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“ The understanding of the root cause of cracking
is a necessary pre-condition for the correct application of
mechanistically-based crack prediction models. The limits
and the sensitivity characteristics of a predictive model are
essential aspects concerning the justification and applicability
of a model in terms of decisions of the authority”

“-ee- serious doubts on the exclusive I;ASCC-hypothesis
in the case of KKMs core shroud”

“---- Absence of a weli-grounded root cause analysis
and the unconservative ¢rack growth predictions raised
serious doubts whether the problem was sufficiently
understood and predictable”

J. Noggerath & G: Prant!
ICGEAC / IASCC Meeting Toronto, 1996
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1. Crack Propagation Model for “Deep” Cracks
in Unirradiated Components

- Basis of Model
- Validation vs. Laboratory Data

- Extension to cover BWR Components
Definition of System

Treatment of “Crack Initiation”

2. Modification of Model to cover Irradiated Components
3. Prediction of Cracking in BWR-4 #1 Core Shroud

4. Remaining Uncertainties |

5. Conclusions
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Figure | Number of cracking incidents of IGSCC in BWR stainless steel, piping in
1970’s as a function of operating time(1).

HISTORICAL INCIDENCE RATE NOT NECESSARILY
A GOOD INDICATOR OF FUTURE PERFORMANCE
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*EAC IS A MULTIVARIANT PROBLEM

‘THEREFORE, UNDERSTAND AND QUANTIFY
THE RATE DETERMINING PHENOMENA




SOLUTION FLOW

-USE SLIP-DISSOLUTION MECHANISM AS
WORKING HYPOTHESIS

QUANTIFY THE FOLLOWING FUNDAMENTAL
PHENOMENA
‘OXIDATION RATES AT CRACK TIP
‘MASS-TRANSPORT RATES WITHIN CRACK
CRACK TIP STRAIN RATE
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Define / Measure following “ fundamental parameters

- Crack tip material and environment conditions
- Crack tip oxidation rates on bared surface
- Crack tip strain rate

Define above conditions in terms of “engineering “parameters

- Stress, stress intensity, (time dependence)
- Coolant Conductivity ( anionic activity)

- Chromium gb Depletion ( EPR)

- Corrosion Potential = f( H2,02 H202,...)
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Relationship between the EPR value and the chromium depletion volume
adjacent to sensinzed grain boundanes of type 304 and 316 stainless

steels.
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Formulate Cracking Susceptibility in Terms ot
| Fundamental Knowledge of Micromechanics,
Microchemistry and Electrochemistry at Crack Tip
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How Good are the Predictions ?

- Compare with well-controlled crack propagation data
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Predicted and observed crack propagation rate/crack tip strain rate
relationships for sensitized type 304 swainless steel in 8 ppm oxygenated,

0.5uScm-! purity water at 288°C.
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Predicted and observed crack propagation rate/crack tip strain rate
relatonships for stainless steels in a vanety of material/environment
systems.
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Extend Validated “Deep” Crack Propagation Model to ;

- Plant Components
‘ - System definition is the issue

l resolution

In-reactor monitors
ECP models |
Residuai stress models

Water chemistry models

- Crack Initiation

- Treatment of pitting, IGA and growth of
very shallow cracks is the issue

l _resolution

use concept of an initial “intrinsic” defect
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Measured relationship between EPR in the HAZ adjacent to welds at the
internal diameter surface of 4" schedule 80 type 304 pipes, and the carbon
content of the base material (192,193). Also shown are the theoretical
relationships predicted after a given number of weld passes (194).
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stresses shown in Figure 58,
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Figure 61. Predicted crack cepth/time relationships for a 12" diameter Sch 80 pipe

using equations 2, 10, 27 and 30 appropriate for 200 ppb oxygenated,

0.401uScm 1, 2880C water. These predicted curves are compared, in this
case, with the observed crack depths for a 12" diameter riser pipe in a
BWR operating under this water chemustry. Itis seen that good agreement

between observation and theory is obtained with a value of a, in equation
30 of 0.002".



o

B

<

g

¥ 05}
[}

a

B 04l
W

z

4

O

z 0.3+
e |

2 o02f
&

S 0.1
=

(]

L.

[+

“w

28" DIA. SCHEDULE 80 304 PIPING
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Comparison between observed and prcdi.élcd crack depth/time

relationships for 28 inch diameter Sch 80 piping in a number of BWRs. The

predicted curves correspond to the use of either the “mean” or “upper
ht” residual stress profile for the weld HAZ in this classification of

piping.
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