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. 2P99 Results

¢ Inspection and Repair

© In-Situ Testing

¢ Evaluation of R72L72

¢ Deterministic Operational Assessment
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* Previous operational assessment still valid
based on 2P99 results

© TTS examination confirmed original
assumptions are still correct

 Steam generator replacement outage
September 2000 (2R14)

. Operation until 2R14 is acceptable
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2P99 Scope

* 100 % bobbin from TEH to 07 Hot

* 503 tube sample of TTS with MRPC

- Rotated all bobbin indications

. Used independent production and resolution

analysts

" Did not use resolution on lower eggcrate
indications

. Repaired all indications identified (210 tubes)




\ SR s asi e :

¢ 2P99 Results

Eggcrate Axial
TTS Circ’s
Freespan Axial
Sludgepile Axial

. W,W .f,“‘*

e

Indications

SGA SGB

49 184
9 NA
5 0
5 0




______ 3AP Value
. Primary side design pressure (2250)

Secondary side design pressure (900)
. Differential = 1350
- 3AP = 3*1350 = 4050 (operating temperature)
. Temperature correction (7.3%)
= 4050/.927 = 4369 psi (room temperature)
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. 2P99 In-Situ Test Results
: Tested a total of 6 indications
- All six met MSLB pressure with zero leakage
~ All six met 1.43 MSLB
~ Five met 4650 psi (3AP plus additional margin)
-1 flaw (R72L72) only taken to 4147 psi due to
leakage in excess of pump capacity

~ Further analysis required to determine tube
integrity
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. Operational Assessment Strategy

- Due to limited time frame - parallel paths

- Deterministic
« Evaluation of R72L72

- Probabilistic/Risk Assessment
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+ 2P99 Condition Monitoring
- Review of Tube R72L72 by Westinghouse

- Leakage
- Based on In-situ Testing - Zero Leakage @ MSLB
. Based on Probabilistic Analysis - <0.01 gpm
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Assessment of Burst Pressure for
ANO-2 SG B, R72C72

NRC/Entergy Meeting
February 17, 2000

Prepared By:

T. A. Pitterle

R. F. Keating
Westinghouse Electric Company LLC




Assessment of Burst Pressure for ANO-2 R72C72

Objectives

« Assess post in situ test condition of R72C72 relative to complete or
incomplete burst

— Compare RPC response of R72C72 with responses for EDM notches, incomplete
and complete bursts

« Estimate true burst pressure increase above R72C72 in situ pressure
— Comparison of calculated pressures for burst and for ligament tearing

— Comparisons of measured burst pressures for tests found to have incomplete and
complete bursts

Burst Pressure Requirements

* 3APy, freespan burst margin requirement

— 4050 psi requirement at operating conditions based upon primary to secondary
pressure differential of 1350 psi

* 3AP,, = 4369 psi room temperature burst margin requirement
— Based upon flow stress adjustment to room temperature
— In situ test requirement

Definition of a Burst

2/14/00 Q:Tubein\ANO-2\2000\WRC\NRCCR 72C72Pres.ppt 2




R72C72 In Situ Test Results and RPC Response

In Situ Test Results

« 4147 psi maximum test pressure attained as limited by leakage capacity of
test equipment

* Leak rate of 1.16 gpm at 4147 ps1

— Increased to > 4 gpm test system limit at next attempt to increase pressure

« Initial leakage at 3737 psi and leakage of 0.02 gpm measured at 3774 psi
Post In Situ RPC Response

» Post in situ response characterized by uniform axial width, angular response
wider than pre in situ, ‘dips’ in direction of probe rotation

« Response typical of crack opening compared to pre in situ, but without
features of a burst indication

115 Pancake Coil Sizing

« Pre in situ (2 analyses): 1.24” to 1.42”, 93% max. depth, 73% to 80% avg.
depth, 0.72” to 0.9” deep segment with about 85% avg. depth

e Post in situ (1 analysis): 1.49” long, throughwall, about 95% avg. depth
— Crack potentially opened over pre in situ detectable length

2/14/00 Q:Tubeint ANO-2\2000\NRC\NRCCR 72C72Pres.ppt




In Situ Test Results for SGB, R72C72 at 2P99 Outage

Test Pressure Test Results
(psi)
1568 No leakage for 2 minute hold time. Sinuilates normal operating pressure differential.
2232 No leakage for a 2-minute hold time.
2882 No leakage for a 2 minute hold time. Simulates MSIB pressure differential.
3737 I eakage detected
3774 Leakage =0.02 gpmmeasured over 5 minute interval.
3971 Step increases in leakage with associated test pressure drop.
3573 I eakage =0.56 gpm
4132 Leakage =0.92 gpm
4147 Leakage=1.16 gpm. Maximum test pressure obtained as corrected for test equipment

pressure drop due to leakage flow and for instrument error.

2/14/00
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ANO-2 R72C72 Pre and Post In Situ 115 Pancake Coil
300 kHz Response
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ANO-2 R72C72 Pre and Post In Situ 115 Pancake Coil
300/100 kHz Mix Response
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ANO-2 R72C72 Pre and Post In Situ Depth Profiles

B5534 - Pre InSitu Test, 400/100 kHz Mix

S$5971 - Post InSitu Test, 200 kHz
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B5534 S§5971 $5971
Length 1.24 1.42 1.49
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Avg. Depth (%) 79.9 73.1 95.0
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Comparisons of R72C72 RPC Responses With EDM
Notches and Burst Specimens

Comparison of R72C72 with TW EDM Notch RPC Responses

« TW EDM notch response shows slight ‘dips” in direction of rotation,
uniform angular response of about 51°

« R72C72 response shows larger ‘dips” and uniform angular response of about
61° (increase from about 36° before in situ)

RPC Response of ANO-2 1996 R16C60 Post In Situ

 Complete burst obvious from RPC response - wide opening, flat response
across gap, ‘dips’ at ends of crack (closely spaced crack faces)

RPC Responses of Incomplete and Complete Bursts
« Specimens taped to force coil on uniform ID to obtain responses typical of
axially non-uniform EDM notches of varying width

— 115 pancake coil responses show increased separation at center of crack, flat
response across gap, ‘dips’ at ends of crack

» Specimens without tape to ride surface of opened crack flanks
— 115 pancake coil responses very similar to that for R16C60

« RPC responses of incomplete bursts same as complete bursts except for
extent of crack opening

2/15/00 Q:Tubeint\ ANO-2\2000\NRC\NRCCR72C72Pres.ppt 8
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ANO-2 R16C60 1996 Pre and Post In Situ 115 Pancake Coil 400 kHz Response

pIST: A » Control Panat
- sinhlot Munagatnant {Ngn ol Toba [minack | O3 | Rutiuty | Weskos
= »og QG TTEN
s AR 7
A T3 ARt ety i
1itee 0 Pac o < ¥z ara L ARAGD xaaitd
X% Al WeMIY. § BR ROl

O P MR o ) W s Sy Dol

frc e 9,30
jLi

WATA = 23S RO XIC 13T St
Pin LG emd( pry MuToret
e o

LORPIPE R POk

2/14/00 Q:Tubeint\ ANO-2\2000\NRC\NRCCR72C72Pres. ppt 10



Post Burst Test Photo of Four Burst Openings with
Varying Length and Width

e

' PI-0
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Specimens P1-104-98 and P1-105-98 Post Burst Test
115 Pancake Coil Response (Taped Opening)
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Specimens PI-104-98 and P1-105-98 Post Burst Test
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Conclusions on Post Test Condition of R72C72

In situ test pressure of 4147 psi for R72C72 does not represent a
burst and the true burst pressure would exceed the test pressure

» Crack opening much less than expected for a burst

RPC response for a burst characterized by:
« Flat voltage response over widest part of the opening
- Dips in the response at the ends of the opening (closer crack faces)
— Only burst characteristic seen for R72C72 response
» Varying angular response from end to end of the opening
- Largest angular response at center of the fish mouth burst opening

Post in situ condition for R72C72
- Equivalent to tearing of remaining wall thickness ligament to permit significant
leakage but without crack extension required for a burst
— Common test result in performing burst tests without a bladder
» Typical of condition predicted by ligament tearing models as contrasted to
models for predicting burst pressure

2/14/00 Q:Tubeinf\ANO-22000WNRCWRCCR72C72Pres.ppt 14




Comparison of R72C72 and Specimen PI-104-938 Pancake
Coil Responses with EDDYNET9S5 and Same Scale Settings
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Time History Review of R72C72 In Situ Test

Pressurization rates constant for first 5 step increases up to
about 4025 psi

« Indicates no likely deformation of crack faces

Next 2 steps to 4147 psi show slightly smaller pressurization

rates than previous rates
« Implies some deformation of flanks of crack with tearing of ligaments to
increase the leak rate
« Leak rate increased to 1 gpm at next to last step and exceeded system
capacity of about 4 gpm after last step
Time values of test history adjusted to uniformly increasing

pressure as a function of time
« Pressure time history remained linear until final surge in leak rate

Conclusions

- Time history supports test termination at point of ligament tearing similar to

conclusion from review of RPC data
» True burst pressure cannot be estimated from time history data

2/14/00 Q:Tubeint ANO-212000\NRC\NRCCR72C72Pres.ppt




ANO2 R72C72 In Situ Leak Test
Leak Rate & Pressure Time History
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ANO2 R72C172 In Situ Leak Test
Effective Pressure Time History
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Increase in Burst Pressure Above Onset of Leakage

Evaluation based upon ligament tearing and burst pressure models
« Objective to predict pressure difference required between ligament tearing and burst

« Westinghouse burst model and ANL ligament tearing model applied to NDE profile

— Flow stress for R72C72 not known and 80 ksi assumed similar to prior ANO pulled tubes
with similar row material properties as row 72

e Predicted burst pressure of 4311 psi and ligament tearing pressure of 3752 for a
pressure difference of 559 psi for correction to R72C72 in situ test pressure

— Pressure difference of 519 psi for second NDE profile

Evaluation based on pressure differences between complete and

incomplete burst tests
» 80% deep EDM notches - three 0.7” long and three 0.5” long with closely controlled
notch tolerances
« Differences of 400 to 600 psi between 0.7” specimen #104 with incomplete burst and
specimens #105 and #106 with complete burst |
— Supports analytical prediction of about 500 psi for pressure difference
— RPC response shows specimen #104 crack more open than R72C72
« Shorter 0.5” specimens show larger pressure differences between incomplete and
complete bursts

2/15/00 Q:Tubeint\ ANO-2\2000\NRCANRCCR 72C72Pres. ppt 19
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Burst Pressure Differences Between Incomplete and Complete Bursts

Specimen EDM Notch Test Pressure Burst Comments
(psi) Characterization
PI-104-98 | 0.7” by 80% deep 3600 Incomplete Burst | Supports difference of 400 to
600 psi between incomplete
PI-105-98 | 0.7” by 80% deep 4200 Complete Burst | and complete burst for flaw
‘ size comparable to that of
PI-106-98 | 0.7” by 80% deep 4000 Complete Burst | the deeper part of R72C72
PI-98-98 0.5” by 80% deep 4200 Incomplete Burst | Indicates larger pressure
differences between
P1-99-98 0.5” by 80% deep 5400 Complete Burst | complete and incomplete
PI-100-98 | 0.5” by 80% deep 6200 Complete Burst | burst for flaws shorter than

R72C72

2/14/00
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Overall Conclusions on Burst Pressure of R72C72

Estimated burst pressure for R72C72 of about 4650 psi exceeds
room temperature 3APy burst margin requirement of 4369 psi

« In situ test pressure of 4147 psi increased by about 500 psi for limited crack
opening resulting from test

» Correction of about 500 psi supported by difference between burst and
ligament tearing models as well as difference between incomplete and

complete burst test results
R72C72 post in situ test condition equivalent to that following
tearing of wall thickness ligament, but without crack width and

extension required for a burst
« Correction to a true burst can be estimated as calculated difference between
burst and ligament tearing pressures
RPC responses can readily determine difference between limited
crack opening of R72C72 and an incomplete or complete burst

. Differences between incomplete and complete burst are more difficult to
determine by RPC since differences are only extent of crack opening

2/14/00 Q:Tubeint\ ANO-2\2000WRC\NRCCR72C72Pres. ppt 22
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 Performed Site Specific Performance
Demonstration (SSPD) Testing following 2R13

© POD curves developed and used following
2R13 and 2P99
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© Improvements to POD

© Training of the analysts

- Localized testing

- New calibration standards
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- ASSESSMENT
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Growth Rate
. First performed during 1996-1997 era
Repeated study using 1998-1999 data

- Results are consistent with those used in the
past and other CE Plants
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. Observed growth rates consist of:

' Measurement errors

- Underlying true growth rates

' Probabilistic extraction process required
for realistic assessment
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PARAMETERS OF TRUE GROWTH RATES FROM
PROBABILISTIC EXTRACTION PRCCESS
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COMPARISON OF ANO-2 GROWTH RATE DISTRIBUTION
[BEST ESTIMATE] WITH OTHER PLANTS
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PARAMETER SGTI Gmdelmes

POD Value 95%
Structural Depth Equivalent 56.6%
Growth Rate 95% Struct. Depth
Growth Equivalent 15%
Length Value 90% (2P99 data)
Length Equivalent | 0.98
Burst Correlation 90% Value
Material Properties 125,900

Material Equivalent 90%




DETERMINISTIC EVALUATION HL
- EGGCRATE AXIAL

B T i L S
s S it s Ao g

Seiig A -
;
5

AN

Deterministic Analysis for
Eggcrate Hot Leg Axials

100

90
MSLB Structural Limit

80 - |

1.43 MSLB Structural Limit

\

70 - 3DP Structural Limit __—

60 _/

50 1

\

\

Structural Depth (% TW)

j 2R14
— 2R14 Thot Adjusted

4 2P99 Thot Adjusted

T— 2R13
— 2P99

40

14.27 14.44 14.60 14.77 14.94 15.10 15.27 15.44 15.60 15.77 15.94
EFPY



ANO2 Operational
Assessment




