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A steam generator (SG) eddy current inspection was performed in accordance with Technical Specification
Surveillance Requirement (TSSR) 4.4.5.0 during the Byron Unit 1 Cycle 7 planned steam generator inspection outage
(§1P02). The results of this inspection classified each of the four SGs as category C-3, as defined in TSSP 4.4.5.2,
Category C-3 was declared due to more than 1% of the tubes inspected being defective. A total of two thousand
seven hundred twenty-one (2721) indications were found to contain defective conditions during this inspection. All
defective tubes were removed from service by plugging or sleeving. The primary mode of the tube degradation was
circumterentially oriented Quter Diameter Stress Corrosion Cracking (ODSCC) at the hot leg top of tubesheet roll
transition region

The occurrence of ODSCC at the hot leg tubesheet roll transition region was first experienced during the last refueling
outage (B1R06). At that time, a total of one-hundred and thirty-two (132) tubes were found to contain
circumferential cracking at the top of the tubesheet. This mode of degradation has been experienced at a number of
other plants in the industry. Industry efforts are on going to determine corrective actions to mitigate ODSCC at the
top of the tubesheet

This event is reportable per 10CFR50.73(a)(2)(ii) due to the serious degradation of a principal safety barrier

(piiregassur\pitier\ier\wp9738r wpfl052096)
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TEXT CONTINUATION
FACILITY NAME (1) DOCKET

TEXT (If more space s required, use additional copies of NRC Form 3664) (17)

A,

BYRON NUCLEAR POWER STATION 05000454

PLANT CONDITIONS PRIOR TQ EVENT:

Event Date/Time _11/7/95 / 1545

Unit 1 MODE 5§ - Rx Power _0% RCS (AB] Temperature/Pressure Z1°F/0 psig
Unit 2 MODE _1_ - Power Op Rx Power 99% RCS [AB) Temperature/Pressure NOT/NOP

DESCRIPTION OF EVENT:

During the previous Unit 1 refuel outage (B1R06), Byron identified circumferential cracking for the first time.
At that time a total of one-hundred and thirty-two (132) tubes were found to contain circumferential cracking
utilizing the Motorized Retating Pancake Coil (MRPC) eddy current probe and were subsequently stabilized and
piugged. During the recent planned outage (B1P02), a total of two-thousand seven hundred and twenty-one
(2721} indications were found to contain defective conditions, of which a total of two-thousand six hundred
and ninety-five (2695) indications were found to contain repairable degradation at the top of the tubesheet
(TTS). Byron Station’s definition of a defective condition is an indication that is greater than or al to 40%
through wall (TW), indications that exceed the Byron Station Interim Plugging Criteria (IPC) for O ier Diameter
Stress Corrosion Cracking (ODSCC) at the tube support plates (TSP), indications that do not meet the
acceptance criteria in the wedge regions of support plates, and any indication found at the top of tubeshest
utilizing three coil technology (i.e., MRPC or Plus Point probes). During B1P0O2, the Plus Point probe was
utihzed for the first time to enable better characterization of degradation at the top of the tubesheet.

Prior to B1P02, a Technical Specification revision was requested to address the ODSCC concern in the tube
support regions. A higher voltage repair limit of 3.0 volts was requested by Byron Station. This Technical
Specification revision was approved by NRC on November 9, 1995. As a result, only one tube in all four
steam generators exceeded the 3.0 volt repair limit. This tube was repaired utilizing a plug. Had 1.0 volt IPC
been applied, a total of six hundred and ninety-nine (699) tubes would have been repaired due to TSP
cracking.

On October 29, 1995, steam generator bobbin coil eddy current inspections began pursuant to TSSR 4.4.5.0,
including the revision for the 3.0 volt IPC implementation. The initial sample consisted of 100% o f the
inservice hot leg and cold leg tubes in each of the four steam generators. Also, a 100% sample of 1he top of
tubesheet hot leg commenced utilizing the Plus Point probe (a combination probe with two pancake cons and
the Plus Point coil). The primary purpose of the TTS inspection was to detect and repair all top of tubesheet
cracking.

At 1545, on November 7, 1995, the determination that Byron should be classified as C-3 was made based on
the results of the current inspection plan. A C-3 classification is defined as more than 10% of the tubes
iInspected are degraded (imperfections greater than or equal to 20% TW or more than 1% of the tubes are
defective (an imperfection that exceeds the repair limit, 40% TW or 3.0 volt for IPC). Byron determined that
the C-3 category requirements were exceeded due to more than 1% of the tubes inspected being defective,
The appropriate NRC notification via the ENS phone system was made at 1647 on November 7, 1995,
pursuant to 10CFR50.72(b)(2)(i). At that time, the phone call was made based on a 1.0 volt IPC and the top
of tubesheet results. On November 9, 1995, 3.0 volt IPC was approved for use at Byron Station. Byron
Station completed the inspections and on November 17, at approximately 1600, a follow up red phone call
was made to provide the staff with complete data on total tubes considered defective per category C-3, as
specified in TS 4.4.5.2.
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B. DESCRIPTION OF EVENT: (cont.)

The table below identifies the inspection results and classification of each steam gen«rator:

# Inspected (100%)

# Defective Indications

(Axial @ TTS only)

(Circumferential and 208 980 709 681 2578
mixed mode @ TTS)
# Defective Indications 20 15 25 ; 117

# Defective Indications
(Exceeds IPC for 1 0 0 0
ODSCC A TSP's)

* Tube may contain more than one defective condition.

C. CAUSE OF EVENT:

# Defective Indications

(>/=40% TW) ! 2 2 0 o ]
# Defective indications

(Located in Wedge 1 6 9 5 20
Regions (LOCA & SSE))

Total indications 281 1002 745 693 2721
Defective

Total # / (%) Tubes 280 1002 742 693 2717
Defective (*) (6.8%) (24.7%) (18.5%) (15.9%) (16.4%)
Inspection Category C-3 C-3 C-3 C-3 C-3

Due to the complex environment at the top of the tubesheet of the Model D-4 SG, the exact cause cannot be
determined. Many factors may have contributed to the TTS degradation, however, no specific root cause can be

determined at this time.

As previously stated, circumferential cracking at the top ot the tubesheet was first found during the Unit 1
refueling outage (B1R06). As a result, Byron Station elected to perform a 100% top of tubesheet Plus Point
inspection on the hot leg side during the recent B1P02 outage. This was the first time that the Plus Point probe
was utilized as an inspection technique at Byron Station. The Plus Point probe has been found to be more

sensitive to circumferential cracking that the standard RPC probe.
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C. CAUSE OF EVENT: (cont.)

The primary mode of the degradation found is circumferentially and axially oriented ODSCC located at the top of
the tubesheet region. The occurrence of ODSCC can be affected by tube material properties, manufacturing
induced stresses, temperature, crevice conditions, operational environment, and chemical environments.

The Byron Unit 1 steam generators are Westinghouse Model D-4s that contain Inconel 600 tubing with carbon
steel tube support plates and a carbon steel tubesheet. Mill-annealed Inconel-800 SG tubing has been found to be
subject to axial and circumferential cracking at the top of the tubesheet at many PWRs. The cause of this
cracking is not clearly known at this time.

SAFETY ANALYSIS

All defective tubes were repaired by tube plugging or sleeving. Tubes with circumferential indications that were
not sleeved were stabilized and plugged. Stabilization prevents a postulated tube sever from damaging adjacent
tubes. The acceptance criteria of Technical Specification 3/4.4.5 has been satisfied and steam generator
operability has been demonstrated.

Eleven tubes with circumferential indications at the top of the tubesheet have been removed and tested from a
combination B1RO6 and B1P02 inspections. All tubes were found to meet structural integrity requirements. The
circumferential indications found in the planned inspection (B1P02) are believed to meet structural integrity
requirements because they are considered tu be smaller in amplitude than those found during B1RO6 which have
shown to meet the structural requirements as a result of the tube pull during B1IRO6. During the subsequent
refueling outage in Spring of 1996 (B1R07), insitu pressure testing was performed on eight tubes with
circurnferential and axial indications located at the top of the tubesheet. The purpose of the testing verifies the
tubes met structural requirements specified by Regulatory Guide (RG) 1.121. The tubes selected for insitu testing
were considered to be the most limiting of the indications found based on size, growth rate, and age. Each tube
was pressurized in sequence to differential pressures associated with normal operation, main steam line break and
5000 psi, which is in excess of the RG 1.121 requirement of 3 times the normal operating differential pressure.
All tubes tested were determined to be leak tight to pressures of 5000 psi. Tube Integrity was demonstrated for
the most limiting circumferential indications and sufficiently bounds all other indications found. Therefore no
safety concern existed for the presence of the circumferential indications at the top of the tubesheet.

Pursuant to Technical Specification 4.4.5.5.d and Generic Letter 95-05 regarding the implementation of a voltage
Dased plugging criteria for ODSCC at tube support plates, leakage and structural assessments are required to be
performed. Leakage and tube burst probability assessments were reported to the Staff in accordance with
Technical Specification 4.4.5.5.d and Generic Letter 95-05. Ali indications found were within structural integrity
voltage limits.

The primary-to-secondary leak rate is limited to 150 gpd per steam generator by the Technical Specification (TS
3.4.6.2.c). If leakage exceeds this limit, the unit will be shut down for inspection and repair of defective tubes.
With the request for 3.0 volt IPC, ComEd reduced the Unit 1 RCS lodine limit from 1.0 microCurie/gm to 0.35
microCurie/gm (TS 3.4.8.a). This provides an added m. Jin of safety to ensure that offsite doses remain a small
fraction of the 10CFR100 limits

There is no impact on the health and safety of the public. All tubes with these types of indications have been
identified and dispositioned either by stabilizing and plugging or sieeving the tubes.
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CORRECTIVE ACTIONS

Immediate corrective actions include the removal of defective tubes from service either by plugging or sleeving the
defective tubes.

Longer term corrective actions include the following:

1. Replacement of the Steam Gener

The Unit 1 steam generators are scheduled for replacement during the Spring of 1999,

2. Eddy Current Inspections
ComEd will continue to evaluate and use the appropriate eddy current technique for the SG inspections.

3. No Specific root cause has been determined for the degradation at the top of the tubesheet, however,

industry efforts are on-going to understand and correct this mode of degradation. ComeEd is actively
involved in these efforts.

R RRING EVENT H ALYSI

This is the second occurence of a Byron Unit 1 or Unit 2 steam generator being classified as inspection category
C-3. The first time a C-3 classification for steam generator tubes was made was on October 6, 1994, during the
B1RO6 refueling outage. At that time the classification of C-3 was based on tubes that were greater than the IPC
requirements of 1.0 volt at the tube support plates (LER #454-94-012).

Braidwood Unit 1 experienced a similar event during their Cycle 4 (Spring 1994) inspection when three of the four
steam generators identified with a C-3 classification due to an increase of repairs from ODSCC at tube support
plates. (LER #456-94-007) In addition to LER #456-94-007, Braidwood has categorized their steam generators
as C-3 on two other occassions for an increase of repairs from ODSCC at tube support plates (LER #456-95-003
and LER #456-95-015).

ODSCC at the top of the tubesheet has been experienced at a number plants thioughout the industry. Industry
efforts are on-going to understand and correct this mode of degradation. ComEd is actively involved in these
efforts.

( PONENT FAI TA
Manutacturer Nomenclature Model Number MFG Part Number
Westinghouse Steam Generator D4 n/a
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