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Areas Insoerled: The inspection was directed toward your boric acid corrosion prevention
program and related activities surrounding the recent event in which you shut down to repair
a leaking pressurizer spray valve (Inspection Report No. 50-289/94-04). Within these areas,
the inspection consisted of selective examinations of procedures and records, interviews with
personnel, and observations by the inspector.

Results: Within the scope of this inspection, no violations or deviations were observed. The
boric acid corrosion program meets the minimum requirements of Generic Letter 88-05.
However, several weaknesses were identified by the inspector, including lack of program
documentation, program awareness, and program preventive guidance to ensure maintenance
is performed before leakage can cause significant corrosion damage. Additionally, there is
no formal or documented centralized collection, evaluation group, or a formal feedback
mechanism for evaluation of leaks identified by non-surveillance testing activities. These
programmatic weaknesses may lead to reduced assurance that the reactor coolant pressure
boundary will have an extremely low probability of abnormal leakage, rapid propagating
failure, or gross rupture.

There is one unresolved item regarding your inservice inspection (ISI) program and the
recent events surrounding the pressurizer spray valve. The inspector determined that the
pressurizer spray valve, RC-V-1, was omitted during the first ISI interval. However, not all
of the information was available at the time of the inspection and requires further
investigation. It will remain as an unresolved item (URI 94-08-01).

ii

J



I
1

l
|

1

DETAllis

1.0 INTitODUCTION/ SCOPE
1

The purpose of the inspectior. was to review the botic acid corrosion program, organized in !
response to the United States Nuclear Regulatory Commission (NRC), Generic Letter 88-05
(GL 88-05). The inspection scope included a review of the licensee's commitments with
respect to the generic letter.

j

2.0 llORIC ACID CORROSION PROGRAhl (IP 62001)

Iloric acid is used in pressurized water reactors (PWRs) as a reactivity control agent. In its
normal concentration, the boric acid does not cause significant corrosion of carbon steel
components. However, coolant that leaks out of the reactor coolant system (RCS) loses

{
water through evaporation, and the residue is a high concentration of boric acid solution or, '

ultimately, crystals. The boric acid solution or crystals may be scry corrosive in contact
with carbon steel. Various components in PWRs are constroned using carbon and low alloy
steels.

:
After several incidents in which leaking reactor coolant caused significant corrosion problems

|
at various PWRs, the NRC issued GL 88-05. The generic letter requested that licensees '

provide assurance that a program was implemented to adJress the corrosive affects of reactor
coolant system leakage at less than technical specification limits. The NRC had concluded
that, in the absence of such a program compliance with the requirements of General Design |
Criteria 14,30, and 31 of Appendix A to Title 10 of the Code of Federal Regulations, Part i50, cannot be ensured.

To verify implementation of the program, the inspector utilized, as guidance, GL-88-05 and
Three Mile Island, Unit l's (TMI-1), June 6,1988, response to the generic letter. Within
these areas, the inspection consisted of selective examinations of procedures and records,
interviews with personnel, and observations by the inspector.

Generic Letter 88-05 consists of four basic elements: determination of principal locations
where leakage could occur; procedures for locating small coolant leaks; methods for
conducting examinations and performing engineering evaluations; and corrective actions and |

modifications to prevent reoccurrence of boric acid corrosion. These four areas were I
reviewed by the in':pector and are discussed below,

i2.1 Determination of Principal Locations
|

Generic letter 88-05 states that a program should include "a determination of the principal
locations where leaks that are smaller than the allowable technical specification (TS) limit can

{cause degradation of the primary pressure boundary by boric acid corrosion."
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Tht! Surveillance Procedure 1303-8.1, " Reactor Coolant System," provides a list of locations
where leaks that are smaller than the allowable technical speciScation limit can cause
degradation of the primary pressure boundary by boric acid corrosion. The NRC inspector
reviewed past data sheets of the VT-2 exams required by the surveillance procedure, noted
that very few leaks were identified, and few reviews done. The procedure lists only the
components in the reactor building and none in the auxiliary building. The licensee relies on
operator and plant staff tours for identification of leaking components outside of the reactor
building.

The licensee committed, in their response to GL 88-05, to performing a " technical review
and prepare a report." The NRC inspector reviewed Technical Data Review (fDR) No. 946
titled, "TN11-1 Evaluation of Boric Acid Corrosion of Carbon Steel Reactor Pressure
Boundary Components," Rev. O, dated January 10, 1989, and determined that three of the
four recommendations of the report had been completed by the licensee. The fourth
recommendation, " Additional Plant Walkdowns," could not be verined by the inspector,
llowever, the recommendations were internal licensee recommendations, and not a
commitment to the NRC.

The inspector determined that the licensee is meeting their commitment with respect to the
first element of GL-8fs-05.

2.2 Procedures for Locating Small Coolant Leaks

Generic Letter 88-05 states that a program should include procedures for locating small leaks
(i.e., leakage rates less than technical specification limits), and to establish the potential path
of the leaking coolant. The licensee utilizes two surveillance procedures as their primary
means of identifying RCS leakage Surveillance Procedure (SP) 1303-8.1 Rev 25, " Reactor
Coolant System" and SP 1303-1,1 Rev 32, " Leak Rate Surveillance."

SP 1303-8.1 is performed to verify RCS integrity prior to taking the reactor critical after
breaching the RCS. Leakage identified during the performance of this surveillance is
evaluated in accordance with SP 1300-6, "VT-2 Leakage Exam," in addition to TS and SP
1303-1,1 evaluations. SP 1300-6 provides the general requirements of the American Society
of hicchanical Engineers (ash 1E) Section XI Code for VT-2 examinations of ISI Class 1, 2,
and 3 systems.

SP 1303-1.1 is performed daily when the RCS is greater than 525 F, to evaluate leakage in
accordance with TS 3.1.6 and TS Table 4.1-2. This procedure is primarily used to
determine the nature and magnitude of plant leakage, and to evaluate the safety implication of
RCS leakage.

The inspector conducted interviews, reviewed the above procedures, and noted the following:

|
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The procedures require an assessment of RCS leakage with respect to boric acid*

corrosion; require provision of direction for determining the acceptance criteria for
leakage observed; and require provision of direction for disposition of the leakage. ,

1

SP 130?-5.1 lists the components in the reactor building to be inspected, following an*

outage and breech of the RCS. The acceptance criteria addressed in SP 1300-6 |
discusses packing and body-to-bonnet leakage. |

SP 1300-6, Rev. 6, delineates the qualification requirements of the personnel*

performing the VT-2 exams during the surveillance. The inspector reviewed |

personnel certifications, including operations personnel eye-exam results.

Inspection task forces and teams are used for informal inspections, noncode-required*

inspections, and the senior operations ngineer prebriefs the team prior to the
evolution. A checklist of components to be inspected is utilized during the
performance of SP 1303-8.1, and inservice inspection (ISI) drawings are available for
the examiners. Operations generally utilizes a consistent group of individuals to do
the surveillance test.

Although not formally proceduralized, the licensee also performs SP 1303-8.1 during*

the process of shutting down and when warranted, following a reactor trip.

The inspector concluded that the licensee is meeting the commitments made in the response
to GL 88-05 for proceduralizing small coolant leaks. The licensee has several other methods
for identifying system leakage including, Administrative Procedure 1063, Rev.19, Reactor
Trip Review Process; Minor Maintenance and Good Housekeeping program; and a Leakage
Reduction Program. However, these methods receive little credit for the contribution to the
boric acid corrosion prevention program because there is no formal boric acid corrosion
program description and feedback mechanism. The recent event surrounding the pressurizer
spray valve body-to-bonnet leak was a good example of how the licensee program for
identifying RCS leakage works, and was a positive reflection on the plant operations staff.

2.3 Methods for Conducting Examinations and Evaluations

Generic Letter 88-05 states that a program should include methods for conducting
examinations and evaluations to establish the impact on the reactor coolant pressure boundary
when leakage is located. Additionally, this should include procedures to promptly gather the
necessary information for engineering evaluation, before the removal of evidence of leakage.

The SPs 1303-8.1 and 1303-1.1 contain the methods the licensee utilizes to conduct
examinations and perform evaluations. As part of the GL 88-05 response, the licensee
committed to, and has completed, revising these procedures to provide more formal
documentation of the engineering evaluations prior to the removal of evidence.
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The inspector conducted interviews, toured the auxiliary building, reviewed the procedures,
and concluded the following: t

Station surveillance procedures reflect the need for engineering evaluation prior to
e

disturbing the as-found conditions. However, this does not appear to be reflected in
any of the maintenance procedures. The program does not provide guidance for
leakage discovered during non surveillance periods.

The program does not contain written guidance, which specifies when and to whate

extent the leakage has to be investigated or repaired. Evaluation of the potential
corrosion problem is left to the judgement of the individual discovering the leak.
There is no formal or documented centralized collection or evaluation group.

The inspector was unable to obtain any examples of engineering evaluations that*

document the potent:al effects of boric acid corrosion on existing plant components.
The one engineering evaluation that was reviewed, EER 93-0421 Rev. O, " Thermal
Well Leakage," did discuss boron inspection and cleaning, but from an interference
perspective, and not a corrosion perspective. The engineering staff stated that
surrounding component leakage protection was verbally discussed at the time of the
repair,

e SP 1303-1.1 requires the completion of a data sheet when significant leakage is
identified. The inspector determined that, following the discovery of the recent
pressurizer spray valve leak event, the SP 1303-1.1 data sheet was not filled out. The
licensee stated that the data sheet was not completed because the leak rate was
indeterminate, and the issue was being closely monitored by the engineering staff.

The inspector determined that the licensee was meeting the commitments of the GL 88-05
response. The inspector noted that this part of the program focused on finding the leaks after
they develop, not as preventive actions. The licensee presented that the reasoning for the
lack of examples of evaluations was a result of a relatively leak free plant. However, the
inspector noted during walkdowns of plant systems, that some leakage was apparent in the
plant, and no boric acid corrosion evaluations were available.

The omittance of the data sheet from the leak rate surveillance test may indicate some
procedural weakness. Filling the data sheet out is one of the mechanisms to identify to the
shift supervisor to evaluate the potential effects of boric acid corrosion on carbon steel
components.

|
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2.4 Corrective Actions to Prevent Recurrence

Generic Letter 88-05 states that a program should include corrective action to prevent
recurrences of boric acid corrosion. Modincations that reduce the probability of leakage at
susceptible locations and utilization of corrosion resistant materials should be included.

The licensee has net had any failures until recently, as a result of boric acid corrosion, and,
therefore, did not have any documented corrective actions. The recent event, failure of the
pressurizer spray valve (Inspection Report No. 50-289/94-04), is being evaluated by the
licensee and the root cause determination and corrective actions are being developed. Short
term corrective action taken by the licensee includes additional component inspections and
the removal or redesign of valve insulation.

The licensee program does not identify any specific modifications to design or operating
procedures, with respect to boric acid corrosion mitigation. The licensee has introduced a
program to install a " live loading" packing system to reduce packing leakage, and has
instituted additional reactor coolant pump flange inspections in their preventative maintenance
program. However, neither of these processes are identified as boric acid program
initiatives.

The inspector concluded that the licensee was meeting the GL 88-05 commitment with
respect to corrective actions. However, the case of evaluations as the focus of the corrective
actions policy appears to be limited to the performance of surveillance testing and does not
involve the maintenance program.

3.0 PROGRAM EVALUATION

The inspector utilized NUREG/CR-5576, " Survey of Boric Acid Corrosion of Carbon Steel
Components in Nuclear Plants," dated June 1990, and other NRC and industry documents to
evaluate the boric acid program at TMI-1. The inspector concluded that albeit there are
several strengths in the program at TMI-1, the program only meets the minimum
requirements of GL 88-05, and receives minimal attention from the engineering staff at TMI-
1. The following areas were reviewed by the inspector to evaluate the overall program.
The operations, maintenance, training, and engineering groups at the plant are discussed
below.

3.1 Operations

The operations staff provides the large part of the inspection and leak detection efforts for
TMI-1. The senior operations engineer displays a very good knowledge of the plant and its
associated inspection requirements. The inspector reviewed the certification records of the

;

l
__ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _



i
i

.

6

operations staff involved with both the formal and informal ASME VT-2 examinations,
including personnel eye-exam results, and found the records to be in very good order. The
additional inspections the operations staff performs, as discussed earlier, are good initiatives i

on the licensees part.

3.2 Maintenance

Acceptance criteria for leakage observed during surveillance testing is described in SP 1300-
6, as are the directions for disposition of the leakage. There is no policy for leakage
discovered during non surveillance testing periods. The licensee utilizes the skill and
experience of the operators, engineering, and maintenance personnel.

Station procedures reflect the need for engineering evaluation prior to disturbing the as-found
conditions. However, there is no formal program procedure on how to conduct boric acid
corrosion affects; the procedures, which state that these requirements are surveillance
procedures, and the do-not-disturb requirement is not reflected in maintenance procedures.

Depending on the severity of the leak and the method of discovery, there are several ways in
which the licensee records them. The major leaks are discussed at management meetings,
and a work request is written with input from various groups onsite. Minor leaks are
handled by completing minor maintenance work requests initiated by the maintenance group,
or a work package is generated by the planning group. The process is not formally identified
in a specific procedure, but is rather dependent on the skill and knowledge of plant
personnel. Evaluation of potential corrosion damage, as a result of the leakage, is not
documented in the process, nor is a root cause analysis performed. Evaluation of potential
corrosion problems is also left up to the judgement of the person discovering the leak. The
program foes not contain written guidance, which specifies when and to what extent the
leakage has to be investigated or repaired.

The NDE group, which is a separate organization from the plant engineering group,
evaluates the recordable conditions found during performance of the ISI program, if it is
determined that boric acid corrosion is involved and cannot be dispositioned by the NDE
group, the information is sent to the plant engineering group. This process is not formalized,
and is also dependant on the s' kill and knowledge of plant personnel.

3.3 Training

The maintenance personnel receive initial, continuous, and special training as part of their
normal job function. Station personnel, which receive the training, include mechanical,
electrical, instrument technicians, and utility personnel. The inspector reviewed training
documentation and determined that the subject of boric acid corrosion was very well
transposed. The maintenance training program also included industry events.
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3.4 Engineering

The inspector determined that a documented program description does not exist, and there
are no specific boric acid program procedures; as such, no program implementation
procedures. Generic lxtter 88-05 also states that the licensee shall maintain, in auditable
form, records of the program and results obtained from the implementation of the program. 1

The lack of program specific documentation led the inspector to conclude that this was a |
'

weak area in the program.

The program does not have a formal organization or documented centralized |
'

collection / evaluation group. The boric acid program coordinator was not familiar with
.NUREG/CR-5576, " Survey of Boric Acid Corrosion of Carbon Steel Components in Nuclear
Plants" or NUREG 1095, " Evaluation of Responses to IE Bulletin 82-02."

The NUREG 1095 recommendation that licensees should perform a detailed critical review of
their practices, with the use of fastener lubricants, was not performed by the licensee. The
licensee does not have a system for tracking fastener replacement or plant modifications with
susceptible fasteners. Additionally, the program does not identify if any of the recent |
ash 1E, Section XI bolting inspection requirements have beca incorporated into the boric acid
corrosion program.

4.0 LER 94-001-00 (URI 50-289/94-04 01)

On hfarch 6,1994, the licensee identified that the pressurizer spray valve had a body-to-
bonnet leak of about 0.1 gallon per minute (gpm). On 61 arch 7,1994, after the leak had ;

increased to about 3 gpm, the licensee isolated the valve and performed a closer inspection. |
The licensee determined that, as a result of the degraded condition of the fasteners, the event |

was reportable under 10 CFR 50.72(b)(1)(ii). The licensee reported the RC-V-1 leakage to
the NRC via the emergency notification system (ENS) on hiarch 8,1994, as a condition i
during operation; that resulted in the condition of the nuclear power plant, including its ;

principal barriers, being seriously degraded. On h1 arch 17,1994, the plant was taken to hot
'

shutdown to repair the valve.

The inspector reviewed the April 6,1994, Licensee Event Report (LER) 94-001-00, " Boric |

Acid Degradation of Pressurizer Spray Valve (RC-V1) Fasteners," from a programmatic
view, with respect to the boric acid corrosion prevention program. The licensee had not j
completed the root cause analysis or provided any conclusions at the time of the inspection.
The Plant Experience Report, initiated by the licensee and LER supplement, are not complete
at this time, therefore, the issue will continue to be unresolved until completion of the PER
and LER supplement issuance, and subsequent NRC review (LER 94-001-00, URI 50-
289/94-04-01).

|



.

.

8

The LER stated that operations personnel had previously noted, during an unscheduled
outage, that RC-V-1 had a body-to-bonnet leak and initiated a maintenance work request to
repair the valve. Plant maintenance performed an inspection and determined titat the leakage
was from the packing, and not the body-t& bonnet joint. The work request for repair of the
valve was then cancelled by the maintenance group. The licensee's inspectior. of the valve
was not documented, and only a superficial inspection had been performed by the
maintenance group (Inspection Report 50-289/94-04).

The inspector determined that the lack of a more detailed examination of the pressurizer
spray valve and boric acid corrosion program involvement are indicators that the boric acid
corrosion program may not be effectively used by the maintenance group, or effectively
communicated by the engineering group.

5.0 URI 50-289/94-08-01

There is one unresolved item in the licensee's inservice inspection (ISI) program and the
recent events surrounding the pressurizer spray valve (Inspection Report No. 50-289/94-04).
The 1974 through Summer of 1975 addenda of ASME Section XI, Article IWB-2000, Table
IWB 2500 B-G-2, requires all pressure retaining bolting smaller than two inches in diameter
to be examined each inspection interval. In reviewing URI 50-289/94-04-01, the inspector
determined that the pressurizer spray valve, RC-V-1, may have been omitted during the first
ISI interval. The valve was recently repaired, including replacement of the pressure
retaining bolting, however, the omission may be indicative of a weakness in the licensee's
ISI program and requires additional review.

6.0 CONCLUSIONS

The boric acid corrosion program meets the minimum requirements of Generic Letter 88-05.
Weaknesses identified include lack of program documentation and program preventive
guidance to ensure maintenance is performed before leakage can cause significant corrosion
damage. Additionally, there is no formal or documented centralized collection or evaluation
group, or a formal feedback mechanism for evaluation of leaks identified by non-surveillance
testing activities.

The inspector concluded that, prior to the recent failure of the pressurizer spray valve
pressure boundary bolting, there was a general lack of awareness of the boric acid corrosion
program based on the following items:

Lack of any documentation on the subject since the GL response;*

Lack of any discussion on the potential impact of boric acid corrosion during the*

initial evaluation of the RC-V-1 event;
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Not completing a data sheet from a key procedure in your boric acid corrosion*

program;

Lack of evaluation of the potential impact of the failed packing gland on RC-V-1
e

during a previous outage; and

Lack of an internal audit of the boric acid corrosion program by your staff.
*

The operations and maintenance groups have systems in place to identify and correct RCS
leakage before they become problems. However, the lack of a strong centralized collection
and evaluation group prevents the boric acid corrosion prevention program at TMI-l from
reaching its full potential.

7.0 EXIT MEETING

An exit meeting was held on May 27,1994, with members of the licensee's staff noted in
Attachment 1. The inspector discussed the scope and findings of the inspection.

Attachment: Persons Contacted
i

i

:

i
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NITACilNIENT 1

PERSONS CONTACTED

Licensee Personnel

J. Bashista Plant Engineer
* T. Basso blanager, Plant Engineering

Nf. Benson System Engineer*

A. Conrad hiaintenance Training
C. Hartman blanager, Plant Engineering
J. Jandovik NDE/ISI Engineer

* B. Knight Licensing Engineer
<* R. Afaag hianager, Plant hiaintenance

W. Afarshall Plant Operations
* 51. Nelson PRG Chairman
* G. Skillman Site Director Th11-1, Technical Functions

ht. Torborg Supervisor, NDE/ISI (acting)
R. Warren ISORG

NRC Personnel

|

* D, Beaulieu Resident Inspector, NRC j
hl. Evans Senior Resident Inspector, NRC

* Attended die entrance meeting.
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