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Purpose .

v Provide information on tube-to-tube (T-T) wear
* |nspection results
* How the indications were identified
« Reporting Criteria
* Primary and secondary analysis
* How the indications were sized
 Basis for sizing techniques
« Future planned actions
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Background .

v' TMI-1 installed AREVA, Enhanced Once Through
Steam Generators (EOTSGs) during T1R18

* Operated January 2010 — October 2011

v' General design features of EOTSGs
« 15,597 tubes per EOTSG
* Full depth hydraulic expansions in tubesheets
» 15 stainless steel tube support plates (TSP)
— Trefoil broached holes, 1.18” thick
— Numbered 01S (bottom) — 15S (top)
— 158 TSP has 1470 drill holes in peripheral tubes
— Spacing between TSPs varies from 35” - 46.4”
— Aspirating ports are in 10" span
« Nominal gap between tubes is 0.25”
v’ First inservice inspection performed in October 2011

» 24-month fuel cycles
« 1.72 effective full power years (EFPY) on EOTSGs
* Maintained hot conditions throughout operating cycle
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T1R19 Inspection Overview !

v 100% full length bobbin coil inspections in each EOTSG

v' X-Probe inspections of peripheral tubes (two tubes deep)
in each EOTSG (Evaluated 15t span for loose parts)

v' Tube damage mechanisms found in each EOTSG
« Tube-to-tube support plate wear (T-TSP) (expected)
e Tube-to-tube wear (T-T) (not expected)

v No evidence of tie rod bowing

v No tie rod to tube contact or proximity
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EOTSG A, T-T Wear Map
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T1R19 T-T Wear Identification !

v" Reported as absolute drift indications (ADIs) during bobbin coil inspection with
most indications located:

* In mid-span
* In the 9t span
* In aradial pattern 30" — 45"
* In adjacent tubes (two or three)
v' Performed X-Probe and +Point on ADI signals
« Verified indications in adjacent tubes face each other
« Symmetrically tapered to maximum depth in center
» In adjacent tubes the indications are at same elevation and are same length/depth
* Length and depth have a correlation that is consistent with wear
« Good correlation of phase angles and voltages between channels

v Analysts, Exelon Engineering, and AREVA Engineering consensus is that
these indications are T-T wear

* Notified Steam Generator Management Program (SGMP) per the requirements of
Nuclear Energy Institute (NEI) 97-06

* Notified NRC
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Process for Screening T-T Wear '

v Indications reported as ADIs

— Industry standard is to use |-Codes to identify (possible) flaw
signals where no qualified sizing technique exists and
supplemental testing is required.

— Exelon guidelines require analysts to report all indications of
suspected tube wall degradation.
* Primary Analysis (manual)
— 2 0.5 volts & < 90° channel 6 or % TW >0 on channels 4 & 6

« Secondary Analysis (auto)
— 2 0.5 volts & 30° - 95° on channel 6
— %TW >0 on channels 4 & 6 and = 0.16 volts on channel 6
— 2 0.25 volts & 60° - 120° on channel 6
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Example TMI-1 T-T Wear Bobbin Data

EddynetSuite: Analysis [C]-1989,90 G7 112 as resolution [MB]
File Analysis System Tools Layout Add Displays Help

Tube Comment: LTE 0,05UTE 0,1 HDD
SG1AHCALDOGES Thu 14:51:39 Nov—-03-2011 5G 1A Row 114 Tub 40 1225
< Lmrks > P1 | 750 DIFF 6 | 190 ABSL B: 190 G1 Ch ABSL
Clear G1 | C1 |Vert] G1 | Ch |Vert 0.40 v/d span 32 rot 249
UTE-
TS

01h-
014-
013-

012-

011+

010

003

oog-

oo7- MxH @ Vimx GAn
006 1.10 volts 0 deqg ADI

008 + 18.63

o05-

004

oo3-

oo2-

001

LTS5+

LTE-




Example TMI-1 T-T Wear Bobbin Data

EddynetSuite: Analysis [C]-1989,90 G7112 as primary [MB2]

File Analysis System

Tube Connent:

Tools

LTE 0,0/UTE 0.1

Layout Add Displays Help

HDD

SG1AHCALODS69 Tue 09:36:56 Nov-01-2011 5G 1A Row 111 Tub 37 1142

< Lmrks >
Clear

UTE

P1
G1

750 |DIFF

C1

Vert

B
G1

190 ABSL
Ch |Vert

B: 190 G1 Ch ABSL

0.27 v/d span 21 rot 249

75—

015~
014~
013
012-
011-
010~
009~
008-
007-
008~
005~
004~
003-
002-
001~

14207

Vop, | MxRill VYmx GAn

D.11 volts 0 deg ADI
AV 008 + 19.58




Example TMI-1 MBM Screened as ADI

EddynetSuite: Analysis [C]-1989,90 G7112 as resolution [MB]

File Analysis System

Tube Connent:

LTE 0,0/UTE 0,1

Tools Layout

tPull

Add Displays Help

SG1AHCALDDO26 Thu 17:44:27 Mov—-03-2011 SG 1A Row 68 Tub 34 1058

< Lmrks =

Clear
TE-

UTS-

015-
014~
013-
012-
011~
010-
003-
00g-
0o -
00G-
00—
004~
003-
0o2-
oo~

LTS-
LTE-

P1 | 750 |DIFF
G2  C43 |Vert

6 | 190 ABSL
G2  C44 |Vert

G:

190 G2 c44 ABSL

0.35 v/d span 27 rot 247

24457

B Vop

M=B | Ymx GAn

0.51 volts 83 deq MEM

AY

012 + 11.84




Summary of ADI Indications (T-T Wear) n

v" ADI Indications = 0.5 volt

 “A”-9 Tubes
— Primary = 9, Secondary =7, Both =7
« “B"-19 Tubes
— Primary = 19, Secondary = 18, Both = 18

v All ADIs including review for paired tubes

« “A”-74 Tubes with ADIs (0.08 — 1.62 volts)
— Primary = 20, Secondary = 34, Both = 13
o Either Primary or Secondary = 41
o 74 of 74 confirmed by +Point or X-Probe

o “B"-202* Tubes with ADIs (0.07 - 1.25 volts)
— Primary = 145, Secondary = 95, Both = 71
o Either Primary or Secondary = 169
o *183 of 202 confirmed by X-Probe
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Process for Screening T-T Wear n

v Per Exelon & SGMP PWR Steam Generator
Examinations Guidelines, I-Code indications are
“Category lll: Supplemental Test Required”

 Prior to T1R19, +Point and X-Probe identified as
probes to be used for supplemental examinations
— X-Probe qualified for sizing T-TSP wear (EPRI ETSS 11956.3)
— +Point qualified for sizing T-TSP wear (EPRI ETSS 96910.1)

— +Point qualified for sizing various shapes of wear (EPRI ETSS
27901 — 27907)

o EPRI ETSS 27905.3 “Flat Wear” was determined to be the
correct technique for T-T wear in EOTSGs
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Example TMI-1 T-T Wear +Point Data

RPC: SG1AHCALDOB 158G 1AHCALDO815 Sat 15:28:21 Nov-05-2011 SG 1A Row 114 Tub 40 1035 [M

< CHAN =

Filter:iOFF Ptz /Scan=63 ¥Trans=0 YTranz=0 HKRot=60 FRot=330
by 300 +AXIAL

SHOW HIDDEN MAGWIFY | HORZ PLOT | CROSSHATCH || 08536, 0/085-0,0

OFF OFF OFF
i CSCAN
<PLOT>

CHAM
CE

SCAM
(CE

KSCALE
= 1.5

SCANS
=1E3

SPAM
=18

CIRC
FROM

HXIAL
FROM

NOTE: Graphic shows partial indication

180
PLOT

LISER
SELECT

SCAN
+/-8hY
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Example TMI-1 T-T Wear X-Probe Data

) AF1: 380 y || <DataDir
Summar
€1 |v/d:0.67) Rot:214

SGAHCALO0803SGAHCALO0803 Fri 03:00:30 Nov—04-2011 SG 1A Row 114 Tub 40 1063 [MB]
| AF1: 360 || CF1: 380 AF1: 380

1 | 360
C30|Vert

J

= Tube =

< Get >
I Setup
Save ‘

Setup
17840 Opgr

009 wVpp MxBR “Vmx _[180 ?_Elects
t
1.65 volts 79 deg17% |Aut sl |
Selects

008 + 18.59 L

> Page < ‘

_______ > Scan < ‘
— -| From-To

L Mode

CF1: 380 Vert CF1: 380 ¥ Adjust

Displa ‘

c29 | v/d0.50 C29 |v/d:0.50| Rot:227 ‘
o

=

Refresh

# scans
< Print ‘

Save >
17840 Window ‘

v\.r'pp + MxR AN mx _|1E|] Menu
1.32 volts 91deg  |Aut Help

? 550

oog  + 18.59 2.5

1.0
o I v 1.25.0.5

D.D-D.D

S+t ]
Exelon.
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Example Depth Profiles in Paired Tubes

22

20

- - = - -
o N B [« ©

DEPTH (%TW)

©

T-T Wear Depth Profiles
EOTSG A, Tubes R26-T36 AND R26-T37

——R26 - T36
—=—R26 - T37

13

14 15 16 17 18 19 20 21 22 23
AXIAL LOCATION ABOVE TSP 08S (INCHES)

24
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T-T Wear Length-Depth Correlation u

EOTSG A/B T-T WEAR
LENGTH/DEPTH CORRELATION

y=-0.0098>% + 0.509x + 1.8162

LENGTH (INCHES)

DEPTH (%TW)
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Site Qualified Sizing Technique for T-T Wear

v' X-Probe T-T wear sizing technique developed in
cooperation with EPRI

« Used two of the same samples used to develop ETSS 27905.3
(+Point Flat Wear)

« Developed “Power” trend line/regression curve using methodology
used for other EPRI X-Probe techniques
— ETSS 11956.1 — 11956.4, Broached TSP Wear
« “Power” trend line/regression scatter plot based on multiple
examinations of 16 wear scars
— Wear scars ranged from 8% - 60% TW

« Analysis of standards performed by multiple analysts from three
different vendor organizations

« Accuracy validated through comparison of +Point and X-Probe
results for EOTSG A

Exelon.
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Graphic of Flat Wear Standard X-Probe

50 v

c2

CF3: 200

SGEHCALODOD1SGEHCALDODO1 Mon 12:29:59 Nov—-07-2011 LB 00 Row 202 Col 984 1019 [MB]
CF3: 200 Vert xrot | |
e I 3

X

c12 v/d:0.50 Rot:224 zrot
327 &

flip 180

c12 |v/d:l].5[l Rot:224

'&

916
wVpp ~MxR “Vmx _[180
t—offset
I 1.80 volts 84 deg |Aut
<profile> + 916
topview
xhatch i =
threshold ||l - - .- Tro——p |- @ .-
adj filt = —
set rots
CF2: 300 CF2: 300 H
c12 w/d:0.50 c12 |V/d:l].5|] Rot:7

t—offset
6 |

<profile>

/

916

wVpp ~MxR “Vmx _[180

1.69 volts 104 deg |Auto

+ 916

topview
xhatch

threshold
adj filt

set rots

I, < Data Dir |

Summar:
> Tube <

<= Get =

Setup
Save

Setup
Oper
Selects
Locate

Selects

> Page <

= Scan <

Mode
Adjust

Displa

Refresh

B7

# scans
< Print

Save >
Window

Menu

Help

= Lmrk =

From—To |

|

25 10
1.25. 05

0.0 0.0
1.25 =0

.25 -1
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Graphic of Flat Wear Standard +Point
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X-Probe Calibration Curve =

X-Probe Amplitude - Depth Calibration Curve

70
60

50
40
30
20

MET %TW

10

0 I I I I I I \
0 2 4 6 8 10 12 14

Amplitude (Voltage Vmx)
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X-Probe Calibration Curve Validation

Structural Variable (%TW)

70
60
50
40
30
20
10

X-Probe 300 kHz Axial
Sy.x=2.09
N=32
. /‘/4
/’/
2 0.9603 0
. y = o X +1.4017
*e R°=0.9831
/ r=0.9915
* e
10 20 30 40 50 60 70
NDE %TW
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Comparison of +Point and X-Probe

EOTSG A
X-Probe vs. +Point - %TW Correlation
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T1R19 T-T Wear Summary =

v" A total of 257 tubes were identified with T-T wear
« EOTSG A: 89 indications in 74 tubes
« EOTSG B: 206 indications in 183 tubes

v' Wear depths range from 1% to 21% through wall (TW)
v' Wear axial lengths range from 2” to 8”

v No proximity or tube contact detected

« Tubes are in tension at cold conditions and in compression at hot
conditions

v’ Sizing performed by +Point Technique 27905.3 and a site
qualified X-Probe Technique
» (Good correlation between Bobbin, +Point, and X-Probe techniques

v All tubes met condition monitoring limits and in-situ pressure
testing was not required
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T-T Wear Depth Distribution
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T1R19 T-T Wear Summary H

EOTSG A EOTSG B
Total number of In-Service Tubes 15597 15597
Number of T-T Wear Indications 89 206
Number of Tubes T-T Wear 74 183
Average Depth of T-T Wear 5.8% 7.4%
Maximum Depth of T-T Wear 21% 19%
Number of T-T Wear Indications >40% TW 0 0

Average Growth Rate T-T Wear

3.4%/EFPY

4.3%/EFPY

95 th Percentile Growth Rate T-T Wear

9.3%/EFPY

7.6%/EFPY

Maximum Growth Rate T-T Wear

12.2%/EFPY

11.1%/EFPY

Number of Tubes Plugged for T-T Wear

4

3
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Condition Monitoring Summary for T-T Wear =

v Condition Monitoring Satisfied

 Utilized maximum depth and bounding length of 39" for
3 X normal operating pressure differential conditions
(3AP)

« Substantial margin against accident leakage and
structural limits

» Large break loss of coolant accident (LBLOCA) loading
conditions evaluated and satisfied
— Assumed 180 degree circumferential extent of wear
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Condition Monitoring Assessment for T-T Wear

CM Results for Tube-to-Tube Wear
for Both Array Coil and +Point Sizing
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Operational Assessment for T-T Wear n

v Mixed arithmetic/Monte Carlo method utilized
« Cycle length 1.927 EFPY

 Addressed indications sized with +Point and X-Probe
separately

* End of cycle (EOC) length conservatively assumed 39”

« Used maximum growth over previous cycle
— Conservative relative to ANO experience

v" Significant margin to leakage and burst at EOC
« Margin ~17% for worst case flaw at EOC

v LBLOCA evaluation also demonstrates significant
margin
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Planned Future Actions n

v Update Site Specific Performance Demonstration
(SSPD) training to include T-T wear

v Convert TMI-1, X-Probe site qualification to EPRI
“Appendix H, Qualified Technique”

v Provide raw data to EPRI

v Perform 100% eddy current examinations during
T1R20 (Fall 2013)

v Support AREVA root cause analysis

v Implement appropriate actions based on the
results of the root cause
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TMI-1 Tube-to-Tube Wear Conclusions

v T-T wear was identified during the first inservice
inspection of the TMI-1 EOTSGs

v All T-T wear indications meet Condition
Monitoring and Operational Assessment
performance criteria

v T-T wear does not impact inspection interval
length for Cycle 19
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