
June 6, 2005

Rejane Spiegelberg Planer
Operational Safety Experience Specialist
IAEA IRS Coordinator
International Atomic Energy Agency
Division of Nuclear Installation Safety
International Atomic Energy Agency
Wagramer Strasse 5
P.O. Box 100
A-1400 Wien
AUTRICHE

Dear Ms. Spiegelberg Planer:

The following operating experience reports from United States reactors are enclosed for your
consideration for including in the AIRS database:

NRC Information Notice 2005-01:  Halon Fire-Extinguishing System Piping Incorrectly
Connected

NRC Information Notice 2005-02:  Pressure Boundary Leakage Identified on Steam Generator
Bowl Drain Welds

NRC Information Notice 2005-03:  Inadequate Design and Installation of Seismic-Gap Fire
Barriers

NRC Information Notice 2005-04:  Single-Failure and Fire Vulnerability of Redundant Electrical
Safety Buses 

NRC Information Notice 2005-06:  Failure to Maintain Alert and Notification System Tone Alert
Radio Capability

NRC Information Notice 2005-07:  Results of Hemyc Electrical Raceway Fire Barrier System
Full Scale Fire Testing

NRC Information Notice 2005-08:  Monitoring Vibration to Detect Circumferential Cracking of
Reactor Coolant Pump and Reactor Recirculation Pump Shafts

NRC Information Notice 2005-09:  Indications in Thermally Treated Alloy 600 Steam Generator
Tubes and Tube-to-Tubesheet Welds

Each report is being submitted in the following two media:  (1) a hard copy of the input file for
the AIRS database; and (2) a CD containing the input file for the AIRS database in WordPerfect
format.
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If you have any questions regarding these reports, please contact Ronald V. Schmitt of my
staff.  He can be reached at 301-415-4082.

Sincerely,

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Enclosures:  As stated

cc w/enclosures:
Dr. Pekka T. Pyy
Administrator, Operating Experience & Human Factors
Nuclear Safety Division
Nuclear Energy Agency
OECD
Le Seine St. Germain, Batiment B
12, Boulevard des Iles
92130 - Issy-les-Moulineaux
FRANCE
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INCIDENT REPORTING SYSTEM

_______________________________________________________
IRS NO. EVENT DATE 01/12/2005 DATE RECEIVED

EVENT TITLE

NRC Information Notice 2005-01:  Halon Fire-Extinguishing System Piping Incorrectly
Connected

COUNTRY PLANT AND UNIT REACTOR TYPE
United States Several GEN

INITIAL STATUS RATED POWER (MWe NET)
N/A N/A

DESIGNER 1st COMMERCIAL OPERATION
Bechtel N/A

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to
inform addressees of the potential generic issue of incorrectly connected piping in the
halon fire-extinguishing systems. 



NRC INFORMATION NOTICE  2005-01

Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.4        1.3.2                

2. Plant Status Prior to the Event: 2.0                                

3. Failed/Affected Systems: 3.KH                             

4. Failed/Affected Components: 4.2.6     4.2.7                

5. Cause of the Event: 5.1.10.2 5.3.3    5.4.9    

6. Effects on Operation: 6.0                               

7. Characteristics of the Incident: 7.12                              

8. Nature of Failure or Error: 8.2                               

9. Nature of Recovery Actions: 9.1                               



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C.  20555-0001

February 4, 2005

NRC INFORMATION NOTICE 2005-01: HALON FIRE-EXTINGUISHING SYSTEM PIPING
INCORRECTLY CONNECTED

ADDRESSEES

All holders of operating licenses for nuclear reactors (except those who have permanently
ceased operations and have certified that fuel has been permanently removed from the reactor
vessel), research and test reactors, and fuel cycle facilities.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees of the potential generic issue of incorrectly connected piping in the halon
fire-extinguishing systems.  It is expected that recipients will review the information for
applicability to their facilities and consider actions, as appropriate, to avoid similar problems. 
However, suggestions contained in this information notice are not NRC requirements; therefore,
no specific action or written response is required.

DESCRIPTION OF CIRCUMSTANCES

On January 12, 2005, the Callaway and Wolf Creek licensees notified the NRC Operations
Center (Event Notifications 41326 and 41327) of incorrectly connected piping in the halon
fire-extinguishing systems at both facilities.  The piping to the manual-pneumatic actuators in
the halon systems protecting safety-related equipment was found to be reversed.  The
licensees implemented compensatory measures until the actuation piping was reconnected in
the proper configuration. 

After reviewing the above events and as a result of being questioned by NRC inspectors, the
licensees of other nuclear power reactors checked the condition of the halon systems at their
facilities.  Several licensees also found discrepancies in the configuration of the halon systems.

DISCUSSION 

The halon fire-extinguishing system is used at many nuclear facilities to protect plant equipment
and rooms from the effects of a fire.  Halon extinguishes the fire by interfering with the
combustion chemical reaction.  A typical halon system has a bottle or series of bottles to deliver
the appropriate amount of gas to extinguish a fire.  During the actuation sequence, the opening
of the manual-pneumatic actuator allows bottle pressure to pressurize the pilot manifold. 
Pressurization of the pilot manifold causes the bottle cylinder valve or valves (for multi-bottle
systems) to open and allows the flow of halon into the distribution manifold and into the
protected enclosure.

ML050350091
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Typically, each of the manual-pneumatic actuators have ports marked A and B, (see Figure 1). 
The ports have specific requirements for connection to the pilot manifold (from port A) and to
the solenoid pilot valve assembly (from port B).  In the improper configurations recently
identified, the actuation piping to ports A and B was reversed.  Figure 2 is a diagram of a
correctly configured actuator. 

Figure 1 -  Manual-Pneumatic
Actuator

  

Figure 2 - Diagram
of Actuator Setup
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Improper configurations of the halon fire-extinguishing system could have adverse effects on
the system.  The Callaway and Wolf Creek licensees contacted the vendor (Chemetron) to
assist in the assessment of the halon system with the piping to the actuator reversed.  On
January 26, 2005, an NRC fire protection specialist observed the vendor perform a series of
tests with the actuator piped in both the correct and reversed configuration.  With the piping to
the actuator reversed and based on the internal non-symmetric construction of the actuator,
there was an approximate 2-second delay in the opening of the cylinder valve.  This would
result in a 2-second delay in the delivery of halon gas to the affected equipment.

GENERIC IMPLICATIONS

Based on the above discussion, both carbon dioxide and halon fire-extinguishing systems that
are not properly configured have the potential to impact the extinguishing capability of the
system.  Thorough inspection of the systems and adequate postmaintenance testing
procedures can help to ensure that the systems are properly configured.

CONTACT

This information notice requires no specific action or written response.  Please direct any
questions about this matter to the technical contact listed below or the appropriate Office of
Nuclear Reactor Regulation (NRR) project manager.

/RA/
Patrick L Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contact: Daniel Frumkin, NRR John Kramer, NRR
301-415-2280 301-415-1173
E-mail: dxf1@nrc.gov E-mail: jgk@nrc.gov

Note: NRC generic communications may be found on the NRC public website,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.



INCIDENT REPORTING SYSTEM

_______________________________________________________
IRS NO. EVENT DATE 09/16/2004      DATE RECEIVED

EVENT TITLE

NRC Information Notice 2005-02:  Pressure Boundary Leakage Identified on Steam Generator
Bowl Drain Welds

COUNTRY PLANT AND UNIT REACTOR TYPE
US Catawba, Unit 2 PWR

INITIAL STATUS RATED POWER (MWe NET)
N/A 1129

DESIGNER 1st COMMERCIAL OPERATION
Westinghouse 1985

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to
alert addressees of cracking and leakage indications found on steam generator (SG)
bowl drain welds. 



NRC INFORMATION NOTICE  2005-02

Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.2.2      1.3          1.4      

2. Plant Status Prior to the Event: 2.3.2                                

3. Failed/Affected Systems: 3.AH                                

4. Failed/Affected Components: 4.2.6                                

5. Cause of the Event: 5.1.1.1   5.1.1.6    5.1.1.7

6. Effects on Operation: 6.0                                   

7. Characteristics of the Incident: 7.2                                   

8. Nature of Failure or Error: 8.2         8.2.3                  

9. Nature of Recovery Actions: 9.1.1                                



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C.  20555

February 4, 2005

NRC INFORMATION NOTICE 2005-02: PRESSURE BOUNDARY LEAKAGE IDENTIFIED
ON STEAM GENERATOR BOWL DRAIN WELDS 

ADDRESSEES

All holders of operating licenses for pressurized-water nuclear power reactors, except those
who have permanently ceased operations and have certified that fuel has been permanently
removed from the reactor vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to alert
addressees to cracking and leakage indications found on steam generator (SG) bowl drain
welds.  It is expected that recipients will review the information for applicability to their facilities
and consider actions, as appropriate, to avoid similar problems.  However, suggestions
contained in this information notice are not NRC requirements; therefore, no specific action or
written response is required.

BACKGROUND

On September 16, 2004, Duke Energy Corporation, the licensee for Catawba Unit 2, identified
boric acid deposits from pressure boundary leakage in the vicinity of an SG bowl drain while
conducting bare metal visual examinations of Alloy 600/82/182 components during the plant’s
refueling outage.  These components are inspected because the Alloy 600/82/182 materials are
susceptible to primary water stress corrosion cracking (PWSCC). Catawba Unit 2, which began
commercial operation in 1986, is a four-loop pressurized-water reactor (PWR) unit designed
and fabricated by Westinghouse Electric Company.  The four SGs (2A, 2B, 2C, and 2D) are
Westinghouse model D5.  At 100% power, the average primary coolant temperature is 588 EF
in the cold leg and 617 EF in the hot leg.  This event is not applicable to Catawba Unit 1
because the SGs were replaced with ones that do not have bowl drains.

A similar event occurred in 2001 when the licensee identified boric acid deposits on the 2B SG
drain line nozzle weld.  Dye penetrant testing of the surrounding Alloy 82/182 weld metal
confirmed cracklike indications.  The licensee repaired the 2B SG drain line nozzle with Alloy
690/52/152 materials, which are more resistant to PWSCC.  Visual and surface inspections of
the remaining SG drain lines did not reveal any indications at that time.

ML050100104
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DESCRIPTION OF CIRCUMSTANCES

Catawba Unit 2 was completing reactor coolant pressure boundary examinations during its
cycle 13 refueling outage.  The examinations of the SG bowl drains were part of the licensee’s
Alloy 600 program.  These areas are inspected because the SG bowl drains are constructed
with Alloy 600/82/182 materials, which are susceptible to PWSCC.  The licensee previously
identified locations with Alloy 600/82/182 materials and, under its Alloy 600 program, removes
insulation and conducts bare metal visual examinations of these locations each refueling
outage. 

Three of the four Catawba Unit 2 drain lines were fabricated from stainless steel nozzles
attached at the bottom of the SG vessel using 82/182 weld materials in a J-groove weld
configuration.  Leakage was confirmed in the 2C SG drain line nozzle weld by the presence of
boric acid deposits.  The amount of boric acid deposited was approximately 0.25–0.50 cubic
inch (4.1–8.2 cubic centimeters).  The licensee also identified much smaller amounts of boric
acid on the 2D SG drain line.  To determine the extent of the problem, the licensee performed
dye penetrant testing on the 2A and 2D SG drain lines.  The licensee determined from the dye
penetrant examination that the ASME code acceptance limits were satisfied for the 2A SG bowl
drain line weld.  However, the dye penetrant examination did confirm cracking in the Alloy
82/182 weld in the 2D SG drain line.  The licensee submitted an event notification on
September 20, 2004, pursuant to 10 CFR 50.72(b)(3)(ii)(A) (event #41048).  Dye penetrant
testing of the 2C SG drain line weld was not performed since leakage was confirmed through
the presence of boric acid deposits.  The licensee repaired all three drain lines, which will
prevent any exposure of Alloy 600/82/182 materials to the reactor coolant water.

DISCUSSION

The design of the Catawba Unit 2 SG bowl drain allows primary water to directly contact the
Alloy 82/182 weld materials that attach the stainless steel drain line nozzle.  Consistent with
industry operating experience, it seems likely that the most recent indications are a result of
PWSCC.  There was no evidence of boric acid corrosion of the surrounding ferritic material.  It
also appears that the safety significance of this particular event is low, given the leakage-
limiting configuration of the drain lines.  Some licensees have eliminated the potential for this
issue by modifying the SG bowl drain in such a way that the susceptibility to PWSCC has been
lowered or eliminated.  Replacement SGs, which are in use at many plants, do not typically
have bowl drains. 

Bare metal visual examinations can be used to identify evidence of leakage.  It is important to
note that the problem would have gone unnoticed if the insulation had not been removed for the
inspections.
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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 Office of Nuclear Reactor Regulation (NRR) project manager.

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contact: Allison Black, NRR
301-415-3697
E-mail: AKB1@nrc.gov

Note: NRC generic communications may be found on the NRC public website,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.
     



INCIDENT REPORTING SYSTEM

_______________________________________________________
IRS NO. EVENT DATE 1980s DATE RECEIVED

EVENT TITLE

NRC Information Notice 2005-03: Inadequate Design and Installation of Seismic-Gap Fire
Barriers

COUNTRY PLANT AND UNIT REACTOR TYPE
US Wolf Creek and Callaway PWR

INITIAL STATUS RATED POWER (MWe NET)
N/A N/A

DESIGNER 1st COMMERCIAL OPERATION
Bechtel N/A

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN)
to inform addressees of recently identified deficiencies in the design and installation of
seismic-gap fire barriers. 



NRC INFORMATION NOTICE  2005-03

Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.3.1     1.4                     

2. Plant Status Prior to the Event: 2.0                                  

3. Failed/Affected Systems: 3.KH     3.SC                  

4. Failed/Affected Components: 4.2.0       4.2.9                

5. Cause of the Event: 5.3.3     5.4.19    5.7.1    

6. Effects on Operation: 6.0                                  

7. Characteristics of the Incident: 7.12      7.13                   

8. Nature of Failure or Error: 8.2                                  

9. Nature of Recovery Actions: 9.1.1                               
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

February 10, 2005

NRC INFORMATION NOTICE 2005-03: INADEQUATE DESIGN AND INSTALLATION OF
SEISMIC-GAP FIRE BARRIERS

ADDRESSEES

All holders of operating licenses for nuclear power reactors except those who have permanently
ceased operations and have certified that fuel has been permanently removed from the reactor
vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to inform
addressees of recently identified deficiencies in the design and installation of seismic-gap fire
barriers.  It is expected that recipients will review the information for applicability to their
facilities and consider actions, as appropriate, to avoid similar problems.  However, suggestions
in this IN are not NRC requirements; therefore, no specific action or written response is
required.

DESCRIPTION OF CIRCUMSTANCES

During a quarterly fire protection inspection at the Wolf Creek Generating Station, the resident
inspectors discovered that a portion of the fire barrier in the seismic gap between the auxiliary
building main steam enclosure floor and the containment building was incomplete. 
Approximately 20 inches of fire barrier material in the four-inch-wide gap was missing.  This
resulted in a degradation of the fire barrier between the main steam enclosure and all the
auxiliary feedwater system’s steam generator water level control valve rooms.  The licensee
determined that the fire barrier material had been missing since initial plant construction.  The
licensee performed a walkdown of all seismic gaps and identified two additional incomplete fire
barriers.  The inadequate design and installation condition also existed at the Callaway Plant.

The licensee also found, during the course of resolving the missing fire barrier segment issue,
that the original seismic-gap fire barrier design was deficient.  The design only included the
gaps between a single floor or wall of one building and a wall or floor of an adjacent building or
fire area.  The design did not include the fire barrier configuration where floors, walls, and/or
ceilings of one building joined together, such as a corner of a room, at the seismic gap with an
adjacent building or fire area.  Since the design was deficient, the licensee implemented
compensatory measures for all potentially affected fire areas.  The licensee inspected 25
suspect configurations and determined that 14 were inadequate.  The attached diagram
represents a typical as-found deficient seal and the associated restoration configuration where
multiple fire boundary seismic-gap seals interface.
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Through intrusive inspection, it was determined that the original fire barriers were not installed
per the design at many single-interface locations.  Instead of installing fire barrier material on
just one side of a gap, the installers placed barrier material in the gaps at both sides of a wall or
floor and did not use the polyethylene backing.  The polyethylene is provided for support of the
caulking material.  With fire barrier material on both sides, the polyethylene backing is not
needed.  Installing barrier material on both sides of the gap actually mitigated the potential
consequences of the inadequate installations at some of the room corners.  The licensee
immediately corrected the deficiencies at the corner interfaces by adding fire barrier material.

Additionally, the resident inspectors asked whether the caulking compound and polyethylene
backing material used in the seismic gaps were included in the fire loading calculations for each 
fire area.  The caulking material was used as a pressure and/or flooding boundary.  The
licensee had stated that these materials were combustible and were consumed during the fire
barrier qualification tests.  

The licensee reviewed the calculations and found that these materials had not been included in
the fire loading calculations.  The licensee performed further analysis to determine if the fire
areas’ ratings were affected.  The licensee concluded that the caulking and backing material in
the seismic gaps did not significantly increase the fire area loadings.  The licensee also
concluded that only the caulking and backing material on the exposed fire barrier side would be
affected.  On the unexposed barrier side, combustible elements of the seal would not reach a
high enough temperature to sustain combustion.  This determination was based on a review of
relevant fire testing for the design.

Using Manual Chapter 0609, Appendix F, Attachment 2, “Additional Guidance for the
Assessment of Findings Using Significance Determination Process Entry,” the inspectors made
two determinations:

• There was no credible fire scenario that would affect more than one safe shutdown area. 
This was based on a lack of combustible material, lack of ignition sources, location of the
seal with respect to safe shutdown equipment, the presence of detection and suppression
systems, the amount of seal degradation, or the distance from the seal to any combustible
material.  In addition, the inspectors determined that the fire barriers did not leave
significant gaps between fire areas.  In some cases, the fire seal materials were butted up
against each other at a right angle.

• These as-found conditions did not provide the required 3-hour fire rating, but would
hamper the propagation of smoke and hot gases between fire areas for some untested
amount of time.  The inspectors concluded that the degraded fire barriers would provide a
minimum of 20 minutes fire endurance protection, and that the fixed and in situ fire ignition
sources and combustible or flammable materials were positioned such that, even if the fire
spread to secondary combustibles, the degraded fire barriers would not be subjected to
direct flame impingement.
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On this basis, this finding was greater than minor because it was similar to the example in
Inspection Manual Chapter 0612, Appendix E, Section 2.e.  In the as-found condition, the
15 fire penetration seals at the seismic gaps would not have performed their function as a
3-hour rated fire barrier.  This finding is of very low safety significance because, overall, the fire
barriers would have provided the protection needed for credible fire scenarios.  The issue was
processed in the NRC’s significance determination process and determined to be Green. 
Please refer to NRC Inspection Report 05000482/2004002, Section 4OA5, for additional
information.

BACKGROUND

The NRC has issued other generic communications that have discussed requirements,
guidance, and potential problems with fire-barriers, especially penetration seals.  For example

(1) On February 5, 1988, the NRC issued Information Notice (IN) 88-04, "Inadequate
Qualification and Documentation of Fire Barrier Penetration Seals," to alert addressees
that some installed fire-barrier penetration seal designs may not be adequately qualified
for the design rating of the penetrated fire barrier.  This IN discussed an NRC staff review
which identified some instances where installed fire-barrier penetration seal configurations
were not qualified by adequate testing or were not supported by adequate qualification
documentation.

(2) On August 9, 1988, the NRC issued IN 88-04, Supplement 1, "Inadequate Qualification
and Documentation of Fire Barrier Penetration Seals," to alert addressees to problems
caused by potential misapplication of silicone foam material used in penetration openings
at nuclear power plants.

3. In July 1996, the NRC issued NUREG-1552 “Fire Barrier Penetration Seals in Nuclear
Power Plants.”  This was followed up by NUREG-1552, Supplement 1 in January 1999.

4. On June 25, 2003, the NRC issued Information Notice 2003-08 “Potential Flooding
Through Unsealed Concrete Floor Cracks.”



1American Society for Testing and Materials Standard E-119 was adopted by the
National Fire Protection Association (NFPA) as NFPA Standard 251

2See Information Notice 88-04 “Inadequate Qualification and Documentation of Fire
Barrier Penetration Seals”
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DISCUSSION

NRC requirements and guidelines for fire barriers are contained in various documents, including
Appendix R to 10 CFR Part 50, Appendix A to Branch Technical Position (BTP) APCSB 9.5-1,
"Guidelines for Fire Protection for Nuclear Power Plants Docketed Prior to July 1, 1976," and
NUREG-0800, Standard Review Plan.  The extent to which these requirements or guidelines 
are applicable to a specific plant depends on plant age, commitments made by the licensee in
developing the fire protection plan, the staff safety evaluation reports (SERs) and supplements,
and the license conditions pertaining to fire protection. 

The goal is to provide a fire barrier that will remain in place and retain its integrity when
subjected to an exposure fire, and subsequently, a fire suppressing agent.  This will provide
reasonable assurance that the effects of a fire are limited to discrete fire areas and that one
division of safe-shutdown-related systems will remain free of fire damage.

Seismic gaps (commonly referred to as “shake space,” “rattle space,” “construction joint
systems,” or “building joint systems”) are a part of the overall seismic design of the structure. 
Their principal function is to allow different parts of the nuclear power plant (NPP) to move
independently during an operating-basis earthquake (OBE) or a design-basis earthquake
(DBE).  To fulfill other design functions, the gaps (openings) have seals similar to penetration
seals in rated fire barriers.  Other NPP-specific design functions can include fire barrier, flood
barrier, pressure boundary, and radiation shielding.  The seismic gap penetration seal often has
multiple design functions and is tested, installed, and maintained accordingly.

The fire resistance rating of the seismic-gap penetration seal is equal to or greater than the fire
barrier in which it is installed.  The fire resistance rating is determined by testing a
representative sample to the requirements of American Society of Testing and Materials
(ASTM) Standard E-119, “Standard Methods of Fire Tests of Building Construction and
Materials”1 including the hose stream test.  The existing staff guidance on fire barrier
penetration seals is also applicable to seismic-gap penetration seals.2  There are also specific
test methods for building joints such as the ASTM E1966 “Standard Test Method for Fire
Resistance of Building Joint Systems” and the method in Underwriters Laboratories Inc (UL)
Standard UL 2079 “Tests for Fire Resistance of Building Joint Systems.”
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CONTACTS

This information notice requires no specific action or written response.  Please direct any
questions about this matter to the technical contacts listed below or the appropriate Office of
Nuclear Reactor Regulation (NRR) project manager.

/RA/
Patrick Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contacts: Ruth Reyes Frank Brush, RIV
(301) 415-3249 (620) 364-8653
e-mail: rrm1@nrc.gov e-mail: flb2@nrc.gov

Brett Rini
(301) 415-3931
e-mail: bar3@nrc.gov

Attachment:  Diagram

Note: NRC generic communications may be found on the NRC public Website,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.
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INCIDENT REPORTING SYSTEM
_______________________________________________________
IRS NO. EVENT DATE 01/27/2005 DATE RECEIVED

EVENT TITLE

NRC Information Notice 2005-04: Single-Failure and Fire Vulnerability of Redundant Electrical
Safety Buses 

COUNTRY PLANT AND UNIT REACTOR TYPE
United States Several GEN

INITIAL STATUS RATED POWER (MWe NET)
N/A N/A

DESIGNER 1st COMMERCIAL OPERATION
N/A N/A

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees of a potential single-failure and fire vulnerability whereby a circuit failure could
result in bus lockouts and prevent the reenergization of the redundant electrical safety buses. 
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Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.4                                

2. Plant Status Prior to the Event: 2.0                                

3. Failed/Affected Systems: 3.ED     3.EB                

4. Failed/Affected Components: 4.3.2     4.3.8                

5. Cause of the Event: 5.3.3     5.4.19  5.7.1    

6. Effects on Operation: 6.0                                

7. Characteristics of the Incident: 7.13                              

8. Nature of Failure or Error: 8.1        8.4                   

9. Nature of Recovery Actions: 9.1.1                             



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C.  20555-0001

February 14, 2005

NRC INFORMATION NOTICE 2005-04: SINGLE-FAILURE AND FIRE VULNERABILITY
OF REDUNDANT ELECTRICAL SAFETY BUSES

ADDRESSEES

All holders of operating licenses for nuclear reactors, except those who have permanently
ceased operations and have certified that fuel has been permanently removed from the reactor
vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees of a potential single-failure and fire vulnerability whereby a circuit failure could
result in bus lockouts and prevent the reenergization of the redundant electrical safety buses.  It
is expected that recipients will review the information for applicability to their facilities and
consider appropriate actions to avoid similar problems.  However, suggestions contained in this
information notice are not NRC requirements; therefore, no specific action or written response
is required.

DESCRIPTION OF CIRCUMSTANCES

On January 27, 2005, during a triennial fire protection inspection of the Crystal River nuclear
station, NRC inspectors discovered an electrical protection and metering circuit which if
damaged, could electrically lock out redundant safety buses and prevent reenergization of the
buses both from offsite power sources and emergency diesel generators (EDGs).

The power sources for the safety buses generally consist of two offsite power supplies, both of
which are designed to supply power to each of the safety buses.  The normal bus alignment
has one offsite power supply selected as the source for each safety bus.  Each safety bus also
has one EDG as a standby power source.  The electrical protection and metering system uses
current transformers (CTs) for measuring power consumption and sensing overloads and
faulted conditions.  At Crystal River, the electrical protection and metering circuit for each offsite
power supply included three CTs at the feeder breaker to each safety bus, phase overcurrent
relays, and ground overcurrent relays, all connected in a basic residual scheme.  The circuit
also included one watt-hour meter which would sum the power to both safety busses.  This
interconnection of a protection and metering circuit between two safety busses was identified by
the inspectors as a common-mode failure vulnerability.  A failure on this interconnected circuit
(e.g., a fire-induced cable fault or watt-hour meter failure) would be interpreted by the protection
system as an electrical bus fault on both safety busses.  Consequently, the relay logic would
lock out both redundant safety buses and prevent reenergization from any power source.

ML050400090
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The licensee has modified the wiring in the overcurrent protection circuits to align each
monitoring circuit to one safety bus and to disconnect the watt-hour meters.  In this corrected
configuration, each circuit is contained within one switchgear, a single fault will affect only one
safety bus, and a fire in any area (e.g., at the watt-hour meters in the main control room) will not
affect safety busses that are relied upon for safe shutdown.

BACKGROUND 

The design function (to prevent single- failure vulnerabilities) is implemented through train-
specific metering, monitoring, and protection systems to limit the probability of worst case
failures to a train.  Whenever a signal is needed to the redundant train, the signal is electrically
isolated (i.e., any potential failure or its deleterious effects cannot be transmitted to the
redundant train).  

The redundant safety buses are expected to be fully independent (i.e., neither component
failure, degradation of equipment, or electrical faults could disable both trains).  NRC
regulations in Title 10, of the Code of Federal Regulations (CFR) Part 50.55a(h)(2),  requires
protection systems to meet IEEE Std 279 -1971 “Criteria for Protection Systems for Nuclear
Power Generating Stations.”  This standard requires all electric and mechanical components
(e.g., from sensors to actuation devices) to be free from single failure vulnerability. That is, no
single failure in the protection system shall prevent proper protective actions at the system
level.

General Design Criterion (GDC)17, of 10 CFR Part 50  Appendix A, states that “The onsite
electric power supplies...and the onsite electric distribution system... shall have sufficient
independence [and] redundancy ....to perform their safety functions assuming a single failure.”
There may be other plant-specific commitments for keeping the plant configuration free of
single-failure vulnerability.

DISCUSSION

The design deficiency identified at Crystal River had a protection scheme that used CTs for
monitoring and metering power flow. The CTs installed on power feeders to redundant safety
buses were electrically connected to generate a selective tripping scheme to isolate overcurrent
and ground fault conditions on the bus.  This design is economical but results in a common-
mode failure vulnerability disabling two redundant trains of safety buses.  Further, the CT
outputs from redundant safety buses were also connected to the same watt-hour meter,
resulting in the same vulnerability to common-mode failure.  

The significance of such a vulnerability is that the failure of redundant buses generally disables
most of the accident mitigation/emergency core cooling systems, except the steam-driven
systems actuated by DC power.  Such electrical failures cannot be isolated with a reasonable
chance of system recovery without expert help because of the interdependent electrical
protection system.  In most cases, manually closing the breaker will result in a prompt trip. This
is because the logic is designed to prevent such operations when actual fault conditions persist. 
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Similar problems could exist in the buses that supply related plant pumping systems (e.g.,
reactor coolant pumps, circulating water pumps, service water pumps), where a single failure
could disable the full system of pumps connected to different buses.

Similar common-mode failure vulnerabilities were identified at Quad Cities, Dresden, LaSalle,
Prairie Island, and Monticello.

GENERIC IMPLICATIONS

After reviewing the events at the six sites (10 units), the staff concludes that such deficiencies
are potentially wide-spread with varying levels of risk significance depending on plant-specific,
unique design configurations. 

CONTACT

This information notice requires no specific action or written response.  Please direct any
questions about this matter to the technical contact listed below or the appropriate Office of
Nuclear Reactor Regulation (NRR) project manager.

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contact: Thomas Koshy, NRR/EEIB
301-415-1176
E-mail: txk@nrc.gov

Note: NRC generic communications may be found on the NRC public Website,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.
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EVENT TITLE

NRC Information Notice 2005-06: Failure to Maintain Alert and Notification System Tone Alert
Radio Capability

COUNTRY PLANT AND UNIT REACTOR TYPE
US Many GEN

INITIAL STATUS RATED POWER (MWe NET)
N/A N/A

DESIGNER 1st COMMERCIAL OPERATION
N/A N/A

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees of inspection findings concerning a licensee’s capability to alert members of the
public within the emergency planning zone (EPZ) in the event of a radiological emergency. 
This information notice is intended to ensure that licensees using tone alert radios (TARs)
maintain positive control over the distribution of the TARs. 
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Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.4                                      

2. Plant Status Prior to the Event: 2.0                                      

3. Failed/Affected Systems: 3.EH                                   

4. Failed/Affected Components: 4.3.0      4.3.3                    

5. Cause of the Event: 5.3.4      5.5.2.1      5.6.4    

6. Effects on Operation: 6.0                                     

7. Characteristics of the Incident: 7.0                                      

8. Nature of Failure or Error: 8.2                                      

9. Nature of Recovery Actions: 9.1                                      



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C.  20555-0001

March 30, 2005

NRC INFORMATION NOTICE 2005-06: FAILURE TO MAINTAIN ALERT AND
NOTIFICATION SYSTEM TONE ALERT RADIO
CAPABILITY

ADDRESSEES

All holders of operating licenses for nuclear power reactors, except those who have
permanently ceased operations and have certified that fuel has been permanently removed
from the reactor vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees of inspection findings concerning a licensee’s capability to alert members of the
public within the emergency planning zone (EPZ) in the event of a radiological emergency. 
This information notice is intended to ensure that licensees using tone alert radios (TARs)
maintain positive control over the distribution of the TARs.  The NRC expects recipients to
review the information for applicability to their facilities and consider taking actions to avoid
similar problems.  However, suggestions contained in this information notice do not constitute
NRC requirements; therefore, no specific action or written response is required.

DESCRIPTION OF CIRCUMSTANCES

• The Federal Emergency Management Agency (FEMA) approved alert and notification
system (ANS) design report for the Arkansas Nuclear One (ANO) facility stated that new
residents in the plume exposure EPZ would be identified through electric service
connection reports from utilities serving the EPZ.  The residents identified would be
contacted and offered a free TAR.  In practice, the connection reports were provided to
the Arkansas Department of Health, Office of Nuclear Planning and Response Programs
(NPRP).  NPRP compared these reports with a TAR distribution list to identify addresses
that had not received a TAR.  Letters were then sent to the new addresses informing the
resident of the availability of an emergency information booklet (EIB) and their eligibility to
receive a TAR if they were unable to hear a warning siren.  When one of the participating
utilities could no longer provide the new connection reports, ANO and NPRP agreed that
receipt of the reports was not required and that letters would no longer be sent to new
residents.  Thus, NPRP and ANO relied on new residents learning of the EIB and the
TARs through passive distribution at public locations, annual mass mailing of the EIB, and
periodic public service TV and radio announcements.  New residents were not directly
contacted.

ML050680335
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As a result of these program changes, ANO could no longer demonstrate a “best effort” to
place TARs at affected residences because the State or the licensee were no longer
identifying these residences.  The NRC asked FEMA to evaluate whether the current
practice was acceptable.  FEMA concluded that the program change was a loss of
administrative control of TARs and that it was questionable whether affected populations
could be notified in a timely manner.  During inspection activities, the NRC determined
that the issue did not represent a degradation in the risk-significant planning standard 10
CFR 50.47(b)(5) and assigned a green finding.  The NRC based this determination on
FEMA’s conclusion that the automatic route alerting provided for in existing county
emergency procedures would have been capable of accomplishing the ANS function in
the entire EPZ in a timely manner.

• At the Callaway Plant, TARs are used as the primary ANS for residences located outside
of the coverage area of fixed sirens.  On a monthly basis, licensee clerical personnel
review new electric service hookups and disconnect information provided by the three
utilities that supply residential electric service within the plume exposure EPZ.  The
database of residences assigned TARs is updated and a mailing is prepared for the newly
identified TAR residences.  Licensee personnel annually request an updated customer
service list from one of the three utilities to compare with the TAR database and the
database is updated as needed.  Following this update, new batteries and instructions are
sent to each residence in the TAR database.

During a scheduled monthly surveillance, licensee personnel noted an abnormally high
number of new service connections.  After comparing these new connections to the TAR
database, the licensee identified 65 residences that should have been previously identified
and added to the database.  The licensee determined that clerical personnel had been
told the majority of the customers are within siren coverage for newly connected
residences reported by one of the three utilities serving the EPZ.  As a result, new
customers for that utility were not identified as candidates to receive TARs.  The spike in
new service connections occurred when the utility transferred part of its service area to
one of the other two utilities serving the EPZ.  The receiving utility submitted new
connection reports on the transferred customers.  Further review of the database
identified an additional 33 affected residences.  Ninety-eight residences outside the siren
coverage area were not identified in the TAR database and would not have received an
emergency alerting signal in the event of an emergency at the Callaway plant.  The
licensee had identified errors in the TAR database 4 years earlier but the corrective
actions taken failed to update the database and failed to implement programmatic
changes to prevent further errors.  The failure of the licensee’s self-assessments, quality
assurance audits, and supervisory oversight to identify this problem earlier is a significant
weakness in the problem identification and resolution cross-cutting area.  The NRC
determined that the inspection finding represented a degradation in the risk-significant
planning standard 10 CFR 50.47(b)(5) and assigned a white finding.  A supplemental
inspection was conducted.



IN 2005-06
Page 3 of 5

• The FEMA ANS design report for the Wolf Creek Generating Station (WCGS) committed
the licensee to offer TARs to residences located outside of the 70 db siren coverage area. 
This was an over-commitment in that the applicable standard was 60 db for areas where
the population density was less than 2000 persons per square mile. 

The licensee delegated the issuance and tracking of TARs to the county emergency
preparedness office.  The county emergency preparedness office received information
concerning new residents and offered TARs to them.  The annual letter sent to the
populace within the EPZ provided direction that residents not having TARs and living
outside of certain named towns should contact the county emergency preparedness office
to receive a TAR.

As a result of a quality assurance audit, the licensee identified 72 residences located
outside of the 70 db siren coverage area but inside a town that would not have received
an emergency alerting signal in the event of an emergency at WCGS.  The licensee
determined that the apparent cause of the weakness was the poor quality of siren
coverage maps that made it difficult for the county emergency preparedness office to
identify the location of residents in comparison to the 70 db siren coverage map.  In
addition, the 72 residences needing TARs were within four of the towns that had been
identified in the annual letter as not needing TARs.  The NRC asked FEMA to evaluate
whether the licensee was in compliance with the commitments in the ANS design report. 
FEMA concluded that the licensee was not in compliance with the FEMA-approved ANS
design report since TARs were not offered to some residences outside of the 70 db siren
coverage area.  The NRC concluded that the licensee’s failure to identify residences
outside siren coverage areas affected the risk-significant planning standard 10 CFR
50.47(b)(5).  The NRC determined that the inspection finding did not represent a
degradation in the risk-significant planning standard 10 CFR 50.47(b)(5) and assigned a
green finding.  The NRC based this determination on the fact that, although WCGS ANS
design report called for TARs outside the 70 db siren coverage area, all of the residences
were within the 60 db siren coverage area and would have been alerted in the event of an
actual emergency.

• The Vermont Yankee Nuclear Power Station (VYNPS) ANS design report included fixed
sirens and TARs.  TARs are the primary means of notification for several communities in
Vermont, New Hampshire, and Massachusetts.  A small number of TARs are the primary
means of notification in areas in other communities outside of the coverage area of fixed
sirens.  In addition, TARs are available on request to members of the public in areas
where fixed sirens are the primary means of notification.  About 5000 TARs are issued in
the VYNPS EPZ.  The licensee should have maintained a list of TAR users and a list of
residences who refused TARs.  Although the licensee has overall responsibility for the
ANS, local officials in each community distribute the TARs to the appropriate residences. 
The ANS design report approval letter states that residences receiving TARs sign a three-
part equipment loan agreement.  The licensee should have used its copy of the forms to
maintain a computer list of TAR holders; the list should have identified the residences that
refused the TARs.
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During an inspection, the NRC determined that the list of TAR holders was not current and
that a list of the residences that refused a TAR did not exist.  A comparison of the TAR list
and the 2000 census data suggests that at least 5 percent of the population in the EPZ
may have been without a TAR, may not have had the opportunity to refuse one, and
would not have received an emergency alerting signal in the event of an emergency at
VYNPS plant.  Although new residents may have become aware of the TARs via the
annual public information calendar and other means such as welcome letters, town office
displays, and town meetings, the approach is not consistent with a best-effort attempt to
place receivers as expected by FEMA.  The NRC determined that the issue represented a
degradation in the risk-significant planning standard 10 CFR 50.47(b)(5) and assigned a
white finding.

BACKGROUND

Title 10, Code of Federal Regulations, Paragraph 50.54(q) requires nuclear power plant
licensees to follow and maintain in effect emergency plans that meet the standards in
10 CFR 50.47(b) and the requirements in Appendix E to 10 CFR Part 50.  Planning standard
10 CFR50.47(b)(5) states that procedures have been established for notification, by the
licensee, of State and local response organizations and for notification of emergency response
personnel by all organizations; the content of initial and followup messages to response
organizations and the public has been established; and means to provide early notification and
clear instruction to the populace within the plume exposure pathway EPZ have been
established.

These requirements are amplified in Appendix 3 of NUREG-0654 FEMA-REP-1, “Criteria for
Preparation and Evaluation of Radiological Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants” that states:  1) NRC and FEMA recognize that the
responsibility for activating the prompt notification system . . . is properly the responsibility of the
State and local governments.  NRC and FEMA also recognize that the responsibility for
demonstrating that such a system is in place rests with the facility licensee.  2) Within the plume
exposure EPZ, the system shall provide an alerting signal and notification by commercial
broadcast (e.g., Emergency Broadcast System) plus special systems such as the National
Oceanic and Atmospheric Administration radio.  A system which expects the recipient to turn on
a radio receiver without being alerted . . . is not acceptable. 

The ANS provides for the timely notification of the affected population within the plume
exposure pathway EPZ surrounding nuclear power reactor sites.  The ANS alerts the public of
the emergency and provides a means for public officials to distribute emergency instructions
and advisories.  The ANS may be a combination of fixed or mobile sirens, TARs, automatic
telephone dialers, commercial broadcast media, and the Emergency Broadcast System. 
Information Notice 2002-25, “Challenges to Licensees’ Ability to Provide Prompt Public
Notification and Information During an Emergency Preparedness Event,” addressed challenges
related to the ANS, including failure to test and maintain personal home alert devices.
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DISCUSSION

FEMA advises the NRC on the status of offsite emergency planning, including the acceptability
of the ANS.  FEMA bases its finding of acceptability on the licensee’s ANS design report and
FEMA-REP-10, “Guide for the Evaluation of Alert and Notification Systems for Nuclear Power
Plants.”  The NRC relies on FEMA’s assessment of the licensee commitments in the facility
ANS design report in finding that planning standard 10 CFR50.47(b)(5) has been met. 

FEMA-REP 10, recognizing that absolute control of TARs is forfeited once they are given to the
public, establishes a minimum distribution and maintenance program to ensure that affected
residences are offered the opportunity to obtain a TAR.  The FEMA guidance states:  TARs
should be offered to the public in a geographical area (where needed) and a “best-effort”
attempt must be made to place the radios.  A record system (register) containing an accurate
list of addresses (names are optional) must be maintained for those geographical areas using
the tone alert radios.  The addresses of residents refusing tone alert radios should also be
noted.

Since FEMA’s determination that the ANS is acceptable is based, in part, on commitments
made by the licensee in the facility ANS design report, the NRC expects licensees to ensure
that these ANS program commitments continue to be met.  Licensees are reminded that,
pursuant to 44 CFR 350, significant changes to an ANS requires FEMA review and acceptance
prior to implementation.

CONTACTS

This information notice does not require any action or written response.  Please direct any
questions about this matter to the technical contact(s) listed below or the appropriate Office of
Nuclear Reactor Regulation (NRR) Project Manager.

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contacts: Stephen F. LaVie, NSIR Robert E. Kahler, NSIR
(301) 415-1081 (301) 415-2992
E-mail: sfl@nrc.gov E-mail: rek@nrc.gov

Note: NRC generic communications may be found on the NRC public Web site,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.
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Information Notice 2005-07:  Results of Hemyc Electrical Raceway Fire Barrier System Full
Scale Fire Testing

COUNTRY PLANT AND UNIT REACTOR TYPE
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N/A N/A

DESIGNER 1st COMMERCIAL OPERATION
N/A N/A

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to inform
addressees of the results of Hemyc electrical raceway fire barrier system (ERFBS) full-scale fire
tests.  The Hemyc ERFBS did not perform for one hour as designed because shrinkage of the
Hemyc ERFBS occurred during the testing. 
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Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.3.1    1.3.4         1.4      

2. Plant Status Prior to the Event: 2.0                                   

3. Failed/Affected Systems: 3.KH                                

4. Failed/Affected Components: 4.3.7    4.3.8                    

5. Cause of the Event: 5.1.6.8 5.4.19      5.7.2   

6. Effects on Operation: 6.0                                   

7. Characteristics of the Incident: 7.13                                 

8. Nature of Failure or Error: 8.2                                   

9. Nature of Recovery Actions: 9.1.1                                



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS

WASHINGTON D.C. 20555-0001

April 1, 2005

INFORMATION NOTICE 2005-07: RESULTS OF HEMYC ELECTRICAL RACEWAY FIRE
BARRIER SYSTEM FULL SCALE FIRE TESTING

ADDRESSEES

All holders of operating licenses for nuclear power reactors, except those who have
permanently ceased operations and have certified that fuel has been permanently removed
from the reactor vessel, and fuel facilities licensees.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to inform
addressees of the results of Hemyc electrical raceway fire barrier system (ERFBS) full-scale fire
tests.  The Hemyc ERFBS did not perform for one hour as designed because shrinkage of the
Hemyc ERFBS occurred during the testing.  It is expected that recipients will review the
information for applicability to their facilities and consider actions as appropriate to avoid similar
problems.  However, suggestions contained in this information notice are not NRC
requirements; therefore, no specific action or written response is required. 

BACKGROUND

The Hemyc ERFBS, manufactured by Promatec, Inc., has been installed at nuclear power
plants (NPPs) to protect circuits in accordance with regulatory requirements (Reference 1) and
plant-specific commitments.

As a result of fire protection inspections, unresolved items (URIs) were opened at some nuclear
power stations due to questions raised regarding the fire resistance capability of the Hemyc
ERFBS (Reference 2).  The Office of Nuclear Reactor Regulation (NRR) performed a review of
the Hemyc ERFBS (Reference 3) and requested the NRC’s Office of Nuclear Regulatory
Research (RES) to perform confirmatory testing of this ERFBS.  RES performed the testing at
the Omega Point Laboratories in Elmendorf, Texas. 

DISCUSSION

This information notice describes the results of the investigation of the fire resistance capability
of the Hemyc ERFBS (Attachment 1).  The NRC performed two ASTM E 119 furnace tests on a
number of cable raceway types that are protected by the Hemyc ERFBS (with and without air
gaps) in accordance with the Hemyc ERFBS test plan (see ADAMS Accession No.
ML043210141 for a preliminary version of the test plan).  The test plan provides 

ML050890089
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a detailed discussion of the assemblies and the thermocouple positions.  The Hemyc ERFBS
tests were performed for a period of 60-minutes each, followed by a hose stream test and post-
test visual inspection of the ERFBS.

A bare No. 8 stranded copper conductor, instrumented with thermocouples every 6 inches
along its length, was routed through each of the conduit and cable tray test specimens.
Additional thermocouples were mechanically attached to the outer surfaces of the conduit test
specimens and along the length of both side rails of the cable tray test specimens at 6-inch
intervals.  All results in Attachment 1 refer to the additional thermocouples attached to the outer
surfaces of the conduits and cable trays unless otherwise stated. 

Shrinkage of the Outer Covering

The Hemyc ERFBS is constructed of Hemyc mats consisting of Kaowool insulation inside an
outer covering of Siltemp high-temperature fabric.  The mats are machine-stitched at the
factory to fit each electrical raceway installation.  Hemyc mats that are directly wrapped around
the electrical raceway use 2-inch-thick Kaowool.  Hemyc mats that are installed over spaced
frames to provide a 2-inch air gap between the Hemyc and the electrical raceway (for cable tray
protection) use 1½-inch-thick Kaowool. 

While Siltemp is a frequently used descriptor for the outer covering, and thus is used
generically in this information notice, the material originally known as Siltemp is not now
available commercially.  The Promatec vendor manual references either Siltemp, Refrasil, or
Alpha 600 as equivalent materials for the outer covering of the Hemyc ERFBS mats.  This
testing used the Refrasil brand fabric.  The term “Siltemp” is most commonly used in the
nuclear industry to describe the outer covering fabric of the Hemyc ERFBS mats.  The NRC’s
preliminary testing indicates that the material density, thickness, and fabric weave are identical
for both Siltemp and Refrasil. 

During the fire testing, the outer layer of Siltemp consistently showed thermal shrinkage and
change of color from tan to white.  This shrinkage led to some gaps opening between the
Hemyc ERFBS mats.  NRC’s preliminary findings indicate that the color change and shrinkage
of both Siltemp and Refrasil materials are spatially uniform.  Based on preliminary testing both
Siltemp and Refrasil shrink approximately 8 percent during the ASTM E 119 furnace exposure. 

Opening of the Joints

This testing examined the four most common methods of joining the Hemyc material into a
complete ERFBS: (1) using stitched joints, (2) using minimum 6-inch collars over a joint,
(3) using minimum 2-inch overlapping of the mats, and (4) using through bolts with fender
washers.  The Siltemp shrinkage led to the opening of each of the joint systems, which exposed
the assembly (conduit, cable tray, junction box, air drop cable) to the furnace environment.  For
method (1), the shrinkage led to the seams being torn open.  For method (2), the mats also
experienced shrinkage, causing openings in the Hemyc ERFBS.  It appeared that the 6-inch
collar contracted and moved with one side of the material.  For method (3), the 2-inch
overlapping joints also opened.  For method (4), the through-bolting of the Hemyc mats on the
cable tray designs using the 2-inch air gap appeared to provide the most robust resistance to
Siltemp shrinkage.  However, due to this rigid fixed mounting of the Hemyc mats, the Siltemp 
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experienced tearing of the machine sewn seams and tearing of the Siltemp fabric.  All but one
assembly (conduit or cable tray) experienced temperatures capable of damaging plant cables
(Reference 4). 

Supports and Intervening Item Protection

With only the 3-inch thick Kaowool protection on supports as required by the vendor manual,
the single point temperature rise of 325 oF was exceeded in 13 to 32 minutes.  To prevent
corruption of the thermal measurement data for the raceways because of potential thermal
short-circuiting from structural supports, this program did not test the raceway and the structural
supports together.  Intervening metallic items would also be expected to permit the same
temperature rise.

Significance of Results

The significance of the test results is that the Hemyc ERFBS did not perform for one hour as
designed.  Observations made during the testing, such as mat shrinkage and thermal shorts
through the support protection, were not identified during previous testing of the material. 
Consequently, the Hemyc ERFBS does not provide the level of protection expected for a rated
1-hour fire barrier. 

CONTACT 

This information notice requires no specific action or written response.  Please direct any
questions about this matter to the technical contact(s) listed below or the appropriate NRR 
project manager.

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contact: Daniel Frumkin, NRR/DSSA
301-415-2280
E-mail: dxf1@nrc.gov

Attachment 1: Hemyc 1-Hour Fire-Rated Test Results

Note:  NRC generic communications may be found on the NRC public Web site,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.
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Hemyc 1-Hour Fire-Rated Test Results 

Conduit , Supports & Junction Box

Raceway
Time to 
∆Tave >
250oF

(minutes)

Time to
Single Point
∆T > 325oF
(minutes)

Max. Temp.
Bare #8

@ 1 hour1

(oF)

Joint Opening2

Yes/No

1" Conduit (1E)
(Empty)

46 42 1013 Yes

1" Conduit (1F)
1.02 lb./linear foot (lin.ft.)
Cable Fill

44 34 1177 Yes

2 ½ " Conduit (1C)
(Empty)

48 41 709 Yes

2 ½ " Conduit (1D)
5.85 lb./lin.ft. Cable Fill

51 38 446 Yes

4" Conduit (1A)
(Empty)

49 33 865 Yes

4" Conduit (1B)
14.84 lb./lin.ft. Cable Fill

57 43 199 Yes

Junction Box
18” x 24” x 8”

17 15 NA Yes

Unistrut Support3 NA 22 - 32 NA NA

2" Tube Steel Support3 NA 13 - 25 NA NA
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Hemyc 1-Hour Fire-Rated Test Results 

Cable Tray, Junction Box, & Airdrop

Raceway

Right Side
Tray Rail 
∆Tave >
250oF

(minutes)

Right Side
Tray Rail

Single Point
∆T > 325oF
(minutes)

Left Side
Tray Rail 
∆Tave > 
250oF

(minutes)

Left Side
Tray Rail

Single Point
∆T > 325oF
(minutes)

Bare #8 
∆Tave >
250oF

(minutes)

Bare #8
Single Point
∆T > 325oF

(minutes)

Bare #8
Max.

Temp.
@ 1 hour

(oF)

Joint
Opening2

Yes/No

12" Cable Tray Empty,
(2A) Direct Attachment

36 34 27 18 32 32 1260 Yes

12" Cable Tray Empty,
(2B) 2" Air Gap

37 35 38 35 33 34 1002 Yes

36" Cable Tray Empty,
(2C) Direct Attachment

41 39 34 33 35 35 1330 Yes

36" Cable Tray Empty,
(2D) 2" Air Gap

32 31 33 32 28 27 1117 Yes

Air Drop, (2E)
Direct Attachment

NA NA NA NA 35 32 1712 Yes

Air Drop, (2F)
2" Air Gap

NA NA NA NA 32 28 1411 Yes

18” x24” x 8”Junction
Box,(2G)
Direct Attachment with
Bands 4

31 32 NA NA NA NA NA Yes
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Notes:  
 

1. The temperatures recorded on the Bare No. 8 conductor may not be indicative of the actual temperature inside the assembly for two
reasons.  First, to insure the integrity of the thermocouple’s jacket and insulation during installation, the instrumented Bare No. 8
conductor was located in the center of the cable; therefore it may not have been exposed to the highest temperature within the
conduit.  The second reason was that the joints opened during the testing, producing local hot spots on the interior of the raceway
that may or may not have been picked up by the Bare No. 8 conductor.

2. All Hemyc ERFBSs  experienced some thermal shrinkage of the outer Siltemp covering. As a result, some joints opened and exposed
the conduits or cable trays to the furnace environment at various points during the test.

3. The time provided for the structural supports was determined to be the time when the single point temperature rise (∆T ) exceeded
325 oF at a distance 3 inches into the Hemyc insulation protecting the structural steel.  Three inches is the minimum structural support
protection recommended in the vendor manual.

4. The junction box average temperature is the average across all thermocouples mounted on the outside of the box’s surface.  The
single-point temperature is also measured on the external surface of the junction box.



INCIDENT REPORTING SYSTEM

_______________________________________________________
IRS NO. EVENT DATE N/A DATE RECEIVED

EVENT TITLE

NRC Information Notice 2005-08: Monitoring Vibration to Detect Circumferential Cracking of Reactor
Coolant Pump and Reactor Recirculation Pump Shafts

COUNTRY PLANT AND UNIT REACTOR TYPE
United States Many GEN

INITIAL STATUS RATED POWER (MWe NET)
N/A N/A

DESIGNER 1st COMMERCIAL OPERATION
N/A N/A

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to alert
addressees to the importance of timely detection of circumferential cracking of reactor coolant pump
(RCP) and reactor recirculation pump (RRP) shafts to minimize the likelihood of consequential shaft
failures. 



References:

1. Title 10 of the Code of Federal Regulations, Part 50, Appendix R, Section III.G.2 

2. NRC Inspection Report 50-400/1999-13 (ADAMS Accession No. ML003685341); NRC Inspection
Reports 50-369/2000-09 and 50-370/2000-09 (ADAMS Accession No. ML003778709)

3. NRR Response to Task Interface Agreement (TIA) 99-028, “Shearon Harris Nuclear Power Plant,
Unit 1 - Resolution of Pilot Fire Protection Inspection Fire Barrier Qualification Issues,” dated August
1, 2000 (ADAMS Accession No. ML003736721)

4.  Inspection Manual Chapter 0609, Appendix F, Fire Protection Significance Determination Process,
Attachment 7, page F7-2
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Hemyc 1-Hour Fire-Rated Test Results 

Conduit , Supports & Junction Box

Raceway
Time to 

∆Tave > 250oF

(minutes)

Time to
Single Point
∆T > 325oF
(minutes)

Max. Temp.
Bare #8

@ 1 hour1

(oF)

Joint Opening2

Yes/No

1" Conduit (1E)
(Empty)

46 42 1013 Yes

1" Conduit (1F)
1.02 lb./linear foot (lin.ft.)
Cable Fill

44 34 1177 Yes

2 ½ " Conduit (1C)
(Empty)

48 41 709 Yes

2 ½ " Conduit (1D)
5.85 lb./lin.ft. Cable Fill

51 38 446 Yes

4" Conduit (1A)
(Empty)

49 33 865 Yes

4" Conduit (1B)
14.84 lb./lin.ft. Cable Fill

57 43 199 Yes

Junction Box
18” x 24” x 8”

17 15 NA Yes

Unistrut Support3 NA 22 - 32 NA NA

2" Tube Steel Support3 NA 13 - 25 NA NA
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Hemyc 1-Hour Fire-Rated Test Results 
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Notes:  
 

1. The temperatures recorded on the Bare No. 8 conductor may not be indicative of the actual temperature inside the assembly
for two reasons.  First, to insure the integrity of the thermocouple’s jacket and insulation during installation, the instrumented
Bare No. 8 conductor was located in the center of the cable; therefore it may not have been exposed to the highest
temperature within the conduit.  The second reason was that the joints opened during the testing, producing local hot spots
on the interior of the raceway that may or may not have been picked up by the Bare No. 8 conductor.

2. All Hemyc ERFBSs  experienced some thermal shrinkage of the outer Siltemp covering. As a result, some joints opened and
exposed the conduits or cable trays to the furnace environment at various points during the test.

3. The time provided for the structural supports was determined to be the time when the single point temperature rise (∆T )
exceeded 325 oF at a distance 3 inches into the Hemyc insulation protecting the structural steel.  Three inches is the
minimum structural support protection recommended in the vendor manual.

4. The junction box average temperature is the average across all thermocouples mounted on the outside of the box’s surface. 
The single-point temperature is also measured on the external surface of the junction box.



NRC INFORMATION NOTICE  2005-08

Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.4        1.3.3                

2. Plant Status Prior to the Event: 2.0                                

3. Failed/Affected Systems: 3.AE                             

4. Failed/Affected Components: 4.2.1     4.2.7                

5. Cause of the Event: 5.1.1.5  5.1.1.7 5.7.3        5.1.1.4

6. Effects on Operation: 6.0        6.0                   

7. Characteristics of the Incident: 7.0                                

8. Nature of Failure or Error: 8.1                                

9. Nature of Recovery Actions: 9.1                               



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

April 5, 2005

NRC INFORMATION NOTICE 2005-08: MONITORING VIBRATION TO DETECT
CIRCUMFERENTIAL CRACKING OF REACTOR
COOLANT PUMP AND REACTOR
RECIRCULATION PUMP SHAFTS

ADDRESSEES

All holders of operating licenses for nuclear power reactors, except those who have
permanently ceased operations and have certified that fuel has been permanently removed
from the reactor vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to alert
addressees to the importance of timely detection of circumferential cracking of reactor coolant
pump (RCP) and reactor recirculation pump (RRP) shafts to minimize the likelihood of
consequential shaft failures. 

It is expected that recipients will review the information for applicability to their facilities and
consider actions, as appropriate, to avoid similar problems.  However, the suggestions in this IN
are not NRC requirements; therefore, no specific action or written response is required. 

DESCRIPTION OF CIRCUMSTANCES 

General Electric (GE) Nuclear Services Information Letter (SIL) 459-S2, issued October 21,
1991, informed GE boiling water reactor (BWR) owners of shaft cracking in RRPs.  The root
cause was determined to be fatigue initiated by thermal stresses that, combined with
mechanical stresses, caused cracks to propagate.  GE recommended countermeasures
including shaft vibration monitoring, inspection of shafts with greater than 80,000 hours of
service, and measures to reduce mechanical and thermal stresses.

At Hope Creek, RRPs had accumulated over 130,000 hours of service without pump shaft
inspections.  The licensee had operated the B RRP for several refueling cycles with vibration
levels approaching vendor limits.  During this time, the licensee also identified failed and
degraded RRP seals and concluded that the most likely causes of the failed and degraded RRP
seals were a possible bow in the pump shaft and low reliability of the seal purge system.

ML050730093
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The licensee’s decision to restart following the fall 2004 refueling outage without correcting this
condition led to heightened public interest and prompted a close NRC review.  The staff
evaluated site-specific technical details, related domestic and international operating
experience, and the generic safety aspects of vibration-related shaft and seal failure. 
Circumferential cracking of RCP and RRP shafts had previously been reported at several
facilities including Sequoyah, Palo Verde, St. Lucie, and Grand Gulf.  In addition, reactor
coolant pump shafts at Crystal River separated completely during operation on two occasions
(see IN 86-19 and IN 89-15).

The staff evaluated the licensee’s determination that the Hope Creek unit could be safely
returned to power with the existing pump shaft and the interim compensatory measures
implemented to provide reasonable assurance that a shaft failure could be detected in its
incipient stage and operators would take prompt action to prevent the occurrence of a potential
shaft and seal failure.  The licensee committed to (1) replace the B pump shaft at the next
outage of sufficient duration and to (2) establish a comprehensive program of enhanced
continuous vibration monitoring to ensure timely detection of circumferential crack propagation
with proceduralized contingency actions for plant operators to act promptly at specified
administrative vibration limits to reduce pump speed or shut the pump down completely.  The
same monitoring regime was implemented for the A RRP.

The Hope Creek licensee implemented a program to continuously monitor the synchronous
speed (1X) vibration amplitude, two times synchronous speed (2X) vibration amplitude, 1X
phase angle, and 2X phase angle.  These parameters provide a more sensitive leading
indicator of circumferential crack initiation and propagation giving the operators enough time to
respond.  Alarm limits were established using the ASME OM standard, "Reactor Coolant and
Recirculation Pump Condition Monitoring." 

GE SIL 459 indicates that all Byron Jackson (now Flowserve) RRP shafts inspected have
shown some degree of thermally induced cracking.  The cracking occurs near the pump
thermal barrier where the cold seal purge system water mixes with the hot reactor coolant
water.  The cracks initiate as axial cracks in the pump shaft.  Axial cracks are generally benign,
grow slowly, and do not affect the operation of the pump.  However, given sufficient mechanical
loads, the axial cracks can change direction and propagate circumferentially.  The time it takes
to transition from slow-growing axial cracks to more rapidly growing circumferential cracks
depends on the magnitude of the mechanical loads on the pump shaft.  It could take years.  On
the other hand, circumferential shaft cracking can propagate rapidly and, if not detected early,
may result in complete severance of the shaft.

Circumferential shaft cracking or shaft separation could result in pump damage and
degradation or failure of the pump seal package resulting in leakage of reactor coolant through
clearances around the upper portion of the pump shaft.  However, at Crystal River - where the
only two instances of shaft failure occurred at domestic nuclear power plants - there was no
evidence of seal degradation.  A loss-of-coolant accident can occur if leakage through the seals
of a RRP or RCP exceeds the capacity of the normal makeup systems.  Thus circumferential
shaft cracking that leads to shaft or seal failure is a safety concern. 
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As noted above, vibration-monitoring systems are available to detect circumferential cracking of
pump shafts.  As circumferential cracks propagate, the stiffness of the pump shaft changes. 
These changes are detectable through changes in the pump vibration signature prior to shaft
failure.  Although overall pump vibration limits are necessary for assessing gaps and clearances
in the pump, they are not the most appropriate indicator of shaft cracking.  Monitoring the 1X
and 2X steady-state vectors (1X and 2X amplitudes and phase angles) provides a better
indication of changes in shaft integrity resulting from circumferential crack propagation. 

Licensees should be alert to the possibility of circumferential RCP or RRP shaft cracking and
should evaluate the information in this IN and determine what actions, if any, are prudent to
provide early detection of circumferential shaft cracking and prevent failure of RRP or RCP
shafts and shaft seals.

GENERIC IMPLICATIONS

A significant number (about half) of the BWR RRP pump shafts currently in service are older
and have more hours of operation than those at Hope Creek and many have not been
inspected as recommended in GE SIL 459-S2.

About a half-dozen BWR RRPs were identified as having higher vibration levels than Hope
Creek.  Such issues would not necessarily be reported to the NRC.  The staff contacted three
BWR licensees whose plants had been reported to have higher vibration levels than Hope
Creek.  The three plants included Susquehanna Units 1 and 2, Peach Bottom Units 2 and 3,
and Browns Ferry Units 2 and 3.  The staff discussed with each licensee how it monitors pump
vibration, the vibration acceptance criteria used, and why the current vibration levels are
acceptable.  These licensees indicated that they have either replaced their pump shafts (or will
in the near future) or are taking steps to monitor RRP vibration and have established
acceptance criteria to detect anomalous behavior.

Operating experience suggests that pressurized water reactor (PWR) RCPs are not immune to
vibration-related shaft and seal failure concerns similar to BWR RRP concerns.  PWR RCP seal
failure can be more safety significant than BWR RRP seal failure because (1) PWR reactor
coolant systems operate at higher pressures, increasing the differential pressure across the
pump seals and (2) PWR RCPs, unlike BWR RRPs, typically can not be isolated from the
reactor coolant system following a seal failure.  In addition, while a number of BWR RRP shafts
have cracked, several PWR RCP shafts have completely severed.
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CONTACT

This information notice requires no specific action or written response.  Please direct any
questions about this matter to the technical contact(s) listed below or the appropriate Office of
Nuclear Reactor Regulation (NRR) project manager.

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contacts: William Poertner, NRR Ross Telson, NRR
(301) 415-5787 (301) 415-2256
E-mail wkp@nrc.gov E-mail rdt@nrc.gov 

Note: NRC generic communications may be found on the NRC public Web site,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.



INCIDENT REPORTING SYSTEM

_______________________________________________________
IRS NO. EVENT DATE   2004      DATE RECEIVED

EVENT TITLE

NRC Information Notice 2005-09:  Indications in Thermally Treated Alloy 600 Steam Generator
Tubes and Tube-to-Tubesheet Welds

COUNTRY PLANT AND UNIT REACTOR TYPE
US Catawba, Unit 2 PWR

INITIAL STATUS RATED POWER (MWe NET)
N/A 1129

DESIGNER 1st COMMERCIAL OPERATION
Westinghouse 1985

_______________________________________________________
ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees about recent operating experience with degradation in steam generator tubes and
tube-to-tubesheet welds. 
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Please refer to the dictionary of codes corresponding to each of the sections
below and to the coding guidelines manual.
_______________________________________________________

1. Reporting Categories: 1.2.2        1.4                     

2. Plant Status Prior to the Event: 2.3.2                                  

3. Failed/Affected Systems: 3.AH                                  

4. Failed/Affected Components: 4.2.4       4.2.6                  

5. Cause of the Event: 5.1.1.7    5.3.3                  

6. Effects on Operation: 6.0                                  

7. Characteristics of the Incident: 7.2                                   

8. Nature of Failure or Error: 8.2.1                                

9. Nature of Recovery Actions: 9.1.1                                 



UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

April 7, 2005

NRC INFORMATION NOTICE 2005-09: INDICATIONS IN THERMALLY TREATED ALLOY
600 STEAM GENERATOR TUBES AND TUBE-
TO-TUBESHEET WELDS

ADDRESSEES

All holders of operating licenses for pressurized-water reactors (PWRs), except those who have
permanently ceased operations and have certified that fuel has been permanently removed
from the reactor vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice to inform
addressees about recent operating experience with degradation in steam generator tubes and
tube-to-tubesheet welds.  It is expected that recipients will review the information for
applicability to their facilities and consider actions, as appropriate, to avoid similar problems. 
However, suggestions contained in this information notice are not NRC requirements; therefore,
no specific action or written response is required.

DESCRIPTION OF CIRCUMSTANCES

Catawba Nuclear Station, Unit 2, has four Westinghouse Model D5 recirculating steam
generators.  Each steam generator has approximately 4,600 tubes fabricated from thermally
treated Alloy 600 (Figure 1).  During fabrication of the steam generators, a portion of the U-
shaped tubes are inserted into a thick plate called a tubesheet.  The tubesheet is approximately
21 inches thick and has two holes for each tube (one hole on the hot-leg side of the steam
generator and one hole on the cold-leg side).  The lower end of the tubes were tack-expanded
into the tubesheet for approximately 0.70 inch (Figure 2).  This tack expansion is performed to
facilitate welding of the tube to the primary side of the tubesheet.  In the case of Catawba
Unit 2, this region is frequently referred to as the tack roll region since the tack expansion was
accomplished by mechanically rolling the tube into the tubesheet.  The tack expansion forms a
temporary expansion transition (i.e., a roll transition in the case of Catawba).  Following
welding, the tubes were hydraulically expanded for the full depth of the tubesheet.  The
transition from the expanded portion of tube within the tubesheet to the unexpanded portion of
the tube at the top of the tubesheet is referred to as the expansion transition region of the tube. 

In 2004, at Catawba Unit 2, Duke Energy (the licensee) conducted steam generator tube
inspections.  At the time of the inspections, Catawba Unit 2 had operated for approximately
14.7 effective full-power years and the licensee had never identified any cracklike indications in
the steam generator tubes or welds.

ML050530400
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As part of the inspection, the licensee planned to use a rotating probe to inspect approximately
25 percent of the tubes in each of the steam generators from 2 inches above the top of the
tubesheet to 9 inches below the top of the tubesheet.  During the rotating probe examinations in
the tubesheet region in steam generator B, the licensee found three discrete circumferential
indications in an overexpanded region of one tube.  Overexpanded regions such as this are
sometimes called bulges or tubesheet anomalies.  These terms are used to distinguish
overexpanded regions of the tubes from regions that have been expanded above the top of the
tubesheet, which may also be referred to as overexpansions.  The indications were located
approximately 7 inches below the top of the hot-leg tubesheet.  The indications began from the
inside diameter of the tubes and are approximately 30 degrees in circumferential extent.  The
overexpanded region extended for approximately 6 inches and the diameter was estimated to
be approximately 0.003 inch greater than the diameter observed in the remainder of the
expanded region.  Overexpansions in the tubesheet region are a result of expanding the tube
into a region of the tubesheet which is not perfectly round.  This out-of-round condition is the
result of anomalies introduced into the tubesheet during the drilling process (e.g., when the drill
bit wanders).  As a result of identifying these circumferential indications, the licensee increased
the scope of the rotating probe examinations in the tubesheet region to include all tubes in all
four steam generators with overexpanded regions in the hot leg.  The licensee inspected these
tubes from 2 inches above the top of the tubesheet to the tube end.  A total of 1344 tubes in the
hot-leg tubesheet region of all four steam generators have overexpanded regions.

During these additional rotating probe examinations, no additional indications were found in the
overexpanded (bulged) regions; however, several indications were found at the tube ends
(tube-to-tubesheet weld) and one indication was found in the tack expansion region.  At the
tube ends, the licensee identified approximately 12 indications in steam generators A, B, and D. 
These indications were in the tube-to-tubesheet weld and were not visible during visual
inspections of the weld.  The indication in the tack expansion (the region of the tube expanded
into the tubesheet to facilitate welding) was approximately 0.70 inch above the tube-to-
tubesheet weld and was circumferentially oriented.  It was estimated to be 330 degrees in
circumferential extent and 100 percent through-wall.

Based on these results, the licensee expanded the scope of the rotating probe examinations in
the tack expansion region to include 100 percent of the tubes in steam generator B and 20
percent of the tubes in steam generators A, C, and D.  These tubes were inspected from the
tube end to approximately 2 inches above the tube end (which bounds the locations where the
tube end indications were identified).

In steam generator B, 9 tubes were found to have indications in the tack roll region.  These
indications were circumferentially oriented and consisted of either single or multiple cracks.  No
indications were found in the tack roll region in steam generators A, C, or D.  In the tube-to-
tubesheet weld region, 188 tubes in steam generator B, 1 tube in steam generator A, and
7 tubes in steam generator D contained indications in the tube-to-tubesheet weld.  No
indications were found in the tube-to-tubesheet weld region in steam generator C.  Six tubes in
steam generator B were identified with tube end (i.e., tube-to-tubesheet weld) indications that
extended into the tube material.  The indications in these tubes were axially and
circumferentially oriented and consisted of either single or multiple cracks.
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The licensee plugged the tube with the circumferential indications in the overexpanded region
and the tubes with indications in the tack roll region.  In addition, the licensee plugged the six
tubes with indications in the weld region that extended into the tube material.

BACKGROUND

In the U.S., only a few cracks (or cracklike indications) have been detected in steam generator
tubes fabricated from thermally treated Alloy 600.  Prior to 2004, most (if not all) of these
indications occurred at two plants and were attributed to nonoptimal tube processing.  These
cracklike indications occurred in the region of the tube where it passes through the tube support
plates.  Additional information concerning this type of cracking is given in NRC Information
Notice 2002-21, Supplement 1, “Axial Outside-Diameter Cracking Affecting Thermally Treated
Alloy 600 Steam Generator Tubing.”

DISCUSSION

The findings at Catawba Unit 2 are noteworthy because they indicate that degradation can
potentially be occurring at various locations within the tubesheet region of thermally treated
Alloy 600 tubes.  The findings are also noteworthy because potential cracklike indications were
first found in manufacturing anomalies (e.g., bulges or tubesheet anomalies) rather than at
other tube locations such as the expansion transition or U-bend region.  Historically, rotating
probe inspections have focused on the expansion transition region on the hot-leg side and the
U-bend region of tubes with short-bend radii.  Inspections focused on these areas due to the
high operating temperature and residual stress in these regions.  The recent experience at
Catawba shows the importance of monitoring all tube locations (such as bulges, dents, dings,
and other anomalies from the manufacture of the steam generators) with techniques capable of
finding potential forms of degradation that may be occurring at these locations (refer to Generic
Letter 2004-001, “Requirements for Steam Generator Tube Inspections”).  The Catawba
experience also highlights the need to inspect all regions with high residual stress.  Such
inspections will provide added assurance that any degradation at these locations will be
promptly detected.

The inspection of the tube-to-tubesheet weld and the repair of any indications detected in these
welds are not governed by the surveillance requirements in the Catawba Unit 2 technical
specifications.  However, indications in the parent tube adjacent to the tube-to-tubesheet weld
are governed by the plant technical specifications.  Since the weld is designed at many plants
to serve as part of the reactor coolant pressure boundary (i.e., it is a structural weld), the
findings at Catawba illustrate the importance of inspecting the parent tube adjacent to the weld
and the weld itself for degradation.  Evaluating the results of these inspections is important for
verifying the weld and the parent tube will continue to satisfy its design basis.  Alternatively,
redefining the reactor coolant pressure boundary using a different method of evaluation for the
tube-to-tubesheet joint may demonstrate that degradation in this region is not safety significant. 

Recent steam generator tube leaks at several plants with thermally treated Alloy 600 or Alloy
690 tubing (H.B. Robinson, Palo Verde, Shearon Harris) also show the need for thorough 



IN 2005-09
Page 4 of 4

inspections and robust inservice inspection programs regardless of the tube material or steam
generator history.  Information Notices 2004-17, “Loose Part Detection and Computerized Eddy
Current Data Analysis in Steam Generators,” and 2004-16, “Tube Leakage Due to a Fabrication
Flaw in a Replacement Steam Generator,” provide additional details on some of these leakage
events.  Although corrosion-related degradation in plants with thermally treated tubing has been
minimal, the recent operating experience at plants with thermally treated steam generator tubes
indicates that damage by loose parts or damage incurred during manufacture of steam
generator tubes can result in primary-to-secondary system leakage.  This experience also
shows the importance of being alert to all potential tube degradation mechanisms and to
aggressively examine eddy current inspection signals that may be associated with tube
degradation.

CONTACTS

This information notice requires no specific action or written response.  Please direct any
questions about this matter to the technical contact listed below or the appropriate Office of 
Nuclear Reactor Regulation (NRR) project manager.

/RA/
Patrick L. Hiland, Chief
Reactor Operations Branch
Division of Inspection Program Management
Office of Nuclear Reactor Regulation

Technical Contact: Kenneth J. Karwoski, NRR
301-415-2752
E-mail: kjk1@nrc.gov

Attachments:  1. PWR Recirculating Steam Generator Figure 1
2. Tube Installed in the Tubesheet Figure 2

Note: NRC generic communications may be found on the NRC public Web site,
http://www.nrc.gov, under Electronic Reading Room/Document Collections.
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