UNI TED STATES
NUCLEAR REGULATCRY COMMISS ION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

August 6, 1990

NRC | NFCRVATION NOTICE NO. 90-49:  STRESS CORROSI ON CRACKING | NPWR STEM
GENERATOR TUBES

Addressess:

Al hol ders of operating licenses or construction permits for pressurized-water
reactors (PWRs).

This information notice i sintended to inform |icensees of recent problens
involving stress corrosion cracking (SCC) i nPWR steam Penerat_ or (SG tubes.

| nparticular, this infornation notice i sintended to alert Iicensees to recent
findings at MIlstone Unit 2and to recent problens i nSCC detection during

I nservicecinspections. |t i sexpected that recipients will review the information
for applicability to their facilities and consider actions, as appropriate, to
avoi d sinilar problens. However, suggestions contained i nthis information
notice do not constitute NRC requirenents; therefore, no specific action or
written response i srequired.

Description of G rcumstances:
1. Grcunferential Cracking at MIlstone Unit 2

I 'nCctober 1989, th-' Iicensee for MIlstone Unit 2 conducted anid-cycie

i nspection of the SG tubing using eddy current testmg (ECT). Grcunferential
SCC had heen observed i nprevious inspections to be affecti nﬂ the outer dianeter
(OD) surface (that i s,the secondary si de){ of the tubes at the expansion
transition at the top of the tubesheet. The nid-cycle inspection followed a
previous inspection during the February 1989 refueling outage and was performed,
| npart, out of concern for the relatively high rate of SCC growth observed
during the previous inspection and to ensure that SCC did not excessively
degrade the integrity of the tubes. Just before the mid-cycle outage, |eakage
from the_primary side to the secondary slide was less than 5 gallons per day
(Vpd). The plant's Technical Specifications linit for such 'eakage I s144 gpd.

The ECT inspections at M|lstone 2 were conducted with arotating pancake cnll
’(RPC) probe to ensure optimal sensitivity to circunferential cracks. Tubes
ound with circunferential crack indications were also inspected by ultrasonic
testing (UT) to obtain additional information regarding the length and depth of
the cracks. ~ I naddition, two tubes with circunferential crack rndications were
removed and exani ned.
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The ECT/RPC inspections reveal ed 104 tubes with circunferential cracks at

the expansion transition. The macrocracks, as defined by ECT/RPC, consi sted

of several discontinuous mcrocracks that were seﬁarated by small [igaments

of sound material. The discontinuous nature of the array of mcrocracks was
confirmed by the UT and exam nation of the removed tube specinmens. As measured
by UT, the macrocracks ran%ed I ncircunference from84 degrees to 329 degrees
and ranged i ndepth up to 100-percent throughwall.

Al tubes with crack indications were staked and pl uEged. | naddition, the
|icensee evaluated the residual strength of the cracked tubes to assess their
capability to sustain normal orL])_eratmg and postul ated accident |oadings before
their removal fromservice. This structural evaluation considered the profiles
for each crack obtained fromthe UT examination. This evaluation revealed one
cracked tube which failed to meet the ASVE Code, Section 111, NB-3225 and
Appendix Fstress linits for postulated accident conditions. (Regul atorK Qui de
1.121, "Bases for Plugging Degradeti PWR Steam Generator Tubes," sfates that
margins shoul d be consistent with tri? stress limts i nSection Il of the
code.) Based on these findings, the staff concludes that the integrity of the
subject tube was not ensured under postulated accident conditions.

The staff has recently identified service induced, circunferential SCC such as
at Mllstone Unit 2, to be asource of significant degradation to tubes i nPWR
steam generators. Such cracking i sparticularly noteworthy because itis
generally not detectable with conventional bobbin probes used routinely for

I nservice |.nsP.ect|0n. Such cracking |sgenerally only detectable through the
use of specialized probes, such as the RPC probe.

Most circunferential cracking has been observed at tube expansion transitions

at or near the top of the tubesheet. | naddition to MIlstone Uit 2,

circunferential cracking at the expansion transition has recently been identifiled

at one other Conbustion Engineering (CE) plant (Maine Yankee), at three plants

Wi th Westlnﬁhouse Mbdel 51 steam generators (North Anna Unit 1, Trojan Unit 1,

and Sequoyanh Unit 1)[, and at one plant with \estinghouse Mdel D steam generators

(MGuire Unit 1). Tubes inthe affected CE and V‘éstmghouse Wbdel 51 steam

%/gnerat ors were explosively expanded against the tubesheet. Tubes i nthe .
|GlJllre Mbdel Dsteam generators were expanded against the tubesheet by nechani cal

rolling.

| naddition to being found at the expansion transition |ocation, w despread
circunferential SCC has heen observed at drilled-hole supPort plate locations

at Palisades (CE steam ﬁenerators). I'solated instances of circunferential SCC
have been reported at the uppermost support plate of apre-replacenent \estinghouse
Model 44 steam generatcr of Indian Point Unit 3and at arow 1Ubend of a

Model 51 steamgenerator at Zion Unit 1. The circunferential SCC at Palisades

and Indian Point Uit 3 appears to be associated with significant denting at

the support plates.
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2. Axial Cracking at Support Plates

Licensees have reported secondary side-initiated, axial SCC at several plants
with Westinghouse Mbdel 51 and Model Dsteam generators at support plate
intersections exhibiting little or no denting. Recent difficulties experienced
I nthe detection of such cracks were the subject of Vestinghouse Customer
Information Letter GEN-LTR-90-006, *Steam Generator Tube Cuter Dianeter Stress
Corrosion Cracking at Tube SuEport El evation-Eddy Current Detection Issue,"
whi ch was issued on or about February 8, 1990, to all utilities with Wstinghouse
steamgenerators.  \Westinghouse reported that metallcgraphic exam nations of
tubes removed fromthe field have revealed the presence of 00-initiated SCC at
t ube supBort. plate (TSP) intersections that were not reported by personnel

using apobbin probe to performfield eddy current tests, For exanple, these
exam nations revealed one tube containi nﬁ axial cracks within two 30-degree-wide
bands on opPosMe sides of the tube, with the deepest crack penetrating to
62-percent throughwal |. The field eddy current interpretation of the Ssignal

for this TSP location was Codetectabl e degradation' (NDD) using the plant
voltage threshold criteria.

The EPRI "Stear Generator Examination Guidelines, Revision 2" contains Fi Pure
C-55 showng the qualitative relationship between bobbin probe signal anplitude
and crack depth determned netallographically. The staff believes that the
anplitude threshold criteria used at the plant i nthe above-nentioned exanple
were taken fromthe actual data used to devel o% Figure C-55. The recent

elvl| de?ce cited by Vestinghouse suggests that this data i snot conservative for
all plants.

Industry nmeetings attended by representatives from anunber of vendors providing
SG inspection services, EPRI. and the Wstinghouse Owmers Goup have been
conducted to t~xamne various proBosals. to detect and nmeasure SCC at TSP
locations. The minutes of the EPRI CGuidelines Revision Comittee neeting on
February 13, 1990, note that general. principles still apPIy, pendi ng devel opment
of updated guidance, for the detection and measurement of SCC at support

Pt Porel SEEORER: b e OhobE SRR SHULAS) bRESShAbS bt nds Bugelprgh TUle: an

of distorted indications or undefined signals not covered by existing analysis
guidelines. Specifically, tubes with these types of indications should be
recoi mended for plugging unless other supporting data exists (tube pulls or NOE
diagnostic data) that Justifies their retention as active tubet.

Di scussi on:
The reliable detection and sizing of SCC during inservice inspections Po~se Z

significant challenge to current ECT technology and practice I nview of the |ow
signal -to-noise ratros frequently exhibited by such cracks. Experierce
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I ndi cates that SCC isfre%uently not detected until i thas penetrated beyond
40-percent throughwal . Fortunately, the vast mgjority of SCC flaws consist of
short axial or circunferential crack segments. e staff believes that such
flaws can be detected before they grow sufficiently Iarg.to de?rade the
structural margins of the tube to bel ow the Reguiatory Guide 1.I21 criteria.

Tubes are general |y inspected once per refueling cycle. Depending on the rate
of crack growth and the nusher of tubes involved, this frequency may or may not
be sufficient to ensure that all cracks are detected before they become
sufficiently large to degrade structural margins to less than the Regulatory
Quide 1.121 criteria. Astructural assessment of tl,- crack geometries found
during an inspection, such as performed at MIlstone Unit 2, provides ameans
for assessing whether the inspection frequency i ssufficient to ensure adequate
structural margins for all tubes between inspections.

The staff believes that the effectiveness of eddy current testing for detecting
and sizing SCC can be enhanced through inproved criteria for the qualification
and Per_forrrance denonstration of the eddy current data acquisition equi pment
(incl udi n? probes), data analysis Procedures, and data analysts. The staff and
the industry, including the EPRI Steam Generator Reliability Project, are
evaluating this issue. | nthe meantine, field experience indicates that careful
attention to the potential for 5CC at the tubesheet region, at tube expansion
transitions, at support plates, ?nd at tube U-bends is important. The recom
mendations In Section 4.6.1 of the EPRI steam generator examination guidelines
indicate the importance of being alert to distorted and undefined signals at
these locations and employing diagnostic measures as appropriate to establish
thg cautse of these signals and to validate the plant data analysis procedures
and criteria.

Finally, the findings at MIlstone Uit 2 illustrate that cracks will not
necessarily cause leakage approaching the Technical Specifications limit before
the structural margin in the affected tube drops below the Regulatory Guide
1.121 criteria for postul ated accident conditions. This point is furtir
illustrated by the steam generator tube rUFture (SGTR? event that occv-rvd at
M~uire Unit 1 on March 7, 1969, as a res~i|t of axial PI oriented SCC. -eaka([;e
before the SGIR event was about 15 88d which was small conpared to the plant's
Technical Specifications limt of 500 gpd. The Mc~uire event occurred under
nor mal vc\)ﬁeraﬂ ng conditions. Thus, the MGuire event was Tpreceded by a period
dur|ngf ich the subject tube was vulnerable to rupture ifchallenged by a
postulated accident.
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This information notice requires no specific action or written response. If
you have any questions about the information in this notice, please contact
the technical contact listed below or the appropriate NRR project manager.

Clopts Z -

Charles E. Rossi, Directér

Division of Operaticial tvents Assessment
0ffice of NMuclear Reactor Regulation

Technical Contact: E. Murphy, NRR
(301) 492-0710

Attachment: List of Recently Issued NRC Information Notices
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|ssued t O

A'l hol ders of QLS
or CPs for nuclear
power reactors.

ALl holders of 015

or CPs for nuclear

power reactors, holders

of licenses for permanently
shutdown facilities

with fuel onsite and
research and test reactors.

Al holders of OLS
or CPs for nuclear
power reactors.

All h~olders of QLS
or CPs for nuclear
power reactors.

Al hol ders of QOLs
or CPs for nuclear
power reactort.

A'l NRC |icensees.

All holders of QLS
oor CPs for nuclear
power reactors.

All holders of Qs
or CPs for nuclear
power reactors.
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