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On November 15,1996, at 1700 hours, with the plant in the COLD SHUTDOWN condition, it was determined
that the Reactor Pressure Vessel (RPV) High Level Trip System, which provides Reactor Feed Pump (RFP) trips

,

4 on vessel high water level could be vulnerable to a single failure, rendering the entire system inoperable in the
event of the failure of the Vital AC supply to the level transmitters. The RPV High Level Trip System consists
of two redundant trip systems. Two Yarway level transmitters make up one trip system, and two Gould level

,

transmitters make up the other trip system. The trip logic is designed as "one-out-of-two-taken-twice", and
thus a signal input from at least one Yarway and at least one Gould level transmitter is required to enable the
RFP to be tripped on High Vessel Level. Both Yarways are powered from Vital AC. A loss of Vital AC would,

make both Yarways inoperable, as well as the entire RPV High Level Trip System. The RPV High Vessel Level
Trip system was designed and installed in 1982 with the intention that all redundant components meet the
separation criteria of IEEE-279 ano be capable of fulfilling their design function despite a single failure. The
failure to meet separation and single failure criteria is a result of the implementation of design modifications
that failed to delineate specific separation and single failure criteria. These criteria will be reevaluated for
applicability to the RFP trip system and plant modifications will be implemented as necessary prior to startup
for Cycle 16. There were no actual safety consequences as a result of this event.
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1. Descrintion of Event

On November 15,1996, at 1700 hours, with the plant in the COLD SHUTDOWN condition, maintenance was
i

b:ing performed on two of four Reactor Pressure Vessel (RPV) level indicators which provide input to the RPV I

High Level Trip System. A momentary short occurred, which blew a fuse in the circuit which supplies Vital AC
i

power to the Yarway level indicators. This de-energized relays which provide power to both Yarway level '

indicators. While the RPV Hi Level Trip System was not required to be operable at the time, the event revealed a l
single failure vulnerability in the RPV High Level Trip System. The RPV High Level Trip System provides Reactor i

Fe:d Pump (RFP) trips on high vessel water level.
1

11. Cause of Event
i

Th3 failure to identify and properly evaluate all single failure and separation issues relating to the design of the
RFP Trip on High Vessel Level was a result of the failure to effectively implement the design control process. In
conjunction with this failure, it is evident that the actual design requirements for the RPV High Level Trip System
were neither understood nor properly documented in the design change documentation.

Ill. Analysis of Event
|

The RPV High Level Trip System was installed in 1982 to specifically address and resolve the issue of the
potential for vessel overfill following plant trips. This system installed controls, cabling, and instrumentation to
trip the Reactor Feed Pumps on High Reactor Vessel Level. Continued flow of feedwater after a plant trip could
cause a vessel overfill condition that could in turn cause a water hammer in the piping to the isolation condenser
or main steam lines.

1

The overfill protection system is based on a one-out-of-two-taken-twice logic to detect an RPV high water level
,

condition. There are two trip systems, each with two instrument channels. One trip system consists of the '

Ytrway level indicators (LITS 263-59A&B) and the other trip system consists of the Gould level transmitters (LT-
646A&B). A high water level trip signal is required in at least one channel in each trip system (one Yarway and 1

ons Gould high level signal) to initiate a feedwater pump trip (see Figure 1). This one-out-of-two-taken-twice trip
logic minimize., the likelihood of an inadvertent signal which would cause the feedwater pumps to trip, resulting
in a loss of feedwater avent. The Yarway level transmitters alsn provide levelinput signals to the Main Turbine
trip system to trip the turbine on high vessel level. This turbine trip feature requires a high level sensed by both
Ytrways. The Gould level transmitters also provide level input signals to the Feedwater Control System, to
control feedwater flow to maintain constant vessel level during normal plant operation.

In March 1990, it was noted in our response to Generic Letter 89-19, " Request For Action Related to Resolution I
of Unresolved Safety Issue A-47, ' Safety implication of Control Systems in LWR Nuclear Power Plants' Pursuant |

to 10CFR50.54(f)", that the existing overfill protection system "provides adequate protection for Millstone 1
even though the overfill protection system lacks redundancy for the power source of the trip logic and the relays
end controllers for the high level trip are not in separate cabinets" These issues, which primarily focused on a
postulated Loss of Vital AC scenario, were evaluated per Integrated Safety Assessment Program (ISAP) Topic
1.43, " Water Hammer". Design and procedural modifications were made to specifically address the potential
Loss of Vital AC scenario. In addition, ISAP Topic 1.43.1, " Reactor Vessel Overfill Protection" specifically
evaluated changing the power supply from Vital AC to Instrument AC for two of the four vessel level
transmitters which are part of the Feed Pump Trip Logic. However, this evaluation concluded that the overall
b:nefit of implementmg this modification was minimal. Therefore, no further evaluations nor plant modifications
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|were made at that time. Recently, however, additional single failure vulnerabilities, including that of the fuse in j
the Vital AC power supply circuitry to the Yarways, have raised additional questions as to the reliability of the ;

RPV High Level Trip System. It was also recently discovered that the design change documentation (which was I
used to install the overfill protection system in 1982) required separation and single f ailure criteria to be
specifically addressed by the system design. The design change which added the vessel overfill protection j,

system states that all redundant components meet the separation criteria of IEEE-279-1971 and are capable of I

fulfilling their design function despite a single failure, with the exception of the Feed Pump Trip Defeat Switch. I

The single failure of this defeat switch was evaluated in the design change documentation, but no other
vulnerabilities were identified and evaluated at that time. It is apparent that the system was neither designed nor
installed as a fully redundant single failure proof system that also meets standard separation criteria.

Since the design change documentation is considered to be the design basis of the RPV High Level Trip System,
the single failure vulnerability identified in the Vital AC power supply circuitry was considered to be promptly
reportable per 10CFR50.72(b)(1)(ii)(B) as an event or condition that is outside the design basis of the plant.
This and other known separation and single failure vulnerabilities of the RPV High Level Trip System identified
below are being reported per 10CFR50.73(a)(2)(ii)(B) as conditions that were outside the design basis of the
plant.

The additional separation and single failure vulnerabilities nf the RPV High Level Trip System are:

1. Inadequate isolation between the feedwater control system and the Gould Level Transmitter Feed Pump
trip circuits, since both share the Gould level transmitter input signals.

2. A loss of Vital AC, which powers the level transmitters and feedwater controllers would also result in the
loss of the entire RPV High Level Trip System, with a coincident lock-up of the Feed Regulating Valves.

3. A single fuse or control switch contact failure could also result in the loss of the entire RPV high Level Trip
System.

4. The existing design of the RPV overfill protection system and feedwater control system includes protective I

trip relays and feedwater controlinstrumentation installed without sufficient separation to preclude a single
failure and/or fire within the control room panel from affecting both feedwater control and the RPV overfill
protection circuitry.

The occurrence of a single failure or an electrical fault has the potential to inadvertently make one or both of the
trip systems inoperable. Without the Reactor Feed Pump trip on high RPV water level, a failure of the feedwater
control system or a plant trip could result in an overfill condition that would need to be mitigated through 4

operator action to secure the Reactor Feed Pumps. The RPV High Level Trip System was designed so as not to I

interfere with operation of the safety-related Feedwater Coolant injection (FWCl) system. If a FWCl actuation
signalis generated on low reactor level following a Feed Pump trip, the FWCl-selected Feed Pump will auto-start
and will run until the high level trip setpoint is reached at which point it will trip again. If a FWCl actuation signal
is generated on high drywell pressure following a Feed Pump trip, the FWCl-selected Feed Pump will not auto-
start, thus preventing rapid cycling of the feed pump around the high level setpoint. Operator action is credited
in this case to manually restart the feed pumps when the high level trip condition clears, or to defeat the high
isvel trip function and manually restart the pumps. Both the bypass of the high drywell pressure FWCl function
and defeat of the feed pump trip function is annunciated in the control room. Therefore, the inoperability of the
RPV High Level Trip System would have no adverse affect on the operability of the FWCl system.
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Due to the system interfaces between the vessellevelindicators and the main turbine trip and feedwater control
systems, the potential exists that failure of these level transmitters will adversely affect these systems. A loss

i

of Vital AC to the Yarways due to a single failure would prevent the Main Turbine trip on a vessel high water I

level condition, as well as prevent the Feedwater Pump trip on vessel high water level. The design basis of the
main turbine trip on high water level, which is designed for equipment protection only, does not require
radundancy nor compliance with single failure requirements. However, with no overfill protection available,
operator action would be required to recognize a loss of Yarway level indication to mitigate any potential overfill i

transient by manually tripping the Reactor Feed Pumps. A loss of Vital AC to the Gould due to a single failure l
would cause a " lock-up" condition of the Feedwater Regulating Valves, as well as prevent the Feedwater Pump |
trip on vessel high water level. Operator action would also be required to recognize a loss of Gould level
indication to mitigate any potential overfill transient by manually tripping the Reactor Feed Pumps. To assist the
operator in recognizing a loss of Vital AC, a " Loss of Vital AC" undervoltage alarm for the Vital AC bus was
installed during the 1991 outage, procedural guidance to address the specific Loss of Vital AC scenario was j

implemented along with associated training and other vessel level indication improvements.

IV. Corrective Action |
!

|The design basis of the RFP High Level Trip Circuitry will be reevaluated to verify the proper applicability of the i

physical separation, redundancy and single failure requirements specified in the design change documentation. If j

it is determined that these design requirements are valid for this application, the RFP High Level Trip Circuitry ;

will be modified to provide separate, redundant, and single failure proof vessel overfill protection. This
reevaluation and any potential plant modifications associated with it will be completed prior to startup for Cycle
16. If it is determined that these design requirements are not valid for this application, a design change will
document this.

The design control process and the design engineering organization has been strengthened since 1982, when
the RPV High Level Tcip system was installed. The design control improvements include a revised Design
Control Manual. The current revision to the Design Control Manual became effective for Millstone Unit 1 on July
15,1996.

A review of other systems to identify and resolve design basis discrepancies is ongoing as part of the design
basis verification program to address 10 CFR 50.54(f) concerns. This will also include a review of all open issues
that were previously being evaluated in the ISAP. The 10 CFR 50.54(f) review and recommendation
implementation will be completed before startup for Cycle 16 as committed to in Commitment No. B16022-3.

V. Additional information

Similar Events

There are no other similar events relating to the RPV High Level Trip System.

Manufacturer Data

None.
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