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OVERVIEW

* Phase 3 Risk Assessmen lysis
* Risk Associated With 2115Even
* Risk With Cycle 14 Oetn

L ;0Xf;i0,ij , 2

.t iLE;S~t ......... S.0(2

OVERVIE

* SG Inspection - 1997 :^
- Measures To Preet
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Site Specific Conclusions

* Failed.Tube Did Not "Rupture 00

-Actual Leak Rate < 150 gpm
- Charging Pumps C 225 gpm
Delta CDF - ht

* Delta LERF - Yellow

0 tt f Xi\0 : 5|:3g i<,4

In-Situ Testing
* Tested -51 Tubes, 48

- Tested All Axial Indica
* All Tubes' Met 3 Delt

Criteria
Negligible Leakage Al
Conditions

3urst Margin

LB1 Test
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ANALYSIS OF PRC

ANALYSIS OF PR(
OF RUPTU
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Objectiv

* Identify ;PWSCC Mect

* IP-2 Crack GrowthI

* Define Likelihood Of
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IP2 Row 2 U-Beni
Hour-Glassi

* Stress Distribution
* Mechanism,.Of

Initiation And (
* Behavior Of The J-Bends

8
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PWSCC Initiation & Grc

i Cracks Initiate At Mult
* Small Cracks GrowAn

Link To Form Larger r
* High Aspect Ratio Crac

Length To Depth) Grow
in the Remaining Ligam
Material Failure Stress,
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Crack Linkup & (

,ab Crack

IP2 SG 24
R2C69
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R2C5 CRAC



Mill Annealed Alloy 6(

* Susceptible To PWSCC
* However!!!;al;
Material is Extremely Ductile

Very High Toughness

Crack Blunting _ 6ii
3By Overload

vs.
table aCrack Growth

* 0 ;5| F~f12

Vil a

"I - "I.--,-,-, - - 11,11-1111-II.- -1 -- I' --- 1-- - - � - -

Mill Annealed Alloy
* Test Lo



Crack Blunting
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Crack Locath

50- 9g0 :9 130°
5.0 7.4' J.-

Distance from Transition ( )
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Location And Sizie Of CracsC ae
Well With StressDi

Extrados Hoop Stresses - Uniform HLUCL Growth
for Average Yield Strength, Row 2 Tubes,

0.476" Hour-Glassing
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Location And Size Of Cra or
Well With Stress Distr !itioi

I Extrados Hoop Stresses at Hour-Glassing = 0.476"
for Average Yield Strength, Row 2 Tubes
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Location And Size Of Cr
Well With Stress Di

l

Extrados Hoop Stresses at Hour-Glassing = 0.476" 1
for Average Yield Strength, Row 2 Tubes'

r

UW-HUMO-h

am

7MW � H.L.

3M

2M

i Axial Distance from 6th Tube Support Plate - Hot Leg
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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

0 -oe - - - -

0.

o0 0.4

0.2

Axial Distance from 6th Tube Support Plate -Hot Leg .20
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Crack Sta
* Cracks Initiate, Grow, A
* Linked 'Cracks Grow Th

Extend Axially By Linki
Cracks

* High Toughness Inhibit
Propagation Into Areas
Or Shallow Cracks

21



Correlating Flow
Crack Len,

Is

* Equivalent U-Bend Cr
Smaller Flow Rate, lu
Restraint And Wor

* Supported By Indust

Leak Rate vs. C
For Cracks In Straight Tu

600

500 ,

. ... W,..9

400

300

.N V

6 200
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100

2 3

Length of Crack (inches)

Ref: NUREG 6365 23



Probability Of Failu0r
Objective

*Determine Progressive"vns
Associated With Tu

* Determine Probabilt Asoiated
With Each Based OIP2Cnditions

* Use Monte Carlo ods
To Determine Probability ailure

24

Events
* Number Of Tubes WithU t

F cracks
* Depth Of Cracks
*Crack Growth Rate
Crack Penetratin

* Axial Length Of Crack
* Flow Rate Through Crack
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Postulated Number C
With Uneece!C

rubes
cks

*0 100U Row 2 U-Bends
Have Cracks A

- 7 U-Bends Had AxMa
Identified In 2001

- ConservativelyAs
In Service ForMn

Tubes Left
ialvsis

26
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Postulated Depth

* Assumed A Depth Of C
to 90% Thru-Wall

* Population For Over 5
Indications Exceeded 11
Found In The 2000 Ins;

~Thru-aI

Number
:-tion

27



Postulated Crack Growth
Rate

Assumed Growth Rates % To 2% 2
Thru-wall Per EFPY
2000 Inspection S dGrowth Rates
Of 0% To 16% Thruwal Per EFPY

* Typical Growth Bel 8% Pr EFPY

28
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Postulated
Penetration

C r a c k .... E 0 .00
O f al

p v "

* Assumed 100% Probability f
Leak age At 80% Th ru-wal

* Assumed 10% Probabilit Of Leakage
At 70% To 80% Thru-wall
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Postulated Axial Length Of
Crack

* Axial Length Of Crackssu med& To
Range From 0" To 4.5" Long

* Highest Probability IsFr Cracks In 2
To 2.5" Range

* 37% Of The Cracssumed To Be
Longer Than 2.5"

* Assumptions Are Coervaive
Compared To 2000Inispection Result

2",

30
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iEstimate Of Flo

* Crack Length Convertei
Rate Based On NUREG

* If Leakage OccurredW
Below 225 gpm? 4. ....

31
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Factors for Monte Cys

Number of U-Bends With Cracks In
97 Inspection

Depth of Cracks
(# of Tubes Exceeding 50% Thru-
wall)
Crack Growth Rate
(% of Tubes exceeding 8% Thrua
Per Year)
Axial Length of Flaw
(# of Tubes Exceeding 2.5')

D Carlo

19 Tubes

42%

37 Tubes

32
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Monte Carlo A
* 10,000 Trials Performe
* Results Indicated Thewl,

Probabilities:
- Spontaneous Faflure

* > 225 gpm- *1
* > 75 gpm, < 225 gpm-.

- Steam Line Break
* > 225 gpm -
* > 75 gpm, < 225 gpm -

040 Per Demand
275 Per Demand

33
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Site Specific Risk Asses nt

Preliminary "RED" Safety Signifianc Based On Delta
'CDF And LERF From 4 PostulateScenarios:

* Spontaneous SGTR
* SGTR Induced By Secondary Depressurization
* SGTR Induced By Over Pressurization
* SGTR Induced By Temperature And Pressure After

Core Damage

35



Site Specific Risk A

SGTR Induced By Over

* No Delta CDF From T
* 1P2 RPS Model Modif
- ATWS CDF For CurretMc x1-

le~nt

I

x 10-7

36
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Site Specific Risk A

Temperature Indut
* IP-2 IPE Used NUREG 1150:

1.8% Of "High/dry" Sequence
* 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
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Site Specific Risk

D Spontaneous SGTR (>2

* "Rupture" Frequency' of

* Evaluated Using IP-2 Fl

38
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Site Specific Risk -

Spontaneous SGTR (>225gpm)
* Conditional Probabilit oE 0.13
* Separate Plant Damage ate
* Many Sequences Involve Late Releases

39



Site Specific Risk Assessment

Spontaneous SGTR (25gm

- Frequency =2.75 x 10 IY
* Evaluated Using. IP2ST oel

(adjusted for 225 gpm)

40

Site Specific Risk A

Spontaneous SGTR

* Results For Two Cases
*Change In CDF = 3.8 0
* Change In LERF = 1.14x 10

ned
Y

41
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Site Specific Risk A

SGTR Induced by Secd
Depressurizao

It

* Used NRC IE I

* Conditional SG Tu
- 0.28 for > 75 gpm
- 0.039 for > 225 gpm

42 I

- .-.. A ------ -_... SI I - I I---II - ---- ,.------- -__________ -- 11______.1 - I __

Site Specific Risk A

SGTR Induced by SeR
Depressurizai

* Evaluated Using Modifiei
Model

* EOP Guidance and Ope-rh

43



Site Specific Risk A

* IP-2 Emergency Operating
Provide Clear Guidance M

- ECA 3.1 SGTR With Loss of
Subcooled RecoveryDesir

nt
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Site Specific Risk

* Operator Training on Sil
(per crew, lesson every

- Once in 1996
- Once in 1998
- Twice in 1999
- Once in 2000

45



Site Specific Risk Assesshmenti

SGTR Induced by Secondary Side
Depressurization (SSD)

* Evaluated Using Modif IP-2 Risk
Assessment!ModelMo

* Change in CDF =29 R
* Change in LERF = 2.9 xI 4 IRY-

46

11- --- -- l" - 1-11,111, -11, --- 11, --- , ,

,, pw-'- � - " �� '- �-- '-" % " � -"- , � , �'� , -� _ �' -'_ "- - I 11- � �;�' e- I - - I I "I I - I I . -

Site Specific Risk As

No.

1

2

3

4

Total

Color For
Total

Postulated Scenario

ATWS.Induced Tube
Rupture

High Temp Induced Tube j
Rupture

Spontaneous Tubes
Rupture

Steam Line Break
Induced Tube Rupture

Con Ed T Con Ed
Calculated Calculated

- DF 0 ALERF
.0 F <5x 1P-,

0. 0 0.0

3.8X10 4  
1.1 x 10O

2.91x 10' 2.9 x 10-

6.7 x 10-6 < 4.5 x 10-6

WHITE YELLOW
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* Meetin
* 19971r

Indust
- Scope
- Probe
- Overs
- Indepi

1997: In.

g July 20tt
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y Guidelin

i ::', 96 ,'w

3 -0

ight
,ndent Engine
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1997 Insi
7 _

Task

Row 2 & 3 am eynXe

All Tubes a e nse

011 Iime
Independent Rqre with
Level III QDA Rslton

Independent 0 oampee
Eng. Evaluation Re uir 9 d97

1997 Inspection Scope and Execution Exceeded
then Existing ndustry Guidelines

50
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Measureslto PI
Recurrenc,

NEI-97-06 Incorporated
Administrative Procedur
- Required for Outage
- Designated SG Proet

-Established SGo~~qn

51



Measures toe
Recurrene

Degadation Assesst Pge
*Inspection Enhanc"~et

- Site Specific Deo f= Pro bes
- Analyst Perforac Trckn

52

Measures to Prev~~
Recurrenc

*Inspection Enhancm ts
-Enihanced'AnalystTrang

~-800 kHz probe
-improved Data QaiyCteia
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Measures to Pr
Recurrenc

I Imple"mented for In
- Original Steam Ger
- Replacement Steaw-

* Disseminated E-`pc
- EPRI Seminars (4)M
- Three Assist Visits

:54
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Summar

Ax SiteSOpecific
-.-Delta CDF - WE
- Delta LERF =Y

wo A

.. . I
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