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U.S. Nuclear Regulatory Commission
Document Control Desk
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CGentlemen

This letter forwards update Licensee Event Report 90-014-01 required to be submitted
pursuant to the requirements of 10CFR30.73(a)(2)(v)

Very truly vours,

NORTHEAST NUCLEAR ENERGY COMPANY

FOR: Stephen E. Scace
Director, \hll\mnn tation

BY Carl H. Clemént
Millstone Unit 2 Director

SES'WGN:mo
Attachment: LER 90-014-01

ce: T. T. Martin, Region | Administrator
W. 1. Rayvmond, Senior Resident Inspector, Millstone Unit Nos. 1. 2 and 23
M. Boyle, NRC Project Manager, Millstone Unit No. 1
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September 7, 1940, at 184% hours, with the plant at 100% power (830 degrees Fahrenheit and 1030 psig
an inconsisiency between procedural a parameters associated with the Low Pressure Coclant Intectior
LPCI) heat exchanger {low rates was The inconsistency was associated with the maximum LPCI
ow permitied tne ¢ neal exchanger to preclude faillure due to flow=induced vibration, and the heat
exchanger flow rat ired by the En oy Operating Progedures (EOQOP's After review of the procedures
the design basis ncl GisCusst witl xehnanger manuliaciurer, 1t was determined that operability ol the
§ i nent < £ Svsien COuC ) assured due 0 potential mecnanical imutatons of the heat exchanger
Both containment cooling subsvstems were declared inoperable and a plant shutdown to cold shutdown was
nmedialeh algel as required ¢ Fechnical Specihicauons, Cold shutdown was achieved on September ¥
Lo ar 1708 | NO Safety sustems were required 1« nelian as a result of this event and no saltety
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On September 7, 1990, at 1845 hours. with the plant at 100% power (830 deprees Fahrenheil and 1030
paig), an ingonsisteney between procedural ang design parameters associnted with the Low Pressure
Coolant Injegtion (LPCI) heet exchanger flow rates was ideniified. The inconsistency wak associated with
the maximum LPC! flow permitied through the heat exchanger o preclude lallure due to ¢rosion and
flow=incduced vibration, and the heat exchanger flow rates required by the Emergency Operating
Procedures (EOP's). Aher review of the procedures, the design basis, and discussions with the heat
exchanger manufadidrer, i was determined that operaiiiity of the fontainment ¢ooling sysiem Couit not
be assured due o potentinl mechanical limuations of the heat exchanger. Both containmeni cooling
subsvstems were declared tnoperable and @ plant shutdown to colgd shutdown was immediately mitiated as
required by Technical Specificanons. Cold shutdown was achieved on Sepiember 8, 1990 at 1708 hours
No safety svetems were reguired 1o funcuion as @ result of this event and no safety consequences resulted
from this svent

A review of tie orginal Milisione Unit One emergengy procedures and the svstem operating proceciures
indicated that no precaut'ons or limuations associated with excessive hen! exchanger flow rates existed f{or
the LPC! heat exchangers since initial plant stant=up in 1870, In 1987, Northeast Utiliues implemented a
voluntary program for design basis reconstruction at Millstone Unit One. 1t was during a review of the
LPCT Design Basis draft document on the LPC] system that the disgrepanty between the design heat
exchanper flow rates and the procedural required flow rates was identified

The Design Basis Reconstruction program was the original sourge of the in¢onsistency between the
component design imitations and the svitem operating procedures. Although the original discrepancy
was iddentified in June of 1980, § prelimmary engineenng assessment cf the discrepancy determined no
safety significance based upon erigineering Judgement. However the design basis discrepancy associated
with the LPCI heat exchanger flow rates continued to be evaluated under the résalulion progess
implemented by the Design Basis Reconstrugtion process

Implementation of Revision 2 of the BWR Owner's Group Emergency Procedure Guidelines in June
1983, required LPCI injection flow be established through the LPCI heat exchanger as soon as possibile.
This procedural requirement was established by General Caution #4, and was contained in an
administrative section of the EOP’s applicabie to all EOP sieps. Revision # of the BWR Owner's Group
Emergency Procedure Guidelines and subsequent EOP's implemented 1n Seplember 198Y%, mcorporated
the admirustrative guidance into the actual EOP procedure sieps. The continuing effort 1o enhance the
general puidange provided by the EOP's resulted in procedure changes 1o the Emergency Service Water
(ESW) svsiem operating procedure. The ESW operating procedure was undergoing revision to more
clearly identily the required heat exchanger flow rates [or conwinment ¢ooling. The ESW procedure
revi ons prompied discussions with plant engineering, the heat exchanhger manufacturer, and corporate
engiaeering and concluded that LPCI heat exchanger flow rates in excess of $000 gpm ¢ould jeopardize
LPCI heat exchanger operability, The excessive flow rates could be experienced during a design basis
accidlent by follawing the procedure guidance contained in the EOP'S.  As a result of this information,
the LPCI containment cooling sub=systems were declared inoperabie and & plant shutdown was inttisted

The root cause of this event has been determined to be inadequate evaluatuon of onginal plant design
documentation thal permitied component operation such that the design limitations would have been
eéxceeded. Therelore. operation of the LPCI system with gll flow being directed through the heat
exchanger did not take into consideration the potental long erm damage to the heat exchanger
component.
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This event is reportable pursuant to 10CFR 50.73(a){(2)(v), any event or condition that aione could have
prevented the [ulfulment of the safety systems that are needed 1o mitigate the conseguences of an
accidlent. Immediate noulications were performed in accordance with 10CFR 50.72 (h) (1) (1) (A)

The Emergency Operating Procedures were developed with the philosophy of establishine as high a heat
exchanger flow rate as possible. Therefore, the EQOP’s would allow the operator to perform the long term
containment cooling funcuon utilizing two 3000 gpm LPCI pumps 1o provide flow through each LPC
heat exchanger. This would also be the same active equipment used during the LOCA injestion phase
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 Procedures would have
allowed the operator to exceed the design parameters for the LPCI heat exchangers

The most limiting design basis event affected by excessive heat exchanger flow rates is ag follows:

1. The iniuating event is a LOCA

»

2. LPCI is amomatically placed in the Post LOCA Core Reflood mode and injection staris

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

4. Some ume after the interiock clears, the operator would close LP-7A and LP-TB 10 initate
cooling through the LPCI heat exchanger. The operators are directed by the Emergency
Operating Procedures to perform this action as soon as pracucal

Closing the LPCI heat exchanger bvpass valves LP=7A and B, will direct all LPCI flow to the shell side
of the heal exchanger. Therefore as much as 9,600 gpm couid be passed through each heat exchanger
designed for only 000 gpm. Flow through the heat exchangers would be decreased only for the
following reasons:

1, Torus water e~ perature decreases 1o a 90 = 110 degree F range and only if adequate core
cooling has been assured.

LPCI Net Posiuve Suction Head (NPSH) requirements dictate that the operator decrease LPCI
flow 1o maintamn adequate NPSH, or

[ ]

3. Direction is given from the Emergency Response Orpanization

Based on the scenario discussed above, it is possible that the high flow condition could have been
maintained for some period ol time resulting in potential heat exchanger damage. Therefore, it was
determined that the LPCl heat exchangers were inoperable and a shutdown was initiated as required by
Technical Specifications

Northeast Utilities contracted Holtee International to perform exiensive further analysis of the potential
for heat exchanger damage under postulated high flow rates. In addition, a computer modehng of the
LPCI sysiem calculated that the maximum flow through the LPCIl heat exchanger that could exist with
the heat exchanger bypass valve closed is Y584 gpm
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Amendment 15 of the original Millstone Unit One FSAR wias utilized as the design analysis of record for
containment cooling capability. Case study #5, Table A=11.1, of FSAR Amendment 18 shows that one
LPCI pump and heal exchanger is capable of satisfving containment cooling reguirements, 'but requires a
higher contaunment spray interlock pressure o ensure adenuate NPSH s gvailable for the remaining
ECCS pumps

FSAR Amendment I8 Anaivsis was performed in 1969 with detalls of the analvtical technigues
unavailable for evaluation. On September §, 1900, General Electric was requesied 1o perform additional
analyses with more current methodologies and provide confirmation of the conclusion on adeguate NPSH
in Amendment & of the FSAR

Both the origina!l FSAR Amendment 18 analysis and the more recent analvsis performed by General
Electric demonstrated that one LPCI pump and heat exchanger were capable of providing adequaie
comainment cooling.

The following actions were completed 1o restore the containment cooling sysiem (o an operable status:

I ne Emergency Operaung Procedures (EQPs) and normal operating procedures (OP's) were
¢hangs | 10 allow-only & single LPC] pump per train to supply each heat exchanger when in the
containment cooling mode

2. The ¢ontainment sprav interlock switch was recalibrated from £ psig to 9 psig 10 ensure adequate
10w pressure emergency core cooling system pump net positive sucuon head (NPSH). This action
was compieted lollowing receipt of the Emergency Technical Specification Change Request for the
Containment Sprav Interlock

L5

Simulator verification and vabdaton of the EOP's were performed in accordance with the EOP
program. In addmion, all operating crews were trained on the EOP changes by performing
scenarios that exercised the EOP changes and demonstrated the changes on the containment
cooling system. This training was completed for each operating shift prior 1o assuming corrrol
room duties.

The discrep. v 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 198¢. Other design ciscrepancies were also identified on the LPCI system
and were either cirectly related to the heat exchanger flow issue, or were dispositioned as not reportable
and dict not affect svstem operability, At the ume of the LPCI heal exchanger event, two other
Millstone Unit One systems had completed the design basis review process. To ensure other design
deliciencies did not exist that could threaten svstem operability, a review of each design deficiency was
performed for the Control Rod Drive System (CRD), and the Feedwater Coolant Injection system
(FWCI). The reviews performed on the CRD and FWCI systems did not identify any additional
operability concerns. A corporate procedure which was uncler development at the time of this incident
hias been implemented to specify the "initiation, tracking, handling. and disposiion of design
discrepancies” identfied during the design basis reconstruction effort. Implementation of this program
will ensure all design basis discrepancies identified during the reconsiruction program receive @ thorough
and tmely review lor pperability and reportability ¢oncerns

A design review ol other saletv related heat exchangers was implemented 10 ensure similar operating
design limits were not exceeded. The Turbine Building Secondary Closed Cooling Water (TBSCCW)
heat exchangers were dentified as having a potental for excessive fiow rates during normal operation
A monioring program has been implemented 10 evaluate the TBSCCW heat exchanger perlormance
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The Design Basis reconsiruction process will be utilized te denttfy pote stial design deficiencies or
Miils.one Lnit One sal related systems and other seiected systems. This effort will also contain a
decicated review of svsiem operaling and emergency procedures Lo ensure components are operaled
WILRIN Lhelr design Simnalions

The onginal engineering assessment of the LPCI heat exchanger by the manufacturer indicated that the
heal exchanger would sull perlform its intended safety function for several weeks 1o a month. Further
analysis using the Meat Transfer Research Iasttute (MTRI) computer model indicated that less than 2%
margin exisied between the design flow rates and criucal flow rates. The HTRI analysis is hignly

canserviative and cannot predict heat exchanger fatiure following exposure to eritical flows

Millstone Unit One commissioned an independent firm (Holtec International) to perform addiional heat
exchanger analvsis. The results of this analvais 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 LPCL system configuration permits only one LPCl pump in operation with the heat exchanger
bypass valve closed. This represents a safety margin of 24% between the design flow rate and the critical
flow rate The current LPCI configuration meets all normal and emergency operating and design
requirements

The following information is being provided to idenufy the system and components affected by the design
discrepancy associated with the LPCI neat ex_hangers
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