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MELRPI — DEVELOPMENT AND USE

*A. Sozer
SASA Program

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

ABSTRACT

The MELRPI computer code has been developed by
Rensselaer Polytechnic Institute under the sponsorship of Oak
Ridge National Laboratory (ORNL) and, more recently, the Em-
pire State Electrical Energy Research Corporation
(ESEERCO). The code was developed especially for severe ac-
cident analyses concerning BWRs and is not applicable to
PWRs. MELRPI.M0D2, one of the ORNL-severe accident analysis
codes, has been applied for the first time to station black-
out transient analysis for the Browns Ferry nuclear power
plant in order to estimate the progression of core degrada-
tion.

1. DESCRIPTION OF MELRPI.M0D2 MODELS

The MELRPI.MOD2 computer code includes core degradation and emer-
gency core cooling system (ECCS) models. Simplified mechanistic ap-
proaches have been used in developing the code so that inexpensive cal-
culations can be performed.

The 2-D reactor core geometry presented in Fig. 1 is composed of
fuel rods, cruciform control blades, channel boxes, and main and bypass
channels. Mechanistic core degradation models simulate heatup, oxida-
tion, melting, relocation, and freezing of molten materials, clad fail-
ure, and rubble bed formation. Rubble bed formation can progress in
both the axial and radial directions resulting in the reduction of core
height in individual radial zones.1

MELRPI-ECCS models provide a mechanistic approach for the analysis
of either intact or rubbelized reactor core thermal hydraulics.2 A
schematic of the reactor core model is presentee" in Fig. 2 with arrows
in the figure indicating flow paths. Bottom flooding, interstitial
injection, and core spray ECCS models are available. A single uniform
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water level is employed in the interstitial region, but the level can
vary radially in the main channels, where most of the decay heat is
transferred to the coolant.

Current model development activities concentrate on lower core
plate failure, response of the structures in the lower plenum, lower
head failure, in-vessel thermal hydraulics, and improved debris bed
thermal-hydraulics. The lower plenum and lower head failure models will
be used in analyzing corium interaction with control rod guide tubes,
water, and the reactor vessel bottom head.

Future improvements include eutectic mixture formation, flow chan-
nel blockage due to relocated and frozen materials in cold portions of
the core, and improvements to the existing radiation heat transfer
models.

2, APPLICATION TO STATION BLACKOUT

The calculations described in this study pertain to station black-
out at Browns Ferry unit 1 whose core geometry and characteristics are
described in detail in Refs. 3 and 4. For the calculational model, the
core is divided into 5 equal-length axial nodes and 5 radial zones (Fig.
5). The radial and axial power profiles used in the calculation reflect
the Browns Ferry equilibrium core. The volumetric fraction assigned to
each radial zone was selected so as to best represent the radial power
profile.

The station blackout transient has been analyzed by utilizing sev-
eral computer codes at ORNL. The period prior to the onset of core un-
covery has been analyzed by the BWR-LTAS code. MARCON2.1B is used for
the remainder of the transient along with the SCM and TRENDS codes; how-
ever, MARCON does not have mechanistic core deformation and relocation
models. MELRPI attempts to provide more insight into this portion of
the transient by deforming the core, relocating and removing molten
materials gradually. MELRPI.M0D2, which uses the rigorous ANS-standard
decay heat curve,5 has been coupled with MARC0N2.1B from the onset oE
core uncovery until core plate failure occurs. (The core plate failure
is predicted by MARCON2.1B.) MMC0N2.1B results are used to drive
MELRPI, supplying the two-phase level, reactor vessel pressure and core
steam flow history presented in Figs. 3 and 4. In turn, MELRPI results
are usea to adjust MAS.CON2.1B input for better representation of core
degradation phenomena.

3. RESULTS

A description of tha station blackout severe accident sequence for
Browns Ferry together with the calculations of the MARCON2.1B, SCM and
TRENDS code suite is provided in an accompanying paper in these pro-
ceedings entitled "Station Blackout Calculations for Browns Ferry". The
following results pertain to the MELRPI calculation for station black-
out.



Core degradation results are presented in Figs. 5—9. The rate of
fuel temperature increase in the central radial zone is reduced after
zircaloy melcing begins, mainly due to inhibition of the exothermic
oxidation reaction between zircaloy and steam (Fig. 6). Temperatures
remain relatively low until nodes become uncovered completely. Figs. 5,
7 and 8 demonstrate the level of core degradation at 519, 544, and 654
minutes after scram. Temperature contours indicate the thermal state of
the core structure. Locations where debris beds are formed and fuel
melting occurs are also indicated. The reduced height of the individual
radial zones of the core reflects the effects of debris porosity beds
and the amount of molten masses removed from these zones. Currently,
molten masses are removed instantaneously upon debris bed formation and
are not included in the available total mass for calculating radial zone
heights. Future plans include modelling of flow blockage and incorpora-
tion of frozen materials in the calculation of radial zone heights.

Large amounts of debris and molten material are formed before the
lower core plate failure as indicated in Fig. 9. In radial zones 1 and
4, 4C% to 57% of the fuel becomes molten although no fuel melting occurs
in the peripherial zone. The molten fractions for zone 2 and 3 remained
close to the value calculated for the central radial zone. About 63% of
the zircaloy structure of the channel walls and cladding becomes
molten. The fraction of core rubbelized and the fraction of core height
remaining covered with water are also indicated in Fig. 9.

4. SUMMARY

MELRP1.M0D2 has been applied to the station blackout transient in a
coupled mode with MARCON2.1B for the first time. The results are used
to adjust input parameters of MARC0N2.1B for better simulation of core
degradation phenomena and to provide additional insight into the pro-
gression of core damage before core plate failure occurs. With the in-
clusion of additional models, predictive capabilities of MELRPI will be
enhanced in the future.
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Fig. 1. MELRPI uses a two-dimensional BWR core raodalization scheme.
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Fig. 2. A schematic of the ECCS model geometry.
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Fig. 5. The predicted state of the degraded core at time 519
minutes after scram.
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Fig. 6. Fuel temperatures of five axial nodes in the central
radial zone.
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Fig. 7. The predicted state of the
degraded core at time 544 minutes after
scram. . ,
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Fig. 8. The predicted state of the
degraded core <n- time 654 minutes after
scram.
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Fig. 9. Covered core height, rubblized core, molten Zr, and molten
fuel fractions vs. time for Browns Ferry Station Blackout.


