LETTERS TO THE EDITOR

COMMENTS ON "FAILURE PROBABILITY OF
AXIALLY CRACKED STEAM GENERATOR
TUBES: A PROBABILISTIC FRACTURE
MECHANICS MODEL"

In Ref. 1, Mavko and Cizelj proposed a strategy for op-
erating pressurized water reactor plants with certain sizes of
cracks in the steam generator tubes. The purpose of this let-
ter is to indicate that the proposed method of screening tubes
for removal from service may not be sufficiently conservative.

Using a fracture mechanics model, Mavko and Cizelj cal-
culated tube failure probability as a function of the critical
crack length following a loss-of-feedwater accident. These re-
sults, together with measured crack length distributions, were
then used to determine the maximum size of through-wall
cracks that may remain in service.

The underlying assumption in this approach is that an ac-
tual tube rupture is required to fail a steam generator. It is
shown below, however, that if the number of cracks is suf-
ficiently large, significant primary-to-secondary leakage may
result from cracks that are smaller than the critical size. Since
the leakage rate and the location of the feed line or steamline
break will determine how quickly the operator is able to iso-
late the faulted steam generator, a tube rupture alone is not
a sufficient safety criterion for plugging tubes.

Fracture and fluid mechanics considerations? indicate
that the flow through cracks increases when the pressure dif-
ferential across the crack is increased. For the 10-mm-long
crack discussed by Mavko and Cizelj in connection with plug-
ging limits, an increase from normal operating pressures to
design pressures causes the leakage per crack to increase from
0.13 to 0.40 gal/min. Since the flow through 1500 such cracks
roughly equals a flow from one ruptured tube, it is apparent
that significant flow can be attained through cracks that are
smaller than the critical size without actually rupturing a sin-
gle tube. Thus, a transient may initiate multiple leakages from
small through- and partially through-wall cracks.

If one could reliably predict the total leakage increase fol-
lowing a transient, leakage limits during normal operation
could reduce the possibility of a sudden increase in leakage
during an accident. In the absence of data on flow through
cracks under prototypical conditions, however, predictions of
flow through thousands of cracks with varying morphology
may not be a realistic basis for a “leak before break” strategy.
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Even though the frequency of events that can cause a sig-
nificant primary-to-secondary leak is low (e.g., 10~%reactor-
yr), the frequency of a core melt with containment bypass
may be close to the event frequency if the primary- and
second-side pressures cannot be equalized promptly. This risk
may not justify continuous operation with tubes containing
through-wall cracks, even if such cracks are much smaller
than the critical size.

[This comment contains information that does not nec-
essarily represent an agreed-upon U.S. Nuclear Regulatory
Commission (NRC) staff position. The NRC has neither ap-
proved nor disapproved its technical content.]

J. Hopenfeld

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

July 9, 1992
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RESPONSE TO "COMMENTS ON ‘FAILURE
PROBABILITY OF AXIALLY CRACKED
STEAM GENERATOR TUBES:

A PROBABILISTIC FRACTURE
MECHANICS MODEL'"

In Ref. 1, a methodology to estimate the failure proba-
bility of axially cracked steam generator tubes was proposed
to cope with degradation processes that are increasingly affect-
ing steam generator tubes in the transition zone. The method
makes the assumption, among others, that the length and
number of cracks in the steam generator tubing has been re-
liably determined.
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