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On September 16, 2004, with Catawba Unit 2 in MODE 6 entering a refueling
outage, a visual examination was performed on the steam generator (SG) 2A, 2C &
2D lower head bowl drains. Reactor Coolant System (RCS) pressure boundary
leakage was identified on the 2C and 2D SG bowl drains. The 2A SG lower head
bowl drain did not have any pressure boundary leakage. The pressure boundary
leakage path was suspected to be the nozzle coupling to vessel weld. This event
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BACKGROUND

Catawba Nuclear Station Unit 2 is a Westinghouse Pressurized Water
Reactor [EIIS: RCT]. Unit 2 has four steam generators (SG) [EIIS:
SG] connected to the reactor coolant system (RCS) [EIIS: AB]. The
Unit 2 SGs are Westinghouse Model D5 SGs. The four SGs are
vertical shell and U-tube evaporators with integral moisture
separating equipment. The reactor coolant flows through the
inverted U-tubes, entering and leaving through the nozzles [EIIS:
NZLJ located in the hemispherical bottom head of the SG. The
bottom head is divided into inlet and outlet chambers by a vertical
partition plate extending from the head to the tube sheet.
However, there is a small semi-circular hole at the center bottom
of this plate to allow draining the bowl through one common drain
line. Manways are provided for access to both sides of the divided
head. Steam is generated on the shell side. The SGs are primarily
carbon steel. The heat transfer tubes are Inconel-600, the primary
side of the tube sheet is clad with Inconel, and the interior
surfaces of the reactor coolant channel head and nozzles are clad
with austenitic stainless steel.

No structures, systems, or components were out of service at the
time of this event that contributed to the event. This event is
not applicable to the Unit 1 SGs because they are a different
design and do not have a drain line in the bottom channel head.

The leakage of reactor coolant through the 2C and 2D SG channel
head bowl drains was so minimal that it was detectable only by the
visual observation of a small quantity of boron crystals. However,
Technical Specification (TS) Limiting Condition for Operation (LCO)
3.4.13(a) limits RCS Operational Leakage to "No pressure boundary
LEAKAGE" while in MODES 1 through 4. Condition B of TS 3.4.13
requires that if pressure boundary leakage exists, the unit is to
be in MODE 3 within 6 hours and to be in MODE 5 within 36 hours.
Therefore, Unit 2 operated in a condition prohibited by TS.

Unit 2 was operating in MODE 6, "refueling" immediately prior to
this event. This event is being reported to the NRC pursuant to 10
CFR 50.73(a)(ii)(A), "any event or condition that resulted in the
condition of the nuclear power plant, including its principal
safety barriers, being seriously degraded." This event is also
being reported pursuant to 10 CFR 50.73 (a)(2)(i)(B), "any
operation or condition prohibited by the plant's Technical

NRC FORM 366A (1-2001)
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Specifications" and 10CFR50.36(c)(2)(i), limiting condition for
operation of a nuclear reactor not met.

EVENT DESCRIPTION
(Dates and times are approximate)

On September 16, 2004, visual and surface examinations of the SG
2A, 2C and 2D lower head bowl drains were conducted as part of the
Alloy 600 Inspection program during the current Unit 2 refueling
outage. This program was part of the corrective actions associated
with the 2B SG lower head bowl drain leak that was reported to the
NRC in LER 414/01-002, November 12, 2001. The bowl drains for SGs
2A, 2C and 2D were previously subjected to a penetrant test on
March 3, 2003 and no rejectable indications were identified. A
visual examination was performed on the SG lower head bowl drains
and the 2C and 2D SG bowl drains were rejected. Surface
examinations were performed on 2A and 2D. SG 2A lower head bowl
drain was liquid penetrant tested and satisfied ASME Code
acceptance limits. SG 2D lower head bowl drain was liquid
penetrant tested and was rejected. SG 2C lower head bowl drain was
not liquid penetrant tested since the visual inspection indicated
an obvious pressure boundary through wall leak. This issue was
documented in the Catawba corrective action program for resolution.
An evaluation of this condition on September 17, 2004 determined
that this event was reportable to the NRCOC pursuant to 10 CFR
50.72 (b)(ii)(A) "any event or condition that results in the
condition of the nuclear power plant, including its principal
safety barriers, being seriously degraded." This event was
reported to the NRCOC at 1131 on September 17, 2004.

The SG bowl drains are located in the center of the lower channel
head. The opening to the SG bowl is beneath the partition plate
that separates the hot leg side of the channel head from the cold
leg side. The opening to the drain hole was measured to be 0.51"
in diameter. A small passage in the partition plate above the
drain hole called the "mouse hole" connects the bowl drain to the
hot and cold leg channel heads simultaneously. The bowl drain was
constructed by hard roll expanding an Inconel-600 sleeve into a
clearance hole through the generator shell. The sleeve was seal
welded to the stainless steel bowl cladding at the inner surface of
the bowl. The lower end of the sleeve was seal welded to a butter
layer of Inconel 82 or 182. A 316 stainless steel half-coupling
was welded below the sleeve termination to form the bowl drain

NRC FORM 366A (1.2001)
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nozzle on the SG outer shell. The coupling was welded to the
butter layer using a partial penetration weld and Inconel 82 filler
material. A gap was left between the lower end of the sleeve and
top end of the coupling to compensate for thermal expansion during
welding. A 4" length of 3/8" diameter pipe connected the drain
line to the drain nozzle. The drain line increased to M" diameter
pipe at a coupling below the 4" section and terminated at two
valves and a pipe cap approximately 2-1/2 feet away from the drain
nozzle.

CAUSAL FACTORS

The most probable cause for the SG 2C & 2D bowl drain leak is primary
water stress corrosion cracking (PWSCC). The Alloy 600 weld filler
material in the as welded condition has been shown to have a history of
susceptibility to this type of degradation in the presence of primary
coolant at PWR operating temperature. Axial cracks dispersed through
the weld around the circumference of the nozzle demonstrated the
generic susceptibility of the bulk filler material. No indications of
circumferential extent were identified to suggest the structural
integrity of the nozzle was challenged. The initiation of cracks at a
gap exposing the back of the partial penetration weld to primary
coolant was characteristic of PWSCC.

The existence of the gap between the nozzle coupling and lower end of
the drain sleeve is likely the cause of this occurrence of cracking.
This scenario meets all the requirements needed for PWSCC to occur, and
is known through industry operating experience to be susceptible to
attack. The weld material exists in a highly stressed state. The weld
material is exposed to primary coolant via a gap, and the temperature
is somewhere near the SG 2C and 2D hot leg temperature of 617 'F.
Under these conditions, PWSCC is likely to occur.

Other forms of degradation were ruled out by a lack of evidence or
discovery of a scenario consistent with those forms of degradation.
The orientation and location of the cracking was inconsistent with
several degradation modes such as mechanical or thermal fatigue.

CORRECTIVE ACTIONS

1. The SG 2A, 2C, & 2D channel head bowl drain lines were deleted
and the drain line connection to the SGs was repaired and
plugged to eliminate the PWSCC concern associated with alloy 600

NRC FORM 366A (1-2001)
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weld material. The repair consisted of removing the indications
by machining and welding in a new plug with weld filler material
known to be resistant to PWSCC (Alloy 52).

2. In order to eliminate the potential exposure of carbon steel
base metal from primary chemistry water, the sealing of the
divider plate hole (mouse hole) for the 2A, 2C & 2D SGs was
completed. The mouse hole modification is necessary to
eliminate this concern and potentially damaging long term
oxidizing effects from leakage through the upper seal weld or
cracks in the Inconel 600 drain tube. This modification also
serves to minimize dose during refueling outages by eliminating
the crud trap in the bottom of the SG bowl. This modification
had been previously completed for the 2B SG during the spring,
2003 refueling outage.

3. An Engineering Support Document was developed to address Alloy
600 issues as a corrective action to the previous LER (414/01-
002). This includes an inspection program based upon a ranking
of the susceptibility of Alloy 600 components. The Unit 2 SG
bowl drains were included in this program as components with a
high susceptibility requiring inspections.

This report does not contain any commitments required for
regulatory compliance.

SAFETY ANALYSIS

With the completed modifications on SG 2A, 2C, & 2D bowl drains,
there are no current operability concerns. The 2B SG was repaired
during previous outages. No other methods of Non-Destructive
Examination could be performed on these welds because of the
geometry/configuration.

With this leak present during MODES 1 - 4, Technical Specification
3.4.13.a would not have been satisfied. No pressure boundary
leakage is acceptable. The degraded condition of the bowl drain
weld does not represent a challenge to the nuclear safety of the
unit. The residual stresses from the partial penetration J-groove
weld caused axial-radial cracks. These cracks grew until they
resulted in a leak that was visible when the insulation was removed
from the SG. The leakage did not exceed Technical Specification
limits for unidentified RCS inventory loss, no radiation alarms

NRC FORM 36A (1-2001)
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sounded, and the small amounts of boric acid crystal deposits that
were observed had caused no observable corrosion to the SG vessel.
From a nuclear safety perspective, it has been concluded that any
leakage due to typical PWSCC is not a challenge to nuclear safety.
Reasons in support of this conclusion are:

* Leak rates from these cracks were very low
* Cracks were axial in orientation thus minimizing any potential

for a catastrophic failure of a nozzle.

For the previous LER, a calculation was performed to determine the
probable consequences on the RCS if the cracks on the bowl drain
lines would not have been detected. The conclusion reached was
that due to the cracks being in the radial/axial orientations,
there would have been no catastrophic failure of the bowl drain
connection. Engineering has evaluated the failures identified in
this LER and no observations or other issues related to these
failures has been identified or discovered that would lead to a
different conclusion from that reached in previous LER. Therefore,
the overall safety significance of this event was determined to be
minimal and there was no actual impact on the health and safety of
the public.

ADDITIONAL INFORMATION

The 2B SG bowl drain experienced a similar leak in the fall of 2001
and was reported to the NRC as LER 414/01-002 on November 12, 2001.
The event reported in this LER has the same root cause. Therefore,
this event was determined to be recurring in nature. However, this
event only affected the SG bowl drains for Unit 2 and those SG bowl
drains have been repaired to preclude recurrence. The Unit 1 SGs
are of a different design and are not susceptible to this event.
Catawba has implemented an Alloy 600 inspection program to monitor
other areas that have Alloy 600. Therefore, no further corrective
actions are necessary. Energy Industry Identification System
(EIIS) codes are identified in the text as [EIIS: XX]. This event
is considered reportable to the Equipment Performance and
Information Exchange (EPIX) program. This event did not include a
Safety System Functional Failure nor involve a personnel error.
There were no releases of radioactive materials, radiation
exposures or personnel injuries associated with this event.

NRC FORM 366A (12001)
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