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Purpose |

To describe the method that has been developed to
address the effects of downcomer boiling in the 1981
Westinghouse Large Break LOCA Evaluation Model with
BASH (BASH-EM)!".. Per Reference 2, this method was
reported pursuant to 10 CFR 50.46 as a Discretionary
Change to the Westinghouse Evaluation Model.
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. _Background

‘As discussed in Reference 3, CCTF and UPTF tests
indicated that a realistic treatment of a PWR reflood
transient would need to include effects such as
downcomer boiling and entrainment.

Based on CCTF results, it was estlmatedthat

| ‘modeling these phenomena would onIy add ~25°F
to the calculated PCT.

Reference 3 concluded that downcomer‘boilivng and
entrainment did not represent a significant safety
Issue for PWRs. -
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To allow for conclusive termination of BASH-EM
transients, a method has been developed to extend
the LOCBART calculation beyond the point at which
downcomer bowllng is encountered i in BASH .

- Based on a method developed by MPR™.

- Uses a void fraction correlation developed by
Sudo™ to estimate the average void fraction in the
downcomer during boiling, which is then used to
calculate an equivalent void height.

- Reduction in downcomer driving head is used to
 calculate a reduction in the flooding rate, which is
conservatively assumed to remain constant and is
used to extend the LOCBART calculation.

Page 3 of 25




Westinghouse Proprietary Class 3

2. Downcomer Bomng Sequence of Events

The followmg descnbes the expected behavior of ECCS
water in the downcomer and lower plenum during a
PWR LBLOCA transient, based on: (1) phenomena
observed at the CCTF and UPTF facilities, as described
in Reference 3; and, (2) best estimate calculations
performed by Westinghouse using WCOBRA/TRAC.

e At end-of-bypass, the vessel is nearly empty of
liquid, and ECCS water from the accumulators is
calculated to penetrate the lower downcomer. At this
time, the vessel quickly fills with water which is
approximately 120-150°F, usually filling the lower
plenum and downcomer either completely or to
within a few feet of the bottom of the cold legs.
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During the accumulator injection period, which
typically lasts about 5 to 15 seconds into reflood:
water has partially filled the core; entrainment has
begun; and, flooding rates drop to a relatlvely low

“value on the order of 1 inch per second

After the accumulators have emptled pumped
injection water continues to enter the vessel. When
minimum safeguards are assumed, condensation of
steam in the intact cold legs causes the water to

‘reach saturation before entering the vessel. As

illustrated in Figure 1, this water forms a warm Iayer
above the colder accumulator water.
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Figure 1
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o At the beginning of reflood, the reactor vessel
walls, thermal shield, and core barrel represent a
significant source of stored energy, which heats up
the accumulator water and beglns to boil the warmer
safety injection water.

e As the stored energy is removed from the vessel
structures, the heating rate is reduced. Eventually,
the accumulator water will also reach saturation.
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3. BASH Downcomer Modeling

e Older evaluation models using the WREFLOOD code
(e.g., Reference 6) assume that the water in the
downcomer does not boil after reaching saturation.
The calculated reflood transient therefore proceeds
without a significant change in the flooding rate.

e BASH-EM" uses the BASH code to calculate the raw
core inlet flooding rate, which is then smoothed into
two or three constant segments for use in LOCBART.
This process was developed during the licensing of
BASH-EM to help ensure a conservative prediction of
hot channel heat transfer during reflood and is
illustrated in Figures 2 through 5 for a sample BASH-
EM calculation.
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The downcomer modeling in BASH is illustrated in
Figure 6 and consists of a lower liquid volume and an
upper vapor volume. These volumes could be made
to exchange mass by appropriate correlations but
cannot simulate the layer of warmer water at the top
of the downcomer or model the buoyancy-driven
flows which cause only portions of the downcomer
to boil at a time.

Due to the complexity of the associated phenomena,
an accurate treatment of downcomer boiling and
entrainment in a PWR reflood transient requires a

- level of detail comparable to the two-fluid model that

is used in WCOBRA/TRAC.
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Figure 6
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4. LOCBART Transient Extension

The following example illustrates the application of the
LOCBART transient extension method.

1. [

](a,c)
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— (a.cd
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2. [

](a,c)

3. Compute the resulting void fraction using the Sudo
correlation, which can be expressed as:
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where:
82 064
_ (ﬂgfgj Hy p;gD’
- 2 — 125
Be /(P By
Regime A m
X <.0005 .00523 -.704
0005 <X<.004 .093 -.325
X>.004 .54 0

For t'hi's'example D (downcomer gap width) = 0.8 ft,
and [ 1@,
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5. [

](a,c)

Page 21 of 25




](a,C)

Westinghouse Proprietary Class 3

Page 22 of 25



Westinghouse Proprietary Class 3

Page 23 of 25

(a.c)




Westinghouse Proprietary Class 3

5. Expected Effect on Results

For most calculations, it is expected that the PCT that
was calculated prior to the onset of downcomer boiling
will remain bounding. If not, the cladding temperature
transient will already have leveled off sufficiently that
any further increase in PCT should be relatively minor.
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