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The Loss of Coolant Accident (LOCA) analysis for Davis-Besse is performed by
B&V Nuclear Technologies (BWNT). This analysis determines the allowable
linear heat rate limits as presented in the Core Operating Limits Report
(COLR), which is referenced by the Technical Specifications (TS). The COLR
provides acceptance criteria for some TS surveillance requirements. BWNT has
determined that the LOCA analysis results for the 2-ft core elevation are
potentially non-conservative. BWNT initiated a Preliminary Safety Concern
(PSC 5-94) on November 28, 1994 and nctified the Nuclear Regulatory
Commission (NRC) of this concern by letter dated January 27, 1995. The NRC
vas notified by Toledo Edison via Emergency Notification System (ENS) at 1522
hours on January 26, 1995 under 10CFR 50.72 (b)(1)(ii)(B) because the
non-conservatism could result in the predicted peak clad temperature
exceeding 10CFR50.46 limits at the 2-ft core elevation. Existing plant
operating restrictions are sufficient to preclude limits from being exceeded.
This event is being reported under 10 CFR 50.73(a)(2)(ii)(B) as a condition
outside the plant’s design basis. This report also fulfills the reporting
requirements of 10 CFR 50.46(a)(3)(ii).
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Description of Occurrence:

Recently, the Loss of Coolant Accident (LOCA) analysis applicable to
Davis-Besse, performed by B&V Nuclear Technologies (BWNT), has concluded that
the analytical results for the 2-ft core elevation are potentially
non-conservative. The non-conservatism is the result of the discovery of a
more adverse combination of Core Flood Tank (CFT) level and pressure than wvas
previously believed to be bounding. Specifically, operation with CFT at the
maximum permissible level and the minimum permissible pressure results in the
most rapid CFT pressure decrease and lowest rate of core flood injection. It
vas determined that only the 2-ft core elevation is sensitive to this
reduction in flow rate.

Additionally, during the investigation of this condition, a computer code
interface concern between the CRAFT2 and THETA1-B computer codes used in the
LOCA analysis was discovered. Coarse noding in the core model and internal
CRAFT2 treatment of refilling nodes combined with a lowv data sampling rate
produced a non-conservative enthalpy input into the THETA1-B code. This
caused significant changes in the analytical results to occur only at the
2-ft core elevation. These computer codes and methodology are part of the
Nuclear Regulatory Commission (NRC) approved 10 CFR 50, Appendix K LOCA
Evaluation Model.

BVUNT initiated an internal Preliminary Safety Cencern (PSC 5-94) on

November 28, 1994, The preliminary evaluation in response to PSC 5-94
concluded that a reduction in the 2-ft allovable linear heat rate of 1.3
KW/ft is sufficient to maintain Peak Cladding Temperature (PCT) within the
established limits for all B&V plants. The B4V Fuel Company has reviewed the
Davis-Besse core operating limits for the present cycle and has concluded
that power tilt, powver imbalance, and control rod insertion limits, as
provided in the Technical Specifications (TS), are not adversely impacted,
hovever, the Core Operating Limits Report (COLR) allowable linear heat rates
(LHRs) are adversely affected and will be revised.

Apparent Cause of Occurrence:

The apparent cause for this condition was that the assumption made in the
original analysis was not conservative at the 2-ft elevation. During
original licensing of the LOCA evaluation model, nominal CPFT initial
conditions (level and pressure) wvere used. Sensitivity studies done by BWNT
at the core midplane (6-ft.elevation) indicated that initial conditions

NAC FORM J884 (3-92)
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Apparent Cause of Occurrence (Continued):

pressure.

limited.

Analysis of Occurrence:

LOCA ECCS analyses.
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these CFT parameters were adopted for use in subsequent analyses.
it vas recently discovered that the most limiting initial conditions for the
2-ft elevation PCT analysis are the maximum CFT liquid inventory and minimum

On this basis, Preliminary Safety Concern (PSC) 5-94 was initiated.
related to the anticipated PCT variation associated with the input of the
minimum versus the maximum CFT liquid inventory in the approved Large Break

03 OF 06
00

using minimum CFT level and pressure were the most conservative for
H evaluating PCT. In an attempt to bound all permissible operating conditions,

However,

The apparent cause for the second issue concerning computer code behavior was
less than ideal familiarity with the internal operation of the CRAFT2 code
used in the currently approved Emergency Core Cooling System (ECCS)
evaluation model. Earlier extensive reviews by all involved parties failed
to detect the noted d2ficiencies. A contributing factor is that the existing
evaluation model is cumbersome to use, placing practical limits on extent and
frequency of use. Thus, experience and expertise in its application is

When the CFT input parameter changes were analyzed with the current
evaluation model and existing allowable LHRs, the calculated PCT change at
the 2-ft elevation was found to be greater than 50° F and exceeded 2200°F.
Howvever, if the LOCA LHR limits at the 2-ft elevation are reduced by 1.3
KW/tt, all PCTs will meet the acceptance criteria contained in 10 CFR 50.46.

In November 1994, a sensitivity study performed by BWNT for another utility
using the RELAP5/MOD2-based evaluation model for the Mark-Bll fuel design
revealed that the maximum CFT liquid inventory would produce the highest PCT
at the 2-ft elevation. It was found that the combination of minimum gas
volume and minimum pressure would result in the lowest CFT flow during the
adiabatic heatup period. This lov flow decreased the liquid remaining in the
reactor vessel lower plenum and extends the time period to refill the lowver
plenum. The net result was an increase in the adiabatic heatup peried by
approximately 20 percent. The PCT was found to be higher than would be
produced with the minimum CFT initial liquid volume.

This PSC
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Analysis of Occur ence (Continned):

The adverse effects from the CFT parameter changes were compounded by an
observed variation in the CRAFT2 core path inlet enthalpy supplied by the
CRAFT2 code to THETA1-B for the hot fuel pin thermal analysis. The enthalpy
wvas supplied to THETA1-B on a coarse data frequency (one point every 0.5
seconds). However, the CRAFT2 output was subject to high frequency
oscillations that corresponded to the changes in instantaneous flow
direction. The calculated PCT was found to be sensitive to the enthalpy
sampling because a large enthalpy difference existed between the two nodes
surrounding the 2-ft elevation. 1In addition to the oscillations, it was
observed that the enthalpy could also be skewed in the non-conservative
direction by a nonhomogeneous treatment of the core nodes following total
dryout with subseguent return to two-phase conditions. The Large Break LOCA
blowdown model is constrained to homogeneous flows cal-ulated by homogenous
node conditions. So long as the nodes remain continuously in two-phase Large
Break LOCA conditions the homogeneous conditions are correctly calculated.
After dryout and return to two-phase conditions, however, the homogeneous
condition is not met. Under these conditions, CRAFT2 allows the node to
separate the steam and liquid phases. Because of the flow path connections,
this configuration can artificially cause the inlet flow path enthalpy to be
lower than the model homogeneous enthalpy. Since this enthalpy is
transferred to THETAl-B, it can cause nonconservative conditions to be used
for the hot fuel pin analysis. While this mechanism could potentially affect
results at all elevations, significant affects are limited to the 2-ft
elevation.

Corrective Actions:

After the initial 2-ft LHR limit reduction estimates were available, BWNT
evaluated the current fuel cycle to determine if the operating limits
remained valid. Technical Specification operating limits are not affected
and remain valid. Therefore, this condition has minimal safety significance.
Administrative reductions of 1.5 kW/ft have been temporarily applied to the
affected LHR limits as provided in the COLR. These COLR limits are
applicable only under certain core flux imbalance or tilt conditions (e.g.,
dronped rod). This assures that PCTs would remain accertable even if a LOCA
should occur during unusual operations outside the TS limits. Based on the
most recent preliminary results, required reductions in allowable linear heat
rates for Davis-Besse are considerably less than the worst case generic B&VW
plant predicted required reduction (1.3 kW/ft). The 1.5 kW/ft administrative
reduction in LHR limits applied at Davis-Besse is conservative.
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Corrective Actions (Continued):

The adjustment of the traditional CFT liquid inventory input as:umption and
non-conservative enthalpy specified to the hot fuel pin thermal analysis will
h produce chianges in the Large Break LOCA peak cladding temperature in excess
of 50° F. Reductions in the LOCA LHR limits are required to continue to meet
the 10 CFR 50.46 acceptance criteria. The most conservative CFT liquid
inventory input will be used in analyses that conservatively adjust the
enthalpy transferred from the CRAFT2 results to THETA1-B for the hot fuel pin
analysis. The work performed to date supports the validity of a simple
change in the enthalpy data transfer to the THETAl-B analysis, without input
model changes or use of a new CRAFT2 code version. The current analyses will
continue to calculate the CRAFT2 blowdown transient without any changes. The
inlet enthalpy for the CRAFT2 analysis will be adjusted before the input is
supplied to THETAl1-B. The inlet enthalpy will be conservatively set to
envelope on the upstream homogeneous nodal enthalpy based on the filtered
flow direction. THETA1-B will be run with this conservative enthalpy to
determine a PCT. The new 2-ft LOCA LHR limits will be used in maneuvering
analyses to determine if any changes are needed to the core operating limits.
The required analyses are in progress. The results of the LOCA analyses,
including changes the COLR, are scheduled to be completed by August of this
year.

A report will be sent to the NRC by BWNT within 30 days of the completion of
the aforementioned reanalyses. Toledo Edison will also provide the COLR
revisions to the NRC in accordance with T.S8. 6.9.1.7 within 30 days of the
nompletion of the BVUNT analyses.

The existing CRAFT2/THETAl1-B based evaluation model is in the process of
being replaced by a RELAPS based evaluation medel. A topical report
(BAV-10192) describing the new evaluation model was submitted for NRC review
in February, 1994. The nev model does not suffer from the same technical
shortcomings as the CRAFT2 based model and is more economical to use. It
utilizes modern thermal-hydraulic techniques and requires fewer manual
interfaces. The core noding in the new model is much finer, leading to more
reliable results.
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Failure Data:

In the past five years, there has been one Licensee Event Report (LER)

submitted describing an error in the Davis-Besse LOCA analysis. LER 91-006

describes an event where the analysis of boron concentration in the core

after a LOCA in the Reactor Coolant System cold leg was non-conservative.
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