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This voluntary LER concerns an error in the General flectric 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 2.2,2 since MFLPD may have been greater than
the Fraction of Rated Thermal Power and the associated 1S Action Statement w. S
not implemented within the required t'me period. A review has verified that no
thermal limits were exceeded as a result of this error,

Reference: Docket No. 50-352
Report Number: 1-90-03F
Revision Mumber: 0C

tvent Date: July 9, 1990
Report Date: March 28, 1991
Facility: Limerick Generating Station

P.0. Box A, Sanatoga, PA 19464

Very truly yours,
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cc: T. T, Martin, Administraior, Region 1, USNRC
T. J. Kenny, USNRC Senfor Resident Inspector, LGS
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W Eyror in the General Electric Compaty Supplied Process Compute~ Databank which
provides Cycle Specific Data necessary to Caleculute and Analyze Reactor Core Performance.
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On July 9, 1990, General Electric (GE) Company informed Philadelphia flectric
Company (PECo) that an error had been made by GE concerning data supplied in the
databank for the Limerick Generating Station (LGS) Unit 1 third operating cycle.
This databank provides the cycle specific data necessary to calculate ind
analyze reactor core performance, including the Lines. eat Generation Rate
(LHGR) and the Maximum Fraction of Limiting Power Density (WFiPD). Gt personnel
incorrectly entered control cell location information that is used to account
for Control Blade History (CBH) effects. As & result of this error, MFLPD may
have been greater than the Fraction of Rated Thermal Power (FRIP) with reactor
power less than 100X, LGS Unit | Technical Specifications (1S) Section 3.2.¢
requires to adjust the Average Power Range Monitor (APRM) gain or the APRM
setpoints when MFLPD exceeds FRTP. Although no actual instances of MFLPD
exceeding FRTP have been identified from historical data, the databank ervor may
have caused a violatirn of TS section 3.2,2 in that MiLPD may have exceeded FRTP
and the associated TS ACTIONS were not taken, As a result, this voluntary LER
is being submitted to report a condition that may have been a cordition
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
in2dequate communications were primary causal factois of this event, A PECo
;gék tuice s following up on recommended co-rective actigns for both Gi and
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Background

The General Electric (GE) Company 1s the Nuclear Steam Supply System (NSSS)
vendor for the Limerick Generating Station (LGS), The reacters at LGS are of
"o GE Boiling Water Reactor (BWR) type, BWRs 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 contro)
cell core (CCC) reactor fuel bundle (nading pattern methodology used for LGS
Unit 1 operation is designed to improve reactor fuel relfabi)ity and €implify
reactor core operations, The . :actor core 1s configured using 1/8 core symmetry
as shown in Figure 1, with contrgl C8ls . onsisting of low reactivity fuel
bundley located in the A-2 cootrol rod sequ nce locations in the reactor core.
The A-2 sequence control rods ary quadrart mirror symmetric, and A-2 s usually
the only control rod sequence to be uged wring a CCC cycle, The term control
rod sequence is used in aefining the group of control rods used for reactivity
control and neutron flut shaping while the reactor is at power. The A-l and A-2
control rcd sequences are two of four possible operating control rod sequences,
Both the A-1 and A-2 cercrol rod sequence patterns were used during the LGS Unit
l third cycle of operation (See figure 1).

The Linear Heat Genseration Rate (LHGK) 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 (r six inch
segment of a fuel bundle) in the reactor corc is calculated by multiplying the
loca) peaking factor at a node by the Average ~lanar LHGR (APLHGR) at that node,
APLHGR 1s the power in a given node of a specified fue) bundle divided by the
total number of fuel rods in the fucl bundle, and is determined for each node.
The operating thermal Timit for LHGR specified in the Core Uperating Limits
Report for LGS, Unit 1 1s 13.4 kw/ft for GE fue) type BP/PBX8R and 14.4 kw/ft
for GE fuel types GEBxBEB and GEBxBNB, und s a conservative limit to ensure
that '¥ plastic strain on the fuel ciadding is mot exceeded anywhere in the core
during .ieady state operation of the reactor. The plant process computer (PC)
divides the actual LHGR at a node by the LHGR limit, This ratio is called the
Fraction of Limiting Power Dersity (FLPD). If the maximum value of the FLPD
(MFLPD) 1s less than 1.0, the LHGR limit is not exceeded.

The Fraction of nated Thermal Power (FRTP) is actua) 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 opecat on. The
Average Power Range Monitor (APRM) system continuously indicates rea tor core
average neutron flux level and initiates trips at specified trip setpoints to
prevent excessive power which may cause fuel cladding damage. Techni il
Specifications (TS) Section 3.2.2 states that when the value of MFLP s greater
than the FRTP, the APRM setpoints must be adjusted or the APRM amp)itier gain
may be adjusted to raise the APRM signal to greater than or equu) to MFLPD.

Unit Conditions Prior to the Event

Unit 1 was at various Operational Conditions (OPCONS) and powe= levels singe
this event covers all of cycle 3 operation.
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There were no structures, systems or components out uf 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 1 third operating cycle. This databank provides the cycle
specific data necessary for the PC to calculate and analyze resctor core
performance, including LHGR and MFLPD,

GE personnel incorrectly entered control cell location information that is used
to account for Control Blade History (CBH) effects. CBH effects occur in fuel
pins around contro) rods which are inserted for significant periods of time.
The inserted control rod reduces the local flux spectrum by decreasing the
number of thermal (1.e., low erergy) neutrons. This reduces the burnup rate of
adjacent fuel pins while increasing the local conversion ratio of uranium to
plutonium, When the control rod 1§ then withdrawn, these adjacent fue!l pins
operate at a righer power due to the lower uranium burnup and increased
plutonium content than if the fuel pins had been previously uncontrol ied., The
greater the amount of controlied burnup, the larger the CBH effect. As @
result, non-conse sutive calculations of MFLPD at certain locations in the
reactor core caused an under-prediction of MFLPD by as much as 5.5%. Rowever,
the non-conservatism of the value of MFLPD only affects those locations in the
reactor core which receive significant periods of controlled expisure
accumylution 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 | third cycle of aperation when CBH effects wers significant. Ihis
verificat.on revealed that MFLPD was never greater than or e ual to l.u with Lhe
non-conservative error taken into account., Therefore, the actual LHGR had not
exceeded the TS allowable limits, The time periods wher, CBH effects 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)
March 16, 1990 - March 23, 1990 - A-1 and A-2 Control Rod Pattern (mixed)
June 1, 1990 - June 8, 1990 - A-2 Co'itrol 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 reyuires that, with the APRM flow biased neutron
Flux - upscale scram trip setpoint (S) and/or flow biased neutron flux - upscale
control rod block trip setpoint (SkB) less conservative than the velue described
in the TS, adjust the APRM gain or the APRM setpoints when MFiP0 exceeds FRTP.
As a result of the PC datauank 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.Z in that MFLPD may have exceeded FRIP and the associated TS
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IRJR array are entered in the South-Southwest (SSW) octant, then ref lected Lo
the other sever octants using symmetry (Figure 2). However, the IRJR array data
for the t.ird operaling cycle was incorrectly specified in the We,: -Southwest
(WSW) octant by GE per<onnel. 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 CBM effects, Because the GE
engineer was much more familiar with 3-D simulator code coordinates rather than
oC coordinates, ne mistakenly recorded the CCC information in the WSKW octant
instead of the SSW octant. Gf did not have pertinent information regarding the
PC coordinate system incorporated into a procedure, In addition, the procedure
d1d not “necify the use of SSW octant when entering CSH effect data.

This error was detected when & er GE engineer was preparing a software
databe~k upgrade for LGS in July of 1990. One of the computer codes used to
verify the databank, checks the CCC locations by determining 1f 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 Februsry of 1990, In March of 1990, GE initiated a change in
the computer program so that the (GS Unit | control cell array would be
automatically checked for proper input. In early July, 1990, when the Gf
databsnk group was preparing a software upgrade for the LGS PC, the LGS Unit |
control cell array was automatically checked for errors, The error in PC
databank was detected at this time. PECo was then notified of the error in a
letter from [ ‘ated July 9, 1990,

The root causes of the GE data entry error are:

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

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

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

4) Gt management controls were not effective in ensuring proper procedure
implementations,

) 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
PCIT form,

The foliowing are contributitg 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
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unclear databank review responsibilities between various on-site ang off.
site PECo groups,

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

rrective Actions:

The LGS PC detabank for the CCC array wes changeo on July 9, 1990, to include
the corvect coordinates to enable control cell monitoring In a1 desired
locations., A program which automatically checks the databank for changes has
already been implemented by GE to avoid & future recurrence of this particular
event,

PECo 1ssued a letter to Gt on September 10, 1990, waich provided a copy of
PECo's root cause analysis and recommendations for this event. The letter
directed GE to evaluate the recommendations and to teke appropr ate actions to
prevent the recurrence of a similar type of event, A PECo databans 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 118t of known databank errors and
determine what actions PECO can take to ensure the accuracy of the databank,
Possible approaches are:

1) determine which databank dota sets most impact plant .afety and/or 1§
compliance, and recommend methods to assure a thorough review by PECo
of these data sets, or

¢) determine which databank data sets, 'n whole or in part, are prepared
or modified by hand, versus those prepared by controlled computer
codes, and oevelop 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 tne affected
PECO groups will ensure proper coordination between PECo work groups. This will
eliminate any duplicate verification that may be occurring and ensure that al)
the data that needs to be verified is in fact verified,

Previgus Similar Occurrences:

None
Tracking Coues:
’ AOO - Personnel Error

D02 - Inadequate procedure - did rat cover situation
EOC - Managemeat or QA Deficiency
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