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3. REVIEW

As a central focus of the review of the NRC's regulatory processes relative to the DBNPS
event, the task force sought to answer the fundamental question of why this event was not
prevented. While this focus was introspective in nature, the task force could not answer this
question without recognizing and considering the licensee's safety performance relative to this
event.

Fundamentally, this event occurred because both the NRC and nuclear industry failed to fully
appreciate the underlying significance of VHP nozzle cracking and boric acid corrosion. This
may seem counter-intuitive given the extensive amount of domestic and foreign industry
operating experience, as well as research, available that illustrate the nature and extent of both
these generic problem areas.

From a review of this operating experience in the early 1990s, including the ensuing research
activities, the NRC and nuclear industry concluded that Alloy 600 VHP nozzle cracking was not
an immediate safety concern. This conclusion was predicated on the belief that cracking
associated with Alloy 600 VHP nozzles was essentially limited to axial cracks. These axial
cracks would grow very slowly (i.e., many years) and would not (or at a minimum be extremely
unlikely) lead to rapid failure or gross rupture of the nozzle or significant wastage of the RPV
head from boric acid corrosion before such a leak would be detected by GL 88-05 inspections
of the RPV head for boric acid deposits. Because of this belief, both the NRC and industry
philosophy and approach to addressing this issue became one of reactor coolant pressure
boundary (RCPB) leakage management rather than one of RCPB leakage prevention. Since
Alloy 600 VHP nozzle cracking is virtually a statistical certainty, the implication of a
management by leakage approach is that all PWRs will be operated sooner or later in violation
of NRC requirements which proscribe RCPB leakage during power operations. Another
outcome of the view that the issue was not an immediate safety concern, heretofore, has been
the acceptance of the existing inspection requirements and guidance, which only involve visual
inspections of the RPV head. Visual inspections are not effective in characterizing the extent of
nozzle cracking.

Additionally, the task force identified four contributing causes. First, the NRC and licensee did
not adequately assess relevant industry operating experience and research. Second, the
licensee did not assure that plant safety issues received the appropriate attention. Third, the
NRC missed many opportunities to have identified the VHP nozzle leaks or RPV had
degradation. Fourth, the NRC and industry did not establish adequate requirements and
guidance.
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3.1 The NRC Failed to Adequately Assess Operating Experience Relevant to Alloy 600
Nozzle Cracking and Boric Acid Corrosion of Carbon Steel Components

Deficiencies in a number of NRC programs and their implementation contributed in combination

to a mistaken conclusion regarding the safety significance of vessel head penetration

degradation and the potential for major damage to reactor pressure vessel (RPV) heads. The

Task Force found such deficiencies in the NRC closeout and follow up on generic

communications, Generic Issues Program, and the NRC follow up of industry generic

responses to technical and safety issues.

Despite the large accumulation of data on primary system leakage and boric acid corrosion of

carbon steel components, timely corrective action to address boric acid buildup on the

Davis-Besse Nuclear Power Station (DBNPS) reactor pressure vessel head was not taken.

Both the NRC and industry has obtained a significant amount of operating experience regarding

boric acid leakage and corrosion of carbon steel components. For example, since 1980, 17

NRC generic communications have been issued providing examples of events involving either

primary system leakage or corrosion of primary system components. Numerous events

contained in licensee event reports include leakage from pressurizer instrumentation,

pressurizer heater sleeves, reactor coolant system instrumentation, control rod drive

mechanism penetrations, excessive corrosion of fasteners on valves and the reactor head,

reactor coolant system nozzles, pump casings, primary system piping, and miscellaneous

component parts corroded by boric acid deposits. In addition to numerous primary system

leaks, there have been pressurizer vessel base metal wastage events, and reactor pressure

vessel head wastage. The significance of many of these events were either lost or forgotten

when making an assessment of DBNPS.

3.1.1 Significant Operating Experience Exists for Primary System Leakage and Boric Acid

Corrosion

A review of operating experience relevant to boric acid leakage and corrosion in PWRs was

accomplished for the period 1986 through the first quarter of 2002. This information was

entered in a database which was then sorted to determine any trends and patterns. Licensee

Event Reports (LERs) were the basic source of boric acid leakage events. Two additional

events were added to the database because they involved boric acid leakage and reactor

pressure vessel (RPV) head wastage, but were not recorded in a licensee event report (LER).

For the period of interest, 73 Pressurized Water Reactors (PWRs) were included in the sample.

NRC generic communications relevant to boric acid issues that were issued since 1980, were

also reviewed to determine what guidance was provided to the industry, and whether or not this

guidance was utilized by DBNPS. Each operating experience document may have discussed

more than one component, system, or was applicable to more than one unit. Besides listing the

component that was affected by the boric acid leak, other information was sorted by Nuclear

Steam System Supplier (NSSS) designer, design type, plant operating age, number of

operating years at the time of the event report, and year of occurrence.

The m, ajority of primary system leakage events and boric acid corrosion events listed in this

report come from domestic operating experience. Although there are several events that have

occurred at foreign plants, detailed information at foreign events is generally not available, and

most of the data is restricted and cannot be published. As seen in this report, age and material

condition of power plants plays a significant role. Appendix E of this report contains an analysis
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of domestic operating experience related to primary system leakage and boric acid corrosion
from 1986 through the first quarter of 2002. In determining the correlation between age an
event types, many of the figures have been plotted against the number of years of operation
prior to the event date. In addition to data obtained in licensee event reports (LERs), NUREGs
(NRC technical reports) have been also been issued dealing with boric acid corrosion and
cracking of nozzle penetrations.

(1) Babcock and Wilcox and Combustion Engineering Plants Are Highly Susceptible to Boric
Acid Leakage and Corrosion

Babcock and Wilcox (B&W) and Combustion Engineering (CE) plants appear to be highly
susceptible to boric acid leakage and corrosion. One hundred percent of B&W plants
have reported boric acid related problems. Given the high incidence rate of boric acid
leakage problems at B&W plants, DBNPS should have been alerted and taken
appropriate corrective actions prior to the discovery of the RPV corrosion by leaking
vessel head penetrations (VHPs) in February 2002.

(2) Control Rod Drive Mechanism Leakage Is Dominated by B&W Plants

B&W designed plants dominate control rod drive mechanism (CRDM) leakage. There
were 15 documents relating to CRDM leakage of which 10 occurred at B&W plants.
When considering that B&W plants make up less than 10 percent of the plants within the
sample of 73 PWRs, the B&W plants are greatly over-represented. The types of boric
acid leakage events occurring at B&W plants include CRDM nozzles (dominant failure),
and CRDM flanges and fasteners. Combustion Engineering (CE) plants were second to
B&W plants with three reports documenting boric acid leakage of CRDM seal housings.

(3) Extensive Control Rod Drive Mechanism Nozzle Cracking and Leakage at B&W plants

As a group, B&W plants have had 6 percent of their CRDM penetrations develop through
wall cracks, 100 percent of B&W plants have experienced axial CRDM penetration cracks,
and 86 percent of B&W plants have experienced circumferential cracking in at least one
CRDM penetration. The average number of operating years prior to CRDM cracking and
leakage discovery ranged between 17 and 27 years. DBNPS was the last B&W unit to
report cracking and leakage (February 2002). Oconee I reported leakage in December
2000, Oconee 3 in March 2001, Oconee 2 in April 2001, Crystal River 3 in October 2001,
Three Mile Island 1 in October 2001, and Oconee 3 made an additional report in
November 2001. Based on information gathered from DBNPS, DBNPS probably should
have been the first B&W unit to report CRDM cracking and leakage. The licensee for
DBNPS relied substantially on industry susceptibility models to postpone VHP nozzle
inspections. As shown from the operational experience data, DBNPS was within the
average operating time period to expect CRDM penetration cracking and leakage. The
industry average operating time for CRDM penetration leakage is 21.6 years.

(4) lReactor Pressure Vessel Metal Wastage Events Caused by Boric Acid Corrosion

DBNPS was the third plant to report RPV wastage caused by boric acid corrosion.
Previous events include the Turkey Point 4 event in March 1987, and the Salem 2 event in
August 1987. The Turkey Point 4 and Salem 2 events and their lessons learned from
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1987 should have been an indicator to DBNPS that RPV wastage from boric acid
accumulation was possible, and should have been included in their Boric Acid Corrosion
Control (BACC) program. Information gained through interviews of engineers and
managers at DBNPS (also the NRC), indicated that a mind set had developed that boric
acid corrosion on the RPV head was not a credible event because of its elevated
temperature.

(5) Pressurizer Vessel Wastage Events Caused by Boric Acid Corrosion

There have been three events involving pressurizer vessel wastage. All of these events
have occurred at CE plants (Arkansas One 2, San Onofre 2, and San Onofre 3). These
events and their lessons learned in conjunction with RPV wastage events do indicate that
boric acid corrosion of high temperature components is possible, and should be assessed
further.

Recommendations,

[62] Consider providing an integrated listing of studies or major documents containing
significant operating experience to ensure that this body of knowledge and experience
isn't lost.

[81] Consider providing an integrated listing and assessment of issued generic
communications including an assessment of their effectiveness.

[124] Consider studying the unique vulnerabilities of B&W plants with respect to nozzle
cracking and boric acid corrosion.

[27] Consider performing a study to analyze boric acid corrosion of different materials
under varying temperatures and conditions.

[52] Consider the need for long-term analysis of operational experience by a single
group.

3.1.2 NRC Operating Experience Review and Assessment Capability Has Diminished

Longer term operating experience reviews were accomplished by the Office for Analysis and
Evaluation of Operational Data (AEOD) until 1999. AEOD was originally established as a
lesson learned from the accident at Three Mile Island in 1979. To gain efficiencies, AEOD was
eliminated and many of the responsibilities and authorities of AEOD were transferred to other
NRC offices. The main responsibility for accomplishing operating experience reviews (both
domestic and foreign) was given to the Office of Nuclear Reactor Regulation (NRR). However,
most operating experience reviews done by NRR involve domestic current events, and do not
involve review and assessment of operating failure trends or lessons learned of either domestic
or foreign events. In addition, the Task Force has determined through interviews with NRR
management, that NRR has not yet decided the scope of operational experience reviews.
MD 8.5, "Operational Safety Data Review," still contains references to reviews by AEOD. NRR
took over the procedure in 1999 and hasn't updated the Directive to agree with operational
experience reviews that are now controlled by NRR.
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(1) "Report of the Review of Operational and Occupational Event Review, Evaluation, and
Followup," Issued on August 1, 1994, Contained Many Recommendations. This report
reviewed the level of support for NRC operational experience reviews and assessments
and made recommendations reduce duplication of effort and to improve communications.
The report indicated that approximately 178 direct full-time equivalent (FTE) employees
were used to evaluate operational experience (53 in NRR, 84 in the Regions, 37 in AEOD,
1 in the Office of Nuclear Regulatory Research (RES), 2 in the Office of Nuclear Material
Safety and Safeguards (NMSS) and <1 in the Office of State Programs (OSP).

1994 Maior Report Observations and Recommendations-

* Unnecessary Overlap and Duplication, Multi-office Review of the Same Types of Events
and Operational Data

* Should Develop a Human Factors/performance Program

* Increase the Benefit from the Use of Risk Assessment Tools

* Reduce the Level of Involvement of AEOD in Day-to-day Aspects of Event Followup

* Have Early Coordination of Staff Efforts on Information Notices to Regional and
Headquarter's Personnel to Assure That Staff Efforts Are Not Duplicated

* Consolidate as Many Event Databases as Practicable

* Consolidate Various Agency Reports, Such as Preliminary Notifications, Morning
Reports, Daily Staff Notes and Highlights, Etc. into a Single System

* Revise MD 8.5, "Operational Safety Data Review," to Reflect Current Responsibilities
and Authorities

Additional Insights Provided in the 1994 Report:

* Unnecessary overlap and duplication stem primarily from a lack of coordination or
communication, weak guidance, a lack of guidance or systems, not properly
implementing existing guidance, and/or weaknesses associated with information
management.

* Overlap in the review and assessment of operational experience may be positive

* Reduces the Likelihood That a Particular Event or Condition Will Not Be Handled
Properly

* Provides Oversight of the Implementation of Regional Programs

* Provides Independent Quality Assurance by AEOD

* Provides a Means of Diversity of Views in the Decision Making Process
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* Specialized Resources May Be Called on to Assist

* Provides a Means of Rapid Dissemination of Important Information to the
Commissioners, Appropriate Managers, and Staff

(2) "Self-Assessment of Operational Safety Data Review Processes," issued on December
17, 1998, contained many recommendations. Evaluations and recommendations
contained in this report are made for each function in the agency-wide events assessment
and review of operational data - products, services, databases, and processes. Each
function was examined to determine if it was needed to meet NRC strategic goals and if
improvements in effectiveness or efficiency were warranted. The focus of the
self-assessment was on headquarter's functions and processes. Regional contributions
to the operational safety data review process were primarily in the event reporting and
followup part of their inspection role The regions were not directly included in the scope
of the self-assessment and no significant regional recommendations were made, because
it was expected that ongoing review of the reactor oversight program, including
assessment and inspection using risk-informed methods, would have a larger impact on
the regions' event reporting and followup processes

This report indicates that there was a approximately 25% reduction in FTE (174 to 126.5)
performing nuclear power plant operational data reviews and assessments between the
assessment performed in 1994 and the current assessment performed in 1998. An
additional 10.5 FTE were recommended to be deleted.

1998 Report Recommendations include:

* Reducing the Number of Bulletins and Generic Letters to Save FTE

* Keeping the Same Budget for Reactive Inspections Such as Augmented Inspection
Teams (AlTs), Incident Investigation Teams (IlTs), Special Inspections

* Information Notices (INs) Should Be Continued but the Threshold Should Be Raised
Which Would Save about 0.5 to 1 FTE

* Reliability and Risk Study Reports Have Medium Contribution to NRC Strategic Goals
So it Was Recommended That They Should Stay, but That the NRC Should Work with
the Industry to Avoid Duplication of Effort

* Risk-based Performance Indicators Were under Development, but Should Be Kept, but
That the NRC Should Work with Industry to Avoid Duplication of Effort

* Accident Sequence Precursor (ASP) Was a Medium Contribution to NRC Strategic
Goals, That Should Be Kept

* Performance Indicator Reports Should Be Kept and Was Seen as a Medium
Contribution to NRC Strategic Goals

* Sunset the AEOD Annual Report Which Summarized Operating Experience Feedback,
Reliability and Risk Activities, Generic Event Studies, Operating Experience Data,

5
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Incident Responses, Incident Investigation Program (lIP) Info, Independent Safety
Assessments, and International Exchange of Information

* Sunset the Significant Event determination since risk-based performance indicators
(Pls) are being developed

* Maintain the Operating Reactors Briefings, but Raise the Threshold to Save FTE

* Sunset AEOD Management Briefings Following the Daily Event Screening Call

* Generic Safety Issue Identification Should Be Done via MD 8.5, "Operational Safety
Data Review"

* Sunset Any Input to the Department of Energy Office of Emergency Management
Regarding Reactor Events

* Maintain the Reliability and Availability Data System (RADS) Which Will Be Used to
Develop Risk-based Performance Indicators

* Maintain the Human Factors Information System Database (HFIS) in NRR

* Maintain the Risk and Reliability Databases (Accident Sequence Precursor (ASP),
Common Cause, Initiating Events, Loss of Offsite Power, etc.)

* Maintain the Sequence Coding and Search System (SCSS) Database

* Sunset the Human Performance Event Database

* Sunset the Work Assignment Management System Database (WAMS) Which Tracked
LER Assessment

* Transfer the Foreign Reactor Operating Experience, IRS Reports, to NRR

* Maintain Event Followup by NRR to Determine the Need for Additional Generic Action

* Maintain the Region/NRR Morning Calls to Discuss Emergency Notification
System (ENS) and Other Information

* Maintain Regulatory Effectiveness capabilities in AEOD (now in RES)

* Sunset Routine Event and Inspection Report Screening by AEOD and NRR. This
Function Would Be Done by the Regions

* Sunset the NRR Risk Assessment Contract with Pacific Northwest National Laboratory
to Perform probability risk assessment (PRA) of Operating Events (Some Duplication of

, ASP)

* Sunset the Events Assessment Panel (Originally Made up of NRR, AEOD, and RES)
and Use Alternatives to Ensure Consistency in Generic Communications
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Sunset Centralized Screening of LERs, Institute for Nuclear Power Operations (INPO)
Documents, and Inspection Reports by AEOD. The Regions Will Refer Potentially
Significant Generic Issues to the Appropriate Lead Office (NRR) for Action

(3) AEOD functions to be placed in other NRC offices. Staff Requirements - SECY-98-228 -
"Proposed Streamlining and Consolidation of AEOD Functions and Responsibilities,"
provided guidelines for placing AEOD functions in other NRC program offices.
SECY-98-228 indicated that the Commission had approved the staff's plan to streamline
AEOD and consolidate its functions in other program offices. The SECY also indicates
that "It is important that these functions continue with a degree of independence and, in
particular, remain independent of licensing functions. The Office of Research should
provide focused analysis of the operational data and not expend scarce resources on
those operational incidents that are not risk significant."

Recommendations:

[9] Consider the need for the NRC to review industry guidance documents

[22] Consider a periodic review of the status of generic communications.

[13] Consider changes to MD 6.4, MD 8.5, and LIC-503 to coordinate office functions
and provide appropriate training.

[61] Consider providing training on significant operational experience.

[46] Assess the need to enhance the use of foreign operating experience.

[77] Enhance the dissemination of foreign experience.

[78] Update the international experience database originally kept by AEOD.

[109] Assess whether or not lessons learned have been learned or not.

3.1.3 Generic Communication Program Implementation Inadequacies

The NRC did not adequately follow up on information, actions, or recommendations provided to
licensees in NRC generic communications regarding primary system leakage and boric acid
corrosion. Without this mechanism of checking licensee performance in the area of boric acid
corrosion control, the NRC did not adequately implement its programs to ensure effectiveness
of generic communications. Sufficient information was issued by the NRC to alert licensees
and the NRC to the potential for boric acid corrosion of carbon steel components. Numerous
events have occurred since the early 1980s involving primary coolant leakage in PWRs. The
primary system leaks occurred because of component failures involving material wastage by
boric acid, or through stress corrosion cracking of materials and then subsequent material
corrosion by boric acid. Some of these events formed the basis for NRC generic
communications.

(1) Seventeen NRC Generic Communication documents have been issued (including
supplements) by the NRC involving boric acid leakage or corrosion caused by boric acid
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deposits from 1980 through the first quarter of 2002 (See Appendix E for a complete
listing of applicable NRC generic communications). All of these documents (Information
Notices, Bulletins, and Generic Letters) were issued to provide information to the industry
and the public concerning recent events of interest Some of the NRC generic
communication documents (bulletins and generic letters) may have also requested that
the addressees provide the NRC with requested information regarding plant specific
conditions at their facilities, the existence (or non-existence) of certain programs,
corrective action implementation status, and inspection status and findings. Many of the
issued generic communications have alerted DBNPS and the industry to conditions that
ultimately resulted in the severe corrosion of the RPV head at DBNPS over the last few
years, and eventually discovered by DBNPS in February 2002.

(2) A review of LERs involving boric acid leakage and corrosion shows that several years
elapsed (with relatively high numbers of primary system leakage or boric acid corrosion
events) with no boric acid leakage or corrosion generic communications being issued by
the NRC. For example, during the period 1989 through 1994, two INs were issued (IN
90-10 on PWSCC of Inconel 600, and IN 94-63 on boric acid corrosion of a pump casing).
For period 1998 through 2000, no generic communications were issued involving boric
acid leakage and corrosion. Appendix E provides examples of events occurring during
these time periods, including steel containment vessel corrosion, multiple examples of
fastener corrosion, tubing and piping failures, leaking penetrations, leaking
instrumentation nozzles, leaking CRDM housings, leaking pressurizer heater sleeves, and
leaking CRDM nozzles. Also occurring during this time period was the body-to-bonnet
leak on DBNPS's pressurizer spray valve which resulted in a stand-down meeting,
significant training on boric acid corrosion, and programmatic changes Due to the impact
of the spray valve event, DBNPS made a subsequent presentation to EPRI on the
significance of boric acid corrosion.

(3) Inspection procedures issued to evaluate effectiveness of licensees' programs to assess
and feed back to plant staff operational experience information pertinent to plant safety
were not effectively implemented. For example, Inspection Procedure (IP) 62001, "Boric
Acid Corrosion Prevention Program," was issued in August 1991 to verify that a
documented boric acid program existed, that procedural guidance to implement the
program were adequate, and that the licensee was implementing their program. IP 62001
was deleted in September 2001 with the initiation of the Reactor Oversight Program.
During the 10 year period that the procedure was in use, a total of 35 inspection hours
were documented against Cook unit 1, San Onofre 2 and-3. Similarly, IP 90700,
"Feedback of Operational Experience Information at Operating Power Reactors was
originally issued in August 1991, and subsequently canceled in September 2001 with the
initiation of the Reactor Oversight Program. With the exception of four plants (all located
in Region I), very little operational experience inspections were completed for the period
1991 through 1999. Had these inspections been performed for significant INs, Bulletins,
and Generic Letters relating to boric acid leakage and corrosion, discovery of
implementation weaknesses within either the NRC or licensees may have led to
programmatic and plant changes.

(4) The NRC closeouts of GL 88-05 did not fully assess the implementation of the generic
letter at DBNPS nor did the NRC sufficiently monitor licensee implementation following
issuance of the closeout letter. A Temporary Instruction was not issued to support
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implementation or closeout of GL 88-05. NUREG/CR-5576, "Survey of Boric Acid
Corrosion of Carbon Steel Components in Nuclear Plants," issued in 1990, recorded the
review of licensee responses to GL 88-05, "Boric Acid Corrosion of Carbon Steel Reactor
Pressure Boundary Components in PWR Plants" and the results of 10 audits of boric acid
control programs. Eight of the 10 plants audited were rated as "Satisfactory." Two plants
were rated "Good." None of the plants audited were rated "Excellent " The NRC audit
was conducted by NRC staff with contractor support and focused on reviews of program
documents and discussion with plant personnel and included a plant tour of accessible
areas. The DBNPS program was found to be sufficient, but enhancements in two areas
were recommended: that formal training be provided for personnel conducting boric acid
inspections, and that inspections be formally documented. The task group found no
evidence that the NRC conducted a follow up verification to determine if the suggestions
were implemented DBNPS's Boric Acid Corrosion Control program was lacking in both
scope and followup from its initial issuance in 1989 through the outage in 2002. The
licensee was in the process of making improvements in the program during the Task
Force assessment period.

(5) The NRC closeouts of GL 97-01 did not fully assess the implementation of the generic
letters at Davis Besse nor did the NRC sufficiently monitor licensee implementation
following issuance of the closeout letter. A Temporary Instruction was not issued to
support implementation or closeout of GL 97-01. Closeout of GL 97-01 for DBNPS
appears to be based on assessment of generic program and FENOC's adoption of the
program. Further, the NRC closeout does not indicate that any independent verification of
the DBNPS program was considered. The closeout letter (dated November 29, 1999)
was prepared by the NRR project manager using guidance issued in a memorandum from
the Division of Engineering to the Division of Licensing Project Management (dated June
14, 1999). The memorandum provided form letters for project managers to use as the
basis for the NRC responses. The closeout letter for DBNPS closely followed the format
of the form letter. It refers to licensee responses to NRC requests for additional
information, however, plant-specific information is not discussed in any detail. The
closeout discusses generic submittals made by NUMARC and the B&WOG.

(6) The task group discovered a significant omission from the Davis Besse GL 97-01 closeout
letter in that it does not address the issue of Intergranular Attack (IGA) that could result
from resin intrusion into the reactor coolant system (RCS). IGA is discussed in the
description of the Zorita event included in GL 97-01. DBNPS had a purification
demineralizer failure resulting in a resin burst event during plant shutdown on April 10,
1998. Resin beads clogged the downstream filters and a loss of letdown occurred. As
discussed in NRC inspection reports 98005 and 98007, operations activities caused some
resin transport downstream of the filters. One report indicates that plant operators
prevented resin intrusion into the RCS, but this was not substantiated in the report details
section. As discussed in GL 97-01, resin intrusion into the RCS can cause IGA and
cracking of A600 nozzles. Generic Letter 97-01 closeout should have addressed the
DBNPS resin intrusion event and whether there was a potential for the Zorita
phenomenon at DBNPS. Although IGA cracking of the head nozzles is no longer an
issue, additional follow up should be performed to confirm that no resin intrusion in the
RCS occurred, that the issue was appropriately evaluated by the licensee with respect to
IGA of other Alloy-600 components, and whether IGA occurred in head nozzles before
refueling outage 13.
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(7) The NRC Project Manager's Handbook, Section 2.4, includes guidance on responses to
licensees concerning generic communications The Handbook discusses generic
communications follow up to be conducted by the project manager:

"there are some cases where the staff intentionally does not perform a detailed
review in response to certain Bulletins, Generic Letters, etc. For these issues,
the staff must ensure that the requested actions are adequately addressed by
the licensee. The PM subsequently sends the licensee an acknowledgment
letter, with a caveat stating that the licensee's response may be subject to
future inspection or auditing In these cases, a large part of the staffs basis for
the acknowledgment closeout letter is the future inspection of all plants (or a
sample of plants)."

The closeout for Generic Letter 97-01 at DBNPS did not include the caveat regarding
future NRC inspection or auditing.

(8) Similar information has been requested of licensees for several years with limited
success. DBNPS had not planned on performing detailed inspection of the CRDM
penetrations suggested in GL 97-01 until refueling outage 13 in 2002. For example:

(1) Bulletin 2002-01, "Reactor Pressure Vessel Head Degradation and Reactor Coolant
Pressure Boundary Integrity," requested licensees to provide information related to the
integrity of the reactor coolant pressure boundary including the reactor pressure
vessel head and the extent to which inspection have been undertaken, and the basis
for concluding that plants satisfy applicable requirements, and that future inspections
will ensure continued compliance with regulatory requirements.

* Bulletin 2001-01, "Circumferential Cracking of Reactor Pressure Vessel Head
Penetration Nozzles," requested licensees to provide information related to the
structural integrity of the RPV head penetration nozzles including the extent of nozzle
leakage and cracking that had been found, the inspections and repairs that had been
undertaken, and the basis for concluding that their plans for future inspections will
ensure compliance. A Temporary Instruction for regional inspections was written for
this bulletin, but it failed to address boric acid issues.

* Generic Letter 97-01 requested licensees to provide a description of all inspections of
CRDM nozzle and other vessel head penetrations performed to date, including the
results of those inspections, and if a plan had been developed to periodically inspect
the CRDM nozzles and other vessel head penetrations, licensees were to provide the
inspection schedule and its technical basis. Licensees were to provide the scope for
the CRDM and other vessel head penetrations, including the total number of
penetrations, which penetrations had thermal sleeves, which were spares, and which
were instrument or other penetrations. Licensees were also to provide a description
of any resin bead intrusions.

(9) Information provided by DBNPS in response to Bulletin 2001-01 was not seriously
questioned or challenged by the NRC prior to allowing continued operation until February
16, 2002. The information that was provided to the NRC was confusing and not
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consistent. The following examples of paraphrased DBNPS statements that should have
been questioned by the NRC to determine their technical basis:

FirstEnergy Nuclear Operating Company (FENOC) letter to the NRC on September 4.
2001

* Installed [RPV head] insulation does not impede a qualified visual inspection of the
RPV head.

* Inspections of the RPV head were performed in accordance with DBNPS procedure
NG-EN-00324, "Boric Acid Corrosion Control Program," which was developed in
response to Generic Letter 88-05." However, procedure NG-EN-00324 requires that.

The affected areas should be inspected to identify any signs of corrosion.
This will most likely be exhibited by red rust or red/brown stained boron
If corrosion is present, the amount of corrosion should be estimated.
This should include an estimate of corrosion products present as well as
an estimate of base metal removed... The affected components should
be carefully inspected to determine if a boric acid solution is present or
just crystals and residue If active leakage is present a leak rate should
be measured or estimated and then action taken to stop the leakage...
Identify insulation or any other type of interference which must be
removed to gain access to the leak... Plant Engineering shall determine
whether follow-up or more detailed inspections of the leak are necessary
to fully assess component damage and determine possible corrective
action. [If a detailed inspection is deemed necessary, then the procedure
required] A detailed description of visible damage to the affected area.
This description should include the presence of pitting or material
wastage. If corrosion is present, then the depth of pitting or wastage
should be identified. This information is required for the analysis of
component integrity.

In addition, PCAQR 96-0551 (Boric Acid on Reactor Vessel Head) initiated on
April 21, 1996 indicated that "There could also be corrosion damage within the
reactor vessel head penetration due to boric acid corrosion resulting from a
through wall crack in the CRDM nozzle." The PCAQR also stated that
procedure NG-EN-00324 (Boric Acid Corrosion Control) "... may not have been
followed to identify the scope of problem."

* Some boric acid crystals had accumulated on the RPV head insulation beneath the
leaking flanges. These deposits were cleaned. After cleaning, the area above the
insulation was videotaped for future reference.

* Inspection of the RPV head/nozzles area indicated some accumulation of boric acid
deposits. No evidence of nozzle leakage was detected.

* Review of 1998 and 2000 Inspection Videotapes of the RPV confirmed that the
indications of boron leakage experienced at the DBNPS were not similar to the
indications seen at Oconee Nuclear Station (ONS) and Arkansas Nuclear One Unit 1

11
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(ANO-1), and that indications such as those that would result from R V. head
penetration leakage were not evident.

* DBNPS performs visual inspections for evidence of leakage by examining the RPV
head surface and the CRDM flanges per the requirements of NRC Generic Letter
88-05, and if pressure boundary leakage is suspected, supplemental examinations of
the affected CRDM nozzle will be performed to characterize the integrity of the nozzle.

FENOC letter to the NRC on October 17, 2001

* Results from previous inspections of the CRDM nozzle penetrations provide
reasonable assurance for the continued safe operation of the DBNPS until the next
refueling outage in March 2002.

First FENOC letter to the NRC on October 30, 2001

* The inspections performed during the 1 02h, 11 ", and 12t refueling outages consisted
of whole head visual inspection of the RPV head in accordance with the DBNPS Boric
Acid Corrosion Control Program pursuant to Generic Letter 88-05, "Boric Acid
Corrosion of Carbon Steel Reactor Pressure Boundary Components in PWR plants."

* Following 12RFO, the RPV head was cleaned with demineralized water to the extent
possible to provide a clean head for evaluating future inspection results.

* During the 12RFO inspection, 24 of th4e 69 nozzles were obscured by boric acid
crystal deposits that were clearly attributable to leaking motor tube flanges from the
center CRDMs. A further subsequent review of the video tapes has been conducted
and corroborates the previous statements and conclusions ... that the results of this
review did not identify any boric acid crystal deposits that would have been attributed
to leakage from the CRDM nozzle penetrations, but were indicative of CRDM flange
leakage.

Second FENOC letter to the NRC on October 30, 2001

* A good video inspection was able to be performed for those 50 drives that were not
obscured by boron from leaking CRDM flanges. Although much more video can be
viewed, these attached pictures are representative of the condition of the drives and
the heads. We attempted to capture in still photographs all of the outer most drives
since they are the most susceptible to circumferential cracking based upon finite
element analysis.

* These drives were video taped [RPV head inspection results from 12RFO] because
they had boron deposits in the vicinity of the CRDMs. Completely clean drive
penetrations are not depicted here.

The NRC responded to DBNPS' Bulletin 2001-01 correspondence on December 4, 2001
with the following statement: "Based on the information provided in your responses and
the information available to the staff regarding the industry experience with vessel head
penetration (VHP) nozzle cracking, the staff finds that you have provided sufficient
information to justify operation until February 16, 2002, at which time you will shut down

12
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the DBNPS Nuclear power Station, Unit Nol 1, facility for the next refueling outage and
perform VHP nozzle inspections as discussed in your letter dated November 30, 2001."

(10) NRR Office Instruction LIC-503, "Generic Communication Affecting Nuclear Reactor
Licensees," does not require an assessment of generic communication implementation by
licensees for bulletins, generic letters, or information notices. Follwoup of generic
communication by use of a temporary instruction is optional for bulletins and generic
letters. For higher level issues that are classified by the NRC as "generic issues,"
Management Directive 6.4, "Generic Issues Program," requires a closeout verification of
licensee corrective action implementation and an assessment of the effectiveness of
corrective actions.

(11) 1991 NRC action plan status was inconclusive. Generic Letter 97-01 references a 1991
NRC action plan to address PWSCC of Inconel 600 components. The action plan is
documented in a memo from Richardson to Russell (dated December 12, 1991), and it
specifies seven future activities. The task group attempted to determine what followup the
NRC conducted on the action plan activities. In memoranda related to staff activities in
this area (March 24, 1992, memo from Wiggins to Richardson and November 30, 1993,
Taylor to Commission), the staff did not clearly indicate the disposition of the seven
activities.

(12) NUREG/CR-5576, "Survey of Boric Acid Corrosion of Carbon Steel Components in
Nuclear Plants," issued in 1990, provides 17 events involving boric acid corrosion wastage
are given which include valve parts, fasteners, nozzles, including two examples of RPV
head wastage are provided in. Bulletin 86-108, "Degradation of Reactor Coolant System
Pressure Boundary Resulting From Boric Acid Corrosion," including its two supplements,
provide examples of valve component wastage and RPV head wastage. Since IN 86-108
required no information or actions be taken by licensees, its effectiveness is questionable.
Little operational experience presented in the IN was included in DBNPS Boric Acid
Corrosion Control Program until their program revision in May 2002. Had the NRC
required licensee action, and monitored actions being taken, the number and severity of
subsequent boric acid leakage and corrosion events may have been reduced. Neither of
the two events involving RPV head corrosion (caused by primary system leakage and
boric acid buildup), were documented in LERs.

(13) Previous guidance provided in generic communications may not be accurate concerning
boric acid corrosion rates. The NRC position on primary system leakage and subsequent
boric acid corrosion indicates a reliance on licensee actions to curtail leakage, and an
overall assessment that RPV head corrosion would be slow to develop, recognizable, and
not an immediate safety concern. Paraphrasing statements made in Bulletin 2002-01,
boric acid deposits on the RPV head were assumed to cause minimal corrosion while the
reactor was operating because the temperature of the RPV head would be above 500 F,
and that dry boric acid crystals were not very corrosive. Therefore, wastage was typically
expected to occur only during outages when the boric acid could be in solution, such as
when the temperature of the RPV head falls below 212 degrees F. However, the findings
at DBNPS bring into question the reliability of this model. The NRC model guidance is
also not consistent with head wastage events contained in IN 86-108, or with foreign
experience.
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(14) Bulletin 2002-01 states "Inspections performed to date at plants with high and moderate
susceptibility have generally confirmed the ability of the model to predict a plant's relative
susceptibilities; however, a plant with a ranking of 14.3 effective full-power years from the
Oconee 3 condition (at the time when circumferential cracking was identified at Oconee 3
in March 2001) identified three nozzles with cracking; other plants with fewer effective
full-power years from the Oconee 3 condition did not identify cracking." This information
would also question the statistical uncertainties associated with this model.

(15) The NRC does not inspect licensee implementation of owners group correspondence that
contains performance requirements. Nor does the NRC inspection program include
verification of owners group submittal assumptions. This is particularly important where
the NRC has accepted a group industry response rather than a plant specific response.

Recommendations,

[10] Consider the need to verify that corrective actions have been implemented to
address past significant generic communications and generic issues.

[11] Consider establishing a process for verification of licensee and agency actions to
address generic communications. Consider also the need to verify the effectiveness of
licensee and agency corrective actions to address generic communication.

[30] Assess the overall scope and process for reviewing operational experience

[16, 12] Consider the need to consolidate the generic communication program (LIC-503)
and the generic issues program (MD 6.4)

[24] Consider establishing criteria for accepting "industry" resolutions for generic
communications and generic issues.

3.1.4 Generic Issues Program Implementation Weaknesses

The Generic Issues Program did not specifically address nozzle cracking, boric acid leakage, or
boric acid corrosion. NRC studies were performed in these areas, but they were not escalated
to the point of being a candidate generic issue. However, there was one generic safety issue
that did involve boric acid corrosion

(1) Boric acid corrosion events were not considered as a candidate generic issue. However,
Generic Safety Issue 29, "Bolting Degradation or Failure in Nuclear Power Plants," was
initially proposed because of a boric acid corrosion event at Fort Calhoun in 1980. During
a surveillance test, it was discovered that significant corrosion damage had occurred
involving several of the pump casing to pump cover studs on all three reactor coolant
pumps. This issue was later expanded to include bolting failures of primary pressure
boundary components and included other initiators such as stress corrosion, fatigue, and
erosion corrosion. NUREG-1339, "Resolution of Generic Safety Issue 29: Bolting
Degradation or Failure in Nuclear Power Plants, " issued in June 1990, provided the basis
for resolution of Issue 29. This issue was classified as "resolved" in 1991.

(2) Many programmatic and staffing changes have occurred over time in processing

14
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candidate generic issues The Commission originally requested that generic issues be
reviewed and tracked in late 1976. Subsequently, a generic issues program was
published in 1978. Following the accident at Three Mile Island 2, many generic issues
arose, and NRR was given the program responsibility for generic issues. Following an
NRC reorganization in 1987, RES was assigned the program responsibility within the
Division of Safety Issue Resolution (DSIR). With the elimination of DSIR in 1994, the
generic issue program function was transferred to the Generic Safety Issues Branch in
RES. Recently, in 1999, the Generic Issues Program was transferred to a team of 4
engineers with the Regulatory Effectiveness Assessment and Human Factors Branch
within RES. The NRC staffing and contract money to review, assess, and closeout
candidate generic issues has significantly dropped. The Generic Issues Program is the
primary process for addressing a regulatory matter involving the design, construction,
operation, or decommissioning of several or a class of, NRC licensees that is sufficiently
addressed by existing rules guidance or programs. NRC Management Directive 6.4
"Generic Issues Program" is the agency procedure governing this process and it is
managed by the Office of Research. Candidate generic issues can be proposed by the
public, industry, or the NRC. Once proposed, candidate issues are evaluated for risk
significance, and if certain thresholds are met, detailed analysis may be performed.
Following an analysis, recommendations are made which may include both industry and
NRC actions.

(3) The number of candidate generic issues has significantly dropped off over the last few
years. Interviews with NRC staff members conducted by the task group indicated that
approximately 80 percent of the issues have been developed from issues in NRR user
needs requests. The Generic Issues Program tracking began in 1983. New generic
issues ere identified in the range of 19 to 56 per year between 1983 and 1991, except for
three years when the rate was less than 10. This trend significantly change between 1992
to 2001 when new generic issues averaged 3.4 per year. A cumulative total of 834
candidate issues were identified by 1995. During the period 1996 to 2001, interviewees
indicated that there was a strong focus on addressing the excessive backlog of generic
issues and not identifying new generic issues. As a result, the backlog was eliminated
and only 10 new issues were addressed. Currently (2002) there are 10 generic issues to
be dispositioned.

(4) The Generic Issue Process is perceived to be cumbersome and time consuming. Due to
the perceived involved nature of generic issue recognition, initial characterization,
analysis, and the time required for closure, few candidate generic issues have been
proposed over the last few years. NRR as the lead NRC office, would prefer to quickly act
on an emerging issue through the issuance of INs, Bulletins, or Generic Letters (listed in
order of preference) with the expectation of early closeout, rather than submitting an issue
as a candidate generic issue in accordance with MD 6.4, that may take a year or more to
analyze and longer to effectively closeout by verification inspections.

Recommendations:

[*] Establish a central operating experience screening group to identify issues for
Generic Issues Program based on US and foreign experience

[&] Evaluate/revise guidance for proposed generic communications.
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[*] Determine if screening criteria for candidate generic issues are acceptable.

l*] Assess consolidation of generic communications process and the Generic Issue
Program (GIP).

[*] Ensure that generic requirements or guidance are not eliminated or undermined
when making changes to regulatory processes (e.g., deleting inspection procedures).

[*] Update MD 8.5, MD 6.4, and NRR Office Instruction LIC 503, "Generic
Communications Affecting Nuclear Reactor Licensees "

[*1 Enhance criteria for Boric Acid Corrosion Control (BACC) programs.

3.1.5 Operating Experience at Foreign Nuclear Power Plants Was Not Utilized

The operating experience from foreign countries were evaluated and dispositioned as not
applicable to the U.S. plants. When the Oconee circumferential cracking was observed in
February 2001, the lessons from the foreign experiences were not factored into the decision
making process.

(1) An internal NRC trip report dated November 15, 1991 documented the NRC knowledge of
VHP nozzle cracks at the French Nuclear Station, Bugey unit 3. In addition,
NUREG/CR-6245, issued in 1994, documents the inspection of 4181 VHP nozzles at 67
overseas plants that identified 101 penetrations with indications.

(2) NUREG/CR-6245 included the inspection of one US plant, Point Beach unit 1. No crack
indications were identified. The lack of any indications was attributed to the differences in
fabrication process. The Point Beach VHP nozzles were fabricated from tube material
and heat treated at 1725 degrees F. The penetrations for the French plants were forged
bars and heat treated at 1508 degrees with yield strength greater than 49.7ksi. The Point
Beach nozzle material was likely to have had a lower yield strength, lower residual
stresses, larger grain size, and less susceptible micro structure than Bugey unit 3. The
Point Beach station had 23 years operation and no crack indication while the Bugey unit 3
had a through wall crack after 10 years of operation. The NUREG conclusions mentioned
the possibility of circumferential crack propagation and rod ejection but was not
considered a possibility within the current licensing period. The axial cracks were
considered not to grow through-wall because of the comprehensive axial stress present.
A conservative time for the hypothetical through-wall crack was estimated to be six years.
The conclusions recognized the use of nitrogen-13 leak monitoring system capable of
detecting 0.001 gallons per minute (gpm) from the RCS.

(3) On November 19, 1993, in response to the pressurized water reactor (PWR) owners
Group submittals integrated by Nuclear Management and Resource Council (NUMARC),
NRR issued a safety evaluation report (SER) concluding that there was no immediate

,safety concern for cracking of VHP nozzles. The SER noted that NUMARC submittal did
not address the Bugey unit 3 flaw, that was oriented at 30 degrees off the vertical axis or
a circumferential flaw at Ringhals and indicated the need for a later assessment on these
flaws.
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(4) While NRC conclusions alleviated immediate safety concerns on the basis that the cracks
would noticeably leak prior to flaw size reaching unstable dimensions, the French
regulatory agency proceeded with an aggressive VHP nozzle inspection program,
capability to detect small reactor coolant leaks, design of a device to prevent rod ejection,
and minor reactor internal modifications to reduce the under-head temperature. The
details of the French experience in this area was published in the Proceedings of
International Symposium on Pant Aging and Life Predictions of Corrodible Structures on
May 15-18, 1995 under the title Status of Alloy 600 Components Degradation By [primary
water stress corrosion cracking] PWSCC in France: Incentives and Limitations of Life
Predictions as Viewed by a Nuclear Safety Body.

(5) The French experience further concluded that crack susceptibility modeling had significant
limitations that make it impractical to perform any credible prediction. Some of the
influencing factors are namely 1) The incapability to know the bulk residual stresses and
the values are often estimated to the elastic limit of the semi-manufactured product, 2)
Unknown stresses introduced through final finishing like straightening, reaming,
machining, cold working etc., that are not sufficiently documented, 3) Influence of
dimensional changes and deformation in relation to the initial conditions, 4)
Disproportionate coupling to time and temperature based on the vessel cracks
experienced at Blayais at an estimated temperature of 289 degrees C. 5) Difficulty in
measuring the actual internal wall temperature, 6) The susceptibility difference between
heat to heat and batch to batch due to variations in thermo-mechanical processes and
carbon content, and 7) Intrinsic scatter of time to primary water stress corrosion cracking
(PWSCC) initiation exhibited by identical specimens of Alloy 6000.

(6) Crack initiation was found in new pants like Cattenom unit 2 after an operating time of
36,000 hours while Fessenheim unit 2 did not have any cracking after 107,000 hours of
operation. Based on these factors, the French predictive model that was revised several
times, subsequently concluded that modeling is impractical, if not misleading to prioritize
inspections or maintenance. The regulators required in principle, an avoidance of a
through wall longitudinal crack in the next fuel cycle. Therefore, the inspection program
required an eddy current inspection even in the absence of any indication. Reactor
pressure vessel head visual inspections with the insulation removed was required in every
outage from the early 1990s. When indications were observed, eddy current and
ultrasonic test (UT) inspections were required more frequently. The RPV head
replacement became an economical decision by the utilities when considering the
increased frequency of volumetric examinations that were required when indications were
discovered.

(7) Knowledge and experience has a direct relation to recognizing problems. In spite of the
discovery of circumferential cracking identified VHP nozzles at Oconee unit 3 in February
2001, and two circumferential cracks at Oconee Unit 3 in April 2001, NRR continued to
accept visual examinations that did not require the removal of the insulation or a thorough
cleaning of the RPV head region for collecting any trend information. When VHP nozzle
cracking was discovered at Oconee, foreign experience in VHP nozzle circumferential
cracking was not explored. The Oconee VHP nozzle circumferential crack, and VHP
cracks at 4 different foreign countries were known to NRC management. The French
VHP inspection program was shared with several NRC managers. However, foreign
experience was not shared with the technical staff.
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3.1.6 Technical Positions on BoricAcid Leakage Underestimated Potential Consequences

(1) In 1993, the NRC stated its reliance on visual inspections as the best method for detecting
leaking nozzles, and that inspections at fixed intervals, based on experimental evidence,
are also cited as bases for safety assurance. The NRC also indicated that RPV head
penetration non-destructive examination (NDE) inspections should be done, but cited
worker exposure concerns as basis for not requiring such inspections An NRC Safety
Evaluation on VHP nozzle cracking concluded that a flaw would be detected during plant
walkdowns, instituted as a result of implementation of Generic Letter 88-05 for boric acid
leakage. NRC Safety Evaluation recommended enhanced leakage detection by visually
examining the reactor head until either inspections showed no cracks existed, or that
on-line leak detection be installed in the head area

(2) The NRC reviewed PWR owners group submittals that provided their safety assessments
of RPV head penetration cracking, including the assessment conducted by the Babcock
and Wilcox Owners Group (B&WOG). The basis of the B&WOG safety evaluation
regarding identification of nozzle leak corrosion-induced wastage was dependent upon
VHP flange leakage being identified and corrected each outage, which would include any
needed head cleaning. In addition, DBNPS did not have a tracking mechanism to ensure
that the requirements or assumptions of the B&WOG Safety Evaluation and the NRC
Safety Evaluation were incorporated into station licensing commitments or station
procedures

(3) The 1993 NRC Safety Evaluation on NUMARC's submittal for each of the PWR owners
groups includes the following similar statements:

...catastrophic failure of a penetration is extremely unlikely. Rather, a
flaw would leak before it reached the critical flaw size and would be
detected during periodic surveillance walkdowns for boric acid leakage
pursuant to Generic Letter 88-05. However, the staff recommends
enhanced leakage detection by visually examining the reactor vessel
head until either inspections have been completed showing absence of
cracking or on-line leakage detection is installed in the head area.

B&WOG estimates 10 years from the time a flaw initiates on the inside
diameter of a VHP nozzle until a leak appears. Once a leak starts,
B&WOG concluded it would take 6 years before enough corrosion would
occur to reduce wall thickness of the reactor vessel head to below ASME
code minimums, and that this amount of leakage would be detected
during surveillance walkdowns.

Staff concluded PWSCC does not create an immediate safety issue as
long as any leakage is corrected.

Leakage at less than 1 gpm would be detectable over time based on
boric acid buildup as noted during periodic surveillance walkdowns.
Although NUMARC has proposed, and the staff agrees, that low level
leakage will not cause a significant safety issue to result, the staff
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determined that NUMARC should consider methods for detecting smaller
leaks to provide defense-in-depth to account for any potential uncertainty
in its analysis ... The staff notes that small leaks resulting from flaws
which progressed through-wall just prior to a refueling outage would be
difficult to detect while the thermal insulation is installed. Although
running for an additional cycle with the undetected leak would not result
in a significant safety issue, the NUMARC should consider proposing a
method for detecting leaks that are significantly less than 1.0 gpm, such
as the installation of on-line monitoring equipment.

3.1.7 NRC Review of Industry Guidance to Licensees

The NRC did not review the Electric Power Research Institute (EPRI) guidance containing RCS
leakage detection techniques. This same guidance was not incorporated in DBNPS' BACC
Program. In April 1995, EPRI published Boric Acid Corrosion Guidebook to help the industry to
implement an effective Boric Acid Control Program. Under methods to detect leak rates less
than about 0.1 gpm (Section 6.2.2 of the Guidebook) two specific guidelines were given, (1)
Containment air cooler thermal performance as observed in coil heat transfer degradation, and
(2) consideration for monitoring the boric acid concentration in the containment air cooler
condensate. Under other potential indicators, there was reference made to observing high
containment particulate reading Each of these component areas mentioned in the EPRI
Guidebook was a source of chronic concern at DBNPS, along with many other boric acid
leakage indicators, and were also known by NRC staff and managers, but were not adequately
assessed and corrected in a timely manner.
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3.2 The Licensee Did Not Assure That Plant Safety Issues Received the Appropriate
Attention

In order to assess NRC's regulatory processes relative to the DBNPS event, the task force had
to gain a fundamental understanding of DBNPS's performance. In doing so, the task
conducted independent review activities, as well as considered the information developed by
the NRC's AIT and the licensee's various root cause analyses effort. The task force concluded
that licensee did not foster an environment that was fully effective in assuring that plant safety
issues received the appropriate attention Additionally, the task force concluded that the lack of
timely identification of VHP nozzle leaks and the boric acid corrosion wastage was directly
attributed to plant's safety environment that was developed at DBNPS. The bases for these
conclusions is documented in the following discussion, as well as other sections of this report.
Additionally, much of the information identified by the task force was provided to a number of
other NRC organizations in support of on-going review activities

The task force identified numerous performance lapses, in multiple areas, that were indicative
of an inadequate safety focus. These included: 1) engineering resources that were stretched
thin by budget and staffing cuts; 2) an imbalance between production focus and safety focus as
evidenced by taking symptomatic actions that did not impede power operations while not
implementing rigorous and thorough corrective actions during outages because of budget and
scheduler concerns; 3) a lack of management involvement in important safety significant work
activities and decisions ; 4) a lack of a questioning attitude by senior managers; 5) a lack of
engineering rigor in the approach to problem resolution; 6) a long-standing acceptance of
degraded equipment, particularly RCS components; 7) a lack of training and inability to
effectively internalize lessons-learned from past similar events; 8) the inability to recognize or
address repetitive or recurring problems; 9) ineffective and untimely corrective actions,
particularly for issues that are costly to resolve; 10) untimely and cursory review of industry
operating experience, both internal and external; 11) the cancellation or deferral of
safety-related work simply on the basis of budgetary or scheduler considerations; 12) the
existence of uncorrected inaccurate or incomplete written information provided internally and
externally; 13) ineffective self-assessments of safety performance; 14) a lack of ownership of
plant problems; 15) a lack of compliance with plant procedures; 16) a lack of rigor in conducting
safety-related work activities; 17) and other indications of an unhealthy safety conscious work
environment.

3.2.1 The Licensee Did Not Adequately Address Long-Standing Reactor Coolant System
(RCS) Leaks

The licensee did not adequately address numerous long-standing RCS leaks, in general, and
the VHP nozzle leaks, in particular. The plant experienced numerous leaks of CRDM flanges,
as well as RCS valves and other components. The licensee tolerated these leaks, often,
starting up the plant from refueling outages without having located all the leaks or having
repaired all the ones that were known. This chronic acceptance of leaks was noted in third
party assessment of the plant's performance. This acceptance is all the more troubling given
two past precursor events. The licensee expended considerable effort in addressing the
symptoms of active RCS leaks, such as power washing the containment air coolers, changing
the filter elements of the containment radiation monitors, changing the radiation monitor sample
points, bypassing the iodine filter cartridge, and installing portable HEPA filters inside
containment. None of these activities affected power operations even though the licensee may
have violated the Technical Specifications for the radiation monitors in the 1998 and 1999 time
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frame. Additionally, the licensee expended a significant amount of the operating cycle 13
radiation dose budget on these symptomatic activities. It did not appear that the licensee's
pre-outage intentions to perform a thorough and rigorous containment walk-down to identify the
source of the leaks was implemented in the spring 2000 refueling outage.

3.2.1.1 Detailed Discussion

Reactor coolant system leakage at DBNPS was historically low and rarely greater than 20
percent of the 1 gpm Technical Specification limit for unidentified non-RCPB leakage. One
exception was the period from October 1998 to May 1999, when a modification to the
pressurizer relief valve discharge piping was installed that resulted in unquantified pressurizer
safety valve seat leakage to be released to the containment atmosphere. Several small
non-RCPB leaks had occurred during the 1990s that the task group concluded contributed to
an acceptance on the part of the licensee that RCS leaks were a normal condition of operation.
Since RCPB leakage is indistinguishable from non-pressure boundary leakage without
inspection, failure to adequately address and eliminate small non-RCPB leakage conditioned
the staff to assume that leakage was not from the RCPB.

As symptoms of RCS leakage became more prevalent from 1998 to 2002, equipment required
to be operable by the Technical Specifications was affected. This equipment included the
containment air coolers (CACs) and portions of the RCS leakage detection system (gaseous
and particulate radiation monitors). Operability of these systems was required for continued
plant operation. As the performance of these systems became degraded or inoperable,
conditions were corrected to restore system performance and prevent a Technical
Specification-required plant shutdown, but the cause of the condition (RCS leakage) was not
corrected. Neither was it determined whether RCPB leakage was present.

Some examples of RCS leakage sources included the following

Reactor Vessel Head Vent Leakage

The Davis-Besse reactor vessel head vent design consisted of a hard pipe connecting
the reactor vessel head to the No. 2 steam generator and was first installed in the 1988
refueling outage (RFO 05). The head vent pipe has a bolted, flanged connection at the
reactor vessel head and the steam generator and is required to be removed from the
reactor vessel head during each refueling outage to allow removal of the reactor vessel
head.

During the 1990 refueling outage (RFO 06), leakage and corrosion was identified at the
steam generator connection and documented in PCAQR 90-0051. The gasket was
replaced and the joint did not exhibit any leakage during the next operating cycle.

In February 1992, the licensee began to investigate elevated RCS leakage and during a
brief plant shutdown on March 1, 1992, identified that the connection at the No. 2 steam

, generator was leaking. The licensee and NRC senior resident inspector noted that the
CAC coils were also coated with boric acid. The task group interviewed the NRC
resident inspector at the time, who recalled that the CAC coils were easily cleaned with
demineralized water. The licensee evaluated the boric acid fouling condition of the
CACs in PCAQ 92-0072, concluding that they were still capable of performing their
post-accident containment cooling function. The task group concluded that the
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licensee's engineering evaluation conclusion that post-accident air flow and would clear
boric acid buildup from the CAC coils lacked rigor. The licensee continued to operate
with the leaking head vent connection until the following refueling outage in March 1993
(RFO 08). The licensee initiated PCAQ 93-0098 to document evaluation of the
condition and implemented Modification 92-0004, "Repair of Reactor Head Vent Line,"
during the outage to improve the joint design. The modification was inspected during an
NRC modifications inspection documented in NRC Inspection Report 50-346/92018.
The NRC resident inspector recalled from the inspection that there was 1 1/8-inch
wastage of base metal due to the leak that had to be repaired The BAC program was
not assessed as part of this review.

RCS Instrumentation Nozzle Leakage

Several examples were noted during the task group's review of cases of RCS hot and
cold leg instrumentation leaks The RCS resistance temperature detector (RTD)
thermowell leakage boundaries consisted of two types- 1) a gasket between the
thermowell and thermowell boss compressed by the thermowell nut, and, 2) a threaded
and seal welded thermowell joint. Both joint types had historically leaked during
operation and required repair during outages. Both are the subject of a restart project
modification to prevent future leakage.

Control Rod Drive Mechanism (CRDM) Flange Leakage

The Babcock and Wilcox CRDM design contains a bolted flanged connection to the
reactor vessel head nozzles. This connection had been known to leak and had been
documented in correspondence with the NRC staff. For example, in 1989 Arkansas
Nuclear One (ANO) - Unit 1 identified significant degradation of a CRDM flange
assembly from boric acid corrosion and reported this to the NRC in Licensee Event
Report 50-313/89-043. Corrective actions at ANO included replacing the CRDM nozzle
flange gaskets with an improved design over a three-cycle replacement campaign. No
additional leaking CRDM flanges had been identified at ANO following the 1989 event.
Davis-Besse similarly replaced CRDM nozzle flanges over a four-cycle replacement
campaign but had continued to identify leaking CRDM flanges through the 2000
refueling outage (RFO 12).

The Babcock and Wilcox Owners Group acknowledged to the NRC staff that CRDM
flange leaks were a known problem. In its June 6, 1993, submittal to the NRC staff on
the subject of potential CRDM nozzle cracking, NUMARC forwarded copies of safety
evaluations from each of the PWR owners groups evaluating the subject. The Babcock
and Wilcox Owners Group safety evaluation stated that: "Leakage of B&W-design
flanges has been previously experienced, and visual inspections of the RV head area
have been implemented so that flange leaks can be identified and repaired as soon as
possible." And, "At each of the B&WOG utilities plant's, a walkdown inspection of the
RV head has been implemented in response to NRC Generic Letter 88-05. As

,mentioned earlier, CRDM gaskets have been known to leak; thus, the walkdown
inspection includes visual inspection of the gasket area during every refueling outage
(12-24 months)." The maintenance history of Davis-Besse CRDM flanges was
described in the NRC's Augmented Inspection Team report of the Davis-Besse event.
The task group concluded that the ongoing nature of CRDM flange leaks at
Davis-Besse helped condition the licensee to expect that any RCS leakage in the head
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area was from CRDM flanges. The tolerance for the accumulation of boric acid on the
head from these leaks prevented the capability to perform an inspection to confirm that
no RCPB leak existed

During Refueling Outage (RFO) 12, which was conducted in the spring of 2000,
Condition Report 00-1 037 was initiated to document that boric acid accumulation was
identified on the reactor vessel head and on top of the thermal insulation beneath the
CRDM flanges. As part of the response to the condition report, the RCS system
engineer evaluated the boric acid deposits on the head and if the source was from
CRDM flange leakage. There were 5 CRDM flanges that were initially identified as
having possible leaks. Four of the flanges had positive signs of leakage; however, for
flange G9 the engineer stated, "Since the boron is evident only under the flange and not
on the vertical surfaces, there is a high probability that G9 is a leaking CRD". CRDM
flange G9 corresponds to CRDM Nozzle 3 which had through-wall cracks identified in
RFO 13.

There was no apparent follow-up to the high probability of the leaking CRDM nozzle
during RFO 12 or any other time.

In an interview with the task group, the system engineer stated that he never meant nor
intended to imply there was a question of CRDM nozzle cracking. He said that if they
had ever had an indication that nozzle cracking had occurred then everyone would have
recognized the significance of the situation and would have properly deposited the item.
However, the system engineer could not provide a reasonable explanation of the
specific wording in the condition report regarding "there is a high probability that G9 is a
leaking CRDM and how this wording could mean something other than the obvious
meaning that there was RCPB leakage.

Leakage of Pressurizer Spray Valve RC-2

As described in NRC Inspection Report 50-346/98021, during the 1998 refueling outage
(RFO 11), pressurizer spray valve RC-2 was found to have packing leakage which
caused significant boric acid corrosion of the valve yoke. Upon plant startup, packing
leakage resumed and was evaluated as acceptable. Repetitive containment entries
were made to monitor the leak. Although the plant had been shutdown in June 1998
following a tornado event and twice in July for steam generator cleaning, the licensee
did not repair the leak, other than to install a Furmanite leak sealant injection rig on July
24. During subsequent containment entries body-to-bonnet nuts were missing. During
an unplanned shutdown in October 1998, some body-to-bonnet studs and nuts were
found to have been installed with the incorrect material. This licensee reported this
event to the NRC in Licensee Event Report 50-346/98009 and it resulted in the issuance
of a Severity Level IlIl violation on August 6, 1999.

Leakage of Letdown Cooler Isolation Valve MU-1A

As described in NRC Inspection Report 50-346/98018, the licensee identified that
letdown cooler 1-1 isolation valve MU-1A had a packing leak while trying to identify
sources of RCS leakage in December 1998. The licensee's plans to address the
leakage were limited to the packing leak. NRC inspector prompting was required for the
licensee to investigate whether body-to-bonnet stud conditions similar to that
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experienced with pressurizer spray valve RC-2 existed. When insulation was removed,
a body-to-bonnet leak 270 degrees around the sealing surface was identified. The
licensee then took actions to minimize the leakage. The fastener materials for this valve
were found to be correct and there was no boric acid corrosion of the valve components
The task group concluded that the licensee's initial plans to investigate and correct this
source of RCS leakage were poor. They were minimal in scope to assess the extent of
condition, given the recent experiences obtained with Valve RC-2.

Leakage from Pressurizer Relief Valve Discharge Piping

In 1997, engineering personnel documented in Potential Condition Adverse to Quality
(PCAQ) Report 97-1518, a potential concern that pressurizer relief valve nozzles could
be overstressed if only a single rupture disk were to burst. Each relief valve had two
rupture disks in its discharge pipe which would discharge to containment atmosphere if
the safety valve lifted A drain line between each relief valve and its set of rupture disks
transported relief valve seat leakage to the quench tank. To address this concern on an
interim basis, Temporary Modification 98-0036 was installed during an outage in
October 1998. The temporary modification consisted of cutting open the rupture disks
and severing the drain lines. This would prevent the hypothesized eccentric nozzle
loading and overstress condition.

Prior to installation of the modification, any relief valve seat leakage would be counted
as "identified" RCS leakage, because it was directed to the quench tank and accounted
for in RCS inventory balance calculations. With the modifications installed, any seat
leakage would discharge directly to the containment atmosphere and the resulting RCS
inventory loss would be "unidentified" RCS leakage. The task group reviewed the safety
evaluation for the temporary modification package, which stated that, "Any safety valve
leakage will be fluid from the pressurizer steam space. The leakage will result in a
dispersion of dry boric acid crystals to the containment atmosphere with the potential for
a lesser amount of liquid dripping on the mirror insulation on top of the pressurizer that
would evaporate and result in a dry residual of boric acid on the mirror insulation. These
conditions do not pose an increased risk for boric acid corrosion for any carbon steel
components; i.e., the pressurizer head." The task group concluded that the technical
justification provided for why boric acid corrosion of nearby components was not a
concern was weak. Generic Letter 88-05 described an example of reactor coolant
leakage finding a flow path to the inside of piping insulation, collecting there in contact
with the carbon steel, and causing corrosion-induced wastage. Additionally, other
potential places of boric acid accumulation, nearby valve components for example, were
not addressed

During several task group interviews with plant staff, the pressurizer relief valve modification
was cited the most plausible source of RCS leakage that was considered the cause for CAC
fouling and RCS leakage detection system radiation monitor filter fouling in 1998-1999. The
task group concluded that it was reasonable to assume that the relief valve seat leakage to
containment was a contributor to increasing unidentified RCS leakage, however, as discussed
in Section 3.3.1.1, the boron concentration in this contributor to RCS leakage (pressurizer
steam space) may have been significantly less than the nominal RCS boron concentration and
may not have been the significant contributor it was assumed to be for CAC and radiation
monitor filter fouling. Nevertheless, it was an example the licensee's tolerance for RCS leakage
in containment.
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The temporary modification was removed during the May 1999 midcycle outage after further
engineering analysis concluded that the eccentric loading concern was not substantiated.

The task group reviewed licensee activities to identify sources of RCS leakage in containment.
Radiation work permit records indicate that online containment inspections were performed to
identify leakage sources in 2000 and 2001. No specific radiation work permit for RCS leakage
identification activities was initiated in 1999. The task group reviewed the procedure used when
performing containment entries. Procedure DB-OP-01 101, Containment Entry, Revision 00,
step 6.2.7, states, "Proceed with entry assuring the group remains together at all times paying
close attention to varying dose rates and other abnormalities such as; water on floor, steam
leaks, excessive valve packing or pump seal leaks, unusual or high radiation dose rates, noise,
etc." The task group noted that the procedure did not specifically identify boric acid
identification which would enhance sensitivity to boric acid on components during containment
entries.

The task group reviewed impact of RCS leakage on other technical specification-required
systems. The principal items of focus were the CACs and RCS leakage detection system
radiation monitors. However, other equipment in containment was affected by RCS leakage
and requires additional assessment by the licensee and NRC prior to plant restart. Examples
include consideration of the effects of boric acid on electrical cables, other piping inside
containment, and the containment liner.

RCS Leakaae Detection Systems

The Davis-Besse Safety Analysis Report Section 5.2.4, "Reactor Coolant Pressure Boundary
Leak Detection System," identified that the RCS leakage detection system include the
containment atmosphere particulate radioactivity monitoring system, the containment sump
level/flow monitoring system, and the containment atmosphere gaseous radioactivity monitoring
system. The systems are designed to meet the regulatory positions of NRC Regulatory Guide
1.45, "Reactor Coolant Pressure Boundary Leakage Detection Systems," May 1973. Technical
Specification 3.4.6.1 identifies the limiting condition for operation of these systems. The bases
for these systems is to provide means to detect and monitor leakage from the RCPB. The
technical specifications also prohibit operation with any RCPB leakage, and an immediate plant
shutdown is required if any RCPB leakage is identified.

Technical Specifications affecting RCS leakage detection systems were amended twice during
the 1990s. License Amendment No. 180 was issued on September 9, 1993, and allowed use
of the containment gaseous rad monitoring systems as an alternative means of detecting RCS
leakage. License Amendment No. 234 was issued on November 16, 1999, and relaxed the
requirement for the number of operable leakage detection systems and removed an immediate
shutdown action requirement unless all three RCS leakage detection systems were inoperable.

The License Amendment Request (LAR) for Amendment No. 234 was submitted for NRC staff
approval on July 26, 1999. The task group noted that this submittal correlated in time to shortly
after an increase in frequency of RCS leakage detection system radiation monitor filters began.
The LAR contained no information to imply that there was a material condition problem with the
containment air radiation monitors. Rather, the LAR was part of a larger request to move some
Technical Specification-required systems to the Technical Requirements Manual (TRM) and for
the RCS leakage detection system technical specification system to reflect the Babcock and
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Wilcox Improved Technical Specifications (ITS). The LAR was a straightforward request to
implement NRC guidance for removal of systems from the technical specifications to the TRM
or implementation of line-item TS improvements to match the Babcock and Wilcox ITS.
Minimal NRR technical review was required

During the review period prior to issuance of Amendment No 234, iron oxide was also found on
radiation monitor filters and HEPA filters were installed in containment to filter the containment
atrmosphere. From interviews with licensee and NRC personnel, the task force determined that
the RCS leakage detection system problems were not considered during NRC staff review of
the LAR.

Issuance of Amendment No. 234 had the benefit to the licensee of eliminating the previous
6-hour shutdown action statement entry requirement if one train of radiation monitors (gaseous
and particulate) became inoperable due to filter fouling while the other train of gaseous and
particulate radiation monitors was out-of-service for any reason. This had occurred on at least
two occasions prior to issuance of Amendment No. 234.

The task group reviewed performance of the RCS leakage detection system and noted that
each train of radioactivity detector RCS leakage monitors became inoperable many times
(hundreds) because of low air flow or saturated detector conditions from 1998 to 2002. The
task group concluded that the radiation monitor RCS leakage detection systems had lost their
usefulness by the licensee for meeting their design function, i.e., RCPB leakage detection.

The task group noted from review of control room logs that on some occasions, the radiation
monitor RCS leakage detection system sample points were changed from their "normal" sample
collection points (top of the D-rings) to their "alternate" sample collection points (containment
dome and personnel hatch). This reduced the frequency of required filter changeouts but
appeared to the task group to reduce the effectiveness of the monitoring systems from
performing their design function.

Some condition reports the task group considered noteworthy were: Condition Report
1999-1300, which identified the accumulation of iron oxide on filters. Its corrective actions
included the temporary installation of the HEPA filters inside containment (which the task group
concluded only addressed the symptoms of the condition) and the plan to perform an RCS
walkdown during RFO 12 to look for leaks. Condition Report 2001-1110 which requested a
sample point change and Condition Report 2001-1822 written about the high frequency of filter
changeouts and that boric acid was present. It stated, "Currently we still have a small RCS leak
in containment. This is indicated by the boron deposits on the clogged filters. Our plan is to
repair the small RCS leak during the upcoming refueling outage thus eliminate the necessity of
frequent filter changes. Currently the criteria for filter change is either low flow alarm of 1.5
scfm or detector to go into saturation. ... chemistry satisfied with current replacement frequency
(2-7 days). Plant engineering does not recommend any additional compensatory measures."
None of the above condition reports addressed the possibility that the RCS leakage detection
system was actually detecting an RCPB leak.

Each radioactivity detector RCS leakage detection system train also included a radioactive
iodine monitor. This monitor was not required by the technical specifications and was not
discussed in the Safety Analysis Report or other licensing basis document. However, this
monitor was most prone to filter fouling and removing it from service for maintenance required
removing the technical specification monitors of that train at the same time. The licensee
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installed Temporary Alterations 01-0018 and 01-0019 to eliminate the iodine monitor from the
system on November 2, 2001. The task group concluded that removal of this monitoring
system, although it was not required, was another example of the licensee tolerating RCS
leakage without adequate assessment of its source.

Containment Air Coolers

The CACs provide both normal and post-accident heat removal from the reactor building.
There are three units, (two independently powered and cooled trains and a "swing" unit). The
CACs share a common discharge plenum. Each CAC has an inlet temperature instrument.
The average of the inlet temperature of the operating CACs is required by Technical
Specification 3.6.1.5 to not exceed 120 degrees F. There is a pressure instrument in the inlet
plenum which provides an indication of the differential pressure across the CAC coils A
decreasing value was an indication that CAC coils were becoming fouled and their heat transfer
capability was reduced. As discussed previously, CAC fouling with boric acid had been
recognized as a symptom of RCS leakage in 1992 when the reactor vessel head vent joint was
found leaking. No additional cases of CAC fouling were identified until 1997. During review of
station log entries, the task group identified that on May 22, 1997, during the main transformer
forced outage, personnel on tour in containment noted boric acid buildup on the inside of the
incore instrumentation tank and on CAC No. 2. The task group was unable to determine what,
if any, corrective actions were taken in response to this condition. Additionally, an Ombudsman
file indicated that a worker was concerned about boric acid particulate in one of the CACs in
which he was performing work during the spring 1998 refueling outage (RFO 11).

The next documented case of CAC fouling the task group found was when the licensee initiated
PCAQ 98-1 980 on November 12, 1998. The licensee had observed that indicated CAC plenum
pressure had been decreasing from 3" w.g. in early September to 2.0" w.g. on November 12.
Operations documented that the condition was reviewed with the system engineer and that the
CACs remained operable. A reactor building entry was made on November 14 for further
inspection and it was observed that a thin, loose powdery buildup of boric acid was present on
all cooling coil surfaces of the operating CACs. The boric acid was noted to be easily
removable with water spray from a squeeze bottle. A team of personnel cleaned the CACs on
November 18, 1998. From review of station log entries, the task group observed that personnel
cleaned the CACs an additional 27 times from November 1998 through May 2001. Through
interviews with station personnel, the task group learned that CAC plenum pressure was
monitored by the system engineer, who would initiate maintenance tasks to have the CACs
cleaned as plenum pressure approached an administrative limit of 1.4" w.g. The task group
reviewed CAC plenum pressure data and noted that on occasion, CAC plenum pressure
decreased below the 1.4" w.g. limit. The licensee stated that plenum pressure limit was a
guideline only for initiating cleaning and that the CACs were operable based on the engineering
evaluation discussed earlier for the 1992 CAC fouling event.

The task group noted that on several occasions, primary containment temperature exceeded
the 120 degrees F limit of Technical Specification 3.6.1.5, which required that the condition be
corrected in 8 hours or place the unit in hot standby in the following 6 hours. However, these
occasions occurred typically in the summer months when service water temperature was
warmer and CAC testing activities were being performed. There were no cases identified in
which containment temperature exceeded 120 degrees F and the necessary corrective action
to exit the technical specification action statement was CAC cleaning. The task group did not
attempt to perform a detailed study of the correlation between CAC cleaning and containment
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temperature, but qualitatively concluded that boric acid fouling of the CACs did reduce their
heat removal capability during normal operation.

The cleaning mechanism employed was a pressure washer using a kerosene fueled heater to
heat demineralized water to assist in flushing the accumulated boric acid through the CAC coils
and into the air plenum. During later CAC cleanings, the licensee switched to using an electric
heater as the heat source for the water spray after a comment was made by the former plant
manager that it was inappropriate to have open flames in containment. The task group
requested a copy of the fire protection evaluation for acceptability of the equipment in
containment that it did not pose a potential fire hazard that could adversely affect safe
shutdown capability. The task group was informed that fire protection engineering personnel
were consulted about the use of the kerosene-heated cleaning equipment prior to first use and
that a hot work permit was required during the cleaning activity. However, no formal fire
protection engineering evaluation for use of the equipment inside the reactor building had been
performed. From review of station logs, the task group noted the following fire
protection-related CAC cleaning entries: On April 10, 2000, during CAC cleaning during RFO
12, operators recorded in the log, "Received fire alarm in containment... no indication of a fire
exists and a kerosene steam cleaner is being used to clean the CACs." On May 30, 2001,
during online CAC cleaining, operators recorded in the log, 'We will continue to perform the fire
watch of containment by verifying stable CAC inlet temperature because access to containment
will be limited." The task group concluded that remote monitoring of containment temperatures
to detect fire was an inadequate substitute for a locally-staged hot work fire watch person with a
fire extinguisher.

The task group concluded that online CAC cleaning activities had become a routine occurrence,
almost as if it was a preventive maintenance task. The system engineer informed the task
group that as soon as the CACs were cleaned, he would initiate another material deficiency tag
to start the planning process for the next required cleaning. CAC cleaning activities even
became a factor in scheduling other maintenance tasks. For example, the station log for
December 29, 1998, identified that instrumentation and controls technicians had made a
containment entry for a level transmitter maintenance task. The associated log entry stated
that the recalibration of the instrument they had worked on would be scheduled to occur during
the next containment entry for CAC cleaning. Containment entries for CAC cleaning had
become so routine that other maintenance tasks would be planned around them. Additionally,
CAC cleaning was being tracked as one of the highest radiation dose jobs during operating
cycle 13.

As exemplified by the chronic nature of the CAC cleaning and radiation monitor RCS leakage
detection system problems, these symptoms of RCS leakage became so much a part of the
norm of everyday plant operation that the underlying causes of the condition were not
corrected. Additionally, it was evident that every effort was being made to address these
symptoms of the leak during power operation, but there was little objective evidence that the
licensee was rigorously and thoroughly trying to address the source of the leak during outages.

3.2.1.2 Recommendations

3.2.1.2.1 Recommendations for NRC

3.2.1.2.2 Recommendations for Industry
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3.2.1.1 Detailed Discussion

3.2.1.2 Recommendations

3.2.1.2.1 Recommendations for NRC

3.2.1.2.2 Recommendations for Industry

3.2.2 The Licensee Did Not Develop and Implement an Adequate Boric Acid Corrosion
Program

3.2.2.1 Detailed Discussion

3.2.2.2 Recommendations

3.2.2.2.1 Recommendations for NRC

3.2.2.2.2 Recommendations for Industry

3.2.3 The Licensee Did NotAdequately Implement Owners Group and Other Industry
Guidance

The licensee did not adequately implement B&WOG and other industry guidance relative to
identifying VHP nozzle cracking and boric acid corrosion of the RPV head, nor were there any
verification activities by B&WOG for all its members in response to Generic Letters 88-05 and
97-01 and their related submitals The licensee inspected the RPV head, but the presence of the
insulation, the presence of significant amounts of boric acid deposits, and a lack of adequate
tooling prevented a thorough inspection of the entire RPV head. A 1996 corrective action
document noted that only 50 to 60 percent of the head was inspected. During the spring 2000
refueling outage, when it became apparent to the cognizant system engineer that the efforts to
remove all the boric acid deposits from the head would not be successful, he consulted with the
DBNPS regulatory affairs manager to ascertain whether enhanced visual inspections were a
regulatory requirement. He was told it was not. Interviews of licensee personnel revealed that
they were seemingly unaware, almost to a person, that boric acid deposits had to be completely
removed from the head in order to assess whether there was VHP nozzle leakage.

A licensee environment that did not ensure plant safety was evident in: a lack of engineering
rigor in the approach to problem resolution; untimely and cursory review of industry operating
experience, both external and internal; and, a lack of compliance with plant procedures.

3.2.3.1 Detailed Discussion
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Opportunities existed for the licensee to implement owners group and other industry guidance
that could have resulted in the earlier detection of VHP nozzle leakage Examples of this
information included: 1) the 1993 safety evaluations performed by the Babcock and Wilcox
Owners Group (B&WOG) and NRC regarding VHP nozzle cracking, 2) the 1995 Electric Power
Research Institute (EPRI) Boric Acid Corrosion Guide Book, and, 3) the vendor-proposed
access opening modification to the RPV head support structure.

Correspondence between the NRC and PWR owners groups on VHP nozzle cracking

The NRC staff recognized that cracking of A600 RPV head nozzles was a potential safety
concern in the early 1990s. Meetings were conducted with the individual PWR owners groups
and NUMARC to address the issue. In 1993, the NRC requested that each PWR owners group
provide a safety evaluation to document why no unreviewed safety question existed for A600
VHP nozzle cracking.

The Materials Committee of the B&WOG documented its safety evaluation in Report
BAW-1 01 90P, "Safety Evaluation for B&W-Design Reactor Vessel Head CRD Mechanism
Cracking," dated May 26, 1993. The NRC staff responded with a safety evaluation report on
November 11, 1993. The task group reviewed these documents and made the following
observations:

Report BAW-10190P stated that RPV head nozzle inner cracks were expected to be axial in
orientation and would require a minimum of 6 years to propagate through wall. Since the crack
was expected to be axial in orientation and not circumferential, a control rod ejection accident
was not possible. If a crack propagated through wall, above the nozzle to head weld, leakage
was expected and a large amount of boric acid deposition on the RPV head was expected.
Additionally, the report stated that once boric acid deposition occurred on the RPV head,
wastage could initiate. B&WOG predicted that wastage of the RPV head could progress for 6
years before ASME Code limits were exceeded. However, B&WOG stated that the member
utilities had developed plans to visually inspect the RPV nozzle area to determine if boric acid
accumulation was occurring as a result of a through-wall crack. These inspections were stated
to be part of the inspections each plant implemented for meeting its commitments to Generic
Letter 88-05.

Leakage from a VHP nozzle crack was expected to quickly flash to steam, leaving behind a
"snow" of boric acid crystals. The report stated that exposure of the RPV head to the dry boric
acid crystals resulting from this type of leak has not resulted in wastage. The task group
concluded that the B&WOG had not adequately assessed industry operating experience
described in NRC Information Notice 86-108, "Degradation of Reactor Coolant System
Pressure Boundary Resulting from Boric Acid Corrosion." Information Notice 86-108 described
a condition discovered at another PWR where wastage of the RPV head from boric acid
corrosion occurred due to a non-pressure boundary leak from an instrument nozzle conoseal.

The report discussed the issue of VHP nozzle flange gasket leakage that had been
experienced at B&WOG member utilities, including DBNPS. Walkdown inspections of the
flange gasket area were reported to be performed during every refueling outage and enhanced
visual inspection of the VHP nozzle area were incorporated into the refueling outage
inspections. If any leaks or boric acid crystal deposits were located during these inspections,
an evaluation of the source of the leak and the extent of any wastage would be completed.
Since a postulated VHP nozzle crack would result in a significant amount of boric acid crystal
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deposition on the head, inspections performed every refueling outage (every 18 to 24 months)
would be expected to identify the boric acid accumulation and lead to detection of the crack
prior to the calculated 6 years before excessive wastage would occur. Therefore, the VHP
nozzle cracking issue was considered to not be an immediate safety concern or an unreviewed
safety question.

The NRC safety evaluation of the PWR owners groups' safety evaluations documented the
NRC staff's agreement with this conclusion. The NRC staff stated that a flaw would leak before
it reached a critical size and would be detected during periodic surveillance walkdowns for boric
acid leakage pursuant to Generic Letter 88-05. The NRC safety evaluation recommended that
enhanced leakage detection by visually examining the RPV head be continued until either
inspections had been completed showing absence of cracking or an on-line leakage detection
system was installed in the head area. The task group concluded that this recommendation,
which was generic to all of the PWR types, should have been understood as a requirement for
enhanced visual inspection or an on-line leakage monitoring system for the Babcock and
Wilcox PWR design because of the VHP nozzle flange gasket leakage issue discussed in the
B&WOG report.

Leakage rates of greater than 1 gpm, the maximum limit for RCS unidentified leakage, would
be promptly detected by the installed RCS leakage detection systems and would require a plant
shutdown. However, plant technical specifications prohibited any RCS pressure boundary
leakage The NRC staff acknowledged that some small RCS pressure boundary leakage might
occur from VHP nozzle cracks, but it would be detected by observing boric acid accumulation
on the RPV head during the refueling outage inspection prior to it becoming a safety concern.
The NRC staff was concerned, however, that if a small leak developed shortly before a
refueling outage, boric acid accumulation might not be detected and a plant might restart with a
prohibited RCS pressure boundary leak. The NRC staff concluded that operating with such a
leak would still not present a safety concern, but recommended that the industry consider
installation of a system that could detect leaks significantly less than 1 gpm, to provide
additional defense-in-depth to account for any uncertainty in the analyses. No domestic PWR
implemented this recommendation.

The task group concluded from its documentation review that the NRC staff based its
conclusion that no unreviewed safety question existed for the VHP nozzle cracking issue
because B&WOG member utilities would perform the following actions:

* Conduct Generic Letter 88-05 inspections of the RCS to include the VHPs
* Conduct enhanced visual inspections of the RPV head
* Identify and correct VHP flange gasket leakage
* Perform boric acid evaluations for any identified leaks
* Remove boric acid upon detection because of the potential for wastage

The task group noted that the DBNPS response to Generic Letter 88-05 specifically identified
that VHP flange gasket leakage would be identified and corrected.

The team concluded that the basis of the B&WOG safety evaluation regarding identification of
VHP nozzle-leak, corrosion-induced wastage was dependent upon VHP flange gasket leakage
being identified and corrected each outage. In order to determine if VHP nozzle leaks occur,
any flange gasket leakage on the head must be identified and cleaned. As discussed
previously, VHP flange gasket leakage at DBNPS was an ongoing maintenance problem.
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Some of these leaks were not repaired after they were identified. Boric acid accumulation from
these leaks was not completely removed from the RPV head and this precluded the capability
to discover VHP nozzle crack leaks and corrosion-induced wastage.

The team also concluded that the NRC staff recommendation regarding enhanced leakage
detection via visual head exams or installation of on-line leak detection systems in the head
area was an ineffective mechanism for providing assurance that CRDM nozzle cracks were
promptly identified and corrected. No serious effort was made by the industry to develop and
implement an on-line leakage detection system for the head area.

In a December 13, 1993, addendum to Report BAW-10190P, the B&WOG stated that they
performed an evaluation of both on-line and off-line leak detection systems. The conclusions
reached from this evaluation were that the Generic Letter 88-05 walkdown visual inspections of
the reactor vessel head areas provided adequate leak detection capability.

During interviews with DBNPS engineers and managers, the task group determined that
DBNPS personnel had minimal knowledge and understanding of the content of Report
BAW-10190P and the accompanying NRC safety evaluation. The RCS system engineer stated
that he had never read these reports. A DBNPS design engineer who was responsible for
performing RCS boric acid corrosion evaluations had been a member of the B&WOG materials
committee since 1994. He stated that until this event, he did not recall that the report
discussed wastage of the RPV head. His understanding was that dry boric acid crystal
accumulation on the RPV head would not cause wastage. Additionally, he stated that plant
engineering staff did not know that boric acid with red discoloration was indicative of boric acid
corrosion of carbon steel. The task group noted that this was inconsistent with Condition
Report 00-0782, initiated on April 6, 2000, during the RFO 12 refueling outage. The condition
report identified that red, lava-like boric acid was observed on the RPV flange coming from the
RPV service structure weepholes and that corrosion was present.

From interviews with DBNPS staff, the task group determined that an inadequate feedback
mechanism existed for ensuring that owners group reports such BAW-10190P were reviewed
upon receipt to incorporate actions into the DBNPS commitment tracking system. The DBNPS
B&WOG Materials Committee member stated that reports such as this would be distributed to
staff for information, but there was no means to ensure that required actions were incorporated
into their commitment tracking system. Therefore, there was no assurance that required
actions would be incorporated into station procedures.

One commitment was identified in the licensee's commitment tracking system database,
A16892, relative to these issues. Commitment A16892 was simply a tracking item to ensure
that the B&WOG responded to the NRC staff with its safety evaluation. It was inadequate to
ensure that the bases of the B&WOG safety evaluation, accepted by the NRC staff, would be
implemented at Davis-Besse. It was closed with a statement that proper visual inspection
would be performed during the 1994 refueling outage (RFO 09).

PCAQR 94-0295 was initiated on March 17, 1994, when it was believed by the former RCS
engineer that Commitment Al 6892 was inappropriately closed. The PCAQ was closed on
May 9, 1994, because the licensee concluded that Generic Letter 88-05 inspections of the RCS
were sufficient and acceptable to the NRC for inspection of the reactor vessel head
penetrations. Closure documentation stated that enhanced visual inspection was an NRC
recommended action, but was not required. Additionally, closure documentation stated, "Due to
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the fact that no cases of head cracks have been identified in the United States and boric acid
leakage through the CRDM flanges is low, he doesn't think that there is significant risk of a
crack being present. In addition, the inspection methods presently available to us are not highly
reliable. Therefore, he does not believe that it is necessary to perform the inspections at this
time."

The task group interviewed a former chairman of the B&WOG, who was the B&WOG chairman
at the time BAW-101 90P was submitted to the NRC. The former chairman was asked whether
the B&WOG performed any reviews of member utility implementation of actions, documented
on the behalf of the member utilities, in B&WOG reports to the NRC. The former chairman
indicated that this was generally not the case. It was assumed that since the member utilities
had representatives on the B&WOG committees, those representatives would be expected to
ensure actions applicable to their plant would be implemented. He stated that the B&WOG did
conduct some individual plant reviews to assist the member utilities in some technical issues
areas. As an example, he stated that member utilities were visited to review implementation of
some integrated control system projects.

EPRI Boric Acid Corrosion Guidebook

Information relevant to the identification of RCS leakage and development of an effective boric
acid corrosion control program was provided in the Boric Acid Corrosion Guide Book, issued by
EPRI in April 1995.

Section 6.2.2, "Methods to detect leak rates less than about 0.1 gpm," provided two specific
guidelines:

* containment air cooler thermal performance as observed in coil heat transfer
degradation

* consideration for monitoring the boric acid concentration in the containment air cooler
condensate

Guidance was also provided, under "other potential indicators," for the assessment of high
containment particulate radioactivity monitoring results.

Service Structure Access Opening Modification

This modification was originally initiated by the licensee in Request for Modification (RFM)
90-0012, on March 21, 1990. The modification included the installation of several large access
openings in the service structure which would eliminate the cumbersome and difficult method of
accessing the reactor vessel head penetrations via the weep holes located at the base of the
service structure. The initiator's request documentation included: "Boric acid has leaked from
the CRD flanges and has accumulated on the reactor head. The reactor head is carbon steel
and is therefore susceptible to degradation. Install multiple access ports with closure plates in
the closure head to permit cleaning and inspection of the reactor head."

This RFM was voided on September 10, 1992. The basis for voiding stated: "This modification
was initiated to allow easier access for inspection of CRDM flanges and for cleaning of the
reactor vessel head. Current inspection techniques using high powered cameras preclude the
need for inspection ports. Additionally, cleaning of the reactor vessel head during last 3
outages was completed successfully without requiring access ports."
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The service structure access opening modification was initiated again on May 27, 1994, as
RFM 94-0025. The initiator's request documentation stated:

First, there is an ongoing industry concern involving corrosion of the Inconel 600 CRDM
reactor vessel nozzles. There is no access to the reactor vessel head or the CRDM
reactor vessel nozzles without the installation of this modification Second, inspections
of the reactor vessel head for boric acid corrosion following an operating cycle is difficult
and not always adequate. Video inspections of the head for the CRDM nozzle issue
and as a follow-up to the CRDM flange inspection do not encompass a 100% inspection
of the vessel head. Third, cleaning of excessive boric acid residue from the reactor
vessel head also does not encompass 100%. The size and geometry of the service
structure mouse holes with scrapers and wire brushes only permits cleaning of the lower
one-third of the head surface area

RFM 94-0025 was not canceled, but it was deferred on at least 11 occasions by the licensee's
Project Review Group or Work Scope Committee to future outages. The task group reviewed
the meeting minutes from these meetings. The licensee's basis for deferral was that although
implementation of the modification was desirable, it was not required from a safety perspective
and it was not implemented at all other Babcock and Wilcox units. The task group concluded
that implementation of the service structure access modification would have facilitated the
inspection of the RPV head area, the removal of boric acid accumulation from flange leaks to
enable identification of VHP nozzle crack leaks, and the identification of corrosion-induced
wastage.

3.2.3.2 Recommendations

3.2.3.2.1 Recommendations for NRC

* Assess the practice of resolving safety issues via communications with industry owners
groups to determine if this practice is appropriate rather than direct communications with
individual licensees.

* Review the legal status of owners group communications with the NRC to determine if
actions or commitments identified by the owners groups on behalf of their member
utilities are enforceable upon individual licensees.

* Perform a review of NRC safety evaluations of owners group submitals to identify what
actions were assumed by the staff to be implemented by individual licensees to support
the NRC staffs conclusions.

* Develop a process for the communication of NRC safety evaluations of owners group
submitals to the affected licensees and the NRC regional offices.

* ,Develop an inspection procedure for regional office inspector verification of
implementation of owners group commitments made on behalf of their member utilities
at the affected plants and provide inspection resources to implement this verification.

* Perform an audit of implementation of past owners group commitments for individual
licensees to ensure the bases of the NRC's safety evaluation conclusions remain valid.
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* Implement periodic inspections of licensee operating experience programs

3.2.3.2.2 Recommendations forIndustry

* Audit owners group submitals made to the NRC on their behalf to ensure commitments,
explicit or implied, are incorporated into the commitment tracking system. Ensure that
required actions have been implemented.

* Ensure that feedback mechanisms exist and are implemented to perform adequate
review of owners group reports to ensure that site-specific actions are taken as
required.

3.2.4 The Licensee Did Not Learn From Operating Experience

DBNPS failed to adequately evaluate and incorporate operating experience related Alloy 600
nozzle cracking and boric acid corrosion into its programs and processes. Many licensee
personnel did not understood the symptoms of VHP nozzle leaks nor the implications of
leakage from systems containing boric acid. The licensee's industry operating experience
program did not specify a review of licensee event reports. Had they done so they may have
identified many instances of Alloy 600 nozzle cracking in all the other B&W plants and in many
Combustion Engineering plants, as well as instances in which licensees expected to find dry
boric acid crystals rather than highly corrosive wet boric acid solutions. There was a long
history of the licensee accepting and operating with RCS leaks. This reinforced the notion
among licensee manager and staff that it was acceptable to not remove the buildup of boric
acid deposits on equipment upon discovery. In two notable DBNPS instances in 1992-1993
and 1998, significant boric acid corrosion of carbon steel components in the RCS were
identified. The licensee identified lessons-learned from the latter event that are essentially the
same as the lessons-leamed from the RPV head degradation event. While training was
provided to some of the involved staff, these lessons, inexplicably, were not sufficiently
internalized to the degree necessary to result in a more timely identification of the VHP nozzle
leaks and RPV head corrosion in the spring of 2000. Had they reviewed NRC NUREG
information, they would have learned that for B&W plants, peripheral VHP nozzles were not
more likely to experience cracking as was believed. In fact, the data suggest that the RPV
head dome center VHP nozzles, such as DBNPS VHP Nozzles 2 and 3, were more likely to
experience cracking.

3.2.4.1 Detailed Discussion

Davis-Besse failed to learn and implement appropriate actions in response to operating
experience gained at other B&W plants, other PWRs, and experience gained at their own
facility concerning boric acid leakage and corrosion. It also appears that some important
lessons learned by DBNPS also were not retained, in that boric acid crystal buildup on
components was later viewed as not significant.

(23) Davis-Besse Failed to Learn from NUREG/CR-5576, "Survey of Boric Acid Corrosion of
Carbon Steel Components in Nuclear Plants" and in IN 86-108 regarding RPV head
wastage by boric acid corrosion at Turkey Pt. 4 and at Salem 2. Similarities in these two
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events with the DBNPS event include the desire to continue operations for a few
additional months, and a significant underestimation of the boric acid corrosion rate.
Turkey Point management continued to rely on the initial faulty safety evaluation and
determination that the situation was acceptable for continued operations, and
management decisions were made with lack of adequate information concerning the
scope of the potential problem.

Turkey Pt RPV Head Wastage Event

In August 1986, a leak was discovered in one of four reactor head instrumentation port
column assembly. Following an engineering evaluation, the site decided that it would
continue operations for an additional six months. In October 1986, following another
reinspection, it was determined that the plant could continue operations for another six
months. In March 1987, an airlock failure forced the plant to shut down. A reinspection
of the instrumentation port discovered a large accumulation of boric acid (approximately
500 pounds). During the short period of time from October 1986 to March 1987, the
boric acid accumulation resulted in general corrosion on the instrument port column
assembly, control rod drive mechanism coolers, CRDM coils, electrical connectors,
closure head, cables, control equipment, various instruments and vessel head
insulation. The RPV head wastage amount was not characterized in NRC documents
There was evidence of some pitting and corrosion on the RPV head with the largest
amount of near the leaking instrumentation penetration. In March 1987, corrosion rates
were estimated to be double that previously assumed by the licensee. The AIT report
concluded that the Turkey Pt. engineering inspection [of the leaking instrumentation
penetration] failed to consider the potential for widespread effects of leakage in the head
area beyond the readily accessible, visible areas. FP&L management continued to rely
on the initial faulty safety evaluation and determination that the situation was acceptable
for continued operations. Management decisions were made with lack of adequate
information concerning the scope of the potential problem. This event was included in
IN 86-108, Supplement 1.

Salem 2 event Head Wastage Event

In August 1987, boric acid crystals were found on a seam in the ventilation cowling of
the reactor head area The accumulation was approximately 15 cubic feet in volume.
The leak was the result of pin holes in the seal weld located at the base of the
thermocouple instrumentation threaded connection. The corrosion depth in the RPV
head ranged from 0.36 to 0.40 inches deep for pits from 1 to 3 inches in diameter.

(24) The 1998 Davis-Besse pressurizer spray valve (RC-2) event involved significant boric
acid corrosion of valve fasteners (three body-to-bonnet nuts were severely degraded,
one nut was 30% dissolved, a second 93% dissolved, and a third was 100% dissolved).
The event occurred over time from May through September 1998. The RC-2 event was
of such significance that a site-wide stand down meeting was held on January 21, 1999,
to review the event, including the effects of boric acid corrosion on carbon steel, the
importance of maintaining material compatibility, and the advantages and limitations on
the use of on-line leak sealants. Greater sensitivity to the effects of boric acid corrosion
on plant equipment and integration of these insights into plant processes and
operational philosophy were to be institutionalized by: 1) developing a revision to the
Boric Acid control program and the Work Process Guideline on plant leakage, including
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the benchmarking of industry standards for monitoring, evaluating, documenting and
controlling boric acid leakage; and, 2) providing additional training to management and
the technical staff to address the technical issues of boric acid control, the Davis-Besse
Boric Acid Control Program and requirements, lessons learned from the RC-2 event,
and industry experience. Additional management issues involving oversight, and
reinforcing the philosophy of conservative decision making were being addressed by the
site Corrective Action Program.

The following lessons learned from the RC-2 event were subsequently presented in an
EPRI Boric Acid Corrosion Workshop in May 2001 by a Davis-Besse engineer:

* Less than Adequate Material Segregation
* Less than Adequate Knowledge of Past History
* Acceptance of substandard equipment performance
* Didn't recognize red/brown boric acid equaled major wastage
* Felt that discoloration was due to minor yoke corrosion
* Didn't recognize potential for high corrosion rate
* Boric Acid was not removed for all inspections

Most of the lessons learned from the RC-2 event are applicable to the licensee's 2002
VHP nozzle leakage and RPV head corrosion discovery, and in fact, should have
prevented the problem from occurring to the extent that was identified in February 2002.

(3) Control Rod Drive Mechanism Nozzle Cracking and Leakage Had Previously Occurred
at All Other B&W Plants

Table X, "CRDM Penetration Cracking Experience at B&W plants," provides information
on the crack location on the RPV head, crack type, extent of NDE (other than cursory
visuals) on the CRDMs, number of operating years prior to event report, and the event
date. As shown in Table 1, B&W plants have had 6 percent of their CRDM penetrations
develop through wall cracks, 100 percent of B&W plants have had axial CRDM
penetration cracks, and 86 percent of B&W plants have experienced circumferential
cracking in at least one CRDM penetration. In addition, Davis-Besse was aware that all
of the other operating B&W plants had experienced axial and/or circumferential CRDM
penetration cracking prior to their own discovery of the same in February 2002. As
shown in the table, Davis-Besse was the last B&W plant to report cracking. However,
had the boric acid crystal buildup that was identified during the 1996 refueling outage,
the 1998 outage and the 2000 outage that was allowed to accumulate been removed, it
may have been determined that CRDM penetration cracking had occurred long before
February 2002, and probably in 1996
The "Row" designations used in Table X are defined as follows: Row 1 includes nozzle
#1; Row 2 includes nozzles #2-9; Row #3 includes nozzles #10-25; Row #4 includes
nozzles #26-45; and Row #5 includes nozzles #46-69.

(4) Davis-Besse realized that the CRDM nozzle location on the RPV head influenced the
probability of CRDM cracking but was unaware that the probability varied differently for
B&W plants than for other PWR designs.

An AEOD study issued by INEL in October 1994, NUREG/CR-6245, "Assessment of
Pressurized Water Reactor Control Rod Drive Mechanism Nozzle Cracking," provides
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insights for PWRs . It does mention that circumferential cracking of CRDM nozzles had
occurred (at a much earlier operational period than Oconee 3), and that differences
existed between B&W plants and other PWRs DBNPS was not aware of the
uniqueness of B&W plants concerning CRDM cracking.

It was a common understanding at DBNPS and the NRC that there was a higher
probability of CRDM cracking in the CRDM nozzles that were located on the periphery of
the RPV head because of the angle of the head and the CRDM. Concerning nozzle
cracking, the NUREG/CR states that (as of 1994) "Most of the nozzle cracks were short
and axial, making a small angle with the vertical, initiated on the inside surface, and
located at either the uphill or downhill side of the peripheral nozzles and near the partial
penetration weld. The maximum angle of inclination was about 30 degrees.
Circumferential indications were found at three plants These were on the outside
surface of nozzles at Bugey 3, in the attachment weld at Ringhals 2, and at Zorita." The
NUREG/CR also states that "Under operating conditions, the peak stresses in peripheral
nozzles are higher than those in the central nozzle at most plants except at the
B&W-designed plants where the peak stresses (hoop stresses) in the peripheral nozzles
and central nozzle are of similar magnitude but are still higher than the axial stresses.
Therefore, in most plants, except in the B&W -designed plants, the peripheral nozzles
are more likely to develop axial cracking than the central nozzle; most cracks have been
found in the peripheral nozzles."

3.2.4.2 Recommendations

3.2.4.2.1 Recommendations for NRC

3.2.4.2.2 Recommendations for Industry
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Table X Control Rod Dnve Mechanism Penetration Cracking Expenence at B&W plants

CRDM CRDMs TOTA OC01 OC03 AN01 OC02 CRY3 TMI1 OC03 DB PROBABILITY %
ROW PER L

ROW
I 1 7 1 14% of Row 1had

1 _ _ 1 7 = . 1 cracks
2 8 56 2 2 1 3 14% of Row 2 had

cracks
3 16 112 1 2 1 1 1 6% afRw3had

_ _ _ _ _ _ _ _ _ _ _ __ _ _ _c ra c k s
4 20 140 2 1 1 1 4 3 9% of Row 4 had

I cracks
5 24 168 3 3 2 1 5% of Row 5 had

cracks
THRU 1 9 1 4 1 3 5 3 6% of CRDMs have
WALL expenenced thru wall
CRACK cracks
AXIAL YES YES YES YES YES YES YES YES 1 00% have had axial
CRACK cracks
CIRC NO YES YES YES YES YES YES YES 86% have had

CRACK circumferential cracks
1W0% NO NO NO NO NO YES YES YES 43% of the unis had
INSP 100% NDE
OP 27 27 17 27 24 27 27 24

YEARS
PRIOR

TO
E V E N T _ _ _ _ _ _ _ _ _ _ _ _ _ _

EVENT 1214/00 12/18101 3/26/01 4128101 I 1010101 10112/01 0 11112101 2127102
DATE
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3.2.5 The Licensee Failed to Provide Adequate Resources, Oversight, Guidance and
Expectations in the Conduct of Safety Related Work Activities

The licensee did not foster an environment, by providing adequate oversight and resources, to
ensure that plant safety was appropriately maintained. Management's failure to lead by
example, failure to set high standards, and lack of involvement of important issues resulted in
expectations that were contrary to plant safety. These factors directly contributed to the lack of
timely identification of the VHP nozzle leaks and boric acid corrosion wastage. The task force
identified numerous performance lapses in multiple areas spanning the past 10 years that,
when considered collectively, were indicative of a poor safety culture. These included:
engineering resources that were stretched thin by budget and staffing cuts; an imbalance
between production focus and safety focus as evidenced by taking symptomatic actions that did
not impede power operations while not implementing rigorous and thorough corrective actions
during outages because of budget and scheduler concerns; a lack of management involvement
in important safety significant work activities and decisions; a lack of a questioning attitude by
senior managers; a lack of engineering rigor in the approach to problem resolution; a
long-standing acceptance of degraded equipment; the inability to recognize or address
repetitive or recurring problems; ineffective and untimely corrective actions; the cancellation or
deferral of safety-related work based on budgetary or scheduler considerations; ineffective
self-assessments of safety performance, a lack of ownership of plant problems; and other
indications of an unhealthy safety conscious work environment.

3.2.5.1 Detailed Discussion

There was a significant decrease in staffing and operating budgets during the 1990's,
particularly in the areas of engineering and capital improvements (e.g., permanent
modifications). In 1992 approximately 1281 permanent staff positions were filled. In the
following years, decreases continued until 2001 when the staffing reach its lowest point of
approximately 656 permanent staff positions. This reflects a decrease of approximately 49% of
the Davis-Besse staff in a nine year period. The team reviewed the - expended budgets for
years 1991 through 2001 and adjusted the amounts to account for inflation. STATE
CONCLUSIONS OF THESE DECREASES

Based on interviews results and workload assignments, the team concluded that system
engineers were spread thin, with multiple system assignments and collateral duties An
example of this was the system engineer, who was responsible for the _ systems, also
being the boric acid corrosion control coordinator. In reviewing cases of boric acid corrosion at
DBNPS and boric acid corrosion related issues, the team concluded that the boric acid
corrosion control program lacked effective oversight and ownership. The coordinator's
workload had some impact on this item. There was high turnover among the system engineers,
which adversely affected their knowledge base. This was most clearly illustrated by the large
number of engineers who were involved with reactor head inspections and dispositioning of
boric acid deposits on the head during the previous ten years. Five different engineer were
involved with head inspections during the 1996, 1998, and 2000 RFOs. In discussions with
another B&W plant that had experienced VHP nozzle cracking, they told the team that
engineering continuity was a key factor in their ability to identify and correct leaks early.

Information obtained from licensee records and interviews of DBNPS personnel indicated an
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overemphasis on production, as evidenced by significant activity to address symptoms of RCS
leaks (e.g., CAC and radiation monitor filter element fouling) while operating at power but not
developing or implementing rigorous plans to find the source of the leaks during outages
because of the apparent impact of those plans on outage schedules or budgets. Additionally,
the licensee would routinely restart the plant following a refueling outage with leaking RCS
valves and CRDM flange leaks that were not repaired during the outage. Interviews with
Davis-Besse personnel provided mixed views on schedule pressures. Some individuals
believed that work is schedule driven such that it would have a negative impact on work
performance, while others stated that management was schedule focused, however, safety
remained a priority. According to the RCS system engineer, the equipment used for the head
cleaning during the 2000 RFO was removed without first consulting with him even though he
was the leader for the activity. The reactor head was scheduled to be moved back to the vessel
on the day the cleaning equipment was removed. The LLTF concluded that a schedule driven
work environment contributed in the lack of completed reactor vessel head cleaning that was
performed during the 2000 refueling outage.

The continuous nature of RCS leakage symptoms demonstrated Davis-Besse's willingness to
accept degraded plant conditions, provided any related conditions that threatened plant
operations could be resolved. Actions to address CAC and radiation monitor filter element
fouling were highly visible and received strong management attention. While the cause of the
fouling, RCS leakage, received considerable attention initially, more recent efforts to identify the
source of RCS leakage were not aggressive. For example, in the 2000 RFO only routine
inspections to identify containment leaks were performed at the beginning of the outage and for
the 2002 RFO management elected to not perform the Mode 3 RCS walkdown. This decrease
in efforts to resolve a problem that has existed for an extended period of time is indicative of
management's willingness to live with problems and lack of commitment to resolve issues that
clearly have the potential to be significant

There appeared to be a lack management involvement on important safety significant work
activities and decisions. Engineers were apparently often left to make important decisions
without management interaction. For example the 2000 refueling outage RPV head cleaning
was discontinued once the cleaning equipment was removed but it is unclear if any managers
were aware at the time of the amount of boric acid that remained on the head and agreed with
the decision to stop the cleaning. The practice of supervisors and managers being assigned to
the outage management structure during RFOs and having individuals "act" in manager's
normal role contributed to management being somewhat disengaged with issues they were
responsible for. An example was the decision to use water as part of the head cleaning in the
2000 RFO. Because of outage work, the supervisor did not have discussions with the system
engineer regarding this controversial issue. At times, senior management did not exhibit a
questioning attitude. The former DBNPS vice president (VP) stated in an interview that he had
no followup involvement with 2000 RFO RPV head cleaning activities once he gave approval to
use water for the cleaning. The team questioned this decision given the long history of RCS
leakage and the condition of the boric acid deposits (described in the CR as large quantity and
red/ brown in color) found on the head at the beginning of the outage. In his interview, the VP
stated that he viewed the video tape of the as-found condition of the head.

During the review of CRs and interviews with DBNPS personnel, the team identified a
longstanding pattern of problem resolutions which lacked engineering rigor. Examples dated
back to 1992 when fouling of the CACs was allowed, in part, on the presumption that steam
from a LOCA would clean the CAC and ensure that CAC cooling satisfied design basis
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assumptions. No technical basis was available to support the steam cleaning theory.
Additional issues which lacked engineering rigor included: the belief that leakage from the
pressurizer relief valves was the source of boron accumulation on CACs and radiation monitor
filters without consideration that the discharge from the relief valve was from the pressurizer
steam space; system engineering not informing operations that saturation of iodine detector on
the containment radiation monitor would cause the detector to be unavailable for up to _
hours; and the resolution to CR 2000-1037 not addressing the observation that a lack of
positive evidence that a CRD flange was leaking provided a high probability of a leaking CRD.
DO WE HAVE OTHER OR BETTER EXAMPLES???

Corrective actions to resolve plant issues, some which were classified as significant, were often
untimely and ineffective in preventing recurrence of similar type problems. The corrective
actions in response to the RC-2 event outwardly appeared to be adequate, however, when the
team reviewed these actions in detail, several problems were noted. The boric acid corrosion
control training that was provided to the DBNPS technical staff did not include some individuals
who later were involved with the boron deposits that were found on the reactor head inthe 2000
RFO. In addition, some individual who received the training did not understand the implication
of reddish/ brown boric acid being an obvious indication of carbon steel corrosion.
Improvements to the boric acid corrosion control program that were made via a revision to
procedure, NG-EN-00324, Boric Acid Corrosion Control, were incomplete. When the team
reviewed the revised procedure additional problems/ weaknesses were identified. It should be
noted that in 1992, corrosion of a steam generator occurred due to RCS leakage from a flanged
connection which was not corrected when it was first discovered. While the team did not review
the corrective action for this event in detail, the similarities with the RC-2 indicate the 1992
event corrective actions were ineffective. NEED ADDITIONAL EXAMPLES OF
CORRECTIVE ACTION PROBLEMS

The cancellation or deferral of safety-related work was directly linked to the RPV head
degradation experienced at DBNPS. The two primary examples were the deferral of the RPV
service structure access opening modification and deferral of repairs for leaking CRD flanges.
The access opening modification was initially proposed in 1990, then through a series of
cancellations and deferrals the modification was schedule for the 2004 RFO at the time the
RPV head degradation was discovered. The team interviewed DBNPS personnel involved with
this modification and reviewed related documents, such as schedule and budget committee
meeting minutes and modification packages. The team concluded these delays resulted from
budgetary and scheduling considerations and the lack of a knowledgeable sponsor who
understood the importance of a complete head visual inspection and removal of boron deposits
from the head. The program that was developed to rank the severity of CRD flange leakage
and allow deferral of leak repairs illustrates the efforts that DBNPS would take to ensure work
such as CRD flange leak repairs would not interfere with outage schedule and minimize outage
cost. Since vendor support was used for flange repairs, budgetary considerations factored into
the decision to delay the work.

DBNPS lacked a self-critical perspective and when self-assessments of safety performance
were performed they were ineffective. During the approximate three years that symptoms of
RCS leakage in containment existed, there was no indication that management attempted to
obtain outside assistance to help identify the source of leakage. The Quality Assurance
assessment report for 2000 RFO activities discussed observations of the boric acid corrosion
control program implementation and cleaning of boron deposits from the head. The report
executive summary listed, "Aggressive cleaning of boric acid accumulation from the Rx head"
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as a positive attribute. Discussions in the body of the report included, "The audit team
evaluated the implementation of the boric acid corrosion control program. Team members
participated and reviewed Mode 5, Mode 3, and RCS hydrostatic inspection results... Boric acid
leakage was adequately classified and corrected when appropriate. Engineering displayed
noteworthy persistence in ensuring boric acid accumulation from the reactor head was
thoroughly cleaned". In interview with QA personnel, they stated the audit results for head
cleaning was based on a review of the condition report. The auditors did not observe actual
head condition, cleaning activities, nor video tapes. The team concluded this audit was
ineffective, lacked appropriate rigor, and may have contributed to management's inattention
since QA's perspective was clearly positive for head cleaning and boric acid corrosion control
activities

3.2.4.2 Recommendations

3.2.4.2.1 Recommendations for NRC

* Review the range of NRC baseline inspections and assessment capabilities to
determine if sufficient activities are inplace to detects the types of problems experienced
at DBNPS or if addition oversight activities are needed

3.2.4.2.2 Recommendations for Industry

* Each commercial nuclear power plant should perform indepth case study review of the
Davis-Besse head degradation event to ensure they do not have similar problems and
weaknesses
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3.3 The NRC Did Not Accurately Assess the Safety Performance of the Davis- Besse
Nuclear Power Station

The NRC did not adequately assess the safety performance of Davis-Besse. While the
symptoms of the RCS leaks and other related issues were known and received some
inspections of individual issues, there was no integrated or focused inspection follow-up.
Communication breakdowns, involving both NRC and Davis-Besse, also contributed to the lack
of timely identification. Historically, the regional and headquarters program office viewed
DBNPS as a good performer, which may have contributed to a lack of effectiveness in
integrating the known information. During this period there were a number of plants of high
regulatory concern, which distracted management attention and resulted in a number of staffing
and resource challenges impacting the entire region. Licensing process guidance and
implementation problems represented additional missed opportunities.

3.3.1 The NRC Did Not Adequately Assess the Symptoms of RCS Leakage

Specifically, the NRC did not adequately assess the symptoms of the VHP nozzle leaks even
though there were many opportunities over the past several years to have done so. The
symptoms of an active RCS leak, including the boric acid fouling of the containment air cooler
(CAC) fins and containment radiation monitor filter elements, were known by various members
of the Region IlIl and headquarters staff for a period of several years, but this did not lead to
focused actions that could have resulted in the earlier identification of the VHP nozzle leaks.
There were a number of highly visible actions taken by the licensee to address the symptoms of
the active RCS leaks. Some of these actions were inspected by the NRC while others were
not.

3.3.1.1 Detailed Discussion

Numerous symptoms of RCS leakage inside the Davis-Besse containment existed from 1998
until the unit was shutdown for the 2002 refueling outage (13 RFO). While the NRC inspection
effort reviewed many of these symptoms, there was limited assessment and analysis of
Davis-Besse's efforts to identify and resolve RCS leakage. Some inspections recognized and
specifically focused on RCS leakage, while other inspections reviewed areas which related to
RCS leakage. The inspections in these related areas did not address RCS leakage as part of
their assessment of Davis-Besse's performance. Many of the symptoms of RCS leakage when
reviewed individually, provided minimal insights into the actual degraded condition of the reactor
head. To fully assess and recognize the resulting condition of the RCS leak in containment,
i.e., reactor head degradation, an integrated assessment of the symptoms was required. The
NRC failed to perform an integrated review the RCS leakage symptoms

For the time period of 1998 to February 2002, unidentified RCS leakage (monthly average)
ranged from the normally low value of less than 0.1 GPM to a maximum of 0.8 GPM. The
primary cause of the higher leak rate was a change to the pressurizer relief valve discharge
piping in October 1998. Once the normal discharge piping configuration was restored in May
1999,,the leak rate decreased, but values ranged between 0.1 to 0.3 GPM until February 2002.

The specific indications of RCS leakage in containment included the following:

* There was an increase in unidentified RCS leakage which could not be correlated to any
specific source following restoration of pressurizer relief valve discharge piping to its



normal configuration;

The CACs experienced fouling as boric acid particles in the containment atmosphere
collected on the CAC cooling fins. As the amount of boric acid fouling increased,
corresponding changes in CAC plenum pressure would be seen on the remote
indication in the control room. In response to changing plenum pressures the CACs
were cleaned 17 times from November 1998 to May 1999. The change to the
pressurizer relief valve discharge piping in October 1998 which also directed relief valve
seat leakage to the containment atmosphere was viewed by the licensee as the primary
cause of the CAC fouling. Eleven additional CAC cleanings were required following
restoration of the relief valve discharge piping until the unit was shutdown for in
February 2002. The frequency of CAC cleaning was higher during the earlier periods of
the fuel cycle. This is consistent with higher concentration of boric acid in the RCS at
the start of the fuel cycle and the gradual reduction of RCS boric acid over the fuel
cycle.

The containment radiation monitors also experienced fouling of boric acid particles on
the filter elements. Air samples are continuously drawn from within containment,
passed through a particulate filter, an iodine sample cartridge and a noble gas detector
before being exhausted back into containment. The buildup of boric acid on the filters
would reduce air flow to a point that filter change out was required. To accomplish this
the radiation monitor was taken out of service. Prior to the boric acid fouling, the
radiation monitor filters were replaced each month as routine maintenance. Starting in
late 1998, the filter change outs increased to weekly, then cycled between daily to an
irregular one to two week replacement interval. In May of 1999, the radiation monitor
filters began accumulating a yellowish-brown material. The laboratory analysis of the
material identified the presence of ferric oxide. Specifically, this analysis stated, "The
fineness of the iron oxide (assumed to be ferric oxide) particulate would indicate it
probably was formed from a very small steam leak."

* In each of the 1996, 1998, and 2000 refueling outages a visual inspection of the reactor
head identified an accumulation of boric acid. A corrective action document was
initiated for each occurrence to address the condition.

* Evidence of boric acid deposits was noted on numerous surfaces in containment.
During containment walkdowns by the team, rust on carbon steel surfaces of service
water piping, cable trays and covers, and CACs was observed. Boric acid residue was
also noted on these surfaces. The amount of rust was directly related to the corrosive
nature of boric acid on carbon steel. During a review of the control room log the team
noted a May 22, 1997, entry which stated boric acid buildup was noted on the inside of
the incore tank and on CAC number two.

Based on the available symptoms and interviews with Davis-Besse and NRC personnel it was
clear to the team there was widespread knowledge of RCS leakage in containment and that the
leakage persisted over a period of several years. The senior resident inspector and division of
reactor projects (DRP) branch chief stated in interviews they were aware of the leakage and
that they engaged the licensee on their efforts to identify and resolve the leakage. The DRP
branch chief maintained a daily logbook of plant status and issues which were discussed with
the residents inspectors. The branch chief stated his normal practice was to discuss the
majority of these issues in the RIII morning meeting with regional management. The team was
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provided a copy of the branch chiefs daily logbook for the period from to present. The
team noted that symptoms of the RCS leakage, included at power containment entries to clean
the CACs and TS action statement entries due radiation monitor filter replacement were
mentioned in the logbook.

The NRR project manager for Davis Besse during 1999 participated regularly on the morning
status calls held by the Region IlIl staff at the branch level. He recalled that boric acid buildup
was discussed and that the licensee was making efforts to find RCS leaks through walkdowns,
and that the licensee attributed the buildup to leaking pressurizer safety valves. Containment
air cooler fouling was also discussed in these calls, and was a concern because of elevated
containment air temperatures during the summer months. He assumed that the Region IlIl staff
were observing licensee efforts to address the issues.

Senior management in Rill did not have the same level of awareness of the symptoms nor of
the continuous nature of the RCS leakage in containment. In an interview one manager
recalled problems with radiation monitor fouling because of the associated TS action statement
entries and another manager said that he was briefed on CAC cleaning. The other managers
stated they did not recall hearing about or discussing these items. The team concluded there
was distinct difference in the level of knowledge on Davis-Besse RCS leakage and the
symptoms between the branch chief and senior regional managers.

In interviews with the resident inspectors they stated that regional managers did not provide
feedback on RCS leakage or the symptoms in the form of inspection guidance to the residents.
The branch chief discussed RCS leakage and the symptoms with the residents in an efforts to
understand the licensee's position on the source of leakage and their plans to resolve the
leakage. In an interview the branch chief stated that during site visits to Davis-Besse, he
routinely discussed RCS leakage activities with the licensee.

For the period of February 13 - September 13, 1999, five consecutive resident inspector
inspection reports (each covering a 6-week period) discussed inspections which related to RCS
leakage. The inspections focused primarily on the April 24 - May 10, 1999 midcycle outage
activities. While there was some assessment of licensee activities, the majority of reports
described the RCS leakage, related conditions, such as radiation monitoring fouling, and the
licensee's plans to resolve the leakage. Following the midcycle outage the inspection reports
discussed the reduction in RCS leakage but recognized that radiation monitor filter fouling
continued to occur and that the filters had accumulated a dark colored particulate which was
determined to be primarily iron oxide (a corrosion product). In the last of these inspection
reports which discussed RCS leakage, the inspectors stated that the source of corrosion
products was still unknown and that the licensee planned to perform thorough inspections of the
containment during the next refueling outage to detect the source. In reviewing subsequent
Davis-Besse inspection reports, the team found no other inspections of licensee's efforts to
resolve RCS leakage. NRC Inspection Report No. 50-346/01-013 discussed a temporary
modification to bypass the charcoal filters on the containment radiation monitors. This related
to RCS leakage in that the filter were bypassed because of moisture clogging the charcoal.
High humidity in the containment from the RCS leakage was a probable source of moisture.

Several assumption made by Davis-Besse regarding RCS leakage were questioned by the
team and were considered additional opportunities for the NRC to more aggressively assess
Davis-Besse efforts to address RCS leakage. Davis-Besse believed that a significant
contributor to CAC fouling was leakage from the pressurizer relief discharge piping that was
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temporarily vented into containment atmosphere. NRC Inspection Report No. 50-346/99-004
discussed the relief valve leakage evaporating into the~containment atmosphere, condensing on
the CACs and degrading their performance to the point that cleaning was required every 10 -14
days. Based on leakage from the pressurizer steam space (the part of the pressurizer where
the relief valves are attached to) being at a lower boron concentration that the RCS, the team
questioned how much boric acid would actually be released from relief valve leakage. It did not
appear this was assessed by Davis-Besse in 1999. During the LLTF review, Davis-Besse
responded to the team that some boric acid would carryover into steam at high RCS pressures
but the amount would be significantly less than a RCS leak. From interviews with NRC staff
and review of inspection reports the team concluded this issues was not previously reviewed.
Davis-Besse also believed that one of the most likely sources of RCS leakage that was causing
CAC and radiation monitor fouling was CRDM flange leakage. This was based a long history of
CRDM flange leakage. During the 1999 midcycle outage, CRDM flanges were inspected and
no leakage was identified. This was not recognized by many Davis-Besse personnel in that
they continued to believe CRDM flange leakage was a cause of CAC and radiation monitor
fouling. Had this been understood by the licensee, increased efforts could have been taken by
the licensee in 12RFO to identify the source(s) of RCS leakage.

Other inspections which dealt with the RCS or RCS leakage indications provided the NRC with
additional opportunities to engage the licensee on their efforts to resolve RCS leakage. Two
inspections (NRC reports Nos. 50-346/99-002 and 01-004) reviewed radiological controls for
containment entries to clean the CACs. In 1999 the inspector observed one of the work crews
in containment while the CACs were cleaned and discussed the boric acid deposits on the
CACs from a pressurizer isolation valve. Both inspections assessed the radiological
implications for CAC cleaning but did not assess the implications of the CAC fouling,
i.e.,continued RCS leakage or Davis-Besse's efforts to resolve the leakage.

Two inspections (NRC report Nos. 50-346/98-006 and 00-005) reviewed inservice inspections
(ISI) related to the RCS. They were performed during the 1998 and 2000 refueling outages.
The 1998 inspection observed a dye penetrant examination of a CRD housing weld and a visual
examination of the reactor vessel bolt holes The report did not mention boric acid on the head
or any related issues. In an interview, the inspector did not recall seeing boric acid on the
reactor head or on the insulation directly below the CRDM housings. During the 2000 ISI
inspection, the inspector observed ultrasonic and magnetic particle examinations on the reactor
closure head to flange weld. In addition the inspector reviewed CR 2000-0781 and verified the
corrective actions were appropriate. This CR described boric acid on the reactor head which
prevented the visual inspection of the flange fasteners. There was no discussion in the
inspection report on boric acid corrective actions for the reactor head. In an interview, the
inspector who performed the 2000 ISI inspection did not recall seeing boric acid on the reactor
head or anything unusual about the corrective actions for CR 2000-0781. The general
guidance of IP 73753, Inservice Inspections states, "Personnel performing this inspection
should also be observant about the general condition of the plant. While traveling to and from
the ISI examination sites, the inspector should be looking for evidence of boric acid leakage,
rust and water stains, and other indications of deterioration of fluid boundaries. All indications
should be noted and explored by questioning the licensee about evaluation and corrective
actions for items noted." The team concluded these inspections were additional examples for
the NRC to become informed of the boric acid accumulation of the reactor head and question
Davis-Besse on their corrective actions.
During interviews, Rill personnel stated that at the time the RCS leakage in containment was
not viewed as a significant safety issue. Factors that Rill provided to support a basis for this
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view included RCS leak rates being less than the TS limit and Davis-Besse providing logical
explanations as to possible sources of leakage. The team noted other items which confirmed
this view by RIII. These included the lack of guidance to the residents inspectors for pursuing
the leakage under the inspection program; the lack of senior management's awareness of the
continuing nature of the RCS leakage in containment, not performing any followup inspection in
12RFO on licensee efforts to identify and correct RCS leakage (even though a 1999 NRC
inspection recognized that the source of corrosion particles in containment was unknown and
reviews would be performed in 12RFO); not recommending that the PI&R inspection in
February 2001 review RCS leakage corrective actions (see Section 3.3.2); a briefing paper to
support a Regional Administrator's site visit in March 2001 which stated there were currently no
significant equipment concerns, but later mentioned monthly CAC cleaning; and an April 2001
Commissioner briefing package which did not list/ discuss continued RCS leakage in
containment.

As noted in Section 3.3.2 the senior resident inspector was aware that boric acid was
discovered on the reactor head in 12 RFO. The discovery of red/ brown boric acid on the
reactor head was a significant insight that the numerous and longstanding indications of RCS
leakage in containment were important safety concerns that demanded NRC followup. Since
this information was not passed onto the region, the opportunity for the region to factor the
discovery of boric acid on the reactor head into their view on RCS leakage in containment was
lost. The team believes the ability to assess relevant conditions into the overall outlook on
plants issues is an extremely important function of the inspection staff. This function is even
more crucial for resident inspectors who are the only NRC individuals that have access to all
this type of information.

3.3.1.2 Recommendations

3.3.1.2.1 Recommendations for NRC

* Re-emphasize questioning attitude among NRC staff/management. Consider this
attribute in individual and organizational performance measures.

* In refresher training discuss the Davis-Besse head degradation event and highlight
symptoms that were available to the NRC staff during inspection activities

* Establish structure and expectations for management interaction with staff to followup
on the types of problems that occurred at Davis-Besse

* Review inspection procedure Attachment 71111. 20, Refueling and Outage
Activities, to determine if adequate instructions and expectations for outage
reviews are specified. MAYBE MOVE

* Emphasize to inspectors the need remain aware of their surroundings when inspecting
in a particular area, such as radiation protection, and the need to pass on observations
to applicable personnel

3.3.2 The NRC Failed to Adequately Inspect the Safety Performance of the Davis-Besse
Nuclear Power Station
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For those issues that were inspected or the NRC had some knowledge of, no significant
deficiencies were identified by the NRC even though many of the licensee actions were
superficial, lacked appropriate engineering rigor, were not followed through, or were
symptomatic in nature. For example, the licensee had no recent documented safety evaluation
of the fouling of the safety-related CAC's, but apparently relied on a 1992 evaluation of CAC
fouling, which assumed the post-loss of coolant accident (LOCA) environment in the
containment would, in effect, steam clean the CAC's so that they would remain functional in a
post-LOCA environment. For a time, the licensee used a kerosene burner inside containment
to heat the water for the power washer used to clean the CAC's during power operations.
Routine, at-power cleaning of the CAC's was known by NRC, and actually witnessed in at least
one case. There was no documented fire hazards analysis of this activity. On a number of
occasions, the containment radiation monitors were restored to operable status shortly after
filter change out even though the monitors were still in saturation. Before a late 1999 Technical
Specification amendment, approved by the NRC, the applicable Technical Specification allowed
outage time was only 6 hours. No NRC inspections revealed deficiencies in this area. The
explanation that the source of CAC fouling stemmed from the leakage past the pressurizer
safety valve seats following the temporary modification to the tail piping was accepted by the
NRC staff without questioning. The resident inspectors did not follow-up on the licensee's plans
to look for the source of the RCS leaks during the spring 2000 refueling outage. Had they done
so, they would have questioned if a plan was ever developed and that only routine containment
walkdown were actually.

3.3.2.1 Detailed Discussion

The team identified shortcomings with the NRC inspection effort at Davis-Besse. These
included missed inspection opportunities that related to the reactor head degradation,
inaccurate inspection results, and improper implementation of the inspection program. The
team reviewed inspections that were implemented under both the former NRC Inspection
Manual Chapter (IMC) 2515, Reactor Inspection Program - Operations Phase, and the revised
reactor oversight process (ROP).

Prior to April 2000, inspections at operating reactors were preformed under the guidance of an
earlier revision to IMC 2515. The majority of inspections performed under 2515 were part of
the "core" program which was implemented at all reactor sites. The regions had allowances to
perform "regional initiative" inspections in areas with identified or perceived licensee
performance problems. In April 2000, the NRC transferred to the ROP which is more structured
than the former IMC 2515 program. Under the ROP, baseline (BL) inspections are performed
at all reactor sites and they constitute a larger portion of the overall inspection effort. The ROP
has supplemental inspections which are performed for problems (findings) that have greater
than low safety significance. The ROP does not allow "regional initiative" inspections of lower
level problems or issues that potentially could, but have not yet resulted in a significant
problem. The team reviewed inspections implementation at Davis-Besse back to 1990s but
focuspd on inspection activities since 1996, which correlates with the estimated time that head
degradation began.

As discussed in Section 3.3.1, five reports from 1999 documented inspections related to RCS
leakage. The report writeups for these inspections have limited information on inspector
actions. Most of the writeups contain phrases such as, "the inspectors reviewed the licensee's
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efforts .." and "the inspectors reviewed licensee efforts..." but provided no other indications of
specific actions that the inspectors performed. Interviews with the applicable inspectors
provided no additional insights on the depth of these inspections. Based on review of
Davis-Besse records and interviews with Davis-Besse personnel, the team identified several
relevant issues that could have been identified by a probing inspection. These included an
apparent lack of operability limits for CAC plenum pressure or current justification that boric
acid fouling would not effect CAC post accident function (Davis-Besse responded to the team
that steam from a LOCA would clean boric acid from the CACs was not supported by
engineering calculations); no evaluation to support the use of a kerosene heater in containment
for CAC cleaning; and the temporary modification that changed the pressurizer discharge
piping configuration which stated that boric acid corrosion of carbon steel components was not
a concern but provided no basis to support this view.

While reviewing Davis-Besse's efforts to identify the source of RCS leakage in containment the
team noted that an action plan was not developed for 12RFO. Based on limited information
that Davis-Besse was able to locate for this effort, it appeared that only routine outage
inspections were performed to identify RCS leakage in containment This was contrary to a
corrective action specified in CR 99-1300 to issue an action plan for containment walkdowns in
12RFO to identify the source of the red/ brown boric acid deposits on the containment radiation
monitor filters. For the following refueling outage,13RFO, the Mode 3 containment walkdown
was not performed at the beginning of the outage. The Mode 3 walkdowns were initiated in
response to GL 88-05 as a means to identify containment leakage with systems at normal
operating pressure and temperature. As noted in Section 3.3 1, following the 1999 inspections
there were no NRC documented inspections of the Davis-Besse efforts to identify RCS leakage.
Since indications of RCS leakage were continuing, the team concluded probable cause existed
to perform additional inspections and that these inspections could have identified problems with
Davis-Besse's efforts to identify the source of RCS leakage in containment.

Davis-Besse's corrective action program was last inspected under the 2515 core program in
August 1998 per Inspection Procedure (IP) 40500, Effectiveness of Licensee Controls in
Identifying, Resolving, and Preventing Problems. This inspection did not review any issues
related to RCS leakage in containment or boric acid on the reactor head. Based on the timing
of this inspection and the limited information available on these topics, the team considered this
was not unexpected. The frequency of performing IP 40500 inspections under the core
program was every SALP cycle, which for Davis-Besse was every two years. The next review
of corrective action program was the Problem Identification and Resolution (PI&R) inspection in
February 2001. This was performed under the ROP which initially required a Pl&R inspection
each assessment period. The first ROP assessment period was from April 2000 to March
2001. Based on the timing of the PI&R, there was a 2 /2 year gap between these corrective
action inspections. In light of the ROP expectation to perform a PI&R inspection each year, the
team questioned the decision to perform the Davis-Besse PI&R inspection at the end of the
ROP assessment cycle verses earlier. This would have allowed a more timely review of
Davis-Besse's corrective action implementation and possible recognition that efforts to locate
and correct RCS leakage in containment were inadequate.

The team identified two aspects of the 2001 PI&R inspection that warrant further discussion.
Guidance for PI&R inspections is provided by IP 71152, Identification and Resolution of
Problems. The general guidance section of IP 71152, states, "Additional insights for
determining appropriate samples can be obtained by region based inspectors through
discussion with resident inspectors or regional inspectors who are familiar with site issues and
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who are familiar with the licensee's problem identification and resolution process " Routinely
the DRP branch chief will provide insights to the Pl&R team on problem areas that the PI&R
may consider for followup review. Based on interviews with the 2001 PI&R team members and
the branch chief, there were no suggestions to review any of the ongoing symptoms or CRs
related to RCS leakage in containment or boric acid on the reactor head. In the interview, the
branch chief stated that he did not consider the RCS leakage in containment significant enough
to warrant followup by the PI&R inspection. The team determined the continuous nature of the
RCS leakage and the ineffective licensee corrective actions were types of situations that IP
71152 intended for PI&R followup and that RiII should have suggested this to the team.

In determining which problems to review for corrective action implementation, the Pl&R team
screened previous CRs. For the Davis-Besse Pl&R this was accomplished by reviewing a
printout containing abbreviated CR descriptions. For CR 2000-0782 the abbreviated description
was, "Inspection of the Reactor Flange indicated Boric Acid leakage from the weep holes." As
noted below, the actual condition description for CR 2000-0782 contained a substantial amount
of information on the type, quantity, and location of the boric acid. IP 71152 does not specify
the manner in which licensee identified problems are select for PI&R review, e g., review entire
problem descriptions verses an abbreviated description. With the large number of CR written
by many licensees, reading each CR description may not be practical during a PI&R inspection.
However, the team believes that had the complete description been used in the screening of
issues, CR 2000-0782 should have been selected for PI&R review.

On August 6, 1999, escalated enforcement was taken for boric acid corrosion on 3 of 8
body-to-bonnet nuts for Pressurizer Spray Valve, RC-2 at Davis-Besse. The Severity Level IlIl
violation was for inadequate material control, carbon steel nuts were installed in lieu of stainless
steal nuts, and for failure to implement effective corrective action. A special inspection (Report
No. 50-346/99-021) of this event reviewed corrective actions, both taken and planned, for the
RC-2 event. Enhancements to the boric acid corrosion procedure, NG-EN-00324, were
discussed in the report. LER 1998-009-00 describe this event and two corrective action
commitments that Davis-Besse made to the NRC. These included enhancements to the boric
acid control program and training for managers and technical staff on boric acid corrosion
control and lessons learned from the RC-2 event. The team noted some members of the
technical staff who were involved with previous and subsequent boric acid corrosion issues did
not receive the training. Also, some weaknesses in revised procedure, NG-EN-00324 were
observed. The team noted that RiII did not perform a followup inspection to closeout the
violation for RC-2. There were followup inspections for the LER and Revision 1 to the LER;
however, they did not specifically address a review of the completed corrective actions. IP
92902, Followup - Maintenance, which was in effect at the time for closeout of maintenance
related violations required that licensee's implementation of corrective actions be reviewed. For
the RC-2 violation it is unclear if the NRC actually inspected/ reviewed corrective action
implementation. In interviews with RIII managers, differing views were provided on the closeout
of RC-2 violations. Some managers thought that closeout of LERs and the review performed in
the special inspection were satisfactory, while other managers believed that a violation closeout
should include a review of corrective action implementation. The team concluded that the
guidance for closeout of violation was not followed and an additional inspection of
Davis-Besse's boric acid corrosion program would have provided an opportunity to identify
some of the program weaknesses.
IP 62001, Boric Acid Corrosion Prevention Program, was included in Appendix B to the former
IMC 2515 program which listed regional initiative inspection procedures. RIII did not use IP
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62001 in the followup inspection to the RC-2 event. Based on the circumstances surrounding
RC-2 and the fact that a special inspection was performed, the team believed that IP 62001
should have been utilized to provide structured guidance for the inspection. While it was not
clear that use of IP 62001 would have altered the conclusions of the special inspection on the
boric acid corrosion program, it would have ensure that the review included all critical aspects of
the program

The senior resident inspector stated in an interview he was aware that boric acid was identified
on the reactor during the 2000 refueling outage (12RFO) but recalled that the condition was not
viewed as significant at the time and he believed the problem didn't warrant NRC followup
inspection. Also the senior resident inspector stated that he had reviewed the licensee's boric
acid corrosion program following the RC-2 event and believed that boric acid on the reactor
head would be properly resolved based on his favorable review of Davis-Besse's boric acid
corrosion program. The senior resident inspector's recollection of the condition was white boric
acid crystals on the head with no indication that the quantity of boric acid was large. CR
2000-0782 documented the boric acid that was discovered on the head in 12RFO. The
condition description stated, "Inspection of the Reactor Flange indicated Boric Acid leakage
from the weep holes (see attached pictures and inspection record). The leakage is red/brown
in color. The leakage is worse on the east side weep holes. The worst leakage from one of
the weep holes is approximately 1.5 inches thick on the side of the head and pooled on top of
the flange... The total estimated quantity of leakage though the weep holes and resting on the
flange is 15 gallons. All leakage appears to be dry. Preliminary inspection of the head through
the weep holes indicates clumps of Boric Acid are present on the east and south sides..." CR
2000-1037 was subsequently written to disposition the boric acid on the reactor head. Its
description stated, "Inspection of the Reactor head indicated accumulation of boron in the area
of the CRD nozzle penetrations through the head. Boron accumulation was also discovered on
the top of the thermal insulation under the CRD flanges. Boron accumulated on the top of the
thermal insulation resulted from CRD flange leakage." Based on the senior resident inspector's
recollection of the condition of boric acid on the reactor head it is unclear if the CR descriptions
were actually read. Under the ROP, Appendix D, Plant Status, to IMC 2515 provides guidance
for problem identification with the statement, "Review the licensee's deficiency or
non-compliance reports to became aware of safety significant problems that can be followed up
through elements of the baseline program". The team concluded that the description of CR
2000-0782 should have been viewed as a potential safety significant problem and received
follow up by the baseline program. Additionally, the pictures attached to CR 2000-0782
provided a graphic view of the significance of the boric acid deposits. Since the information
regarding boric acid discovered on the reactor head in 12RFO was not passed on to the region,
there not an opportunity for the region to consider the need for follow up inspection.

The team identified a positive aspect of Ril's ROP implementation, in the utilization of baseline
inspections to review important commitments associated with Bulletin 2001-01, "Circumferential
Cracking of Reactor Pressure Vessel Head Penetration Nozzles." These commitments were
implemented to support Davis-Besse's continued operation to February 16, 2002 (see Section
3. ._J. Rill mapped out the commitments to various baseline inspection activities, then
completed the reviews during routine 6-week inspections. The inspection results were
documented in NRC Inspection Report Nos. 50-346/01-015 and 01-016.

3.3.2.2 Recommendations
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3.3.2.2.1 Recommendations for NRC

* Assess the overall PI&R guidance such that issues similar to those experienced at
Davis-Besse are reviews (possible emphasis on the 3 -6 issues /years Pl&R inspections
and the biannual inspections). Determine if guidance is needed on the format of issues
that are screened when to determining which specific problems will be reviewed.

* Review ROP guidance to determine if changes are needed to allow longer term followup
on issues that haven't progressed to a finding. Should IFIs be allowed that would direct
future inspections in areas of concern

* Emphasize through a "case study" training that inspection must probe into issues or
potential problems verses reviewing licensee action and providing a status of these
action in an inspection report

* Assess the need for inspection of licensees boric acid corrosion programs, similar to the
actions directed by IP62001.

* Consider various method to independently assess plant performance, then compare and
contrast the results with existing plant performance assessment performed by the
region.

3.3.3 The NRC's Performance Assessment of Davis-Besse Nuclear Power Station Was Not
Accurate and Failed to Fully Integrate Available Performance Data

There were widespread views within the NRC that the DBNPS was a strong safety performer,
and their corrective action program was regarded as one of the best in the region. While the
NRC had considerable information regarding the symptoms of the problem, there was never
any focused inspection effort to ascertain its true nature. Some NRC staff believed that the
individual symptoms were not significant enough to perform inspection follow-up. Other NRC
managers and staff believed, without serious challenging or questioning, that the licensee was
adequately pursuing the problems. Clearly the NRC did not consider the continuing nature of
the RCS leak in containment and the effects of boric acid corrosion on carbon steel
components.

3.3.3.1 Detailed Discussion

The NRC viewed Davis-Besse as a good performer prior to discovery of the reactor head
degradation in February 2002. This view was shared by nearly all Rill interviewees, the NRR
Project Managers and resident inspectors. The ROP inspection results and performance
indicators (PI) also support this view in that all Pis and inspection report findings since ROP
implementation had been Green. The last Systematic Assessment of Licensee Performance
(SALP) was for the period of January 22 1995, to January 18,1997. The SALP scores were a
"2" in Operations and a "1" in the remaining three areas, Maintenance, Engineering and Plant
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Support. -The team leader for the 2001 PI&R inspection stated in an interview that DBNPS's
corrective action program was viewed as one of the best in the region.

For the 3-year period between the last SALP assessment and ROP implementation in April
2000, the plant performance review (PPR) process was used to assess Davis-Besse's
performance. The team reviewed all the PPR summaries for this period and identified only one
discussion point involving RCS leakage in containment or its symptoms. For the PPR review
that ended on January 31, 1999, the "Material Condition" section of the summary mentioned
that unidentified leakage was more than half the allowed value and CACs need to be cleaned
on a regular basis due to boric acid buildup. No future inspections were recommended in the
PPR to address this area. In the letter to Davis-Besse, dated March 26, 1999, which
transmitted the PPR results, there was no mention of RCS leakage, CAC cleaning or
assessment of the licensee's corresponding actions. The team concluded that the PPRs
conducted from February 1997 to March 2000 failed to adequately assess Davis-Besse's
performance and take appropriate regulatory responses. Numerous plants problems related to
RCS leakage in containment were known by the NRC and documented in inspection reports but
were not recognized for their safety implications.

Under the ROP, assessments of plant performance are performed on a somewhat informal
basis every quarter and in a structured manner every 6-months. The team reviewed the
summary packages for the assessments performed through December 2001. There was no
mention of RCS leakage in containment, the accompanying symptoms, or boric acid on the
reactor head. The ROP assessment process reviews problems (designated as "findings" by the
ROP) that have a significance of Green or greater. Findings are classifies by the significance
determination process (SDP) with the lowest rating being Green, very low safety significance.
Under the ROP the NRC identified numerous Green findings at Davis-Besse but none dealt
with RCS leakage in containment or boric acid corrosion control. The ROP assessment
process also reviews performance indicators (Pis) that licensees report to the NRC. For PIs
that rise above the Green band, the NRC will engage the problem with additional inspections
and regulatory interface. The PI that monitors RCS leakage was relevant to the performance
issues experienced at Davis-Besse. The Green threshold for this PI is one half the TS limit for
RCS allowable leakage. For Davis-Besse this value is one half GPM for unidentified RCS
leakage, which was not exceeded while the ROP was in place. A noteworthy observation is that
this PI would have been White in 1999 when RCS unidentified leakage reached a value of 0.8
GPM. The NRC response under the ROP would have been a supplement inspection to review
the corrective actions for the root cause(s) of the condition. The NRC's assessment of
Davis-Besse's performance was in accordance with the ROP guidance and was based on the
findings and PIs that were available. As noted earlier, the team believes that performance
issues existed at Davis-Besse which could have been characterized as finding and then could
assessed by the ROP.

As noted in Section 3.3.2 the senior resident inspector was aware that boric acid was
discovered on the reactor head in 12 RFO, however, this information was not provided to the
region.. The senior resident inspector did not followup on this condition. During the interview
with the resident inspector, he stated that he was not aware that boric acid was discovered on
the reactor head in 12RFO. An expectation for resident inspectors is that important issues are
discussed between the residents to capitalize on group dynamic interaction and utilize the entire
resident staff knowledge level when performing their initial assessment. Since the resident
inspector was not aware of this information this interchange must not have occurred. The team
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recognizes that resident inspectors must sort through many issues that licensees enter into
their corrective program and then decided on which issues to followup on based on their
importance and potential to impact plant safety. However, the team viewed the discovery of
red/ brown boric acid on the reactor head following numerous and longstanding indications of
RCS leakage in containment as one of the most crucial pieces of information that could have
led to an earlier identification of reactor head degradation. With the senior resident inspector
not following up on this issue, this opportunity was lost and not passing the information onto the
region prevented Rill from understanding its significance.

When reviewing why the senior resident inspector did not followup on boric acid on the RPV,
the team noted that the ROP was initially implemented while 12RFO was ongoing. In
interviews, the resident inspectors mentioned that additional effort was required to understand
and plan for the ROP. The team's own experience with ROP implementation supported this
factor and that some of the resident's time which previously would have been used for
inspections was required for ROP startup.

The unreliability of RCS leakage detection containment radiation monitoring system due to
fouling with boric acid, iron oxide, and water and Davis-Besse's numerous actions to live with
condition verse resolve the root case was an example of the NRC not fully integrating all
available information into its assessment. Data that was available to the NRC included.

* Several unintentional entries into 6 hour TS shutdown action statements due to both
trains being inoperable at the same time.

* In May 1999, the systems were becoming inoperable so frequently due to filter clogging,
that each train was to be removed from service every other day, on a staggered basis,
to replace the filter as a pre-emptive measure. However, some low flow alarms still
occurred.

* Many Channel 3 detector (iodine) saturation alarms occurred that required filter
changeouts. It was unclear from a review of the operator logs whether Channel 3 was
still in saturation after the filter was changed out and the system declared operable.

* In July 1999 and April 2001 the sample points were changed from the primary location
(at the top of D-rings) to the alternate location (dome or personnel hatch). While this
reduced the frequency of filter changeouts, it may have also made the detection system
less efficient at detecting leaks.

* In August 1999 a temporary modification installed four portable HEPA filtration units in
the containment in an attempt to remove the particles that were clogging the filters. This
activity was documented in NRC Inspection Report No. 50-346199-010 which stated the
HEPA units were installed to remove the corrosion product particulates in the
containment atmosphere that periodically affected the operation of the radiation
monitors.

* In November 1999, the laboratory analysis of the material clogging the filters identified
the presence of ferric oxide. Specifically, this analysis stated, "The fineness of the iron
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oxide (assumed to be ferric oxide) particulate would indicate it probably was formed
from a very small steam leak." The iron oxide particles that were clogging the filters was
discussed in NRC Inspection Report No. 50-346/99-008.

A temporary modification was installed in January 2001 to bypass the iodine sample
cartridge because of frequent fouling This temporary modification was inspected and
documented in NRC Inspection Report No. 50-346/01-013.

As noted in Section 3.3.1, many levels of the NRC were aware of the problems and actions that
Davis-Besse took when dealing with filter clogging. This occurred over an approximate 3-year
time period. Based on interviews with involved individuals and review of applicable inspection
reports, the team concluded that the NRC failed to properly assess the large quantity of
available data and identify the inadequate actions taken by Davis-Besse.

An example of the NRC not properly integrating inspection insights involved an issue discussed
in NRC Inspection Report No. 50-346/98-018. The report describes a letdown cooler isolation
valve, MU-1A, that was found with a packing leak during an online containment search for RCS
leakage in December 1998. This occurred shortly after RC-2 packing leak which corroded
three of eight body-to-bonnet fasteners (see Section 3.3.2) Following questioning by the NRC
inspector on the initial MU-1A work scope that did not include insulation removal to check for
boric acid corrosion, the work was modified to include insulation removal. When the insulation
was removed a body-to-bonnet leak that encompassed about 270 degrees of the seating area
was discovered. Subsequent repairs corrected the leaks. The inspection report characterized
Davis-Besse's performance in a positive manner for their efforts to minimize the leak. The
report's conclusion and executive summary did not capture the limited initial corrective action
and that NRC prompting was required to ensure adequate corrective actions were
implemented. While the inspectors recognized the previous problem with RC-2 and factored
that into their inspection activity, the NRC failed to integrate similar performance problems into
its regulatory assessment for this issue. Highlighting additional implementation deficiencies
with the boric acid corrosion program would have provided greater emphasis to thoroughly
improve the program.

Following discovery of the reactor vessel head wastage at Davis-Besse, headquarters and
regional staffs considered whether to send an IIT, an AIT, or an SIT to the site per the guidance
in Management Directive (MD) 8.3, NRC Incident Investigation Program. According to
interviews with staff and managers, the LLTF learned that the decision was strongly influenced
by risk assessment. In order to develop a risk estimate, an initiating event frequency of 0.1 was
assumed, which resulted in a CDF of 1 E-5, which was right between the AIT and IIT criteria.
This initiating event frequency of 0.1 was chosen as a compromised between 1 (which would
have applied had there been a LOCA) and 0.01, which was the assumed initiating event
frequency for failure of a CRDM tube due to circumferential cracking. The LLTF found that
there did not appear to be a solid technical basis for choosing this event frequency, nor did
there appear to be explicit treatment of pressure boundary degradation in PRAs. These
obseNrations highlight the uncertainty of some risk information and question if risk should be
used in these types of regulatory decisions.

3.3.3.2 Recommendations
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3.3.3.2.1 Recommendations for NRC

* Determine if additional guidance is needed to pursue issues and problems identified
during plant status reviews and if other improvement to plant status guidance is
needed. Of particular important is management's engagement/ recognition of issues
and the guidance that is given to the inspection staff

* Re-emphasize questioning attitude among NRC staff/management. Consider this
attribute in individual and organizational performance measures.

* Review ROP assessment process to determine if changes are needed to identify plants
that may have similar problems as Davis-Besse, however, the inspections results has
only Green findings and Green Pis

* Determine if other plants, which were only assessed by PPRs for a similar length of time
as Davis-Besse, have problems that need to be addressed

* Improvement to the Barrier PIs should be considered

* Management Directive 8.3 should be reviewed for possible over-reliance on risk
determination that have too much uncertainty

3.3.4 The NRC Failed to Adequately Communicate Critical Information Regarding the Safety
Performance of the Davis-Besse Nuclear Power Station

The former senior resident inspector was aware that boric acid deposits were found on the RPV
head at the start of the spring 2000 refueling outage and performed a cursory screening review
of at least one of the three corrective action documents (condition reports) that noted this, but
he did not inform his supervisor, nor did he perform any focused inspections or review any of
the RPV head inspection videotapes. Consequently, none of the regional staff were aware that
significant boric acid deposits were found on the RPV head at the start of the outage. The
symptoms of the prolonged RCS leaks were routinely discussed by the former senior resident
inspector and his supervisor, but no direction was provided by the supervisor to conduct
follow-up reviews. The supervisor discussed these symptoms regularly from the beginning of
1999 through 2001 during the Region IlIl daily plant status meeting, which is routinely attended
by senior managers, but no managers had a detailed recollection of these discussions.
Attendance at daily plant status calls with the resident inspector staff and supervisor by NRR
project managers assigned to DBNPS was inconsistent. The project manager's recollection of
the discussions on RCS leakage symptoms was mixed. No members of the NRC staff
interviewed by the task group recalled any discussion or consideration that the of RCS leakage
in the containment could be RCS pressure boundary leakage. This was influenced by their
knowledge of potential sources of the leakage, such as flange, relief valve discharge, or valve
packing leaks.
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3.3.4.1 Detailed Discussion

The organizational structure of the NRC regional offices with respect to oversight of operating
nuclear power reactor facilities consists of a Division of Reactor Projects, which provides
management of the resident inspector program, and a Division of Reactor Safety, which
provides oversight of the region-based specialist inspection staff. The senior manager directors
of each division report to the Regional Administrator, who has overall responsibility for
implementation of the regional office mission. The NRC Office of NRR, Division of Licensing
Project Management, is responsible for the project management staff and is the principal
interface between the regional office and NRC headquarters staff.

The task group interviewed several NRC managers and staff from NRR and Region Ill,
including the former senior resident inspector. The task group also observed conduct of routine
daily plant status calls and meetings in the Region IlIl office. Information on plant status,
reportable events, and other operational issues was communicated by the resident inspector
office staff to the Division of Reactor Projects supervisor during daily plant status calls. The
supervisor responsible for the DBNPS also had oversight responsibility for the Clinton Nuclear
Power Station and Perry Nuclear Power Station and a common daily plant status call was
conducted for the three facilities. NRR project managers typically participated in these status
calls to be informed of plant status, but from interviews with past project managers, the task
group found that this had not been a consistently implemented practice. Following these daily
plant status call with the supervisor, a regional office daily staff meeting was conducted.
Attendance at the daily staff meeting included the regional office first-line supervisors, regional
duty officer, division managers, and the regional administrator. NRC headquarters staff and
managers participated by telephone conference. The daily staff meeting provided a forum for
the duty officer to present reportable events since the last meeting and for each of the Division
of Reactor Projects supervisors to present plant status and operational items of interest. The
meeting also provided an opportunity for the supervisors to inform the Division of Reactor
Safety supervisors and managers of technical issues that may require the support of regional
specialist inspectors for resolution.

The task group noted that the regional office procedure for conduct of the daily staff meeting
had not been revised since 1994 and did not provide guidance for the content of the meeting as
it was presently conducted. From interviews with inspection staff, the former Division of
Reactor Projects supervisor, and some NRR project managers, symptoms of RCS leakage
were well known. RCS unidentified leak rate, CAC fouling and cleaning, and RCS leakage
detection radiation monitor system fouling and filter changes were all communicated during
daily plant status calls during the 1999 through 2001 time frame. These activities were
communicated during daily staff meetings attended by senior managers, but senior managers
interviewed either did not recall these discussions or remembered few specific details.
Interviews with the task group indicated that the daily plant status calls with the supervisor
focused primarily on activities associated with the Clinton Nuclear Power Station, which was
operating under an Inspection Manual Chapter 0350 oversight program.

The following were examples of RCS leakage symptoms being communicated but that actual
extent of condition was not accurately described nor was it fully understood by the recipient:

* CAC cleaning and RCS leakage detection radiation monitor system issues were
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documented in several inspection reports. However, NRC senior managers did not
engage the licensee aggressively to ensure that the root causes were understood and
corrective actions to address the root causes, versus the symptoms, were planned and
implemented.

A 1999 PPR summary package briefly mentioned unidentified RCS leakage was more
than half the allowed value and that CAC cleaning was performed on a regular basis
due to boric acid buildup. There was no recognition of this condition as an issue that
needed NRC attention. In interview with the NRC staff, the task group was informed
that PPR meetings focused extensively on plants that were the subject of additional
regulatory oversight and that plants that were perceived as good performers received
substantially less discussion of performance issues

* A plant status briefing paper for the regional administrator's visit to DBNPS in March
2001 stated that no significant equipment concerns existed but also mentioned that CAC
cleaning were performed on a monthly basis. This item was not considered by the
regional administrator as an area of emphasis for his visit.

Other opportunities were missed for communication of RCS leakage symptoms. Some of these
included:

* A briefing package was developed for a NRC Commissioner visit to DBNPS in April
2001. The continuing nature of the containment RCS leakage in containment was not
discussed in the "Current Issues" section of the package.

* The former senior resident inspector informed the task group that he had been aware of
the Condition Report initiated in the 2000 refueling outage that identified boric acid on
the RPV head. However, he did not perform any specific followup inspection activities of
the issue or inform his supervisor of the condition.

Interviews with region-based inspection staff indicated there was mixed guidance on the
documentation and communication of inspection observations. The transition to the Reactor
Oversight Process (ROP) resulted in a significant change in the documentation threshold of
inspection observations from the previous inspection process and communication of inspection
observations to licensee and NRC managers. Some of the staff believed that because
observations were no longer documented in inspection reports unless they resulted in a finding
using the new significance determination process, the reports no longer provided a historical
reference to document trends of declining licensee performance. Additionally, senior manager
expectations for providing debriefings of inspection findings and observations at the conclusion
of inspections were perceived by the staff to be unclear. Debriefings of inspection observations
and findings were perceived by the staff to be of low value and not a priority for senior
management. Debriefings of resident inspector staff observations and findings were not
performed at the conclusion of their inspections for regional office senior managers or Division
of Reactor Safety supervisors.

Informal mechanisms for communicating inspection observations to NRC management or to
licensees at inspection debriefings were perceived to be ineffective. Internal communications to
senior managers regarding performance were haphazard and external debriefings with licensee
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managers were perceived as ineffective if no enforcement consequence resulted. The
significance determination process was also perceived to be cumbersome and a hindrance to
communication of plant performance issues. Unless an item directly affected operability of a
structure, system, or component, and the finding fit in to an SDP worksheet, the issue was likely
to be lost as being considered below the documentation threshold.

The task group concluded that improvements in the conduct of daily plant staff meetings could
be made to help ensure that licensee performance was adequately discussed and that senior
managers were more thoroughly aware of plant performance issues. The task group concluded
that debriefings of inspection findings at the conclusion of region-based inspections to senior
managers could be improved so that findings were adequately understood by senior
management. Additionally, the inspection findings of the resident inspector staff could be better
communicated to regional managers so that cross-discipline insights could be shared which
could improve the assessment process and planning for future inspections.

As discussed in Section 3.3.1, the NRC project manager during 1999 was aware of symptoms
of RCS leakage and licensee efforts to determine the source. NRR management did not recall
the symptoms of RCS leakage discussed during morning status calls. The perception of the
licensee's performance and of the safety posture at DBNPS was generally favorable among
NRR staff and management. Thus, the information indicating a degraded condition at DBNPS
was available to NRR, but it was not widely disseminated and NRR staff presumed that the
regional staff were following licensee efforts to address the problems and did not question the
situation.

The Project Manager Handbook discusses the need to maintain communications between the
NRR project manager and the resident inspectors on site. The guidance also directs project
managers to provide highlights of significant information or events to management. However,
there is no specific guidance in the Handbook regarding participation in the daily plant status
calls nor the transfer of routine plant status information from those calls. Project Manager
participation in daily plant status calls with the regional Division of Reactor Projects supervisor
is a management expectation in the NRR Division of Licensing Project Management (they are
specifically mentioned in the FY 2002 Operating Plan planning template for project
management), but participation appears to be emphasized to varying degrees among the
project managers. Also, the task group was aware that conduct of these daily plant status calls
was not uniform among the regional offices.

3.3.4.2 Recommendations

3.3.4.2.1 Recommendations for NRC

* Develop and implement guidance for conduct and content of daily plant status calls
between the resident inspector office staff, NRR project manager, and regional office
supervisor.

* Review and implement guidance for NRR project managers to maintain cognizance of
plant operational issues and provide feedback to regional office staff of licensing issues
that have licensee performance insights.
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* Revise regional procedures for conduct and content of daily staff meetings. Guidance
should include provision for senior manager acknowledgment of issues presented and
assignment of action items as necessary.

* Develop uniform guidance for inspection debriefings with regional management
Guidance should include provision for discussion of plant performance observations that
may be indicative of licensee problem identification and resolution deficiencies and
declining plant performance.

* Review guidance for the conduct of counterpart meetings between NRC headquarters
and regional office staff to determine if additional forums for communication are required
of plant performance issues.

3.3.5 Adequate NRC Resources Were not Provided to the Oversight of the Davis-Besse
Nuclear Power Station

Regional oversight staffing, experience, and resource issues presented significant challenges in
the effective oversight of DBNPS. Because DBNPS was viewed as a good performer,
allocation of resources for oversight of DBNPS was not priority, given the number of plants with
recognized areas of greater concern. During the period that RCS leakage symptoms were
becoming evident, there were unfilled vacancies for resident and region-based inspector
positions for significant periods of time. Some of the staff assigned to DBNPS had little or no
previous commercial PWR system knowledge or experience. The regional branch that had
oversight responsibility for DBNPS also had oversight responsibility for another plant that was in
an extended shutdown for safety performance issues In 1999, the total amount of inspection
hours expended at DBNPS was approximately 1400 hours for the entire year, while the regional
average for other single units sites for that year was approximately 2400 hours. Regional
senior managers visited DBNPS much less frequently than other plants. Some senior
managers had not been to the site for several years preceding the event. In general, there
were limited entries by the NRC staff into the DBNPS containment.

3.3.5.1 Detailed Discussion
The inspection and oversight resources provided to Davis-Besse were minimal during much of
the time period that RCS leakage in a containment, its symptoms and identification of boric acid
on the reactor head were taking place. As discussed previously, there were many indications
which suggested that inspections and NRC interaction with Davis-Besse should have
increased. Prior to the ROP implementation, the inspection and assessment process allowed
for increased attention, however, the ROP the program did not have this flexibility, given the
inspection and Pi results for Davis-Besse. As discussed here, the term resources does not
apply only to numbers of individuals but also to the experience and training given to these
individuals.

Regional staffing for positions associated with Davis-Besse had several lapses in the late 1990s
when the normal staffing compliment was not maintained. For this time period, the regional
staffing plan for the DRP branch that oversaw Davis-Besse was a branch chief, a senior project
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engineer, a senior resident inspector and a resident inspector. The branch chief for
Davis-Besse was assigned to the branch in October 1997 and remained in that position until
May 2001. This provided continuity within the regional office for the oversight of Davis-Besse.
The senior project engineer slot was vacant from June 1997 until June 1998 (except for a one
month period) and from September 1999 until May 2000. During the initial senior project
engineer vacancy the branch chief was also responsible for oversight of the Clinton Nuclear
Power Station. This required a significant amount of the branch chiefs time because Clinton
had been shutdown since September 1996 and its oversight was under the IMC 0350,
Oversight of Operating Reactor Facilities in an Extended Shutdown as a Result of Significant
Performance Problems, process. Also during the two senior project engineer vacancy periods,
Davis-Besse conducted the 1998 and 2000 refueling outages. The team concluded the periods
of project engineer vacancies severely impact the branch's oversight of DBNPS during times
when the branch chief was busy with other plants, when many of the symptoms of RCS leakage
were occurring, and during refueling outages when inspection of Davis-Besse activities was
crucial.

For the approximate one-year period from November 1998 to October 1999, there was only one
resident inspector at Davis-Besse. This resulted from the senior resident inspector transferring
to another site and the selection process for the new senior resident inspector having some
delays. Initially Rill planned to assign an individual to the Davis-Besse senior resident inspector
position, however, when this did not materialize, the senior resident inspector position was
opened to the competitive selection process. The Davis-Besse resident inspector was selected
for the senior resident inspector position which then required the resident inspector position to
be filled. During this period, some inspectors from the region and other sites assisted the single
resident inspector. Also during this period, the resident inspector was involved with the RC-2
event. This included being the single inspector for the special inspection of RC-2 event and
assisting the region in escalated enforcement related activities for RC-2. Assigning another
inspector to preform the special inspection of RC-2 would have not only allowed the resident to
spend more time on other plant issues but would have also allowed another NRC inspector to
assess Davis-Besse's corrective action for RC-2.

The annual number of Rill inspection hours for Davis-Besse was below the Rill average for
single unit sites for eight of nine years during the period from 1993 to 2001. Of particular
noteworthiness is year 1999 in which Davis-Besse had 1422 hours compared to the region's
single site annual average of 2558 hours This coincides with the approximate one year period
when there was only one resident at Davis-Besse. Also there was not a PE assigned to
Davis-Besse for the last 3 months of 1999. Based on the SALP scores and the PPR
assessment results it was not unexpected that Davis-Besse received fewer hours that other Rill
single unit sites. During 1999 when the site only received 1422 inspection hours, CAC and
radiation monitor clogging increased dramatically and the midcycle outage occurred. The
region's ability to follow up on the problems that were occurring at this time was limited by
inspection resources applied to Davis-Besse.

There was a high turnover rate for NRR project managers with responsibility for Davis-Besse.
From 1989 to 2002, nine project managers were assigned to Davis-Besse. Interviews with
several of the project managers currently employed by the NRC, indicated that project
managers trips to sites occur infrequently or not at all. The Project manager handbook, Section
2.4.2, Interactions with the Regional Office, contains guidance on interactions with the resident
inspector, including recommended frequent of trips to the site. Clearly the guidance which
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suggested quarterly site visits was not met, but more importantly is the view in the handbook
that the project manager and resident inspectors for an operating reactor share the
responsibility for assessing safe operation of their assigned nuclear power plant, therefore, the
project manager and resident inspectors must develop and maintain a strong and effective
working relationship. Given the large turnover rate for project managers and their infrequent
site visits, the team questioned if this expectation was satisfied.

Site visits to Davis-Besse by Rill senior management in the last half of the 1990s were
somewhat limited. Travel and site dosimetry records indicate that no senior managers visited
the site in 1998. Also, for the period from July 1999 to February 2002, no DRP senior
managers visited Davis-Besse. This did not follows the guidance in IMC 0102, Oversight and
Objectivity of Inspectors and Examiners at Reactor Facilities. Paragraph 04.05 (b) of IMC 0102
states that DRP division directors or deputy should make every effort to visit each site at least
once every two years. The earlier revision to IMC 0102, which was in effect for the time period
being discussed, stated that DRP division director or deputy visits should occur each SALP
cycle, which for Davis-Besse had been 24 months. In should noted that during this period the
regional administrator and the DRS deputy division director each visited Davis-Besse twice.

For the time period that RCS leakage in containment, its symptoms, and identification of boric
acid on the reactor head were taking place at Davis-Besse, Rill had several plants in extended
shutdowns and/or where starting up under the IMC 0350 process. These plants included
Clinton (shutdown in September 1996 and the 0350 panel disbanded in September 1999), D.C.
Cook (both units shutdown in September 1997 and the 0350 panel disbanded in June 2001)
and LaSalle (both units shutdown in September 1996 and the 0350 panel disbanded in ).
In response to this, Ril management distributed available resources to plants with the
perceived needs. Since Davis-Besse was viewed as a good performer, the application of
minimal resources to Davis-Besse was a conscious decision. The team acknowledged that the
prioritization of inspection needs verses inspection resources has occurred in all regions to
some degree. The structure of the ROP allows less shifting of resources since the baseline
inspection program is more prescriptive than the old "core" program when specifying the
minimal amount of in inspection activities that must be accomplished at each site.

Neither the current resident inspector nor the former senior resident inspector (who was the
resident inspector when first assigned to Davis-Besse) were fully qualified when they went to
Davis-Besse. Not being a qualified inspector when assigned to a resident inspector position
distracts from the site's overall inspection effort in that the non-qualified inspector could only
inspect limited areas (only areas they may be interim certified) and the senior resident inspector
must spend time training the resident inspector. Senior managers in Rill acknowledged that
resident inspector have been placed at sites prior to become a qualified inspector, however, this
choice was made in lieu of the alternate of having longer periods of resident inspector
vacancies at sites. In interviews, senior management noted a higher than average staff
turnover rate and greater difficulties in recruiting as compared to the other regions as reasons
for some of the longer than desired vacancies.

Experience is important factor that directly affects an inspectors ability to identify significant
issues or those issues having potential safety significance. This comes into play when
inspectors are screening issues that licensees enter into their corrective action program. The
assignment to Davis-Besse was the first commercial nuclear power plant experience for both
the resident inspector and the former senior resident inspector. Providing training to inspectors
is an effective means to supplemental areas where the inspector's experience is limited. All the
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inspectors who were questioned in interviews regarding boric acid corrosion stated they had not
received training in this area. IMC 1245, Inspector Qualification Program For the Office of
Nuclear Reactor Regulation Inspection Program, provided the programmatic requirements for
the training and certification of NRC inspectors involved with reactor oversight. Neither the
version of IMC 1245 that was previously in effect not the revised (date April 2002) version
provided any training on boric acid corrosion.

An additional measurement of resources provided for DBNPS oversight would be the number of
plant tours/ inspections in the plant. For the RPV degradation event, the most relevant
indication would containment entries by NRC staff. In 1998 and 2000 the resident inspector
and senior resident inspector had a total of seven containment entries during each RFO.
Containment entries by NRC management were very infrequent (section 3.4.2 provides
additional information on containment entries).

DO WE NEED TO DISCUSS LIMITED MATERIALS EXPERTISES????

3.3.5.2 Recommendations

3.3.5.2.1 Recommendations for NRC

* Enhancements to the NRC inspector training should include: 1) provide training on boric
acid corrosion; 2) increasing knowledge level on selected industry operational
experience; 3) utilized Davis-Besse reactor head degradation as a case study for
inspector initial certification and requalification; and 4) update training at TTC to include
event lessons learned.

* Re-enforce expectation of IMC 0102 regarding regional management visits to reactor
sites

* Conduct an assessment of staff needs in the materials area

* Establish measurements for resident inspector staffing and consider establishing
nationwide expectations to satisfy minimum staffing

* Consider 0350 impact on regional branch assignment of facilities and the need for
program guidance on distribution of oversight function for branch with 0350 plants

* Assessment of maximum turnover rate for NRR project managers (i.e.
assignment/reassignment) and update the Project Manager Handbook to be consistent
with current management expectation regarding project manager site visits and
interaction with regional staff

* Reassess policy for selecting uncertified staff for resident positions

3.3.6 Davis-Besse Failed to Effectively Communicate Information to the NRC Which
Adversely Affected NRC Oversight and Assessment Functions
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The task force found indications that mis-communications concerning the boric acid deposits on
the RPV head existed between the licensee and NRC, and within the licensee's organization.
The licensee mis-communications resulted in actual or potential missed opportunities for the
NRC to have either identified the VHP nozzle leaks or RPV head degradation. The
mis-communications may have also contributed to the ability of the licensee's organization to
effectively address the indications preceding the event For example, licensee oral and written
communications regarding the status of RPV head cleaning during the spring 2000 refueling
outage was inaccurate or incomplete. Some of this information was provided to the NRC. For
example, a system engineer, in the spring of 2000, apparently told the resident inspector that
the RPV head was completely cleaned. Some licensee staff members knew the head was not
completely cleaned, while others did not In April 2001, the licensee made a presentation to an
NRC Commissioner during a meeting at the site. One of the presentation slides stated that the
reactor vessel head was cleaned and visually inspected during previous outages. One of the
condition reports that documented that there were significant boric acid deposits on the head in
the spring of 2000 noted that the work performed to clean the RPV head was completed without
deviation.

3.3.6.1 Detailed Discussion

Inaccurate Information in Submittals -The licensee submitted responses to NRC BL 2001-01
and to subsequent related NRC requests for additional information that were documented in
FENOC letters to the NRC dated September 4, October 17, and October 30, 2001 (2 letters).
The task force found many instances of inaccurate information in the licensee's submittals.
Significant examples include:

FENOC stated in the September 4, 2001, submittal (page 3) that "Some boric acid
crystals had accumulated on the RPV head insulation beneath the leaking flanges.
These deposits were cleaned (vacuumed). After cleaning, the area above the insulation
was videotaped for future reference." The task force interviewed the RCS system
engineer who indicated that the reactor head insulation area cleaning was planned but
never performed, consequently, a video taping of the cleaned insulation head area was
also never made.

* In the same submittal, FENOC discussed the April 2000 inspection results (page 3),
stating that, "Inspection of the RPV head/nozzles area indicated some accumulation of
boric acid deposits. The boric acid deposits were located beneath the leaking flanges
with clear evidence of downward flow. No visible evidence of nozzle leakage was
detected." The task force reviewed the April 17, 2000, video tape of the RPV head.
The video record shows visually and by verbal comments incorporated on the videotape,
that the accumulated boric acid deposits were significant, in contrast to the FENOC
letter.

* FENOC stated in the September 4, 2001, submittal (page 3) (Subsequent Review of
1998 and 2000 Inspection Videotapes Results) that "Since May 2001, a review of the
1998 and 2000 inspection videotapes of the RPV head has been performed. This
review was conducted to re-confirm the indications of boron leakage experienced at the
DBNPS were not similar to the indications seen at Oconee Nuclear Station and
Arkansas Nuclear One Unit 1; i.e., was not indicative of RPV nozzle leakage. This
review determined that indications such as those that would result from RPV head
penetration leakage were not evident." The task group attempted to obtain any related
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report on the tape reviews, and the basis for the determination that RPV head
penetration leakage was not evident given that a bare metal head (or nozzle) inspection
was never performed. The origin of the brown boric acid was never explained.
Consequently, the task group concluded that the FENOC determination was not
adequately supported.

* In the same submittal (page 12), FENOC discussed its approach to RPV head
inspection results, stating that "The DBNPS performs visual inspections for evidence of
leakage by examining the RPV head surface and the CRDM flanges per the
requirements of NRC Generic Letter 88-05 ...... If pressure boundary leakage is
suspected, supplemental examinations of the affected CRDM nozzle will be performed
to characterize the integrity of the nozzle." The task group noted PCAQR 96-55 (Boric
Acid on RX Vessel Head) initiated on April 21, 1996, that indicated "There could also be
corrosion damage within the reactor vessel head penetration due to boric acid corrosion
resulting from a through wall crack in the CRDM nozzle." The PCAQR also states that
procedure NG-EN-00324 (Boric Acid Corrosion Control) "... may not have been followed
to identify the scope of problem." The boric acid build-up around the CRDM/RPV upper
head areas was not removed and inspected until after the February 2002 event during
13RFO. The PCAQR conflicts with the licensee's submittal to the NRC.

* In its supplemental response to NRC Bulletin 2001-01 (FENOC letter to the NRC dated
October 17, 2001) FENOC states (page 3 of Attachment 1) that "In summary, results
from previous inspections of the CRDM nozzle penetrations provide reasonable
assurance for the continued safe operation of the DBNPS until the next refueling outage
in March 2002." The task force concluded that the CRDM and surrounding area of the
RPV head could not be visually inspected due to the large amounts of boric acid
build-up. Video tapes indicating a large amount of boric acid on the head and
confirming information gained from individuals interviewed did not provided a basis for
the licensee's statement

* In its response to the NRC Request for Additional Information Conceming NRC Bulletin
2001-01, FENOC (by letter dated October 30, 2001) stated that "The inspections
performed during the 10 t, I 11, and 121h refueling outages "... consisted of whole head
visual inspection of the RPV head in accordance with the DBNPS Boric Acid Corrosion
Control Program pursuant to Generic Letter 88-05, 'Boric Acid Corrosion of Carbon
Steel Reactor Pressure Boundary Components in PWR plants."' (Page 1 of Attachment
1 to the letter). The task force noted that the licensee also stated in Condition Report
96-55, that the inspection was neither 'Whole head" (page 9 indicates that 50 to 60% of
the head area was inspected) nor in accordance with procedure NG-EN-00324, Boric
Acid Corrosion Control Program (see page 1 and Ia of the CR). The task group
concluded that the information contained in the submittal to the NRC was not supported
by plant documentation.

* In its supplemental response to Bulletin 2001-01 dated October 30, 2001, FENOC
provided pictorial documentation of the visual examinations of the RPV head performed
during the 10th, 11t and 12l RFOs. FENOC requested that the document be
withheld from public disclosure pursuant to 10CFR2.790.

CHECK PORTIONS OF THE FOLLOWING FOR PROPRIETARY INFORMATION

RPV Head 11 RFO Inspection Results shows photographs of nozzle penetrations that
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were inspected via video. This document indicates that the pictures were clipped from
video taken during the Spring of 1998, and indicates that "... a good video inspection
was able to be performed for those 50 drives that were not obscured by boron from
leaking CRDM flanges. Although much more video can be viewed, these attached
pictures are representative of the condition of the drives and the heads. We attempted
to capture in still photographs all of the outer most drives since they are the most
susceptible to circumferential cracking based upon finite element analysis..." The task
force noted that the pictures shown in the submittal to the NRC included approximately 3
of 4 quadrants of the RPV head. The quadrant not shown included those areas where
boric acid build-up was present. The task force concluded that the submittal did not
accurately indicate the condition of the entire head in that the drives that were downhill
from nozzle 3 were not included

RPV Head 12RFO Inspection Results shows photographs of nozzle penetrations that
were inspected via video. These photos were taken from the 2000 Spring outage
videotapes. The document states that "These drives were video taped because they
had boron deposits in the vicinity of the CRDMs. Completely clean drive penetrations
are not depicted here." The task force determined that the pictures depicted in the
licensee's submittal include 10 CRDMs located on the "clean side" of the RPV head
which includes less than one quadrant of the RPV head. Also, the task group
interviewed the RCS system engineer, who indicated that the first few rows of CRDMs
(from the upper dome area) were never cleaned following 12 RFO in 2000. The
licensee's statements implied that other than the CRDMs shown in the submittal to the
NRC, all penetrations are clean. The task group determined that the statements were
inaccurate.

The task force review of licensee records associated with the submittals showed that 12-16
licensee staff members and managers reviewed the responses. The task force concluded that
the licensee's organization did not effectively ensure the accuracy of some of the information
formally submitted to the NRC.

Licensee Internal Communication Deficiencies - The task force determined from internal
licensee communications and from interviews of licensee staff that some licensee staff and
managers understood that a full visual inspection of the RPV head at each nozzle location had
not been conducted in past refueling outages. The task group reviewed electronic mail
messages from the licensee's staff (sent during August 2001) indicating that some were aware
that the nozzle locations near the top of the RPV head could not be inspected because of the
small clearance between the head and the insulation. Despite this knowledge within the
licensee's staff, the response to BL 2001-01 submitted to the NRC on September 4, 2001,
stated that "a gap exists between the RPV head and the insulation,... and does not impede
visual inspection." In response to further questions from the NRC staff regarding the inspection
results, the licensee provided more detailed information (e.g., the October 17, 2001, submittal
to the NRC) showing that some nozzle locations were not visually inspected.

The task force determined that the level of understanding of RPV head boric acid deposit
conditions varied among different levels of the licensee's organization. Interviews conducted by
the task force indicated that managers in the licensee's organization and some staff realized
the extent of the RPV head that was actually cleaned during RFO12, while lower-level staff
members in the licensee's organization were provided information that led them to believe that
the head was thoroughly cleaned. The task force found an example of the licensee internal
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mis-communication in a newsletter update on RFO12 activities issued by the licensee to its
staff. The April 29, 2000, issue of the "Outage Insider" newsletter described the RPV head
cleaning activities, and stated that "the reactor head was successfully cleaned" and that "this
was the first time in Davis-Besse history that the reactor head has been cleaned." The task
force concluded that licensee staff reading the newsletter were left with the impression that the
RPV head was clean following RFO12 when, in fact, video inspections reviewed by the task
force indicate that this was not the case.

The task force also reviewed a licensee's summary of its quality assurance audit associated
with RFO12. The audit specifically covered the licensee's boric acid corrosion control practices,
and concluded that the boric acid accumulation from the reactor head was cleaned. This
conclusion contrasts with the post-cleaning video inspection that showed boric acid deposits
remaining on the head. The task group concluded that the incorrect information communicated
within the licensee's organization affected general perceptions among personnel of the RPV
head condition and affected licensees's processes that should have highlighted deficiencies the
licensee's activities associated with maintaining the RPV head condition.

Deficient Licensee Intemal Documentation and Communication with NRC Inspectors -
Interviews conducted by the task force of NRC and licensee staff and managers showed that
differences in understanding existed regarding the information related to the NRC about the
condition of the RPV head. Although a previous NRC resident inspector was cognizant of boric
acid deposits on the head, he was not aware of the degree of the problem. Some licensee staff
thought that the NRC was told in detail about the nature of the boric acid deposits. Also,
licensee staff maintained that NRC staff had seen the video taped inspections of the RPV head
during discussions related to the licensee's responses to BL 2001-01. NRC staff interviewed by
the task force recalled that following a meeting between NRC and licensee staff in 2001, the
licensee staged a viewing of some video tapes, but it was unclear to the NRC staff involved the
extent of the coverage of the RPV head that was included. The written material reviewed by
the task force and interviews of NRC staff supported the view that, before February 2002, the
NRC was provided photographic information from video inspections, but not the videos
themselves.
The task force did not conclusively determine the total extent of the information that was
provided to the NRC inspectors and staff (i.e., written and oral), but the task force found that
differences exist between what the licensee thought the NRC knew about boric acid deposits on
the RPV head and what the NRC staff actually knew.

The licensee's response to its condition report (CR-00-1037) detailing accumulation of boron on
RPV head provided the perspective that all boron had been removed from the head during the
cleaning process. If the NRC inspectors had reviewed this CR, they most likely would have
concluded that the licensee's actions were appropriate based on its descriptions of the
licensee's actions and of the RPV head condition To determine that the RPV head had not
been fully cleaned would have required firsthand observation of the cleaning effort, review of
the videotape, or that specific information be provided to inspectors by the involved individuals.

The CR description indicated that boron had accumulated in the area of the head control rod
drive (CRD) nozzle penetrations and on top of the thermal insulation under the CRD flanges. It
also mentioned CR-00-0782, which initially identified boron deposits coming from the weep
holes and having a red/brown color. The boron accumulation was worst on the east side of the
RPV head, with a thickness of approximately 1.5 inches on the side of the head and pooled on
the flange in the area of the studs. The estimated quantity was 15 gallons. Pictures attached
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to CR-00-0782 clearly depicted the condition of the boron accumulation. This condition was
identified on April 6, 2000.

The response to CR-00-1037 mentioned NRC generic letter 97-01 with the following wording-

"... The letter requires licensee to maintain a program for ensuring a timely inspection of
the control rod drive mechanism (CRDM) and the vessel closure head penetrations.
The program is required due to the degradation of the CRDM nozzles caused by
Primary Water Stress Corrosion Cracking process In order to perform required
inspections the nozzles as well as the penetrations must be free of boron deposits.
Once the head is free from the boron, new boric acid deposits may be easily noted and
remedial action taken."

The Remedial Actions section of the CR response stated, "Accumulated boron deposited
between the reactor head and the thermal insulation was removed during the cleaning process
performed under WO 00-001846-00. No boric acid induced damage to the head surface was
noted during the subsequent inspection." In the description of work for WO 00-001846 the
statement, 'Work performed without deviation", was annotated.

Based on interviews that it conducted of the licensee's staff, the task force understood that all
boric acid deposits were not removed from the head during the cleaning efforts in 12RFO.
Also, a post-cleaning video inspection reviewed by the task force shows remaining boric acid
deposits. The task force found that the response to the CR did not accurately reflect the
condition of the RPV head following cleaning activities

In an interview of the former NRC senior resident inspector, the task force found that he had
reviewed a CR during 12RFO that described the boric acid deposits on the head (he was
unsure which specific CR that he reviewed). The SRI stated that he did not provide any
follow-up inspection effort to this CR or the condition of BA deposits on the reactor head The
task force determined this condition could have been inspected/ followed up under the baseline
inspection program which had been initiated at approximately the same time (April 1, 2000).
This is discussed further in Section 3. - of this report.

Inaccurate Information in Licensee Presentations - The briefing packages for Commissioner
Merrifield's April 27, 2001, visit and the December 16, 1998, and March 2, 2001, Management
Meetings between Region III and Davis Besse did not mention the continuing problem with RCS
leakage in the containment and the resulting buildup of boric acid deposits on CACs and rad
monitors. In addition Commissioner Merrifield's briefing package mentions on page 19 that,
"Reactor Vessel Head Cleaned/Visually Inspected During Past Refueling Outages" and "No
Cracking or Leakage Found." The statement in the briefing package that the reactor head had
been cleaned and visually inspected in past RFOs is inconsistent with actual cleaning efforts
during past RFOs. There were some levels of licensee management who were aware of this
fact, however, the inaccurate information was still provided in the briefing package.

Later presentations made by FENOC to the NRC staff and executives indicated that boric acid
deposits remained on the vessel head. FENOC presentations made to the NRC on
November 14, 2001, and January 23, 2002, indicated that some CRDM nozzles would be
masked by boric acid deposits, thus precluding visual inspection for leakage. Slide 5 in the
November 14 presentation (entitled Leakage Detection) indicated that previous "inspections
provide reasonable level of assurance for nozzles without masking boron deposits." Slides 4
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and 5 in the January 23 presentation specify visual inspection for unobscured nozzles and
supplemental NDE inspections for obscured nozzles

3.3.6.2 Recommendations:

3.3.6.2.1 Recommendations for NRC:

* The NRC should take steps (i.e., establish processes and provide resources) to verify
information provided by licensees in response to safety-significant generic
communications and in support of other safety-related information submitted by
licensees.

3.3.6.2.2 Recommendations for Industry:

* The DBNPS event should be used as an example to strongly encourage licensees to
provide to the NRC complete and accurate information on plant operations and system
conditions.

* The DBNPS licensee should take steps to improve its internal communications to
ensure that accurate information on plant operations and system conditions is available
throughout the organization. This should include processes to ensure that written
records include information consistent with actual system conditions, and that internal
audits include steps to verify information about system conditions.

3.3.7 The NRC Failed to Provide or Implement Licensing Process Guidance

The task force noted that in a number of areas related to the licensing process, the NRC either
did not provide adequate guidance to the NRC staff, or did not implement existing guidance.
NRR licensing project managers interviewed by the task force stated that they infrequently
visited the site, if at all, while assigned to DBNPS. The task force found that for DBNPS, the
NRR licensing project manager turnover rate was high. In a number of instances, existing
licensing process guidance was not being implemented by NRR staff or it was lacking. For
example, the licensing project managers had not reviewed the periodic commitment change
report submitted by the licensee, contrary to office instructions. Some of these reports involved
changes to commitments pertaining to the CAC's. The information submitted in conjunction
with a license amendment request related to the containment radiation air monitors was not
independently verified, which is inconsistent with staff guidance.
The task force considered some of these deficiencies to be contributing factors to the
regulatory posture that allowed the DBNPS event to occur. The other deficiencies are
incidental to the problem and were uncovered in the course of the review conducted by the task
force. However, the task force made recommendations in each area.

3.3.7:1 Detailed Discussion

Licensing Oversight - NRR staff and management interviewed by the task force held the
prevailing view that the licensee was considered a good overall performer before the event in
February 2002. Some individuals cited the positive ROP indicators as the basis for this
perception, and others added that the plant did not seem to have many licensing problems or
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"crises" and, therefore did not demand an inordinate proportion of staff resources. In the view
of some NRR staff and managers interviewed by the task force, this positive view of the
licensee's performance influenced decisions that affected the level of regulatory attention
directed to DBNPS. For example, in recent years, there was a higher-than normal turnover rate
of licensing project managers assigned to DBNPS. One project manager held the position for
several months in 1999, another for about 6 months from 1999 to 2000. For the period from
1990 through 2001, nine different licensing project managers were assigned to DBNPS. The
task force noted that guidance for project managers contained in the Operating Reactor Project
Manager's Handbook (the PM Handbook) maintained online by NRR does not discuss an
expected duration for project manager assignments. However, the guidance stresses the
importance of effective working relationships between NRR project managers and Regional
staff, especially the site resident inspector. The task force judged that shortened assignment
durations for either project managers or resident inspectors would hamper the establishment of
effective working relationships.

Also, the most recent project managers (1999-2001) had made no site visits to DBNPS, nor
had the NRRJDLPM section chief. Reasons for the lack of visits cited included. for one project
manager, that the assignment was too short and did not include a plant shutdown period, which
would be the most desirable time to visit; that the plant was a good performer and other more
pressing priorities made conducting a visit difficult (such as completing licensing actions to
support a planned shutdown); lack of management emphasis for making site visits a priority.
The PM Handbook Section 2.4.2, "Interactions with the Regional Office," suggests that project
managers make frequent trips to their sites, and stipulates that these should be conducted at
least quarterly. This guidance is included in a section that gives steps that should be taken to
maintain a close relationship between the project manager and the site resident inspectors.
The task force learned that in recent years, NRR management has not emphasized that
guidance and has instead focused on the project manager's role in headquarters licensing
activities. Some project managers interviewed by the task force associated the change in
emphasis on project manager site visits with the revision of the reactor oversight process. The
task force found no written guidance contrary to the PM Handbook, however, DLPM managers
supported the contention that management emphasis has been weighed toward licensing
activities rather than conducting frequent site visits

The task force concluded that an effective working relationship should be encouraged between
project managers and site resident inspectors. To this end, the guidance in the PM handbook
should be implemented and the need for project managers to visit their sites regularly should be
emphasized. Regular visits would have several benefits, including; heightened awareness by
project managers of the condition of the plant, provide another set of eyes and ears for licensee
oversight (even if not continuous), and enhance the working relationship between the project
manager and site resident inspectors that would benefit communications when the project
manager is back at headquarters.

License Amendment Review Process -As discussed elsewhere in this report, clogging of the
CACs and containment air radiation monitor filters with corrosion products were indications of
significant RCS leakage. The task force found 2 license amendments for DBNPS related to
this equipment. The first was DBNPS License Amendment Number 180 issued on September
9, 1993, that allowed use of the containment gaseous radiation monitoring system as an
alternative means of detecting RCS leakage. The task force judged that the NRC safety
evaluation appropriately considered the information available and that the review was
documented following NRR guidance. The task force reviewed the safety evaluation and
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related documentation (e.g., the licensee's submittal, the FSAR, and TS bases) to determine if
adequate background information was available to operators to use filter change frequency as
an indicator of an RCS integrity problem. The filter change frequency was not discussed.

The second was License Amendment Number 234 that included a change for containment
radiation monitors (RCS leakage detection systems) and was issued on November 16, 1999.
The LAR proposed changing the operability requirements for the containment air radiation
monitors. The LAR contained no information to imply that there was a material condition
problem with the containment air rad monitors. The LAR was part of a larger request to move
some technical specifications (TS) systems to the technical requirements manual (TRM) and for
the RCS leakage detection TS to reflect the Babcock & Wilcox Improved Technical
Specifications (ITS), NUREG 1430. The LAR was a straightforward request to implement NRC
guidance for removal of systems from the TS to the TRM or implementation of line-item TS
improvements to match the B&W ITS. Minimal NRR technical review was conducted.

The change allowed by the amendment resulted in essentially 1 of 4 monitors (gas or
particulate) required to be operable and eliminated the 6-hour shutdown action statement (not
TS Section 3.0.3) that existed previously. The amendment resulted in only requiring one
radiation monitor to be operable instead of requiring both operable, as was previously specified.
The task force noted that there are 2 sets (trains/skids) of containment air radiation monitors,
each set has gas, particulate, and iodine (iodine is not mentioned in SAR nor TS). Each train
shares a common containment air flowpath. Removing one train from service removes all 3
monitors from service.

The safety evaluation for the license amendment was prepared by the NRC project manager for
DBNPS and received the concurrence of managers in three technical branches (EEIB, EMCB,
SPLB). The justification for the change made to the RCS leakage detection system included
the capability of the remaining operable systems and compensatory measures to detect RCS
leakage when one of the required systems became inoperable. The Safety Evaluation also
considered that the change was consistent with NUREG-1430, "Standard Technical
Specifications - Babcock and Wilcox Plants." There was no discussion in the evaluation of the
current state of the system or its operating environment.

Although not stated in the LAR, the task force determined that this submittal was made during a
period when frequent filter changeouts were required. Iron oxide was found in the filters during
this period and HEPA filters were installed in containment. The task force judged that if the
NRR review had included steps to verify the actual condition of the system, the operability
problems would have been considered and may have led the staff to question the viability of the
proposed change. In this case, the staffs review did not include a step to verify actual system
conditions. The task force concluded that this could have been done by either requesting the
information from the licensee or by using information available to the NRC resident inspectors
at DBNPS.

The task force found that the SER content conformed with the guidance in LIC-101, License
Amendment Review Procedures." Although the Office Instruction directs the project manager
to solicit input from resident inspectors to verify information by the licensee, the nature of the
submittal would not be expected to prompt the project manager to verify information. However,
the task force noted guidance in the PM Handbook (section 2.4) that discusses expected
project manager interactions with resident inspectors and visits to the site. One objective of the
guidance is that the licensing project manager be familiar with all aspects of plant operating
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status. This guidance states:

"Communication with the RO through the RI and the appropriate projects branch in the
RO should be established and maintained. The PM should arrange to visit the RI at the
site periodically to become better acquainted with the plant, its systems and special
features, and its staff in association with the RI. To the maximum extent possible, these
visits should also be used to perform field observations and verifications of licensing
matters under review by the PM.
It is of paramount importance that the PM and RI thoroughly understand each others
functions and remain knowledgeable of current issues in which each is involved To
achieve this understanding, the PM should use telephone calls and accompany the RI or
other region-based specialists in conducting portions of inspections during the PMs site
visits (see Section 5.1.7, Participation in Regional Inspections), and to become familiar
with the plant."

If this guidance was adhered to for DBNPS, the licensing project manager may well have been
aware of the containment air monitoring system operability problems when the licensee's
proposed change was submitted. Conversely, the RI would have been aware of the licensee's
requested change and may have questioned the basis, given the system operability problems
and indications of chronic RCS leakage.

The task force concluded that the PM Handbook guidance should be emphasized to help
ensure more complete consideration of plant information in licensing actions. Moreover, NRR
should generally encourage a questioning attitude among project managers. Although the
regional staff should remain the focal point for ensuring the day-to-day safe operation of the
plants, NRR shares a responsibility for plant oversight, and project managers and their
supervisors should be encouraged to question information regarding plant operation and
conditions.

Decision to Defer Shutdown -The basis for the NRC decision to allow DBNPS to delay
shutdown past December 31, 2001, was reached without a well documented NRC analysis of
the information available. The December 4, 2001, letter from the NRC to FENOC allowed plant
operation past the date specified in BL 2001-01 based on information submitted by FENOC in
November 2001. It stated that the staff's decision was based on information provided by the
licensee and information available to the staff regarding industry experience with VHP nozzle
cracking. The letter also mentioned that the licensee's commitments made to support its
proposal for continued operation were integral to the staff's finding. However, the letter does
not discuss what specific information from the licensee or from industry was considered, nor is
the underlying analysis of the information by the staff discussed. The task force found that the
letter does not provide the basis for the staff decision in sufficient detail to determine what
independent evaluation or verification was conducted by the staff.

Interviews of NRC staff conducted by the task force indicated that NRR management took
steps to ascertain the range of staff views regarding the basis to allow DBNPS to continue
operating past December 31, 2001. After considering information presented by the licensee
during the November 30, 2001, meeting, the staff caucused and individuals were polled on their
views. The overall view was that, based on the information available, the plant could continue
operating past December 31, 2001, for a short period. A few staff members did not agree with
that conclusion.
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The December 4 letter contrasts with the detailed basis provided in the proposed order to
shutdown DBNPS and DC Cook (a November 11, 2001, memo to the Commission forwarded
the proposed orders for information). The proposed order cited inspection results at facilities
with similar susceptibility ratings as DBNPS and large uncertainties in the cracking mechanism
and extent of cracking at the plants. Staff assumed that RCPBs could be compromised at the
subject plants, and therefore required their shutdown.

The lack of a detailed basis or technical information to support the staff's decision documented
in the December 4, 2001, letter contrasts with processes and guidance applied to other
safety-related decisions taken by the NRC. For instance, the guidance in LIC-101 for preparing
safety evaluations to support routine license amendment requests specifies the format of the
NRC safety evaluation and the expected content of each section in sufficient detail to allow the
public to understand the basis for the NRC determination. The staff could have used LIC-101
as guidance since the document itself states that "the guidance should be applied, where
appropriate to the processing of.... other licensee requests requiring prior NRC approval." The
task force judged that the December 4, 2001, letter did not adequately document the basis for
the staff's decision and that an appropriate model to use to improve its content could be the
safety evaluation approach offered by LIC-101.

The lack of sufficient background to the decision in the December 4, 2001, does not support the
agency's performance goal of increasing public confidence in the NRC's mission. Without a
documented basis for the decision, public questions may result regarding the basis for the
staff's decision. The task force concluded that procedures should be established to ensure that
decisions to allow deviations from agency guidelines and recommendations issued in generic
communications are adequately documented.

A clearly applicable procedure was not in place to guide the staff and management though the
decision making process nor to suggest that the basis for the decision be documented. Given
the large amount of information provided by the licensee, the complexities involved with
conducting a risk analysis based on a material failure model, and the short time between new
information being submitted to the NRC and the NRC issuing its decision, the task force
concluded that although NRR management acted appropriately in making its determination,
clearer guidance addressing such situations would help ensure that appropriate decisions are
made and that the bases for the decisions are well documented.
A significant part of the licensee's argument for continued operation was based on risk
assessments. Based on several interviews of NRC staff conducted by the task force and
review of background information related to the licensee's proposal to continue operating, the
task force found that the staff was faced with considering a significant amount of information in
the risk assessment that included a considerable level of uncertainty. Also, there was not a
long period of time available to consider the information. The large uncertainties involved
suggest that risk modeling of the degradation of passive components may not be appropriate.
Some staff expressed the opinion that the focus on conducting risk analyses is distracting the
staff from effective and timely regulatory actions. Other staff expressed the opinion that the
NRC has become risk-based as opposed to risk-informed, that issues cannot be pursued
without having a risk number attached to them, and that deterministic safety requirements have
been discounted. The task group consensus is that these misgivings associated with
risk-informed regulation of nuclear power plants need to be addressed by the agency to ensure

I
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successful implementation of NRC objectives in this area.

Industry Topical Report Review Process - As discussed in Section 3.4 of this report, the task
force found that some of the guidance issued by industry groups that was related to boric acid
corrosion control contained deficiencies that may have contributed to deficiencies apparent in
the boric acid corrosion control program at DBNPS. An example reviewed by the task force is
the EPRI Boric Acid Guidebook.

The review of industry generic topical reports is a licensing function carried out by NRR.
Topical reports are technical reports on specific safety-related subjects submitted by industry
organizations that may be reviewed independently of a specific licensing review. Guidance for
topical report review is given in LIC-500, "Processing Requests for Reviews of Topical
Reports." The objective of the topical report review process is to improve efficiency by allowing
the staff to review a methodology or proposal that will be used in multiple licensing actions. The
guidance in LIC-500 includes criteria for accepting a topical report for review. One criterion is
that the report is expected to be referenced in a number of license amendments or other
licensing actions. LIC-500 allows exceptions to these criteria, but justification must be supplied
by the applicant. The LIC-500 guidance does not explicitly discuss a process for NRC to initiate
reviews of industry reports that are not submitted. For example, the EPRI Boric Acid
Guidebook was not submitted by EPRI, but it provides generic guidelines to PWRs that may not
have been considered acceptable by NRC staff. An NRC review of the Guidebook may have
resulted in correction of misleading information and improvements in the BAC program at
DBNPS.

LIC-1 00, "Control of Licensing Bases for Operating Reactors" also discusses the same criteria
for staff review of topical reports as does LIC-500. This guidance reiterates that topical reports
are reviewed only in support of licensing or anticipated licensing actions.

COM-204, "Interfacing with Owners Groups, Vendors and NEI," includes guidance on certain
submitals from vendors and owners groups. It discusses submitals made for information only,
where a formal NRC review is not requested. In these cases, the guidance allows for a cursory
NRC review to determine if the submital conflicts with NRC rules, regulations or policies. The
results of this review do not constitute NRC acceptance or agreement with the material, but
allows the staff the opportunity to inform the applicant of any discrepancies found. The BAC
Guidebook was not submitted for information to the NRC, therefore, the staff did not present
any position on its content. However, such a cursory review may have been sufficient for the
staff to highlight deficiencies in the guidance.

The task force concluded that if the staff had reviewed the EPRI BAC Guidebook, it may well
have highlighted deficiencies in the industry approach to BAC control that could have been
corrected long before the DBNPS event developed. Therefore, the task group determined that
the NRC should consider revising current topical report review guidance to allow staff review of
unsolicited industry reports.

Regulatory Commitment Tracking - Regulatory commitments are documented actions
voluntarily agreed to by licensees that, together with applicable regulatory requirements, form
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the licensing basis for the plant. Many of these commitments are provided in docketed
correspondence such as licensee event reports and responses to generic communications.
Regulatory commitments are relevant to the DBNPS situation because, historically, a significant
number of commitments at DBNPS were related to boric acid corrosion control, including
measures taken to institute a boric acid control program in response to Generic Letter 88-05.

NRR guidance for managing licensee commitments to NRC is contained in Office Letter-900,
"Managing Commitments made by Licensees to the NRC," and in the PM Handbook. The
office letter references NEI 99-04, "Guidelines for Managing NRC Commitment Changes,"
stating that it provides acceptable guidance for controlling regulatory commitments The NEI
guidance directs licensees to submit a periodic report to the NRC of changes to commitments.
Additional NRR guidance regarding licensee commitments to NRC is in LIC-100, "Control of
Licensing Bases for Operating Reactors." Table 4 in LIC-100, entitled "Regulatory
Commitments," discusses NRC Verification and Monitoring:

"The NRC inspection program may review a regulatory commitment associated with a
particular issue or technical area. In general, however, the inspection program does not
assess how well licensees control regulatory commitments. NRR plans to assess the
licensees' commitment management programs and their implementation of those
programs. This activity will be performed under the DLPM responsibilities for "Other
Licensing Tasks."

The task force noted that the NEI guide expressly deals with changes to regulatory
commitments. It does not seem to be applicable to overall management of the commitment
tracking process nor is it necessarily applicable to all outstanding commitments.
From NEI 99-04:

"The guidance applies to commitments communicated to the NRC under the current
regulatory structure. Licensees must decide how they will address commitments
communicated to the NRC prior to the promulgation of the guidance document" in 1999.

The office letter directs project managers to audit the licensee's commitment management
program. The PM Handbook does not reference the office letter, mention the audit
requirement, nor does it provide guidance for review or disposition of the periodic commitment
change report submitted by licensees. NRR project managers contacted by the task force were
not aware of the requirement, and the most recent project managers for DBNPS had not
conducted an audit.

FENOC letter to NRC dated November 15, 2000, provided the periodic Commitment Change
Summary Report to the NRC. It contained 2 items on the CACs, which exhibited frequent
clogging during plant operation, indicating a leak in the RCS. Commitment nos. 014438 and
007319 were related to CAC air flow. The Davis-Besse project managers did not recall
reviewing the report. The task force determined that the commitments were not related to the
clogging from corrosion deposits. However, without NRC staff review of the report when it was
submitted, changes to licensee commitments could go unnoticed by the staff.
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The NRC resident inspectors documented problems discovered by the licensee in the D-B
commitment management program (Inspection Report 9801 1, September. 9. 1998). Problems
documented were; the licensee's commitment database not clearly summarizing commitments,
undocumented justification for deviations from commitments, and changes made to
implementation documents with sufficient basis. The inspection team concluded that the
corrective action plan was sufficient to address the issue. There appears to be no further NRC
follow up on the issue. An audit of the licensee's program by the project manager may have
highlighted similar deficiencies and led to steps to improve the licensee's tracking program.

Review of the Periodic Inservice Inspection Report - In accordance with requirements of the
ASME Boiler and Pressure Vessel Code, licensees submit inservice inspection (ISI) summary
reports to the NRC after significant inspection, repair and replacement activities are conducted.
Reports are typically submitted following refueling outages. The ISI Summary report for
DBNPS dated August 22, 2000, provided the results of the ISI activities related to the 12mh cycle
and 12RFO. Page 20 of the report lists control rod drive nozzle to closure head weld visual
inspection results for several control rod drive locations The task force reviewed the
information in the report, finding that only peripheral control rod drive nozzle locations were
inspected. However, this appears to be within the ASME requirement for the percentage of
components to be inspected during an outage. ASK PAT TO VERIFY The task force noted
that some of the nozzle locations inspected were included in an area of the head that was
covered with boric acid deposits at the beginning of RFO12. However, the photographs and
video tapes depicting the condition of these locations at the periphery of the head showed that
these areas were cleaned and the task force concluded that effective inspections could be done
at those nozzle locations
Based on interviews and discussions conducted by the task force with NRC staff, the task force
found that the NRC rarely reviews the information submitted in ISI summary reports. Based on
interviews of NRC staff, the report for DBNPS was not reviewed NRC staff did not see value in
NRC review of the reports. The task force found no specific guidance for review of the reports
The task force concluded that the staff should determine whether the reports should be
submitted to the NRC, and revise the ASME submittal requirement, or staff guidance regarding
disposition of the reports, as appropriate.
MAY DROP THE FOLLOWING
The task force determined that during RFO 12, the licensee may not have conducted the ISI
inspection of the CRD nozzles in accordance with ASME code requirements. The task force
reviewed the licensee's report to the NRC of the inservice inspection results from RFO 12. The
report, dated August 22, 2000, indicates that some control rod drive nozzles were inspected
and found acceptable under ASME VT-2 visual inspection criteria. The nozzles inspected were
all located on the periphery of the RPV head and included nozzles numbered 52, 58, 63, and 64
(the task force was informed by the licensee - via the NRC project manager for DBNPS - that
the last 2 digits in the control rod drive assembly designation indicate the nozzle). The ASME
code and DBNPS procedure require that a specific percentage of the nozzles be inspected
each outage, and that ...... Requested licensee to provide ISI procedure used for this
inspection
An NRC staff review of the ISI summary report at the time it was submitted may have
highlighted this point and led the staff to determine the nature of the RPV head condition. The
task force considered this a justification for the staff to consider institutionalizing a review
process for the ISI summary reports.
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3.3.7.2 Recommendations

3.7.7.2.1 Recommendations for NRC
Implement guidance in the PM handbook for project manager site visits and
coordination between project managers and resident inspectors. NRR should take
steps to foster working relationships between project managers and site resident
inspectors. One step is for NRR to better manage project manager assignments to
avoid the type of high turnover associated with DBNPS. NRR should consider holding
periodic NRR/Regional Office counterpart meetings (including the resident inspectors) to
maintain.working relationships among staff and managers in the organizations and to
allow exchanges on significant topics.

* Licensing project managers and their supervisors should be encouraged to question
information regarding plant operation and conditions. NRR should consider
strengthening the guidance related to the license amendment review process to
emphasize the need to consider actual system conditions in the safety evaluation.
Further, further clear guidance is needed to ensure independent verification of
information provided by licensees related to significant licensing decisions.

* NRC should establish procedures to ensure that decisions to allow deviations from
agency guidelines and recommendations issued in generic communications are
adequately documented.

* NRC should assess the use of risk methods and provide clearer guidance for integration
of results into decision-making related to short-notice licensing actions. Clearer
guidance addressing such situations would help ensure that appropriate decisions are
made and that the bases for the decisions are well documented.

* NRC should revise the guidelines for review of industry topical reports to allow for staff
review of safety-significant reports independent of their formal submittal to the NRC.
NRC should also provide sufficient resources to support the reviews.

* NRR should either fully implement LIC-900, "Commitment Management Process" or
consider revising the guidance if it determines that the project manager audit of
licensees programs is not required. Further, the staff should consider the usefulness of
the periodic report on commitment changes made by licensees, and if they are not to be
reviewed, inform licensees that they do not need to be submitted.
NRR should determine whether ISI summary reports should be submitted to the NRC,
and revise the ASME submittal requirement, or staff guidance regarding disposition of
the reports, as appropriate.

3.7.7.2.2 Recommendations for Industry

None
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3.4 The NRC and Industry Failed to Establish Adequate Requirements and Guidance
for Addressing Alloy 600 Nozzle Cracking and Boric Acid Corrosion of Carbon
Steel Components

The task group found that one of the contributing causes of the DBNPS event was that neither
the NRC nor industry established adequate requirements and guidance for addressing VHP
nozzle cracking and boric acid corrosion of carbon steel components. This is a cross-cutting
conclusion that transcends all three other contributing causes. The task group determined that:

* The NRC failed to provide adequate requirements for the inspection of RCS
components for leakage and degradation from boric acid accumulation.

* The NRC failed to provide adequate guidance to NRC staff to effectively implement the
reactor oversight process.

* The industry failed to provide adequate requirements for detecting and correcting Alloy
600 nozzle cracking and corrosion from boric acid accumulation.

3.4.1 The NRC Failed to Provide Adequate Requirements

3.4.1.1 Detailed Discussion

The Task force reviewed applicable regulatory requirements, including Section Xl of the
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, 10 CFR
Part 50.55a, and Davis-Besse technical specifications. The team found that these
requirements were not sufficient to direct the licensee to identify and resolve VHP nozzle leaks.

The Code of Federal Regulations require compliance with the ASME Boiler and Pressure
Vessel Code (10 CFR 50.55a). The ASME Code, however, does not require the non-visual
examination of VHP nozzles The ASME Code does not require the removal of RPV head
insulation to conduct visual inspections of the RPV head. More than any other single issue, the
DBNPS event could be directly attributed to inadequate inspection guidance. These issues
have already been recognized by the NRC staff, and actions were already being taken to
address them. The enforcement of more general requirements involving RCPB leakage has
also been problematic. While the GDC's proscribe RCPB leakage, they do not appear to be
enforceable and the existing enforcement guidance is outdated. The enforcement history
pertaining to RCPB leakage and Alloy 600 nozzle leakage appears inconsistent. The task force
attributed this to: 1) inappropriate licensee interpretations of plant Technical Specifications in
which RCPB leakage found while the plant is shutdown is not reported the NRC as a Technical
Specification violation because a licensee could not definitively determine when the leak started
while the plant was operating; 2) the view by the NRC staff that such leaks are bound to occur
through no fault of the licensee but are typically isolated in nature, which has undoubtedly
resulted in undocumented enforcement discretion; and 3) no definitive enforcement guidance in
this area. Additionally, the NRC had not consistently enforced violations resulting from
pressure boundary leakage, nor had the staff effectively maintained corporate knowledge of
enforcement regarding vessel head corrosion in 1987. In conducting its review, the task force
found inconsistent levels of understanding of the scope and applicability of Code requirements
among staff and management responsible for nuclear power plant oversight.
ASME Code and Regulatory Requirements - Requirements for in-service inspection (ISI) are
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contained in 10 CFR 50.55a and plant technical specifications at section 4.0.5. Both of these
reference Section Xi of the American Society of Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code. DBNPS was committed to the ISI requirements of the 1986 edition of
the code from September 21, 1990, through September 20, 2000, since then, the licensee has
been committed to the 1995 Edition through the 1996 Addenda.

Per the requirements of Table IWB-2500-1 of Section Xl, and the licensee's ISI plan, the
licensee is required to conduct an RCS leakage test at nominal operating pressure prior to plant
startup following each reactor refueling outage. IWA 5241 requires a direct visual examination,
known as a VT-2, of the accessible external exposed surfaces of pressure retaining
components for evidence of leakage from non-insulated components. Regarding insulated
components (at Davis-Besse, the RPV head), IWA-5242 states that VT-2 may be conducted
without removing insulation by examining the accessible and exposed surface and joints of the
insulation. When doing such examinations, the surrounding area shall be examined for
evidence of leakage. Discoloration or residue on surfaces examined shall be given particular
attention to detect evidence of boric acid accumulations from borated reactor coolant leakage.
Corrective measures are specified in article IWA-5250, which requires leakage sources of boric
acid residues, and areas of general corrosion, to be located. IWA-5250(b) also requires that
components with areas of general corrosion that reduce the wall thickness by more than 10%
shall be evaluated to determine whether the component may be acceptable for continued
service, or whether repair or replacement is required.

The code does not require non-visual examinations, such as surface or volumetric NDE of VHP
nozzles as a means to identify and characterize cracks in those nozzles.

In September 2001 (roughly concurrent with the review of licensee responses to Bulletin
2001-01), NRC staff members who serve on ASME code committees wrote to ASME and
proposed that the inspection requirements be changed to VT-2 examination of 100% of the
reactor vessel head surface or under the head NDE capable of detecting and sizing cracking.
ASME is considering changes to the inspection requirements, but has yet to implement
revisions.

The Code requirements for mechanical joints (e.g., CRDM flanges at DBNPS) in the RCS differ
from those for welded joints. Provided that the licensee performs an assessment of any
leakage from mechanical joints, and the leakage volume is within technical specification limits, it
is permissible for plants to start up from refueling outages with known leakage from mechanical
joints. The Task Force found that the licensee's practice of operating with known CRDM flange
leaks helped to mask the VHP leakage. The Task Force concluded that the looseness in the
applicable ASME Code requirements, i.e., the ability to analyze, rather than fix, known RCS
leakage, enabled the licensee to tolerate leakage on the RPV head.

As discussed in Section 3.1 of this report, there have been several cases of through-wall
cracking of VHP nozzles. In fact, the licensee for Arkansas Nuclear One has concluded that a
through wall cracking of VHP nozzles to be a statistical certainty. In the case of Davis-Besse,
the Task force determined that the lack of a requirement in the ASME code to remove the
vessel head insulation during system pressure tests contributed to the missed opportunities for
early identification of nozzle leakage and resulting corrosion of the vessel head. Also, the
failure to conduct periodic volumetric NDE on the nozzles prevented the licensee from detecting
cracks before they progressed to the point of leakage. This is because that even under ideal
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conditions, a visual examination is incapable of determining the extent of cracking It is only
capable of determining that cracking has advanced sufficiently to allow RCPB leakage.

Enforcement of RCPB LeakaQe Requirements - Plant technical specifications typically prohibit
operation with known pressure boundary leakage. Therefore, relying on boric acid residues to
show that through wall nozzle leakage has occurred is a lagging indicator. In cases where
pressure boundary leakage has occurred, the NRC's responses have been inconsistent over
the years. Based on staff interviews and document reviews, the task force found a range of
agency responses, from no action taken in the case of Arkansas Nuclear One, to the granting
of enforcement discretion in the cases of VC Summer and Oconee, to taking enforcement
action against Palisades and San Onofre. Several factors contributed to this phenomenon,
including internal communications, varying licensee interpretations of technical specifications
and 10 CFR 50.73 reporting requirements, staff variability regarding the treatment of passive
component failures, the introduction of the ROP, and lack of enforcement guidance. As of
the preparation of this report, the NRC's Office of Enforcement was working with NRR to
develop a uniform policy for dealing with pressure boundary leakage.

For example, EA 97-414 involving Inconel Alloy 600 RCS instrument nozzle cracking at SONGS
2 and 3 cited the Maintenance Rule (10 CFR 50.65) because of a lack of staff support to cite
against the licensee's Technical Specification for reactor coolant pressure boundary leakage.
The violation was cited at a Severity Level IV because there was a lack of unanimity as to
whether the violation should have been cited as a Severity Level IlIl violation. During the PEC,
the licensee presented information in which they asserted that the NRC and industry have
recognized that leakages due to PWSCC are not an immediate safety concern because the
staff believes that catastrophic failure of a penetration is extremely unlikely. In reference to the
Technical Specification requirement proscribing pressure boundary leakage, the licensee
quoted from NUMARC 93-01, 9.3.1, which states: "Entry into a Technical Specification Limiting
Condition for Operation, although important, is not necessarily risk significant." The entire
licensee argument was focused on the nozzle ejection stemming from catastrophic failure
rather than from boric acid wastage. In the case of the event at VC Summer, the licensee did
not make a 10 CFR 50.73 report for the underlying technical specification violations associated
with operating with RCPB leakage until after enforcement discretion was issued some time
following discovery of the problem.

The Task Force discussed with OGC staff the enforceability of the General Design Criteria
(GDCs) in Appendix A of 10 CFR Part 50. The GDCs are referenced in licensing
documentation and, often, in generic communications. The current OGC advice is that the
GDCs are generally not legally enforceable because 10 CFR Part 50.34 requires applicants to
address them in their license applications and Preliminary Safety Evaluation Reports. The GDC
requirements are then embodied in licenses on plant-specific bases. In order to be able to
enforce a GDC at a particular plant, the NRC would have to be able to show: that there is
nothing else in a plant's license that would cover the matter in question, and; how adequate
protection requirements have not been met by the existing licenses.

Technical Specifications Related to RCPB Leakage - DBNPS technical specification 3.4.6.1
requires the containment sump level and flow monitoring system and one containment
atmosphere radioactivity monitor to be operable. The basis for this specification states that
these detection systems are consistent with the recommendation of Regulatory Guide 1.45,
"Reactor Coolant Pressure Boundary Leakage Detection Systems." The regulatory position in
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RG 1.45 states, in part, that these systems should be adequate to detect an unidentified
leakage rate of 1 gpm in less than one hour.

Regarding the sensitivity of leakage detectors, RG 1.45 states: "Sumps and tanks used to
collect unidentified leakage and air cooler condensate should be instrumented to alarm for
increases of from 0.5 to 1.0 gpm in the normal flow rates. This sensitivity would provide an
acceptable performance for detecting increases in unidentified leakage by this method."
Beyond this reference, neither the technical specifications nor the regulatory guide discuss
situations in which unidentified leakage increases noticeably from normal steady state values
while still remaining below 1 gpm. Additionally, these documents do not contain any
requirements for responding to leakage detection system alarms. At DBNPS, leakage
detection system alarms occurred, but the licensee's response to them did not lead to
identification of the pressure boundary leakage that occurred on the RPV head.

Technical specification 3.4.6.2a specifies that there shall be no RCS pressure boundary
leakage. The basis for this specification states: "Pressure boundary leakage of any magnitude
is unacceptable since it may be indicative of an impending gross failure of the pressure
boundary. Therefore, the presence of any pressure boundary leakage requires the unit to be
promptly placed in cold shutdown."

The surveillance requirements for the leakage detection systems require various channel
checks, calibrations, and functional tests, as appropriate for the systems and instrumentation
involved. The surveillance requirements applicable for pressure boundary leakage include
monitoring the containment atmosphere gaseous or particulate radioactivity at least once per 12
hours, monitoring the containment sump level and flow indication at least once per 12 hours,
and performance of an RCS water inventory balance at least once per 72 hours during steady
state operation.

From 1995 through the middle of 1998, unidentified leakage from the DBNPS RCS averaged
about 0.05 gpm every month. In August, 1998, unidentified leakage began to increase steadily,
and it was above 0 5 gpm in December, approximately a tenfold increase in four months. This
leakage was primarily due to leakage from the pressurizer relief valve, which is discussed
elsewhere in this report. Unidentified leakage continued to increase until it exceeded the RCS
condition monitoring criterion of 0.75 gpm in April 1999. This criterion had been established by
the licensee as part of its response to the Maintenance Rule (10 CFR Part 50.65). After the
relief valve was repaired, unidentified leakage ranged from about 0.15 to 0.27 gpm until the
plant was shut down for the 12^ refueling outage in the Spring of 2000. This amount of leakage
was about three to five times as high as the long term average steady state leakage from
1995-1998.

Based on the above, the Task Force concluded that the licensee failed to follow up on reliable
indications of increased unidentified leakage. Factors contributing to this failure included: a)
the lack of requirements for responding to leakage detection system alarms, and b) the lack of
a Maintenance Rule leakage criterion based on deviation from normal, in addition to the single
threshold criterion.

Probabilistic Treatment of Passive Components - The treatment of piping within the framework
of risk-informed regulation appears to have been a complicating factor in addressing issues
with RCS pressure boundary integrity. Based on interviews with knowledgeable NRC staff and
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management, the Task Force learned that the degradation of passive components, specifically,
wastage from outside the pressure boundary, has not been explicitly accounted for in PRAs.
Although risk estimates of the rapid failure of a pressure boundary are used as inputs into PRA
LOCA models, in practice, piping is generally treated deterministically. Deterministic
requirements include the GDCs and Sections III and XI of the ASME Code, and these are used
in conjunction with available risk information to establish baseline assumptions for PRAs. This
factor has led to difficulty among regional, NRR, and OE staffs in characterizing the significance
of, and responding accordingly to, instances of pressure boundary leakage.

BL 2001-01 Required Shutdown Date - BL 2001-01 required high susceptibility plants to
shutdown by December 31, 2001, and inspect their RPV head penetrations. The task force
found through interviews with NRC staff, that the basis for the date was predominantly
logistical. It was chosen to give licensees time to allow plants to use the fall outages to
information from inspections that could be provided in responses to the NRC. The proposed
order to shutdown DBNPS by December 31, 2001, (see memo from Travers to the Commission
November 11, 2001) cited inspection results at facilities with similar susceptibility ratings as
DBNPS and large uncertainties in the cracking mechanism and extent of cracking at the plants.
It also characterized the Oconee circumferential cracking as "potentially risk-significant
condition" that could result in gross RCPB failure and LOCA. The proposed order explained
that inspecting for leakage was not sufficient to detect extent of nozzle damage. It clearly
stated that VT-2 methods do not provide reasonable assurance that leakage from though-wall
flaw would be detected. The proposed order also highlighted other shortcomings of the ASME
code inspection requirements, i.e., no insulation removal, NDE not required, head cleanliness
not addressed.

In considering the proposed rule, the NRC staff surmised that RCPBs could be compromised at
DBNPS and DC Cook, therefore the December 31, 2001, shutdown was to be required. The
proposed order stated that near term inspections were required due to damage detected in
other plants and uncertainties/variability in plant susceptibilities:

"Operation of facilities considered to be highly susceptible to this cracking phenomenon
beyond December 31, 2001, is unacceptable unless the recommended inspections to
identify this potentially hazardous condition are completed and found acceptable by the
staff."

The proposed order also provided a risk-based argument for the unacceptability of operation
past December 31, 2001. The staff cited B&W design-specific information, D-B TS3141416 for
pressure boundary leakage and applied risk-informed decision criteria in RG 1.174 (small in
crease in CDF, and that the basis for the licensee's risk estimate could not be verified without
inspection).

The licensee submitted additional risk-related information on November 30, 2001, and made
several commitments that the NRC considered sufficient to allow continued plant operation (see
December 4, 2001, NRC letter to the licensee). However, as stated in Section 3.3.7 of this
report, the staff's technical basis was not clearly documented. In interviews with NRC staff, the
task force found that the additional information from the licensee affected the perceived risk of
the situation and affected the staffs decision. In interviews with the task force, the staff
recalled little discussion amongst the staff about the requirement to maintain RCPB leakage
integrity. As discussed in Section 3.3.7, some staff members thought that the reliance on a
risk analysis in such situations undercut the ability to apply regulatory requirements. The task
force concluded that the weaknesses in application of regulatory requirements for RCPB
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leakage integrity, and the reliance on risk estimates rather than assuring RCPB leakage
integrity affected the decision to allow DBNPS to operate past the date in BL 2001-01.

3.4.1.2 Recommendations

3.4.1.2.1 Recommendations for NRC --

* The NRC staff should continue to pursue ongoing efforts to encourage the ASME Code
requirement changes for inspections of reactor vessel heads, including nozzle
penetrations, strengthened (NRR), or as an alternative, pursue changes to 10 CFR
50.55a.

* The NRC should pursue revision of the ASME Code to reduce the ability for plants to
start up with known leakage from RCS mechanical joints.

* The NRC should establish a clear enforcement policy for RCS leakage and should not
grant enforcement discretion for nozzle cracking

* NRC should review the bases for the I gpm unidentified leakage limit to determine if this
criterion is adequate to address low levels of leakage from the RCS pressure boundary.

* NRC should review, and revise as necessary, the Maintenance Rule requirements and
guidance pertaining to RCS unidentified leakage. The results of this review should
address requirements to establish a normal level of unidentified leakage and methods
for establishing action levels based on deviations from normal.

3.4.1.2.2 Recommendations for Industry

* Industry should revise related ASME code requirements to address the shortcomings in
VHP inspections and reduce the ability for plants to start up with known leakage from
RCS mechanical joints.

6
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3.4.2 The NRC Failed to Provide Adequate Reactor Oversight Process Guidance

There is no specific reactor oversight process guidance that would have caused the NRC to
focus on the issues associated with this event, particularly in the area of boric acid corrosion
control. This transcends the significant changes to the NRC's reactor oversight process that
became effective in April 2000. Prior to this time, the NRC had a nonmandatory inspection
procedure in the area of boric acid corrosion control that was never used at DBNPS and rarely
used at other plants. This procedure and dozens of other inspection procedures, including one
that was occasionally used to perform inspection follow-up of NRC generic communications,
were canceled in 2001 because of their lack of use during the first year of the revised reactor
oversight process. Additionally, neither the previous nor the current inspection program places
much emphasis on the inspection of passive components, such as the RPV. The NRC's
significance determination process is not well suited to assessing the significance of degraded
passive components. Some of the inspector good practices, such as the review of startup
mode restraints and containment closeout inspections that were routine prior to April 2000 were
not evident after April 2000. Little or no specialized training is provided to the inspection staff
on boric acid corrosion control. Some inspectors did not follow up on symptoms of the RPV
degradation because they believed the baseline inspection procedure guidance did not
specifically address these areas .

The current NRC programs and processes, even if effectively implemented, would not address
all the negative safety culture characteristics and attitudes evident at DBNPS. The elements of
the NRC's reactor oversight process and otherprograms (e.g., allegations) involving the
cross-cutting areas of human performance, corrective actions, and safety conscious work
environment have not been nor would be fully effective in assessing the significant DBNPS
safety culture deficiencies in the absence of a significant underlying performance issue such as
this. These current tools are extremely limited in scope or have no regulatory teeth. While it is
true that the implementation of corrective action inspections did not result in an accurate
assessment of the licensee performance in this area, it is not at all clear that meaningful
licensee actions would have been taken even if the assessments were accurate absent the
identification of a significant issue. The team attributed part of this lack of implementation
effectiveness to insufficient guidance. The broader issue, however, is the NRC has no effective
means of dealing with a poor safety culture at a plant prior to the onset of serious operational
events or conditions. This problem is well recognized, but past actions to address it have not
been fully effective. DOES THIS OVERVIEWPARAGRAPH STAYIN THIS SECTION

3.4.2.1 Detailed Discussion

The DBNPS event identified a lack of guidance for assessment and inspection activities that
involve alloy 600 nozzle cracking and boric acid corrosion of carbon steel components. Specific
areas where the improvements in the guidance are warranted include inspection, enforcement,
and significant determination. In addition, the team identified other areas of the ROP that
lacked adequate guidance which were not directly related to alloy 600 nozzle cracking and boric
acid corrosion of carbon steel components. This section of the report discusses in detail some
of the guidance weaknesses and refers to other sections of the report that mentions guidance
weaknesses. The intent of this section is to identify all NRC guidance related to the ROP that
should be reviewed for areas of improvement. Some of these weaknesses transcended the
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ROP and pertained to the guidance that existed prior to ROP implementation in April 2000.

The only specific inspection guidance for boric acid corrosion was provided by IP 62001, Boric
Acid Corrosion Prevention Program, which was issued on August 1, 1991, and subsequently
canceled on January 17, 2001. The purpose of the IP was to determine if licensee boric acid
corrosion control program and its implementation satisfied the requirements of GL 88-05.
During IP development, the recommended implementation frequency was once every other
refueling outage. When it was issued, the IP was included in Appendix B to the old IMC 2515
program which listed regional initiative inspection procedures. The team was unable to
determine the rational for the change in implementation frequency. During the 10 years the IP
was part of Appendix B, it was used on a limited basis for inspections at only 15 docketed
reactors. The decision to implement IP 62001 as a regional initiative activity under Appendix B
and subsequent limited usage resulted in the inspection program guidance for boric acid
corrosion being ineffectiveness in ensuring that licensees were properly dealing with boric acid
leakage. The decision to not make IP 62001 a mandatory inspection under the "core program"
is consistent with the level of importance exhibited by the NRC staff for boric acid corrosion
(see Section 3.1._ for additional discussion). In interviews with the NRC staff, some members
indicated that the inspection resource estimation of 8-hours was not sufficient to review a boric
acid corrosion program and its implementation. In reviewing DBNPS's boric acid corrosion
program the team agreed that the estimate was low.

An NRC inspection area that is related to alloy 600 nozzle cracking is the review of inservice
inspections (ISI) activities. Applicable inspection guidance is provided by Inspection Procedure
Attachment 71111.08, Inservice Inspection Activities. Prior to the ROP, the guidance was
prescribed in IP 73753, Inservice Inspections. There was no explicit inspection guidance in
either documents to review alloy 600 locations that are potentially venerable to PWSSC. As
noted in Section 3.3.2, NRC inspections in the 1998 and 2000 RFOs reviewed CRDM and
reactor head areas but did not identify any unusual conditions with boric acid that had been in
the areas.

As noted in Section 3.1,__ GL 88-05 did not have a corresponding temporary instruction for
follow up inspection of licensee implementation of actions resulting from the GL, however, an
audit was performed at ten sites to review boric acid corrosion program. The team noted that
the audit guidance did not include reactor nozzle penetrations or other Alloy 600 penetration
that are potentially venerable to PWSSC.

DBNPS's failure to learn from operating experience and properly manage VHP nozzle
degradation and boric acid corrosion is discussed in Section 3.2.4. The team reviewed the
previous two NRC inspections of the DBNPS's corrective action program, IP 40500 inspection
in August 1998 and PI&R inspection in February 2001, and noted that operating experience
implementation was reviewed in each inspection. No significant problems with DBNPS's
operating experience activities were identified in these inspections. IP 71152, Identification and
Resolution of Problems, provides very limited inspection guidance for reviewing licensee
Resolution of operating experience issues. IP 90700, Feedback of Operational Experience
Information at Operating Power Reactors, was a regional initiative inspection under Appendix B
of IMC 2515 before the IP was canceled in September 2001. Between November 1994 and
October 1999, IP 90700 was used at 29 docketed reactor sites (data on IP 90700 usage for the
remaining time frame that it was in place was not available). The rational provided by NRR for
canceling this IP, along with IP 62001, was the limited utilization of the IPs under the ROP.

8
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Both IPs were included in Appendix B, Supplemental Inspection Program, as part of the ROP
until they were canceled. As discussed in Section 3. . the team questioned the rational of
canceling IPs from Appendix B, based on limited ROP usage since the ROP structure provides
limited opportunities to use the IPs in Appendix B. Based on DBNPS's poor OE usage, the
frequent use of IP 90700 as a regional initiative inspection and the limited OE guidance in IP
71152, the team concluded that the ROP does not properly emphasize the review of OE.

To assess the NRC's ability to have recognized and acted upon the symptoms of RCS leakage
in containment and boric acid on the reactor head the team reviewed related inspection
guidance, the actual number of inspector containment entries, and questioned the inspectors
on their containment activities. Inspection Procedure Attachment 71111.20, Refueling and
Other Outage Activities, lists only a few specific activities that would require a containment entry
during a refueling outage. One example is the guidance for a containment walkdown prior the
reactor startup to verify that debris has not been left which could affect containment sump
performance. While this does require an actual containment entry, interview with inspectors
suggested that the scope of the containment walkdown inspection was not broad enough. They
mentioned that prior to the ROP, inspectors would typically performed perform a thorough
inspection and walkdown of containment prior to restart. With the current guidance in 71111.20
and the more prescriptive nature of the ROP there is uncertainty if this "good practice" will
continue to be performed. In light of DBNPS head degradation the team believes that
inspections of structures and passive components in containment during the refueling outage
has merit. This could entail a review of important component for obvious signs of deterioration,
such as the containment liner, the reactor vessel and major RCS components. When reviewing
previous DBNPS inspection reports another good practice was noted which is not captured in
current inspection guidance and may not be performed in the future. This dealt with the review
of Mode restraints and verification that they are properly disposition prior to startup.

During discussions with some inspectors the team was informed that observation of fuel
movement in the containment was previously required by the inspection guidance, but that
Attachment 71111.20 now allows this to be done by remote video cameras from outside the
containment. The team reviewed 71111.20 and noted that verification of the proper location for
fuel assemblies is allowed by review of videotape or core physics testing, but that the guidance
for verification of foreign material controls during refueling activities would require a
containment entry. The team concluded that inspection guidance related to fuel movement
does require containment entries but that some inspectors were confused by the wording in the
IP.

When questioned if they reviewed the symptoms of RCS leakage in containment, some
inspectors stated that the ROP inspection scope did not include a review of some of the
symptoms. Radiation monitor fouling and inspection of the head were examples that were
mentioned. The team disagreed with this view because fouling the radiation monitors with iron
oxide and reddish brown boric acid on the head were indication of potentially significant
problems tbat can be inspected under the ROP. Determining an adequate number of
containment entries by inspectors during refueling outages is directly related to inspection
scopes and corresponding inspection activities. In 1998 and 2000 the resident inspector and
senior resident inspector had a total of seven containment entries during each RFO. To
benchmark this information the team obtained resident inspector containment entries for five
other sites. DISCUSS RESULTS The team concluded......

9



Joelle Starefos - 3-4.wpd Page 10:

As noted in Section 3.3.2, Appendix D, Plant Status, to IMC 2515 provides limited guidance on
the methodology for reviewing corrective action documents routinely initiated by the licensee.
Specifically the team questioned if the senior resident inspector read the CR description
pertaining to boric acid found on the reactor head in 12RFO of if the senior resident inspector
was aware of the issue by some other means, such as log review, abbreviated description
review or meeting discussions. Since there is no specific guidance for these reviews, the team
concluded that future reviews of corrective action documents could also miss crucial opportunity
to follow up on, licensee resolutions of potentially significance safety issues.

The February 2001 PI&R inspection, as discussed in section 3.3.2, did not review any of the
issues/ problems related to RCS leakage or boric acid on the reactor head. Clearly, the
longstanding nature of the problems and the ineffective licensee corrective actions satisfied the
expectation that a PI&R inspection would review this type problems. The guidance in IP 71152
for screening issues to be reviewed by the Pl&R was a potential area that could revised to
address this situation.

Review of the ROP significance determination process (SDP) and interaction with DBNPS head
degradation identified two noteworthy points. First, the SDP review to determine the safety
significance of the head degradation has required a large amount of time and resources.
Currently the SDP review is not completed and has been ongoing for five months. This review
highlights the difficulty in determining the probability of failure for degraded, but still functioning
components. The NRC has had difficulty with other SDPs in which the performance deficiency
did not result in an actual failure but there was some degradation in the component or system
to satisfy its design basis function. Part of the difficulty stems from technical limitations of risk
assessments and SDPs in that pressure boundary integrity does not appear to be treated
explicitly in PRAs. The second point involves the RC-2 event from 1998 (see Section 3.3.2)
and the fact that an SDP review for this issue would most likely result in a Green finding. In
1999 this event received escalated enforcement, Severity Level IlIl violation. This event also
dealt with a degraded pressure retaining function, however, an analysis concluded with three
body-to-bonnet fasteners corroded the valve would since maintain the integrity of the RCS
under design loading conditions. These two items point out difficulties and limitations of the
SDP.

As noted in Section 3.3.3, the ROP performance indicators for DBNPS in the barrier
cornerstone have been Green since ROP implementation. Given that the VHP nozzle through
wall leakage was ongoing during this time frame, the usefulness of the ROP barrier PIs to
provide meaningful information regarding the condition of the three barrier is questionable. The
current barrier Pis should be reviewed for possible improvements.

The ROP structure doesn't allow the implementation of non-baseline inspections unless a
greater than green finding is identified. Prior to this event, all ROP Performance Indicators and
inspection findings were Green, indicating a lack of risk-significant issues at DBNPS.
Subsequent to the identification of the DBNPS head degradation, Region IlIl invoked Manual
Chapter 0350, Oversight of Operating Reactor Facilities in a Shutdown Condition with
Performance Problems, without meeting the prerequisites of the procedure. Specifically,
DBNPS performance was not degraded into the multiple/repetitive degraded cornerstone, or the
unacceptable performance columns of the action matrix The LLTF concluded that timeliness
of the risk assessments and the ROP structure, allowed an issue such as this being viewed as
significant from a deterministic perspective, yet the staff having limited option for further NRC
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action from a program standpoint.

NRC enforcement focus was shifted by the risk-impact of issues and enforcement actions have
not been implemented consistently due to differing staff views. Enforcement (EA 97-414) was
issued citing the Maintenance Rule (10 CFR 50.65) involving Inconel Alloy 600 RCS instrument
nozzle cracking at SONGS 2 and 3 due to a lack of staff support for enforcement against the
licensee's Technical Specification for reactor coolant pressure boundary leakage. In addition,
the staff issued the citation as a Severity Level IV, versus a Severity Level IlIl when the staff
could not come to full agreement. The licensee presented an argument that was focused on
nozzle ejection stemming from catastrophic failure rather than from boric acid wastage.

The team conducted a limited review of past NRC lessons-learned reviews to determine
whether there were any recurring problems. This included lessons learned reviews for
Millstone, 1P2, and South Texas Project). The task force identified a number of problem areas
that were identified in these past reviews that are similar to some of the regulatory process
issues associated with this review. These issues are described in Appendix F.

3.4.2.2 Recommendations

3.4.2.2.1 Recommendations for NRC

* Review the significance determination process for limitations in evaluating degraded
conditions and applying risk assessments. Consideration should be given to the use of
deterministic methods in assessment evaluations;

* Review the ROP inspection effort during refueling outages given the large of amount of
licensee activities in the relatively short outage time frame, limit future opportunities
during operating cycle, and a lack of previous inspections for passive components;

* Consideration-should be given to proceduralizing "good practices" such as containment
building tours, Mode restraint reviews prior to startup, etc;

* Evaluate performance indicators in barrier integrity cornerstone to determine if
improvements are needed,

* Evaluate the reactivation and implementation of inspection procedures 90700 and
62001 or provide comparable level of guidance for operating experience and boric acid
corrosion program inspections;

* Consider risk of repetitive LCO entries or continuing problems; develop inspection
guidance to focus on repetitive multiple tasks for significance (i.e. CAC
cleaning/ALARA);

* Develop inspection guidance for resident inspector samples of licensing requests to
understand the basis and provide necessary feedback to the project manager,

* PI&R guidance should be strengthened in the area of utilizing experience from members
of the staff to develop area of review, i.e., handing off issues to the PI&R team, and
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screening corrective action issues when determining issues for follow up review;

Develop NRC criteria for inspection of industry initiatives. Provide inspection guidance
to address selected industry operational experience. Initiate GC-specific inspection
procedures. Incorporate GC references in inspection procedures

Assess the need for changes to the ROP to allow regional follow up on issues of
potential safety significance

Determine if the results from reviewing previous lessons-leamed task force efforts
suggest a need for programmatic guidance in this area

12
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3.4.3 The Industry Failed to Provide Adequate Guidance for Detecting and Correcting
VHP Nozzle Cracking and Boric Acid Corrosion

Despite many years of industry operating experience and research results related to boric acid
corrosion and VHP cracking, industry guidance did not result in the timely detection of VHP
nozzle leakage at DBNPS. Some of the guidance associated with VHP nozzle cracking and
boric acid corrosion control appeared to be wrong or incomplete. For example, the acceptability
of visual inspections alone does not appear to account for the worst case corrosion rates, which
could result in an unacceptable level of wastage in one cycle. Other guidance reinforced the
licensee's view that it was acceptable to leave boric acid deposits on the head because it stated
that a coating of boric acid was actually beneficial under certain circumstances. No guidance
was provided on how to actually remove boric acid deposits from the head, for example, by
power washing with water. Also, the RPV head insulation was not deflected by the large
amounts of boric acid deposits even though the BWOG guidance indicated that such bulging
would be an indication of VHP nozzle leakage. Further, industry organizations did not follow up
on implementation of existing guidance nor provide effective oversight of licensee activities
related to boric acid corrosion control or VHP degradation.

The task group determined that the combination of inadequate industry guidance in some
areas, misapplication of some guidance by DBNPS, and a lack of oversight by industry groups
and commercial organizations all contributed to the underlying causes of the DBNPS event.

3.4.3.1 Detailed Discussion

Industry Technical Guidance - The industry effort to address boric acid corrosion control
provided general guidelines to licensees to establish their programs that was based on -
conducting a few exploratory tests to gage the potential for damage due to boric acid corrosion.
However, the extrapolation of the test results and the underlying message may have
de-emphasized plant vulnerability to a significant mode of corrosive attack on VHPs.

The Electrical Power Research Institute (EPRI) and Nuclear Maintenance Application Center
(NMAC) joined to provide assistance to the utilities in addressing the requirements of Generic
letter 88-05, "Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary Components In
PWR plants," issued in March 1988. The EPRI "Boric Acid Corrosion (BAC) Guide Book,"
issued in April 1995, was the product of this joint effort. A subsequent revision to the Guide
Book was issued in November 2001. Its objective was to provide a single source of
comprehensive information to help utilities address plant boric acid control and general leakage
reduction issues.

The BAC Guide book draws a conclusion (Section 8.3.3 in Revision 1 and 8.1.2 in Revision 0)
that "It is hypothesized that, under certain conditions, boric acid deposits on the vessel head
actually protect the surface from corrosion by keeping the water away from the surface. ...lf the
leakage rate is low and its source is above the boric acid deposits, heat transfer through the
deposits will evaporate the incoming water and thereby keep the surface dry. On the other
hand, if the leakage rate is high or if the source is located within the boric acid deposits, the
deposits will be wetted, leading to high corrosion rates at the vessel head." This phenomenon
explains a probable chemical reaction that happened at DBNPS. However, the illustration of
this problem is given to a sketch with boric acid deposits building up from a flat surface as result
of dripping boric acid from above, akin to CRDM flange leakage. RPV head penetration
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cracking was a well known problem for more than two decades and the task force judged that
the industry should have analyzed more conservative scenarios for corrosion as it relates to
VHPs.

The BAC Guide Book Revision 1, Section 4.7, discusses the various tests performed by EPRI
and CE. The CE tests were performed with the nozzle pointed downwards contrary to the
typical plant application. The EPRI tests had the nozzles mounted upwards and the tests
demonstrated that the maximum corrosion depth is near the point where the borated water is
injected into the annulus. The assessment further states that "Corrosion occurring at this
location would not be seen during the visual inspection of the vessel surface, although boric
acid deposits on the metal surface would indicate that there has been a leak " This significant
finding of corrosion hidden from visual surface inspection was not investigated further to
understand more conservative or worst-case scenarios. The test results indicate a maximum
corrosion rate of 4 inches per year. Such a high rate of corrosion, not identified in the visual
inspection at its early stages, could propagate to a point of rupture in a typical 18
month-to-two-year cycle. The possibility of observing surface deposits and its quantity would
depend on the rate of leakage and the rate of corrosion at the time of the inspection. Leaving
rusty deposits on the surface while corrosion continues in the inner layers at more than one
VHP appear to be a clear possibility. The present inspection program was not evaluated by
industry for its capability to detect such impending failures. The team concluded that the
industry continued to rely on visual inspections that did not require the removal of the RPV head
insulation, after having identified this critical vulnerability of VHP area corrosion and recognizing
a wide range in the rate of corrosion.

The task force judged that these deficiencies in the industry technical guidance may have
contributed to misunderstandings by the licensee regarding implications of boric acid corrosion
and the effects of VHP leakage. The misunderstandings in turn contributed to a lax approach
taken by the licensee in addressing RCS leakage and boric acid corrosion issues. In the view
of the task force, the industry and NRC should take steps to ensure that accurate technical
information and guidance is made available to licensees.

In the initial edition of the book, Section 6.2 addresses detecting leakage during operation. This
guidance could have alerted DBNPS to the continuing boric acid leakage. The Containment Air
Particulate Monitor was identified in the report to have the capability to monitor 0.1 gpm
assuming normal primary system activity and no failed fuel. The containment Air Cooler
Condensate Monitors were referred to as another system capable of providing clear, sensitive
information. Continued clogging of containment air coolers and the containment monitor filter
clogging were important indications of RCS leakage at DBNPS. This condition prevailed even
after 12RFO when CRDM flange leakage was corrected through repairs. In this instance, the
task force judged that if the licensee had been more cognizant of the guidance, the RPV head
leakage may have been detected earlier.

The task group found examples of industry policy contributing to misconceptions of the
consequences of RCPB leakage and associated corrosion. The NUMARC position on CRDM
VHP cracking was discussed in the June 16, 1993, leter to NRC. The letter forwarded the
PWR owners groups safety assessments of VHP cracking. The owners group reports
concluded that cracking was not an immediate safety concern. NUMARC added that if a
through-wall crack would occur, the boric acid deposition expected would be detectable by
inspection activity conducted in accordance with GL 88-05. NUMARC believed that detection of
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leakage would prevent any significant BA-induced wastage that would challenge ASME limits.
This was a relatively early indication that a connection was made by industry between VH
penetration cracking and the potential for head wastage.

The NEI letter to NRC dated May 24, 1995, provided the status of industry activities related to
VHP cracking. It discussed pilot plant inspection results, refers to NUREG/CR-6245, the
owners group safety evaluations, GL 88-05 programs, crack growth rate model development,
and VHP re-inspection efforts. However, it maintained the position that VHP degradation was a
problem with low safety significance. The task force judged that, given the operating
experience overseas, the range of experimental results (published in industry reports), and the
regulatory requirements associated with RCPB leakage, that the industry position was not
appropriate and that industry groups were not sufficiently aggressive in addressing RPV head
penetration integrity concerns.

B&W, nor the B&W Owners Group made formal recommendations to licensees in the areas of
RCS leakage or boric acid corrosion control, and specifically to follow up on generic
communications or industry guidance. Based on discussions with industry representatives, the
task group determined that B&W/Framatome has not issued formal recommendations to
licensees in the areas of boric acid control, RCS leakage or leak detection. The task force
found no follow up on GL 88-05 by the B&W owners group. The owners group referred to
report BAW-2301 as the B&W owners group follow up to GL 97-01 (Review BAW-1403 for
guidance to licensees.) The task force found important areas that needed guidance to be
lacking. For example, no guidance was provided to licensees on how to remove boric acid
deposits from the RPV head. DBNPS used several methods, including a water wash. Prior to
RFO 12, the licensee considered the possible effects of water washing the RPV head, but
lacked technical guidance from industry to aid its decision. Also, despite industry guidance that
bulging insulation is a reliable indicator of leakage and boric acid corrosion, no insulation
bulging or defects were observed at DBNPS before February 2002.

In 1996, NEI issued a document that included a discussion about an economic model that
licensees could use to aid decision-making related to RPV head penetration inspection and
repairs. The NRC mentioned the model in GL 97-01, disagreeing with NEI that economic
factors were a primary consideration. However, the task force found no evidence that the staff
actually reviewed the model, nor that the industry changed its position relative to the GL 97-01
statement. The task force surmised from interviews with licensee personnel (see Section
3.2.??) That the licensee did indeed place undue weight on economic factors associated with
RPV head cleaning, RCPB leak detection and correction, and VHP degradation issues. The
task force concluded that industry emphasis of economic factors evidenced by providing
licensees with economic analysis "tools" could have been a contributor to the approach taken
by the DBNPS licensee and, in turn, contributed to the 2002 event.

Industry Self-Assessment - The task force reviewed Institute of Nuclear Power (INPO) and
World Association of Nuclear Operators (WANO) evaluation reports involving DBNPS to
determine whether INPO or WANO had assessed and documented any problems involving
VHP nozzle cracking or boric acid corrosion of the RPV head. Two of these evaluations
documented problems involving boric acid corrosion of pumps and valves. For example, the
March 10, 1998 interim report of WANO-AC's 1997 peer review of the DBNPS, documented an
area for improvement in the maintenance area for not identifying and correcting boric acid
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accumulation on pumps and valves. The November 1999 INPO Evaluation of DBNPS, noted
that in September 1998 the reactor coolant system pressure boundary was degraded because
of boric acid corrosion of the pressurizer spray valve (refer also to Section 3.3._ of the
report), as well as nine other valves that were discovered with boric acid corrosion.

These evaluations did not result in the integration of the symptoms and potential indicators of
the VHP nozzle leaks. For example, the November 28, 2001, interim report of INPO's 2001
evaluation of DBNPS identified a strength in the radiological protection area involving radiation
dose control. One of the supporting examples pertained to the DBNPS radiation protection
servicemen setting up and operating the hot water pressure washer in a non-radiological control
area, which allowed them to identify and correct several problems with the operation of the unit
prior to its use inside the containment. INPO concluded that this contributed greatly to the CAC
cleaning being completed with no delays or problems, which resulted in a savings of about 100
millirem over previous cleaning methods. There was no assessment in the report regarding
why the CACs required cleaning in the first place (i.e., chronic RCS leakage). There was no
discussion regarding the past use of a kerosene burner (i.e., open flames) inside the
containment to heat the water for the power washer. Additionally, there was no discussion that
this activity, which was a work-around caused by the active RCS leak, was one of the highest
dose jobs during 2001. The task force considered the results of the these assessments to be
lacking, in that apparent weaknesses in the licensee's boric acid corrosion control program and
RCS leakage detection/correction were not highlighted.

The task force attempted to determine if the vendor that conducted the RPV head inspection at
DBNPS (Framatome) tracked plant conditions for comparison. The task force did not find this
to be a priority with the vendor. The task force considers the experience and information
available to the vendor by virtue of assessing a number of plants to be a valuable resource that
the industry should exploit. Licensees should develop a mechanism to tap this information to
contrast the condition of their facility with those found throughout the industry.

VHP Cracking Model and Other VHPs - The VHP crack susceptibility model predicted that
cracking at DBNPS would begin in 2003. [Ask Ed to confirm] NRC staff interviewed by the
task force discussed the range of uncertainties involved in the model. Some staff thought that
additional testing was needed to improve the model over the full range of existing plant
conditions. Given the operating experience contained in the French data on VHP cracking
indications, the task force questioned the basis of the model. The task force concluded that
industry should direct resources toward providing an improved experimental basis for crack
susceptibility modeling.

The task group review found examples of other RCS penetrations (see section 3.1 for
examples) that are susceptible to corrosion similar to RPV penetrations. For example
pressurizer heater, lower RPV head, and thermo-well penetrations have or could (by virtue of
composition, construction, and operating environment) exhibit cracking and leakage. The task
force concluded that efforts should focus on assessing other alloy 600 nozzles for susceptibility
to leakage.

3.4.3.2 Recommendations

3.4.3.2.1 Recommendations for NRC
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NRC should work with industry to develop guidance for voluntary initiatives such as
testing to more fully understand boric acid corrosion effects. NRR should take steps to
review guidelines in industry topical reports (see Recommendations in Section 3.3.7). A
possible step would be to assign NRC technical project managers to evaluate industry
tests and review the widely distributed guidelines for adequacy and suitability.

3.4.3.1.2 Recommendations for Industry

* Industry should review and revise existing guidance related to boric acid corrosion
control and RPV head penetration inspection and repair to better support licensee
decision making involving these issues.

* Industry should utilize plant condition information gained by vendor organization
conducting inspection and repair activities at multiple plants.

* Industry should review the approaches used by licensees to consider economic factors
involved with RPV head penetration inspection and repair. This might include
conducting representative cost/benefit analyses of RPV head inspections that would
include factors for dose, cost, and time involved.

* Industry groups should improve dissemination of information to members and hold
members accountable for following guidance/recommendations. For example, one
mechanism that would aid dissemination is for licensee staff to regularly attend Owner's
Group meetings related to RPV degradation and inspection.

* The industry should conduct further testing and analysis to develop a more reliable
crack model and should assess the susceptibility of other RCS components fabricated
from Alloy 600.

17
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Appendix A: Consolidated Recommendations

No. Recommendation Report Action
Reference Org.
(Section)

[621 Consider providing an integrated listing of studies or major documents containing 3.1.1
significant operating experience to ensure that this body of knowledge and expenence
isn't lost.

[81J Consider providing an integrated listing and assessment of issued generic 3.1.1
communications including an assessment of their effectiveness

[124 Consider studying the unique vulnerabilities of B&W plants with respect to nozzle 3 1.1
1 cracking and bonc acid corrosion.
[27] Consider performing a study to analyze bonc acid corrosion of different materials under 3 1.1

___ varying temperatures and conditions
[521 Consider the need for long-term analysis of operational expenence by a single group 3 1.1 _

[PI Consider the need for the NRC to review industry guidance documents 3 1.2
1221 Consider a penodic review of the status of genenc communications. 3 1.2
113] Consider changes to MD 6 4, MD 8 5, and LIC-503 to coordinate office functions and 3.1.2

provide appropriate training
1611 Consider providing training on significant operational experience 31 2
[461 Assess the need to enhance the use of foreign operating expenence 31 2
ml Enhance the dissemination of foreign expenence. 3 1 2
781 Update the intemational expenence database onginally kept by AEOD. 3 1.2

f109 Assess whether or not lessons leamed have been learned or not 3 1.2
110] Consider the need to venfy that corrective actions have been implemented to address 3.1.3

______ past significant genenc communications and genenc issues.
[111 Consider establishing a process for verification of licensee and agency actions to address 3.1.3

genenc communications Consider also the need to verify the effectiveness of licensee
and agency corrective actions to address generic communication

[301 Assess the overall scope and process for reviewing operational experience 3.1.3
[16. Consider the need to consolidate the genenc communication program (LIC-503) and the 3 1.3
121 generic Issues program (MD 6 4)
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Establish a central operating expenence screening group to identify issues for Genenc 3.1 4
Issues Program based on US and foreign experience
Evaluate/revise guidance for proposed generic communications 3 1 4
Determine if screening cntena for candidate genenc issues are acceptable. 3 1 4
Assess consolidation of generic communicabons process and the Generic Issue Program 3 1 4

__ _ (GIP). _ _ _

Ensure that genenc requirements or guidance are not eliminated or undermined when 3 1 4
making canges to regulatory processes (e.g .deleting inspection procedures)
Update MD 8 5, MD 6 4, and NRR Office Instruction LIC 503, 'Genenc Communications 3 1 4
Affecting Nuclear Reactor Licensees.'
Enhance cntena for Bonc Acid Corrosion Control (BACC) programs 3 1 4

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ I _ _ _ I .

I4F44

-4 F 4 4-

-4 F 4 4-

-4 F 4 -I--

- 4 I

I4F44
-4 F 4 4-

-4 F I

- 4 I

F 4 4-

F 4 4-

-F 4 4-



IJoelle Starefos - Apendix A.wpd Page 4

_ I _I I_



I _ _

[ Joelle Starefos - Appendix B.wrpd Page 1 1
I Joelle Starefos - ApDendix B.wpd Page 'I j�

APPENDIX B - LIST OF ACRONYMS

The following acronyms were used in this report:

AEOD Office for Analysis and Evaluation of Operational Data
AIT Augmented Inspection Team
ANO Arkansas Nuclear One
ASME American Society of Mechanical Engineers
B&W Babcock & Wilcox
BAC Boric Acid Corrosion
CAC Containment Air Cooler
CRD Control Rod Drive
CRDM Control Rod Drive Mechanism
B&WOG Babcock & Wilcox Owners Group
DBNPS Davis-Besse Nuclear Power Station
EPRI Electric Power Research Institute
FENOC First Energy Nuclear Operating Company
IMC Inspection Manual Chapter
IPSN The French Nuclear Regulatory Authority of France
ITS Improved Technical Specifications
LAR License Amendment Request
LWR Light Water Reactors
MCEB Materials and Chemical Engineering Branch
NEI Nuclear Energy Institute
NMAC Nuclear Maintenance Application Center
NUMARC Nuclear Management & Resource Council
ONS Oconee Nuclear Station
Pi Performance Indicators
PPR Plant Performance Review
PWR Pressurized Water Reactor
PWSCC Primary Water Stress Corrosion Cracking
RCS Reactor Coolant System
RFM Request for Modification
ROP Reactor Oversight Process
RPV Reactor Pressure Vessel
SDP Significance Determination Process
SER Safety Evaluation Report
TRM Technical Requirements Manual
TS Technical Specifications
VHP Vessel Head Penetration
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APPENDIX C - LIST OF DOCUMENTS REVIEWED

Joe:

* IP2 Lessons-Learned Task Group Report

* STP Lessons-Learned Report
* Millstone/Haddem Neck Lessons-Learned and/or Task Action

* Industry guidance document for managing NRC commitments

* NRR Office Instructions for code relief requests, exemptions, amendment requests, etc.

* Copy of November 19, 1993 NRC letter

* NUMARC 93-01, Section 9.3.1

* NUREG referenced in AIT report
* NRR Operating Instructions LIC-1 00, LIC-101, LIC-403, LIC-500

* NUREG 1801, Generic Aging Lessons Learned (GALL) Report, April 2001

* FENOC letter to NRC dated November 15, 2000, Commitment Change Summary

Report
* NEI 99-04, "Guidelines for Managing NRC Commitment Changes," COM-204,

"Interfacing with Owners Groups, Vendors and NEI," License Amendment 234

* License Amendment 180
* NRC letter to FirstEnergy, "Generic Letter 97-01, "Degradation of CRDM/CEDM Nozzle

and other Vessel Closure Head Penetrations": Review of the Responses for the

Davis-Bese Nuclear Power Station, Unit 1," November 29, 1999
* Memorandum from the Division of Engineering to the Division of Licensing, dated June

14, 1999.
* Memorandum from the Division of Engineering to Inspection and Licensing Program

Branch, April 29, 1991
* NRC letter to the licensee dated February 8, 1990

* GL 97-01 closeout letter dated November 29, 1999

* Memorandum from the Division of Engineering to the Division of Licensing Project

Management, dated June 14, 1999

* NRC inspection reports 98005 and 98007

* FENOC RAI response (Jan 14,1999)
* Memorandum from the Division of Engineering to Inspection and Licensing Program

Branch, April 29, 1991

* final version of Inspection Procedure 62001 issued on August 1, 1991,

Memo from Richardson to Russell (dated December 12, 1991



Ig Joll Sarefo s-Appendix Cwpd Page 2 I,
Joelle Starefos - Appendix C.wpd Page 2t1

* Mar. 24, 1992, memo from Wiggins to Richardson and Nov. 30, 1993, Taylor to

Commission

ED
* Information Notice 2002-11: "Recent Experience with Degradation of Reactor Pressure

Vessel Head," March 12, 2002 [ADAMS Accession No. ML020700556]

* Bulletin 2001-01: "Circumferential Cracking of Reactor Pressure Vessel Head

Penetration Nozzles," August 3, 2001 [ADAMS Accession No ML012080284]

* Information Notice 2001-05, 'Through-Wall Circumferential Cracking of Reactor

Pressure Vessel Head Control Rod Drive Mechanism Penetration Nozzles at Oconee

Nuclear Station, Unit 3," April30, 2001 [ADAMS Accession No. ML011160588]

* Generic Letter 97-01, "Degradation of Control Rod Drive Mechanism Nozzle and Other

Vessel Closure Head Penetrations," April 1, 1997.

* Information Notice 96-11, "Ingress of Demineralizer Resins Increases Potential for

Stress Corrosion Cracking of Control Rod Drive Mechanism Penetrations," February 14,

1996. Information Notice 86-108, Supplement 3, "Degradation of Reactor Coolant

System Pressure Boundary Resulting from Boric Acid Corrosion," January 5, 1995.

* NUREG/CR-6245, "Assessment of Pressurized Water Reactor Control Rod Drive

Mechanism Nozzle Cracking," October 1994.

* Information Notice 94-63, "Boric Acid Corrosion of Charging Pump Casing Caused by

Cladding Cracks," August 30, 1994.
* Information Notice 90-10, "Primary Water Stress Corrosion Cracking of INCONEL 600,"

February 23, 1990.
* Generic Letter 88-05, "Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary

Components in PWR Plants," March 17, 1988.

* Information Notice 86-108, Supplement 2, "Degradation of Reactor Coolant System

Pressure Boundary Resulting from Boric Acid Corrosion," November 19, 1987.

* Information Notice 86-108, Supplement 1, "Degradation of Reactor Coolant System

Pressure Boundary Resulting from Boric Acid Corrosion," April 20, 1987.

* Information Notice 86-108, "Degradation of Reactor Coolant System Pressure Boundary

Resulting from Boric Acid Corrosion," December 29, 1986.

* Bulletin 82-02, "Degradation of Threaded Fasteners in the Reactor Coolant Pressure

Boundary of PWR Plants," June 2, 1982.

* Information Notice 82-06, "Failure of Steam Generator Primary Side Manway Closure
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Studs," March 12, 1982.

* Information Notice 80-27, "Degradation of Reactor Coolant Pump Studs," June 11,

1980.
* FENOC Root Cause Report, 2002
* EPRI Boric Acid Corrosion Control Handbook, 1995

* WCAP-1 3565, Rev. 1, "Alloy 600 Reactor Vessel Head Adaptor Tube Cracking Safety

Evaluation, February, 1993 (Proprietary).
* CEN-607, "Safety Evaluation of Potential for and consequences of Reactor Vessel Head

Penetration Alloy 600 ID-initiated Penetration Cracking, May 1993.

* BAW-1 01 9P, "Safety Evaluation for B&W-Design Reactor Vessel Head Control Rod

Drive Mechanism Nozzle Cracking, May, 1993.
* NRC Safety Evaluation, "Alloy 600 Control Rod Drive Mechanism (CRDM)/Control

Element Drive Mechanism (CEDM) Pressurized Water Reactor Vessel Head

Penetration Cracking," November 19, 1993.
* Letter from Alex Marion (NEI) to Brian Sheron (NRC) transmitting industry white paper

entitled, "Alloy 600 RPV Head Penetration Primary water Stress Corrosion Cracking,"

March 5, 1996.

Tom
* The NRC Internal Foreign Trip Report dated November 15, 1991.

* NUREG/CR-6245 "Assessment of Pressurized Water Reactor Control Rod Drive

Mechanism Nozzle Cracking", October 1994.
* Proceedings of International Symposium on Plant Aging and Life Predictions of

Corrodible Structures on May 15-18 1995: Status of Alloy600 Components Degradation
By PWSCC in France: Incentives and Limitations of Life Predictions as Viewed by a

Nuclear Safety Body.
* Generic letter 88-05, "Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary

Components In PWR plants," issued in March 1988.
* The EPRI "Boric Acid Corrosion (BAC) Guide Book," issued in April 1995.
* The EPRI "Boric Acid Corrosion (BAC) Guide Book," Revision 1, November 2001.
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APPENDIX D - PERSONNEL CONTACTED

NRC PERSONNEL CONTACTED:
R. William Borchardt, Associate Director For Inspection, NRR

Stewart Bailey, Engineer, Mechanical & Civil Engineering Branch, NRR

S. Singh Bajwa, Director, Project Directorate 111, NRR

Richard Barrett, Director, Division of Engineering, NRR

Bill Bateman, Branch Chief, Materials & Chemical Engineering Branch, NRR

Bill Beckner, Chief, Operation Reactor Improvements, NRR
Steve Bloom, Project Manager, Materials & Chemical Engineering Branch, NRR

James Clifford, Section Chief, Project Directorate 1-2, NRR

Michael Cullingford, Special Assistant to NRR Office Director, NRR

Gary M. Holohan, Director, Division of Systems Safety and Analysis, NRR

Jon Hopkins, Senior Project Manager Clinton, Project Directorate Ill, NRR

Ken Karwoski, Senior Level Advisor, Mechanical & Civil Engineer Branch, NRR

Jerry Klingler, Senior Reactor Operations Engineer, Inspection Program Branch, NRR
P. T. Kuo, Chief, Program Director, License Renewal and Environmental Impacts, NRR

Andrea Lee, Senior Materials Engineer, Mechanical & Civil Engineer Branch, NRR

Steven Long, Sr. Reliability and Risk Analyst, Probabilistic Safety Assessment Branch, NRR

Ledyard (Tad) Marsh, Deputy Director of Licensing Project Management, NRR

Dave Matthews, Director of Regulatory Improvement Programs, NRR

Jim Medoff, Materials Engineer, Mechanical & Civil Engineer Branch, NRR
Anthony Mendiola, Section Chief, Project Directorate 111-2NRR
Leonard Olshan, Senior Project Manager, Project Directorate 11, NRR
Douglas Pickett, Senior Project Manager Davis-Besse, Project Directorate Ill, NRR

William Reckley, Senior Project Manager, Project Directorate IV-1, NRR

Stephen Sands, Project Manager for Perry, Project Directorate III, NRR

Brian Sheron, Associate Director for Project Licensing & Technical Analysis, NRR

Girija Shukla, Project Manager, Project Directorate IV, NRR
Ram Subbaratnam, Project Manager, Project Directorate 11-2, NRR
Keith Wichman, Staff Consultant, Materials & Chemical Engineering Branch, NRR

Jacob Zimmerman, Technical Assistant, Division of Licensing Project Management, NRR

John Zwolinski, Director of Licensing Project Management, NRR
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Henry Bailey, Writer of the IN 86-108 documents, Coordination Section, Division of Incident

Response Operation, NSIR

Robert J. Stransky, Emergency Response Coordinator, Coordination Section, Division of

Incident Response Operation, NSIR

Richard H. Wessman, Director of Incident Response Operations, NSIR

Laura Gerke, Congressional Affairs Officer, OCA

Dave Nelson, Senior Enforcement Specialist, OE

Lawrence Chandler, Associate General Counsel for Hearings, Enforcement, and

Administration, OGC
James Lieberman, Special Counsel, Assistant General Counsel for Rulemaking and

Fuel Cycle OGC
Giovanna Longdo, Senior Attorney, Materials Litigation and Enforcement, OGC

Guy P. Caputo, Office Director, 01

Joseph G. Bodensteiner, Senior Special Agent, OIG

Veronica 0. Bucci, Senior Special Agent, OIG
James M. Coady, Senior Special Agent, OIG
George A. Mulley, Jr., Senior Level Assistant for Investigative Operations, OIG

Richard A. Scenna, Team Leader, OIG

Steven J. Spring, Special Agent, OIG
David A. Timm, Special Agent, OIG

Gene Carpenter, Senor Research Engineer, Program Management, Policy

Development & Analysis Staff, RES
William Cullen, Senior Materials Engineer, Materials Engineering Branch, RES

Jim Davis, Senior Materials Engineer, Materials Engineering Branch, RES
Faroutg Eltawila, Director, Division of Systems Analysis and Regulatory Effectiveness, RES

Ron Emrit, Senior Reactor Systems Engineer, Regulatory Effectiveness Assessment

and Human Factors Branch, RES
John V. Kauffman, Senior Reactors Systems Engineer, Regulatory Effectiveness
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Assessment and Human Factors Branch, RES

George Lanik, Senior Engineer, Regulatory Effectiveness Assessment and Human
Factors Branch, RES

Mike Mayfield, Director, Division of Engineering Technology, RES

Scott Newberry, Director, Division of Risk Analysis and Applications, RES

Wally Norris, Mechancial Engineer, Materials Engineering Branch, RES

Jack Strosnider, Deputy Director, RES

Ashok Thadani, Office Director, RES

Harold Vandermolen, Senior Reactor Systems Engineer, Regulatory Effectiveness

Assessment and Human Factors Branch, RES

Spiros Droggitis, STP

Paul H. Lohaus, Office Director, STP

A. Randolph Blough, Division Director, Division of Reactor Projects, RI

Fred Bower, Resident Inspector, Salem, RI

David Lew, Branch Chief, Division of Reactor Safety, RI
Ray Lorson, Senior Resident Inspector, Salem, RI

Tony McMurtray, Senior Resident Inspector, Peach Bottom, RI
John Rogge, Branch Chief, Division of Reactor Projects, RI

Wayne Schmidt, Senior Reactor Engineer, Division of Reactor Safety, RI

Katherine Green-Bates, former DRS Reactor Inspector, RU

James Caldwell, Deputy Regional Administrator, Rill

Steve Campbell, Fermi Senior Resident Inspector, Division of Reactor Projects, RilI
Roy Caniano, Deputy Director, Division of Reactor Safety, RilI
H. Brent Clayton, ACES Director, Enforcement and Investigation Coordination Staff, RilI

Laura Collins, Project Engineer, Division of Reactor Projects, Rill
Marc Dapas, Deputy Division Director, Division of Nuclear Materials Safety, RilI

James E. Dyer, Regional Administrator, Rill

Ron Gardner, Branch Chief and Davis-Besse AIT Team Leader, Division of Reactor

Safety, Rill
Jim Gavula, Inspector, AIT Team Member, Division of Reactor Safety, Rill
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Geoff Grant, Division Director, Division of Reactor Projects, Rill

Jack Grobe, Chairman, Davis-Besse Restart Oversight Panel, RilI

Mel Holmberg, Inspector, AIT Team Member, Division of Reactor Safety, Rill

Don Jones, Inspector, Division of Reactor Safety, Rill
Tom Kozak, Team Leader, Technical Support Services, Division of Reactor Projects, Rill

Roger Lanksbury, Branch Chief, Division of Reactor Projects, Rill

Christine Lipa, Branch Chief, Division of Reactor Projects, RilI

Patrick Louden, Senior Resident Inspector, Clinton, Division of Reactor Projects, RilI

Patricia Lougheed, Senior Reactor Inspector, Division of Reactor Safety, RIIII

Richard C. Paul, Director, Field Office, Office of Investigation, Region Ill

Steve Reynolds, Deputy Division Director, Division of Reactor Projects, RilI

Doug Simpkins, DB Resident Inspector, Division of Reactor Projects, Rill

Scott Thomas, Davis-Besse Senior Resident Inspector, Division of Reactor Projects, Rill

Tom Tongue, Project Engineer, Division of Reactor Projects, RilI

Joseph Ulie, Sr. Special Agent, Office of Investigation, Region III

Al Walker, Reactor Inspector, PI&R Team Member, Division of Reactor Safety, RilI
Keith Walton, Former Davis-Besse Resident Inspector, Division of Reactor Safety, RilI
Kevin Zellers, Davis-Besse Senior Resident Inspector, RilI

Ken Brockman, Director, RIV

Ellis Merschoff, Regional Administrator, RIV

FIRST ENERGY NUCLEAR OPERATING COMPANY:
Bill Babinsk, Root Cause Team Member
Howard Bergendahl, Site Vice President,
Ed Chimanusky, Former Reactor Coolant Systems Engineer

George Chung, Systems Engineer

Bob Coad, Former Operations Manager
Scott Coakley, Work Management, Staff Nuclear Advisor (Acting)

John Cunnings, Supervisor Mechanical Systems
Dave Eshelman, Manager of plant engineer
Dave Geisen, (Ex-Manager Design Basis Engineering) Nuclear Engineering, Staff

Nuclear Engineer
Prasoon Goyal, Design Engineering
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Dave Gudger, Manager of Learning Organization
Dan Haley, Mechanical Systems, Staff Nuclear Engineer

Craig Hengge, Plant Engineer

John Johnson, Learning Organization, Senior Engineer

Larry Keller, Assistant Operations Supervisor

Art Lewis, Operations Shift Manager
Dave Lockwood, (Ex-Manager Regulatory Affairs) Instant Senior Reactor Operator

Steve Lohlein, Management Root Cause team leader
Peter Mainhardt, SW System Engineer

Glenn McIntyre, Supervisor Design Joint Engineering Team

Mark McLaughlin, Project Manager for NRC Bulletin BU2001-01

John Messina, Director, Work Management

Dale Miller, Regulatory Compliance Supervisor

Steve Moffitt, Director of Technical Services
Walt Molpus, Boric Acid Control
Lew Myers, Chief Operating Officer

John Otermat, Systems Engineer

Bob Pell, Former Operations Manager

Joe Rogers, Manager Plant Engineer

Randy Rossomme, Nuclear Quality Auditor

Bob Saunders, Chief Nuclear Officer

Andrew Simanzko, Reactor Coolant System Engineer

Henry Stevens, Manager Nuclear Quality Assessment
Mike Stevens, Maintenance Manger
Frank Swanger, (Ex-Manager Nuclear Engineering) Contractor Mechanical Systems

OTHER:
Ian Barnes, NRC Consultant

Rod Cook, Regulatory Compliance Contractor
Guy Campbell, Ex-Davis-Besse VP Nuclear
Jean-Pierre Clausner, David Emo, Philip Shakea, French Regulators

Christine King, MRP/EPRI
Alex Marion, Director of Engineering, NEI
Larry Matthews, MRP/EPRI
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Bracy Means, Reactor Coolant System Engineer, ANO-1

Carol O'Claire, State of Ohio, Emergency Management Agency

John Selva, Operations Shift Manager (ANO-1), former Chairman B&WOG
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ABBREVIATIONS
ANO-1 - Arkansas Nuclear-1

B&WOG - Babcock & Wilcox Owners Group

EPRI - Electric Power Research Institute

IPSN - The French Nuclear Regulatory Authority of France

NEI - Nuclear Energy Institute

NSIR - Nuclear Security and Incidence Response

NRR - Office of Nuclear Reactor Regulations

OCA - Office of Congressional Affairs

OE - Office of Enforcement

OGC - Office of the General Counsel

01 - Office of Investigation

OIG - Office of the Inspector General

RES - Office of Nuclear Regulatory Research

STP - Office of State and Tribal Programs
RI - Region I

RHI - Region II

RI11 - Region IlIl

RIV - Region IV
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Appendix E

Primary System Leakage and Boric Acid Corrosion
Operating Experience at U.S. Pressurized Water Reactors

(1986-2002)
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1. BACKGROUND INFORMATION

To determine whether Davis-Besse was an outlier with respect to boric acid leakage operating
experience, domestic and international operating experience was reviewed for the period 1986
through the first quarter of 2002. For the period of interest, 73 Pressurized Water Reactors
(PWRs) were included in the sample. NRC generic communications relevant to boric acid
issues that were issued since 1980, were also reviewed to determine what guidance was
provided to the industry, and whether or not this guidance was utilized by Davis-Besse Nuclear
Power Station (DBNPS).

2. DOMESTIC BORIC ACID LEAKAGE OPERATING EXPERIENCE

A review of operating experience relevant to boric acid leakage and corrosion in PWRs was
accomplished for the period 1986 through the first quarter of 2002. This information was
entered in a database which was then sorted to determine any trends and patterns. Licensee
Event Reports (LERs) were the basic source of boric acid leakage events. Two additional
events were added to the database because they involved boric acid leakage and reactor
pressure vessel (RPV) head wastage, but were not recorded in a licensee event report (LER).
Each operating experience document may have discussed more than one component, system,
or was applicable to more than one unit. Besides listing the component that was affected by
the boric acid leak, other information was sorted by Nuclear Steam System Supplier (NSSS)
designer, design type, plant operating age, number of operating years at the time of the event
report, and year of occurrence.

2.1 Numerous Boric Acid Leakage and Corrosion Events Have Been Documented

Figure 1, "Reported Areas Involving Boric Acid Leakage (1986-2002)," lists the component
experiencing a boric acid leak, or was affected by a boric acid leak. As seen by the figure, the
most prominent events involving boric acid leakage included 15 documents relating to control
rod drive mechanism (CRDM) leaks, 13 documents relating to reactor coolant system (RCS)
nozzle leaks, nine documents relating to pressurizer (PZR) instrumentation nozzle leaks, seven
RCS valve leaks, seven RCS instrumentation leaks, and seven pressurizer (PZR) heater sleeve
leaks. Other less prominent events include four documents relating to corrosion of the steel
containment vessel, four events relating to RCS nozzle leaks, three events involving wastage of
the RPV head, three events involving wastage of the pressurizer.

2
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PZ9 INSTA NOZZLE LEAK

Figure 1. Reported Areas Involving Boric Acid Leakage (1986-2002)
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2.2 Number of Operating Years Prior to Discovery of a Boric Acid Event Is Random When
Considering All Components

Figure 2, "Number of Operating Years Prior to Event Occurrence," displays an even distribution
of boric acid leakage events Figure 2 lists the plants that have reported a boric acid leak and
the number of years of operation to the time that the leak was discovered When taken as a
group, it appears equally likely to have a boric acid leak after only a few years of operation, as it
does after a long period of operation. In general, however, smaller components take longer to
develop a leak than do the larger components. This observation is evident in subsequent
figures.
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Figure 2. Number of Operating Years Prior to Event Occurrence
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2.3 Babcock and Wilcox and Combustion Engineering Plants Are Highly Susceptible to
Boric Acid Leakage and Corrosion

As shown in Figure 3, "Percent of NSSS Design Manufacturers Reporting Boric Acid Leakage"
Babcock and Wilcox (B&W) and Combustion Engineering (CE) plants appear to be highly
susceptible to boric acid leakage and corrosion. One hundred percent of B&W plants have
reported boric acid related problems Given the high incidence rate of boric acid leakage
problems at B&W plants, DBNPS should have been alerted and taken appropriate corrective
actions. Combustion Engineering plants were broken up into the older CE plant design (12
units total) and the newer CE80 design (3 units total) to see if any differences were noted. As
shown in the figure, 100 percent of the older CE plants reported boric acid leakage problems,
while 67 percent of the CE80 design (two of three units) reported boric acid leakage problems.
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Figure 3. Percent of NSSS Design Manufacturers Reporting Boric Acid Leakage

2.4 Westinghouse designed plants are less susceptible to boric acid leakage than other
PWRs

Figure 3 also shows that the Westinghouse plants were less susceptible to boric acid leakage
problems than were other PWR designs. Within the Westinghouse group, there were large
differences in operating experience. The older Westinghouse two-loop plants (W2LOOP) faired
the best at 17 percent (6 plants total) reporting boric acid leakage problems, while the four loop
ice condenser version (W4LIC) faired the worst at 56 percent (9 plants total). The
Westinghouse three-loop plant (W3L) had 46 percent (13 plants total) reporting boric acid
leakage problems and the Westinghouse four-loop plant (W4L) had 26 percent (23 plants total)
reporting boric acid leakage problems.

2.5 Control Rod Drive Mechanism Leakage Is Dominated by B&W Plants

As shown by Figure 4, "Control Rod Drive Mechanism Leakage," B&W designed plants
dominate control rod drive mechanism (CRDM) leakage. There were 15 documents relating to
CRDM leakage of which 9 occurred at B&W plants. When considering that B&W plants make
up less than 10 percent of the plants within the sample of 73 PWRs, the B&W plants are greatly
over-represented. Figure 4 shows the component that had leaked, the specific facility
experiencing the leakage, the design type of the plant, and the number of years of operation
prior to the event being discovered. The types of boric acid leakage events include CRDM
nozzles (dominant failure), spare CRDM canopies, CRDM seal housings, and a CRDM tube
housing.

Combustion Engineering is appropriately represented given that CE plants represent
approximately 20 percent of the PWR sample of 73, and approximately 20 percent of the
CRDM event reports (3 of 15 reports).
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Figure 4. Control Rod Drive Mechanism Leakage
2.6 Extensive Control Rod Drive Mechanism Nozzle Cracking and Leakage at B&W plants
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Table 1, "CRDM Penetration Cracking Experience at B&W plants," provides information on the
crack location on the RPV head, crack type, extent of non-destructive examination (NDE) other
than cursory visuals on the CRDMs, number of operating years prior to the event report, and
the event date. DBNPS management had ample operating experience from other B&W plants
from which to make an informed decision about the potential for CRDM cracking and its impact
on its plant. As shown in Table 1, B&W plants have had 6 percent of their CRDM penetrations
develop through wall cracks, 100 percent of B&W plants have had axial CRDM penetration
cracks, and 86 percent of B&W plants have experienced circumferential cracking in at least one
CRDM penetration. In addition, DBNPS was aware that all of the other operating B&W plants
had experienced axial and/or circumferential CRDM penetration cracking and through wall leaks
during the time period that DBNPS was requesting an extension to their operating period from
December 31, 2001 to March 2002. DBNPS subsequently discovered through wall CRDM
penetration leaks in February 2002 that may have existed since 1996.

Figure 5, "Control Rod Drive Mechanism Penetration Cracking Timeline for B&W Plants,"
presents a graphical representation of CRDM penetration cracking for all B&W plants. As
shown in the figure, DBNPS was the last B&W plant to report cracking However, had the boric
acid crystal buildup that was identified during the 1996 refueling outage, the 1998 outage and
the 2000 outage that was allowed to accumulate been removed, DBNPS may have been
determined that CRDM penetration cracking had occurred long before February 2002. Ample
B&W operating experience was available for DBNPS to conclude that a whole (RPV) head
inspection was necessary to determine if cracking was evident, but instead made the decision
to continue to operate without performing the penetration inspections.

WW

12 1 2 3 4 6 6 7 a 9 to 11 12 t 2 s
2000 1 '2001 2002 1

EVENT REPORT DATE
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Figure 5. Control Rod Drive Mechanism Penetration Cracking Timeline for B&W Plants
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Table 1. Control Rod Dnve Mechanism Penetration Cracking Experience at B&W plants

CRDM CRDMs TOTA OC01 OC03 AN01 OC02 CRY3 TMII OC03 DB PERCENT (%) OF
ROW' PER ROW L TOTAL WITH

CRACKS
1 7 1 14% of Row 1 had cracks

2 8 56 2 2 1 3 14% of Row 2 had cracks
3 16 112 1 2 1 1 1 6% of Row 3 had cracks
4 20 140 2 1 1 1 4 3 9% of Row 4 had cracks
5 24 168 3 3 2 1 5% of Row 5 had cracks

THRU 1 9 1 4 1 3 5 3 6% of CRDMs have
WALL expenenced thru wall

CRACK cracks

AXIAL YES YES YES YES YES YES YES YES 100% have had axial
CRACK cracks

CIRC NO YES YES YES YES YES YES YES 86% have had
CRACK circumferential cracks

100% NO NO NO NO NO YES YES YES 43% of the unis had 100%
INSP NDE (other than visual)

OPER 27 27 17 27 24 27 27 24
YEARS
PRIOR

TO
EVENT _ _ _ _ _

EVENT 1214/00 2118/01 3/26/01 4/28101 10101101 10112/01 11112101 2/27102
DATE _

Row I includes CRDM #1; Row 2 Includes CRDMs #2-9; Row 3 includes CRDMs #10-25; Row 4 includes CRDMs #26-45; Row 5
includes CRDMs #46-69.

2 7 Components Having the Most Prevalent Boric Acid Leakage Issues

Operating expenence was reviewed to determine the average number of operating years pnor to discovery. The operating time to
leak discovery was determined by comparing the event date with the date that an operating licensee for the plant was obtained from
the NRC. Figure 6, "Average Number of Operational Years Prior to Leakage Event for Selected Components," provides several
Insights to five of the most prevalent leakage areas, CRDM nozzle leakage (15 reports), RCS instrumentation nozzles (13 reports),
pressunzer Instrumentation nozzles (9 reports), pressurizer heater sleeves (7 reports), and RCS instrumentation (7 reports) Most

10
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reports contained multiple occurrences of leakage. These events and the operational
experience to be gained were available to DBNPS. The licensee for DBNPS relied substantially
on industry susceptibility models to postpone VHP nozzle inspections. As shown from the
operational experience data, DBNPS was within the average operating time period to expect
CRDM penetration cracking and leakage. The industry average operating time for CRDM
penetration leakage is 21.6 years. The operating time period for DBNPS'discovery of leakage
was 24 years, which exceeded the average time period.
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Figure 6. Average Number of Operational Years Prior to Leakage Event for Selected
Components
2.8 Reactor Pressure Vessel Metal Wastage Events Caused by Boric Acid Corrosion

Figure 7, "Reactor Pressure Vessel Head Base Metal Wastage Events," shows those plants
which have experienced corrosion (beyond surface metal corrosion). The figure also shows the
operating years prior to event occurrence. The Turkey Point 4 event in March 1987 was the
major reason for issuing IN 86-108 Supplement 1 in April 1987, and the Salem 2 event in
August 1987 was the major reason for issuing IN 86-108, Supplement 2 in November 1987.
Both of these events and their lessons learned from 1987 should have been an indicator to
DBNPS that RPV wastage from boric acid accumulation was possible, and should have been
included in their Boric Acid Corrosion Control (BACC) program. Information gained through
interviews of engineers and managers at DBNPS (also the NRC), indicated that a mind set had
developed that boric acid corrosion on the RPV head was not a credible event because of its
elevated temperature.

12
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Figure 7. Reactor Pressure Vessel Head Base Metal Wastage Events
2.9 Pressurizer Vessel Wastage Events Caused by Boric Acid Corrosion

Figure 8, "Pressurizer Vessel Base Metal Wastage Events," shows those plants which have
experienced corrosion (beyond surface metal corrosion). The figure also shows the number of
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operating years prior to event occurrence. These events and their lessons learned in
conjunction with RPV wastage events do indicate that boric acid corrosion of high temperature
components is possible, and should be assessed.
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Figure 8. Pressurizer Vessel Base Metal Wastage Events
2.10 Reactor Coolant System Nozzle Leakage Operational Experience

Miscellaneous RCS nozzle leakage has occurred in varied locations. Figure 9, "Reactor
Coolant System Nozzle Leakage Events," shows that the larger nozzles take longer to develop
leakage. The figure would also show that no one Nuclear Steam System Supplier (NSSS)
vendor dominates. Repetitive leakage from similar components is not evident.

15
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Figure 9. Reactor Coolant System Nozzle Leakage Events

2.11 Westinghouse Plants Dominate Reactor Coolant System Instrumentation Leakage
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Although RCS instrumentation leakage has occurred at B&W and CE designed plants,
Westinghouse plants dominated with five out of seven recorded events. Once again, the
recorded events do not show indications of repetitive failures of similar components Two of the
events occurred on Westinghouse three loop plants, while three events occurred on
Westinghouse four loop plants. See Figure 10, "Reactor Coolant System Instrumentation
Leakage" for a brief description of the event and the number of years of operation prior to each
event Of note, is that five of the seven events occurred after 15 to 20 years of operation.
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Figure 10. Reactor Coolant System Instrumentation Leakage

2.12 Combustion Engineering Plants dominate Pressurizer Instrumentation Nozzle Leakage

As shown in Figure 11, "Pressurizer Instrumentation Nozzle Leakage," CE plants dominate the
recorded events. Seven of nine pressurizer instrumentation nozzle leakage events occurred at
CE plants. Most of the events involved pressurizer level instrumentation. Most (5 of 8) of the
pressurizer instrumentation events occurred between 11 and 14 years of operation.

2.13 Combustion Engineering Plants Accounted for All Reported Pressurizer Heater Sleeve
Leakages

Figure 12, "Pressurizer Heater Sleeve Leakage," shows a dominance by CE plants with 100
percent (7 of 7) of the events. The event occurring at Calvert Cliffs 2 was extensive, involving
28 of 120 leaking sleeves. Leaking boric acid from the Calvert Cliffs event also resulted in
corrosion damage to the carbon steel base metal of the pressurizer. Other events involving
pressurizer heater sleeves were less severe and involved one or two sleeves

18
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Figure 11. 'Pressurizer Instrumentation Nozzle Leakage
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Figure 12. Pressurizer Heater Sleeve Leakage
2.14 Combustion Engineering Dominates Reactor Coolant System Instrumentation Nozzle

Leakage
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As shown in Figure 13, "Reactor Coolant System Instrumentation Nozzle Leakage Events," CE
dominates with 10 of 13 events. In addition, most of the events involved more than one leaking
nozzle. The review also shows that most of the events involved hot leg nozzles. Nine of the 13
instrumentation nozzles occurred between 11 and 16 years of operation. Most of the nozzle
cracking was attributed to primary water stress corrosion cracking (PWSCC).
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Figure 13 Reactor Coolant System Instrumentation Nozzle Leakage Events

3.0 OPERATIONAL EXPERIENCE INFORMATION AND GUIDANCE PRESENTED
THROUGH THE NRC GENERIC COMMUNICATION SYSTEM

Seventeen NRC Generic Communication documents have been issued (including supplements)
by the NRC involving boric acid leakage or corrosion caused by boric acid deposits from 1980
through the first quarter of 2002. All of these documents (Information Notices, Bulletins, and
Generic Letters) were issued to provide information to the industry and the public concerning
recent events of interest. Some of the NRC generic communication documents (bulletins and
generic letters) may have also requested that the addressees provide the NRC with requested
information regarding plant specific conditions at their facilities, the existence (or non-existence)
of certain programs, corrective action implementation status, and inspection status and
findings. Many of the issued generic communications have alerted DBNPS and the industry to
conditions that ultimately resulted in the severe corrosion of the RPV head at DBNPS over the
last few years, and eventually discovered in February 2002.

3.1 An Abundance of NRC Generic Communications Involving Boric Acid Leakage or Boric
Acid Corrosion Was Available

Sufficient information was issued by the NRC to alert licensees and the NRC to the potential for
boric acid corrosion of carbon steel components. Numerous events have occurred since the
early 1980s involving primary coolant leakage in PWRs. The primary system leaks occurred
because of component failures involving material wastage by boric acid, or through stress
corrosion cracking of materials and then subsequent material corrosion by boric acid. Some of
these events formed the basis for NRC generic communications.

Table 2, "NRC Generic Communications Involving Boric Acid Leakage and Corrosion Issued
from 1980 Through the First Quarter of 2002," provides critical operating experience
information relevant to boric acid leakage and corrosion. The information was provided or was
available to DBNPS, however, DBNPS failed to take action and learn from their own past
experiences or operating experience of other nuclear facilities. Similarly, since the NRC had
issued many generic communications (INs, bulletins, and generic letters) concerning boric acid
leakage and corrosion, and had also issued studies on CRDM nozzle cracking, primary system
leakage, and boric acid corrosion, there was also failure of the NRC to adequately integrate its
own information, and to use that operating experience information in the decision making
process.

3.1.1 NRC Does Not Require an Assessment of Generic Communication Implementation by
Licensees for Bulletins, Generic Letters, or Information Notices.

(1) Followup inspections and assessments performed by the NRC for bulletins and generic
letters involving VHP nozzle cracking, boric acid leakage, and boric acid corrosion include
the following:
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* Generic Letter 88-05 (boric acid corrosion). There was no followup inspection.

* Generic Letter 97-01 (degradation of VHP nozzles). There was a followup inspection for
but it consisted of a programmatic audit of 10 facilities.

* There was a temporary instruction for Bulletin 2001-01 (RPV head degradation and
reactor coolant pressure boundary integrity) but it did not address boric acid corrosion
issues

(2) The most likely course of action for the NRC to take in verifying licensee action in
response to a bulletin or generic letter would be through the issuance of a temporary
instruction (TI). The TI is generally issued to allow the NRC regions to perform
information gathering inspections, and is generally performed on a sampling basis. The
current and previous NRR procedures for closeout of a bulletin or generic letter provide
similar instruction.

* For NRC Bulletins and Generic Letters, NRC Inspection Manual Chapter (MC) 0720,
"NRC Generic Communications" states that,

The lead technical contact or the appropriate project manager will
evaluate each addressee response for timeliness, completeness, and
technical adequacy... The regions need not review the responses unless
the staff issues a temporary instruction pertaining to the bulletin or
generic letter... If the staff finds a reply to be inadequate, the lead
technical contact or the appropriate project manager will prepare a
request for additional information to be transmitted to the addressee by
the appropriate project manager... After reviewing all of the bulletin or
generic letter responses, and applicable safety evaluation reports,
inspection reports, and regional summaries, the lead technical contact or
the NRR lead project manager will compile the results and publish an
internal memorandum to provide the status of each facility, the
outstanding items that require additional actions, the persons responsible
to perform these actions, and recommendations for additional actions by
other NRC offices. The review may also be documented in a
NUREG-type report.

* NRR Office Instruction LIC-503, "Generic Communication Affecting Nuclear Reactor
Licensees," states that:

The lead technical contact or the appropriate project manager will
evaluate, with the help of a consultant or technical staff, as appropriate,
each addressee response for timeliness, completeness, and technical
adequacy. (In some cases, the staff will issue special evaluation
instructions that may require establishing evaluation teams composed of
personnel from the regions or headquarter or both The staff will identify
such cases in a temporary instruction pertaining to the bulletin or generic
letter.) ... The regions need not review the responses unless the staff
issues a temporary instruction pertaining to the bulletin or generic letter...
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If the staff finds a reply to a bulletin or generic letter to be inadequate, the
lead technical contact or the appropriate project manager will prepare a
request for additional information to be transmitted to the addressee by
the appropriate project manager... A temporary instruction (TI) is a
temporary inspection procedure that, for example, may be used by NRR
staff to obtain the support of NRC regional offices in verifying licensee
responses to a generic communication (bulletin or generic letter), for the
purpose of closing out the generic communication An assessment of the
need for a TI should be made at the time authorization is sought to
prepare the generic communication.

* Information Notices do not request information or require action. LIC-503 states that.

An information notice is primarily used to inform the nuclear industry of recently-identified,
significant operating experience that may have generic applicability. Licensees are expected to
review the information for applicability to their facilities or operations and consider actions, as
appropriate, to avoid similar problems. An information notice may not convey or imply new
requirements or new interpretations, and may not request information or action.

Table 2. NRC Generic Communications Involving Boric Acid Leakage and Corrosion Issued
from 1980 Through the First Quarter of 2002

Generic Title Issue Abstract Licensee Requ 3sts
Corn Date
IN 80-27 Degradation 6/1t1S0 Coirosion damage to a nunter of closure studs in to of the tour Byron Jackson None required

of Reactor RCPs at Fort Calhoun (FTC) Cause of the wastage is thought to be corrosive
Coolant attack by hot bonc acid from the pnrnery coolant The condition of the studs
Pump Studs discovered at FTC raises concerns that such severe corrosion, If undetected, could

led to stud failures %ohidc could result in loss of integrity of the reactor coolant
pressur boundary The ack of effecbveness of current UTs in revealing wastage
*niphasszestheneedtbrsupplemental vsualInspecbonsanduseofnstrumented
leak detection systems to preclude unacceptable stud degradation going
undetected LUcensees should consider that the potenbal for undetected wastage
of carbon stel bolting bya simlar mchanism could eCost In other corronents
such as vaves

IN 82-06 Failure of1 312182 Al Maine Yankee. 6 of 20 mrrnwy closure studs failed an another S wvre found by None required
Steam UTto be Crocked Bonc aid from a small eak vias the cause Reforence was
Generator nudetosimlareventsatCalvert lifs. FTC Oconee andANO-1
Prmary Sde
Manway

Closure

24



t a.<r i : _ I .. le -

I joelle StareTos - ADpendix Ewpd Pnna 975 1
r~~ '7 i '=,l

L 82-02 Ileerdare lm2 Ra Ir FTC and bat. IaNo. Deng p-er Ir I/ 60 27 ?nd 246 Deap a apnr Prnee b ead ebr pr
af Thradd Add. lisbaate brant roy prnb a entcen -n/e At p roae

ana nh Ir n/eataandntoe(eq tWA 2, VT Vr i)appeer be lieerly 2 Treadda ererade /dedftd8l-oth. 8r.b/n n
IN Rede ridb daded eatebr rtewDaen tnaederga oppeed cretnpM pde onrnnanca01 bernNd daad andrh d par
Ce/ad and nry qr,,N M.Mbcn omO and/ d farty et li erepenant S trer IWA2210 .nd WA 2220 f ASM E Cde Sdbn ) bn b.r beg rud
Freest. wna- In Wrder.e tardted n/lama.setliaded-rmenenerBoundr1 et is dadtN toe belted e-r. eil. RPC S lis ban arparined teakega pettdaty
eun Plry baa boaenbDatebg ewes-ned due.rg li ens raced plant eP q/eag eycb DsotbDe

l-8d /e reed. and d/ne Dhdn alernralie hb/n Iilb.akapg
e attibtWtd tepee/Wrt ho era . dange es/ed/nra

3h Idti te der, a a .ay wIena nerd end lpadnd
aa.d hrtoa We a B. ted and PW .Preet en p perene emhi lIa

ateeter//a ted Id~dlnoendsepdhupwldiidhn

4 A wier Nreyd r Ie R.a/eetter I thnt 60 daa tnnInDg Vi. -rridt eti Ir Nda
M." MAW Adee earn 2e petinnrwd (4a) A Saaeen tat Adeu earn I be been

ecttlee (dobr tDD-pctte etliadr~prdn apedarcA? neearbnr aaerrree arnqumd aAce le

2- ( _-Iap tarta eF t ponn HPI lieb taded banana qd UbyAdc
te2 we depredatIon -e e a ten ae ptha De a Stenra ea adld

Idarbcabe art. eBendee and DltnDe Ittn tednst were endne 8- I/t eel remove 8nr
et -It ebdd de An w dli repe n atd e b etsld lntrnaen

FnS A rierrPrte lie Re/ys etin eanRd day beit aaetitt bailr/c Th repemnt 8b Bd

CS8-o Daredatn 122/d /draterele t evenndqint c/ea tbtee Oerdlet ectereeorn ettent el eareple

I tN N Paa l n5pM" t r-ead. r . Vlhd apTh. n. 8 Dob er W 1 III Al/mI * 1ed
Ceo/a d R. wodaa eIt. adreM n en.1 en/ M Oer., Ona e C--ed

FTa arn teg p/pa (opn~ rerrevata of/adt/ eaaadPC tea ate//eg rilceea

Pae tctebeet sr n /aThe etede-appreetay lld Rh
B-whay deepbly ennee bee been hnrdte be adn dhmree t. a

Rawte wnc t M aneegtrun ebriale welled Rb aetl t eceedy retn tcU
Freemrbc roltbh weee wit Soyl and te e itDrenl te era Seat. endemn ftanBr

Add MO ee W relea 8 e e I 81 dePpr y.eaP., 8 nrrtodSee/a 8ed.b
Crp dI pend brd ded 8. te t enae Ice qDliy Seah

II-been betedreader errlent/radnca e ta a Said Peale
IN SIA-oo Degodte 4r20? deXlw/S luta P A -end r-r be 500 SetNI-8 ae eryvr vet IN n eqaa

Sl-PP/r I etpeadIr IRV td TRersearge art ebttM lela 8 bad /s ue t

CoeterS ectegk *dc/ Itot.he~D ~ need red SW dP ddtrtr fiat evne n e ? leertVad

IIend Ss ne.R AN.-n.hobfetoddtnreerrde
Itasre.IRV bea en ee Ti nd e ra g. eeeIrd .i bttd
Bnedary eta rep/y need. errle Sea eneqnert and Re/ac age/n demen/d t.t
RewIlire a erwa tea/ts -wv near Pt -- fterdeese "/g bet. beer MO
Free Bori atstci wt be ard e.-arIt bevrregme atdc en te. -er enee/.
AMid On 3/1 3/87 Wa.tgtnte . ki ssS tenererp/te a-aei-eri add

CeteeeeWerealneete aaterque" bd patk.-as erd rpentd tat1 U.

Sec arNeratcd htlgt -etea.. re.. Be bert MO Weted -eta.c lbc RV
_____ __________ _ be d be a l e C t / e i c e n u a e e e e d e al a n e e a e_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25



I'I Joelle Staretos - Appendix E.wpd Paae 26 1

IN556-108 Dg dase M 1 I941 Tw en s en. prand Her qrrd
Soppbmnlo 2 .e Reader Fret htde Vt S.Wr 2 en /7/87 hopdaen har .e~erd eedahnlrnt

Cooln bWo gn b lok hr nesdol - a ab b rat wed s onl bh Vh. hooas d
Sy/ar Wdloadey hr co lra o r a ntw s d b aors . d wn Bode add
Pernesn I 0786 5 en ,b hed er. sre kr h be enedeto onn g W neodmn br. readr
B dhry ed ama Thw o e I n o d son. rs eewng and B rais od
Baoohrmg dbnnerd a mresod et b ett sod ne/do, at err. edee e ra rh e a er eato hwed
Fran Sode A poWe e nOy-oceteu d beete add yftls 3 atM byS eta by I hot lgh htd
d dcId a ono te Ot Br basd s*d a Poetw ic n retbe c oand ery ls had ee-lad
Core /err emnnrl zee lets 0ud ad cledd I bo 2 hanl op her co cIan d ear sr

. hong cr-e ettec lok s I.e _rereoupI. hn nl n pwotaW
hobos Nmoo oor e n P oe h r te o h. ad see hoed Tba p o.s t a hn ib

nd ol onh tsndfi. d lo4 W 6 bS r t. s d.eP

Wh" sle ne-prglb ep n a aeM d o t nt. 01 San O e*. 2 ice 83th?
p P.dlr aaa en. a rt (d t.s cree vere ed by 9cn ced) d acareely

onpd IB.D gate Vt reader dad I bFe ornobNd W.abgro
rp ertd t b oe dd -000*00 Ie . - greotcthrnhet a t ot e . ate

It B tO Dag d ton O15 5 Fneenb t Owe deotnal e eree ene aad Ne-tw n N onq td
Supplnr4ed 3 .e RBcsr Cohr CUO I CZ") *d TM1 (37M4) hr 2/4 Calvd Ott I (CCI) hed

Co n fres no en n Ireo - are h on t g ha -b dnat on nd d by orte s.d
ty wn .aleretopi g In a last D t-g a ad d t e tr e U lb an sncr n
P _ e bcea hr ,nntbc fttoga er *lc ornsbdd byb sae.e bnb n
toadry
RBrt Mng On. /7/4 sod d , 51 0%I peewn DVII -I ryg lte net l1
Freer toe p n _t pty tee by Ugh n a b at od * en te hat s n ly
AId Wortard h.3 gpm Vrar tub c em l h ad CCIV t ot teeTN
C erm ns r conneren at. temePr Ih e ak gp -. acayrat los hr tW X and slotod hb deter

GL O86-0 B.or Ad t7l Ta p n to nnoore aN ur - stad plod s ae se (I) Dstae- e prnovpal o rnsns a a Brat- anaborean - elb ab TS In co
Ceneaoo S 3e.irerantA e-OC I 30 and Stl p s dhA Sn on rd ted tboed dgade n sheV. ptrey pr a e otry by bed dd o o e 2)c besh
Cor See l 1dd a keo en b r sdd syte. blrd by cpo-tt n l -lear PIo te habbeg pn dtas hr lo ai ng - 11 eo nIb loks (3) .bbbh mt4 tFchbr o ndedetg d. rdabeB
Rader n r o d eenodlhea cbrcnepna o k T.GLe/ and petreirg nrtg 1eotu cnr shale olo d ad (4) oo a dore.l
Pr n Tey Pt 4 So/r, b o. O-t. 2 ANO-I snd FTC lb. GLo a l Lt2i 2 . pnad nurraevelyyoeto e n e ar eq sd an/ar deleedata
SB ra ay ad rqe Wtg be k -ras S. hr a ay/ " a t pegto blo torong r1e ette GL
C n bd pr y -oelNd hobogk s snd be p r hleneo o lra teboeg 000
h PWR ce a od s e daneg e Be r/s de y h the L t CL
Rant n-qurs 4 dect s 1I Owe bern by ar_ n

It 90-t0 Pnnrry 2rZ1M0 A d -aalo bp ete"reIpre rlated h PWSCC ka-rat SOD BtOs hM er rqeod
Wtstr Se nd h p-n., MMta rl c sd hr nnnre e Men nn
C qe one de nt O PWR plods Dodeg te. I 900 r.eFusng edegte at CC2
Cneddhg na/d sco nra s adade l sbog hr 20 pre~oooet ta-lon pereta ea tro I
(t30500( el ote bovnl pree oun lap Irrnalu rtr ne l L oakag. as edbolo d b ytIe.
acr esn ao prcr or e IR Ioded acdd e ytals mal hectr Scone ad beo kus otodat

r a e set rnnds st hoerndel 0 0 h/n sd Owner soeo reapeetoety urpplbd
byteICO di ht l n ed rerls r trade toem hec d e nq hl 7 On itilttd a
n il hat as. t on ed en 55/4 he dbot Ol r ear epp sr p rasa ete r hoot loc rred

nP e *5 n r ep etd dbtCotocer eot SO Iwrego ma e t/r eon l PW OCC
hr hrorete tOO bec irsn de ua ec dd hr r rrm t ap es. hwu rt tea
t ta hrP CC hrhonPest 2 s ad so d nbohed tewy O
p -ed l s s ci t W sla M A V at t, ed 60 apyr e hr t o
p~ ryoelnd pnwnt adr an d e e eW o lr b np pblm d an

*uam nd hco GS3 n

26



t Joelle Starefos - ApDendix E.wDd Page 27 P

11143 SoBn- d 68301.4 Aelr- r-r.... 4p0rO.I 4.. .44k40.1 d" O 1 0 .0ff N . W4d

Co oon Cl 0n r oymevrmo vl ad b4vnddNg V tohmb So-'
Chlfng tl-ddng S...0. d0.g. .141e V. 04 .1.4 WV 01 tgh h..d
Plm

4 
Co.g .. lf rb1d-pump1tN.1t hbA. -I Thr de1400 1000.d hv u1004000gh

Cw.d by U.M.W. M.01 Bvddh2g I . p.urp t. .- otd -- W. fhvk by 4 WMr1
Cddhg odd .nl Th. vnr.0n bhd p00.4.td bt ,.01,10060401250heh 0ol
Cldk. .*4Wd. orlo ef. pumpt125 W.I. " by0 1 0h1. by 05h0.h.

IN Kll 1n_ 00 k l 44.ISIb Allo -dol.0ar.0.ol1do.9 rnvnrn 1,g PWR 4 N .q4d

RnSf. .0.61. A4 lwM- Th. NRC d.11*04d f lb V. 0.1.y Oigdli.44 oth.

C0 no, 01 .01-v kw4 10. . CRD20 p.W.tW. ftl ebo hoed ete P1.
C.hg*1 f p4ta.,r3) ..nNRC.dlonp1... 1. d 4.hb n d PWSCClt. U
C01.4 Rd 04 pl1 The NRC 04d 40 N4010r W044-M nl.4d R- Couna1 (NED
OWe .. Acr d.y e 1 M.obe. h - .,ppkb4.1 4.4.
41.1d.m PWR. E. h-v04nng01.0b.idhdh50 ft1 - -r on.bdeld
Pftnbi. F ryl9C30 P00bhNEr1.4NRC .14.CRM- ddSI. I.att

Ig93 44. NEI 004 1. 4 NRC pnpoeed epl4 nr.1o1.f lo-

0or11gmup4.1111.00bO Eu1,p -n .. 4 n0.44.h NRC .0d0dd Ihrl
NR 0.0.igh plOb1.yI 4401CR24 p0.41b0-.I US p4.04rrn10040
0.fmtW,, 0 v v00d by PW5CC h.1"4 .4.11114w .. PW15CC 010

u1. hpel b .. b 0d v v hkh _n pp.. ry kgf htd by high olrl.I
boot."oor 4.4.0.100040441141 14041714.1 np.0.4.010010.4 n_
om0.00001 lonv ddg 04o20.10.nlndnw p4..0101104..00141

27



I,- - --- -,- - -
i Joelle Starefos - ADoendix E.wpd Paae 28 a

NOOtOCO 000 LOS taO. 000400500000.500 lit to tootto 0)00 poogom 00 OOMtflR - RogotOItg tto900000 odjoet,.
Ca 974$

Rod DOtt-

Notes .ttd
ot.. Voost

Cb- H .d
FsnoV.1*-

htdhno of 0FWR tort rod brtt soanm ond ott, wenooni ebaln hood
p vnoho noooord f2) tnqdn hto s s ddrovoo prood to Nt. NRC. ottoe
nopono0 o b t F onquo lvo Rh ontoton -R.0nnbt h 01008, tooko Ito, Noon
npoutd to ol Aoy SDO poouo Innld ot. I t1lh doroebc v0

en nn voooo. Routnott ditool NOSS5 ndo . t 1080 PWSCC . Rn
a g to _no too voo doin no- .d h A" lOC po to No.-
o p-fttoboo Oto doMooe b--y 7Tb NRC ft dtltd tt to

000. 0540 -oo e of " t " 'tv R n oo b uo to s . b - .to Isoot
hM d to. gI . t t o r o I o t rolou-lo s d on oo to5 y hl t Row tolob n
t th h w . 'ugtot ) ond ototdtogly _n Idoik h ptopsgao *or hr
Th.oo. bd -o. o I nI... tod tot ny oddog w old malt i dotod blo
tookgo ond tIlo * ppot to b o ottd o inn Roto . pot bohto Wod
toW boopoon ond JoponoooedJ lsboovoo bbno otpo No dotod *nd mlS-I-t to
P WS 0C C d bm o g 008 to d 0 t o too ak o o ot o t oaty b og o E wo pc on o rd
Joponn. tu lo th . pod ot O o CRDS t to so ffid topoond to
ta obrto ooo to ..0 Rood. 00pp 1 ohjpon to then Iroot
cos op to tao o Rood. or. b-ln9 N dp od m noo ro ht rn ncl won hoard to
to o-oo oftoM Noodo o Fntro El- ro b do Prn o (ECF) NC plntt on
rpioktg t11 - Ioa hood. 000 pronodto. n o Ror blo h d otor on
ft.. osoo Rho do fto g ot ritr. og y t o o h. o o d ot Fto- h ood
SWdLO ph tt totb 000 d doto nb d bokogo 000 NRC dol ostdudod to~t VH

p otoohot n erood ng d ooo tat pooo on Itst.0ot 00 tnao totti to ty1 0 0taomt Alsn993NRonhWiwb- W YMNROh .essl-1w h.1

T1)1409 U3 ANR C of lt . t ot N to to tono d t40400 totE tooroo tr ottn gt od t o t r w e N hI O dN ? a o otd o oh rdoo w o too uog db o- o n y vo t o ott
.e u o n g ob o on o s of c o d o o o t - r . to b a go d o t od t o to O tt f d to t o R o od
sin. Tho Vdoff b N oo t t Rh pttedod br RUlSARC (NEtrob tanod r t
Otylm orto so n a o o en oo ookgosod otodlon lrtfodbhrdb tol o n a g b ob

dotg pbont oW rlon n .3150 NEI odttd oe. pop.. onW d WAor 0o9
RPV Rood Pont -o PIo rhl StM. Cotroko C don g ae, th oo d ho
olgtl no- s PWSCC to PWR VH ponet.to o ond dso- .o ho. to OA y ht
otaog to 1o. Th. prg.n out d to to NEI pop i. bt-od - to
o. _ o P .n t t t ~ t o o R N p o o l 0 0 0 0 tol s t o o. s ai ( ty N ote . 00
do btoo on cont d n tod to ho nood by PVR .... t o kato
ptnoh t oto 14VH ponstoon dbnotplg o p.dl ot stbnoog, nt tok duhg 0

I t A d alot to Oh p d Wonoo C DS tat. ond Vtt. r VtH po. nh p nth d bo to

1 .2 0 0 pl y a N oon d o v olo p od to p ot o w t t od h d t o C R D I 5 n o et 0 0 8 S ho r 00
P nn oono 0) pt..lO to sd do tot b to. *nd tw u rd hft. nd oroc ot CR05 - .
00 otCR t pH F Woo Moo ktedu g ton el Rots herels u, b to peodo t p .
bro to C OD S rooe s 008 stth r tH ponohoaron 0409 51 0 todudoro to tosi n ou tb ret
p0Nolnhon0 food ho vr m y ro ho opn d) " notlh h..oh-ono W.o-.. s
tO Opanrt d o08 S t ftoo no of oD t orp nol ottn
I t '' peo.n h.. W8 Nonn do.oopod b p dOoly h*od to. CRDM nooto *nd o VH

p. .. do o ttoode bon prold y to 0. . tot oppo ot I dod s n. to on
0 I8.40M 40 4 1 2 sr 1.3 obto o N pbm oo ot p10 .4 . doo tpon fo t totovont d o. ond/o

b b 004d to do.op end toboot 008 ende g-to h nas. to . thodo .08 dota uod to
n.d to tos t l to plot m d.h t kd W . MIs o n Iols sod Ro ot.- ool
oW -tn Ot c to np l bkty oootu o on Aloo Ron t or otobd O oy o prog t to
b hg Wd on pnrod 5 d44sd dsttpdwo sflts ptgnm
2 P rovh.o.de S oootoytoom oodln o oor sodbltododh N95 t totkows

o.- d1 hto atn ffEPRI PWR4 P .yWotor Chon.- ty Gtdo.nos ro ndrono -o b.
po oy "r . wt oto tools dudkg to hlbong t osabn
2 0 W.t to Odnloto etn rdo . or mW4 d bNd7
22 t`ots.. to d-ob o toor,.. Rd ot ro?

I D -ooo to fo . O RCS -Wo, oiry Todot l Spoo) 
t

no bellos to EPR0 gidoblRoo
to 4 Idt " 00y RCS ct rof y -o nons tat .eood to p Ad o. nht. W.o trots tort.
tolo "g Z .0sultt hdbrd -soor foneo * ygn t 0 tMn r
205 d by ory 00rdL ty oooro ns Sod. ny ho 0 otronso toh o n o Ptoldo

Idn cnne - e- d Wooo. h e sod ny h odup s
0.0 0 Otn 30 doys
2 6 P nd on o - n o t 1 potontl t tbo sy 01 to_ hhoo..ont .. i IS ol.. tiont
henrn h ot. p.ohty br IoCA bs VH ponbotls on .n. y o d plan W hdos

d P-d -c
IN SCOtO S Ttrl- t-W o '0 Et1 Aoo lf - loo 1 to o "dt sdos d o g-ro s ottoslm c des lo Rono t d

Chumlondl St. ot e od d n. md m. ptoot tantodsod ndnot W Ott
ot Cndok *f St 0n0 Nuaor Sto-hn U9 3 Th. d&nor tos end t . dI #d CRDN
Roodot votes-n cblo - M. 00 to 050 t .% hod dn Rob Ihtoe t-r hdesIbn
P o . Th.. snobs 1 o sdt r oo- d pt snt e od -n _ooy 160 dogm s to
V.-l Mood WN.nOt Rod cooo ttFo 00d00n 5 - PWSCC Th-lo taes ro oohu by
Codo ls 0d -8sokot t ot NoN -to AO d g O no r l- o d hlto 1 oe. o od
Dt. p-t.on 008 ton V- osod b _ n r oom b pny. he. (70 d.goo F
So btlo orotloote) Tb. C ODS tatoob won bd-rkbdd o08 ton po ntotnty _Iodod to
P on oIt o ns to oer. Rood 0 0 9 162-sod moSo 7h- roc Id b b nos ot otorIFOod

ooztso ot obaado.. S e on t g OttWo. C OD SA vote R St O snon 2 n _ *s con o nt *bod
Costs. 0 pot l ly ln t lo-d s nd on to*tg s1 do-ost PWR0 Fun tt t
Nttbst oho rt CRDMb Woss g - -r1u o Okotyho r rroto g v on of
Sb.o Unil ~ ky.r"nrog- 1-o tpomIybl oft" I-hdoNbd pnmry
3 wort rot NoIP otm .ol.noWd h o n g send. gnm rtT.. ho C t0- .3

odhtg vin n oto 0 S notteta f to nolgt lpwn PWR RPV Rood o.
(og 9 o o t v dor-Os- o noo o o mooh ov rn tto pno lntronos ho en r -at of
Nooo oo oko fvlrotta oorontootoos ott CDS ttto) .08 o

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ nm h P o n o olo tlsl R O E ttt o t d o b od b sso t o t t 0 0 0 1 0 0 8 0 4 s n b r_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

28



I - ." -- . - ' - - -. - - -. - - -

Joelle Starefos - Appendix E.wpd Page 291

BL 2001-Ct
.1 Caddrg 1
Rl4400
P-oov0
V.- H..d
P .0.9400
W..%.

tWo1 T r p ap. .91 r o om Wtc boq to s~o M .d d p9p04 r1 t-nat d0090
to 00 t1od 0 "O~lty ott. r t.doo p - .n -I h..d P.0.1- tn .000
Abt rod0 t.s9ngo5 " U. . Al VHP n00b W n. An
0*h0 to t h b0.. IbV. b dbt .tho - .9t4 p0 VW h0.. boon
.0td .0 0pp001.b to tA.Ir plk M k oty W U o V 040. b o.- Wt n

M do fo o t i,0000 - Ato .to & A 0 W A90 .. 9 50 94 OOm mUO 01
0ppacb0. b gAttSy qW.-m, .04 ndqa*. tO.) s oddn.. p-W4. W to.

NRC.- M.to n *0900 ThU BUclon ne 0 0 . 0tnnnb0 0d ddng
*. Al 00 O n 3 A .0 00 nl m--v-oo RPU V 9.d my h.u to b0
eb-rd t A pno Wtag. lb,.ne bbnttnst* W~ew -,Wpb IIar lp . 0 4 t Otto, OsA O O. d d g to t 0 9 0 0 ,0 0 0 9 0 0 0. 4.9 0 0 tnt e l e o o 000 t
p 000 9000 tto 0 Oad d* V -0. d op oolto .90 t b. d 1000 o-ol d to. . .,dO.00
d.polbtn tA..N.0,o - Th. .o.tdly rd.nO d CROM 0000b dvgr d0tot
pr 0, W010.0.1 b .. g. gn 49. ot ppn0 W nho A CL
97-t1 t)Co.4ngO9A a082 -00 dnot. b0b00Id.4dCRDM..o b.

J- wo o 0 tot 09 0 0 t ontt T rU 0 0 0 0 0.0 1.0.0 0 4 0 01 n g -n d4 1 0
Ud vtO0 094.0004000000900000 0040100blo d only Pn0tho b o ae 0,00
PndlUow. 2) C,.ooAgt ANO I.1 ... n _m ng 0d0 g tro .do0py 0q0,0

4.4LyC. 97Ut1 -pfilbldy.o.L 3) Crcullll0n.0d.0ot CRDM

tho0010 tm 0001. osdo d .m m v4 -0 00 0 w tc i 10 . 4 bood b o 44.00Usd totP
plop 0 h t 1 0 o~o n g0 00 b g b m C r hooooot.90 p 000 40, p09.000 to b -940

eool,9 nl000 4,l 4) Cito-.t4.to0 1 Pn ldm toot e CR0I9 nprd 00 b, 10

0) crwmrnnt Ol nddng or CRDU W.Mdb4nbW by to pto. v n *'
-0000 0 A . 090040 dd0 d4p0

lhl. todoo h-.... V. nn d . , t noon ftbtlo "b. .0.0 .4 to d. d d o.
ptv-o ordbgr d.F on 4, CRD0 0,0. bobtbn rta-n A nye1.
-opo -d Ths 0Bdld GM0050 0Col b 4t 31 32) IDCFRWO.50
0d Apponb. U Cmt.. V M nd XVId Ih-l AMo tM b0 IPly dh.0d bO

R". - "h.-wg I ^edeI)prdobbydlggl
PWSCC W pt0l0Ily ind 4. d4.-eind4 hAppend9 .B b00 URP-44 P.0t2 tpott lb).

dlb, tJ, m 09,0 l o AM00n 0r0 n, U. MI-I -dn b0 1-.. VH pts -tntW0 O .4.. .
1I)Ad.Y.dpbp r ftR PY h.. Wdrbbob.. typ.W filM.b Id) .d...ipb. V U. VH

p.0,0 0, - Wtalt . W n d RPV h td hp d40 tOM A- qWt-eAto n 0qd0m 0nL .0 0
.- p* 400- pnid0) l0 ut h99 0 b 0n 0 p 0009d h, tl pd 4 y0 0 . W tnd Ih Ihdm 0 hdW. A
90enptan0 1 o.y 090 l- 0 n9 4 b.o0 oro0 90pW nhop. b qo rbiy *lb . 0 0 bl4
.rth.RPVM"Adhr-I.Q~bon 2 lwsbhsnnuyrndce

II4 bletmxadg MVH p.V. n.. blpnne'e . ftG-V 2.) .d-.Opft.r
h.0 0 d. 0 0 VH p-,)90 boono podod pnel0mg hd dig t .n-m 0r bc. m 100 0040

Ad 0 0o h... t- h n. Wn"W 2d.nbd tdsot n .dvh pp 90i-b r Mg00Wory
,AqWrMenl Ue) pb- Ir Mn np.,b- ( A-op. qulalnq."-n nlW
*ticpt-n OM~-) *nd th &.db 2d) ll,.s bl, -ldudin rh.1l. !,e d- bnfid h.
2. .1 .- m thzt gubhty nqdn . en " hd4birthh Wdl) If bhn.K
h 0 00 0 0 0 0 p i W p004 04 0 g9. 00 00 00 0 0 p 0 b nl2rlU0I p2 f010 a t .o W. 09
oon. d 0. bh 

9
l th . gv 0qry M ,0tt 004*00 0 0 0 0t 0 0) bO b. ol 0 8.l 00 0000h- A 9

P~btrm d 2d 02) Ifo h A h00 on, pi.. db 0009.W qodd.IWc b tn qbonnt1t VH
lp-b~bo t-rkb p.Oft V.., b- Wr P.ndWdn th r,. nqdbty nqhtbAd b
e.l - .d 3) N 1e ptkb4,y rddg fiwoA.rpWM W h5 EFFpY ONS3 -v- An
nq-4-.ld 0 p0000 t0 000 00. g 2b) P-n- bl t 00.a S 00.9 d Ih 0 h d.A4 4 b) b,0041
I., -0 0d4 0 0g gt dototy 9 0 lboo9.rO d h 3. .0 0 0 . -0 n r *I nt00 d0 q0. m0n900 w

_I kh U.bNp.f W-b-hebo 3bI)It T.. nAA- 1.pbonpi. Aohd
k.W.t .p0,400. b010 bn0 120 0UC prOdA4 obeW. A.,t dt d,0 g 0 f 090h 0

9g0 3 0 .0 9 1 tnldhg 0W t 0 b- WA l Adl 4 bn- p0rld 3b92) VAS 0.
tot p04 4 Indvb Wy -.n-1 h Abnv Nd4 0- t n g-o ht 0,io.n. Oht .9b
Ub.t hdedng A0000 e,0 n 194 0o 0 340(9g)9 o d0040 d 4 1 0 0 OU pbb 0 y
.rdhgbry..ph.,dhg,..hrelen5FPY.ndlvBun.30EFPY.IONS3 dr~e
104404 d b 9 p09900 0 1 9 0 00 0 4b ) p.2 - t U - 90.0000b o tot 000 1 4 b ) to .t to

q0.9i 0d 9090 0. 00 lM,04 AO t U. 4 0 n 0.u d .00 g 0 g0 p. 0 4 T.99 N W04 0 )0
wndkdrg th.1 t .7A.y nqdnmt db wr wnU, b. -t m l0b ~ ..bh

p 1nb d 4b0 Co .rdb- V.bt 0 1 1I b. bk.hN 0 0.00 ng 004000 009n Itp00
00000 1044lb 00090S) Aw 00.0000o .00.00ga b0.4.404 4tW 000 .o d.

0.0040400,000094 1 0t00 0eb OPPY 004000000030 EPPY 09C9 900.lb
P n d n w n. 0 4 0 1 9 4 0 0 0 0 0 00nq o0 00g0d0 0 0.d0 4 0 0.0 0 0 0 4 0 4 0)00r 0 0 0 0

0 4 * nd0n4 h 9 0 0 0 0 9 1 0 0 b 0 4 4 0 4 4 0 0 1 0 4 14 0 0 0 0 0 0 0 0 0 0 0 00h b t 0 4 0 4d 0 t 9 , 0 q bn n 0 4 0 0 0 b O
0,0044.00r000,0004090490440090000 40(9)49000090.10..04109400100410004tol
nqdr11nn4 01.409 00040.9009 00s .0.0000400.04.0044400. 90040090000100 to
0040t 0090 r Utt 090.0,000,0000.0000000400.

29



ll -Appendix E.wpda 301

N 2002-t R-s 311N22 T oion. ddrsasoad adng. from r cdoadsniassamool fromqooad
Ebrsr Ore roarp 1usd iDod8bos.bar PanStota Rasps
.dl poromloi gwsslonomws nu-ar-oan hbnnolban afrad boric add am Fs APVcfrod al
Dogsodabom Dan-Bass Vlil Uw~r-iln l~tshowe 5 sm nn lByf mlboic sdd
ofRoa, dapoW .srdasaRPVad(tdudngOprasoarCRDOM Is)
Pr.w Thb. kWbrdol dU. b .a bos Ot tO bode ad saldni on FI wad bosd
V.aI Head d-td o abop hr A.9 CRDU bongos Durg * rng ogs h 2000

Assoan.lou--hlosmdobihocl brlboocRrss~u Yllong.. ndhmonbs
Dooms iso RPt 1usd hisonarm Isms_ brapssto iosalod Us. CRDUJ ingos
Aim Artd-ssa sIssgs brdoddlgsos bngo Aol u p .. pmrlpo lokga pWAr

taltolessb r ffgbogss wom lrosrd by rplalr chsirrgoales tdsual
c p d boaI ItO RPV botd duwdg to 2DOl sislssO

ordog sialed so~n. nulolarroboricadd dosd wson to~ Abad ha
nobb. Ad V CRDU mnia lkesaga * Iskig. from to g.p bolssm to
nharasd AssRN seadi nsodslads The oasao Osstbod tortoboRN
boad ama -s :ea-ds ntIh -sorsas I.r to gris soa-t Posatoharms ~i'g nsairaloo dos. O lo s roaoraflze m Aroml e (ALb~dW)~ebssqaodng bi ab sp db-- At p-ass nssbby l Wns tALARA-

Derdodtrssd nbo nsssreoa slboq bstos na atto lSOi .wd 2000
Sapabot bpdo In 2001 IeJM d FOl tor s ma Aii bed saag
=ni.RPVh..dno*b. hwghmon.....fth.RPVh. d_-h
soosIoS bocauso 1f paiesN boic add d wp-lb mh. to t osae dd Wa dssm
boo.a ArALARA -s rdodssg to regla around man 3 Tho bsadmtes
U2DJ2 dd dd a-l amp l - V al.dpa slangs b-t se M.e RPOV
boad Honres bnn CRDU sofls bad sdoetln-e.ombg (kdabnlad by
s"rssort hdrig slto moogtbl tsa .lefsoutd rsn dt hsabahgo trmanto OPVlto
t"pOlIMt RPV h -d

AL 200201 Rs- 31ac .i2 TIa poso- 1 Mt bdisb M Wnqun PmR lesasoa Wa -fnt t)l~snlrnamar I Wlon lb Iday elto dale-d hl in bedsn P0 m tdsa l rnqutsd Us prn A
Prsson inshalod IatobgsyAt rolofttariarprsar wbwndar br~diobog rsdoope/un lolotrg A) a aarorayoltoeufw reda rssoar oI fred usspdoand msirdamnooi
Va~so Heed nasal 1sd sod toada Is Airedttlh apadlmsrbars boo orsanbsmenbsoash priograso ral fam boo ltntpbsnndsd x~s5, piosto B) ansesbualomelto afridy Alto
D.grsdter oppeal-I rgidaty sqdrNlMd *md (2) to bo. s hr orodtudrg thM plamh hraoon sod _ bam n pregms IU dismilp dgndwm-W Alto RPVAN d b Addog
sod aedas sbs1 epplbatto gulta tsq-dr Iarsd Usto soVW ragWrlWAt tor.Ulg pAN o sOthr lorrr sldegdam d, .has todgadaloAltO A. RPVsbo-d 0
CaaIrd Nsdo eoobd prsswn bOIttdeg sod 4Uuo hpuonsw1 ar-n ertontd De-Ba Cla dbed peom el sr eeodiot Idamblad (Oiol dspao h sd dsgWadaoo)
Pnoeo .orM- ul ppeI rmIngsslr, y qulai-tsh sod() par Us o t OM Whtt o so-d muao-maes prognls. dabd Us IA to, -eod h- bd
Ba .. ray to NRA Afy as mraWi Us pside to Uhroa otoy a sw oto dbgrd assdtorsdseanshlimb da sindltos D)ahdrU plase
bosgiry nsqstsd omrmplsndalss Aseapodp tg omssleosmomnls stond andbos h~tr Adrs mUsapoofroseto AlyPtfrad ad pestefrom sonio Thws SaM brtoa

* _asrm td Damlbs-goss A pt-l modal arms bordc add inylol Au otsotd toy h toodosn tttosdP) aepo teIqosmy qtsaldraitn rnLsasmamh and saapbssoa cdhslo
s s la s t AhRPVr t a tod d tap n. so .s..rslean. rsolw aod ) Qsdao sgardWg~fetotos a -niu, aosa Ouw rgdairy

sosoan tsl to. tedar -s -puntt*g Ibo om to-, FY brotFn stt RPV eqdirnord , arm samoty bsg mat lIto anakVobo a1s sat supped to uobisom Oal
bond a sm500 F duhg *p *nd dT bodet add urae rot-y tos Mae s a y rsbdorquradsmn b-frsg rmd dsoso pai. ho
eosos. Tfrsn -ang. -s tIoy spdd Us -o *om dit aloge-gos plbsdhroAd sila tman sopportswd to sooduoo Oul toso
. to. bodo ed sed Na U uUKn rh os nlrnto U.maWesafros RPV A nVooia eaut Out rsgii naler nqwy equmn alt bor mod road por bows br
bod bbs boicu212 P TIY_ m~~ atnd Damla-dOmb bfrrrg to qusafrsoto omadeidg tot as rgidalceyrqiirssmasda .11 earaos sboatcalO toit~ Imaadoms s
Nblabt01thlp of r Lrp pdonstbrd s dual. A pbsWdh h bhgr and podrr.d

ttotbsnt soouepmstybams" gomasoa sooirard tos aba Altod wodaltU pnesid 2 W~lnos Sdapsamo glad usohtebtirgb rto so Hapdie~r Atoy APoad Us bbntry
* p nts rdIa-bs apbdisa., b-onsr a p* anit * a ig r e1i43 sso ayp dsaon PWt eRddnssoas a rqutird U boaito tAR Nto blKsning
tJi- "sl bs to. Oome- 3 s n (rlt U.a bar anrm drssaal Uemotem A) Uss h bo sad p eo-p-d neotv. bschdeg to bam w ea sad mafr ir os

_r -sin brd at Deooo 3sh lea 2001) simIttnos sentoa slft Wdgam sldod e U) to rro e Wkm rand to mtn VAlto dSnodat
ensrg scpfamno r1 r adlan-s - Y... u Nnyr P.noD 3 3 Wlmtsuo0daps Ofttodai fltaboa alt arPWR ossnsau uqr Ud te
sero add rUibfp -ng 5boorI d sodWspairstsOdst rtsog NRCV.teMng ULbmst n lalad b Or rhm n a.der - p
hom boom n paWeb0 Ussnsltlmt to pnsnco Ale h0 Us tsom woothad bodasy Al to bos hr -duing tOt toW boric ad rapodail pngnm i pns
odifs UtoL dddng Wd.ata -soi aO- Alnor pesn oth fs to pbpldb ugydale nqun dld h

D~emand Loiar AuO sod thl busitinr Pa daoswsdend basicdoms rot add pocrds- yam pans
Vramp bt a nsmI onal upecsm.
G.rsto dael. to zda"ftal bui a PtVR sidIsoe b nqdndbt a sln
souonn s Fsy wt abbs Us prmido to hosemubtos sotyso n ro not tol rsonquertd
sosrossossdats Hrmetnsatim m.A tsocorn and to's asis Iriolto romlolt

30



I ._.,. _.- w___..__A_. _.__ __ .._ ,

I Joelle Starefos - Appendix E.wpd Page 31 1

IN 2002-13 erns.. 44.02 To itrl 00*sa - r ROcois Of RPV -oindaiy d.gndam "i-9tog Roro i.0,Wd
.cto.of 0 dq.Io .f1n Ot.RPv1WadntlhrutatlI Ittoatola4n.0uoldnd

O r gstc dot 005,0 .y- t WM-n W.k and eon..fltr at oo nd ad~ati.,n . tnl
Roads. Il0r tidrig Cro-hm d0 04.. oloanag Of botoo opoaltb gtatty
Pt. .. d Tha to.- td gt dpt .n..nd bo CAC I tobftd I
Voaal Haad otlltoe 00o0r Tho bconaso .0,004.0 rio Sotoation to dnhgn on Ott .00.
rOsgnditao oiohf Onnb Ron CACa ldo bio boilS dd dapooSo and to RIh apig OttrO boito

add rpob D ng Sth.2002-itpo r. 5. onbsdabtb .d o
td bit r CAC dodotO and pftawm A rw 1o- Iar CACs 01. rtabd ht

bonc ad0 da ~loo .With. Rfntaob.i.d IisuWt1 an RC- WIti
pipngS lsirlOandottttan.t40witatlahot Tha aotlot boaltint Stan
a.n04t ptiota and ianwy Xno*0e R'E diangd bt ott., aootnato apt..

k0.0.0. Mt Ma." 109, RE 11.n doggin *oo bIN~to ddpoa0

190,14.' M.A"tlbtVddto b-t at;atoM . an It_ tidnaittat
r909 add g V. Mown dapoaut. Ith Wo atad Dit n.end otn

odd I 00004 btl .W yIUtA-M ioo.ndaa Sina V. Iln.. bog..
Oltanging tha 11to9at 000Ot. _..h By tlo-tInb M19 Vn Roqany

3.2 Operating Expenence Events and Issuance of NRC Generic Communications

Figure 14, "Boric Acid Leakage and Corrosion Events Vs Relevant NRC Genenc Communication Documents,' shows that several
years elapsed (with relatively high numbers of pnmary system leakage or boric acid corrosion events) with no bonc acid leakage or
corrosiongenenccommunicationsbeingissued bythe NRC Forexample.dunngtheperiod 1989through 1994,two INswere
issued (IN 90-10 on PWSCC of Inconel 600, and IN 94-63 on bonc acd corrosion of a pump casing) In addition, during the period
1998-2000 there were numerous examples of RCS nozzle leaks with no genenc communication being issued
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Figure 14. Boric Acid Leakage and Corrosion Events VS. Relevant NRC Generic
Communication Documents

3.2.1 Boric Acid Leakage or Corrosion Events Reported from 1989 Through 1994 That Did
Not Result in a Generic Communication

McGuire Unit #1 (LER #36989020). On 7/27/89, abnormal degradation of the unit 2 steel
containment vessel (SCV) because of corrosion was discovered. The corrosion was caused by
standing water in the annulus area. The most significant corrosion occurred in areas where
boric acid deposits were also found. The boric acid deposits resulted from leaking
instrumentation connections. Similar degradation was found in unit 2.

Catawba Unit #1 (LER #41389020). On 9121/89, a preliminary visual inspection of the Catawba
Units I and 2 SCV exterior surfaces was performed. The observed corrosion was caused by
standing water in the annulus areas. The most significant corrosion occurred in areas where
boric acid deposits were also found.

Arkansas Nuclear Unit #1 (LER #31389043). On 12/8189, while removing the nut ring from
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beneath the reactor vessel nozzle flange at control rod drive mechanism (CRDM) location 1-2, it
was discovered that approximately 50% of one of the nut ring halves had corroded away and
that two of the four bolt holes in the corroded nut ring half were degraded to the point where
there was no bolt/thread engagement.

Millstone Unit #3 (LER#42389031) On November28, 1989, a loose nozzle ring set screw on
the 'C' pressurizer safety valve was found with steam discharging from the set screw location.
The nozzle ring, which is held in place by the set screw, is essential in assuring the valve pops
fully open. An inspection of the valve revealed that the set screw threads were corroded (by
boric acid) or steam cut.

Ft. Calhoun Unit #1 (LER #28592018). On March 20, 1992, severe corrosion of the carbon
steel fasteners on the boric acid pump flanges and piping supports was discovered The root
cause of this event was the original design of the flange connections did not anticipate
corrosion problems due to boric acid leakage at the system flange connections. The carbon
steel fasteners were covered with glued heat tracing and asbestos insulation, thus, sealing the
fasteners in a potentially high corrosive environment.

Waterford Unit #3 (LER #38292002). On March 25, 1992, an Unusual Event was declared due
to reactor coolant system leakage. The reactor was shut down and the source of the leakage
was subsequently determined to be the packing area of reactor coolant hot leg sample valve
RC-104. The packing gland studs on RC-104 failed due to boric acid corrosion.

Waterford Unit #3 (LER #38292006). On July 11, 1992, an Unusual Event was declared as a
result of reactor coolant system leakage. The reactor was shut down and the source of the
leakage determined to be the packing area of Reactor Coolant Hot Leg Sample Valve RC-1 04.
This event resulted from the failure of a temporary leak repair made to RC-1 04 after the valve's
packing gland studs failed due to boric acid corrosion on March 25, 1992.

Seabrook Unit #1 (LER #44392026). On July 14, 1992, it was discovered that three of the four
cover bolts on Chemical Volume Control System demineralizer 2A resin sluice discharge valve,
CS-V-93 had fractured. This bolting configuration caused the valve bonnet to loosen and
become cocked. It was discovered that two additional valves, CS-V-252 and CS-V-742, in
close proximity to CS-V-93 each had two fractured cover bolts. CS-V-93 and CS-V-252 are
safety related, ASME Class 3 valves, and CS-V-742 is a non-nuclear safety valve. The root
cause of the bolting failures was stress corrosion cracking. North Atlantic has replaced bolting
on a total of 158 Xomox Tufline plug valves which had Grade B6 Type 410 stainless cover
bolts.

Millstone Unit #3 (LER #42394012). On September 9,1994, a leak was discovered in 3/4-inch
socket weld on a 'C' RCS Loop Flow Instrumentation line. The weld was removed for analysis
during which liquid penetrant testing identified a circumferential crack approximately, 5/8-inch
long. Initial.metallurgical analysis indicated that the root cause of the socket weld failure was
most probably a weld defect, believed to result from a lack of fusion in the weld root.

Calvert Cliffs Unit #1 (LER #31794003). On February 16, 1994, boron deposits were noticed on
PZR heater sleeve B-3 indicating leakage from the RCS. The examination revealed a
circumferential bulge approximately 0.5 inches long and 0.019 inches high (diametrical) in the
area of the boric acid leaks. The most probable cracking mechanism is Primary Water Stress

33



I Joelle Starefos - Appendix E.wpd Page 341
Joelle Staretos - ADDendix E.w�,d Paoe 34t

Corrosion Cracking. The source of stress for the cracking was the bulging and axial scratches
associated with the removal of the stuck reamer. Corrective Actions included plugging FF-1
with an Alloy 690 plug welded to the outer diameter of the PZR lower head and examining the
remaining Unit 1 PZR heater sleeves.

Calvert Cliffs Unit #1 (LER #31794004). On February 21, 1994, a higher than anticipated
corrosion of three nuts were discovered on one of the Incore Instrumentation flanges on the
Unit 1 reactor vessel head. A subsequent inspection discovered an additional flange with
similar degradation. The flanges were known to be leaking slightly since 1993, but repairs were
deferred until 1994 because the expected corrosion rate was very low. The excessive corrosion
rate was apparently due to the presence of wet boric acid on some of the flange components
where we expected only dry boric acid.

Three Mile Island Unit #1 (LER #28994001). On March 7, 1994, TMI-1 located and isolated a
body-to-bonnet leak from the pressurizer spray valve (RC-V1). The root causes was boric acid
degradation of RC-V1 fasteners and the failure to consider pre-load when increasing motor
operator torque. Corrective actions include an evaluation of corrosion resistant fastener
materials, programmatic improvements, and training.

Diablo Canyon Unit #1 (LER #27590010). On July 31, 1990, leakage through a crack in the
unit 1 positive displacement charging pump (PDP) suction piping elbow was discovered.

Calvert Cliffs Unit #2 (LER #31894003). On July 11, 1994, a non-isolable Reactor Coolant
System pressure boundary leak was discovered. The leak was found to be caused by a 150
degree circumferential crack in a weld in the 22A Safety Injection Tank discharge test
connection.

Oconee Unit #3 (LER #28791008). On November 23, 1991, several alarms were received
which indicated failed instruments inside the reactor building. The shift supervisor concluded
that leakage was approximately 60 to 70 gpm, and declared an alert. The unit tripped from
33% full power due to a control oscillation while attempting to secure a feedwater pump. The
leak was determined to be a failed fitting on an instrument line at the top of a steam generator.
A total of approximately 87,000 gallons of RCS leakage was confined within the reactor
building.
Surry Unit #2 (LER #28192008). On December 15, 1992, an RCS leak had developed near the
Low Pressure Letdown Flow Transmitter. The leakage occurred when a section of drain valve
tubing for the Low Pressure Letdown Flow Transmitter separated from its fitting.

Arkansas Nuclear Unit #1 (LER #31390021). On December 22, 1990, a potential RCS leak in
the area of a pressurizer upper level instrumentation nozzle was discovered. Subsequent
inspection using Nondestructive Examination methods confirmed the existence of a small axial
crack in the nozzle inner surface which extended to the annulus between the nozzle and the
pressurizer shell and breached the outside diameter of the nozzle at the toe of the nozzle to
vessel weld.

Ft. Calhoun Unit #1 (LER#28590028). On December 14,1990, an investigation of unknown
RCS leakage identified the source as installed spare control element drive mechanism (CEDM)
housing number 9. Subsequent removal and inspection identified two axial cracks in an inside
diameter weld overlay region approximately two feet from the bottom flange of the housing.
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Similar installed spare CEDM housing number 13 was also removed and inspected, revealing
two similar cracks in the weld overlay region.

Point Beach Unit #1 (LER #26690008). On July 20, 1990 unit 1 was shut down to repair leaks
in the RCS with an average total leakage of approximately 0.27 gallons per minute. Reactor
coolant was leaking through a canopy seal weld on CRDM 1-3 and the upstream weld on B
steam generator channel head drain line isolation valve 1 RC-526B.

Calvert Cliffs Unit #2 (LER #31889007). On May 5, 1989, an in-service inspection of the unit 2
pressurizer discovered evidence of reactor coolant leakage from 28 of the 120 pressurizer
vessel heater penetrations and one upper level nozzle. The cause of leakage was intergranular
stress corrosion cracking of Inconel 600.

San Onofre Unit #2 (LER #36192004). On 2/18/92, a dye-penetrant examination of a
pressurizer vapor space level instrument nozzle revealed the presence of a crack. The
examination was prompted by earlier observations of rust and boric acid crystals in the vicinity
of the nozzle during a walkdown of the RCS following the shutdown. A thorough inspection of
the unit 2 nozzles, prompted by the findings at unit 3, revealed similar signs of rust and boric
acid crystals at two of the nozzles The observed leakage was attributed to PWSCC of the
Inconel 600 material.

Palisades Unit #1 (LER #25593011). On October 9, 1993, an inspection of the pressurizer
upper temperature nozzle penetration (TE-0101) found it to be leaking. Subsequent inspection
of the lower temperature nozzle penetration (TE-01 02) found it to be leaking also. The root
cause was determined to be PWSCC of the Inconel 600 nozzle material

St. Lucie Unit #2 (LER #38994002). On March 16, 1994, FPL Engineering personnel identified
trace amounts of boric acid on the exterior of the pressurizer steam space C instrument nozzle
during an inspection. Subsequently, an interior dye penetrant examination was performed and
identified unacceptable indications at the A, B and C steam space instrument nozzle welds
The unacceptable weld indications were in the 'J' weld between the alloy 690 nozzle and the
clad on the inside of the pressurizer.

St. Lucie Unit #2 (LER #38995004). On October 10, 1995, an instrument nozzle located on the
'B' side RCS hot leg exhibited an apparent boric acid buildup indicative of RCS leakage.
Further investigation confirmed that pressure boundary leakage had previously occurred, most
probably due to PWSCC of alloy 600 material at the instrument nozzle.

3.2.2 Boric Acid Leakage or Corrosion Events Reported From 1998 Through 2000

Davis-Besse Unit #1 (LER #34698009). On September 9, 1998, two of the eight body to
bonnet nuts missing on Reactor Coolant Pressurizer Spray Valve (RC-2). The most probable
cause for the two missing nuts on RC-2 is that a packing leak allowed boric acid corrosion of
two carbon steel nuts that were inadvertently installed on RC-2 a few months earlier, due to less
than adequate material separation work practices during previous maintenance activities.
These nuts were subsequently replaced on September 9, 1998, and September 10, 1998. On-
line leak sealing activities were conducted on September 10, 1998, to stop the boric acid leak at
RC-2. On October 16, 1998, it was discovered that the second nut, installed on September 10,
1998, was not installed properly. At this same time, it was discovered that an additional nut was
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degraded.

Beaver Valley Unit #2 (LER #41200003). On December 11, 2000, control room operators
received indications of a primary system leak in the Reactor Containment Building. The RCS
leak rate was estimated to be between 12 and 20 gpm. The cause of the RCS leakage into the
containment building was an abrupt packing leak on a motor-operated drain insolation valve on
the RCS. The gland stud eye bolts on the RCS primary loop fill and drain valves were replaced
with a more stress corrosion resistant material.

Salem Unit #2 (LER #31198007). On July 29, 1998, indications of leakage through RCS
instrumentation tubing were discovered. Additional walk-downs resulted in the discovery of
leakage indications on the tubing of five other RCS instrument lines and on tubing in the
pressurizer liquid sample line delay coil. Small accumulations of dried boron on the outside of
the tubing were the only indications of leakage. The failure mechanism is transgranular stress
corrosion cracking initiated from the outside diameter due to the presence of contaminants on
the outside surface of the tubing.

Cook Unit #1 (LER #31598027). On May 5, 1998, inspection results identified varying amounts
of construction-related debris and boric acid deposits in the Unit 1 Containment Spray header
and residual heat removal (RHR) spray header and nozzles. The most probable cause for the
boric acid deposits/blockage in the Unit 1 RHR spray piping is inadequate inspection of RHR
system piping after a 1979 inadvertent spray actuation.

Surry Unit #1 (LER #28098006). On March 24, 1998, it was noted that there was a boric acid
build-up on the head of the RCP lower radial bearing resistance temperature detector
connection. A sample of the water revealed that the water was from the RCS indicating a
through wall leak of the thermowell.
Palo Verde Unit #1 (LER #52899006). On October 2,1999, a small accumulation of boric acid
residue was discovered on an RCS loop 2 hot leg instrument nozzle. The boric acid had
accumulated on the exterior of the hot leg piping around the outer perimeter of the instrument
nozzle.

Point Beach Unit #1 (LER #26699012). On November 4, 1999, a through-wall defect or flaw on
the upstream weld for valve 1 RC-526A, the isolation valve for the Unit 1 -AU steam generator
channel head drain. This indication was discovered while conducting an informational liquid
dye penetrant examination of that weld due to the visual identification of boric acid crystals on
the weld.

Waterford Unit #3 (LER #38299002). On February 25, 1999, RCS pressure boundary leakage
involving two Inconel 600 instrument nozzles on the top head of the pressurizer was
discovered. Subsequent inspections of the remainder of Inconel 600 nozzles identified 3 more
leaking nozzles. One is on RCS Hot Leg #1 RTD nozzle, one is on RCS Hot Leg #1 sampling
line, and one is on RCS Hot Leg #2 differential pressure instrument nozzle. The apparent
cause of the leaks is axial cracks near the heat-affected zone of the nozzle partial penetration
welds resulting from PWSCC. The leaking pressurizer nozzles have been repaired using a
welded nozzle replacement. The leaking Hot Leg nozzles have been temporarily repaired using
a Mechanical Nozzle Seal Assembly (MNSA).

Palisades Unit #1 (LER #25599004). On October 16, 1999, moisture and/or boric acid deposits

36



I . I. _'
I joeiie Starefos - Apnendix E-wnd 13 "7d

.Joeiie btareTos - ADnendix Ewod -- - r�r--..

on the exterior surfaces of three CRDM seal housings was discovered. The affected seal
housings were removed when plant conditions permitted, and on November 2, 1999, two of the
three were determined to have small through-wall cracks. All 45 seal housings were ultimately
removed from the head and inspected utilizing visual, liquid penetrant (PT), and eddy current
examination techniques The inspections revealed that 30 of the 45 seal housing assemblies
contained small circumferential cracks. Three seal housing tubes also contained small axial
cracks. Examination of spare housing showed similar crack indications The cracking has
been determined to be transgranular stress corrosion cracking.

Arkansas Nuclear Unit #2 (LER #36800001). On July 30, 2000, twelve pressurizer heater
sleeves and one RCS hot leg resistance temperature detector nozzle were found to have been
leaking. Leakage was indicated by boric acid accumulation. The root cause evaluation
concluded that the failure mechanism was PWSCC of Alloy 600 material.

Palo Verde Unit #2 (LER #52900004). On October 4, 2000, a small accumulation of boric acid
residue was discovered on a reactor coolant system pressurizer heater sleeve (Alloy 600).
Subsequent eddy current testing confirmed a liner indication in the sleeve.

Waterford Unit #3 (LER #38200011). On October 17, 2000 evidence of leakage was
discovered on a pressurizer heater sleeve. The other two cases of leakage were discovered
during inspections on October 19, 2000 and involved evidence of leakage at two of the three
MNSA clamps that had been installed during the refuel 9 outage as temporary repairs of
leaking RCS nozzles. The three leakage cases were due to 1) PWSCC, 2) a MNSA clamp
flange not being flat against the pipe and 3) a MNSA clamp seating itself, respectively.

Arkansas Nuclear Unit #1 (LER #31300003). On February 15, 2000, a weld in a RCS hot leg
level instrumentation nozzle was found to have been leaking as indicated by boron buildup.
Cracked welds were later found on the other six hot leg level instrumentation nozzles of similar
design. One weld crack was subsurface. The root cause was determined to have been using
Alloy 182 weld metal exposed to RCS water in a highly restrained weld joint that had not been
stress relieved, resulting in PWSCC.
Summer Unit #1 (LER #39500008). On 107/700, an accumulation of boric acid near the "A"
loop of the RPV was discovered. Subsequent inspections revealed small amounts of boron
buildup on the weld between the vessel nozzle and the hot leg pipe. A PT examination of the
pipe identified a 4 inch indication at the weld approximately 3 feet from the vessel between the
hot leg piping and the reactor vessel nozzle. The indication was located about 17 inches from
the top of the pipe. Subsequent ultrasonic examination from the inside diameter identified an
axial flaw less than 3 inches long. The same examination determined that the original
indication was not the source of the leak. The PT indication were later determined to be steam
cutting/boric acid corrosion at the nozzle butter to nozzle interface.

Oconee Unit #1 (LER #26900006). On November 25, 2000, small amounts of boric acid was
found on the. top surface of the RPV head. The deposits appeared to be located at the base of
5 (of the 8) unused thermocouple (TIC) and the #21 CRDM nozzles at points where they
penetrate the RPV head surface. On December 4, 2000, an eddy current test was performed
on the inside surface of the 8 T/C nozzles and revealed axial crack-like indication on the inside
diameter of the nozzles in the vicinity of the partial penetration weld (on the underside of the
RPV head). On December 9, 2000, a PT on CRDM #21 identified two very small pin hole
indications. PWSCC was determined to be the primary failure mechanism of both the T/C
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nozzles, and CRDM weld cracks.

4.0 REPORTED EVENTS INVOLVING PRIMARY SYSTEM LEAKAGE OR BORIC ACID
CORROSION

Plants reporting primary system leakage or boric acid corrosion are listed below in alphabetical
order. The licensee event report number, if issued, is given in the parenthesis.

Arkansas Nuclear Unit #1 (31386006), 10/23/1986, Corrosion of a RCS nozzle and adjacent
cold leg.

Arkansas Nuclear Unit #1 (31389043), 12/8/1989, Control rod drive mechanism nut ring halves
had corroded approximately 50% and that two of the four bolt holes in the corroded nut ring half
were degraded.

Arkansas Nuclear Unit #1 (31390021), 2/22/1990, RCS leak in the area of a pressurizer upper
level instrumentation nozzle.

Arkansas Nuclear Unit #1 (31300003), 2/15/2000, RCS hot leg level instrumentation nozzle was
found to have been leaking as indicated by boron buildup.

Arkansas Nuclear Unit #1 (31301002), 3/24/2001, Indication of boric acid crystals were noted in
the area of one CRDM nozzle on the RPV.

Arkansas Nuclear Unit #2, (36887003), 4/24/1987, Pressurizer heaters had ruptured resulting in
damage to the heater sleeves, causing boric acid induced corrosion damage to the pressurizer
carbon steel base metal.

Arkansas Nuclear Unit #2 (36800001), 7/3012000, Twelve pressurizer heater sleeves and one
RCS hot leg resistance temperature detector nozzle were leaking
Beaver Valley Unit #2 (41200003), RCS leakage into the containment building was an abrupt
packing leak on a motor-operated drain insolation valve on the RCS.

Calvert Cliffs Unit #1 (31794004), 2121/1994, Higher than anticipated corrosion of three nuts on
one of the Incore Instrumentation flanges on the Unit I RPV head.

Calvert Cliffs Unit #1 (31794003), 3121/1994, Pressurizer heater sleeves leaking.

Calvert Cliffs Unit #2 (31889007), 5/5/1989, Reactor coolant leakage from 28 of the 120
pressurizer vessel heater penetrations and one upper level nozzle.

Calvert Cliffs Unit #2 (31894003), 7/11/1994, Leak caused by a 150 degree circumferential
crack in a weld in the 22A Safety Injection Tank discharge test connection.

Catawba Unit #1 (41389020), Catawba Units 1 and 2 steel containment vessel exterior
surfaces corroded by boric acid.

Catawba Unit #2 (41401002), 9/19/2001, Steam generator 2B lower head bowl drain indicated
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boron residue buildup.

Cook Unit #1 (31598027), 5/5/1998, Boric acid deposits/blockage in the Unit I RHR spray
piping

Crystal River Unit #3 (30201004), 10/1/2001, CRDM nozzle #32 leaking from two axially
oriented cracks that were through-wall.

Davis-Besse Unit #1 (34698009), 9/9/98, Boric acid leak and corrosion of three fasteners of the
pressurizer spray valve.

Davis-Besse Unit #1 (34602002), 2/27/02, CRDM nozzles revealed axial indications and
leakage on nozzles #1, 2, and 3, and RPV head wastage.

Diablo Canyon Unit #1 (27588004), 2/25/1988, Leaks in canopy seal welds of the CRDM head
adapter plugs.

Diablo Canyon Unit #1 (27590010), 7/26/1990, leakage through a crack in the positive
displacement charging pump suction piping elbow.

Diablo Canyon Unit #2 (32387023), 10/9/1987, Leaks in Unit 1 and 2 accumulator nozzles.

Ft. Calhoun Unit #1 (28590028), 12/14/1990, RCS leakage on spare CRDM housings

Ft. Calhoun Unit #1 (28592018), 3/20/1992, Severe corrosion of the carbon steel fasteners on
the boric acid pump flanges and piping supports.

Haddam Neck Unit #1 (21396019), 8/31/1996, Pinhole leak in the body of an eight inch inlet
isolation valve (RH-V-791A) to the 'A' RHR heat exchanger.

Maine Yankee Unit #1 (30995013), 10/16/1995, Seven of eight bonnet retention cap screws
parted during attempts to remove them due to boric acid corrosion of the High Pressure Safety
Injection Loop 2 Stop valve.

McGuire Unit #1 (36989020), 7127/1989, Abnormal degradation of Unit I and 2 steel
containment vessels because of boric acid corrosion.

Millstone Unit #2 (33695023), 5/16/1995, Indications on Boric Acid section of the Chemical and
Volume Control System fittings and pipe subjected to periodic boric acid leaks over the years
from valves.

Millstone Unit #2 (33602001), 2/19/2002, Two pressurizer heater sleeve penetrations were
leaking as evidenced by boron precipitation build up.

Millstone Unit #3 (42389031), 11/28/1989, Pressurizer safety valve nozzle ring set screw
corroded by boric acid.

Millstone Unit #3 (42394012), 919/1994, Leak in 3/4-inch socket weld on a 'C' RCS Loop Flow
Instrumentation line cause by a circumferential crack approximately, 5/8-inch long.
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Millstone Unit #3 (42395020), 12/2/1995, Leak from the valve stem leak-off pipe for the RHR
System.

North Anna Unit #2 (33901003), 11/13/2001, Through-wall leak on RPV penetration number 63
was identified based on the presence of boric acid.

Oconee Unit #1 (26900006), 12/4/2000, Boric acid deposits at 8 unused thermocouple nozzles
and one CRDM nozzle.

Oconee Unit #2 (27097001), 4/21/1997, Leak from a crack at the safe end to pipe weld on the
High Pressure Injection to RCS cold leg nozzle near Reactor Coolant Pump.

Oconee Unit #2 (27001002), 4/28/2001, Multiple leaking CRDM nozzles

Oconee Unit #3, (28791008), 11/23/1991, Leak from a failed fitting on an instrument line at the
top of a steam generator resulted in approximately 87,000 gallons of RCS leakage.

Oconee Unit #3 (28701001), 2/18/2001, Boric acid deposits were identified around nine (Nos. 3,
7, 11, 23, 28, 34, 50, 56, and 63) of 69 total CRDM nozzles

Oconee Unit #3 (28701003), 11/12/2001, Boric acid deposited at the base of seven CRDM
nozzles.

Palisades Unit #1 (25593011), 10/9/1 993, Pressurizer upper and lower temperature nozzle
penetrations were leaking.

Palisades Unit #1 (25599004), 11/2/1999, Boric acid deposits on three CRDM seal housings
and 30 of the 45 seal housing assemblies contained small circumferential cracks.

Palisades Unit #1 (25501002), 3/31/2001, 13 CRDM seal housings were not returned to service
due to NDE indications, confirmed cracks, or mechanical seal performance deficiencies.

Palo Verde Unit #1 (52899006), 10/2/1999, Boric acid residue on a reactor coolant system loop
2 hot leg instrument nozzle.

Palo Verde Unit #1 (52801001), 3/31/2001, Boric acid on an RCS hot let instrument nozzle.

Palo Verde Unit #2 (52900004), 10/4/2000, Boric acid residue on a RCS pressurizer heater
sleeve.

Point Beach Unit #1 (26690008), 7/20/1990, Reactor coolant was leaking through a canopy
seal weld on CRDM 1-3 and the upstream weld on B steam generator channel head drain line
isolation valve 1 RC-526B.

Point Beach Unit #1 (26699012), 11/4/1999, Through-wall leak in valve 1 RC-526A, boric acid
crystals on the weld.

Salem Unit #2 (No LER), 817/1987, A pile of rust-colored boric acid crystals 3 feet by 5 feet by 1

40



I �__

IJoelle Starefos - Appendix E.wp~d Pane 41 1
Joelle Starefos - ApDendix E.wDd Paae4l �

foot high had accumulated on the head, and a thin white film of boric acid crystals had coated
several areas of the head and extended 1 to 2 feet up the CRDM housings.

Salem Unit #2 (31198007), 7/3011998, Leakage indications on the tubing of six RCS instrument
lines and on tubing in the pressurizer liquid sample line delay coil.

San Onofre Unit #2 (36192004), 2/18/1992, Rust and boric acid crystals in the vicinity of the
pressurizer vapor space level instrument nozzle.

San Onofre Unit #2 (36198002), 1/2611998, Leakage from cracks through instrument nozzles.

San Onofre Unit #3 (36295001), 7/22/1995, Leakage from pressurizer a level instrumentation
nozzle and two RCS hot leg instrument nozzles.

San Onofre Unit #3 (36297001), 4/12/1997, Leaking instrument nozzles in RCS.

San Onofre Unit #3 (36297002), 7/311997, Leaking RCS nozzles.

Seabrook Unit #1 (44392026), 7/14/1992, Cover bolts had fractured on multiple valves.

St. Lucie Unit #1 (33587014), 10/8/1987, Leaking check valve bonnet and a cracked pipe in the
heat affected zone on the IAl reactor coolant pump (RCP) lower cavity seal nozzle.

St. Lucie Unit #1 (33501003), 4/14/2001, Through wall RCS leak on a hot leg instrument
nozzle.

St. Lucie Unit #2 (38994002), 3/1 6/1994, Boric acid on the exterior of the pressurizer steam
space instrument nozzles.

St. Lucie Unit #2 (38995004), 10/10/1995, Instrument nozzle located on the 'B' side RCS hot
leg exhibited an apparent boric acid buildup

Summer Unit #1 (39500008), 10/12/2000, Boron buildup on the weld between the reactor
vessel nozzle and the hot leg pipe.

Surry Unit #1 (28098006), 3/24/1998, Boric acid build-up on the head of the RCP lower radial
bearing resistance temperature detector connection

Surry Unit #1 (28095007), 9/12/1995, Boron crystals and corrosion products were discovered
on the outside diameter of the reactor vessel for two of the four instrument nozzles.

Surry Unit #2 (28192008), 12/1511992, RCS leak had developed near the Low Pressure
Letdown Flow Transmitter.

Three Mile Island Unit #1 (28994001), 3/7/1994, Body-to-bonnet leak from pressurizer spray
valve (RC-V1) caused by boric acid degradation of its fasteners.

Three Mile Island Unit #1 (28901002), 10112/2001, boric acid buildup around all eight
thermocouple nozzles and boric acid buildup around 12 CRDM nozzles.
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Turkey Point #4 (No LER), 3/13/87, Boric acid on the RPV head results in severe corrosion of
various components.

Waterford Unit #3 (38292002), 3/25/1992, Packing gland studs on reactor coolant hot leg
sample valve failed due to boric acid corrosion.

Waterford Unit #3 (38292006), 7/11/1992, Packing gland studs on reactor coolant hot leg
sample valve failed due to boric acid.

Waterford Unit #3 (38299002), 2/25/1999, Leakage on pressurizer instrument nozzles and hot
leg nozzles.

Waterford Unit #3 (38200011), 10/17/2000, Leakage at a pressurizer heater sleeve and two
cases of leakage on two MNSA clamps
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APPENDIX F

SUMMARY OF RECURRING ISSUES RELATED TO
PREVIOUS NRC LESSONS-LEARNED EFFORTS

The task group reviewed the reports from previous NRC lesson-learned activities to determine if
there were issues common to those resulting from the Davis-Besse lessons-learned review.
The reports reviewed were:

* "Indian Point 2 Steam Generator Tube Failure Lessons-Learned Report," October 23, 2000

* Report of the Millstone Lessons Learned Task Group, Part 1: Review and Findings,"
September 13, 1996.

* SECY 97-036, "Millstone Lessons Learned Report, Part 2: Policy Issues"

* "Task Force Report Concerning the Effectiveness of Implementation of the NRC's
Inspection Program and Adequacy of the Licensee's Employee Concerns Program at the
South Texas Project," March 31, 1995

The staff found several areas where previous assessments had uncovered performance or
programmatic weaknesses similar to those uncovered in the Davis Besse review.

The table on the following page summaries the assessment of recurring NRC lessons:

[Note: The lessons and recommendations from the South Texas effort are listed in Section 5 of
its report. The recommendations for India Point 2 are listed in a table in Section 9 of its report.
The recommendations for the Millstone effort are in a table provided in the appendix of the Part
2 report. As applicable, recommendation numbers from the source documents are provided in
the table here for ease of reference.]
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Issue From Davis Besse Commonality to Previous
I fteenne or ^VCnnmm nDnM inne

NRC Follow up

Closeout of inspection findings Millstone (items 4, 6)
before licensee implementation of
corrective actions
Program guidance for assessing South Texas
long-standing hardware problems Indian Point-2 (item 5e)
NRC Inspector/reviewer skills, Indian Point-2 (items 5b, 5c)
abilities, experience Millstone (item 14)

South Texas
Process to verify information Millstone (item 2)

Indian Point-2 (item 6d)
NRC review of routine reports Indian Point-2 (item 6c)
NRR/regional Office interaction Indian Point-2 (item 6d)
during safety evaluation development
Specific review guidance Indian Point-2 (item 6a)
Integration of Inspection findings South Texas
Performance review process Indian Point-2 (items 5a, 5e, 5f)

Millstone (items 3, 13, 15)
South Texas

Inadequate Industry Guidance Indian Point 2 (item 2)
Inadequate requirements in licensing
basis

Indian Point 2 (item 3)
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1. INTRODUCTION

1.1 Objective

The NRC has conducted a number of lessons-learned reviews to assess regulatory processes
relative to significant plant events or safety performance issues Consistent with this practice,
the NRC's Executive Director for Operations (EDO) directed the formation of an NRC task force
in response to the issues associated with the extensive degradation to the pressure boundary
material of the Davis-Besse Nuclear Power Station (DBNPS) reactor pressure vessel (RPV)
head. The objective of the Davis-Besse Reactor Vessel Head Degradation Lessons-Learned
Task Force (task force) is defined in a publicly available NRC memorandum, dated May 15,
2002, from William D. Travers, EDO, to Arthur T. Howell Ill, the task force team leader.

This memorandum and attachment describe the approach and charter for the inter-office task
force to assess the lessons-learned related to the degradation of the DBNPS RPV head that
was identified by representatives of FirstEnergy Nuclear Operating Company (FENOC), the
licensee for DBNPS, on March 5, 2002. The objective of this effort was to conduct an
independent evaluation of the NRC's regulatory processes related to assuring reactor vessel
head integrity in order to identify and recommend areas for improvement applicable to the NRC
and the nuclear industry.

1.2 Scope

The task force conducted review activities of the following five areas: 1) reactor oversight
process issues; 2) regulatory process issues; 3) research activities; 4) international practices;
and 5) the NRC's Generic Issue process In reviewing these five areas, the task force
conducted fact finding at DBNPS to determine what pertinent plant information was available to
be reviewed by NRC. Also, the task force conducted review activities in the NRC headquarters
and regional offices The following specific areas were reviewed

* NRC Inspection (Operations Phase) Program and Implementation
* NRC Operating Reactor Assessment Program and Implementation
* NRC Enforcement Guidance and DBNPS Enforcement History
* Allegation History of FENOC Nuclear Plants
* Applicable NRC Regulatory Requirements
* NRC Licensing Review Processes and Implementation
* NRC Operating Experience Review Process and Implementation
* Research Activities
* NRC Generic Communication Process and Implementation
* NRC Generic Issue Program and Implementation
* International Experience and Practices
* Industry Guidance for Managing Regulatory Commitments
* Applicable Industry Technical Guidance and Initiatives

The task force did not conduct a detailed technical review of the DBNPS Alloy 600 reactor
pressure vessel head penetration (VHP) nozzle cracking wastage mechanisms since these
areas are the focus of other NRC review activities. The task force reviewed the results of the
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NRC's Augmented Inspection Team (AIT), including the preliminary results of the AIT follow up
inspections and considered the available information associated with the licensee's various root
cause determination efforts.

Since the task force was primarily concerned with why the DBNPS RPV head degradation
event was not prevented, it did not focus on the NRC's actions subsequent to the time of
discovery of the problem. Nevertheless, during its review, the task force identified a number of
issues associated with the NRC's response to the event which are documented in the report

The task force coordinated its review activities with other related on-going reviews being
conducted by the NRC's Oversight Panel that was formed in accordance with NRC Inspection
Manual Chapter 0350, "Oversight of Operating Reactor Facilities in an Extended Shutdown as a
Result of Significant Performance Problems " Also, the task force coordinated its activities with
other NRC review activities.

The task force conducted a public meeting near the DBNPS site on June 12, 2002 and
conducted another public meeting in the NRC Headquarters Offices on June 19, 2002 to solicit
public comments on the scope of the task force review activities. The following is a summary of
the comments received by those who participated in the meetings

* There is a nexus between the RPV head degradation event and the significant decrease
in DBNPS staffing levels that has occurred over the past years;

* There are some DBNPS corrective actions stemming from the 1985 loss of auxiliary
feedwater event that should have precluded the RPV head degradation event;

* The task force completion schedule may not be adequate to support a thorough review;
* The DBNPS RPV head degradation event could be attributed mainly to plant

implementation issues;
* A review of the DBNPS Updated Final Safety Analysis Report did not reveal any

discussion of the analyses of safety issues performed in response to NRC requests
associated with four specific NRC generic communications, which appears to represent
noncompliance with 10 CFR 50.71(e);

* A question was raised regarding the validity of risk assessments which consider
incremental risk associated with short durations (i.e., the period between December 31,
2001 and February 16, 2002), and;

* A question was raised regarding the relevance of calculations demonstrating the
unlikelihood of the RPV head stainless steel cladding from catastrophically failing under
both normal and transient pressure loading relative to the NRC significance
determination of the DBNPS RPV head degradation.

The task force considered all of these comments. Several of them were specifically included in
the detailed review plans discussed in Section 1.3.

The charter was revised three times during the course of the task force's review activities.
These revisions were made to address the addition of observers from the State of Ohio,
changes to the task force team composition, and a change to the task force review schedule.

1.3 Preparation, Review and Assessment Methodologies

2
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The task force effort consisted of a preparation phase, a review phase, and an assessment and
documentation phase. Discrete scheduler milestones were established for each of these
phases. Additionally, the task force was organized into two distinct groups. One group focused
principally on DBNPS fact finding, as well as, the applicable regulatory programs, processes,
and implementing procedures involving inspection, enforcement, industry operating experience,
generic communications, allegations, and plant safety performance assessment. A second
group focused principally on the scope of the applicable requirements, licensing review
processes, the industry process for managing regulatory commitments, applicable industry
technical guidance and initiatives, international experience and practices, research activities,
and the NRC's Generic Issue process

During the preparatory phase, a number of activities were conducted to facilitate the review and
assessment phases. The task group discussed the scope, objective and specifics of the
charter with NRC managers and staff members to establish potential lines inquiry to be
considered during the review. Coordination briefings were conducted with other NRC offices,
as well as representatives from the State of Ohio and a representative of Ottawa County, Ohio.
The NRC's Office of Enforcement provided a summary of the DBNPS enforcement history, as
well as an analysis of enforcement actions involving Alloy 600 nozzle cracking, reactor coolant
pressure boundary (RCPB) leakage, and boric acid corrosion of carbon steel components. A
summary of allegations for DBNPS and other FENOC nuclear plants was reviewed The Oak
Ridge National Laboratory compiled a summary of NRC reportable events involving boric acid
leakage and corrosion. Orientation briefings and training were provided to the task force
members. Licensee, NRC, and industry documents and records were obtained and reviewed in
order to develop detailed review plans. These plans identified specific items to be considered
for review, including pre-identified issues and individuals to be interviewed. The NRC and the
State of Ohio established an informal agreement which governed the observation of the task
force's activities by representatives of the state. As discussed in Section 1.2, two public
meetings were conducted to obtain public comments on the task force charter.

During the review phase, the task force conducted independent fact finding at the DBNPS site,
and conducted review activities involving all four regional offices and the headquarters offices.
These review activities principally involved interviews of personnel and reviews of records.
Figures 1-1 and 1-2 depict the DBNPS and NRC organizational structure, respectively.

While at the DBNPS site, members of the task force reviewed licensee records, interviewed
approximately 45 licensee managers and staff members, and toured the containment building
and other selected areas of the facility. A representative of the State of Ohio observed the task
force's review activities at DBNPS

The DBNPS fact finding focused on a review of the reactor vessel head degradation condition
and related issues, such as: 1) reactor coolant system (RCS) leakage history; 2) the symptoms
associated with active RCS leaks; 3) the boric acid corrosion control program; 4) precursor
events, with emphasis on a 1993 issue involving the boric acid corrosion wastage of the head
vent flange on Steam Generator No. 2 and a 1998 issue involving the boric acid corrosion
wastage of inadvertently installed carbon steel pressurizer spray valve nuts; 5) the licensee's
documented submissions and actions in response to key NRC generic communications, such
as Generic Letter (GL) 88-05, "Boric Acid Corrosion of Carbon Steel Reactor Pressure
Boundary Components in PWR Plants," GL 97-01, "Degradation of Control Rod Drive
Mechanism Nozzle and Other Vessel Closure Head Penetrations," and Bulletin 2001-01,
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"Circumferential Cracking of Reactor Pressure Vessel Head Penetration Nozzles."

As part of the on-site fact finding at DBNPS, the task force reviewed licensee policies,
programs, processes, and activities associated with items 1 through 5 noted above. This
included the following: oversight activities, including quality assurance audits, performance
indicators, line self-assessments, third-party assessments, offsite nuclear review board
assessments, action and improvement plans, and root cause analyses associated with this
event; staffing and budgeting; outage scoping and scheduling; corrective actions; employee
concerns (Ombudsman); training; regulatory commitment management, internal and external
industry operating experience; plant operations; maintenance and testing; plant (system) and
design engineering; radiological protection; licensing and compliance; and licensee involvement
in the Babcock & Wilcox Owners Group (B&WOG). Appendix C documents the index of
licensee records requested and reviewed by the task force.

The fact finding conducted by the task force at NRC headquarters consisted of reviewing
several NRC programs and functional areas to determine if deficiencies in these areas
contributed to the development of the event at DBNPS. The task force reviewed DBNPS
licensing documents, NRC policy and procedural documentation, industry generic technical
reports, applicable industry codes, and NRC generic reports associated with boric acid
corrosion, VHP nozzle degradation, and reactor coolant system (RCS) leakage integrity. The
headquarters review also focused on generic information related to VHP nozzle cracking and
boric acid corrosion, and the regulatory history associated with these issues. The task force
explored areas connected to the event that are not considered contributors, such as: the
process followed by NRC in deciding to allow operation of DBNPS past December 31, 2001;
and the use of risk information by the NRC in determining the significance of the event.
Appendix C lists the NRC and industry documents used by the task force in preparing this
report.

The task force conducted a limited review of past NRC lessons-leamed review reports to
determine whether there were any recurring problems. These included: 1) Indian Point 2
Steam Generator Tube Failure Lessons-Learned Report; 2) Task Force Report Concerning the
Effectiveness of Implementation of the NRC's Inspection Program and Adequacy of the
Licensee's Employee Concerns Program at the South Texas Project; and 3) Millstone Lessons
Learned Task Group Report, Part 1: Review and Findings, and Part 2: Policy Issues. The
results of this review are documented in Appendix F.

The task force interviewed approximately 80 NRC employees from all four NRC regional offices
and the NRC's headquarters offices. Additionally, the task force conducted limited review
activities involving other B&W plants in three other NRC regions, as well as two other plants in
NRC Region Ill. For each of these plants, the task force reviewed: licensee actions in
response to GLs 88-05 and 97-01; or NRC employee site visits; or both.

The task force interviewed approximately 10 other individuals, either in person or telephonically,
from several external organizations. These organizations included the Nuclear Energy Institute
(NEI), Framatome Technologies, Inc. (FTI), the Electric Power Research Institute (EPRI), and
IPSN (the French nuclear regulatory authority) of France.

The assessment phase consisted of a series of team meetings and independent in-office
review activities. The task force used assessment techniques that were similar to those used
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2. EVENT SUMMARY AND BACKGROUND

2.1 Event Summary

On March 5, 2002, the FENOC staff, the licensee for DBNPS in Oak Harbor, Ohio, discovered
a degradation cavity in the RPV head, adjacent to VHP Nozzle 3, as shown in Figures 2.1and
2.2. The DBNPS Nuclear Steam Supply System (NSSS) was fabricated by the Babcock &
Wilcox (B&W) Company. Details of the typical B&W RPV head design and fabrication details
are shown in Figures 2.3 and 2.4. This discovery came as the plant was shutdown for a
refueling outage during which the licensee was conducting inspections for VHP nozzle cracking
caused by primary water stress corrosion cracking (PWSCC). These inspections were being
conducted in reaction to NRC Bulletin 2001-01. During these inspections, cracks were
discovered in several VHP nozzles, including VHP Nozzle 3. The licensee had contracted with
the Framatome ANP, Inc., to perform repairs of cracked VHP nozzles, where necessary, by
machining away the affected portion of the VHP nozzle and re-establishing the pressure
boundary by welding the VHP nozzle further up into the RPV head. Such repair practices had
been successfully implemented previously at the Oconee Nuclear Station (ONS) following
approval by the NRC.

Subsequent to the machining process to repair 3 VHP Nozzle 3, the penetration was observed
to displace, or tip in the downhill direction as the machining apparatus was withdrawn. Under
normal circumstances, such movement of the VHP nozzle would not have been possible since
the VHP nozzle is laterally restrained by over six inches of RPV head material. The
displacement led FENOC to examine the region adjacent to VHP Nozzle 3 and a cavity of
approximately 20-30 in2 was discovered. Upon further examination, the cavity was found to
extend completely through the 6.63 inch thickness of the carbon steel RPV head down to a thin
internal liner of stainless steel cladding (Figure 2.5). Hence, immediately prior to the plant
shutdown for refueling, the stainless steel cladding was acting as the primary system pressure
boundary over the region of the cavity. In this case, the cladding contained the primary system
pressure over the cavity region during operation. However, the cladding is not designed to
perform this function. Degradation of a nuclear plant primary system pressure boundary to this
extent had not been observed previously either in the U.S. or abroad.

The exact mechanism(s) for the cavity degradation have not been established. However, boric
acid corrosion of the carbon steel is clearly the primary contributor to the degradation. The
primary corrosive attack was likely caused by leakage from a long through-wall axial crack in
VHP Nozzle 3, but was also likely assisted by control rod drive mechanism (CRDM) flange
leakage onto the head from above.

2.2 Background

The DBNPS contains a 2-loop pressurized water reactor (PWR). There is a primary RCS loop
with two steam generators which transfer heat from the RCS to the secondary water. This heat
causes the secondary water to boil, and the resulting steam is used to turn a turbine, which
turns an electrical generator to produce electricity. The DBNPS RCS fabricator was the former
B&W Company. The B&W Company was subsequently acquired by FTI.

6



[ 
-

-

i Joelle Starefos - 1.0 and 2.0.wpd Paqe 7 �
Joelle Starefo>rs 1.0 and 20wdPae

PWRs utilize water as a primary coolant and as a "moderator" to control the nuclear reaction in
the reactor vessel. In addition, such light water reactors employ "control" rods to enable further

control of the nuclear reaction. In a PWR, these control rods enter the reactor vessel from atop

the RPV head (Figure 2.4). The RPV head is fabricated from carbon steel and is attached to

the reactor vessel through a bolted and flanged connection (Figure 2.4). The interior of the

RPV head is lined with stainless steel cladding as a barrier to general corrosion. The cladding

is deposited through a welding process. For the typical B&W design, there are approximately
69 VHP nozzles for control rods.

The VHP nozzles are part of the RCPB which is one of three principal barriers to the release of

radioactive fission products. The VHP nozzles of commercial U.S. PWRs are fabricated from

Inconel 600 (also known as Alloy 600) and are approximately 4 inches in diameter and

approximately 0.62 in wall thickness Inconel 600 is an alloy containing primarily nickel, but

also contains iron and chromium. The alloy and associated weld materials (alloys 82 and 182)

are highly resistant to general corrosion, but can be susceptible to PWSCC. The VHP nozzles

are shrunk-fit and welded into pre-machined holes in the RPV head. The VHP nozzles are

joined to the reactor vessel head by J-groove welds that only partially penetrate through the

head thickness (see Figure 2.5). PWSCC of a VHP nozzle or the weld connecting the nozzle to

the vessel head can lead to leakage from the pressure boundary. If undetected and

uncorrected, this type of degradation could potentially propagate to failure of the nozzle and

result in a small-break loss-of-coolant accident (LOCA). While this is not a desirable
consequence, all commercial nuclear power plants are designed to accommodate certain

postulated failures, including a VHP nozzle failure.

At DBNPS, a service structure is attached totheRPVhead It is approximately 18 feet high

and 10 feet in diameter. This structure stabilizes and houses the CRDMs and contains a

horizontal layer of metallic reflective insulation approximately 2 inches above the dome center

of the RPV head. The VHP nozzles welded to the vessel head pass through the insulation layer

and attach to the CRDM housings with bolted flanges. These flanges are located about 9

inches above the horizontal insulation layer.

2.2.1 History of VHP Nozzle Cracking

Cracking of Alloy 600 nozzles has been occurring since the late 1980's. This operating
experience pertains to domestic and foreign PWRs. Much of this experience is addressed by

NRC generic communications (and industry equivalents).

The cracking of VHP nozzles was first observed at the French PWR, Bugey 3, in 1991. This

cracking involved axial through-wall cracking of an Alloy 600 VHP nozzle due to PWSCC which

led to leakage observed in a hydrotest. Since that time, it was known that Alloy 600 VHP
nozzles were susceptible to stress corrosion cracking that could lead to through-wall leakage.

As a result of the French experience, in 1991 the NRC implemented an action plan to address

PWSCC of U.S. VHP nozzles fabricated from Alloy 600. This action plan included an NRC staff

review of safety assessments conducted by the PWR owners groups (i e., Westinghouse

Owners Group, Combustion Engineering Owners Group and Babcock & Wilcox Owners
Group). These reports addressed VHP nozzle cracking and the potential for consequent boric

acid degradation of RPV heads from leakage through the VHP nozzle cracks. The U.S.
industry reports concluded that axial cracking, even if through-wall, was not highly safety

7
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significant. These reports also concluded that circumferential cracking of VHP nozzles was
improbable and boric acid attack of the RPV head, if it were to occur, would be discovered
through boric acid inspections well before safety margins would be compromised. In a safety
evaluation dated November 19, 1993, NRC largely agreed with this assessment, but decided to
reserve judgment regarding circumferential cracking on a case-by-case basis, and encouraged
the industry to develop enhanced VHP nozzle leakage monitoring techniques

The U.S. industry conducted pilot inspections of VHP nozzles at three U S. Nuclear plants
(Oconee-2, D.C. Cook-2 and Point Beach-1) in 1994. One penetration at Oconee-2 was
identified with numerous very shallow indications and one penetration at D.C. Cook-2 showed
three confirmed axial cracks considerably smaller than acceptable limits (75% through-wall).
No indications were identified at Point Beach.

On March 5, 1996 the Nuclear Energy Institute (NEI) submitted a report to the NRC
summarizing the significance of PWSCC in VHP nozzles worldwide and describing industry
activities to manage the issue. This report concluded that: (1) VHP nozzle cracking by PWSCC
was not an immediate safety concern; (2) internally initiated cracking in VHP nozzles would be
axial; (3) external circumferential cracking and penetration failure would be a highly improbable
event; (4) corrosion of the carbon steel head in the presence of a VHP nozzle leak was possible
but would take over six years before American Society of Mechanical Engineers (ASME) Code
safety margins would be adversely impacted; and (5) visual inspections of RPV heads in
accordance with GL 88-05 would be sufficient to detect PWSCC leakage prior to significant
cracking and head corrosion. The industry concluded that the issue was primarily an economic
issue rather than a safety issue.

As previously discussed, NRC agreed with the assertion that the cracking was not an
immediate safety concern, but decided to reserve judgment regarding circumferential cracking
on a case-by-case basis, and encouraged the industry to develop enhanced VHP leakage
monitoring techniques. The NRC staff did not agree with NEI that the issue was primarily
economic in nature.

In 1997, continued NRC concern with this issue led to issuance of GL 97-01 which requested
licensees to inform PWR licensees of their plans relative to monitoring and managing cracking
in VHP nozzles and their intentions, if any, to perform non-visual, volumetric examinations of
their VHP nozzles. In July 1997, the Westinghouse Owners Group, Combustion Engineering
Owners Group and Babcock & Wilcox Owners Group submitted their generic responses to GL
97-01 on behalf of their member utilities. The generic responses ranked the potential for the
VHP nozzles of their member plants to develop PWSCC. Later, in 1998, NEI revised the
rankings and developed an integrated program for inspecting the VHP nozzles of U.S. PWRs.
NEI subsequently forwarded this program to the NRC for review in December, 1998. In regard
to implementation of this program, NEI stated that licensees of U.S. PWRs should continue to
perform required visual examinations of their vessel heads for leakage, and highly
recommended that plants having the most susceptible VHP nozzles implement voluntary eddy
current examinations of their nozzles. NEI also stated that this program would be modified, as
necessary, based on the results of all examinations performed on U.S. VHP nozzles and any
other pertinent information that could provide a basis for modifying the program. The NRC staff
found this approach acceptable.

Generic Letter 97-01 also discussed a 1994 discovery of circumferential intergranular attack
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(IGA) associated with the weld between the inner surface of the RPV head and the CRDM
penetration in one of the CRDM penetrations at Zorita, a Spanish PWR, which was believed to
have been caused by ion exchange resin bead intrusions. Therefore, GL 97-01 requested
information regarding the occurrence of resin bead intrusions in PWRs.

Inspections in reaction to GL-97-01 subsequently led to the discovery of extensive
circumferential cracking of several VHP nozzles at ONS, Unit 3 in the spring of 2001. Prior to
the discovery at ONS, Unit 3, circumferential cracking in VHP nozzles, particularly to the extent
observed at ONS, Unit 3 had been considered to be improbable. Circumferential cracking in
VHP nozzles is more safety significant than axial cracking since it creates the potential for
separation of the penetration if the cracking is severe enough. In reaction to the ONS, Unit 3
cracking, NRC issued Bulletin 2001-01 which requested licensees to address the potential for
similar cracking at their plants and discuss their plans for VHP nozzle inspections. A key
aspect of addressing the potential for cracking was the effectiveness of visual examinations for
leakage on the RPV heads. The Electric Power Research Institute/Materials Reliability Project
(EPRI/MRP) took the lead for the industry in "binning" plants by susceptibility relative to ONS.
The binning was accomplished through consideration of operating time and operating
temperature. The B&W units (such as ONS and DBNPS) operate with the highest RPV head
temperatures and were all considered to be highly susceptible to the potential for
circumferential cracking. By November 2001, all but one of the other B&W units had identified
circumferential cracking of VHP nozzles, while the remaining unit had identified axial cracking of
a VHP nozzle.

Primarily on the basis of the inspection experience of the other B&W units, the NRC staff
expectation in Fall, 2001 was that there would be a high likelihood of finding PWSCC cracking
in VHP nozzles at DBNPs. This expectation, coupled with associated risks of potential
circumferential cracking, led the staff to conclude that DBNPS should shut down to inspect the
VHP nozzles by December 31, 2001. The staff initiated action to draft an order to require
DBNPS to shut down. FENOC interacted extensively with the NRC during this time frame to
convince the staff that it was safe to operate the plant until the next scheduled refueling outage
in April 2002. Ultimately, the order was not issued and FENOC committed to reduce the
DBNPS head temperature, perform volumetric examinations of 100% of the VHP nozzles and
voluntarily shut down in February 2002. During subsequent inspections, VHP nozzle cracking
was discovered, including through-wall cracking of several penetrations, but most notably, a
long axial crack in VHP Nozzle 3. This crack was the source of the leakage that was likely the
most significant contributor to the RPV head degradation.

2.2.2 History of Boric Acid Degradation

Borated water is used in PWRs as a reactivity control agent to aid in control of the nuclear
reaction. If leakage occurs from the RCS, the escaping coolant flashes to steam and leaves
behind a concentration of impurities, including boric acid. Under the appropriate
thermodynamic conditions, boric acid can cause extensive and rapid degradation of carbon
steel components. Such events, involving both U.S. and foreign PWR plants, have been
documented for more than 30 years, and led the NRC in 1988 to issue Generic Letter (GL)
88-05. This GL requested information from PWR licensees that would provide assurances that
a program has been implemented consisting of systematic measures to ensure that boric acid
corrosion does not lead to degradation of the assurance that the RCPB will have an extremely
low probability of leakage, rapidly propagating failure or gross rupture. In addition, in 1995,
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EPRI issued the boric acid corrosion control handbook to provide comprehensive guidance to
licensees on this subject.

There had also been two boric acid degradation events previously at DBNPS. One of these
involved the head vent flange to Steam Generator No. 2 in 1993, while the other involved the
pressurizer spray valve in 1998. In addition to these events, the plant had operated throughout
most of the 1990s with a history of CRDM flange leakage that ultimately caused significant
deposition of boric acid and corrosion products on the DBNPS RPV head. At some point in the
latter half of the 1990s, the combination of flange leakage and leakage through VHP Nozzle 3
caused the formation of the wastage cavity that was discovered in March, 2002. As mentioned
previously, the exact mechanism for the cavity formation has not been determined, but clearly
involved corrosion due to the presence of boric acid. It is also likely that the degradation
leading to the cavity formation had progressed over several years. As described elsewhere in
this report, there were also advance signs that significant boric acid degradation was occurring
in the DBNPS containment, most notably reddish-brown deposits on the containment air coolers
and other components. As subsequently observed in videotapes documenting the condition of
the DBNPS RPV head from 1998 forward, the accumulation of boric acid and corrosion
products on the top of the head (particularly in the region of VHP Nozzle 3), precluded effective
visual examination for leakage from cracked VHP nozzles.

2.3 Applicable Regulatory Requirements

There are a number of pertinent regulatory requirements. Several provisions of the NRC
regulations and plant operating licenses (technical specifications) pertain to the issue of VHP
nozzle cracking and boric acid corrosion. These include: the general design criteria (GDC) for
nuclear power plants (Appendix A to 10 CFR Part 50), or, as appropriate, similar requirements
in the licensing basis for a reactor facility; the requirements of 10 CFR 50.55a; and the quality
assurance criteria of Appendix B to 10 CFR Part 50.

The applicable GDCs include GDC 14, GDC 31, and GDC 32. GDC 14 specifies that the
reactor coolant pressure boundary (RCPB) have an extremely low probability of abnormal
leakage, of rapidly propagating failure, and of gross rupture. GDC 31 specifies that the
probability of rapidly propagating fracture of the RCPB be minimized. GDC 32 specifies that
components which are part of the RCPB have the capability of being periodically inspected to
assess their structural and leak tight integrity.
NRC regulations detailed in 10 CFR 50.55a state that American Society of Mechanical
Engineers (ASME) Class 1 components (which include VHP nozzles) must meet the
requirements of Section Xl of the ASME Boiler and Pressure Vessel Code. Table IWA-2500-1
of Section Xl of the ASME Code provides examination requirements for VHP nozzles and
references IWB-3522 for acceptance standards. IWB-3522.1 (c) and (d) specify that conditions
requiring correction include the detection of leakage from insulated components and
discoloration or accumulated residues on the surfaces of components, insulation, or floor areas
which may reveal evidence of borated water leakage, with leakage defined as "the through-wall
leakage that penetrates the pressure retaining membrane." For through-wall leakage identified
by visual examinations in accordance with the ASME Code, acceptance standards for the
identified degradation are provided in IWB-3142. Specifically, supplemental examination (by
surface or volumetric examination), corrective measures or repairs, analytical evaluation, and
replacement provide methods for determining the acceptability of degraded components.
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ASME Section Xi, Table IWB-2500-1, requires that RCS leakage tests at nominal operating
pressure be conducted prior to plant startup following each reactor refueling outage. Article

*IWA 5241 requires a direct visual examination, known as a VT-2, of the accessible external
exposed surfaces of pressure retaining components for evidence of leakage from non-insulated
components. Regarding insulated components, IWA-5242 states that VT-2 may be conducted
without removing insulation by examining the accessible and exposed surface and joints of the
insulation. When performing such examinations, the surrounding area shall be examined for
evidence of leakage. Discoloration or residue on surfaces examined shall be given particular
attention to detect evidence of boric acid accumulations from borated reactor coolant leakage.
Corrective measures are specified in IWA-5250, which requires leakage sources of boric acid
residues, and areas of general corrosion, to be located.. Article IWA-52050(b) also requires
that components with areas of general corrosion that reduce the wall thickness by more than 10
percent shall be evaluated to determine whether the component may be acceptable for
continued service, or whether repair or replacement is required.

Criterion IX of Appendix B to 10 CFR Part 50 states that special processes, including
nondestructive testing, shall be controlled and accomplished by qualified personnel using
qualified procedures in accordance with applicable codes, standards, specifications, criteria,
and other special requirements.

Criterion V of Appendix B to 10 CFR Part 50 states that activities affecting quality shall be
prescribed by documented instructions, procedures, or drawings, of a type appropriate to the
circumstances and shall be accomplished in accordance with these instructions, procedures, or
drawings. Criterion V further states that instructions, procedures, or drawings shall include
appropriate quantitative or qualitative acceptance criteria for determining that important
activities have been satisfactorily accomplished.

Criterion XVI of Appendix B to 10 CFR Part 50 states that measures shall be established to
assure that conditions adverse to quality are promptly identified and corrected. For significant
conditions adverse to quality, the measures taken shall include root cause determination and
corrective action to preclude repetition of the adverse conditions.

Plant technical specifications pertain to the issue of VHP nozzle cracking insofar as they require
no through-wall reactor coolant system leakage.
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