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Provide the summer 19TL4 and December 19Tk raw ECT data for the tubes
inspected durlng December 19T7h4.

Answer

Enclosed is the raw data taken in December 19Tk coupled
with the data taken in the summer of 19T4. It should be noted that
where duplicate data existed for the summer 1974, these results are
averaged. Readings of less than 20% are denoted by the number 19.

Although the data indicates that the June 1974 reading
for tube Line 47, Row 46 in Quadrant III was zero, a rereading of
the eddy current tape revealed a defect of 50-60% which had been
missed. Also, the June 19T4 values for tubes Line 39, Row 50,4
Quadrant III and Line 7, Row 102, Quadrant II were found to be
<20% rather than zero by similar rereading of the tapes.

The computer printout does not include the data indicated
to be between supports and one tube with a defect of 52% at #10 sup-
port plate. The data between support plates is presented below.

Line  Row
Quadrant II
25 86 <20% Between #3 and #5 Support
24 85 <20% Between Egg Crates
b 85 30% Between Egg Crates
11 100 40% Above #10
58 e 52% Between #2 Egg Crate and Top Support
Quadrant IIIL |
3 96 34% Above #6
11 96 L46% Between Egg Crates
1L 93 46% Above #10
38 85 45% Below #10 - Multiple
2k% Above #10
Lo 85 45% Multiple Above #10
L8 91 52% Above #10
L6 89 32% Above #10
34 L5 Multiple 49% From #6 to Egg Crate 2
33 L 45% Between #4 and #6
32 Ls. 35% Multiple Above #6
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TUBE QUAD LINE KOW LEFECT  LOCATION N2 N4 G NSG
1 ‘1923 Z 1 36 1y 3 ‘ ) l2 74 .
) ) 4 l. : W~ 'Y}
3 109019 ¢ 2 1 90 19 & PALISADES. A’ _STM. GEN_
a5 4 . e
40 P 1 EDDY._CORRENT __TESTE
[ 11602224 2 1 100 2 4 - e .
13 6 1 _(ALL_DEFECTS _SHeWN
8 208936 2¢ ¢ 2 89 3e &
5Q 3 2
10 20911926 2 z 91 15 ¢ '
46 3 Z !
12 20931923 z 2 93 19 3 [
P-) p)
. 25 6
43 4 3 -
16 30P61523 2 ) 8¢ 1S 3
42 o) 4 .
18& 40853223 2 “ ge a2 3
44 ECL 5
2G 40891y 27 2 4 8¢ 1y 7
55 EC)
4¢& 3 &
23 4065¢023 2 4 95 24 3 )
4E 1 7
25 41032534 2z 4 o4 3h 4
45 ECl 8
21 Slousi g 2 5 1CGC 40 ECL g
26 10322532 P 2 e z5 LG
4l [vz ~ 10
30 10v64823 2 € 8¢ 4% 3 11
31 10%21921 2 7 9y 19 7 _
25 ECL :
47 3 12
34 20941937 2. 1 9.4 19 FoB
30 3
35 7
_3& EC3 2 _
3t T0%624:28 2 1 Yo kY3 £EC1
4¢ 3
al 1 13
4] 71021923 2 1 JON 1¢ K}
5 LC2
&Y 10 3
44 11042932 2 7 104 29 1C
44 P
48 EC2 14
47 81052532 Z & 1Gh 5 1¢
25 4 3
49 GGE61930 2 9 Lo 19 Lz .
i Y 2 4
5] YOHBE4323 2 y____BA 43 3 15 ]
5¢ w0Y230448 < 9 Ye 21 _ECLl _
) 45 3
= 7 4 DY




TUBE QUAD LINE KUW CEFECT  LUGCATION N4O NS0 : ‘
. s 2723 2 Y 1Go 21 3 b
1 56 1G0ET3523 2 10 a7 35 3 5
? 57 100913323 2 10 41 33 3 6
‘ 58 101051922 2 16105 19 16
) ' 1¢ ELL
29 3
61 110902628 z 11 90 28 LC1
D 33 3
36 1 1
64 111003830 z 11100 34 £C.
> ' 46 3 16
06 111063037 2 11 loe - .30 bl 8
e 3 5
] 66 1:0873523 2 12 87y 25 2
- 2% EC1
: - 46 1 17 ,
> 71 126892273 2 1z 8y 2z 2
: 40 7
46 £Ct 15
D T4 140951923 Z 1z g, 1@ 3 - ;
46 Ll 19
16 1210651937 z 1 105 19 HLE
‘] 25 3 9.
78 150583424 2 1> 58 24 4 10
19 150603724 2 13 50 %7 C 4 11 ¢
> 6C 130851932 2 13 ag 19 16
| 34 3
Y EC] 1z
83 130923123 2 13 9z 31 3
. . b HLE
. 45 ECL 20
B6 146593224 2 14 59 32 4 1%
87" 140:52232 2 14 ES 2 1C
Y 4
_ 46 Ll 21
9¢ 140871932 2 14 87 19 10
14 12
41 2
“b EC2 22
94 140951923 2 - 14 S5 19 %
19 10
19 32
49 EC2 z3
98 161055423 z 14 105 14 3 14
99 15) 043923 2 18 10¢ 39 3 1% .
100 160514524 2 le 51 245 4 24
101 160533924 2 16 53 39 4 16
102 loCalz0z4 ? 16 &l 30 4 17
103 160912230 2 L& yl 32 £EC2
P 3 18
105 161051937 2 16 103 19 BLE
3t 3 19
107 170963623 P 17 9C T 3
; 43 B2 z5 L




TusEe WAD  LiN:  kUW  UEFelT  LUCATIUN. N3O W40 N50
' 109 ’1934 2 17 166 19 1z ‘ ’
) . 25 3
111 17 1044523 z 17 104 49 4 26
112 1bCh34z7 24 2 1& 53 %2 4 21
) 113 140593024 Z 18 59 30 4 20 ’
114 180633026 2 1€ o £ 4 21
115 1EUES40Z 2 2 1€ g « 3
) - 45 vl 28
117 18GE712930 P 16 61 %9 EC2
- 45 3 29
‘] 119 150852623 Z 18 89 TE 5
: 38 £C2 22
121 180932432 2 1€ 95 P 1C
> 46 £C2
4 2 20
124 180951532 z 15 9Y i9 10
] 21 12
' : 45 3 31
127 181034623 R 18 103 “t 3 32
> 1.6 1664945604 AR 54 34 u 23
129 190443724 2 19 by 37 < 24
i30 106205730 ya 1y ¢ 57 ECZ
p 41 3 . 23
152 cblbl>0¢4 z 2 ) 50 4 25
133 260552924 2 2¢ 45 29 ‘4 $
‘] 134 2006333724 2 2 G 63 53 4 2¢
135 Z(C371928 2 70 £l ie EC1 )
44 2 54
D 137 200691924 Z ZG §S 1y 3 :
42 £ECZ 35 d
159 Z0C932573 2 20 93 26 4 27
» 140 200954223 i z0___ 9y 42 2 36
Aad 210443624 2z 2L a4 3b & &
1472 210623024 P 21 6z 3y 5 2%
b 142 210Ed]1Y 3G z Z1 8E 19 ECs
: . 1% 1C
‘ 31 4 3G
P 146 210924223 _ 2 21 9p 42 3 .
44 EC? 37
148 211004023 P zi__ 1og 4G 2 28
) 149 211044573 Z Z1__ iGa a4 3 39
150 211003823 z 21 iQe 24 2 3]
151 200656024 2 ze &5 4z 4 <0
) 152 220573E24 2 2z 51 By 4 37
1532 220592524 _ 2 22 54 3 4 a3
154 220271930 2 22 61 1.9 EC2
> 20 5
20 10 54
157 240912532 2 22 vl z5 10
] 4 3
4z ECT 41
160 220594543 2 22 95 &5 3 42
221055723 2 ¢2 10k 31 3 25
230584626 2 23 5% 44 4 43 =

161
log
>
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Tubk QUAL  LINE ®0¥W 'DEFECT  LOCATTION N3O. N& N50

163 h2c22 2 23 Eb z0 3
164 ba 03032 2 23 40 30 16

38 3

Hey ECZ 44
161 2310466023 2 23 104 40 3 44
1oR 240493324 2 24 49 33 4 36
169 240613424 2 2 6l 34 4 37
170 £4CE54623 Z P BE 36 3 36
171 240986723 z 24 as 41 3 46
112 240974923 2 ‘4 97 49 3 o7
173 241054223 2 o4 105 Y 3 48
174 25Cap2024 2 25 4 3 4

: i 3 ECY 39

176 cE06Na524 2 25 £G 45 & 46
177 25CGBRo4123 2 5 119 41 3

40 EC2 50
179 251663923 2 25 104 39 3 40
180 = 251004323 z ¢h ioe 45 3 51
181 260LT24 2 26 4 24 4

46 £EC1 b2
183 2604993528 Z o ay 39 ECY 4l
184 2606555923 2 26 BS 39 2 42
185 200956923 2 26 e 4y 3 55
18¢ 266974623 < 2 97 40 3 54
187 E1GEbe Lzl z 2. 5¢ 21 4
188 10563224 2 27 58 32 4 43
169 270662037 2z 21 to P2 __Hip

47 ) %5
191 21LER3L34 2 21 &b 31 12

iy 2 44
193 27C90,037 Z <1 S0 G HL%

Ledp > 56
195 276922334 2 21 ©2 23 1z

44 3 51
197 211043523 2 27 164 38 3 45
196 280494C3C z 28 49 4G ECZ 58
159 230553023 2 Z8 45 36 3 46
200 280892G32 ¢ - 28 69 20 10

43 3 by
202 ZE0Y53623 2 25 95 38 3 47
035 28097485 2 28 91 48 3 : 60
204 260554423 2 24 95 44 3 6l
205 281Ub4023 Z 26 1¢S5 48 3 6%
206 29GELA030 2 <9 sC 40 EC2 63
6T £CGeNa 24 Z z4 &0 45 4 e4
208 250803823 Z 2y ) ig e 4¢
209 291C44623 2 2Y 164 4o 3 s
£10 291Coal03 2 2y 106 41 3 06
211 _ 3C0514¢230 2 30 b1l 42 Lz ol
212 200593924 2 30 59 39 4 49
212 200RT4GS A 50 2 44 A &
214 200894023 2 A0 6¢ 40 3 0y
215 3006954823 2 .3t 95 48 3 10
Zlo 300974023 2 320 97 40 3 71
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1UBE GUAL  LInNe  rUW DEFECT LCCATION N30 N&O ) N50
217 .992037 2 30 99 20 HLB .
: 42 z . 72
216 301054823 2 350 165 48 3 : 13
2¢0 510604424 2 31 60 ¥ 4 14
221 3108064123 2 21 86 43, 3 15
ez 2109582823 2 21 98 %8 3 40
222 211C44523 2 31 104 45 3 16
224 320512528 Z 32z 51 35 £CY 51
225 220531924 z_ 32 £ 1 4
L2 ECs 5
227 320594024 2 a2 5¢ 40 4 17
228 22C0la324 2 32 61 43 4 18
229 @ 2.0573023 2 V4 81 a0 2 2
230 340653923 2 22 49 3y 3 55
231 22095393 Z 57 25 =9 3 sS4
22 220995223 Z 32 ks 32z 3 £5
233 221013123 2 3 101 31 2 56
234 2210674425 2z =2 107 a4 3 19
235 430521923 2 33 5¢ 19 3
25 EC1
5t ECe 6
238 520884224 2 33 Ly &z 4 t0
239 330 ¢04224 2 33 £G 4z 4 &1
A 52086493 2 23 L5 4G A b2
241 3306563823 Z 33 96 “6 3 57
z4% 341002323 2 33 160 23 k) Y}
243 54905725¢4 z 34 5t a4 & £e
244 240853523 Z 34 85 35 3 o
245 540673023 2 34 87 20 3 e}
246 34084353 < 34 £9 29 3 bz
247 340975923 Z 24 91 39 3 62
248 2461034223 2 34 il> a2 3 B3
— 249 341072623 2 34 167 ap 3 &4
250 250962223 g 35 Y96 LY 3 6%
251 450%€2523 2 35 oj 35 3 St
252 351(0C36¢23 2 35 100 3¢ 3 &1
53 3510443¢3 A ab 104 4 3 Eo
254 360592824 2 . 36 oY 25 4
4o 11 £5
¢56 360954423 2 A6 yh 4y 3 86
251 31Ceq50L0 2 57 N4 At ECL
&2 b E7
259 37046]192¢ 2 a1 46 19 ¢
46 £ECl 38
261 370653428 z 37 4% 24 ECY L
262 370%a 3625 z 17 94 26 2 69
263 3804652528 P 24 4% 25 £EC1
4Q & RY
265 | 350855223 2 36 85 52 A 7
266 260893932 z 2 59 59 10
&2 5 aQ
268 380954323 r 28 uE 3 3 Gl
269 281014943 2 36 101 3¢ 3 10
210 350661928 2 39 46 19 EC1

A Se o
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TUBE QUAL LINE PRUW LEFECT LUCETIUN - N&4O M50
38 6 "II’ "II’
272 39C541924 2 39 54 16 &
19 11
e ECZ 12
215 390602024 Z 39 &0 2 () &
4y 11 G2
277 A90623C323 Z ) bg 30 11 13 )
2738 3908&24¢3 Z 39 && 38 2 14
<19 2909429¢3 Ve 29 q =9 2 15
280 40Ga59626 2 <3¢ L5 &6 [} G2
281 Y00E919¢4 2 GG 5 1¢ &
19 11
1% FLE
284 400611524 & 40 6l 19 4
: 35 11 76
¢R6 GUUYE=223 < 4Q 85 oy z 17
287 qCUE (4023 2 4G [l A 4G 2 94
288 4610654323 4 &0 108 43 3 ] v5
¢RY 4C10T3Ce3 2 40 1C7 30 3 1
290 43CoCHk 8 £ 41 5Q [ £CL : 9o
291 410601y33 2 41 ot 1¢ 11
1y Hib
30 4 1t
294 4310943123 2 ] 94 21 3 6C
295 +109pa7y23 2 4] 96 27 3 a1
296 61104637¢3 2 41 104 a? 3 1)
297 4205313225 2 42 51 23 11 :
42 LCZ 91
299 40571924 z 4z b7 19 4
34 11 g3
361 20611937 2 42 6l 19 HLB
35 4
i 11 98
304 421014623 P4 4z 101 40 3 c9
3C5 421073023 2 42 11 20 3 B4
aC¢ 4320531923 2 &2 50 iy 11
19 HLB
36 £EC2 85
309 430501924 2 43 56 19 4
310 430601947 é 43 (X9 1¢ (alh
. pAR) 11
42 & 1CQ
213 420642232 £ 9 [} £é 11
51 440571924 P4 44 57 1Yy 4
: 52 11 e
316 440611924 2 44 &1 19 4
32 L)
4Q HL® 101
319 4EQ583224 2 45 5% 32 4
46 11 102
321 50603033 < &5 &C 20U 11
A hLE !
Z5 4 87
324 450641953 Z 45 b4 19 11 =]
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[UBE QUAD LINE FRCW ODEFECT LCCATION 20 N&G NSO
525 040232 2 45 102 40 3 ‘ 103 .
326 460455624 2z 46 45 36 4
4G & 1G4
328 460571924 2 4e, 57 19 4 : .
. 34 PLE Y
330 460611957 Z 4¢ el 1y HLE '
25 4
. 35 11 £9
333 460914573 2 46 g1 45 2 165
334 460954423 z 4¢, g% 44 5 106
335 470481933 P 47 ub 19 11
25 4
44 ECZ 107
538 471062523 2 47 1Cé 55 2 90
239 400591924 z 48 56 - 19 4
. 471 11 10k
341 6EN615133 ¢ 4k &l 51 11 8
352 480853923 2 4y 85 5y 3 91 !
443 4L(953223 Z 4t 9h 3z 3 i
25 kLB gz
345 490482274 Z &9 48 vy, 4 :
36 £G2 93
347 490502524 2 49 50 2h 4 .
348 450602953 z 49 6C 29 11
249 450924425 Z 49 57 4k 3 169
550 bO0BT40L3 Z___ sy 61 40 2 110
251 £(09224737 2 Y 93 4 HLR .
£0 3 g ’
353 510864822 2 51 66 “i 3 111
354 51091937 Z 3% 9c 19 B _
. 4¢ 2 112
256 510944037 A &1 94 4¢ HLB 113
357 £i0962937 2 51 9¢ 29 ht B
41 z 114
359 510964723 2 51 <y 41 2 115
360 511C¢2823 2 51 lus 28 3
36) 520571924 2 %2 57 1% 4
CYa HLE 115
363 520814622 2 b et 46 3 111
364 5206894423 2 W 8Y 44 3 118
3¢5 520913237 2 “2 51 32 HLE :
45 3 119
367 520973v.1 : 52 97 49 HLB
46 z 120
369 530561924 2 53 5k 19 4
370 5304c3873 z 53 92 R Y 94
371 540571924 2 54 51 19 4 .
iy HLR
333 5406104623 z 54 'y 44 3 121
374 S (E9G523 2 54 B 45 > 122
215 5909531217 Z 5S4 u& 37 HLR Qs .
276 540971923 2 u4 %1 19 3 '
) oY HLW 90
276 541031923 2. 54 1C3 i9 3 - o
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. TUBE wiaD  LINE  kOW DEFECT LGCATICN ‘G NaC N&O ‘
3¢ HLB T ’

380 55Cue2528 2

55 406 25 tCl
30 1G
30 4 .
. 40 ECZ _ 123
S84 55090G359¢s £ £5 AN 29 3 G8
385 560554024 2 56 52 4C 4 124
386 56(5b4 224 < ho g} 43 4 125
3€1 S00C594524 2 56 by 25 4
3L8 5706622244 2 o3 8 Lz 32 4 A
3€9 530492224 2 586 49 3é &4 1C0
390 500613024 2 58 &1 20 & 101
391 600514824 2 0 5] 46 4 126 F
292 EQLLY4024 2 &G &1 40 4 127
293 cGBble4 3 2 45 19 3
1¢ I1<
35 2 102 ]
39¢& c0951%44 3 2 9& 19 4
- 19 I}
43 s 128
399 20971944 El 2 Y1 19 4
16 &
45 ] ) 129
402 50443344 2 3 b4 =3 4 183
462 2CEe1947 2 2 5¢& 16 1
) 35 3 104
4G5 20661943 3 3 P 19 )
12 [
16 10
4086 20%0194¢ 3 3 S¢ %) )
l9 i )
45 3 140
411 30941943 ) 3 4y 19 2
1y 1S
25 & 105
4l4 30961943 3 k] vé 19 3
19 4 4
416 40575757 3 & 47 1 HLB 106
417 4(851958 3 G 8% 19 1s
<5 EC
: 2¢ 3 107
420 40871958 3 4 61 19 TS
3¢ £C1
48 3 121 —
423 40851943 > 4 G 19 )
1y o
1y 7
19 IS8
427 40971943 3 4 91 19 3 N
19 o
19 1 i .
430 LCE61Y 5L 3 5 86 1 1s
40 3 132
432 50661958 3 5 to i9 1S \NO_

o 0 ® 6 © ® 0 © ® O O O e e O © © e o

¥



® © 8 ® G © © ® © © 0 ® & 0 © © © O e o &

&

_ TUBE

LINE  KOW

QUAD UEFECT  LUCATION B N4 O NS5O
o P
. 35 Lel 1GC
435 50501942 2 5 90 1Y 3
19 TS
. «0 __£CL 133
438 50921958 E) & 42 1y 1%
=0 3
. 325 LCL 169
441 60695448 % 3 9y 34 EC1 110
442 61052650 3 & 102 36 EC2 111
443 10801950 3 7 66 19 £CZ
29 18
40 2 134
446 80851958 3 8 as 15 18
30 3
] 59 F(2 112 L
446 50871558 3 8 at 15 18 s
39 3 113 !
4451 ECS31943 3 & 93 19 3 :
14 IS
42 ECL
&€ 4 135
455 LOGTIYG 2 = 5 <7 1% 3 .
19 1s
30 o)
492 ECY 136
459 0993548 3 & Gy 35, EC1 114
460 51031954 3 8 162 19 2
p3s) 10
40 £02 137
463 Q0281956 3 Y GE: 13 18
458 3 138
465 90521943 3 S 9z 19 3
1y 18
48 7 139
468 90941943 3 9 G 19 a
19 I8
4p £l 140
471 106451958 s 10 X 19 1
30 EL2
. 45 3 141
474 106903943 P 10 95 1y 3
19 IS
46 ECI 142
477 110941943 3 11 G4 19 s
19 3
4Q BC1 143
480 110961943 P 11 of 1¢ 3
19 LS
. 4E2 12G59]1%44 3 12 59 19 4
483 120851948 3 12 ac 1y £C1
34 ECZ
44 o3 l4¢ =
486 1.05719568 4 1¢ 87 19 1S o
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TURE GUAD  LINE ROV DEFECT LUCATION “o N%O N50
‘II. 4C 3
- 4z ECZ 145
486 140971943 3 1¢ vl 1y 3
25 ELR
491 1209914543 3 Y 99 1y 3
19 10
30 FC2 11¢&
494 130581944 2 3 5o 1% 4
495 1506Ca] 44 3 13 [ 41 4 146
496 130663050 3 13 B 30 EC2
4% % 147
498  140592B44 3 14 5G 24 4
459 14061241598 3 14 &l 21 18
4G 4 145
50l 140£719%8 3 14 87" 19 1S
L4 ECz
20 2 116
5C4 140951643 3 La G2 19 3 i
. 20 AN 117
506 140551943 3 14 95 1y 3
19 1s
3 £ 11¢#
509 140971953 3 14 97 19 11 i
19 1s
az E) 119
512 15G4419494 z ib 4u 1y 4
1z 150463944 3 1% 4o X 4 120
514 1506024464 2 15 &0 4 4
515 150622544 4 1% tZ 25 4
516 150461956 3 i» L 19 [
20 [
40 3 149
519 150861943 3 15 B8 12 3
19 1S
40 £C2 150
522 150901958 3 15 YU 19 1S
24 3
40 ELZ 151
525 150921943 3 1% Ge 19 3
19 15
. 40 ECe 152
528 170443544 3 13 Ldy o 4 121
529 170464044 3 17 40 40 4 153
530 1{054,5044 3 17 5q 36 4 122
931 170563644 3 17 b6 36 4 123
532 170654144 3 17 o4 41 4 154
533 17CEB3043 3 17 133 ac 3
) 1C
46 EC2 155
536 170902552 ) 17 G 25 1¢
3% 1=
_ 46 EC2 156
539 1706921943 3 i1 G ‘19 3 —
19 11 =]
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TUBE GUAD LINE KOGW  DEFRECT  LOCATION N3O N&O N&O .
19 Ts ‘II’
A6 10
42 ECZ 157
544 170961943 3 17 94 19 3 G
19 10
19 18
25 12
baa 170982044 R it . Sg z0 12
25 3
550 1T710019%4 3 17 110G 19 12
51 3 124 :
552 1711C64 143 = 17 Qe 47 3 1.8
553 166514344 3 16 5 43 4 159
55 180871952 3 16 47 1y 10
: 1y 1§
30 2 ‘
45 £C2 160
558 130891943 3 1¢ £9 19 2 !
19 1C
19 158
' 4 FC2 16} .
562 1809,1943 5 16 91 16 s
19 EC2 :
£ 10 125
565 160951952 3 16 95 19 10
Ly 12
14 18
‘ 2l 2 126
569 150973643 3 1s 97 36 3 121
570 190504044 3 19 5 PAY 4 162
571 150643744 3 19 64 21 4 126
5712 1909(:1943 o 19 9C 19 z
19 3
o a 10
: 42 E£C2 163
576 19G564743 3 1¢ 9¢ 4% 3 BT
5717 190VE 2043 3 19 9e 30 A 129
578 191064443 a3 1¢ _10c¢ 44 3 165
519 20Cu13044 3 ZGi 43 20 4 150
%80 200493544 5 20 49 kLl 4 121
561 2005530064 3 2G 5. 30 o Y
582 20103496543 D) 20 403 46 3 ieq
583 201053443 3 20  1C5 44 3 133
584 210444044 3 21 44 40 4 161
565 210561944 3 21 £g 1y 4
' 40 1s 1é8
587 216££1943 3 21 a8 1y 3
19 1s
. 30 EC2 134
550 21 1u02543 3 21 10C 25 3
591 220553044 3 22 55 30 4 135 i
562 226591958 3 22 5% 19 1s
i 25 at ’
594 220611958 P) 22 61 19 1s I
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TUBE QUAD LINE ROW  DEFECT LOCATION N30 N4 G NS5O )
o w0 : ®
596 220871952 3 22 87 19 10
1s 1<
o5 EC2Z
569 220954543 3 .22 Yt 42 % 169
600 221634243 3 22 1G3 4z 3 170
661 230462044 . 3 23 44 3C & 137
602 23056158 3 z3 56 19 1s
44 4 13¢
604 230561958 3 23 5§ 19 1S
20 4 139
606 2306601958 3 23 w0 19 158
24 4 :
6086 220623044 3 23 62 3y 4 14¢
609 250881943 2 2% g 19 3 :
19 1s
4 10 .
a8 fCo 141
613 230927543 3 23 Y2 20 3
€14 2509t 943 3 23 9 29y z
615 231045763 3 23 LO& 57 3 10 .
6la 24045Y644 3 4 45 19 4
Ly LGl 171
618 240551958 24 55 19 as
37 4 142
£20 240571958 3 24 57 19 1S
31 4 142
622 240851943 3 2y 85 19 3
19 TS
20 kG2 -
45 £C1 172
626 2640671958 3 24 7 19 18
3[,_ »
40 EC2 173
629 240915845 3 24 yi g 3 144
630 241014543% 3 Zé el 45 3 174
631 250441944 3 z5 G4 19 &
] A4 6
48 EC1 1i5
634 2504631 wk 3 ib 40 31 4 _
. 55 £GL 1Y
636 250582658 3 25 58 26 1<
. Bz 4 145
638 50607658 3 5 &0 76 1S
31 4 146
040 250861943 3 5 88 19 3
19 T8
ze 1¢
643 2505432943 3 5 - 94 39 3 147
644 250964643 3 25 Gé 41 3 176
45 Ze0511958 2 6 57 19 1S i
26 & ’
647 260591958 3 26 59 19 18 =
28 4 o




-9 @ 6 ¢ @ O 9 ¢ o0 © 9 o e o 9 6 o e o e o G

Do e e

TUNE QUAD LINE HKUW DeFLCT LUCATIUN N3O NGO . N50
€49 .b(ltlBlEB 3 26 €1 21 TS . -
3t & i48
651 eNBY1954 5 26 Uy 1Y la
1Y 1S
2 3
654 2¢09]11943 = 26 91 l9 2
19 12
656 c60Y3¢243 3 b . 5= 2.c E}
657 210461944 3 bt b 1Y 4
21 Lil
3h & 149
660 10561958 3 o1 5¢ 19 1<
<6 4
cog 105681958 a 1 e 1< 13
: <8 4
664 270881958 3 21 bbb l¢ _1s
20 3
€bé 210943443 3 27 G4 34 2> 150
667 280571956 > 28 57 19 1s
: 21 4 141
a9 20591958 2 2k 59 19 TS
. 36 4 15
011 280611958 > 28 6l 19 18 .
20 4
ey 5 1aa
14 280095543 3> 28 A7) 25 3 154
615 230521995 3 z8 Q3 1y 3 . .
eile ¢€1i024043 2 28 105 40 2 177
oi1 29U5L1948 3 2Y bC 19 ELL
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Provide a summary of the December 1974 ECT results by defect size
for the following ranges of defect sizes: 30-39%, 40-49%, etc.

Answer

Attached, in addition to the summary, is a listing of
data taken in December 19Th4, broken down into segments between 30%
and 80%. 1In listing these data, an effort was made to list a tube
only once. Each tube is listed in the appropriate interval cor-
responding to the maximum defect existing on the tube.

Also attached is a listing of tubes whose eddy current

indications decreased by 5% or more.

SUMMARY OF DECEMBER 19T7h
Eddy Current Testing Results

Eddy Current Testing Number
Indication of of
Defect Size Tubes
30 - 39 215
4o - L9 255
50 - 59 . 23
60 - 69 ' 3

70 - 1719 1



INCREMENTAL LISTING OF TUBES )

Line Row
'Eddy Current Readings 270%
Quadrant III L7 46
Eddy Current Readings 260 <70
Quadrant II T 102
Ditto 48 61
Quadrant III 39 50
Eddy Current Readings 250 <60
Quadrant IT 1 88
Ditto 2 89
1" 9 92
" 32 53
n 33 52
" 38 85
" >0 93
" 11 100
" 58 )49
Quadrant III 23 10k
Ditto 25 46
1" 37 52
" Lo 45
n 40 49
" L1 L6
" Lo L
" k2 87
" LT 48
" Yo L8
1" 55 h8
n 57 )46
1" 60 57
" 48 91

Eddy Current Readings 240 <50

Quadrant II
" Ditto
"

90
91
93
86
85

FwmnoE

12/7h Reading

22

6/T4 Reading

%

Th

69
66

55
50
52
52
56
52
2
52
52

57

52
50
50
50
52
51
53
50

51
52
52

o)
L6
48
4o
LYy

(%)

50-60

<20
30
<20

<20
<20 (Between
EC2 & Top Supp)

30
<20

45

4o

<20

34

<20

<20 <4 (34 EC-1)
Lo

<20 (Above #10)



Line

Row

12/74 Reading

6/74 Reading

23

NS

Eddy Current Readings 240 <50 (Contd)

Quadrant 1I
Ditto
"

O 31— O\ e

89
95
103
100

(%)




2k

. ‘ 12/Th Reading 6/T4 Reading
- Line  Row (%) (%)

Eddy Current Readings 240 <50 (Contd)

Quadrant II 26 L 46
Ditto 26 95 iTe)
" 27 86 L7
" 27 90 LY
" 27 92 L5
" 28 L9 4o
" 28 89 43
" 28 9T b8
" 28 99 I} 1
" 28 105 48
" 29 50 Lo
" 29 60 43
" 29 104 46
" 29 106 L1
" ‘ .30 51 Lo
" 30 87 Ly
" 30 89 4o
" 30 95 48
" .30 97 ko
. " 30 99 Lo
" 30 105 48
" 31 60 Ll
" 31 86 L1
" 31 104 45
" 32 59 ' 4o
" 32 61 43
" . 32 107 : T
& 33 58 Lo
" 33 60 42
" 33 88 _ L9
" 34 103 42
" 35 104 L3
" 36 95 L
" 37 Ll 4o
" 37 46 46
" 38 45 Lo
" 38 89 Lo
" : 38 95 43
" 39 60 48
" Lo 45 46
" 4o 87 40
" 4o 105 43

" 41 50 , 48




Line

Row

12/74 Reading

6/T4 Reading

%).

Eddy Current Readings 240 <50 (Contd)

Quadrant I1
Ditto
1"t

Quadrant IIT

Ditto
L

4o
4o
Lo
43
Ll
45
45
L6
L6
46
b
48
k9
50
51
51
51
51
51
52
52
52
52

COVOVWOVWOOOOmM—TIWNI\UT&~WMNN

o

51
61
101
60
61
58
102
45
91
95
48
59
92
87
86

(%)




Line

Row

12/T4 Reading

6/7h‘Reading

26

(%),

Eddy Current Readings 240 <50 (Contd)

Quadrant III
Ditto
1"

11
12
12
13
13
14
15
15
15
15
17
17
17
17
17
17
18
18.
18
19
19
19
19
20
21
21
22
22
2k
24
24
24
25
25
28
30
32
32
32
32
33
33
33
33
33
34

oL
85
87
60
86
61
86
88

90

(]




Line

Row

12/74 Reading

6/T4 Reading

27

(%)

Eddy Current Readings 240 <50 (Contd)

Quadrant IITI
Ditto
1]

35
35
36
36
36
36

86
88
43
51
87
89
i
oL
L7
51
91
95
103
4k
61
85
871
89
50
96
85
50
88
90
98
100
"85
95
4L
50
90
92
9l
871

89

50
90
92
9L
96
87
91
9k
96

o




Row

12/74 Reading

6/T74 Reading

(%).

Eddy Current Readings 240 <50 (Contd)

Quadrant III 50 kg

Ditto 50 8T

11 50 89

" 50 99

" 51 48

" 52 h9

" 52 63

" 52 91

" 52 95

" 53 90

1" 5)4 h9

" o5 50

" 55 52

" 55 58

1] 55 88

" 55 92

n 56 )45

1" 56 51

] 56 89

] 58 hS

" 58 55

" 60 49

" 60 53
Total

Eddy Current Readings 230 <kL0

Quadrant II 1 100

Ditto T oL

" 8 105

" 9 86

" 10 87

" 10 91

" 11 90

" 11 106

" 12 105

n 13 58

" 13 60

" 13 88

" lh 59

" 1k 105

" 15 104

n 16 53

" 16 61

" 16 91

" 16 103

(]



Line

Row

12/74 Reading

6/74 Reading

(%).

Eddy Current Readings 230 <40 (Contd)

Quadrant II
Ditto
"

1"

18
18
18
19
19
20
20
20
21
21
21
21
22
22
22
22
oL
ol
2l
25
25
26
26
27
27
27
28
28
29
30
31
32
32
32
32
32
32
33
33
3k
3l
34
3k
34
3k

%



Line

Row

12/74 Reading

6/Th Reading

30

(%)

Eddy Current Readings >30 <L0 (Contd)

Quadrant II
Ditto
n

Quadrant III
Ditto
1"

35
35
35
37
37
38
39 -
39
39
39
39
4o
Lo
ko
41
L1
41
41
4o
Lo
43
Ll
45
46
46
L7
48
48
L9

ViUl EEwww

96
98
100
48
oL
101
L6
5L
62

(%)




Line

Row

12/74 Reading

6/T4 Reading

o /.

Fddy Current Readings >30 <h0 (Contd)

Quadrant IIL

Ditto
"

6
6

99
103
85
87
99
99
87
93
95
97
46
Ll
54
56
100
91
95
97
6L
98
L7
49
55
105
88
55
61
bl
56
58
68
88
55
5T
o7
58
60
ol
61
L6
ol
5T
59
61
89
90
oL

34
36
39
39
35
30
30
30
32
32
39
35
30

31
31
31
36
37
30
30
35

34
30
30
30
30
38
30
30
38
37
31

32
31
39
36
35
34
31

36
35
36
31

o



Line

Row

12/74 Re

6/74 Reading

32

o

Eddy Current Readings 230 <k0 (Contd)

Quadrant III
Ditto
"

30
30
31
31
31
32
32
33
33
3L
3k
35
35
35
36
37
37
38
39
39

91
105
58
. 94
106
51
53
54
88
L5
59
L6
58
9k
55
54
60
85
56
60
86
90
L7
95
52
92
ok
98
51
61
91
105
52
92
61
99
48

ading

(%)



. ‘ 12/74 Reading 6/74 Reading

Line  Row (%). (%)

Eddy Current Readings 230 <40 (Contad)

Quadrant III 54 57 30
Ditto 55 54 32
" 55 60 35

" 58 L7 34

" 58 51 31

" 58 61 34

" 58 63 37

" 58 85 38

" 59 Lh 38

" 59 L8 37

" 59 60 3L

" 60 51 39

Total 215

Tubes Whose Eddy Current Readings
Decreased by 5% or More

12/74 Reading 6/74 Reading

‘ Line Row- %) (%) Difference

: Quadrant II 7 oL 36 b1 -5
: ‘Ditto 11 100 38 Y] 11
" 19 54 38 43 -5

" 20 51 30 T} -10

" 20 55 29 39 -10

" 21 v 38 48 -10

" 22 45 Lo 48 -6

" 22 59 38 Ly -6

" 26 97 4o L7 =7

" 27 104 38 48 -10

" 32 99 32 45 -13

" 3k 57 35 L2 ' -7

" 35 96 32 . Lo -10

" 36 59 W2 L8 -6

" : 37 48 34 Lo -6

" 38 89 Lo 48 -6

" 38 95 43 48 -5

" 39 60 30 46 -16

" 39 86 38 48 -10

" 39 oL 39 L5 -6

" 40 87 To) 46 -6

" Lo 105 43 ko -6

" Lo 107 30 35 -5

" L1 L6 30 35 -5

‘ " L1 96 37 b2 -2
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' ' Tubes Whose Eddy Current Readings
Decreased by 5% or More (Contd)

12/74 Reading 6/7T4 Reading

Line Row (%) (%) Difference
Quadrant II 4o 61 35 L -12
Ditto 4o 107 30 I¥2) -12
" 43 6L 22 30 -8
" Lk 61 32 40 -8
" 45 60 30 Lo -10
" 6 . 5T 3k 49 -15
" 46 61 29 Ll -15
" LW 48 piv Ts) -5
" L7 106 35 : 43 -8
" ko 50 25 48 ~23
" 50 87 Lo Lo -9
" 51 96 29 ' 36 =T
" 51 102 28 33 -5
" 52 57 Lo 48 -6
" 56 59 25 38 -13
" 57 62 32 46 -1k
" 58 61 30 48 -18
" 60 61 Lo 46 -6
‘ Quadrant IIT 5 88 35 Ll o -9
: Ditto 15 60 2l 34 -10
" 15 62 25 30 -5
" 17 Ly 35 4o -5
" 17 L6 Lo 48 -8
" 17 54 30 L5 -15
" 17 56 36 45 -9
" , 17~ 96 . 25 4o -15
" 19 6k 37 Ly -
" 20 L7 30 4o -10
" 22 87 25 35 -10
" 23 56 38 L8 -10
" 23 60 2l 30 -6
" 23 88 24 32 -8
" 23 92 25 35 -10
" 23 96 29 34 -5
" 2L 57 31 45 -14
" 24 85 20 30 -10
" 25 88 22 30 -8
" 26 5T 26 bl -18
" 27 46 35 : 48 =13
" 28 57 31 45 -14
" 28 59 36 L5 -9
" 29 92 27 3k -7

" 29 ok 31 4o -9



Tubes Whose Eddy Current Readings ¢

Decreased by 5% or More (Contd)

Quadrant III
Ditto
1"

Line

30

- 30

30
31
31
31
32
3k
35
35
35
36
36
'38

39

39

L0

Row

12/74 Reading

6/Th Reading

%

20
20
34
36
20
38
25
30
24
Lo
4o
Lo
42
Lo
28
34
32
28
29
35
30
35
43
30
29
20
Ty
30
ko
22
22
29
29
30
25
37
28
34
39
yo

0

30
30
4o
L5
30
L5
30
35

35

Difference

-10
-10
-6
-9
-10
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Identify which tubes were plugged in the December 1974 outage in

accordance with your 50% plugging criteria.

.Answer

' As a result of the eddy current. inspection conducted in

December 1974, one tube was plugged. This tube is located in

Quadrant III of the "A" steam generator at Line 47, Row 46. This

tube showed an eddy current testing indication of T4% through wall

penetration at the #2 egg crate.

Subsequent investigation revealed that this defect had
been missed in the June 1974 eddy current inspection. A review of
the tape containing the eddy current trace for this tube showed that
a defect was present in June 1974, and that the defect amounted to
a through-wall penetration of 50% to 60%. As this defect exceeded
the plugging criterion established for the June 1974 eddy current
inspection, it was plugged.

Based upon the results of a statistical analysis of the
eddy current data taken in December 19Th compafed to that taken in
June 1974, it was concluded that little, if any, additional wastage
has taken place in the time period between these two inspections.
The results of this statistical analysis were reported in a January 3,
1975 submittal.

A statistical investigation was launched into the eddy current
testing techniques following the implementation of the 50% plugging
criteria in the summer of 19Th because:

a. Wide variations both positive and negative in two sets of eddy
current testing data obtained one day apart on 87 tubes in a
foreign steam generatorﬁ

b. Wide variations both positive and negative in two sets of eddy
current testing data obtained approximately one month apart
(during plant shutdown) on approximately 110 tubes in the
Palisades steam generatofs.

c. Wide variations both positive and negative in the data sets
obtained during the full testing of the Palisades Plant steam

generators.
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d. The conclusion of no increased wastage from the metallographic
examination'of a tube extracted from Palisades steam generators
that, accbrding to the eddy current testing evaluation, had shown
a large increase in wastage between fall 1973 and summer 19Tk. .
Dufing this period the plant was shut.down. The metallographic
conclusion was, "There has been thought that wastage has pro-
gressed during shutdown. The observation that an indlgenous
oxide film persisted on wasted areas examined from tubes removed
in ‘June 1974 indicates wastage had terminated, rather than con-
tinued during the shutdown period. Moreover, for wastage to have
continued, one would expect phosphate salf deposits i@mediately
adjacent to wastage regions, which were considered to have propa-
gated during shutdown. Such was not the case. Rather, these
surfaces were effectively clean." (K. C. Youngdahl transmittal
to Directorate of Licensing dated August 20, 1974, Attachment B,
Page k4.)

Attachment A to the August 20, 19Th submittal summarized
significant (<15%) increases in wastage that eddy current testing data
"indicated had occurred during the shutdown period from fall 1973 to
summer 19T74. Similar data for significant decreases were not included
in this attachment because it.was recognized that no reasonable
mechanism for tube healing existed and statistical evaluation tools
had not yet been developed to evaluate the significance of the data.
The tubes indicating significant (>15%) increases (approximately 250)
to above 50% as well as other tubes having increases to above 50% and
tubes that had previously indiéated above 50% through-wall degradation
.were plugged.

Following this plﬁgging, the results of the statistical
investigation showed that no significant wastage had occurred between
fall 1973 and summer 19TL4. These conclusions and the techniques used
to arrive at the conclusions and the evaluation of the December 19Th
eddy current testing results are detailed in the attached (and pre-
viously informally submitted) August 8, August 27 and September 26,
1974 letters from J. Jaech to D. Noble and the eddy current testing
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report submitted January 3, 1975. Also following the tube plugging,
the results of the metallographic examination described above became
available.

The attached letters also conclude that, based on both
" physical and eddy current measurements; there is about a 12.7%
conservative bias in the eddy current measurement.

The fact that some tubes do show an indication, based upon
the December 19Tk inspection, of more than 50% through-wall penetra-
tion, may be attributed to several different scurces. One may conclude
that isolated locatibns exist where wastage is still taking place.
Because the mean wastage was essentially zero; however, one must then
also conclude that isolated locations exist where the tubes are healing
" themselves. This second conclusion, clearly, is not realistic. While
a large number of the measurements taken in December 1974 agree very
well.with previous measurements, isolated occurrences of substantial
deviations, both plus and minus, do exist. These substantial devia-
. tions appear as tails to the bell-shaped normal distribution curve
expected from measurements of finite accuracy.

Consumers Power Company has concluded that good reasons
exist for not plugging tubes that may have shown greater than 50%
through-wall penetration in the December 1974 inspections.

a. In all cases, except fqr the tube missed in thé June 1974 in-
spection and subsequently  plugged, the indications are still
less than T3% through~wall penetfation required to Wiﬁhstand
an LOCA. This level of defect is identified by Regulatory Guide
1.83 as the limit of acceptability. The water chemistry environ-
ment within the steam generators has been changed from coordinated
phosphate to volatile treatment.
Flushing reports submitted in accordance with the Technical
Specifications show. that the conversion to volatile treatment
has been achieved and the secondary water can be maintained
fully in accordance with volatile treatment specifications.

b. Industry experience, both actual operating experience and pot-

boiler testing, has shown that volatile water treatment does
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not attack the steam generator tubes at as rapid a rate as
phosphate treatment has in various plahts.

No known mechanism exists for causing wastage at a rate which
would have to be assigned to a few of the Palisadés tubes based
upon the difference in observed eddy current indications and
the period of operation between measurements (7.5 effective full
power -days).

These tubes may provide valuablé assistance in determining the
limitation of eddy current testing in steam generator tubes if
they are saved fbr subsequent inspections. - If they are plugged,
their usefulness is destroyed. ' | _

There is no known wastage mechanism for only a few isolated tubes
to undergo attack.

Therefore, no tubes other than previously described were

plugged.



« EX(ON'NUGCLEAR COMPANY,inc. . '
2101 Horn Rapids Road, Richland, Washington 99352. | |

PHONE: (§09) 946-9621

August 8, 1974

Mr. Daniel M. Noble
Nuclear Operations
Consumers . Power Company

. 1945 W. Parnall Road

" Jackson, Michigan 49201

Dear'Dan;

This summarizes my findings‘as a result’ of my visit to Jackson on
August 6-7, 1974 to explore the statistical aspects of the Eddy current
testing of Palisades generator tubes. .

The initial problem as defined 1s to evaluate the measurement
error associated with a reported tube "wastage" value as determined by
Eddy current testing. More generally, the problem is to distinguish
between actual tube wastage and reported wastage, where th1s latter
value includes the effects of measurement errors.

Statistical Model

-In.many measurement situations, the problem of evaluating measure-
ment errors is relatlvely simple. This is true when there exist good
calibration standards and when a measured value is not too dependent on
the human element. Unfortunately, with Eddy current testing neither of
these conditions exist. The calibration standard is of questionable
quality, and the human interpretation of the source data plays a major
role in determining the reported value. Thus, reliance must be placed
on making inferences about the sizes of measurement errors based on data
that consist of reported wastages for individual tubes.

The largest data base consists of paired measurements. That is,
measurements are made of a large number of tubes at one point in time
and repeated later on the same tubes. Unfortunately, actual corrosion
may take place between the two. time periods which complicates the problem.
However, such data can be useful if some assumptions can be made.

. This situation is modeled.

Let x

5 reported wastage at time 1 for tube i (% wastage)

reported wastage at time 2 for tube i

Yi

Throughout this dlscu531on, restrict attention to value of x; and y3
that are above the detection limit of 20%.,

AN AFFILIATE OF EXXON CORPORATION
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Aésume:the following mbdels 

where }; is the "true" wastage at time 1 for tube i, €5 is a random error.

of measurement, w; is the true incremental wastage for tube i that: occurs
between times 1 and 2, and n4{ is also a random error of measurement,-

_ Note that at time 2, the true wastage for tube i is then i + wy.

Before proceeding further, a comment on this model is in order. - It
is assumed that wy, the incremgntal'wastage,-is independent of 1y, the '
initial wastage. The adequacy of this assumption can be checked in a
gross way now (more on this later), and when data are taken at a third
time period, the assumption can be relaxed. .For now, however, assume that
vy and My are independent. -

Assume that His Ef> Wj, and N4 are random variables with mean - -
values ly, €5, Wy, and N, and with variances cﬁ, 0%, 0%, and U% respectively.
A number of statistics can be calculated from the data. These include the
means of the x and y values, denoted by x and y respectively, their.
variances, denoted by s and s2 respectively, and the covariance between

- X
the x and y values, denoted by Sxy-

Suy = {inyi - inEyi/n} /(n-l)'

where n is the total number of paired tubes in question.
Now, it follows that

X estimates Y, + g,

estimates Wt  + wg + N,

7 : o ¥ ¥
si._estiﬁates Gﬁ + 6%

s% estimates 0f + 03 +'c%
Sxy estimates Gﬁ N L

From the above, note that (y - X) estimates w, + (Mg = €o)-
Thus, the observed change in average wastage estimates the true average

‘increase for the tubes in question plus the difference in measurement

biases. If the measurement bias is the same at both periods of time,
then this has no affect on determining w, since (no - eo) becomes zero.

B e e RELL? o e - X TDR AN 0T BT Al AR - b Fardad i E e 2 e ot e vy o
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Mr. Daniel M. Noble . -3- August 8, 1974

However, in order to estimate the true average wastage (as opposed to
incremental wastage) at any point in time, there must be no measurement
bias, i.e., n, and_eo must be zero. Note also that for data of the type .
under discussion, it is impossible to distinguish between actual .incre-
mental wastages and measurement biases. . Supplementary data must be made

- available (more on this later).

Turning your attention to'si; s2, and Syys note that thgfe are 3
statistics and 4 unknowns. However, it is not unreasonable to assume
that Oé = g2, i.e., the measurement precision is the same for both time
periods. When: this assumption is made, then we obtain the following
estimates of the parameters: .

2
0’ =
u Sxy
L S S
62 62 S% = Sxy
20 _ 2 _ 2 ]
62 = s2 -2

These results are now applied to some data sets.

Japanese Data

For purposes of our discussion, the first data set is referred to
as the Japanese data. For these data, the "time 2" data were taken -
after a period of plant operation. The data are somewhat different from
those just discussed in the sense that at time 2, duplicate wastage
measurements were taken. Direct use is made of these duplicate measure-
ments momentarily, but for the present, use the method of analysis just
described except that y; is now the average of 2 measurements. This
means that sZ then estimates oﬁ + 0% + G%/Z, and the estimate of G% is
changed accordingly. : .

For the 87 data poiﬁtS'in question, the following results are
obtained.

y - X = 12.3 (% wastage increase)

s2 = 123.73

's2 = 146.83
"sgy = 108.25 _
G2 = 108.25 - G, =. 10.40
© . 8 = 3 = 1548 > G = 3.93 :
62 = 146.83 - 108.25 - 7.44. = 30.84 > O, = 5.55

oy wric e ~TRS AR W R e Sy 2 T Lk b A & S B d A5 e £ e i
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Mr. Daniel M. Noble _.. - -4 - . . August 8, 1974

The key parameter is O (or Gn), the measurément error standard
deviation for a given measurement. This is about 47 wastage for these
data so that roughly speaking, a true wastage is within. + 8% of the
reported wastage for a given tube.w1th about 95% confldence.

This data set also prov1des a dlrect estlmate of Oc because of -
the duplicate measurements made at- time 2. In general, duplicate measure-
ments made at a given point in time will teénd to depict less scatter
than at different points in time because of more stable measurement
conditions. This is true here also where the direct estimate of O¢ is
2.38% (as opposed to 3.93%). I regard this lower value as a.limiting

value and would accept the 3.93% value as being more descrlptlve of

actual measurement performance. -

Before 1eaving the Japanese data, we investigate briefly‘the .
validity of the assumption that w; is independent of U;, i.e., that the.
increase in wastage is independent of the wastage at tlme 1. This data
set affords a good opportunity to do this because the lj values vary
over a wide range, from 25% to 80%. The data were divided into 3 groups
on the basis of the My values, and values of (y - X) were computed for .

‘each group with the following results:

,GFOQE S | - x)

x; <43 . 1.0
447 < x; < 53% ' 13.7
xg > 542 8.6

Since the (? - X) values are fairly constant and 1ndependent of Xis.
it follows that for these data, the assumption that Hy and w; are

_independent is reasonably valid. I hestitate to generallze on this, .

however, and at this point would caution that the assumption bears
watching. The Palisades data to be taken within the next few months
will be very useful in determining if those tubes that show the highest
wastage between times 1 and 2 will continue to exhlblt such accelerated
wastage rates.

Palisades Data

The Palisades data that were analyzed consisted of wastages for a
subset of tubes in the A generator measured in June of 1974 and remeasured
several weeks later. During this period of time, the plant was not in -
opération.

The data had been written on data sheets, and as I transcribed the
pertinent data for anmalysis, a definite lack of randomness was noted in.
the (yi - xj ) values. The first subset of the data consisted of values
that were laroely positive, while a second subset centained a large number
of negative values. :
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In returning to the original source data, it was found that the.
demarcation point in the data coincided with two different sets of .
original data, one set with pages numbered 1-5, and corresponding to
Quadrant II, and the second set with pages numbered 1-4 and corresponding
to Quadrant III. It is apparent that some relative bias exists between
the two data sets, and if the reason(s) for this bias can be determined,
it should hopefully lead to measurements of improved quality.. The
relative bias in the two sets of data in question is over 74, and hence,

.is not inconsequential.

For purposes of this discussion, the data. were divided into the ‘
two subsets and the parameters were estimated separately. The results
are as follows: : : -

Set 1 © Set 2

n | sy " 48

X 52.9 54.1 r
57 57.4 51.6
G- 4.5 -2.5

s2 7.11 . 10.87

s2 35.17  ° 40.25
Sxy 5.33 _ 1.62

o, 2.31 1.27

Oy 5.30 5.42
86' 1.3 3.04

Bias in Eddy Current Results

The best way to estimate the Eddy current measurement bias is to
compare Eddy current results with those based on direct physical measure-
ment of tubes removed from the generator, This was done for seven tubes
with the results as follows. - . : -
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Mr. Daniel M. Noble . -6- August 8, 1974

' | » o | % Wastag:e

Eddy Current . Physical =~ Difference
50 37 13
30 . 18 12
45 30 .15
61 ’ 41 20
7 60 1n
72 65 7

76 | 65 11

The average difference is 12.7%, with the Eddy current results on
the high side. If the random error of measurement for the physical
measurement is assumed to be small relative to that for Eddy current,
then the estimate of this error standard deviation for Eddy current is
4. 034. This corresponds to. Og.

Summari

’ . ) (1) The random measurement error standard deviation for a single
' measurement is about 2-4%.

(2) The Eddy current method is b1ased high by about 13% (absolute)
~(3) There is an apparent shifting blas of some magnltude in the

Eddy current method. That is, the bias depends on the set of
measurement conditions that exist at the time of measurement.

As T indicated to you, I will try and contact Clyde Denton of Zetech
e . and obtain further information on measurement prec151on and accuracy. I
will keep you informed.

Sincerely,

hh L. Jaech
- Staff Consultant

JLJ:jak
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. _ L
2101 Horn Rapids Road, Richland, Washington 99352 +6

pHONE: (509) 946-9621

August 27, 1974

Mr. Daniel M. Noble
Nuclear Operations
Consumers Power Company
1945 W. Parnall Road

- Jackson, Michigan 49201.

- Dear Dan:.

As we had planned, I visited Zetec on August. 26 for discussions
with Clyde Denton on Eddy current inspection of generator tubes,. ‘especially
~from point of view measurement errors. Clyde was most cooperat1ve and
eager to assist in the evaluation of such errors, .and 1n reducing their
effects to the extent feasible.

With reference to my report of August 8, you will recall that we
were bothered by the non-randomness in the Pa11sades inspection results
of June-Jduly, 1974. Clyde explained that the June data had been created
by a reader who had the results of earlier inspections before him and who
had been hesitant to report decreased wastages in the June data. On the
other hand, Clyde himself generated the July data completely independent
of prior knowledge. Thus, the June data are perturbed by biases while
-the July data form the more realistic set.

~ To correct this situation, C]yde volunteered to re-read the June
tapes himself. He will then give me the corrected results and I will redo
the analysis reported in the August 8 letter.

. . I also discussed some of the other points we had raised during my
v1s1t with you. The following are Clyde's reactions.

W1th respect to the advisability of routinely taking. dup11cate
measurements, he does not feel that this is worthwhile. He feels that
the trace data themselves are quite reproducible. Although this point
did not occur to me at the time, it wauld seem that the use of two
readers, operating independently, might be beneficial if the incentive
is there to reduce the error. .

The human element has been removed to the extent possible. The key
tasks in reducing a trace to a percent wastage involves locating the two
points on the pattern that define the slope. Once this is done, all else
is mechanized and is .independent of the operator. There seems to be no
way to lessen further operator influence-on a reported result.

AN AFFILIATE OF EXXON CORPORATION
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I brought up the question of adequacy of calibration standards.
Clyde does feel that he needs improved standards and intends to move in
this direction. He feels that this need has become more apparent now .
that wastage surveillance has become so -important.. However, with respect
to the 13% estimated bias between the Eddy current data and the physical
measurements, Clyde does not feel that the bias is this large. In his
opinion, physical measurements are also subject to large errors and will
tend to be biased on the Tow side.

With respect to probe changes, the operating procedures call for

" probe replacement upon breakage. Apparently probes do not wear out as
such but rather break first because of the tight bends they must traverse.
He also feels that the trace data are not much affected by -which probe is
used. .

Finally, I asked about the advisability of indicating on the data
sheets those instances when traces are especially difficult to interpret.
Clyde feels that this serves no useful purpose because of the frequency
with which this occurs, and because operator judgement as to. which traces
fit this category becomes so important. 4

I will keep you informed as more 1nformat1on develops on this
~ subject.

Sincerely,.

L. Jaech
Staff Consultant

JLd:jak
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PHONE: l509} 946- 9621

Mr. Daniel M.
Nuclear Operations

Consumers Power Company

1945 W. Parnall Road
Jackson, Michigan

Dear Dan:

149201

L8 -

September 26, 1974

With referenceto my ear11er communications on the subject of Eddy

current. testing of Palisades generator tubes, Clyde Denton has completed .
re-reading the June tapes and supplied me with a corrected set of data.
Although this removed some of the apparent anomalies in the June—Ju]y,
11974 data, there is still some strong evidence of nonrandomness in the
data which makes it very difficult to sort out the effects of measure-

ment error from- actual tube wastage.

Percent Wastage

23
20
17
14

to
to
to
to

to

to
to
to
to

to

to

“to

25

22

19

16
13

10 .

TABLE I

. The prob]em is . portrayed in Table I which _gives frequency d1str1—
butions of wastage for quadrants II and III.

Frequengx,Distributions of Percent Wastage

Quadrant II

|
|
1
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L[]
M
I
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1111

Quadrant III
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There are two conclusions to be drawn on the basis of the Table I
data. First, it is evident that the data for quadrants II and III are
different for some reason. Second, it is also quite obvious that within
the .quadrant II data, there is more than one population present, 1 €.,

‘the distribution is b1moda1

It is the second p01nt that is part1cu1ar]y bothersome, a]though
the facts that the distributions for the two quadrants differ also poses
a problem because there is no apparent reason why actual wastages should -
differ. Thus, the problem reduces to trying to uncover the reason(s)
for the nonrandomness.

Further investigation suggests that the data of Tab]e I might
perhaps be categorized by date of measurement for the last set of measure-
ments made around July 1, 1974. Table II presents the data in this way.

| ~ TABLE II

Wastage Data

'Percent'wastage | Measurement Date < 6/28 Measurement Date > 6/28

23 to 25 : |
20 to"22 : - B
17 to 19 - o N
14 to 16 o . N
11 to 13 - 3 M HH
8to10 I ' HI
5to7 T - i
2tod NI o WL
“ltol TN T TR TN T M TR TN
-4 to -2 M I
-7 to -5 [ ' ' -
=10 to -8 |

Th1s partitioning of'the data. presents the same sort of prohlem

-as ‘the partitioning by quadrant, since most of the measurements made in .

Quadrant II occurred on or after June 29 while most of those made in
Quadrant III occurred on or before June 28. :

I can offer no exp]anat1on for the nonrandomness in the data but
can anly observe that there must be reasons for it, and that uncover1ng
the reasons might prove to be a very important result frem po1nt of view

of mak1ng 1nferences about tube wastage In the meanwhile, it is necessary
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to group the data using some cr1ter1on in order to obtaln valid est1mates
of measurement errors. o :

- In forming the grouping, I note from Table I that all the QUadrant-
IITdata and part of the quadrant II data form one group while the remaining
part of the quadrant II data form the second group. There appear to be.
obvious time trends in the quadrant II data. Referring to -the original
5 data sheets of quadrant II data, form a group consisting of the first 8
observations on page 1 (42-79 to 11-104), observations 4 through 9 on page -
2 (10-97 to 19-96), and observations 7 on page 4 through 5 on page 5
(56-45 to 36-91). The distributions of the wastage data are -then as follows.

 TABLE 1II

Grouped Wastage Data

Percent Wastage Group 1 ' Group 2
23 to 25 ] ' -
20to22 ||
17 to 19 1
14 to-16 N ll I

11 to 13 TN l

- |

8 to 10 1
‘5to7 |

N

2to 4 M
- M

N

HJ I THE THE I N Hll

-1to1
-4 to -2
-7 to -5 | H
-10 to -& | | I

%22"

- The nonrandomness has now been removed from the data. I repeat,
however, that the real key to evaluating the wastage data consists in
uncovering the reason(s) why the group 1 and group 2 distributions are
dlfferent , '

The methodology discussed in my Augﬁst 8, 1974 letter to you is now
: app]1ed to the Table III data. The results are summarized in Tab]e IV
using the same notat1on as in the ‘August 8 letter.
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TABLE IV

Parameter Estimates

Group 1 Gréug P
n S 84 .
X 50 . 51.8
[ 63.7 526 .
- 127 " o8
s 28.08 - 26.41
s} 28.23 35.88
Sy 17.54 . 24.38
6, . 419 - 49
5, . 0.39 3.08
5 325 1.2

First, consider the Group 1 data. It is quite evident that s§ and
s are not really different and therefore, oy is not truly different from
-zéro. This says that all 25 tubes involved "wasted" by the same amount
between times 1 and 2; i.e., by 12.7%. Such an occurrence is difficult
to accept; and it seems more reasonable to me to suspect that the 12.7%
increase in wastage reflects a measurement bias rather than an actual
wastage. ‘ : 7 ,

Consider Group 2.. In this instance, the average wastage is only
0.8%, clearly not different from zero. Although the best estimate of Oy
is 3.08 for this set of data, the facts that the average wastage is
essentially zero and that sf and sZ are not statistically different suggests
that, as with Group 1, o, does not”differ from zero. Thus, revised
- estimates of the parameters are in Table V.
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TABLE V

Revised Parameter Estimétes ,

Groug 1 ) Groug 2
o, 4.19 - - 4.94
W 0 . 0
N 3.26 2.60 _

In summary, I suspect that there was no.actual tube wastage during
the one month period of non-operation, but that the average incremental
wastage of 12.7% for the 25 tubes that comprise Group 1 was the result of
a measurement bias. The random error .of measurement is about 3% (one
standard deviation). ' :

I plan on doing nothing further with the;e data unless you wish my
assistance in trying to uncover reasons for-the nonrandomness in the data.

Sincerely,

%éech

Staff Consultant

“JLJd:jak



53

Provide sufficient evaluation of the wastage observed in the summer
1974 and the December 1974 inspections to verify that wastage has not
progressed in the Palisades Plant steam generators.

Ansver .
The raw data obtained during the December 197k ECT of the

"A" steam generator shows wide variation both positive and negative

in some cases from the data previously obtained during the summer

1974 inspection. These variations are similar to variations observed
between data collected previously at the Palisades Plant_(fall 1973

to summer lQTM data and data which compared approximately 110 tubes
tested about 30 days apart during the summer 1974) as well as similar

to variations observed in two sets of data obtained in a foreign

steam generator. ‘Two alternatives exist with regard to evaluation

of the data.  One alternative is to evaluafe the data using statis-

tical techniques to determine if a pattern exists in the data which
indicates that wastage has taken place during the interval of interest.
The second alternative is to accept the data &s is, assuming that the -
significant variations in both the increased wastage and decreased
wastage directions are not appreciably caused by the ECT technigue.

The purpose of the statistical analysis (the first alternative)
is to determine the true wastage of a given tube. The problem is
complicated by the fact that the measurement error with ECT is quite
large. On top of this random error of meésurement, with the collecting,
interpreting, and processing of such a volume of data, there is the
likelihood that "mistakeé" beyond the range of expected errors will be
made. These can occur due to misidentification of tubes, misreading
of the ECT tapes, or ﬁistakes in recording the wastage value. This
problem is common in statistical analysis with values that are un-
explainable being identified as "outliers." The fact that outliers
can. be expected to occur with ECT is important to keep in mind, for it
may not be possible to find_é_rational explanation for a small number
of tubes that may appear to exhibit a large increase in wastage over
a short period. On the other hand, the data would indicate that some

tubes apparently experience appreciable "healing." These data points
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can also be identified as outliers. Since outliers have been shown
to occur in both directions, it seems that the rational explanation
~ is that they ére due to "mistakes" in the measurement process.

The random error of measurement can be evaluated based on
data that consist of paired measurements. Thét is, if a tube is
measured twice, then the paired data can be used to estimate_the
- ‘measurement error. If, in fact, actual wastage occurred, this can
| be taken into account.. Consider the following model:

Let xi = Reported Wastage at Time 1 for Tube i

yi = Reported Wastage at Time 2 for Tube i
My = True Wastage at Time 1 for Tube i
w. = True Incremental Wastage Between Times 1

and 2 for Tube i :
Thus, for example, if there were no error of measurement,

then:

X1 = ]Ji
i +
yL =¥y T Wy

However, there is a measurement error, which we will depict

by ei at Time 1 and by n at Time 2. The model becomes:

xi=u, + ¢,
Hi i

i + +
YEEH T TNy
It is assumed that'ai and ni both have mean values of zero,

ie, on the average, the true value will equal the observed value.

(This appears to be on the conservative side since a relative bias of
about 13% has been démonstrated between ECT results and those found
by metallographic examination, with ECT results on the high side.)
Further, assume that both € and e have the same variance, designated
by oﬁ. .

The problem is to estimate the parameters from the data.

It is easily shown that:

(¥ - X) estimates w_, the average increase in true wastage.

)
s2 estimates o2 + o2
X H n
s2 estimates g2 + g2 + ¢?
y W n

s __ estimates o2
Xy U
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where si is the sample variance among thg Xy values,_s§ is the sample
variance among the y; values, and Siy-is'the sample covariance between
the xi and yi values.

This model is applied to the inspection data of June 19Tk
(Time 1) and December 1974 (Time 2). The results are as follows:

(y - x) = 0.62% (Estimated Increase in Wastage)
2 _
sy = h7.81
2 =
55 55.95
s2 = 28,67
o

Therefore, the following estimates are found for the

standard deviations:

6, = 5.35
6. = 2.85
6n = 4.37

The best estimate of the average inerease in wastage is
0.62%. The best estimate of the standard deviation of how much
individual tubes might have differed from this average of 0.62% is
2.85%. The best estimate of the random error standard deviation is
4.37%. The estimate of actual wastage increase is very small and is
of questionable statistical significance. In fact, si and s; will
both estimate the same quantity if oﬁ is deemed to be zero. In this
case, the random error standard deviation is 4.82%.

Some additionalvdata confirm the above results. In June
197k, there was a number of tubes that were measured in duplicate.
Based on 80 such pairs, the estima.tedﬁn = L.78%, in excellent agree-
ment with the June 1974 - December 1974 data. The conclusion is that
“the agreement between the June and December data was the same as the
agreement between the two sets of June data, confirming the conclu-
sion that no wastage occurred between June and December.

A similar conclusion follows if the September 1973 data are
compared with the June 1974 data. For the 80 sets of duplicates just
mentioned, the June readings were also available. - The differences,
June 1974 minus September 1973, are given in the frequency distribg—

tion table.
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6/74 - 9/73 Wastage (%) Number of Tubes
11 - 13 C 2
8 - 10 3
5-17T T.
2 - L 12
-1 -1 31
-4 - -2 13
T = -5 10
=10 - -8 1
-13 - -11 : 1

The average is 0.0, implying no actual Wastage; The estimate |
of o is Gn = 3.66, in qualitétive agreement with the previous results.

It is concluded that very little, if any, wastage has oc-
curred between September 1973 and December 19T4. The few tubes that
seem to have wasted can be explained as being due to "mistakes" in
the measurement process.,

If the tubes measured in December 19TL are regarded as a
sample of the tubes in the generator, then on the basis of the
December measurements, the best estimate of the distribution of ac-
tual wastages is that the mean is 37.81 and the variance is (28.67 +
8.1&) = 36.81, or the standard deviation is 6.07. Thus, the estimate
of ﬁhe percentage of actual wastages that exceed 50% is found from a
fable of the normal distribution (t value is (50-37.81)/6.07 = 2.01)
to be 2.2%. The estimated percentages that exceed other true wastage

values are as follows:

True Wastage " Percentages That Exceed This
50% 2.01 ‘ 2.22%
55% 2.83 0.23%
60% 3.65 <0.1%
65% 4.48
T0% 5.30
T3% 6.12

This applies to the population from which the tubes were
sampled, ie, those considered to be the most prone to wastage.
' Aésuming the observed variations in data were not'appreciabLy
affected by the ECT technique (the second alternative), one must ex-
plain the increases and decreases in the tube wastage indications. .

The decreased wastage indications show that some tubes are healing
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themselves. No known mechanism exists for this phenomenon and it

is difficult to postulate a mechanism. It is easier to postulate a

mechanism that would cause wastage increases to occur in the interval

" between tests although it is not possible to postulate it occurring

on only a few tubes. Postulated mechanisms are a shutdown wastage

mechanism, the previously observed wastage mechanism during power

operation and'possibly fretting due to flow induced vibration.

Evaluation of these postulated mechanisms shows that none were

likely to have occurred. A summary of these evaluations follows:

a.

Shutdown Mechanism - The plant was in a shuﬁdown the majority

of the time during the interval between eddy current tests.
Because of large increases in wastage indications (based‘on ECT
results) ‘during a previous inspection interval, detailed in-
vestigations have already been performed to determine a shutdown
wastage mechanism. These investigations failed to identify a
shutdown wastage mechanism for Inconel tubing. These results
were also confirmed'by metallographic examination. The con-

clusion of the metallographic examination was, "There has been

"thought that wastage has progressed during shutdown. The ob-

servation that an indigenous oxide film persisted on wasted

areas examined from tubes removed in June 1974 indicates wastage
had terminated, rather thanrcontinued during the shutdown period.
Moreover, for wastage to have continued, one would expect phos-
phate salt deposits immediately adjacent to wastage regions

which were considered to have propogated during shutdown. Such
was not the case. Rather, these surfaces were effectively clean."”
(R. C. Youngdahl transmitted to the Directorate of Licensing
dated August 20, 1974, Attachment B, Page k.)

Wherever and whenever possible the generators have been operated
so as to minimize the effect of a shutdown mechanism if one is
occurring. This has been done by keeping the generators hot (300°)
and under continuous or periodic blowdown.

Therefore, we have concluded there is no shutdown wastage mechanism.
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Wastage During Operation - Wasﬁage during power operation has

been shown to occur only in the presence of very high phosphate
ion concéntrations during power operation and to be stifled by
all volatile water treatment. The "Steam Generators - Secondary
Water Chemical Flushing Report" submitted to the Directorate of
Licensing, November 6, 1974 shows that the steam generators were
converted to operation within the specifications for all volatile
chemistry control shortly after resuﬁing power operation following
the summer 1974 eddy current testing. The report shows that

power operation with secondary water phosphate ion concentrations

.of greater than 1 ppm was limited to approximately one day and

operation with concentrations of greater than 5 ppm was limited

to about two hours.

The results of pot-boiler tests performed by Nuclear Steam System
Suppliers and industry experience in the conversion from phosphate
to volatile secondary water chemistry treatments shows that wastage
is stopped once all volatile secondary waﬁer specifications are

achieved. Assuming the indications of increased wastage are not

“a product of the ECT techniques and are, in fact, actual wastage,

a wastage rate can be calculated. If the time period for the rate
is assumed to be that which corresponds to power operations with
phosphates.greater than 1 ppm, the wastage rate calculated is more
than 100 times greater than that previouély observed through
industry experience or induced in pot-boiler testing. If the
total time of power operation (includiﬁg the period within volatile
specifications) is used to‘determine the wastage rate, the rate
calculated is still in excess of 10 times greater than any rate
previously observed.

Further, the tubes tested in December 1974 were selected because
they had previously experienced wastage. No mechanism is known
by which only a few of these tubes could selectively experience
active Wéstage during this time interval of power operation.

As there is no known mechanism for experiencing wastage at the

rates described above and selectively as described above, we have
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concluded that significant wastage is not likely tb have occurred
during the power operation in October 1974 and that the observed

increases in the ECT data will have to be explained by some other
phenomenon which involves the eddy current method.

c. Fretting Due to Vibration - The possibility of fretting due to

vibration has been considered. It was concluded that this was
not the cause because of the short interval of operation between
fhe test intervals. It is not conceivable that, during power
operation in excess of 10,000 hours, fretting would produce less
than a 20% through-wall penetration and yet in the next 600-700
hours, 40% additional through-wall penetrétion. Further, there
is‘no geometrical pattern consistency as would be expected from
fretting. Also, numerous tube samples have been previously
removed from the generators and examihed with no observation

of fretting damage.

In addition, the possibility of intergranular (IG) attack
has been considered. The tubes showing large'increases in ECT indica-
tion were not previously affected by IG attack. The ECT patterns
were typical of wastage and not IG-type defects. PFurther, as.con—
cluded in the January 3, 1975 ECT report, the previously experienced
IG attack has been shown to have been stifled.

Based on investigation conducted and considerations sum-
marized above, we have concluded that reasonable assurance exists
that wastage observed in the Palisades Plant steam generators has
not progressed since summer 19Tk and; in addition, since the fall

of 1973.






