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February 21, 1997
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License No. DPR-26
CAL No. 1-97-002

Mr. S. E. Quinn

Vice President - Nuclear Power

Consolidated Edison Company of
New York, Inc.

Indian Point Unit 2

Broadway and Bleakley Avenues

Buchanan, NY 10511

Dear Mr. Quinn:
SUBJECT: CLOSEOUT OF CONFIRMATORY ACTION LETTER 1-97-002

On January 31, 1997, Confirmatory Action Letter (CAL) 1-97-002 was issued to confirm
your commitment to meet with the NRC prior to restart from the current forced outage.
This forced outage began on January 26th when it was determined that three of the four
feedwater regulating valves would not close upon demand. Subsequent investigation of
the internals of these valves found extensive scoring of the valve plugs and cages as well
as a buildup of an iron-based foreign material that prevented closure of these valves. Your
investigation later indicated that this foreign material, an abrasive grit used to prepare the
inner surface of the high pressure turbine during the early 1995 outage, was the cause of
the failure of the valves to close upon demand. Furthermore, this abrasive material was
found in other areas of the feedwater system and also caused the failure of a heater drain
pump in June 1995, as well as damage to another heater drain pump in late January.

The NRC issued CAL 1-97-002 due to our concerns with the potential safety implications
of this apparent common mode failure of multiple feedwater regulating valves, which also
serve a safety function in isolating the feedwater system during particular design basis
events. Moreover, we were concerned that this foreign material intrusion occurred over

1 1/2 years ago and previously led to a significant equipment failure, but was not
adequately evaluated such that the full extent of condition and its impact on the plant was
known and appropriately addressed at that time.

On February 19, 1997, you and members of your staff met in Region | to discuss the
issues posed by the NRC in CAL 1-97-002 as well as present the results of your
investigation in this matter. Your findings were also documented in the enclosed submittal
provided to this Office on February 18th. During the meeting, you provided a description
of the event, the results of your root cause investigation, whether any precursors of this
event existed, the safety significance of this event and your ongoing and completed
corrective actions. You stated in that meeting that the root cause of the FRV failures was
the intrusion of an abrasive grit during the 1995 refueling outage due to the failure of the
foreign material exclusion (FME) controls in-place at the time. We note that your corrective
actions included extensive inspections of secondary plant systems and equipment.
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S. E. Quinn 2

Based on the information you presented in this meeting and our own independent review of
this matter, we consider your root cause investigation, system examinations and corrective
actions in this matter to be thorough. Therefore, we consider your commitments in this
matter, as documented in CAL 1-97-002, to be satisfied; thus, the CAL is closed. Details
of our findings and conclusions in this matter are enclosed. Please note that closure of this
CAL does not preclude the NRC from taking enforcement action for violations of NRC
requirements that may have prompted the issuance of this CAL. Our inspection findings in
this matter will be documented in the near future in NRC inspection report 96-08.

The findings of your root cause investigation reflect the importance of raising, documenting
and evaluating plant deficiencies as well as effectively correcting these deficiencies,
particularly those identified during your upcoming outage in May. In addition, the need for
improvements in your FME controls and the oversight of contractors, including approved
vendors performing work on the balance of plant, was also evidenced by your investigation
into this matter. Finally, continued management emphasis on the importance of a
questioning attitude, thorough root cause analyses and extent of condition reviews and
good contractor oversight are necessary to prevent a recurrence of events similar to this
one. We will continue to review and evaluate the effectiveness of the long-term corrective
actions you have planned as a consequence of this event. Should you have any questions
in this matter, please contact Curtis Cowgill of my staff at (610) 337-5233.

Sincerely,

Original Signed by:

Hubert J. Miller
Regional Administrator

Enclosures:

1. Con Edison Letter Dated February 18, 1997

2. NRC Review of the Con Edison Response to the Five Issues Detailed in CAL 1-97-002
3. Handouts at the February 19, 1997, Meeting
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Stephen E. Quinn ‘
Vice President

Consolidated Edison Company of New York, Inc.
Indian Point Station
- Broadway & Bleakley Avenue

S Buchanan, NY 10511 '
- Telephone (914) 734-5340 February 18, 1997

Re: Indian Point Unit No.2
Docket No.50-247

Document Control Desk

US Nuclear Regulatory Commission
Mail Stop P1-137

Washington, DC 20555

SUBJECT: Response to Request for Information Concerning Confirmatory Action Letter
1-97-002 Topical Event. '

This letter is to confirm, as stated in your January 31,1997 letter, that members of licensee’s
management and technical staff will meet with your Region I staff prior to restart of Indian Point
Unit 2 to review the items set forth in your letter. In advance of that meeting we provide in the
attachment to this letter additional information regarding our January 26, 1997 shutdown,
including current information on our root cause evaluation, and the status of corrective measures.

Should you have any questions regarding this matter, please contact Mr. Charles W. Jackson,
Manager, Nuclear Safety and Licensing.

Very truly yours,

A




CC:

Mr. Hubert J. Miller

Regional Administrator - Region I
US Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, PA. 19406

Mr. Jefferey F. Harold, Project Manager
Project Directorate I-1

Division of Reactor Projects I/II

US Nuclear Regulatory Commission
Mail Stop 14B-2

Washington, DC 20555

Senior Resident Inspector _
US Nuclear Regulatory Commission
PO Box 38

Buchanan, NY 10511



ATTACHMENT

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC.
INDIAN POINT UNIT NO. 2
DOCKET NO.50-247
FEBRUARY, 1997



RESPONSE TO REQUEST FOR INFORMATION

On January 26, 1997, Indian Point Unit 2 was shut down when it was determined that three of
the four main feedwater regulating valves would not adequately respond to a closure demand.
After the shutdown, it was also determined that one of the low flow feedwater regulating valves
was also not responding to closure demand. Subsequent investigation of the internals of these
valves found scoring of the valve plugs and cages. Our investigation indicates that foreign
material, determined to be an abrasive grit of the type used to clean the inner surface of the high
pressure turbine during the 1995 Refueling Outage (RFO), is the cause of the scoring and the
failure of the valves to close upon demand.

Con Edison management promptly recognized the implications of this failure of multiple main
feedwater regulating valves. A diverse, multi-disciplined team was immediately assembled to
assess the scope of foreign material intrusion to the feedwater regulating valves and balance of
plant systems and components, and to aggressively pursue its removal. The team’s purpose was
to apply a thorough approach to determine the root cause for the main and low flow feedwater
regulating valves non-closure. Once the foreign material was discovered in the valve cages and
identified as grit, a- plan was developed to perform the tasks listed below.

o Survey grit and shot abrasives used during the 1995 RFO.

0 Review abrasive migration interdiction practices utilized during the 1995 RFO

0 Identify systems that could be susceptible to foreign particle intrusion as a result -
of -abrasive usage during the 1995 RFO -

0 Identify locations for inspections of the susceptible systems

0 Perform detailed inspections

0 Assess the inspection results

0 Document the operability of systems / components deemed susceptible to foreign
particle intrusion, including specifically those systems / components which
communicate with the feedwater and condensate systems

0 Evaluate past similar plant events

o Perform a thorough and comprehensive root cause analysis

0 Evaluate the potential implications of the root cause on other plant systems and
equipment.

o Recommend corrective actions to prevent recurrence

o Evaluate other potential failure modes, i.e., system dynamics (flow velocities)

0 Aggressively pursue the removal of the grit.

To perform a component and system evaluation of this magnitude, and provide a comprehensive
root cause analysis, equipment disassembly, inspections, lab analysis, equipment testing or
engineering analysis, in various combinations, is required to either prove or disprove validity
of various candidate possible cause(s) of this event. To expedite this root cause analysis, and to
ensure its thoroughness and depth, the team was assigned on a full time basis. Their areas of
expertise include engineering, operations, chemistry, maintenance, metallurgy, failure analysis,
_ and independent safety review.



The team’s staff received input from Westinghouse, and Altran personnel, as well as from staff
at New York Power Authority’s Indian Point 3 Nuclear Power Plant. The services of Conger and
Elsea, Inc., have been retained to assist in the root cause analysis for the 1995 event evaluation.

A detailed engineering review was performed to identify all susceptible piping systems. The
susceptible systems and components identified are as follows:

0 Main Steam 0 25 Extraction Steam

0 Condensate- 0 26 Extraction Steam

0 Main Feedwater 0 25 Heater Drains

0 Auxiliary Feedwater 0 26 Heater Drains

0 Heater Drain 0 25 Extraction Steam Traps
o Main Steam Traps o 26 Extraction Steam Traps
0 Crossunder Piping 0 Moisture Preseparator

o Extraction Steam

The following are the safety-related systems and components that were considered to be
potentially impacted:

o Steam Generator, Blowdown Containmentléolation Valves (PCV-1214, PCV-1214A, -
PCV- 1215, PCV-1215A, PCV-1216, PCV-1216A, PCV-1217, PCV-1217A) - '

.0 - -Steam Generator Wide Range Level Transmitters.(LT-417D, LT-427D, LT-437D,.and..:. -,
LT-447D) - ' ,

0 Auxiliary Feedwater System

o Condensate Storage Tank

0 Main and Low flow Feedwater Regulating Valves
0 Main Boiler Feedwater Pumps Discharge Valves
o Steam Generator Blowdown Radiation Monitor

o Main Feedwater Flow Instrumentation

0 Turbine First Stage Pressure Transmitters

o Steam Generators

0 Main Steam

Operability determinations have been performed for the above-listed safety systems and / or



components. These determinations are performed in accordance with our “Equipment Operability .
Assessment Procedure,” SE-SQ-12.317. A separate 10 CFR 50.59 safety evaluation was
performed for the effect of grit intrusion in the Steam Generators based on a Westinghouse
analysis.

The team selected approximately 200 locations for inspection based on drawing reviews and

field walks. Sample locations were established based on a review of field walks, print research or -
previous sample findings. A record of all locations selected and inspection results was

maintained by the team. Inspection results and evaluations will be included in the final Analysis
of Station Events and Conditions ( SAO-132 A) Report.

Inspections of the identified locations using visual, video, or boroscope techniques in various
combinations were aggressively performed. Samples were collected and inspected for the
presence of grit and foreign material. Identified locations are being logged, videotaped, or
photographed, in various combinations, as appropriate, with information and status on the sample-
location, Work Order number controlling the inspection activity, inspection results, and :
disposition of the tracking documentation. » '

Descriptions of the debris type and quantity removed are being recorded to document the
findings at the various identified sample locations. Other grit abrasives utilized for surface
preparations during the 1995 RFO were evaluated to contrast their signatures to that of the grit

used for the turbine maintenance work. This aided in positive source identification for.gritentry -~

and migration paths.'.

" The composition of the debris for the various sample. locations is being categorized and .
quantified (i.e., percentage.grit of total sludge at that sample location)..Probable source. . .. .

identification of the debris aided in determining the scope.and magnitude of the intrusion and the=. * - -

required extent of the investigation.

Third party evaluations are being performed parallel to our evaluations to either corroborate or
contrast Con Edison findings. Altran Corp. has been retained to perform a metallurgical and
failure analysis. To date, Altran has inspected the main and low flow feedwater regulating valve
plug and cage surface conditions. A sample of the debris removed from Heater Drain Tank and
several embedded particles removed from the surface of the main feedwater regulating valve
plug have been analyzed and are documented in Altran Corp. Letter 97110.1, dated 2-3-97. This :
letter and its attachments describe preliminary results of their examination of the valve plug and
cage, and EDAX scan plots of the removed particles. Comparison of the energy dispersive X-ray
analysis (EDS) scans conclude that a sample of debris removed from the heater drain tank pump
and the embedded particles removed from valve FCV-447 plug and cage are similar.

Catholic University’s Oxide Chemistry Group was requested to analyze the grit. Using optical
microscopy technology to ascertain the analyzed materials’ physical characteristics, it was
substantiated that the type of shot grit present was Amasteel HG-25. In addition, Con Edison’s
Astoria Chemistry Laboratory and Altran Corporation were also been sent a sample of the grit
material for analysis.

The grit appears to have entered the pre-separator devices in the High Pressure Turbine exhaust
due to faulty foreign material exclusion controls and final system cleaning that was inadequate



due to lack of recognition of this “hide out” path . The completed inspection results will be
documented in the final Analysis of Station Events and Conditions (SAO-132A) Report.

Based on the above-described inspections, the removal of the foreign material from the
identified systems and components, and the repair of and evaluation of the effect of the foreign
material on the feedwater regulating valves and other components, we are confident that the plant
can be returned to service and that the corrective actions described will prevent recurrence.

To ensure operability of the various systems and / or components the following work was
performed: -

o  Steam Generator Blowdown (SGBD) Containment Isolation Valves -

Inboard SGBD valves were disassembled and inspected for foreign material and /or

- damage caused by foreign material intrusion. Visual Inspection Technologies Inc. (VIT)
performed a visual inspection of the outboard SGBD valves. Type C local leak rate testing
was performed on all eight SGBD valves and passed. No damage from grit was evident. All
valves passed an as-found leak tightness test.

o  Steam Generator Wide Range Level Transmitters - -
Steam Generator Wide Range Level Transmitters low ‘side ( bottom tap ) impulse lines .

were blown down into sock filters. Small quantities of sludge were obtained from each -
transmitter. Samples of this sludge were analyzed and found to contain no grit material. . .

Based on the very small quantity of sludge removed from the impulse lines, it has been-;. - - .

determined that the accuracy of the transmitters was unaffected.

These instruments (LT-417D, -427D, -437D, -447D, -5001, -5002 ) will have their low -
side (bottom tap) impulse lines blown down when steam pressure is present. This will
ensure that the potential for grit or sludge accumulation subsequent to sludge lancing
operations is eliminated.

o  Auxiliary Feedwater System -

The Auxiliary Feedwater System low point drains were opened and sampled, and Flow
Control Valves FCV-405A through D, and FCV-406A through D were disassembled and
inspected for the presence of foreign material ( i.e., grit). The drains and valves were found
to be free of grit. Some damage to valve internals was observed. The analysis of the
damage indicated it was the result of misalignment between the plug and the cage caused
by a gasket design problem. The valves were repaired and a new gasket design installed.

o  Condensate Storage Tank (CST) -
The CST was opened and inspected using underwater video inspection techniques. This

underwater video inspection was conducted by VIT on February 5, 1997. The visual
inspection revealed a thin oxide layer, at or near the center, on the tank bottom. The oxide



layer appeared to be a normal oxide layer and a sample was taken for analysis. The sample
composition results for this oxide follow:

Fe 499% Cus.5%
Ct 13% Si3.4%
Ni 31%

The inspection and sample results have been rev1ewed and the results are acceptable. No
grit was indicated in the CST.

Main and Low Flow Feedwater Regulating Valves -

Analysis of Main Feedwater Regulating valve internals was performed and confirmed via
energy dispersive X-ray analysis and visual examination that foreign material ( grit )
intrusion caused the damage and subsequent failure of the valves to stroke. These findings
are documented in Altran Report Number 97110.1, “Feedwater Regulating Valves,” and
other reports. The Main and Low Flow Feedwater Regulating Valves were rebuilt with
replacement trim sets installed. The valves were stroked open and closed through their full
range of travel as a post-maintenance functional test (PT-V24).. ... . ., »

Main Boiler Feedwater Pump Discharge Isolation Va’lvesu--
'Valves BFD-2-21 and BFD-2-22 were boroscopically.inspected, found clean; and stroke 7 -
time tested using procedure number PT-V24.

Steam Generator Blowdown Radiation Monitor (R-49 ) -

The liner for R-49's shield removal and inspection for foreign material intrusion has been
completed. No grit was found.

Main Feedwater Flow Transmitters -

These transmitters ( FT-418 A/B, -428 A/B, -438 A/B, -448 A/B ) will have their high and
low side impulse lines blown down under system pressure.

Turbine First Stage Pressure Transmitters -

These transmitters (PT-412 A and B) will have their impulse lines blown down dunng start
up when steam is available.



0 Steam Generators / Main Steam

The secondary side of all four Steam Generators (S/G’s) were opened for inspection and
cleaning. Sludge lancing and Foreign Object Search And Retrieval ( FOSAR) has been
completed. Sludge volume was as expected with a small amount of grit indicated in
samples of the sludge taken.

Westinghouse was retained to analyze the safety significance of this event for Loss of Coolant

- Accident (LOCA) and Non-LOCA accident and transient analyses described in the Updated
Final Safety Analysis Report (UFSAR). The evaluation concluded that the most limiting single
failure assumed in each of the current licensing basis analyses bound an accident which assumes
the common mode failure of the four main feedwater regulating valves and the four bypass
feedwater regulating valves. A report, entitled “Indian Point Unit 2 Justification of Past
Operation For Common Mode Failure of All Feedwater Control Valves,” has been prepared, and
provides Justification for Past Operation (JPO) for the common mode failure of all feedwater
regulating control valves at Indian Point Unit 2. :

Failure of Foreign Material Exclusion (FME) barriers during the 1995 RFO resulted in the
eventual foreign material intrusion into mainfeed regulator valves, low flow feedwater regulating
valves, and a heater drain tank pump and other secondary plant components. The material has
been identified, via physical analysis, as Amasteel HG-25 grit (surface preparation blasting .. -
abrasive ).

Precursors to this event were the June,1995 Heater Drain Tank Pump failure, 1995 main
feedwater regulating valve incident, and December 1996 and . January.1997 Steam Generator

Level excursions. These precursor events were diagnosed as acceptable, based on the information. -

available at the time of their occurrence. Subsequent operations suggested that the conditions
causing these events had been rectified.

The remedial actions resulting from the 1995 heater drain tank pump failure have been secondary
sampling, main feedwater regulating valve stroke testing, heater drain pump replacement, and
continued observation of heater drain tank pumps and feedwater regulating valves. Additional
mechanisms of foreign material exclusion practices were implemented subsequent to the 1995
Heater drain tank pump failure. These included the revision of SAO-251, “Conduct of
Maintenance,” which addresses the FME requirements when work requires grit blasting. The
SAO was revised to require a grit blasting permit, FME required training, and a QC closeout of
systems and/or components which are grit blasted.

Summary responses to the numbered items set forth in Confirmatory Action Letter 1-97-002 for
discussion are as follows:

1) “the scope of your efforts to determine the root causes of the FRV failures, and subsequent
observed damage to other balance of plant components;”

As described above, equipment disassembly, inspections, lab analysis, equipment testing and
engineering analysis was performed to prove the validity of the root cause of this event. To
expedite this root cause analysis a multi-disciplined team was assembled to ensure its



thoroughness and depth.

2) “the basis for your confidence that the identified root causes completely encompass the failure -
mechanisms and the physical damage observed in the failed components;”

System and component inspections, foreign material removal when encountered, coupled with
fluid circulation and blowdown increase our confidence that the root cause for FRV failure has
been completely encompassed. Positive identification of the grit as Amasteel HG-25 is indicative
of its singular use during the 1995 RFO. This material was used for surface preparation of the
high pressure turbine.

3) “the scope of your corrective actions to ensure that you have identified all affected equipment
and the safety impact on that equipment; and that you have identified the location of all foreign

material, and have appropriately removed it. Should you not have confidence that all material has .
been removed, provide your basis for restart of the plant in recognition of this condition;” »

Our corrective actions included aggressive removal of foreign material from various balance of -
plant systems, performance of operability determinations for the potentially impacted systems
and /or components, and equipment testing. Subsequent fluid circulation and blowdown, when
system pressures are available, will be performed to further enhance the effectiveness of the
foreign material removal efforts.

4) “the safety significance of this event”

Westinghouse was retained to evaluate this event and has provided Indian Point Unit 2 with a
Justification for Past Operation (JPO) which documents that common mode failure of the four
main and four low flow feedwater regulating valves is . bounded by, the results.of the current
licensing basis UFSAR analyses. :

5) “the root causes of your failure to more broadly evaluate the extent of condition of the foreign
material intrusion during your evaluation and corrective action pursuant to the June 1995 heater
drain pump failure. In this discussion, also include information about other indicators that may
have previously existed that were additional precursors to this event.”

It is important to briefly review the actions taken and processes in place during the time #21
heater drain tank pump failed. '

The 1995 failure of #21 heater drain tank pump resulted in a Priority 2 Significant Occurrence
Report. Upon disassembly of the pump, a grit-like substance was noted in the bottom of the
pump barrel and within the lower stages of the pump. This was entered into our corrective action
system via an Open Item Report. The material was collected and sent to the Company’s lab at
Astoria and also to an independent lab. The results indicated that the material was Amasteel
HG-25 grit. This material was used during surface preparation of the H.P. turbine shell during
the 1995 RFO.

The determination was that the grit had flowed from the H.P. turbine through the heater drain
pump to the steam generators. Inspection of the heater drain tank following the pump failure
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indicated minor levels of grit material. The impact of the grit material on the steam generators
was evaluated and found acceptable by the OEM (Westinghouse). There were some discussions
with the main and low flow feed regulator valve OEMs concerning dimensional clearances
within the valves. The clearances were determined to be adequate to allow grit to pass through
the valves. This assessment concerning valve clearances was not documented. There were no
discussions on grit material specific properties. The valves were stroke tested satisfactorily to
demonstrate operability. A program was established to continually monitor and filter the
presence of grit within the following systems:

Condensate

Heater Drain

Main feed pump

Steam Generator blowdown flow stream

o 0 OO0

Samples were recovered weekly immediately following the unit startup. The filters did not -
indicate the presence of grit at any time.

The evaluation in 1995 was deficient for the following reasons:
0 The OIR process for documenting operability was not standardized. The acceptance of the-
operablhty Justlﬁcatlon was made by a single organization.. : ;

o The priority of this event and the resources.applied to-determine the root cause-and
corrective actions was less than adequate.

o The root cause methodology utilized during the investigation in 1995 was not rigorous.
o There was a less than adequate review of the results of this investigation.
Contributing factors were:

o The hideout potential within the system piping configuration system of the heater drain tank
was not fully understood.

o The physical properties of the grit and its potential impact to spec1ﬁc plant components was
not fully understood.

The preliminary results of a third-party review conducted in 1997 of the 1995 event indicate
similar conclusions to those listed above. :



