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U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555

Reference: Facility Operating License No. DPR-21
Docket No. 50-245
Licensee Event Report 90-014-01

Gentlemen:

This letter forwards update Licensee Event Report 90-014-01 required to be submitted
pursuant to the requirements of 10CFR50.73(a)(2)(v).

Very truly yours,

NORTHEAST NUCLEAR ENERGY COh1PANY

FOR: Stephen E. Scace
Director, Millstone Station

[/
.

BY: Carl H. Clem,ent
hlillstone Unit 3 Director

t
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Attachment: LER 90-014-01

cc: T. T. Martin, Region 1 Administrator
; W. J. Raymond, Senior Resident inspector, Millstone Unit Nos.1, 2 and 3
i M. Boyle, NRC Project Manager, Millstone Unit No. I
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On September 7,1900, at IM5 hours, wuh the plant at 100Fe power (530 degrees Fahrenheit and 1030 psig),
an incons stency between procedural and design parameters associated with the Low Pressure Coolant injection
(LPCI) heat exchanger flow rates was identified.. The inconsistency was associated with the maximum LPCI
flow permitted through the heat exchanger to preclude failure due to flow-induced vibration, and the heat |
exchanger flow rates required by the Emergency Operating Procedures (EOP's). After review of the procedures,
the design basis, and discussions with the heat exchanger manuf acturer, it was deterrnined that operability of the
contaimnent cochng system could not be assured due to potential mechamcal limitations of the heat exchanger.
Both contamment cochng subsystems were declared inoperable and a plant shutdown to cold shutdown was
immediately mitiated as required by Technical Specifications. Cold shutdown was achiesed on September b,
1940 at 1705 hours. No safet) systems were required to function as a result of this event and no safety
consequences resulted trom this event.
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1. Deetbn of Evem

On September ',1990, at 1645 hours, with the plant at 1009 power (530 degrees Fahrenheit and 1030
psig), an inconsistency between procedural and design parameters associated with the Low Pressure
Coolant injection-(LPCI) heat exchanger flou rates was identihed. The mconsistene) was associated with
the maximum LPCI flow permitted through the heat eschanger to preclude failure due to erosion and
flow-induced vibration, and the heat exchanger flow rates required by the Emergency Operating
Procedures (EOP% After reviey of the procedures, the design basis. and dkeussions with the heat
exchanger manufacturer, n was determined that operabiht) of the contamment cochng system could not
be assured due to potential mechanical limitauons of the heat exchanger. Both contamment cooling

.

subsystems were declared moperable and a p| ant shutdown to cold shutdown was immediately minated as
t required by Technical Specifications. Cold shutdown was achieved on September E 1090 at 1705 hours.

No safety systems uere required to funcuan as a resuh of this event and no safety consequences resuhed
from this event.

11. Cnuse of Event

A review of the origmal Millstone Unit One emergency procedures and the system operaung procedures
mdicated that no precautions or limitations associated with excessive heat exchanger flow rates existed for
the LPCl heat exchangers smce initial plant start-up m 1970. In 1987, Northeast Utihties implemented a
voluntary program for design basis reconstruction at Millstone Unit One. It was dunny a review of the
LPCI Design Basis draft document on the LPCI system that the discrepancy between the design heat
exchanger flow rates and the procedural required flow rates was idenufied.

The Design Basis Reconstruction program was the onginal source of the mconsistency between the
component design hmitations and the system operatmg procedures. Although the origmal discrepancy
was identified in June of 1980, a preliminary engmeenny assessment of the discrepancy determined no
safety significance based upon engmeeting judgement. However the design basis discrepancy associated
wnh the LPCI heat exchanger flow rates continued to be evaluated under the resoluuon process
implemented by the Design Basis Reconstruction process.

Implementation of Revision 2 of the BWR Owner's Group Emergency Procedure Guidehnes in June
1983, required LPCI mjection flow be estabhshed through the LPCI heat exchanger as soon as possible.
This procedural requirement was established by General Caution #4. and was contained in an
administranve secuan of the EOP's apphcable to all EOP steps. Revision 4 of the BWR Owner's Group
Emergency Procedure Guidelines and subsequent EOP's implemented in September 1989, incorporated
the admmistrauve guidance mto the actual EOP procedure steps. The contmuing effort to enhance the
general guidance provided by the EOP's resulted in procedure changes to the Emergency Service Water
(ESW) system operatmp procedure. The ESW operating procedure was undergomp revision to more
clearly identify the required heat exchanger flow rates for contamment cochng. The ESW procedure
reviins prompted discussions with plant engineering. the heat exchanger manufacturer, and corporate
enciaeenng and concluded that LPCI heat exchanger flow rates in excess of 5000 ppm could jeopardize
LPCI heat exchanger operabihty, The excessive flow rates could be expenenced durmg a design basis
accident by followmg the procedure guidance contained m the EOP'S. As a result of this information,
the LPCI containment cooling sub-systems were declared moperable and a plant shutdown was initiated.

The root cause of this esent has been determined to be madequate evaluation of onginal plant design
documentation that permitted component operation such that the design hmitations would have been
exceeded. Therefore. operation of the LPCI system with all flow being directed through the heat
exchanger did not take into consideration the potenual long term damage to the heat exchanger
component.
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Ill. Ann!vs of Esent

This event is reportable pursuant to 10CFR 50.73(a)(2)(v), any event or condition that alone could have
presented the_ fulfillment of the safety systems that are needed to mitigate the consequences of an
accident. Immediate notifications were performed in accordance with 10CFR 50.72 (b)(1)(i)(A).

The Emergency Operaung Procedures were developed with the philosophy of establishint as high a heat
exchanger now rate as possible. Therefore, the EOP's would allow the operator to perform the long term
contamment cooling function utilizing two 5000 gpm LPCI pumps to provide flow through each LPCI
heat exchanger. This would also be the same active equipment used dunny the LOCA mie'; tion phase.

i

However, as part of the Design Basis Reconstruction project. it was discovered that the LPCI heat !
exchanger was designed for only 5000 gpm. Thus, the Emergency Operating Proadures would have
allowed the operator to exceed the design parameters for the LPCI heat exchangers.

The most liminng design basis event affected by excessive heat exchanger now rates is as follows:

1. The initiating event is a LOCA.

2. LPCI is automatically placed in the Post LOCA Core Renood mode and injection stans.

3. Valves LP-TA and LP-7B (LPCI heat exchanger bypass valves) are interlocked in the open
position to prevent closure until one minute after initiation of the injection mode.

4. Some time after the interlock clears, the operator would close LP-7A and LP-78 to imtiate
cooling through the LPCI heat exchanger. The operators are directed by the Emergency -
Operating Procedures to perform this action as soon as practical.

Closing the LPCI heat exchanger bypass valves LP-7A and B, will direct all LPCI flow to the shell side
"

of the heat exchanger. Therefore as much as 9,600 ppm could be passed through each heat exchanger
designed for only 5000 gpm. Flow through the heat exchangers would be decreased only for the
following reasons:

1. - Torus water ter.perature decreases to a 90 - 110 degree F range and only if adequate core
cooling has been assured.

2. LPCI Net Positive Suction Head (NPSH) requirements dictate that the operator decrease LPCI
flow to maintam adequate NPSH, or

3. Direction is given from the Emergency Response Organization

Based'on the scenario discussed above, it is possible that the high now condition could have been
maintained for some penod of time resulting in potential heat exchanger damage. Therefore, it was
determined that the LPCI heat exchangers were moperable and a shutdown was initiated as required by
Technical Specifications.

Northeast Utilities contracted Holtee international to perform extensive further analysis of the potential
for heat exchanger damage under postulated high Gow rates, in addiuon, a computer modelmg of the
LPCI system calculated that the maximum flow through the LPCI heat exchanger that could exist with
the heat exchanger bypass valve closed is 95M gpm.
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111. Anah m of Etent (Conunued)

The Hohee analysa demonstrated that the threshold heat exchanger flow rate (the flow rate abose utach
large amphtude abrauons util occur) n mod ppm. This analpis also demonstrated the following:

1 The Li "I heat exchanger b most vulnerable to flow induced ubranon m the shell mlet region
near tht impmgemem plate. due to the high locabred selocines.

2. In view of the unsupponed span and type of tube material f 00:10 copper-rackelt the failure
mode is expected to oe one due to tube-to-tube impact. That is. the tubes will not break, but
will deselop holes. Colbsion damage to the tubes n not an instantaneous phenomena, but will
occur oser a penod of two to six bout This failure mecharusm m!! noi decrease the heat
exchanger heat transfer capabihty.

3. There are twelve tubes near the impmgement plate minerable to f ailure. The tube-to-tube
failure mechanism results in a consersauve esumate that a total of 24 tubes per heat exchanger
could fail. The latlure of the tubes o expected to be confined to the regions of high local
velocines. The failure mechanism does not suggest mawne or uncontroHed progressne failure
and n is not expected that the tubes would seter and become internal mnsiles. The central heat
exchanger tubes are not expected to fail due to the low cross-flow selocities.

4. Certam tubes in the heat exchanger outlet region could exhibn large amphtude monons at
approximately 0600 gpm.

Based on this _ludgement, n was concluded that the heat exchanger would still perform as intended safety
funcuon for a penod of several weeks to a month. In addition, to date the LPCI heat exchangers have
seen very httle service, and eddy current testing mdicates httle or no degradation of the tube wall
thickness.

In the event that the LPCI heat exchangers failed early m the postulated LOCA. the following sequence
of events could be postulated:

1. The likeh failure modes would be a failure of some of the tubes in the inlet region of the heat
exchanger and a minimum reducuan m heat transfer capabiln).

2. Smce the ESW pressure n maintained lugher than the LPCI pressure, tube leakage would result
in emercenc3 serace water addition to the LPCI flow. This would result in an mcrease m Torus
water lem This would alert the operators to the potenual for a heat exchanger tube leak.

3. The heat exchanger heat removal capabihty would be slightly degraded, but would be more than
offset by the addiuon of cold ESW flow to the torus.

4. When the torus water leu' reaches 26 ft., the EOP's direct the operator to terminate injection
from all external sources uto the containment.

5. Termmation of ESW flow results in a lou of torus cochng. Very high torus water temperatures
could lead to inadequate LPCI or Core Sprav pump NPSH LPCI or Core Spras pump seal
failure (pumps remain operable for core coohng) or containment pressuntauon to the point
where contanment senung would be required. Containment senung is postulated to occur no
sooner than tuo dan after intuanon of the esent.

i Adequate core cochng n mamtained throughout the scenano and no fuel damage occurs.
4

Based upon the Holtec anaksis of heat exchanger perlormance discussed preuousih and the relatneh
long time trame invohed where alternatne nungatmp strategies could be deseloped, it n judged that thn
scenano u of low saf ety s:gnihcance.
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IV. Correcttre Action

Amendment 16 of the original Millstone Unit One FSAR was utilized as the design analysis of record for
contamment cochng capabibty. Case stud) #5, Table A-11.1 of FSAR Amendment 18 shows that one
LPCI pump and heat exchanger is capable of sansfymg containment cochny requirements. but requires a
higher contamment spray mterlock pressure to ensure adequate NPSH is available for the remaimng
ECCS pumps.

FSAR Amendment IS Analysis was performed m 1969 with details of the analytical techniques
unavailable for evaluation. On September S,1990, General Electric uas requested to perform additional
analyses with more current methodologies and provide confirmanon of the conclusion on adequate NPSH
in Amendment IS of the FSAR.

Both the original FSAR Amendment 18 analysis and the more recent analysis performed by General
Electne demonstrated that one LPCI pump and heat exchanger were capable of providmg adequate
comainment cooling.

The following actions were completed to restore the containment cooling system to an operable status:

1. The Emergency Operating Procedures (EOPs) and normal operaung procedures (OP's) were
changvl to allow only a single LPCI pump per train to supply each heat exchanger when in the
contamment coohng mode.

1 The containment spray interlock switch was recalibrated from 5 psig to 9 psig to ensure adequate-
low pressure emergency core cooling system pump net positive suction head (NPSH). This action
was completed following receipt of the Emergenc3 Technical Specification Change Request for the
Contamment Spray Interlock.

1 Simulator verification and validation of the EOP's were performed in accordance with the EOP
programs in addition, all operating crews were trained on the EOP changes by performing
scenarios that exercised the EOP changes and demonstrated the changes on the containment
cochng system. - This training was completed for each operatmp shift pnor to assuming con"ol,

room dunes.

- The discre}~ icy between the heat exchanger design flow limits and the system operating procedures was
'

first identified during the Millstone Unit One Design Basis Reconstruction Program which was completed
| for the LPCI system in late 1989. Other design discrepancies were also identified on the LPCI system-

and were either directly related to the heat exchanger flow issue, or were dispositioned as not reportable
and did not affect system operability. At the time of the LPCI heat exchanger event, two other
Millstone Unit One systems had completed the design basis review process. To ensure other design
deficiencies did not exist that could threaten system operability, a review of each design deficiency-was
performed for the Control Rod Drive System (CRD), and the Feedwater Coolant injection system(y (FWCI). The reviews performed on the CRD and FWCl systems did not identify any additional--
operability concertis. A corporate procedure which was under development at the time of this incident
has been implemented to specify the " initiation, tracking. handling, and disposioon of design
discrepancies" identified during the design basis reconstruction effort. implementation of this program -
will ensure all design basis discrepancies identified during the reconstruction program receive a thorough
and timely review for operability and reportablhty concerns.

A design review of other safety related heat exchangers was implemented to ensure similar operating
design hmits were not exceeded. The Turbine Buildmg Secondary Closed Coohng Water fTBSCCW)

,

heat exchangers were identified as having a potential for excessise flow rates during normal operation.1

|. A momtoring program has been implemented to evaluate the TBSCCW heat exchanger performance.:

|

|
1
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IV. Correcth e Actkm (Continued)

The. Design Basis reconstruction process will be utilized to identify poteatial design deficiencies on
Niills.one Unn One safety related sptems and other selected systems. This effort will also contain a
dedicated review of system operatmp and emergency procedures to ensure components are operated
wahin their design hmitations.

The original engineering assessment of the LPCI heat exchanger by the manufacturer mdicated that the
heat exchanger would still perform its iniended safety function for several weeks to a month, Further
analysis using the Heat Transfer Research Insutute (HTRI) computer model indicated that less than 2cc

marpm existed between the design flow rates and critical flow rates. The HTRI analysis is hignly
conservative and cannot predict heat exchanger failure following exposure to criucal flows.

Millstone Unit One commissioned an independent firm (Holtec International) to perform additional heat
exchanger analysis. The results of this analpis demonstrated that the threshold for flow induced
vibration damage to the LPCI heat exchanger is expected to occur at flow rates above 6200 gpm. - The
current .LPCI system configuration permits only one LPCI pump in operation with the heat exchanger
bypass valve closed. This represents a safety margin of 24"c between the design flow rate and the critical
flow rate The current LPCI configuration meets all normal and emergency operating and design -
requirements.

V. Additional Inforrnation

The following information is being provided to identify the system and components affected by the design
- discrepancy associated with the LPCI heat e.vchangers.

EIIS Codes

Synem Comnonente Manufncturer

Low Pressure Coolant Heat Exchanger - HX P160 - Perfex
mjection - BO

|
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