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OVERVIEW

« Phase 3 Risk Assessmen Analysls
- Risk Associated With 2/ :Eveﬁt

+ Risk With Cycle 14 Oper{
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. SG Inspectlon 1997

L e Measures To. Prevent Recurrence
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Site Specific Concluswns

« Failed Tube Did Not “Rupture”

— Actual Leak Rate < 150 gpm

—~ Charging Pumps Capac|ty 225 gpm
« Delta CDF - White -
* Delta LERF - Yellow

~+ Tested - 51 Tubes, 48 W

e e [T v e

In-Situ Testing -

—Tested All Axial Indlcatlons (23)

» All Tubes Met 3 Delta-P Burst Margin

Cnterla

» Negligible Leakage At SLB Test 3/

Conditions
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ANALYSIS OF PROBABILITY
OF RUPTURE

Tom Esselman.
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+ Identify PWSCC Mechanisms
+ IP-2 Crack Growth Is Understood

« Define Likelihood Of Tube Rupture




@-—"—fw 2o s

AR TR T DR TG IR

iy v

R R A R A R R e

IP2 Row 2 U- Bend ‘“‘Wlth

« Stress Distribution

- Mechanism Of PW¢
Initiation And Gi

« Behavior Of The IP.
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. ngh Aspect Ratio Cracks (Ratio Of
Length To Depth) Grow Until Stress
in the Remaining Ligament Exceeds
Material Failure Stress
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Crack Linkup & Growth

~Lab Crack

IP2 SG 24
R2C69
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Material is Extremely Ductile

Very High Toughness

Crack-Blunting

- Susceptible To PWSCC
"« Howeverl!! '

Unstable:

VS.
Crack Growth
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Test Load
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Location And Size Of Crack

orrelate

Well With Stress Dlstrlbutlon
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Extrados Hoop Stresses at Hour-Glassing = 0.476"

for Average Yield Strength, Row 2 Tubes .
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Location And Size Of Cracks Correlate
Well With Stress Distribution
Extrados Hoop Stresses to the Fourth Power Normalized to the Apex Stress
to the Fourth Power ¥
Hourglassing = 0.476" for Average Yield Strength, Row 2 Tubes
. N — f
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T T T

e Linked Cracks Grow Thi

Crack Sfabil’l
* Cracks Inltlate, Grow, A“:,

_ ;""-Wv\a_,llfAnd Then
Extend Axially By Lmk ng:--Wlth Adjacent
Cracks -

+ High Toughness Inhibits Crack
Propagation Into Areas With No Cracks
Or Shallow Cracks
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Restraint And Work};_Ha el d Material.
« Supported By InduSt_i;y;°’EXpeirience
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Leak Rate (gpm)

s00 |

300

—o— Cracks in Straight Tubes
——— Cracks in U-Bends

Length of Crack (inches)
Ref: NUREG 6365
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+ Determine Progressi

Probability Of F
Objectiv\y
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‘Depth Of Cracks

Number Of Tubes Wlt
Cracks

Crack Growth Rate -
Crack Penetrating Wall
Axial Length Of Crack
Flow Rate Through Crack
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| Postul_atéd Depth

« Assumed A Depth Of Cracks From 0%

to 90% Thru-Wall
- Population For Ove_: 50% hi’u'-WalI

Indications Exceeded The:Number

Found In The 2000 InS»pection
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Postulated Crack Growth
Rate

« Assumed Growth Rates of 4‘ _ To 20%
Thru-wall Per EFPY h

» 2000 inspection Showed Growth Rates
Of 0% To 16% Thru-wal Per EFPY

* Typical Growth Be mw 8% Per EFPY
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| Postu‘lated"Cr y
| Penetration'Of

» Assumed 100% Probablhty -\Of
‘Leakage At 80% Thru-wall.:.

Assumed 10% Prq;
At 70% To 80% Thru-wall
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bility C of Leakage
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| Compared To 2000 Inspectlon Results

Postulated Axial Length Of

Crack s

- Axial Length Of Cracks*»Assumed To
Range From 0” To 4. 5”:Long"

« Highest Probability
To 2.5” Range

+ 37% Of The Cra
Longer Than 2.5”

« Assumptions Are Co\, f! ervative

,“grse:r‘acks In2” |

umed To Be

30
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'« If Leakage 0ccurre

E;stimate Of Flo‘i

. Crack Length Converted To Flow
Rate Based On NUREG 6365 Data

4 It Above Or

Below 225 gpm? et
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Number of U-Bends With Cracks In ;
97 Inspection :
Depth of Cracks
(# of Tubes Exceeding 50% Thru- ;
wall) .
Crack Growth Rate : 42%
(% of Tubes exceeding 8% Thru-wa 3
Per Year)

Axial Length of Flaw " 37 Tubes

(# of Tubes'l_;xceeding 2.5”)

> T0% +ue and > ""lu«,’f;;
- 32
e . Lk

TG N B ARAT E 5L

Monte Carlo Analysis
« 10,000 Trials Performe

- Results Indicated: The Followmg :
Probab|||t|es :

~ Spontaneous Fallure =1
* > 225 gpm - ~.038 Per Year _
. > 75 gpm, < 225 gpm - .275 Per Year
— Steam Line Break

+> 225 gpm - .040 Per Demand
« >75 gpm, < 225 gpm - .275 Per Demand
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| s‘it'e_ Specific Risk As

. Spontaneous SGTR .
* SGTR Induced By Secondary Depressurlzatlon
* SGTR Induced By Over Pressurization

+ SGTR Induced By Temperature And Pressure After
Core Damage
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» |P-2 IPE Used NUREG 1150:

11 8% SOf"‘HiQhIdry” Sequé'h_;é';

« . Technical Basis Reviewed

- IP-2 In-situ Testing ——

1/7th Scale SG Experiments
TMI - 2 Experience

Industry Analysis
— NRC Analysis

* No Change In CDF Or LERF

F
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Site Specific Risk Assessment

Spontaneous SGTR (>22!

| oyt
| Dwweed BY

Cor-

Z

| . 3¢-2_
TPE.\

By TGS _

e

-

Sponfaneous.SGTR (> 22

+ Conditional Probability 6f LERF
- Separate Plant Damage States

« Many Sequences Involve Late Releases

vow did Yoo celina LEOF § Ve dd
Yoo delerwmie, 6.12 P 7
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Site Specific Risk Ass_esfsment

Spontaneous SGTR (<22;5;;gpvr_n«).c:

» Frequency = 2.75 x 10°
+ Evaluated Using 1P-2 S
(adjusted for 225 gp

EOEFRR DY PR R 18y

- Change In CDF =3, 8”3x 10 / RY
- Change In LERF = 1.1 x 106/ RY
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Site Specific Risk Asse's_sment

SGTR Induced by Secondary’ Slde

* Used NRC IE Frequenc
- Conditional SG Tube Failure Probabilities
-~ 0.28 for > 75 gpm

— 0.039 for > 225 gpm
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Site Specific Risk As

SGTR Induced by Secondary Side
Depressurtza on (SSD) S

. Evaluated Using Modlﬁed IP-2 SGTR
Model '

+ EOP Guidance and Operator Training
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Site Specific Risk Assess

. IP-2 Emergency Operating;
Provide Clear Guidance

~ ECA 3.1 SGTR With Loss of
Subcooled Recovery Desir
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Site Specific ARisk As

« Operator Trai'ning on Si
(per crew, lessonevei

— Once in 1996
— Once in 1998
— Twice in 1999
— Once in 2000
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Site Specific Risk Assess_'m_"‘ef‘n{t.-

SGTR Induced by Seconda'ry Slde
Depressuruzaﬂo‘n' ,(SSD)

» Evaluated Using MOdlf"ed |p;j Risk
Assessment Model: - -

. Change in CDF =2.9x 10'SIRY 6&

« Change in LERF =2.9x 10'51RY.*~H
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No. Postulated Scenario . "Con Ed Con Ed
Calculated - . Calculated
: \CDF ALERF
1. ATWS Induced Tube <5x 107
B Rupture .-

2 High Temp Induced Tube 00 0.0
Rupture . R

3 Spontaneous Tube 3.8x10° 1.4 x10°
Rupture

4 Steam Line Break 2.9x10* 2.9 x 10*

induced Tube Rupture .
Total : 6.7x106 <4.5x106

Color For WHITE YELLOW
Total
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1997 Inspecti;qn.},» |

Measures to
Recurr
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— Oversight ~
— Independent Engineering Studies 95, 97
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1997lnspechon

Task

Row 2 & 3

All Tubes

Independent
Level 1l QDA

independent
Eng. Evaluation

Com pleted
95 and 97

1997 Inspection Scope:a) xecution Exceeded

then-Existing Indilstry Guidelines
50
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Measures to Prevent ,
-Recurren

— Established SG Managemént Committee
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Measures to Prevent

Recurren

* Degradation Assessr
» Inspection Enhanceme
— Site Specific Demofo
— Analyst Performan
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Measures to Pr
Recurrenc

* Inspection Enhancemse
— Enhanced Analyst T
— 800 kHz probe
— Improved Data Quality Criteria
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Implemented for Insp

Measures to Preven
Recurrence

— Original Steam Genel
— Replacement Stea
- Disseminated Exp
— EPRI Seminars (4A) ;
— Three Assist Visits b

' to Industry

oups
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- Summa

~» Site-Specific
.— Delta CDF = White .«
— Delta LERF = Yellow
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