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During a planct shutdown, engineers discovered that a plant modification whkich
provided an =lternate system for monitoring drywell floor drain sump flow rate
cont: .ned a deficiency that, under certain conditions, would have provided
anomalous iandication, poteniially confue . j tc the operator when sump tlow is
bieyond the design range of the instrume. .ation. The alternate system was
detecmined to have been inoperable since installation, including a pericd when
the primary system, a weir box, was inoperable. Therefore, the Technical
Specification requirement to hi.ve an operable floor drain sump monitoring
system was not met. The cause of the event was attributed to a design program
deficiency. The program review standarde did not contain a criterion for
considzration of instrument operation outside the designed operating range when
the modificacion wae designed, verified and tested. Corrective actions for
this event included correcting the modification, revising the calibration
proczedur= for he monitoring syetem, revising the design program, and reviaewing
the gene: ic implicatione of the design program deficiency.
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DESCRIPTION OF EVENT

On December 29, 1995, Illinois Power (IP) determined that the drywell floor drain sump
monitoring system {IJ] had been inoperable longer than allowed by Action A of Technical
Specification 3.4.7, Reactor Coolant System Leakage Detection Instrumentation, and that the
inoperahle condition was reportable under the provisions of 10CFR50.73. Actiocn A reguires
restoration of the monitoring system tc cperable status within 30 days.

Reactor coolant leakage inside the drywell is detected by several monitoring methods
including sump level changee, and drywell gaseous and particulate radioactivity levels.
The drywell floor drain sump monitoring system monitore leakage collected in the floor
drain sump from unidentified leaxage sources such as control rod drives [A], valve (V)
flanges or packing, floor drains, the component cooling water system (KG), and drywell air
cooling unit condensate drains. Al) 2 swell leakage is routed through a weir box in the
drywell floor drain sump. The weir . discharges through a "V" notch whrich measures flow
by backing up water in the weir box, behind the notch, proportionally tou the flow rate. A
level probe measures the depth of the water in the weir box and reads it as a flow rate.
The flow rete is integrated by a totalizer (FQ) to give total sump leakage volume. The
flow rate is continuously recorded in the main control room.

An alternate system of drywell floor drain sump monitoring, modification LD-027, was
designed and installed in September 1995, to measure sump flow. The alternate system was
released for operations on September 27, 1995.

The LD-027 flow monitoring system consiste of a magnetic {low meter [MTR) installed on the
discharge piping of the drywell floor drain sump punps [P) and a flow totalizer converter
[CNV] in the vicinity of the flow element. The flow totalizer converter provides local
indication of total pump discharge flow and actual pump discharge flow rate to a
programmable logic controller (PLC) [PCM], a digital counter, a computer point, an two
recorder channels in the main control room. The PLC calculates the total average and
actual pump discharge flow by integrating the signal from the flow totalizer converter and
dividing the result by the total time between pump cycles. The calculated result is the
average flow rate into the sump since the last pump run. When the sump in the drywell
reachee a high level, one of two pumps start (the pumps alternate between cycles) pumping
water to the drain sump collector tank [TK). This operation continuee until the sump level
reaches a low level setting. When the pump stops, the PLC sensee a "no flow" g¢ignal and
resets the timer [TMR), performs the average flow rate calculation, and trinsmite the
reeulting flow rate signal to a recorder channel, a computer point and to another totalizer
(counter). This operation is repeated every time a sump pump completes one cycle.
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The intended function of the LD-027 syetem is to provide a backup drywell floor drain sump
monitoring system to measure low flow rates. The range of the recorder which provides the
indication is zero to eight gallons per minute. Flow rates int- the sump greater than
eight gallons per minute are manually calculated in accordance with plant procedures.

At about 0827 hours on October 11, 1995, with the plant in Mode 1 (POWER OPERATION) at
about 100 percent reactor (RCT) power, the weir box indication failed a channel check
surveillance due to suspected fouling and was declared inoperable. Therefore, the LD-027
system was the only method operable at that time to monitor leakage into the drywell floor
drain sump.

Unrelated to the drywell floor drain sump monitoring issue, at about 0449 hours on December
10, 1995, operators placed the reactor mode switch (HS] into the shutdown position and the
plant entered Mode 3 (HOT SHUTDOWN) in preparation for Planned Outage PO-7. At 1235 hours,
the plant entered Mode 4 (COLD SHUTDOWN). In accordance with Technical Specification
3.4.7, the drywell floor drain sump monitoring system is required to be operable in Modes
1, 2 (STARTUP), and 3; the system is not required to be operable in Mode 4.

On December 14, 1995, with the plant shut down, test engineers were teésting level switches
(LS) for the drywell floor drain sump and ueing the LD-027 flow monitoring system to verify
the test results. During this evolution, reactor recirculation system (AD] piping was
being flushed due to installation of another modification, resulting in water draining into
the drywell floor drain sump at a calculated flow rate greater than the 8 gallons per
minute maximum range of the LD-027 monitoring system recorder. However, the test engineer
noted that the recorder was indicating no flow. The estimated flow rate from tne flushing
activity wae about 11 gallons per minute.

During the PO-7 outage, the weir box was cleaned and restored to an operable status. At
0900 hours on December 15, 1995, the weir box was declared operable.

At 1542 hours on December 15, 1995, following completion of the PO-7 outage, the plant
entered Mode 2 in preparation for plant startup. The weir box was the operable method of
drywell floor drain sump monitoring.

On December 21, 1995, at about 1430 hours, a test engineer initiated condition report (CR)
1-95-12~-053 to track investigation and correction of the indication discrepancy.

On December 29, 1995, the LD-027 monitoring system wae determined to have been inoperable
since release for operations on September 27, 1995. The basie for this determination was a
review that concluded the LD-027 sump monitoring eystem would have provided, under certain
conditionse, anomalous indicatione, potentially confusing to the operator when drywel.i floor
drain flow is greater than eight gallons per minute. Regulatory Guide 1.97
(Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant and Environse
Conditions During and Following an Accident), Table 1, Item 11 (Human Factors) states thut
monitoring instrumentation design ®shruld minimize the development of conditions that would
cause instrumentation to give anoma.c. © indications potentially confusing to the operator.
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Between October 11, 1995, and December 10, 1995, the plant operated in Modes 1 and 3 with
no operable drywell floor drain sump monitoring. Technical Specification 3.4.7 reguires a
drywell floor drain sump monitoring system to be operable when the plant is in Modes 1, 2,
and 3, and Action A of this specification requires restoration of the monitoring system to
an operable status within 30 days. Therefore, the requirements of the Technical
Specification were not met from 0827 hours on November 10 through 1235 hours on December
10, 1995. On Mcvember 10, 1995, at 0827 hours, the plant was in Mode 1 at about 100
percent reactor power.

No automatic or manually initiated safety syetem responses were necessary to place the
plant in a eafe and stable condition. No other equipment or componente were inoperable at
the start of this event to the extent that their inoperable condition contributed to this
event.

CAUSE OF EVENT
The cavee of thie event is at“ributed to a design program deficiency.

The inaccurate indication when the flow was greater than eight gallone per minute was
caused by the limitation of a digital to analog (D/A) converter. The flow rate signal is
sent to the recorder via a 16-bit D/A converter within the PLC configuration. The D/A
converter ie a 16-bit 2's complement format. When “he calculated flow rate is greater than
£.19175 gallons per minute (8.19175 gallons per ninute corresponde to a digital number of
32,767 cx two to the fifteenth power minus one) and lees than 16.384 gallons per minute,
the sign bit is set, producing a negative or down scale reading in the recorder. For flow
rates greater than 16.384 and less than 24.576 gallons per minute, the sign bit is reset
and the indication will be somewhere, erroneously, on scale. This pattern continues in
multiples of about 8.2 gallone per minute. Thus, the instrumentation provided erroneous
indication when sump flow was beyond the design range of the system.

The expected output of the instrumentation when sump flow was outside the design range was
not included ae a critical parameter for design of the LD-027 modification and was not
verified or tested. The existing design program did not include a criterion in the General
Design Review Standards (GDRS) for consideration of instrument operation outside the
designed operating range. The GDRS provide criteria for reviewing design changes.

CORRECTIVE ACTION

The PLC ladder logic has been revised to clamp the flow indication at full scale when the
inetrumentation ocutput is greater than full scale (eight gallons per minute). This action
was completed by implementation of ¢ t change (PC) #29470.

Drywell floor drain sump flow channel calibration procedure CPS No. 9443.09 has been
revised to include instrument testing for output flow rates greater than eight gallons per
minute. This action was completed as part of post modification testing required by PC
#29504.

NRC FORM 3664 (4-95)
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The design program has been revised to include verification of inetrument operation outside
the designed operating range.

Nuclear £tation Engineering performed a review to determine the generic implications of the
design program deficiency. The review did not identify any additional installed hardware
changes affected by the program deficiency. Hardware change team leaders for designs
currently in progress und potentially susceptible to this type of deficiency were informed
of the design program deficiency and were tasked with ensuring the modifications are
reviewed for the potential error prior to release for operations,

ANALYSIS OF EVENT

This event is reportable under the provisions of 10CFR50.73(a)(2)(i)(B) as a condition
prohibited by Technical Specification 3.4.7 which requires an operable drywell floor drain
sump monitori.g system when the plant is in Modes 1, 2, and 3.

Analyeis of the safety consequences and implications of this event identified that this
event was not nuclear safety significant. The plant is designed with several independent
eysteme for monitoring leakage and alerting the operator when leakage rates are above
background levels. The LD-027 monitoring system provided correct flow indication up to
eight gallone per minute. The system would have indicated anomalous flow only if ‘here was
a sudden inleakage change greater than eight gallons per minute.

For flows greater than eight gallons per minute, the drywell atmospheric monitoring systems
continuously monitor the drywell atmosphere for airborne particulate and gaseous
radicactivity. A sudden .ncrease in radioactivity which may be attributed to reactor
coolant steam or reactor water leakage will initiate an alarm {ALM] in the main control
room. Although these systems are not capable of quantifying leakage rates, they are
sengitive enough to indicate increased leakage rates of one gallon per minute within one
hour and larger changee in proportiocnally shorter times.

The drywell floor drain sump has level switches that start and stop the sump pumps when
required. A timer starte each time the sump is pumped down to the low level setpoint. 1If
the sump fille to the high level setpoint before the timer ends, an alarm sounds in the
control room, indicating a leakage rate into the sump in excess of a preset limit. A
second timer starte when the sump pumps start on high level. Should this timer run out
before the sump level reaches the low level setpoint, an alarm is sounded in the control
room indicating a leakage rate into the sump in excess of a preset limit.

Condensate from two of four drywell cooling system coil cabinets [CAB) is routed to the
drywell floor drain sump and is monitored by an in-line rotometer that provides alarms in
the cuntrol room. This drywell air cocler condensate flow rate monitoring system serves as
an added indicator, but not quantifier, of reactor coolant system unidentified leakage.
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The leakage detection systems inside the drywell are designed with the capability of
detecting leakage less than the establiehed leakage rate limite. Identification of the
leakage allows the operators to evaluate the significance of the indicated leakage and, if
necessary, shut down the reactor for further investigaticn and corrective action. The
allowed leakage rates are well below the rates predicted for critical crack sizes.

During this event the total drywell floor drain average leakage rate wae less than one
gallon per minute.

The plant operated from 0827 hours on Cctober 11, 1995, until 1235 hours on Decenber 10,
1995, with no operable drywell floor drain sump monitoring system. The weir box monitoring
syetem wae discovered to be inoperable on October 11, 1995 at 0827 hours. The LD~027
monitoring system was discovered to be inoperable on December 14, 1995.

ADDITIONAL INFORMATION

No equipment or componente failed during this event.

Clinton Power Station has not reported previous similar events in recent history.

For further information regarding this event, contact A. Henriquez, Engineering Frojects
engineer, at (217) 935-8881, extension 3432.
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