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While evaluating a proposed procedure change that affected switchover from the Refueling Water Storage Tank
(RWST) to the containment recirculation sump during a Loss of Coolant Accident (LOCA), it was determined that level
indications used to determine when the switchover is required were not adequate to prevent vortexing in the
containment recirculation sump or to ensure adequate water is transferred from the RWST for long term cooling of the
core and containment. The indications involved were the RWST level instruments and the containment level
instruments. The cause for the RWST level instrumentation inadequacy was lack of complete understanding of
instrument design basis and failure to fully address velocity effects. The cause for the inadequate containment level to
prevent vortexing was attributed to ineffective change management.

To correct this condition the RWST level taps were relocated, the Emergency Operation Procedure (EOP) for
switchover, 01(02) OHP 4023.ES-1.3, Transfer to Cold Leg Recirculation was revised, and the Updated Final Sfety
Analysis Report (UFSAR) will be revised to clearly indicate assumptions associated with minimum water level
requirements during a LOCA. An evaluation of recent past operations was performed regarding the active
containment sump water level following small and large LOCAs. The evaluation results show that, during recent
operation of the Cook Nuclear Plant, there would have been sufficient water in the containment active sump following
a LOCA to assure ECCS and CTS pump operability.

This event is being reported under 10 CFR 50.73(b)(1)(ii)(B) as any event or éondition that resulted in a condition
outside the design basis of the plant.
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Condition Prior to Event
Unit 1 Mode 1, 100 percent Rated Thermal Power
Unit 2 Mode 1, 100 percent Rated Thermal Power

Description of Event
While evaluating a proposed procedure change that affected switchover from the Refueling Water Storage Tank

(RWST) to the containment recirculation sump during a Loss of Coolant Accident (LOCA), it was determined that
level indications used to determine when the switchover is required were not adequate to prevent vortexing in the
containment recirculation sump or to ensure adequate water is transferred from the RWST for long term cooling of
the core and containment. The indications involved were the RWST level instruments and the containment level
instruments. It was determined that the RWST level indication may read lower than actual level due {o transmitter
location and flow induced bias. Additionally, the volume of water in containment based on containment level
indicators used in 01(02) OHP 4023.ES-1.3, Transfer to Cold Leg Recirculation, to backup the RWST level was not
sufficient to prevent vortexing in the containment recirculation sump. If vortexing occurs in the sump a potential
exists for the loss of the Emergency Core Cooling System (ECCS) and the Containment Spray system (CTS).

The ECCS and CTS provide core cooling and reduce containment pressure under design basis accident conditions.
Accident conditions require switchover of the suction source for the ECCS pumps and CTS pumps from the RWST
* to the containment recirculation sump. The determination of the time that switchover occurs is based on the
inventory remaining in the RWST, as indicated on the RWST level instruments, and backed up by containment level
indicators. The RWST instruments sensed pressure in the suction line from the RWST to the ECCS and CTS
pumps, and use this sensed pressure to develop an indicated level in the RWST. It was postulated that the flow
through this line could make the indicated level appear lower than the actual RWST level, with the effect that
insufficient water might be in containment when the operators were executing the switchover procedure,
Additionally, the containment level used as a confirming indication of the proper level in containment for switchover
was inadequate to prevent vortexing in the containment recirculation sump. The containment level setpoint used as
confirmation of sufficient water for switchover was less than the required level to prevent vortexing. The containment
elevation level to prevent vortexing is 602 feet 10 inches. The value identified in 01(02)-OHP 4023.ES-1.3 for
switchover was based on a level equivalent to 599 feet 5 inches.

For the Cook plant the RWST level is determined using a differential pressure transmitter. This is a typical method
used for measuring static level in a tank. However, given the original design of mounting the differential transmitter
on the suction pipe, the level of the tank may not be static at the time of level measurement. A pressure drop is
caused by one or more pumps taking suction from the bottom of the tank. The instrument process tap for the
differential pressure transmitter was connected to the discharge pipe well downstream of the tank. The velocity of
the fluid through the discharge pipe was significant due to the relatively small pipe diameter and large flow. Analysis
of the flow induced Bernoulli effects on the RWST level instrumentation, performed during the 1997 NRC Architect
Engineer Inspection, revealed that a potential bias of up to 22 percent of indicated level could be induced at peak
ECCS flows during accident conditions. This bias could potentially cause the level indication to read lower than
actual tank levels, which may have resulted in the operator prematurely starting the switchover to long term
containment sump recirculation.
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Description of Event (cont’d) ,
The above condition was determined to be reportable at 1856 hours EDT on August 22, 1997, An NRC notification

was made at 1943 hours EDT on August 22, 1997 under reporting criteria 10 CFR 50.72(b)(1)(ii)(A) and 10 CFR
50.72(b)(1)(ii)(C) as any event or condition that resulted in the nuclear power plant being in an unanalyzed condition
that significantly compromised plant safety and in a condition not covered by the plant's operating and emergency
procedures, respectively.

Cause of Event

RWST Level

The cause for this condition was lack of complete understanding of instrument design basis and failure to fully

address velocity effects.

» Lack of complete understanding of instrument design basis:
The engineering control procedure (ECP) associated with the RWST level instrument indicated that the
function of the RWST instrument was to protect pumps taking suction from the RWST from loss of Net
Positive Suction Head (NPSH), that is to ensure that pumps taking suction from the RWST during the
injection phase did not lose a suction source. it did not recognize that the instrument was also being
used to assure adequate water is transferred from the RWST to containment for long term cooling of the
core and containment. In 1993, during an NRC Systems Based Instrumentation and Control Inspection,
it was recognized that a velocity term impacted the instrument due to the location and a violation was
issued. A reanalysis was performed, however, not all velocity terms were included. The friction loss
associated with entrance losses as water entered the pipe from the RWST and the dynamic head loss
associated with the velocity in the pipe were not recognized. The friction error associated with water
flow in pipes and elbows was recognized and accounted for in the calculation, The result was that the
actual level was higher than indicated. Based on the understanding tha: the design basis was to provide
adequate NPSH during injection, as opposed to ensuring adequate water level in containment, the new
calculation resulted in a conservative change and no further actions were taken.
» Failure to fully address velocity effects: '
‘ Based on supporting calculations, there was no recognition of the error mtroduced by flow velocity

based on the instruments location. The supporting calculations were revisited in 1993 after the NRC
inspection identified that not all velocity terms were recognized, as noted above.

Containment Level

» Failure to Incorporate Revised Design Calculation:
Design calculations performed during Unit 2 pre-operational testing indicated that at elevatlon 602 feet
10 inches NPSH requirements would be met, and that vortexing would not be encountered while
operating the RHR and CTS pumps. This design basis information did not get transferred to the
Emergency Operating Procedures (EOPs). The EOPs retained an original containment level of
containment level elevation of 599 feet 5 inches which is less than the required 602 feet 10 inches. In
1995 discussions relative to the required level were conducted and it was determined that the lower
level was adequate as containment level was a backup indication beyond the design basis and that
continued use of the value was appropriate.
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Analysis of Event
This event was determined to pe reportable under 10 CFR 50.73(b)(1)(ii)(B) as any event or condition that resulted

in a condition outside the design basis of the plant.

The ECCS is required to provide adequate cooling to the reactor core in compliance with requirements of

10 CFR 50.46. The ECCS is considered an Engineered Safeguards System (ESF) required to meet general design
criteria in effect in accordance with the plant license. This includes the single failure criteria which, for Cook Nuclear
Plant, is the single active failure prior to recirculation, or the single active or passive failure (but not both) following
recirculation.

The CTS is required to provide sufficient spray water so that, when operating in conjunction with the ECCS and ice
condenser, 1) the containment long term pressure stays below its design value of 12 psig, and 2) sufficient
radioactive material is removed from the containment atmosphere to assure radiation doses to the public remain
below those specified in 10 CFR Part 100. The CTS is also considered an ESF required to meet general design
criteria in effect in accordance with the plant license. This includes the single failure criteria as discussed above.

Following the transfer to cold leg recirculation, both the ECCS and CTS will draw water from the active containment
sump. In order to prevent damage to the pumps, the water level in the active sump must remain above that
required to prevent damage to the pumps which would make them inoperable. Pump damage can occur either due
to vortexing or inadequate NPSH. The active containment sump level to prevent damage due to vortexing is

602 feet 10 inches. The level to assure adequate NPSH is several feet below that. Therefore the level of 602 feet
10 inches becomes the minimum level at which the ECCS/CTS pump suction operability can be assured under full
flow conditions.

The RWST flow biases created the possibility that less water is transferred to the containment than assumed in the
safety analysis. In addition, after the water gets into containment, it is not distributed in the manner that was
assumed in the original FSAR safety analysis which assumed the water went to either the cavity or the active sump.
The net effect is that less water transferred from the RWST to the containment then was assumed in the accident
analysis and, of the RWST water transferred to the containment, not all of it goes to a location where it is
immediately useful to support long term cooling needs (Refer to Cook Nuclear Plant LER #315/97-017 and LER
#316/97-005 for additional detail on water transfer in containment),

Calculations have been completed for Unit 1, Cycle 16 and Unit 2, Cycle 11 to assess the safety significance of the
ECCS performance described in the previous reports. This assessment evaluated the adequacy of the water level in
the containment recirculation sump to support operation of the RHR and CTS pumps during the recirculation phase
of a postulated loss of coolant accident. These calculations have considered a spectrum of break sizes ranging
from a 0.5 inch diameter break to a double ended guillotine break, the usable water volume contained in the
refueling water storage tank (RWST), the water available from ice that melts during the progression of the accident,
the diversion of spray flow into the inactive sump, the break flow being directed into the active sump or the reactor
cavity, as appropriate, and the impact of penetrations in the crane wall and biological shield which allow the sump to
communicate with adjacent compartments. The estimate of the usable RWST water has considered errors in the
instrumentation providing the indication of RWST water level, including the errors resulting from flow past the
instrumentation tap. The ice mass present in the ice condenser was determined from ice surveillance records.
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Analysis of Event (cont'd)

The limiting case has been determined to be a break of a 0.61 inch diameter instrument line inside the reactor
cavity. Based on the assumption that there is no communication between the reactor cavity and the recirculation
sump until water spills over the wall separating the two regions, the minimum water level in the recirculation sump
would have been at the 602 feet 2.4 inch level. For this break, the LOCA analyses show that the required suction
flow from the sump is never greater than 700 gpm, and the minimum required water level at this flow is well below
602 feet 2.4 inch . For the other breaks considered, the water level exceeds the minimum required level of 602 feet
10 inches based on runout operation of the pumps.

The analyses have demonstrated that for all break sizes and locations, there will be sufficient water in the sump to
prevent vortex formation when the ECCS and CTS pumps are operated in the recirculation mode.

Analyses for other cycles is presently in progress. Results of other cycles is scheduled for completion by December
10, 1997. This LER will be updated as necessary to reflect findings of the other cycles analyses..

Corrective Actions
RWST Level
The following corrective actions are associated with incomplete understanding of the instrument design
bases:
» The UFSAR will be revised during the next update to clearly indicate assumptions associated with

minimum level required in containment. Specific assumptions associated with this condition are the _

delivery of 218,020 gallons of water to the containment prior to operation in the recirculation mode,
and the requirement for a minimum containment elevation fo provide adequate NPSH and prevent
vortexing at the pump suction.

» ECP 1-2-00-14, Emergency Operation Procedure Setpoints, was revised. The revision included
the requirement of 20 percent RWST level as the footnote value where transition to cold leg
recirculation may be initiated. Included in the revision was information to clearly identify the basis,
which is the requirement to ensure adequate water level exists in containment to operate in the
recirculation phase.

» 01(02)-OHP 4023.ES-1.3, Transfer go Cold Leqg Recirculatisn, was revised and included steps to
ensure sufficient water is delivered, based on RWST level indication, to support operation in the
recirculation phase.

The following corrective actions are associated with the failure to fully address velocity effects:

» The RWST level taps have been relocated to a drain line off of the RWST. This work was completed on
October 17, 1997. This eliminates the velocity effects from the suction location.

»  Areview of other level measurement systems that interface directly to the ﬂowpath was performed; no
further issues were identified.

» The engineering design standards are to be revised to ensure appropnate consnderattons of flow induced
bias in level instrument installations or modifications. This revision is scheduled for completion by March
31, 1998,

» The instrument uncertamty engineering guide EG-IC-004, is to be revised to detail flow induced Bernoulli
effects. This revision is scheduled for completion by December 15, 1997.
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Corrective Actions (cont’d)
Containment Level
A change sheet was issued to 01(02) OHP.4023.ES-1.3 Revision 4 on August 22, 1997. This change

sheet revised the required containment level. The required containment level is now 29 percent (37
percent adverse containment), which corresponds to elevation 602 feet 10inches plus instrument
uncertainties. This level assures adequate level to prevent vortexing in the containment recirculation sump.

The following corrective actions will be implemented to identify the scope of previous ineffective
communications associated with EOP footnote values, and make corrections where appropriate:

» Areview of EOP footnote values will be performed to identify and validate all footnote values used
in the EOPs. Purpose of the validation will be to identify the design basis for each value used and
ensure the footnote value is consistent with the plant design basis. This review is scheduled for
completion by July 1, 1998,

» The ECCS System Description, SD-12-ECCS-100, will be revised to address the requirement for
containment elevation required to ensure NPSH and vortexing requirements. This revision is
scheduled for completion by February 28, 1998.

» The engineering control procedure for the EOP setpoints, ECP 1-2-00-14, was revised to document
the minimum containment level for operation in the recirculation mode and the RWST level required
for transition to cold leg recirculation.

As discussed in the NRC's Confirmatory Action Letter (CAL) to the Cook Nuclear Plant, dated September 19, 1997,
we are assessing the problems identified during the recent AE Design Inspection to determine whether these types
of engineering problems exist in other safety related systems and whether they affect system operation. In the
longer term, we will evaluate our programs for improvements to assure these kinds of engineering problems are
promptly identified, thoroughly evaluated and resolved. The results of our reviews and assessments, as well as
necessary preventive actions will be communicated separately to the NRC.

Failed Component |dentification
Not Applicable

Previous Similar Events
315/97-018-01
315/97-023-01




