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Even though improvements in modeling the phenomena that occur in the lower plenum have been made, the MELCOR 
user must decide on the physical events that are to be modeled and create the corresponding input. In addition to the standard 
modeling techniques, the flexibility of MELCOR allows for nontraditional modeling as well. For typical BWR applications, 
the user establishes concentric radial rings for the COR Package. In theory, each ring should be composed of a channel 
(within the channel box walls) and a bypass (the volume region outside the channel box walls) with each region containing 
both fluid and structures. However, in MELCOR 1.8.3 and earlier versions, the COR Package allows particulate debris to 
relocate only inside the channel box walls, using a volume equivalent to the channel and bypass fluid volumes. 

The consequences of this modeling approach with respect to the combined channel and bypass volumes produces two 
anomalies in the BWR calculation, particularly for boildown sequences. The first is that the CVH Package will calculate 
inaccurate channel and bypass water levels for the core region, which can significantly affect predicted metal-water reaction 
rates. The other is that lack of separation of the channel and bypass volumes will cause an artificially large flow area through 
the core plate, which can lead to inaccurately determined core plate failure times and unrealistic pressure transients in the 
lower plenum. 

In an effort to mitigate the consequences of the current COR package treatment of BWR channel and bypass volumes, an 
atypical way of modeling the core region by doubling the number of rings so that each ring represents only a channel or 
bypass region has been developed and has been shown to be beneficial. 

I. INTRODUCTION 

MELCOR contains models for the unique design 
characteristics (Figures 1 .l-2) of Boiling Water Reactors 
(BWRs), such as the channel box walls, control blades, 
and control rod guide tubes. These models are required if 
best-estimate severe accident calculations are to be 
performed for developing emergency procedure 
guidelines for the Advanced Boiling Water Reactors. The 
boiling water reactor severe accident technology programs 
at ORNL have developed and incorporated into MELCOR 
several of these advanced  model^.'^^.^ All of the locally 
developed models have been made publicly available as 
they were developed, tested, and used in ongoing BWR 
severe accident studies at Oak Ridge. As of MELCOR 
version 1.8.2, a new lower plenum debris bed model has 
become officially available, the Lower Plenum Debris 

Bed (BH) Package, which calculates the thermal response 
of the lower plenum debris, the heatup of the reactor 
vessel bottom head, and the release of core and structural 
materials from the reactor vessel to the drywell. 
Calculations are initiated for most severe accident 
sequences at the time of lower plenum dryout, when 
previously quenched materials are incorporated into a 
debris bed. Materials subsequently relocated downward 
from the core region (solids and liquids) are added to the 
upper surface of the bed while releases from the lower 
plenum via penetration failures or bottom head creep 
rupture are transferred to the containment drywell. 

With the advent of the BH Package, attention was 
passed from how the material relocates to the drywell to 
how the COR package calculates the degradation of a 
BWR core. As shown in Figure 1.2, a BWR contains 
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. chhnnel box walls which provide a barrier between the 
channel (inner region) and the bypass (outer region). As 
the core degrades, two unique regions containing different 
compositions develop. The first is the channel, which will 
contain debris from the fuel rod, and the second is the 
interstitial (or bypass) region, which will contain debris 
from the control blades. In addition, the obstruction 
toward downward progression is different. For the 
channel, the solid debris will be held up prior to entering 
the nose piece at the base of the fuel assembly. In the 
case of the bypass region, the only obstruction is the core 
plate, which in MELCOR is typically modeled as a 
separate axial level. 

As a result of these unique design features, obstacles 
stemming from the COR-to-CVH volume interface have 
been experienced when applying MELCOR to BWR 
severe accident analyses. These problems are to a large 
extent the result of combining the COR package channel 
and bypass free volumes into a single COR package 
volume that is interfaced to the smaller CVH channel 
volume (ignoring the CVH bypass volume-i.e., the COR 
Package assumes that all debris is located within the 
channel box walls). The ways in which volumes are 
tracked within the COR Package are described throughout 
the COR Package Reference M a n ~ a l , ~  while the 
relocation of particulate debris inside the channel box 
walls is discussed in Section 3.3 of that manual. This 
inability of the COR Package to recognize the distinct 
regions inside and outside the channel box walls has 
resulted in many problems for the code user, including 
lack of representation of the virtual volume of debris (that 
would physically exist outside the channel box) within the 
CVH volume that represents the bypass region. This lack 
of virtual volume in the bypass CVH region causes 
uncertainties in the proper determination of both water 
level within the core and flow through the core plate, 
eliminating the ability to correctly implement the new 
flow blockage model. 

The purpose of this paper is to describe a 
nontraditional B WR core nodalization technique of 
dividing the channel and bypass regions into separate 
radial rings. By separating the bypass from the channel, it 
became possible to implement and productively utilize the 
various COR Package flow control devices, such as the 
new flow blockage model and the typical use of control 
functions. Following this, an attempt was made to 
appropriately employ the current dT/dz model. [Unlike 
other computer codes that contain small hydrodynamic 
nodes for the core region (making them slow running), 
MELCOR has been designed to use two large control 

volumes for the core region, one for the channel and the 
other for the bypass. However, to accurately model the 
heat transfer to the gas from multiple COR cells 
interfaced to either large control volume, an estimate of 
the temperature distributions in the control volume 
atmospheres must be made in the COR Package. The so- 
called dT/dz model is used for this approximation.] These 
results, performed using an interim release of MELCOR, 
version (QA), were then compared against the results of a 
similar calculation using the best estimate Grand Gulf 
input deck.5 

11. METHODOLOGY 

The best-estimate, fully qualified MELCOR deck 
developed for Grand Gulf5 was chosen as the originating 
input deck. This model employs 35 control volumes, 58 
flowpaths, 76 heat slabs, 136 control functions and 21 
tabular functions. The core is modeled with four radial 
rings (indexed from center to periphery) and seven axial 
segments, five representing the active fuel. Input for the 
lower plenum debris bed model (BH package) is also 
employed in this deck. The BH package model represents 
the lower plenum geometry in great detail beyond that 
available in the standard COR package lower plenum 
model. 

' 

Using MELCOR Version QA, a base-line calculation 
was obtained. Subsequently, the task of splitting the 
radial rings into individual sets was started. The four 
combined channelhypass rings were split into eight radial 
rings in the following order: Ring 1-Channel, Ring 2- 
Bypass, Ring 3-Channel, Ring CBypass, Ring 5-Channel, 
Ring 6-Bypass, Ring 7-Channel, and Ring 8-Bypass. 
Figure 2.1 shows a simple schematic of this procedure. 
The purpose of this configuration is to permit the bypass 
region to be appropriately represented. With the 
alternating channel-bypass arrangement shown in this 
figure, the geometric interrelations that are presumed in 
the development of several COR package models (e.g.. 
the radial spreading model and the radiation model) are 
preserved. 

The core components are similarly divided. For the axial 
levels at and above the bottom of active fuel (BAF), the 
fuel, Zircaloy, and Inconel are assigned to the channel 
rings 1, 3, 5, and 7. At the same axial level, the stainless 
steel (SS) and B4C associated with the other structures are 
assigned to the bypass rings 2,4,6, and 8.' For the lower 
tie plate axial and core plate segments (i.e., the region 
from the bottom of the core plate to BAF), it is necessary 
to carefully and appropriately apportion the local structure 



m&ses between the channel and bypass rings. For the 
channel rings, the mass associated with the lower tie plate 
(fuel rod support), nose piece, and a very small portion of 
the core plate are assigned; most of the core plate and the 
lower portion of the control blades are assigned to the 
bypass rings. These are modeled in two axial segments as 
shown in Figure 2.2. This simple schematic illustrates 
why there is so much more SS mass in the channel rings. 

It is obvious for the channel rings, that the downward 
relocation of debris would be stopped by the lower tie 
plate (which is located in the axial segment above the core 
plate) and not by the core plate itself. On the other hand, 
debris relocation in the bypass region would proceed to 
the core plate. Unfortunately, MELCOR only allow‘s the 
user to input a single core component support flag for 
each axial segment (not for each radial ring). Typically, 
this single support flag is assigned to the core plate, which 
is done here. It is important to recognize that this support 
flag applies to all eight radial rings. 

In order to prevent debris from “unrealistically” 
falling through the lower tie plate in each of the channel 
rings, the free volumes for the COR cells that represent 
the core plate for the channel rings are set to an arbitrarily 
low value, 0.0005 m3.a Such a small available volume 
prevents debris from accumulating in the core plate axial 
segment for the channel rings, having the desired effect of 
artificially forcing debris to remain suspended above the 
core plate (within and above the lower tie plate axial 
segment). 

A schematic of the new core nodalization is provided 
in Figure 2.3. The Figure is not to scale, but does provide 
a rough indication of the logic with respect to relative 
allocations of free and structural volumes that were used 
in developing the new model. 

For the lower plenum axial segments (1-3,  all of the 
SS mass for the control rod guide tubes are placed into the 
bypass rings, as indicated in Figure 2.3. Therefore, the 
channel rings contain no component volume. The free 
volume was equally divided between the two sets of rings. 
Thus, if in ,the original 4 - h g  base-case input deck a 
single lower plenum cell with a free volume of 4.0 m3 
were used, then the corresponding new lower plenum 

a For consistency with the MELCOR Manuals, the term 
free volume is used to depict the fluid volume as 
represented by the COR Package; and the term fluid 
volume is used for the free volume as represented by the 
CVH Package. 

cells (channel and bypass) for the 8-ring base-case input 
deck would each contain 2.0 m3. 

111. CONTROL OF FLOW THROUGH THE 
CORE PLATE 

As stated previously for MELCOR 1.8.3, the COR 
Package adds the bypass free volume to the channel free 
volume disregarding the existence of the channel box 
walls. Therefore, as debris relocates to the core plate, the 
modeling techniques that are typically used to limit flow 
through the core plate will allow flow during fully 
blocked situations. This problem in the flow area 
calculation is best explained through an illustration. 

Assume that a core cell used in representing a portion 
of the core plate contains 0.03 m3 of free volume in the 
channel and 0.05 m3 of free volume in the bypass. The 
code would assume that it has an available volume of 
0.08 m3 for particulate debris relocation regardless of the 
source. Thus, if 0.03 m3 of debris relocated to the core 
plate within the channel box walls, the COR Package 
would continue to assume that the channel flow path 
would remain unblocked. By application of this novel 
modeling approach, the debris remains segregated (the 
debris associated with the channel fills the available 
channel volume, and the debris associated with the bypass 
is charged against the available bypass volume). 

W .  RESULTS 

After revising the Grand Gulf input deck, several test 
calculations have been performed. A summary of these 
test runs is provided by a comparison of the timing of 
several key events in Tables 4.1 and 4.2. These tables 
present the results of three different calculations. The first 
is the base-line calculation performed using the traditional 
four radial ring technique. The results of this calculation 
are representative of results that have been previously 
obtained. 

The second calculation is the base-line case with the 
eight radial rings. The results obtained using this new 
modeling technique, when compared with those of the 
traditional calculation, reveal significant differences. Of 
marked interest is the large reduction in initial core plate 
failure time, which corresponds to the initial introduction 
of particulate debris into the lower plenum. The fourth 
column of Table 4.1 presents the results for the 8-ring 
base case but using the new default dT/dz model. 

It is important to recognize the differences in the 
relocation paths that exist in the two calculations. In the 



' first calculation, radial relocation will only occur if a 
channel box wail does not exist within either the donor or 
receiving cell. For the second calculation, since the 
bypass cell is interposed within the core region, radial 
spreading can occur whenever a donor cell does not 
contain a channel box wall. Thus for the second 
calculation, once a channel box wall has been dissolved in 
a cell containing debris, radial spreading will occur. 

Table 4.1. Comparison of predicted failure times for 
each core plate radial ring 

I Failure Time (s) 
Ring No. 

~~ 

Base Case 
(4 Radial 
Rings) 
8,196.1 

1 1,276.7 
18,792.5 
26,761.8 

~ ~~ 

Base Case 
(8 Radial 
Rings) 
6,474.3 
8,384.6 
8,384.6 

11,778.7 
11,778.7 
14,550.2 
14,550.2 
26,543.4 

New 
dT/dz 
6,581.6 
8,775.3 
8,775.3 
9,3 10.1 
9,310.1 

11,975.3 
11,975.3 
25,926.2 

Table 4.2. Comparison of failure times for BH 
Package events 

Event 

Lower Plenum 
Dryout 
Failure of Core 
Shroud 
Lower Head 
Creep Rupture 

Failure Time 

Base 
Case 

(4 Radial 
Rings) 

12,831.7 

47,599.7 

48,7 19.2 

Base 
Case 

(8 Radial 
Rings) 

9,053.9 

115,376 

32,785.5 

New 
dT/dz 

9,358.4 

1 18,695 

34,547.6 

The warp factor, or calculated transient time divided 
by computational time, is listed for each of the three 
calculations in Table 4.3. As indicated, the increase in 
computational time occasioned by use of the new 
modeling technique is about 25 percent prior to initiation 
of the BH Package but only about 10 percent over the 
course of the entire calculation. All calculations were run 
on the same machine. 

Table 4.3. Warp factors 

~ ~~~ 

Warp Factor (Transient Time/ 
Event Computer Time) 

Base Case Base Case 
(4 Radial (8 Radial New 
Rings) Rings) dT/dz 

2.5 1.9 1.7 Initiation of the 
BH Package 
Cavity Rupture 4.7 4.4 4.3 

V. SUMMARY O F  THE NEW TECHNIQUE 

A. Advantages 

There are several advantages associated with 
utilization of this new technique. The first and most 
important is a better interface between the CVH and COR 
Packages. For the base-case calculation with 4 radial 
rings, volume changes between the COR' and CVH 
Packages were lost, creating a larger fluid volume within 
the lower region of the core than could physically exist. 
With the new modeling technique, no virtual volume error 
messages occurred (which indicates a proper 
representation of the fluid volume). This is a direct 
indication that the CVH Package has a much better 
representation throughout the calculation of the actual 
fluid volumes that are available, and, therefore, that more 
accurate water levels are calculated for the core region. 

The new technique also allows control blade material 
to fall directly onto the core plate. Previously, the 
particulate debris formed from the control blade was 
incongruously transferred from the bypass region as it 
relocated, to ultimately reside within the channel box 
walls. 

B. Disadvantages 

A disadvantage associated with use of the new 
technique is a slight increase in the computational time, 
equivalent to about 10 percent of the total computational 
time expended over the course of the entire calculation. 

As would be expected, an increased effort is involved 
in establishing the extra radial rings in input. 

C. Recommendations to the User 

The first recommendation pertains to the flow 
blockage model. For the flow path that represents the 
flow from the lower plenum through the core plate and 



into the channel region of the fuel bundles, both the axial 
level that contains the core plate and the axial level that 
contains the overlying cells were specified in the input for 
the flow blockage model. However, for production 
calculations, the input for the flow blockage model should 
be implemented such that for the channel flow path, the 
flow blockage model examines the lower tie plate axial 
segment (cells 107, 307, 507, and 707) and for the bypass 
flow path, the flow blockage model utilizes the core plate 
axial segment (cells 206,406,606, and 806). 

The purpose of using the volumes within both axial 
levels for non-production (testing and checkout) 
calculations is to allow for an increased flow area between 
the lower plenum and the core region. It has been our 
experience that the computational time requirement for 
the CVH Package increases exponentially for choked flow 
paths. Therefore, it is suggested that the user first set up 
the input using multiple axial levels, then after sufficient 
test calculations have been performed, modify the input to 
the flow blockage model as explained in the previous 
paragraph. 

In order to prevent debris from “unrealistically” 
falling through the lower tie plate in each of the channel 
rings, the free volumes for the COR cells that represent 
the core plate for the channel rings were set to an 
arbitrarily low value, 0.0005 m3. Such a small available 
volume prevents debris from accumulating in the core 
plate axial segment for the channel rings, having the 
desired effect of artificially forcing debris to remain in the 
lower tie plate axial segment. Although this trick was 
successful in preventing debris from relocating to the core 
plate (by holding it at the tie plate), it forced the flow 
blockage model to limit the upward channel flow that 
otherwise would cool the debris bed (which normally 
would accumulate on the core plate). The debris 
overlying the bypass rings, however, is cooled by this 
upward flow, 

For future calculations, it is recommended that the 
true free volume-be used for both channel and bypass 
rings at the core plate. Then the core component support 
flag (using values as specified for record CORZjjO2 in the 
COR Package Users’ Guide) should be set for both the 
core plate axial segment (support flag = 11) and the 
overlying axial segment (support flag = 10). Using 
control functions for the overlying cells in the bypass 
rings and for the core plate cells in the channel rings, 
these cells can be directed to pass particulate debris, 
thereby overriding the normal failure mechanisms. It 
should be recalled from the COR Package Reference 

Manual, that when a cell “fails,” no intact structure is lost, 
only the ability for that structure to retain particulate 
debris. This should allow the desired effect to be 
achieved without having to resort to fictitious input. 

The control function logic for the remaining cells 
should be established such that, for the cells in axial 
segment 7, the channel rings, fail independently. (For 
example, the cell representing the lower tie plate in 
channel ring 7 could fail without affecting the failure of 
the core plate in rings 1-6.) For the cells in axial 
segment 6 for the bypass rings, the inter-ring failure logic 
should be used. Thus, the recommended logic would 
force only the inner bypass rings to fail simultaneously 
when an outer bypass ring fails. This is in line with the 
actual BWR support situation by which the fuel bundles, 
tie plate, nose pieces, and fuel support pieces are 
supported by the control rod guide tubes (not the core 
plate). On the other hand, if bypass ring 6 fails, then the 
core plate portions in bypass rings 2 and 4 would also fail 
(if they had not already). 

If this more complex “core plate failure” arrangement 
is followed, then special care must be taken in setting up 
the input for the two axial segments (the core plate and 
lower tie plate). For the core plate axial segment, most of 
the SS mass will be assigned to the bypass rings with a 
small amount (corresponding to the control rod guide 
tubes) being assigned to the channel rings. For the 
associated free volumes, the appropriate values should be 
used for .both the channel and bypass rings. In the 
overlying axial segment (the lower tie plate), most of the 
SS mass will be associated with the channel ring (for the 
lower tie plate, nose piece, and fuel support piece) and a 
smaller amount will be assigned to the bypass ring to 
approximate the lower portion of the control blade. As 
opposed to the core plate axial segment, most of the free 
volume for the tie plate axial segment will be i n  the 
bypass rings with very little in the channel rings. 

In closing, three observations are offered. The first is 
that the option for the dT/dz model, which requires the 
use of the CORTIN records, provides a steadily increasing 
axial temperature profile across the core plate. The new 
default option, on the other hand, exhibits temperature 
discontinuities across the core plate. Nevertheless, use of 
the new option may be necessary in some instances to 
prevent the COR Package from predicting unphysical 
temperatures, i.e., temperatures greater than 5,000 K or 
less than 273 K. Experience indicates that this difficulty 
tends to arise on occasions when very small vertical flow 
areas are encountered during a calculation. When code 



’ interrupts caused by these unrealistic calculated 
temperature excursions occur, resort to a smaller 
maximum timestep should be attempted first. Only if  this 
fails should the new option for the dT/dz model be used. 

Second, for BWR applications, i t  is desirable to force 
the particulate debris within the channel box walls to 
remain at a higher elevation than the debris associated 
with the bypass, which would be held up by the core 
plate. Thus, the only technique for accomplishing this, 
while using realistic free volumes, is to utilize this new 
8-ring nodalization scheme and to apply the support 
scheme described above. 

The final observation concerns timestep size. For all 
calculations described in this report, a maximum timestep 
of 5.0 s was successfully used. However, experience has 
demonstrated by episodes of timestep variations and 
comparisons of calculated results that for production 
calculations, a maximum timestep of not more than 1.0 s 
should be used. 
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Figure 2.3. Representation of free and component volumes using the new modeling technique. 


