how many additional tubes wil
and what the disposition of these indicatfons will be,

Operating Reactors
Division of Licens

Enclosure:
GPU Presentation

cc w/enclosure:
See next page
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Licensee:

* Copies also sent to those people on service (cc) 1ist for subject plant(s).
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OTSG Longitudinal Section
Elevations (Typ.)

PRIMARY SIDE .
(INSIDE TUBES) ™ b
ELEVATION
TUBESHEET wm\ v NAT
AUXILIARY N TR 346767
FEEDWATER ’ U‘ T
NOZZLES ] T 3428~
. - 339'9"
336'5"
STEAM OUTLET 333'8"
330'6"
MAIN FEEDWATER
NOZZLES (MFW) 327'4"
324'4"
SECONDARY SIDE 3211~
(EXTERNAL TO TUBES)
317'9"
314'6"
3'g”
308'5"
TUBE b
SUPPORT 3061
PLATES bR
LOWER -
SECONDARY {0 — 2900
HANDHOLE SECONDARY MANWAY
294'§"
LOWER
TUBESHEET (LTS)
REACTOR BLDG. FLOOR -




TMI-1 OTSG Upper Tubesheet Detail (Typ.)

0817 MIN.

835" REF.

I 051" MIN.
;

f

§/16" _J 17 MIN. EXPANSION
CLADDING

825" TUBE 0.0. X .034"
MINIMUM WALL | |

875" + .010"

-

[ ——

|

B35" DIA, HOLE

TYP.TUBE PATTERN

\\_ MIN.003

(DIAMETER)
MAX 016 (DIAMETER)




1. E/C Techniques

a) Standard Differential -
Two interacting coils mounted circumferential; resultant
signal response is produced by measuring the differential
from the area of discontinuity to clean tubing area.

b) Absolute Technique -
Single coil wound in a pancake shape normal to SD coil: two
sets of four separate (isolation) coils that are assembled in
tandem to provide an effective eight coil coverage; optimum
detection of circumferential oriented discontinuities.
Disadvantage -
Not conducive to broad scale production programs because
itis extremely fragile and wears rapidly; additionally
presents numerous electronic recording and analyst
problems associated with having to maintain and read B
channel recordings. /

8




TMI-1 Eddy Current Probes
Utilized for OTSG Tubing Examinations

| | O

400 KHZFULL GAIN
MIX 200 KHZ
E400 KHZ REDUCED GAIN
MiX

800 KHZ
Differential

™
(S I

HESHD O

ax 400 KHZ

1 ) 1 - L 1 Hr_h

L & D
» . . o i 2
' ' Hg——Jut et = -

400 KHZ FULL GAIN
MiX [200 KHZ
E400 KHZ REDUCED GAIN
MIX 800 KHZ

3x3



1. E/C Techniques Continued

Multifrequency -

Utilized for all SD examinations; applied 2 base frequencies
(400 KHz and 200 KHz) and used an “ID” mix to enhance
detection of ID defects and minimize affect of chatter and
tube noise.

Saturated Probes -
Improves noise.

ID mix



Eddy ZCurrent Signals
Roll Transition Mockup
Differential Probe

NDD No Defect
Defect 100% Thru Wall
1800
NDD or NDD-1 40% Thru Wall
gpe°
NDD-1 40% Thru Wall

3/16 Inch Hole




4x1 Absolute E/C Probe Qualification Data

TUBE #3
COIL #1

- DEFECT #5 LOCATED AT
THE CLAD SURFACE
(SEAL WELD AREA)

| ‘iff?im ‘:{f‘s&i;
'Ncoogsfszcr'—" 2
N0 DEFECT — 3
N0 DEFECT— 4

* SIGNAL RESPONSE IS NORMAL DEFECT FREE
RESPONSE AT TUBESHEET/TUBE EXIT

4X1 EDDY CURRENT PROBE RESPONSE TO A 40% ID TUBE WALL DEFECT LOCATED AT
THE CLAD SURFACE OF TUBE #3 IN THE SIX (6) TUBE OTSG TUBESHEET MOCKUP
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EACTORS AFFECTING ECT RESPONSE

STANDARD DIFFERENTIAL TO BE USED FOR PRODUCTION RUN INVESTIGATION,

1.

CRACK GEOMETRY

A) SMALLER ASPECT RATIO (A/L) YIELDS A LOWER AMPLITUDE
RESPONSE.

B) DETECTION OF CIRCUMFERENTIAL CRACK 1S DEPENDENT UPON CRACK
WIDTH, AXIAL BRANCHING AND SPIRALING,

ProBe DeEs16N/CONFIRGUATION

A) HIGHER THE FILL FACTOR GREATER THE SENSITIVITY AND
REPRODUCEABILITY,

B) 360° coverack.

¢) REDUCE PROBE WOBBLE WITH INCREASING FILL FACTOR,

LIMITATION OF INTERPRETATION
A) INDICATIONS YIELD LOWER AMPLITUDE RESPONSE.
B) GREATLY AFFECTED BY TUBE TRANSITION AREAS,

OPERATING PARAMETERS TO BE OPTIMIZED
A) FILL FACTOR,

B) FREQUENCY.

c) GAIN,

D) CHART SPEED.

E) 1D MIXING,

CONSIDERATION FOR PRODUCTION

A) NOISE AND CHATTER.

B) ANALYST PRECISION AND ACCURACY OF COILS.
C) DATA HANDLING,



OTSG TUBING DEFECT MOCKUPS

SAMPLE #1

e S - (4) NOTCHES LENGTH 0.060 :-&g::SUMFEREITIM NOTERSS
::::t:;‘runoueumu S i 27 i

i

: i f

; : G52MiING

bt e B 5 "MIN G
SAMPLE #2

(4) NOTCHES LENGTH 0.100" L.D. CIRCUMFERENTIAL NOTCH

NOTCH DEPTH - (RADIAL)
PERCENT THROUGHWALL f
] 20% a0%

Lu-mj

L

27 mind s
— 5 MIN L 5~ miN
SAMPLE #3
(4) NOTCHES LENGTH 0.187 1.0 CIRCUMFERENTIAL NOTCH
NOTCH DEPTH - (RADIAL)
::::tmmnoucnmu e ad
{ | )
T e :
(] ' -
)2 MING | ' -‘z"mu
——— 5 MmN < l—) 5" MIN
SAMPLE #4
(4) NOTCHES LENGTH 0.060 1.0 LONGITUDINAL NOTCH
NOTCK DEPTH - (AXIAL)
PERCENT THROUGHWALL -
FROM 10, 20% a0% 50%
g - a9
' ] '
—— T I 1
| ' b2 min

5“MIN J B 5" MIN



FILLFACTOR COMPARISON"

Standard RERAREBARE 1T IT TP TTITTTYITTI T T IrarTITrIrT I}
Differential 187. 018 ..9‘........1“.. ...... 01 09 A1 13 15 16 -‘az t f;“
o ¢ v 3
1\ 510. 35 + RA 400 KHZ Lt H =
84% FILLFACTOR | — : §
X *
.(2 | .540, 35 + RA Z ™ S
\ ) WR DETECTABLE el i
\ . v o8~
UNDETECTABLE ¥ _
/4\ " gg!
o d) J
-
o < ’
S 400 | 2].03 068 10 \ . 20 24 27 31 (34 s
o [
: s U\
s 5 xS
. 8 S -
A\ 5 Y ey -
“\ - £ =V
? 060. 06 ".‘I.F ........ S 05 N 39 45 51 57
- 1
Increasing Aspect T .iios a/L
Note: Response 0.150 Volts - 3
Min. Sensitivity \ sk
Lab Condition o
* (Probe Dia.)2 -
(Tube ID)2 _
Lot bttt bttt AN

Through Wall 20% 40% 60% 80% 100%



1

Standard
Differential

510,45 + RA400KHZ
84% FILL FACTOR

2 540,45 4+ RA400KHZ
94% FILL FACTOR

Lergth of Defect

* (Probe Dia.)2
(Tube ID)2

Note: Response 0.150 Volts

Min. Sensitivity

- ==« Extrapolated Value
From Unknown Zero
Voltage Threshold

FILL FACTOR COMPARISON*

IR RN
187. e

.ol‘fl 'ols' | [‘0'711 '.0'91] l_"'l I Tﬂaﬂ '1'5' I l“'sfl r'l'

Through Wall

S
(]
o
208 ,.,g.....-‘.’?.‘........- ________________ 3 Y 20 24 27 AN 34
<
[}]
o
£
Y
060. 06 23\ 28 34 39 45 51 57
1
Increasing Aspect Ration a/L
-
Lot e et dberrretr oo
20% 40% 60% 80% 100%




.

Standard

Differential 187

-540, 50+RA, 400KHZ
540, 45+RA, 400KHZ
540, 40+RA, 400KHZ
540, 35+RA, 400KHZ
510, 35+RA, 400KHZ

|Avg.)

.100.

.060.

Length of EDM Notches

Note:Response 0.1 50 Volts
Min. Sensitivity
Lab Condition

- = « Extrapolated
valve from unknown

GAIN COMPARISON FOR DETECTION PROBABILITY

Incrouihg a/L

,0'7' ' '.0'9' l '.llll ' '.l!l' ! '1'5' ; '.llsl ' '._118

7e16 voltage threshold

INNENNN

Lit1l]]

camew

.......

Increasing Aspect Ratios a/L
—

LLLLg]g

LidLggg

Through Wall

20%

40%

60%

SNEENNE

80%

100%




GAIN COMPARISON FOR DETECTION PROBABILITY

Standard BERAREDARE
Differential 187, 018 04 .
100 MV/Div. 12
1. 540, 50+RA, 400KHZ
2. 540, 45+RA.400KHZ
3. 540, 40+RA.400KHZ -
2|2
4. 540, 35+RA, 400KHZ o
A b
5. 510 35+RA,  400KHZ o lo
[ -3
3 13
: % b
£ .100. s - -
e
o
2
b
o
w
R
o
£
> .060. 06
c
o
-l
1 \\
e
~
N2
Note: Response 0.300 Volts
Min. Sensitivity R
Field Conditions LGV bbbt fnttett HENEN

Through Wail 20% 40% 60% 80% 100%



'REPRODUCEABILITY OF RESULTS

Standar
om.m::iu >80, n;l ‘.u 05 07 09 1 13 15 16 18
4 PULL SAMPLE ;‘ I
1 510 60GAIN 400 KHZ l\ 1y
2 540 60GAIN 400 KHZ l‘l #
: "\ \
RITA
BN
r 4|
y 4
\ \
| |
N |
o
% e gﬂ__g}i . 20 24 21 31 34
s g1 = S
2 7]
b3 5#
S
-
i
Increasing Aspect Ratios a/lL
Note: Response 0.150 Volts il
Min. Sensitivity
Lab Condition
— — - Extrapolated Value
From Unknown Zero
Voltage Threshold Le ettt e nr et ettt
Through Wall 20% 40% 60% 80% 100%



STANDARD DIFFERENTIAL 510 50GAIN
200 MV/DIV VS 100 MV/DIV

Length of Defect

INNEE NN

(NOT DETECTABLE)

RN NENN

LIttty

Through Wall 20%

40% 60%

0% 100%



Standard

OPTIMIZING FREQUENCY MIX

ATy i rrrrryrTrTrrrTrrTITrrI T T T rITTT
Differential A87.
540.45 + RA ..W
1. SATURATED ID MIiX
(400 - 200) 800 KHz
2. 1D MIX [ONLY)
(400 - 200) 800 KHz
3. 400KMHz
>
2
:
. .100 034 068 A7 20 24 27 ] | 34
k
a
°
]
g 06 1 3 28 34 39 45 51 57
© ] : : J . i
- D60. ;Q\ 3
\:\
\\\
\\ ~N:z
~
RESPONSE 0.300 VOLTS
MIN_ SENSITIVITY Tat et enterrnetnterennt
Through Wali 20% 40% 60% 80%

100%
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AMPLITUDE RESPONSE
STANDARD DIFFERENTIAL VS 8x1 ABSOLUTF
SIMULATED DEFECTS 0.005” WIDE

l '
ABS B8x1 (2 RUNS OF 4x1)
53 GAIN

5 SD .540 60GAIN

Amplitude (Volts)
w
1




GAIN COMPARISON FOR DETECTION PROBABILITY

;mww it WJ‘I I I_JSILI JARRBARE IARRERE TITTTI T

100 MV/Div.
1. 540, 45+RA, 400KHZ

2. 510, 35+RA, 400KHZ

g sia 034 21 3 34
o
2
b3
a
w
-
[+]
g 086. 06 U OO | MU )
s

Note: Response 0.300 Voits
Min.

Field Conditions LIttty lllllJlJllllll_l'nillvl
Through Wall 20% 40% 60% 80% 100%




. FACTORS AFFECTING ECT RESPONSE

BE USED FOR DISPOSITIONING PURPOSES ONLY”

1. CRACK GEOMETRY
A) SMALLER ASPECT RATION (A/L) YE!LDS LOWER AMPLITUDE RESPONSE

2. PROBE DESIGN/CONFIGURATION
A) CoIL TO COIL VARIANCES

B) AMPLITUDE OF RESPONSE IS INFLUENCED BY DEFECT TO COIL
ORIENTATION

¢) LIMITED FIELD COVERAGE/COIL
n) SPRING LOADED ~ LESS SENSITIVE TO MOTION

 Fmme s S S AT T
B) AMPL!TUDE OF RESPONSE 1S NOT RELATED TO SEVERITY OR EXTENT OF
DEFECT

4, OPERATING PARAMETERS TO BE OPTIMIZED
A) FREQUENCY
8) GaIN

¢) No. oF coILS

CONSIDERATIONS FOR PRODUCTION

vn

A) NOISE AND CHATTER = MINIMIZED

B) ANALYST ACCURACY AND PRECISION OF CALLS

¢) DATA HANDLING

D) DURABILITY OF PROBE - NOT SUITED FOR PRODUCTION TECHNIQUE
) DIFFICULTY OF MAINTENANCE AND ANALYZING 8 TAPE RESPONSES
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REPRODUCEABILITY OF RESULTS

Standard I U] I {7 T rrrrrrITnM
Differentiot oy L '_o:u'. r"u' ’ 'osl ' r.llll ' 'n‘s‘ 'l '.u' s ! 16 18
4 PULL SAMPLE s\ I\
1 510 60GAIN 400 KXHZ 11y
2 540 60GAIN 400KHZ (A |
|
|
|
|
i
|
|
- |
Lo}
% 100. g.‘.....'”i > — N
° H
2z 7]
= £
: '
o
g .060. 06 45 51 57
3
Note: Response 0 150 Voits
Min. Sensitivity
Lab Condition
i ——-ewmv-;n
. From Unknown Zero
; Voltage Threshold Toi et ettt enennnny
‘ Through Wall 20% 40% 60% 80% 100%




Length of Defect

187.

.100.

Through Wall

STANDARD DIFFERENTIAL 510 S50GAIN

200 MV/DIV VS 100 MV/DIV

05 07 29 11 13 115 16 18

L1l

prrtrtederereeaterarntedeeennand

20% 40% 60% 80% 100%




3.

Standard
Differential
540.45 + RA

SATURATED ID MiIX

A87.

(400 - 200) 800 KHz

1D MIX (ONLY)

(400 - 200) 800 KHz

m KHz

Length of Defect

.100.

RESPONSE 0.300 VOLTS
MIN. SENSITIVITY

- Through Wall

OPTIMIZING FREQUENCY MIX

rrrrrey

PP rTrrrrrrTryrTrTTT T |
- 3 L o —p- L
034 068 24 217 31 34
06 1 39 45 51 57
it i ri et ARENEN
20% 40% - 60% 80% 100%

e —e——— e
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Amplitude (Volts)

AMPLITUDE RESPONSE
STANDARD DIFFERENTIAL VS Bx1 ABSOLUTE
SIMULATED DEFECTS 0.005" WIDE

|

ABS B8x1 (2 RUNS OF 4x1)
53 GAIN

i, A




‘ Differentia’ 187 o018 1 18
| 100 MV/Div. Sl
i 1. 540 45+RA, 400KHZ
2. 570 35+RA,  S00KHZ
f 100. 034 31 34
>
c
.
: 3
g‘c,o. 2% 51 57
Note: Response 0 300 Volits
Min. Sensitivity
Field Conditions Led et nnnnntntbntitiy
Through Wall 20% 40% 60% 80% 100%




”Tf'\

To BE USED FOR DISPOSITIONING PURPQSES ONLY”

CRACK GEOMETRY

A) SMALLER ASPECT RATION (A/L) YEILDS LOWER AMPLITUDE RESPONSE

PROBE DESIGN/CONFIGURATION
A) CoIL TO COIL VARIANCES

AMPLITUDE OF RESPONSE 1S INFLUENCED BY DEFECT TO COIL
ORIENTATION

LIMITED FIELD COVERAGE/CO!

SPRING LOADED

PERCENT THRU WALL DETERMINATIONS ARE NOT RELIABLE

AMPL ITUDE OF RESPONSE 1S NOT RELATED TO SEVERITY OR EXTENT OF
DEFECT

PRODUCTION TECHNIQUE

8 TAPE RESPONSES
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4 x4 UNIT
400 KHz
¢ =300
GAIN 53
HORIZONTAL

060" NOTCH X B0%
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060" NOTCH X 80%
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Field Studies

Flaw growth study

Analyst correlation

Processing data study
Characterization of absolute vrs. 510
Characterization of absolute vrs. 540
Characterization of 540 vrs. 510




Plan -

Check 100 tubes in each generator at different points in time
to establish if new defects appear or if existing defects
increase

a) 102 tube sample from “A”

b) 104 tube sample from “B*

c) All tubes selected from different areas of generator
d) Test employed .510 probe (35 Gain & RA)

Original “A" Generator “B” Generator
Retest 12/11/81 12/17/81
1- 1/4/81 12/28/81
2- 1/8/82 1/9/82
3- 1/26/82 1/31/82
4. 2/2/82 4/4/82
5- 3/5/82 4/30/82
6 - 7/3/82 7/5/82

No substantial increase in number of defects or extent over
time period shown

f) Effect of using .540 probe (high gain) versus .510 above

A Generator B Generator Grand
Subtotal Subtotal Total %
Agreement 956 93 188 94
No agreement 5 8 13 6
- Below US + 13 0 2 2 1
-Above US + 13 5 6 1 5



PROJECT: DETEPAINE THE PROBABILITY OF ERROR IN THE ANALYSIS
of Eppy CURRENT RESULTS.

PLAN: RE-EVALUATE PRODUCTION RESULTS OF SAMPLE OF 500 TUBES
PROCESSED BY 3 CONAM ANALYSTS USING 3 OTHER VENDOR ANALYSTS.

RESuLTS:
A, INITIAL AGREEMENT 446 sAMPLES 89.2%
B, AFTER RESOLUTION 492 sampLES 98,47
1., OVERCALLS 4 SAMPLES 0.8
. 2. UNDERCALLS 4 SAMPLES 0.8

(INDICATIONS MISSED)

A, USE A SECOND ANALYST TO OVERCHECK STRIP CHART READINGS BY
FIRST ANALYST.

B, SCAN REVIEW MAGNETIC-TAPE DISPLAY FOR ENTIRE LENGTH PROBE
AND INTERROGATE (EVALUATE) ALL AREAS AS INDICATED BY STRIP
CHART,

¢c. GPUN/QA MONITOR ANALYSTS ACTIVITIES,



DETERMINE THE PROBABILITY OF ERRORS IN THE PROCESSING OF
EDDY CURRENT DATA

E

PLAN: REVIEW DATA SHEETS AND COMPARE TO COMPUTER PR!NTgUT EYR ALL
} S waH)LowEsT DEFECT INDICATION LOWER THAN US +
TUBES

RESULTS: (Data ror OTSG ‘B’ onLY)

. AGREEMENT 27 15000 sampLES 99,7 %

A
B, UNDER CALLS 21 sampLEs % 0,147
C. OvercaLLs ) 5 sampLes = 0,03
D
DIFFERENCE OF 1 INCH + IN LOCATION REPORTED
E. ToraL 47 sampLes % 0,37
RECOMMENDATION:

1. DurinNG 5S40 PROBE WITH HIGH GAIN WORK WE WILL REVIEW
DATA SHEETS AND COMPARE TO COMPUTER HISTORY FILE FOR ALL
TUBES WITH INDICATIONS BELOW FIRST REPAIR PLUS 6"

2. MAKE CORRECTIONS NOTED

3. Do NOT MAKE ANY ADDITIONAL CHANGES AFFECTING QC CONTROLS

|

\

l

,  MISSCALLS 21 sampLEs % 0,147
ON INPUT
|

\



PLAN:

CHARACTERIZE INDICATIONS SEEN BY
NOT SEEN BY 510

TEST POPULATION

NO. OF TUBES WITH CORRELATION
NO. OF TUBES WITHOUT CORRELATION
NO. OF INDICATIONS WITHIN 80 SAMPLE

CIRCUMFERENTIAL EXTENT - 99 DEFECTS

cor

_oowoNn -

$INDICATIONS

90
7
2
0

¢ THRUWALL CALL BY ANALYST

$THRUWALL

90~-100
80-90
70-80
60-70
50-60
40-50
30-40
20-30

$INDICATIONS

23
14
8
5
8
20
13
8

4xl ABSOLUTE BUT

3233

3153 (97.5%)
80
99

CUMULATIVE §

90
98
100
100

CUMULATIVE &
24
38
45
51
59
79
92

100




PLAN: CHARACTERIZE INDICATIONS SEEN BY ABSOLUTE BUT NOT SEEN
By 540 (HIGH GAIN)

TesT POPULATION 3233
No., OF TUBES WITH CORRELATION 3216 99,4%
No. OF TUBES WITHOUT CORRELATION 17

NO. OF INDICATIONS WITHIN DATA SET" 17

A. CIRCUMFERENTIAL EXTENT
100% oF 17 DEFECTS WERE ONE COIL.

B, AFTER ID MIXING (TO REMOVE CHATTER) THE NUMBER OF TUBES WITH
CORRELATION IMPROVED TO 3229,

¢c. 14 oF 17 DEFECTS ARE RESOLVED AT THIS TIME.
% THRUWALL CHARACTERIZATION

% IuRuwAll £ _INDICATIONS CUMULATIVE %
90-100 1 85.7
80-90
70-80
60-70
50-60
40-50
30-40
20-30
NO DESIZNATION

¢.l THREE TUBES UNRESOLVED
ONE TUBE PLUGGED.
TWO TUBES HAVE NOT BEEN EXAMINED WITH SAT, PROBE & ID MIXING.

92.8

OO O0OFFOOOMN

........



=

PLAN: CHARACTERIZE INDICATIONS SEEN BY 540 BUT NOT SEEN BY 510

A.

TEST POPULATION 2771
NO. OF TUBES WITH CORRELATION 2589  (93)%
NO. OF TUBES WITHOUT CORRELATION* 182 ( 7)%
NO. OF INDICATIONS FOR * 288
AMPLITUDE OF INDICATION
708 1 VOLT AND LESS
90% 2 VOLTS AND LESS
96% 3 VOLTS AND LESS
98.9% 4 VOLTS AND LESS
1008 5 VOLTS AND LESS
% THRUWALL CHARACTERIZATION
THRUWALL & FREQUENCY CUMULATIVE % REMARKS
(
90-100 82 28 68% gV or
80-50 23 36 65% 4v or
70-80 25 45 80% {V or
60-70 42 59 76% IV or
50-60 46 75.7 65% EV or
40-50 36 88 86% IV or
30-40 15 93 60% IV or
20-30 19 47% IV or

10-20 0

less
less
less
less
less
less
less

less




ASPECT RATIO COMPARISON

METALLOGRAPHY ACTUAL CIRCUMFERENTIAL DEFECTS

360

E/CSYNTHETIC DEFECTS ORIENTED IN WORST GEOMETRY

J

B&W metallography
actual cracks final report
April, 1982

REREE 3
Note: (1) 1.75" max. Vi
ID circumference i H Pl z
‘ ' : 1.
\ 1111 1 (Unresolved boundaries s
300" | i of E/C field of -1
Vi detectability .
Vi A, s
it :
s | il i 4
» 240 ) |"' 298 Q
- “z.g ‘/’»'-‘i‘ g
> 1 ‘|| et
5 ! %,
9. ol ‘.",'.'h o
s i
£ 180" | 875" il
e (AL
® i p %
E ‘.‘.‘.. e e - ]
3 Wt 5
8 ! ' o
- ' 1 9
O 120°| 58" s\ : ®
1 0
1 x
b
R : o
S FUE oA R ok, i L =
LR 3
60" | .307 Standard diff. 640 60 gain
S Lab test region ‘
100" L3
B e ettt e
1 1 | 1 1 1 1 1 1
10 20 30 40 SO 60 70 80 90 100
% Through Wall



LABORATORY WORK TO BE COMPLETED

1. NaturaL IGSCC CRACKS ARE TO BE GROWN (BEST ATTEMPTS) TO FULL
PENETRATION AND SMALLEST “L"S POSSIBLE

2. BACK OFF FROM TIME ELEMENT AND GROW ADDITIONAL CRACKS AT

", .n

SMALLER “L” AND THEN SMALLER THRU WALL "A

3, ESTABLISH THRESHOLD OF DETECTABILITY For 510, 540 SD., anD
ABSOLUTE

"n.on

4, METALLURGICALLY EVALUATE TO CONFIRM “A” AND “L" MEASUREMENTS



INCREASING SEVERITY ----—-——-============

A

“A" INCREASES TO MAX., THEN L DECREASES

CORRELATION TO BE ESTABLISHED

THRESHOLD OF DETECTABILITY

[ve)
o
)
<
o -
e =
s <
2 ¥ -
- - m
)
1 & o
2| =B
4 = S
=)
- —
.
>
- . 9]
- - »
= ) w
< < -
—_ - -
- R (=) w
= s D
1 = a 2
! - - w
’ z 3 2
'S
4 z
A
510 S40 ABSOLUTE
PROBE Ml GAIN

7 = DIVISION OF UNCERTAINTY

*SMALLEST DEFECT
10072 THRU WALL
LENGTH,




WORK TO BE COMPLETED

COMPLETE THE 540 HIGH GAIN PRODUCTION WORK AND RECORD ALL
INDICATIONS KNOWING WE ARE PROBABLY RECORDING SURFACE ANOMALIES
AND OD s1GNALS

COMPLETE LAB ANALYSIS FOR ESTABLISHING THRESHOLDS

D1SPOSITION THE RESULTS SO AS TO ACCEPT SURFACE ANOMALIES AND
sMALL OD SIGNALS PROVIDING WE DON'T AccepT IGSCC G40%)

ESTABLISH AS SUPPLEMENTARY [S| PROGRAM TO SPECIALLY TREAT ITEMS
ACCEPTED IN "D”



1

SUMMARY
ECT QUALIFICATION 1S NEARING COMPLETION,

USING SYNTHETIC DEFECTS WAS ABLE TO ESTABLISH A HIGH GAIN
540 TECHNIQUE THAT 1S SENSITIVE ENOUGH TO ASSURE THAT ALL
NATURAL (1G6SCC) INDICATIONS ARE REPORTED,

NEED TO ESTABLISH AN ENGINEERED BASIS FOR ACCEPTING TUBES
WITH NON=RELEVANT INDICATIONS,

DISPOSITION GENERATOR AND COMPLETE REPAIR,

SAFETY ANALYSIS AND REPORTING,



AUGUST 9, 1982

™ -1

0TSG TASK 4

EDDY CURRENT PRESENTATION

TO THE

NRC



OTSG Longitudinal Section
Elevations (Typ.)

PRIMARY SIDE
(INSIDE TUBES)

UPPER
ELEVATION
TUBESHEET (UTS) o
AUXILIARY - 346'6"
FEEDWATER
.mu" "z‘..
e e 339'9"
336'5"
STEAM OUTLET 333'8"
330'8"
MAIN FEEDWATER
NOZZLES (MFW) 327'4"
:z‘o‘-
SECONDARY SIDE 3211~
(EXTERNAL TO TUBES)
317'9”
—t—314'6"
-t 311'8"
308'5"
TUBE .
SUPPORT 3051
PLATE
- 301°10*
LOWER -
SECONDARY T 2900
HANDHOLE SECONDARY MANWAY
204'5"
LOWER
TUBESHEET (LTS)
REACTOR BLDG. FLOOR 201'8°
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1. E/C Techniques

a) Standard Differential -
Two interacting coils mounted circumferential; resultant
signal response is produced by measuring the differential
from the area of discontinuity to clean tubing arca.

b) Absolute Technique -
Single coil wound in a pancake shape normal to SD coil; two
sets of four separate (isolation) coils that are assembled in
tandem to provide an effective eight coil coverage; optimum
detection of circumferential oriented discontinuities.
Disadvantage -
Not conducive to broad scale production programs because
itis extremely fragile and wears rapidly; additionally
presents numerous electronic recording and analyst
problems associated with having to maintain and read B 2
channel recordings.



TMI-1 Eddy Current Probes
Utilized for OTSG Tubing Examinations

e LD O

400 KHZ FULL GAIN
MIX 200 KHZ
E“O KHZ REDUCED GAIN
MIX L800 KHZ

Differential

-
L R o
-fas s

ax 400 KHZ

400 KHZ FULL GAIN |
MiX EIOII KHZ
Ewo KHZ REDUCED GAIN
MIX 800 KHZ

3x3



1. E/C Techniques Continued

Multifrequency - \
Utilized for all SD examinations; applied 2 base frequencies
(400 KHz and 200 KHz) and used an “ID” mix to enhance

detection of ID defects and minimize affect of chatter and
tube noise.

Saturated Probes .
Improves noise.

ID mix



Eddy Current Signals
Roll Transition Mockup
Differentia! Probe

NDD No Defect
Defect 100% Thru Wall
180°
NODD or NDD-1 40% Thru Wall
900
NDD-1 40% Thru Wall

3/16 Inch Hole




4x1 Absolute E/C Probe Qualification Data

CH

COIL #2 -
*NO DEFECT ™ 2

COIL #3
*NO DEFECT ™ 3

COIL #4

*NO DEFECT > ¢

TUBE #3
COIL #1

DEFECT #5 LOCATED AT
THE CLAD SURFACE
(SEAL WELD AREA)

- b
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* SIGNAL RESPONSE IS NORMAL DEFECT FREE
RESPONSE AT TUBESHEET/TUBE EXIT

4X1 EDDY CURRENT PROBE RESPONSE TO A 40% ID TUBE WALL DEFECT LOCATED AT
THE CLAD SURFACE OF TUBE #3 IN THE SIX (6) TUBE OTSG TUBESHEET MOCKUP
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EACTORS AFFECTING ECT RESPONSE

STANDARD DIFFERENTIAL TO BE USED FOR PRODUCTION RUN INVESTIGATION,

1

2,

3

e e [
CRACK GEOMETRY hopth % ¢ Wﬂ"’""w -
A) SMALLER ASPECT RATIO (A/L) YIELDS A LOWER AMPLITUDE
RESPONSE
B) DETECTION OF CIRCUMFERENTIAL CRACK 1S DEPENDENT UPON CRACK
WIDTH, AXIAL BRANCHING AND SPIRALING.

ProBE Des1GN/CONF IRGUATION

A) HIGHER THE FILL FACTOR GREATER THE SENSITIVITY AND
REPRODUCEABILITY,

B) 360° coverace,

C) REDUCE PROBE WOBBLE WITH INCREASING FILL FACTOR,

LIMITATION OF INTERPRETATION
A) INDICATIONS YIELD LOWER AMPLITUDE RESPONSE.,
B) GREATLY AFFECTED BY TUBE TRANSITION AREAS,

OPERATING PARAMETERS TO BE OPTIMIZED
A) FILL FACTOR,

B) FREQUENCY,

¢) GAIN,

D) CHART SPEED,

E) 1D MIXING,

CONSIDERATION FOR PRODUCTION

A) NOISE AND CHATTER, L R
B) ANALYST PRECISION AND ACCURACY OF ChfLs.
C) DATA MANDLING,



OTSG TUBING DEFECT MOCKUPS

SAMPLE # 1
(4) NOTCHES LENGTH 0.080"

SAMPLE #2

(4) NOTCHES LENGTH D.100" 10 CINCUMPFERENTIAL NOTCN
(RADIAL)

by 4" N

SAMPLE #)
(4) NOTCHES LENGTH O.10Y

e AL

SAMPLE #4

(4) NOTCHES LENGTH D.080" .. LONGITUDINAL NOTCH




FILL FACTOR COMPARISON"

ITTTTTTITITTI T T Y M ' ! LB 1
-.‘.‘T =t IV 2 IWTTT%YT]:_TIT‘]1TT’VJTTMWr‘.

3

Standa ¢
Dsffevential 187

»

prrecsmsnmene e ---..-WP

- RS A ————————— - -

$10.35 + RA 400 KHZ
S84°% FILL FACTOR

e S —
2
.
.

5S40 35 + RA D0 KHZ
4% FILL FACTOR

UNDETECT

14

B e R

lnr'rnnnmg B/l

-
4
©
o
=
o
—
-
°
£
—
>
e
€
=y

Increasing Aspect Ratios a/lL
Note Response 0 150 Voits S #r :
Mn Sensitivity
Lab Condition

* Probe Dia)2

(Tube 1D)2
LA Rt nnnnnnntnnnnnn
80% 100%

Theough Wall 20% 40% 60%




Field Studies

Flaw growth study
Analyst correlation
Processing data study

Characterization of absolute vrs. 510
Characterization of absolute vrs. 540
Characterization of 540 vrs. 510




Flaw Growth Study

Plan -

Check 100 tubes in each

to establish if new defec
increase

generator at different points in time
ts appear or if existing defects

4 .
L ”“.< . = D '._' o
o Tl s R N

a) 102 tube sample from “A*
b) 104 tube sample from “B*

c) All tubes selected from different areas of generator
d) Test employed .510 probe (35 Gain & RA)

Original “A"” Generator “B"” Generator

Retest 12/11/81 12/17/81

1/4/81 12/28/81

1/8/82 1/9/82

1/26/82 1/31/82
. 2/2/82 4/4/82
- 3/5/82 4/30/82

- 7/3/82 7/5/82
e) Conclusion -

No substantial increase in num
time period shown

f) Effect of using .540 probe |

ber of defects or extent over

high gain) versus .510 ab e

A Generator B Generator Grand
Subtotal Subtotal Total

Agreement 95 93 188
No agreement 5 8 13
- Below US + 13 0

2 2
- Above US + 13 5 6 11




DETERMINE THE PROBABILITY OF ERROR IN THE ANALYSIS
ofF Eppy CURRENT RESULTS.

PLAN: RE-EVALUATE PRODUCTION RESULTS OF SAMPLE oF 500 TuBES
PROCESSED BY 3 CONAM ANALYSTS USING 3 OTHER VENDOR ANALYSTS.

PROJECT:

ResuLys:
A. INITIAL AGREEMENT U46 sAMPLES 89,2%
B. AFTER RESOLUTION 492 SAMPLES 98,47
1. OVERCALLS 4 sAMPLES 0.8
2. UNDERCALLS 4 SAMPLES 0.8
(INDICATIONS MISSED)
CORRECTIVE ACTION:

A, USE A SECOND ANALYST TO OVERCHECK STRIP CHART READINGS BY
FIRST ANALYST. O & (A2  SAnPLd- TASS,

B, SCAN REVIEW MAGNETIC-TAPE DISPLAY FOR ENTIRE LENGTH PROBE
AND INTERROGATE (EVALUATE) ALL AREAS AS INDICATED BY STRIP
CHART,

¢. GPUN/QA MONITOR ANALYSTS ACTIVITIES.



DETERMINE THE PROBABILITY OF ERRORS IN THE PROCESSING OF
EDDY CURRENT DATA

REVIEW DATA SHEETS AND COMPARE TO COMPUTER PRINTgUT FYR ALL
Tgsss WITH LOWEST DEFECT INDICATION LOWER THAN Us + 2
( TUBES)

(DaTa For OTSG ‘B’ oNLY)

A. AGREEMENT | SAMPLES 99,7 7
B. UNDER CALLS 21 sampLEs % 0,142
C. OVERCALLS 5 sampLEs = 0,032
D. MisscaLLs 21 sampLes = 0,147

DIFFERENCE OF 1 INCH + IN LOCATION REPORTED
E. TotaL 47 sampLes ~ 0.3%

RECOMMENDATION:
1. DurRING 540 PROBE WITH HIGH GAIN WORK WE WILL REVIEW
DATA SHEETS AND COMPARE TO COMPUTER HISTORY FILE FOR ALL
TUBES WITH INDICATIONS BELOW FIRST REPAIR PLUS B”

MAKE CORRECTIONS NOTED

Do NOT MAKE ANY ADDITIONAL CYANGES AFFECTING QC CONTROLS
ON INPUT




PLAN: CHARACTERIZE INDICATIONS SEEN BY 4x1 ABSOLUTE BUT
NOT SEEN BY 510

TEST POPULATION 3233
NO. OF TUBES WITH CORRELATION 3153 (97.5%)
NO. OF TUBES WITHOUT CORRELATION 80
NO. OF INDICATIONS WITHIN 80 SAMPLE 99

A. CIRCUMFERENTIAL EXTENT - 99 DEFECTS

# COILS # INDICATIONS CUMULATIVE %
1 90 90
2 7 98
3 2 100
4 0 100
b. % TERUWALL CALL BY ANALYST . ., 4 dﬁov gt “‘"f./,. ::‘:
$ THRUWALL # INDICATIONS CUMULATIVE &~ i |
90-100 23 24 e
80-90 14 38
70-80 8 45
60~-70 5 : 51
50-60 8 59
40-50 20 79
30-40 13 , 92

20-30 Gy 8 100



PLAN: CHARACTERIZE INDICATIONS SEEN BY ABSOLUTE BUT NOT SEEN
By 5S40 (HIGH GAIN)

TeEsT POPULATION 3233
NO., OF TUBES WITH CORRELATION 3216 99,47
NOo. OF TUBES WITHOUT CORRELATION 17

No. OF INDICATIONS WITHIN DATA SET" 17

A. CIRCUMFERENTIAL EXTENT
100% orF 17 DEFECTS WERE ONE COIL.

B, AFTER ID MIXING (TO REMOVE CHATTER) THE NUMBER OF TUBES WITH
CORRELATION IMPROVED TO 3229,

¢, 14 oF 17 DEFECTS ARE RESOLVED AT THIS TIME.
% THRUWALL CHARACTERIZATION

% THRUWALL £ _INDICATIONS CUMULATIVE %
90-100 1 85.7
80-90
70-80
60-70
50-60
40-50
30-40
20-30
No DESIGNATION

92.8

HOOOKOOON

¢.] THREE TUBES UNRESOLVED
ONE TUBE PLUGGED.
TWO TUBES HAVE NOT BEEN EXAMINED WITH SAT. PROBE & ID MIXING.




CHARACTERIZE INDICATIONS SEEN BY 540 BUT NOT SEEN BY 510

TEST POPULATION 2771
NO. OF TUBES WITH CORRELATION 2589 (93) %
NO. OF TUBES WITHOUT CORRELATION* 182 { 7)%
NO. OF INDICATIONS FOR * 288

C,%’“LM‘?'A(’ ™S ?[% LSy moer el $
A. AMPLITUDE OF INDICATION

70% 1 VOLT AND LESS

90% 2 VOLTS AND LESS

96% 3 VOLTS AND LESS
58.9% 4 VOLTS AND LESS
1C0% 5 VOLTS AND LESS

B. % THRUWALL CHARACTERIZATION

THRUWALL % FREQUENCY CUMULATIVE & R™ (ARKS

A
90-100 82 28 68% IV or less
80-90 23 36 65% IV or less

70-80 25 45 80% IV or less
60-70 42 59 76% IV or less
50-60 46 75.7 €5% IV or less
40-50 36 88 86% IV or less
30-40 15 93 60% IV or less

20-30 19 47% IV or less
10-20 0




ASPECT RATIO COMPARISON

METALLOGRAPHY ACTUAL CIRCUMFERG’BITIAL DEFECTS
E/C SYNTHETIC DEFECTS ORIENTED IN WORST GEOMETRY

ﬂ
3
360~~ “ 1' |'1' Y ':",‘. 2}‘;‘{. . - el amn - o 1
. 1 et o T4
Note: (1) 1.75” max. ! 'n‘ H '= A : ‘
ID circumnference \ :' ' ﬁ;:..-.,. | 2
) ok
Vi Unresolved bouhdarles 5
300" Vil of E/C field of .. o |
VUL el R =F ‘
B EL e s FUBRed o |
Vi X S
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w 240° 1ty R e ‘
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d 1.07 i 2 ¢ == B&W metallography
® i f R actual cracks final report
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‘ 1 1 1 1 1 | 1 1
10 30 40 50 60 70 80 90 100 \‘-"\
l - ’\'!'
% Through Wall L ¥ \-“‘" rf" J

:'] Awt J;;r 3



LABORATORY WORK TO EE COMPLETED

1. NaturaL IGSCC CRACKS ARE TO BE GROWN (BEST ATTEMPTS) TO FULL
PENETRATION AND SMALLEST "L”S POSSIBLE

2. BACK OFF FROM TIME ELEMENT AND GROW ADDITIONAL CRACKS AT

", .n

e SMALLER "L" AND THEN SMALLER THRU WALL “A

3. ESTABLISH THRESHOLD OF DETECTABILITY For 510. 540 SD. anp
ABSOLUTE

", on

METALLURGICALLY EVALUATE TO CONFIRM “A” AND “L" MEASUREMENTS
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KORK TO BE COMPLETED

CompLETE THE 540 HIGH GAIN PRODUCTION WORK AND RECORD ALL
INDICATIONS KNOWING WE ARE PROBABLY RECORDING SURFACE ANOMALIES
AND CD SIGNALS -~ Feuia~ 7/

COMPLETE LAB ANALYSIS FOR ESTABLISHING THRESHOLDS

DISPOSITION THE RESULTS SO AS TO ACCEPT SURFACE ANOMALIES AND
sMALL 0D s1GNALS PROVIDING WE DON'T AccepT IGSCC (>40%)

ESTABLISH AS SUPPLEMENTARY IS] PROGRAM TO SPECIALLY TREAT ITEMS

ACCEPTED IN ’E"
g "



SUMMARY

ECT QUALIFICATION IS NEARING COMPLETION,

USING SYNTHETIC DEFECTS WAS ABLE TO ESTABLISH A HIGH GAIN
540 TECHNIQUE THAT 1S SENSITIVE ENOUGH TO ASSURE THAT ALL
NATURAL (16SCC) INDIZATIONS ARE REPORTED.

NEED TO ESTABLISH AN ENGIN:ERED BASIS FOR ACCEPTING TUBES
WITH NON-RELEVANT INDICATIONS,

D1SPOSITION GENERATOR AND COMPLETE REPAIR.,

SAFETY ANALYSIS AND REPORTING,




TYPES OF INTERGRAMULAR ATTACK

e 1- 1GA - ISLA'DS

0 {5 GRAINS DEEP
0O TEND TO OCCUR UNDER DEPOSITS
O GRAINS REMAIN IN PLACE

2 - IGA - PITS

O RESULT FROM GRAIN DROPPING FROM [GA - ISLAMDS
0 FEw GRAaINS TO 10 GRAINS peEP

3 - INTERGRAHULAR STRESS CORROSION CRACKIMG

O RESULT OF IGA IN REGIONS OF HIGH LOCAL STRESS
CIRCUMFERENTIAL EXCEPT AT EXTREME TOP END OF TURE
MAY DEVELOP FROM ICA - PITS

EXTENT OF [GA vaRIES FROM 2-10 GRAINS

MAY EXHIBIT BRANCHING

O O O O
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PHOTOMICROGRAPH OF THROUGH WALL IGC IN
SPECIMEN C FROM TUBE A-146-6
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PHOTOGRAPHS OF THE FRACTURE SURFACE OF
SPECIMEN A6 FROM TUBE B-8-25
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B. Intergranular Attack

HOTOMICROGRAPHS .OF THE

OSS SECTION OF
BENT SPECIM

TUBE B-8-25
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PHOTOMICROGRAPH OF SPECIMEN "FROM TUBE 3-1 1-23
SHOWING IGC AND SEVERE IGA ON EITHER SIDE OF THE CRACK

NI v s NIy G anr WG s r—"'l"' N

=L

’ . . .
F A > . - .

. > . oY




e T

e
-




8-9pPL-V duill WOHd V NaAWIVEdY 40 NOILIES SSUHU
TYNIGNLIONOT Ni 9Bl NV 40 HdVHDOHOIWOLOH

-

A at




AR ,_..,..a.,
fﬁ.. kub— <

. i ﬁ.. pﬂ.u W w c.
,._:43 .&

P& ....

A g

e Y O

-




A-24-94-2 3
(€0-270
EC 40-%c
oM, el
o s

EC &4¢-70



- —

A-2N4EN -7
27¢-36o

EC 40-70




A -24-8Y -2
ave-3te

——— - -

_-“g‘*,' ""55 e:t:""‘;ﬁ’;' . : ' : EC gc - ' ::

'.' . 3 > T .

‘J‘.‘:

\3.0

: (‘54@4».
Uk o

%l




—

— CATALOG NO. 15- 1006 - 4
IMCENTER, ST PAUL, MINN 85101
"MADEINU § A




CATALOG NO. 15. 1006 - 4
IMCENTER, ST PAUL. MINN $5101
MADE INU.§ A




A-24-94-12
27¢ -36o
¢S X

c'v-'/\ALQ.Q
N'&-v-’bg
aely







JBE
A-88-7

A-133-74

A-71-126

EDDY CURRENT CORRELATIONS - ROUND 1 Anp 2

LOCATION: 0O-1/4"

D__.Em_ﬁmm_&n%g__ _‘Bﬁun_lm_&sm_@L
locatiov Z1M.  logmion - ELH. Lo ZLM. fos
0.03 100% 057

0.4 95% 0.125 1007 049

0.125 1007 085

0.125 100% 049

0.125 100% 048

NE 0.125 100% 031

0.3 o5y 0.5  100% 174

0.25 1007 NR

0.5 95% 0.25 100% 043

0.6 95% 0.25 100% NR

0.25 100% NR

0.3 95 0.125 100% 043

e
1) NE - NOT EXAMINED JPORT T et

2) BLANK SPACE MEANS THAT NO EDD CURRENT INDICATIONS WERE REPORTED,
3) NR - NOT REPORTED

4) BEND TEST RESULTS REFERENCED TO CUT END OF TUBE - APPROX., 0,2" removeD
DURING PULLING,




B-10-29
B-8-25

B-11-23

A-23-93
A-88-11
A-112-5
A-71-12F
A-16-63

1.5

1.0
RT
1.5
1.0
1.75
RT
RT
RT
RT

RT

NOTES:

EDDY CURRENT COFRELATIONS - ROUND 1 & 2

LocaTion: 1/4" - RoLL TRANSITION

NDD-2

1.0

0.6

SA3 Az mmmm

0.8
RT

— B -
M. location Z TN, Ratio
D
95% 15 10% 015
5% 1.25 100% 034
5% 1.25 1007 049
95% ND
9% 0.5 100% 0.136
15 MR NR
1.25 1007 034
ND
1.25 1007 035
1.25 100% 043
1.50 1007 4
95% ND
Derect 1.25 100% 130
95% 1.25 1002 074
4 ND
95% 69  100% J13
A 131 100% 057

ND - NO DEFECT FOUND ON BEND TEST
RT = IN ROLL TRANSITION AREA



LocaTION: RoLL TRansITION - 10"

75%
70% MULT,
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cZDY CURRENT CORRELATICNS - ROUND 1 2 2
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A-11-66
A-146-6

A-13-63
A-133-74

EIDY CURRENT CORRELATIONS - ROUND 1 anp 2

LOCATION: 10" - 24"

DIF_M%
N AL,

LOCATION locaTion 2 LW,
12 S5% 1.7 0%
10 Y4 10.3 95%

27
3
32

LOCATION: 24" - 15m TSP

0%
9%
95%

2%.3
30.7
32

95%
0%
0%

locaTion ZT.M. Eo.mr
11.6 1002 J13

10.5

100%

.w

l147
' lw




NOTES:

Sumary oF Eopy CurrenT CorreraTions - Rouwn 1 & 2

B2 R InoicaTions Founp By Epby Current
BEND TEST 0.510" DiFFerenTiAL & ABSOLUTE
12 12 0 5
12 13 1 8l
7 il 8 102
2 2 2 2
2 3 3 3

1) 4 TUBES WITH CRACKS IN THIS AREA NOT EXAMINED WITH 4 X 1 ABSOLUTE PROBE.
2) 1 TUBE WITH CRACK IN THIS AREA NOT EXAMINED WITH U4 X 1 ABSOLUTE PROBE.



SUMMARY - ETDY CURRENT vs. DEFECT CORRELATIGNS

0 IwOTSGmamsmasumuwmsmwmmwmmm
TRANSITION AREA (SINCE THESE TUBES WERE REMOVED, SPECIFIC TECHNIQUES
TO INSPECT THIS AREA HAVE BEEN DEVELOPED.).

0 BeLow THE ROLL TRANSITION, THE IN-FIELD EDDY CURRENT TECHNIQUES DETECT
ACTUAL DEFECTS WITH 100% RELIABILITY.

0 No UNDETECTED DEFECTS HAVE BEEN FOUND BELOW THE ROLL TRANSITION AREA
DURING THE LABORATORY INVESTIGATION.



TYPES OF TUR SAMPIES - ROUND3  +
o Tuse wiT DgeP DEFECTS (EC quaLIFicaTiONs)

0 Bap Tuee/CooD REGION (DEFECT PATTERNS)

@ Goco TUBE/BAD REGION (DEFECT PATTERNS)

0 TUBE WITH MULTIPLE DEFECTS (TEsTING)

o Good mume/Deep sawLs (E0 cuaLIFIcaTIONS)

o Tuses wim RoLL REGion EC moreation (EC auaLrricaticns)

Good 'nms/Goon. AREA




0¥ CURRENT TEST 'ETHOD CORRELATICH

! 0  UBJECTIVE - VERIFY REPRODUCIBILITY BETWEEN EXAMINATION METHODS AND
CCRRELATE RESULTS WITH METALLOGRAPHIC EXAMINATION.

0  ECDY CURRENT METHODS USED -
D Iw-si7u - 0.510” proZE, STANDARD DIFFZSENTIAL
2) In-sITu - 4 X 1 ABSOLUTE PROZE (TCP EMD OF Tuzze)
3) At B2l - 0.S00" STANDARD DIFFERENTIAL P=03E
4) EFAI - reveLopen 0.550" STANDARD DIFFZENTIAL FRose -

0 ETALLOGRAPHIC XAMINATICH BY SECTICNING AND 3E:D11G oF 33.327T
INDICATIONS,




A-24-% 0.2
1.3
3.4
5.2
12,3
12.8
15
34
41
53.5
A37-8 112
All-13 0.2
3

B-16-22 0.2

B-9%-27 12.5
B2

14

238

B-34%-19 0.2

SR RBRK

EDDY CURRENT CORRELATIONS - 3rp ROUND TUBES

R

& 8 R

95 (muLTIPLE)
95

90-100
80-100
90-100

90-100
&0-100
90-100
oD

No crack
Not TESTED

Cracks
Nor TESTED

" "

No crack
CrAcks

O . N R O R o s 1 11

.21'*‘""1— LA S
LOCALIZED SMALL PITS

RemovaL paMAGE
WitHin 1/2" oF cur epce -
SCHEDULED FOR REPAIR TESTING

n n n "

No TESTING SCHEDULED

" " "
ANUFACTURING ARTIFACT

No TESTING SCHEDULED

Ho BEND TEST SCHEDULED

4 axiaL cracks 174"
ScHEDULED ForR Corrosion TesT

" n " "

" " L "

Wimiin 174" o= cut epce-
5 AXIAL cracks 174"




SUMMARY OF EDDY CURRENT RESULTS

1) EDDY CURRENT CALLS OF > 80% CORRELATE WITH IGSCC,

2) EDDY CURRENT CALLS OF 40-70% REPRESENT SURFACE ANOMALIES OTHER
THAN CRACKING.

| 3) No CRACKS FOUND WHERE EDDY CURRENT REPORTS NO INDICATIONS,




SUMARY - METALLURGICAL CORRELATIONS

0 BELOW THE ROLL TRANSITION, EDDY CURRENT INDICATIONS CORRELATE
WITH TUBE WALL DEFECTS.

0  BEND TESTING HAS BEEN DONE ON:
Rouno 1 & 2 - 14.1 FT. out oF 37.8 FT. REMOVED,
Rouo 3 - 4.5 FT, out oF 124 FT. REMOVED.
AoDITIONAL 6 FT, OF RouND 3 TUBING SCHEDULED,

0 No DEFECTS UNDETECTED BY EDDY CURRENT HAVE BEEN DETECTED BY BEND TESTS,




FILL FACTOR COMPARISON" "

Differential 187. Jocerenedl® _®
\

510, 45 + RA 400 KHZ \
84% FILL FACTOR

Standard T T L T T T T T T T T LT T T T T T T T LT T e vT ) |
|
|
\

|

540,45 + RA400KHZ
94% FILL FACTOR

v
-

Increasing a/L

Length of Defect
-

* (Probe Dia.)2
{Tube 1D)2 Increasing Aspect Ration a/L
.

Note: Response 0.150 Volts |
Min. Sensitivity

- =« Extrapolated Value
From Unknown Zero

Voitage Threshold Lt ernrettrernenbnrnnnnedtotituny
Through Wall 20% 40% 60% 80% 100%




w N

GAIN COMPARISON FOR DETECTION PROBABILITY

'Smhwm g Il {':'lilé:l!_élll,',lll"’lﬂ_"'lrlj!ﬂiﬁl.' 's' ll"l.lll-“l.
|
540, 50+RA, 400KHZ ,l
540, 45+ RA, 400KHZ 'l
540, 40+RA, 400KHZ |
I
540, 35+RA, 400KHZ I
I
510, 35+RA, 400KHZ I
|Avg.| I
< |
b »
® 2| 0 068 24 27 3 34
é 100. .51---‘ T
E © \
- gl \
ra \
S ' \
° \
£ o060 9% 3 39 45 51 57
_.. \ﬁ‘ \\ \\\\3 ~ :
\ N
\ Increasing Aspect Ratios a/L
Note:Response 0.150 Volits \; o
Min_Sensitivity
Lab Condition
— = « Extrapolated
volve from unknown
7e1n voltage Lidr ittt nnnenbntutnt Lt
. Through Wall 20% 40% 60% 80% 100%



mmmumm

Standard | i
o A 'lll. lll“lll_.lslli ,TIITITI_I'III.L”"”||.'|'|||"|'
2 1 -

100 MV/Div. -
1. 540,  S0+RA, 400KHZ

2. 540 45+RA. 400KHZ
3. 540.40+RA. 400KHZ
4. 540.35+RA, 400KHZ

5. 510 .354+RA,  400KHZ

i 04 N
100.
s
z
b3
o
w
°
g.oeo. 06 51 57
s
Note: Response 0.300 Volts ;
Min_ Sensitivity
Field Conditions L b nnnntnnntenn LIttt hntettt

Through Walt 20% 40% 60% 80% 100%

e ——————



