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January 15, 1990-

U. S. Nuclear Regulatory Commission
Document Control Desk
Mail Station'P1-137
Washington, D. C. 20555

Subject: Arkansas Nuclear One - Unit 1
-Docket No. 50-313
License No..DPR-51
Licensee Event Report No. . 50-313/89-044-00- t

Gentlemen:

In accordance with 10CFR50.73(a)(2)(v), attached is the subject: report
concerning incorrect assumptions and calculational errors in the original
calculations for the Low Pressure Injection and-Reactor Building Spray
pumps which resulted in incorrectly characterizing the flow capabilities
for these pumps when taking suction from the reactor building sump.

Very truly yours,

!

.i
E. C. Ewing. j

General Manager '

Technical Support
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cc: Regional Administrator
Region IV )

U. S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011'

INPO Records Center =
1500 Circle 75 Parkway
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TITLE (4) Incorrect Assumptions and Calculational Errors in the Original Calculations for the Low
Pressure Injectier, and Reactor Buildino Spray Pumps Resulted in Incorrectly Characterizing
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While performing a review of the Decay Heat Removal (DHR) system, several calculational errors and
inconsistencies were identified on December 14, 1989, which together incorrectly characterized the flow
capabilities of the Low Pressure Injection (LPI) and Reactor Building Spray (R85) pumps when aligned to
take suction from the reactor building sump. The calculations for post loss of coolant accident (LOCA)
reactor building sump water level, net positive suction head (NPSH) available and required for the LPI
and RBS pumps and sump vortexing were specifically involved in this condition. The cause of the
discrepancies found in these calculations was the use of incorrect assumptions and calculational errors
made during their original issuance in 1970. Operator training, evallable diagnostic Control Room
instrumentation and existing procedural in:tructions verify prcpar operaticn of Engineered Safeguard
Systems, and had flow instabilities occurred with the LPI or RBS pumps aligned to take suction from the
reactor building smq., appropriate corrective actions would have been taken to maintain LPI and RBS
flow for reactor core decay heat removal capability. Therefore, in the event of a LOCA, the health

# and safety of the general public could have been protected. This condition is reportable pursuant to
10CFR50.73(a)(2)(v).
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A. Plant status

At the time of discovery of this condition. ArLansas Nuclear One Unit 1 (ANO-1) was in Cold
Shutdown with the Reactor Coolant System (RCS) (AB) at atmospheric pressure. A mid-cycle

| maintanace outage was in progress.

B. Event Description
l'
l On December 14,1989, <hile perfoming a Design Configuration Documentation (DCD) Project System
| review of the ANO-1 Decay Heat Removal (DHR) system, several calculation errors and inconsistencies ~

were identified which together incorrectly character 1 tad the flow capabilities of the Low Pressure
Injection (LPI) (BP) and konctor Building Spray (RBS) (BE) pumps when the pumps would be aligned
to take suction from the reactor building sump.

The intent of the DCD F*oject is to develop complete, correct, consistent and accessible documentation
defining the design of ANO systems. The detailed reviews required by this project are designed to
identify calculational errors, analysis inconsistencies and design discrepanies. The review
considers all available system calculations and related documentation for consistency in input
assumptions and the correctness of the calculations performed.

Several calculations are related to the post loss of coolant accident (LOCA) emergency sump
'

, conditions and the operation of the LPI and RBS pumps while taking suction from the reactor
| building sump. The system review identified calculational errors and inconsistencies which
l collectively incorrectly characterized the flow capabilities of the LPI and RBS pumps while taking

suction from the reactor building sump. Realistic post LOCA operating conditions of the LPI and
RBS pumps, with existing emergency operating procedure (EOP) guidance, may have resulted in
cavitation of the RBS pumps and LPI pumps and possible vortex formation in the emergency sump.

The LPI system is part of the Emergency Core Cooling System (ECCS) along with the High Pressure
Injection (HPI) (BQ) and Core Flood (CF) System. The LPI and CF systems are designed to inject
borated water after a LOCA and to recover the core water level at intermediate-to-low RCS pressures,
and to assure adequate core cooling for RCS pipe break sizes from intermediate to postulated
ruptures of the largest RCS piping. The LPI system can take suction from either the Borated Water
Storage Tank (BWST) or the reactor building sump as a source of injection coolant and is designed
to permit a recirculation mode of core cooling (i.e., LPI suction aligned to the sump) for long-term
core cooling following an accident.

The RBS system is also part of the Engineered Safeguards (ES) systems and is designed to furnish
reactor building atmosphere cooling to reduce the post-accident reactor building pressure. Post
LOCA atmosphere iodine removal and cleanup is also provided by the RBS system. The RBS system is
automatically actuated by a high reactor tuilding pressure signal and initially takes suction from
the BWST through the LPI system piping. At approximately six feet of water level in the BWST, the
LPI and RBS pumps are manually aligned remotely from the control room to take suction from the
reactor building sump.

Specifically involved in this event were the calculations for post LOCA reactor building sump
water level, not positive suction head (NPSH) available and required for the LPI and RBS pumps,
and sump vortexing. Also involved was the E0P guidance addressing ES system flows during sump
recirculation. The sump water level calculation had not been updated since its original issue in
1970, and had an incorrect assumption of eve 11able BWST volume and incorrect accounting for water
density. A reduction in available sump volume was also determined due to nonconservative assumptions
with respect to the assumed value of the volume of water trapped in the RCS, reactor vessel cavity
and incore instrument tube tunnel. Other minor errors also contributed to small sump level
reductions. The NPSH calculations for the LPI and RBS pumps both contained a methodology error in
accounting for reactor building pressure which overestimated the available NPSH for the pumps.
Both calculations also assumed the incorrect sump level from the original sump level calculation.
The originci vortexing calculation also contained the same erroneous sump level assumption. The
EDP guidance for establishing proper ES system flows during sump recirculation was not consistent
with the original calculations. The E0P did provide guidance for throttling the LPI and RBS
motor operated discharge valves within indicated flow bands. However, throttling at certain flow
rates within the designated flow bands did not assure adequate NPSH to prevent sump vortexing
and/or pump cavitation,
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C. Safety Significance
I

With the E0P guidance existing at the time of the discovery of this condition, and with the
existing calculational inconsistencies, there was not absolute ass;rance that LPI and RBS pump
cavitation and flow wortexing would not occur during operation from the emergency sump. However,
sump recirculation is not required until well into a postulated LOCA (i.e. , > 20 minutes into the
accident). Operator training, available Control Room diagnostic instrumentation and existing E0P
instructions to verify proper operations of ES systems would have alerted the operator to potential
LP1 or RBS flow instabilities induced by cavitation or vortexing. It is likely that the operator
would attempt to throttle the LPI and RBS motor operated discharge valves to maintain LPI and RBS
flow for roactor cors decay heat removal capability. Additionally, due to the nature and

I magnitude of the potential cavitation or vortexing, catastrophic failure of ES components would
! not be expected. Therefore, in the event of a LOCA, the health and safety of the general public
( could have been protected.

D. Root Cause

| The root cause of this event was that incorrect assumptions were used and calculational errors
were made in the original sump water level calculation and NPSH required and available calculations.
In 1970 when these calculations were issued, there apparently was an inadequate verification of -
the assumptions used in the calculations. This was cumpounded by the interrelationship of the,

( identified calculations being improperly maintained. . Additionally, due to the original errors in
'

the design calculations, existing E0P guidance did not provide instructions for throttling LpI ~or
RBS system flows which would have resulted in preventing cavitation when the pumps were aligned to
take suction from the reactor building sump. Currently there is a program in place which ensures
that input asbomptions and resulting calculations are verified for accuracy.

E. Basis for Reportability

The findings discussed in this report were considered reportable pursuant to the requirements of
10CFR50.73(a)(2)(v). With the failure to require throttling of the LPI and RBS pumps, and the -
existing limitations on other parameters, there was not absolute assurance that pump cavitation
and flow wortexing would not occur during operation with pump suction aligned to the emergency
sump. This could possibly have prevented the fulfillment of a safety function that could have
been required to mitigate the consequences of an accident. This condition was reported in accordance
with the requirements of 10CFR$0.72 via the Emergency Notification System on December 15, 1989.

F. Corrective Actions

Short-tem corrective actions were to establish E0P guidance to throttle the pump discharge valves;

[ which would limit LPI and RBS pump flow to assure the NPSH requirements would be satisfied and
'

assure that sump vortexing would not occur. Additionally, the incore tunnel access hatch was
modified to assure water from this area woM d be diverted to the sump in a post LOCA condition.
Several calculations were also revised to correct errors and input assumptions. The results of
the revised calculations and analysis evaluations have been shown to support the revised E0P
guidance. As a result of this event, the revised throttling limits in the E0P for the LPI and RBS
systems flow requirements, during sump rectreulation were evaluated for long-term post LOCA heat
removal. AP&L determined these limits to be acceptable. The revised recirculation flow guidance
was also detemined to not impact the post LOCA peak reactor building pressure and temperature
values. The revised RBS flow had a very minor impact on the overall post LOCA iodine removal
rate. The revised sump vortexing calculation indicates that sump vortexing will not occur.,

1

Long-term corrective actions will require that a systematic reevaluation of the calculations
relatsd to post LOCA operations be performed to ensure operational and design considerations are
optimized. The post LOCA reactor building pressure / temperature and maximum hypothetical accident
assessments were performed using the existing BOE power limitation on ANO-1 (License Amendment
120, dated May 16, 1989) and will be demonstrated acceptable for 100% full power operation prior
to proceeding to this power level or prior to the end of the next refueling outage (1R9), whichever
is first. If the results of the reevaluation of 100K full power operation identify that physical
and/or procedural changes or other document changes are needed, the appropriate changes will be
made.

|
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The DCD Project was implemented in part to provide a means to identify the relationships among !

calculations and supporting documentation. The verification of calculation assumptions is part
of the required engineering review process. This should help assure that once corrected, these ;
documents will be consistently maintained under the current programs. The DCD Project is ongoing i

and will address safety systems for both units at ANO.

G. Additional Information

The corresponding ANO-2 calculations have been reviewed for evidence of similar problems; no
discrepancies were noted. The Refueling Water Tank (borated water storage) volume assumed available i_in the sump level calculations is consistent with the current Technical Specification limits. '

The NPSH calculation for the High Pressure Safety Injection (HPSI) [BQ) pump was reviewed and
found not to have a corresponding methodology error. The ANO-2 sump model was previously tested
for vortexing and an anti-vortexing grating was installed over the sump drain lines to provide
additional margin. This preliminary evaluation suggests that the concerns about sump level and 3

i

NPSH for ANO-1 do not exist on AN0*2. A detailed review of ANO-2 calculations w111 be included in
the DCD Project System Review.

Calculational errors related to other components which have occurred have previously been reported
in LERs 50-313/88-008 00, 50-313/88-030-00 and 50-313/89-006-00, There have been no previously
reported events as a result of the DCD project.

Energy Industry Identification System (EIIS) codes are identified in the text as [XX).
|
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