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* Phase 3 Risk Assessmg
» Risk Associated With 2/
- Risk With Cycle 14 Operation
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ANALYSIS OF PROBABILITY
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IP2 Row 2 U-Bends Wlth
Hour-Glassmg e

» Stress Distribution

* Mechanism Of PW ,aé:k
Initiation And Gr |
« Behavior Of The ) U-Bends

» Cracks Initiate At MulflpIe;.S'iEe_sj:--

- Small Cracks Grow Anc
‘Link To Form Larger

- High Aspect Ratlo Cracks (Ratio Of
Length To Depth) Grow Until Stress
in the Remaining ngament Exceeds
Material Failure Stress |
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Crack Locations

Extrados Crack Summary by G Tube
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- Location 'And Size Of Crack
4 E . - . - e 5 b |
Well With Stress Distribution
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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 :
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~ « Linked Cracks Grow Thru

- Crack Stabili

* Cracks Initiate, Grow, And

e epeaspses s o
et A 2

Extend-Axially By Lmkmg Wlth’ Adjacent
Cracks - |

+ High Toughness Inhlblts Crack
Propagation Into Areas \__Nlth No Cracks
Or Shallow Cracks
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Correlating Flow Rate With
Crack Length -

* Equivalent U-Bend Cracks Result In A
Smaller Flow Rate; Due
Restraint And Wor

- Supported By Indust

ed Material.

Leak Rate vs. Cra
For Cracks In Straight Tub.
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Probablllty Of "’allure
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- Depth Of Cracks

Events
Number Of Tubes With
Cracks

Crack Growth Rate
Crack Penetrating Wall -
Axial Length Of Crack
Flow Rate Through Crack
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Postulated NumberOf Tubes
With Undetected »Cracks

« 100 Row 2 U-Bends A
Have Cracks

— 7 U-Bends Had Axial
Identified In 200
— Conservatively A
In Service For Monte
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Indications Exceeded '-'-hﬁ'e N_umb,e'r

Found In The 2000 Inspection
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Postulated Crack Growth
Rate

- Assumed Growth Rates Of 4%
Thru-wall Per EFPY L

* 2000 Inspection Show
Of 0% To 16% Thi

* Typical Growth Be_»z

To 20

_al'lf’Per EFPY

., 28

ﬁ""‘dg'-»?Grovvth Rates

%

q

'Penetration )

« Assumed 100% Probabili
~ Leakage At 80% Th

« Assumed 10% Probabll_
At 70% To 80% Thru-wall

Of Leakage
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Postulated Axial Length Of
Crack

Axial Length Of Crack "‘Assumed To
Range From 0” To 4.5” |

Highest Probability Is
To 2.5” Range
37% Of The Crack
Longer Than 2.5”

Assumptions Are C servative
Compared To 200 glnspectlon Results

"C”}"acks In 2”

ed To Be
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~ Estimate Of Flow:R

- Crack Length Converte
Rate Based On NUREG
- If Leakage Occurrec
Below 225 gpm?
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Factors for Monte Carlo Analysis

Number of U-Bends With Cracks In :
97 Inspection

Depth of Cracks es 19 Tubes
(# of Tubes Exceeding 50% Th
wall)
Crack Growth Rate 2%
(% of Tubes exceeding 8% Th
Per Year)
Axial Length of Flaw 37 Tubes
:  (#of Tubes Exceeding 2.5”)
B
©  Probabilities:

— Spontanecus 'Fa'l
*+>225 gpm - SR 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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Site Specific Risk
- Assessment

. Spontaneous SGTR
* SGTR Induced By Secohd”a'i"'yilfj bressurization
* SGTR Induced By Over Press‘Uri‘zation;

* SGTR Induced By Temperature And Pressure After
Core Damage -
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Site Specific Risk Assessment

SGTR Induced By Ove

- No Delta CDF From AT
« IP2 RPS Model Modifi
« ATWS CDF For Curre

dressurization
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Site Specific Risk As

Témperature Induc

~+ IP-2 IPE Used NUREG 1150:

" 1.8% Of “High/dry” Sequen

* Technical Basis Reviewed

— 1P-2 In-situ Testing R

1/7th Scale SG Experiments
TMI - 2 Experience

Industry Analysis e
NRC Analysis BE

* No Change In CDF Or LERF

e

t
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Site Specific Risk Asséssment

Spontaneous SGTR (>225’fg_p_ )

* “Rupture” Frequency of 3.85 x 10-2/RY

+ Evaluated Using IP-2 Full SGTR Model

"Site Specific Risk As

Spontaneous SGTR (> 22 gpm

-« Conditional Probablllty of L_ER‘ =0.13
-+ Separate Plant Damage States
« Many Sequences Involve Late Releases
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Site Specific Risk Assessment

Spontaneous SGTR (<225

* Frequency = 2.75 x 1(
Evaluated Using IP-
(adjusted for 225 gp _:

odel

Site Specific Risk Ast
Sponténeous SGTR
. Results For TwoCa ned

+ Change In CDF = 3.8 x 104 /RY
* Change In LERF = 1.1x10%/ RY
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Site Specific Risk Asé;és_‘:s;ment

SGTR Induced by Se
Depressuri

+ Used NRC IE Frque

+ Conditional SG Tube Failur
- 0.28 for> 75 gpm
— 0.039 for > 225 gpm

robabilities
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Site Specific Risk As

~ Model |
* EOP Guidance and Operator Training
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Site Specific Risk Assessment

« IP-2 Emergency Operatin:
Provide Clear Guidance

— ECA 3.1 SGTR With Loss
Subcooled RecoVéty’D'

R

R

R e e v Sy

— Once in 1996
— Once in 1998
— Twice in 1999
— Once in 2000




Site Specific Risk Assessment
SGTR Induced by Secondary Side
Depressurlzatlon (SSD)
- Evaluated Using Mod'f" eA ‘ IP-2 Risk ?
Assessment Model : é
« Change in CDF =29 x 1{0'31RY |
« Change in LERF =2.9 ;(\1'.0"5IRY»_J. f

.

Site Specific Risk As&es

d

No. Postulated Scenario. _
e : : : Calculated Calculated

: , A LERF
I 'ATWS Induced Tube <EX 107
Rupture -~ :
2 High Temp Induced Tu 0.0 .
Rupture - . ) : )
3 Spontaneous Tube' 38 x 10° 1.4 x10%
Rupture "
4 Steam Line Break - 2.9 x 104 2.9 x10°
Induced Tube Rupture
Total . 6.7 x 106 <4.5x 106

Color For WHITE YELLOW
Total '

47




1997 Inspection

Measures to PreVent,
Recurren |

|ndustry Gundelme

- Scope

— Probes

— Oversight
— Independent Englneermg Studies 95, 97
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