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U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

SUBJECT: Licensee Event Report
Limerick Generating itation - Unit 1

This voluntary LER concerns an error in the General Electric Company
supplied process computer databank which provides the cycle specific data
necessary to calculate and analyze reactor core performance. As a result of
this error, non-conservative calculations of the Maximum Fraction of Limiting"

Power Density (MFLPD) at certain locations in the core may have caused an under
prediction for the actual value of MFLPD. This may have resulted in violation*

of Technical Specifications Section 3.2.2 since MFLPD may have been greater than
the Fraction of Rated Thermal Power and the associated TS Action Statement w,s
not implemented within the required time period. A review has verified that no
thermal limits were exceeded as a result of this error.

,

2 Reference: Docket No. 50-352
Report Number: 1-90-03F
Revision Number: 00
Event Date: July 9, 1990
Report Date: March 28, 1991
Facility: Limerick Generating Station

P.O. Box A, Sanatoga, PA 19464

Very truly yours,

,,-)( i ,/w\ (AL m

JKP:rgs [
~

cc: T. T. Martin, Administrator, Region 1 USNRC
T. J. Kenny, USNRC Senior Resident inspector, LGS

/1b~

910404030/ 910328 f' t iPDR ADOCK 05000352 \
* PDR

_ - _ _ ___



. . , - .- , - . - , - - - - .= ~ a- . - + .y.. . ~ ~ ,. -.w.=n- .-.-~.a. ._,,w~.

t

E C Poem aos U.S. NV() t & A hdoutAf 081Y COnewcaseON

APPROVID OMS hD.31660t0a
,

- LICENSEE EVENT REPORT (LER) 8"''***'''''''-

.

'

,ACiterv NaMi m T oOcan e s. m * * u a,,_
Limerit.ic Generating Station, t! nit 1 c | 610 t o | 01.315| 2 1 jod o | g. ,

Error. in the General Electric Compar.y 'Suppliad Process Computu Databank which''''' '''

provides Cycle Specific-Data necessary to Calculate and Analyze Reactor Core Performance._
EYlN? D415 tli sta Nvusen esi a:Pon t pat:47) Of fet A f acitiflil INVDtVED l.b

MONTm DAY Yi all VlaR 'n' 6 * d',$ VONf CAY t $ 4 8. ' ' C' h 'T T "''8 8 8 DOCEII NVVII'UI'y

_ __ _ 0 151010101 I L_

0] 7 0|9 9' O 9| 0 0|3|6 0| 0 0|3 2|8 9|1 o,5;o,oyo g ,
-"' -

inis at.ont is iv M:ttio PvasvaNt te vue niovia:Mev o,i C..i<>u..,... . ,,,,, w nn, , , , , , , , , ,
"0D' * 1 ao mm aem so vii.na n.o tatuo

n amonu w wi.nn a n..na.m n vi.e,owsa
- '''~ ~

T.' ' 1 i TO0 n men n.u
-

u uem ' w n..nin.c

-~ E*I, "' * '' "' * ' '~
oi n t a vs u . ..,,u,s

i ~

a mmo ne u n..nina u n,.nas. w

Voluntary Reportn o t.ntn i u n.uzum u n:.ian..wn

a mmnu.i sonmanm son.iun.:

LICIN1tt CONTACT pon turn tt A 11Ji

N.ui m i.-o . vo...

"''' '*"'' G. J. Madsen, Regulatory Engineer, Limerick Generating Station
I 1;5, 3 ,2 i7,i l g2 ;0 3 0

COMPttTI ONE tlNI #0A 8 ACM COMPONtNT e atthat Oricais.O IN TMit 88P087 413
~

CAV55 SylTiu CDvPO%f%9 "{pCa,Y ggt yC "fo$,I[yC Cavl4 tvf'Ev Cov'0%l%Tg

i I I I I I I i_ i i i i t i ,,,

.

I l- ! ! I I I I i ! I I I I
BueettMENT AL REpoet gu8tCit0 04> V0h?= Dev F 2 81

vig Iter,e ,en.oso,e 9xettrip gueu,$2:0Ar ps its No | |

..n .C,m..,M . . .. .....-... , .,... y. .~,,. . ,,,n.,

On. July 9, 1990, General Electric (GE) Company informed Philadelphia Electric
Company (PECo) that an error had-been made by GE concerning data supplied in the
databank; for the Limerick Generating Station (LGS) Unit. I third operating cycle.
This databank provides. the cycle specific data necessary to calculate .tnd -

analyze reactor core performance, including the Lines. deat Generation Rate
(LHGR) and the Maximum fraction of Limiting Power Density (FFLPD). GE personnel
incorrectly entered control cell location information that is used,to account
for Control Blade History (CBH) effects. As'a result of this error,.MFLPD may

- have been' greater than-the fraction of Rated Thermal Power (FRTP) with reactor
power less than 100%. LGSUnit1TechnicalSpecifications(TS)Section3.2.2 [
requires to adjust the Average. Power Range Monitor.(APRM) gain or the APRM .j
setpointstwhen MFLPD exceeds FRTP. Although no actual instances of MFLP0 -

exceeding FRTP'have been identified from historical data, the databank error may !
have caused a violatinn of TS section 3.2.2 in that NFLPD may have exceeded FRTP t
and ths associated TS* ACTIONS were not taken. :As a result, this voluntary LER L
is being submitted to report a condition that may have been a ccedition P

prohibited by TS. A root cause analysis was performed and it was concluded that
. personnel error, procedure deficiency, lack of verification by GE and PEco, and -

in3dequate' communications were primary causal factors of this event. A PECo [task torce is following up on recommended corrective actions for both GE and ;
PECo. ~

i
*

.

EMIEW

74, . -.



. - , , - . - . .-.

|

* spic Feem 3s44 U.S. eduCLI A A RESULA?ORY COMullaqose
* *

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION **aovio owm eio-m4
'

enen emm
# Aclu f V N AW4 f t) vocant Nuwstm us ggM ssVMett(si 8 AC E (31

49da N Y $4 - h[pYa
Litterick Generating Station, Unit 1

o |s | o | o o | 3 | 5gg0 _ OJ3 | 6
-- 0|0 0| 2 or 0|8TDaw, ~.. w.v.u,~ w cs uavnn

_

Background
,

The General Electric (GE) Company is the Nuclear Steam Supply System (HSSS)
vendor for the Limerick Generating Station (LGS). The reactors at LGS are of
& GE Boiling Water Reactor (BWR) type. 8WRs use the manipulation of selected
patterns of control rods to perform power distribution shaping and reactivity
control within the reactor core during operation of the reactor. The control -

cell core
Unit 1 oper(CCC) reactor fuel bundle Wading pattern mathodology used for LGSation is designed to improve reactor fuel reliability and simplify
reactor core operations. The ,eactor core is configured using 1/8 core symmetry
as shown in Figure 1. Wlth ontral Cells 3nsisting of low reactivity f uel
bundles locateil in the A-2 coatrol rod seqt nce locations in the reactor core.
The A-2 sequence control rods ars quadrart mirror symmetric, and A-2 is usually

I the only control rod sequence to be wied ,dring a CCC cycle. The term control
rod sequence is used in defining the group of control rods used for reactivity
control and neutron f kn shaping while the reactor is at power. The A-1 and A-2
control rcd sequences are two of four possibic operating control rod sequences.
Both the A-1 and A-2 c m.:rol rod sequence patterns were used during the LGS Unit
I third cycle of operstion (See Figure 1).

The Linear Heat Geaeration Rate (LHGR) is the heat generation per unit length of
a fuel rod. The LHGR can be calculated for each segment of each fuel rod in a
fuel bundle. The maximum individual fuel rod LHGR for a node (n six inch
segment of a fuel bundle) in the reactor core is calculated by multiplying the
local peaking factor at a node by th6 Average N anar LHGR (APLHGR) at that node.
APLHGR is the power in a given node of a specified fuel bundle divided by the
total number of fuel rods in the fuel bundle, and is determined for each node.
The operating thermal limit for LHGR specified in the Core Operating Limits
Report for LGS, Unit 1 is 13.4 kw/ft for GE fuel type BP/P8X8R and 14.4 kw/ft
for GE fuel types GE8x8E8 and GE8x8NB and is a conservative limit to ensure
that " plastic strain on the fuel cladding is not exceeded anywhere in the core
during ' teady state operation of the reactor. The plant process computer (PC)
divides the actual LHGR at a noe by the LHGR limit. This ratio is called the
Fraction of Limiting Power Density (FLPD). If the maximum value of the FLPD
(MFLPD) is less than 1.0, the LHGR limit is not exceeded.

The Fraction of nated Thermal Power (FRTP) is actual reactor core Thermal Power
divided by the reactor core Rated Thermal Power. The values of FRTP and MFLPD
are compared at least once per twenty four hours during power operat'on. The
Average Power Range Monitor (APRM) system continuously indicates reactor core
average neutron flux level and initiates trips at specified trip setroints to
prevent excessive power which may cause fuel cladding damage. Techni al
Specifications (TS) Section 3.2.2 states that when the value of MFLM is greater
than the FRTP, the APRM setpoints must be adjusted or the APRM amplitier gain
may be-adjusted to raise the APRM signal to greater than or equul to MFLPD.

Unit Conditions Prior to the Event

Unit 1 was at various Operational Conditions (OPCONS) and power levels since
this event covers all of cycle 3 operation,

i
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There were no structures, systems or components out of service which contributed
to this event.

Description of the Event

On July 9, 1990, GE informed Philadelphia Electric Company (PECo) personnel that
an error had been made by GE concerning data supplied in the plant PC databank
for the LGS Unit I third operating cycle. This databank provides the cycle
specific data necessary for the PC to calculate and analyze re6ctor core,

performance, including' LHGR and MTLPD.

GE personnel incorrectly entered control cell location information that is used
to account for Control Blade History (C8H) effects. CBH effects occur in fuel
pins around control rods which are inserted for significant periods of time.
The inserted control rod reduces the local flux spectrum by decreasing the-
numberofthermal(i.e.,lowenergy) neutrons. This reduces the burnup rate of
adjacent fuel pins while increasing the local conversion ratio of uranium to
plutonium. When the control rod is then withdrawn, these adjacent fuel pins
operate at a r,lgher power due to the lower uranium burnup and increased
plutonium content than if the fuel pins had been previously uncontrolied. Th'e
greater the amount of controlled burnup, the larger the CBH effect. As a
result, not.-conse;ictive calculations of HFLP0 at certain locations in the
reactor core caused an under-predictlon of MFLPD by as much as 6.5%, however,
the non-conservatism of the value of MfLPD only affects those locations in the
reactor core which receive significant periods of controlled expcsure
accumulation as seen in Figure 2 (noted by the white slashed blocks). A
verification check was performed by July 12, 1990 of the values of MFLPD during
the Unit 1 third cycle of operation when C8H effects were significant, lhis
verification revealed that MFLPD was never greater than or equal to 1.6 with the
non-conservative error taken into account. Therefore, the actual LHGR had not
exceeded the T'S allowable limits. The time periods wher, CBH ef fects were
significant were during the time in which control rod sequence exchanges took
place. These time periods are identified below.

Nov. 02.,-1989 - Nov 09, 1989 - A-1 to A-2 Control Rod Pattern

Jan. 23.-1990 - Jan. 30, 1990 - A-1 and A-2 Control Rod Pattern (mixed)|

Harch 16,1990 - March 23,1990 - A 1 and A-2 Control Rod Pattern (mixed)
1

June 1, 1990 - June 8, 1990 - A-2 Control Rod Pattern

On September 13, 1990, we concludec that during the above defined time periods, '

| .MFLPD may have been greater'than tne rRTP with reactor power less than 100%.
, _ LGS Unit 1 TS Section 3.2.2 requires that, with the APRM flow biased neutron
j' flux - upscale scram trip setpoint (S) and/or flow biased neutron flux - upscale

control rod block trip setpoint (SRB) less conservative than the value described
in the TS, adjust the APRM gain or the APRM setpoints when MFLPD exceeds FRTP.
As a result of the PC databank error, APRM gains or the setpoints were not
adjusted if required by TS Section 3.2.2. This may have caused a violation of
TS Section 3.2.2 in that MFLP0 may have exceeded FRTP and the associated TS

,a. ,. uu
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ACTION to initiau corrective action with 15 minutes to adjust S and/or SRB
values to be consistent with TRIP Setpoint Values or to adjust APRM gains to
Core MfLPD or to reduce reactor thermal power to less than 25% of Rated Thermal
Power was not taken. Although no actual instances of MftPD exceeding FRTP have
been identified from historical data, there is sufficient reason to conclude
that MfLPD may have exceeded FRTP. As a result, this voluntary LER is being
submitted to report a possible condition that may have been prohit lied by TS.

Antlysis of the Event: .

The consco'.ences of thi$ even* were minimal and there was no release of
radioactin mate" b a resuh of this event. The PC databank error for CBH
cffect did not result in any thermal limits being exceeded; however, operation
in a condition prohibited by TS may have occurred for a portion of the thi.d
operating cycle. There was no fuel damage in the core as a result of this
event.

If a reactor power transient had occurred when the Ml JD may have been greater
than the FRTP, individual fuel pin powtc may have increased above the expected
1* vel before the SCRAM reduced reactor power. However, the extent of the
r ~ ease wood not have been significant since reactor power was less then 1004
, ring the wriods of concern and the error was limited to 5.5% in less than 52

CCC locations. Additionally conservatism in the thermal limit calculations
provided additional safety margin. Therefore the possibility for fuel damage
following a transie.it was low.

| The generic implicetions pertaining to this and any other databank errors which
'

may exist cnd go undetected will be eddressed by a PECo database error task
force.

Cause of the Event:

The cause of this event is determined to be personnel error resulting in the
incorrect enterinj of databank data in the GE Process Computer Information
Transmittal (PCIT) form by GE personnel duri.~1 design of the core reload for the
LGS Unit 1 third cycle of operation. The incorrect information was incorporated
into the final PC databank and then was submittee te 'o.

During February and March of 1989, changes +a ..ie Q Unit 1 third cycle core
design were being performed by GE personne). if.e large number of fuel failures
which occurred during the second cycle of operation caused the third cycle CCC
fuel bundle loading to be abnormal. Thus, an unusual fuel bundle loading
pattern and non-standard analyses resulted from the special reactor core fuel
bundle loading requirements. 1 % IRJR erray is a type of coordinate system used
to identify control cell locations in the PC. As part of the IRJR data entry on
the PCIT form, the GE engineer defined the control cell locations for that
cycle. Normally, the CCC ases A-2 sequence control rods only, so the control
tells do not change from operating cycle to cycle, and the control cell input
essentially remains the same. However, the third cycle fuel bundle loading also=

| required the use of A-1 sequence control rods, which were then also required to
be inputted in the IRJR array. Normally, the control rod coordinates for the

g.o.,. au
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IRJR array are entered in the South-Southwest (S$W) octant, then reflected to
the other sevel octants using symmetry (figure 2). However, the IRJR array data
for the !!.ird operating cycle was incorrectly specified in the Wed Southwest
(WSW) octant by GE personnel. As a result, the only information which was
reflected was that which was on the common diagonal between the two octarts.
The result of this error was that, except for those control cells on the
diagonal common to the SSW and WSW octant and their symmetric counterparts, the
rest of the control cells were not monitored for CBH effects. Because the GE
engineer was much more familiar with 3-D simulator code coordinates rather than
PC coordinates, ne mistakenly recorded the CCC information in the WSW octant
instead of the SSW octant. GE did not have pertinent information regarding the
PC coordinate system incorporated into a procedure. In addition, the procedure
did not M cify the use of SSW octant when entering CBH effect data.

This error was detected when ar ier GE engineer was preparing a software
databenk upgrade for LGS in July of 1990. One of the computer codes used to
verify the databank, checks the CCC locations by determining if the cell
coordinates entered are in the SSW octant. This verification program was
developed in response to another databank error which was identified at another

-GE BWR plant in February of 1990. In March of 1990 GE initiated a change in'
the computer program so that the LGS Unit 1 control cell array would be
automatically checked for proper input. In early July, 1990, when the GE
databank group was preparing a software upgrade for the LGS PC, the LGS Unit 1
control cell array was automatically checked for errors. lhe error in PC
databank was detected at this time. PECo was then notified of the error in a
letter from D x'ated July 9,1990.

The root causes of the GE data entry error are:

1) a GE procedural deficiency which resulted in use of a non-standard
coordinate system,

2) performance of an infrequently performed and complex task under manpower and
time constraints,

3) lack of a consistent coordinate labeling system during communications
between GE groups,

4) GE management controls were not ef fective in ensuring proper procedure
implementations,

5) lack o? GE design verification guide during review of the PCIT form, and

6) lack of GE supervision review for either the completion or the review of the
i PCIT form.

The following are contributi'eg causes of this event.

1) The incorrect data was undetected by PECo personnel between the time of
,

'

databank receipt and the completion of acceptance testing of the PC
databank. This was caused in part by incomplete PECo databank review and

y. .. . m.
'
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unclear databank review responsibilities between various on-site and off-
site PECo groups.

2) Previous GE Internal audits lacked depth and/or root cavse analyses, and
were less than adequate.

Corrective Actions:

The LGS PC databank for the CCC array was changed on July 9, 1990, to include
the correct coordinates to enable control cell monitoring in all desired
locations. A program which automatically checks the databank for changes has
already been implemented by GE to avoid a future recurrence-of this particular
event.

PECo issued a letter to Gt' on September 10, 1990, wnich provided a copy of
PECo's root cause analysis and recommendations for this event. The letter
directed GE to evaluate the recommendations and to take appropriate actions to
prevent the recurrence of a similar type of event. A PECo databank error task
force has been formed which will follow up on the GE response to our letter.

Additionally, this task force will review GE's list of known databank errors and
determine what actions PECo can take to ensure tie accuracy of the databank.
Possible approaches aret

1) determine which databank data sets most impact plant safety and/or TS
compliance, and recommend methods to assure a thorough review by PECO
of these data sets, or

2) determine which databank data sets, in whole or in part, are prepared
or modified by hand, versus those prepared by controlled computer
codes, and develop recommendations for a review of those data sets
involving human intervention.

These actions will ensure that the computer programs provided are adequate to
prevent recurrence of this event,

in addition, more clearly defined work responsibilities between the affected
PECo groups will ensure proper coordination between PECo work groups. This will
eliminate any duplicate verification that may be occurring and ensure that all
the data that needs to be verified is in fact verified.

Previous Similar Occurrences:
|

Hone

Tracking Cows:

A00 - Personnel Error
002 - Inadequate procedure - did r,ot cover situation
E00 - Managemeat or QA Deficiency

.g. .. . m.

._. -
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