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MARCH-MAAP COMPARISON CALCULATIONS

INTRODUCTION

In order to provide a meaningful basis of comparison of the results
of the Industry Cegraded Core Rulemaking (IDCOR) program and the NRC's
Accident Source Term Program, a number of code comparison calculations are
being performed. This report addresses the comparisons between the NRC's
MARCH code predictions and those of the IDCOR-developed MAAP code. The two

_ codes are used to describe the overall accident progression and related

thermal hydraulic conditions in the respective programs and thus serve as the
drivers for most of the subsequent fission product release and transport
calculations. This report deals only with the comparison of accident
progression and related thermal hydraulic conditions.

The MARCH-MAAP comparison calculations involved analyses of the
following specific plants and accident sequences:

Zion TMLB'

Sequoyah TML and S2HF
Grand Gulf TQUV and TC
Peach Bottom TW.

These plant and accident sequence combinations were selected through
discussions involving NRC, IDCOR, and Battelle's Columbus Laboratories. Each
of the above accident sequences had been previously analyzed by Battelle as
input into the Accident Source Term Program; the results of those analyses are
given in BMI-2104(1). The bases and input assumptions for the former
analyses, however, were not necessarily consistent with the approaches adopted
by IDCOR.
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APPROACH

The code utilized for these comparison calculations is the MARCH 2
version(z) recently completed by Battelle and used in the NRC's Accident
Source Term Program. The MARCH results are to be compared to the MAAP results
provided by IDCOR. In order to focus the comparisons on differences in
modeling assumptions, the attempt has been made to use comparable inputs for
describing the physical details of the plants and accident sequence
definitions. This has been accomplished by utilizing, to the extent possible,
the IDCOR data files as the basis for the MARCH input. The parameter files

given in IDCOR Technical Report 16.2-3, MAAP, Modular Accident Analysis

Program User's Manual - Vol. I, August 1983,(3) were the source of most of the
initial MARCH input data. Some additional informatio: was obtained through
discussions with E. Fuller of IDCOR. Most recently, further discussions were
held with IDCOR and FAI representatives to resolve questions arising out of
the results of the initial comparisons. The results in this report reflect
input changes resulting from the latter discussions. In some instances it was
not possible to use identical inputs due to differences in the modeling
approaches used by the developers of the two codes.

For the MARCH analyses the choices of modeling options used in BMI-
2104 were largely adopted for these comparison calculations. In particular,
the calculations described here utilized the gradua) slumping model with
continued metal-water reaction after the onset of melting. Particular aspects
of the calculations were tailored to mimic the IDCOR approaches in situations
where we were familiar with what has been done in their program. For example,
for high pressure meltdown cases we tried to model failure of the vessel head
as a small opening, rather than gross melting.

The expected basis of comparison between the MARCH and MAAP
calculational results are the predicted times of occurrence of key events,
containment pressure histories, times of containment failure, etc. There is
considerable difficulty, however, in any comparison since all the events of
interest do not necessarily have the same definition or meaning in the two
programs. The time of core uncovery is a fairly straightforward point of
comparison. The start of core melting, on the other rand, is not directly
comparable in the two programs. MARCH utilizes a single effective melting
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temperature for the combined fuel and cladding, with the actual value used
being between the melting point of the cladding and that of the fuel; thus
the start of melting in MARCH corresponds to the first node reaching this
effective melting temperature. MAAP separates the fuel and the cladding, with
a distinct melting temperature for each; the start of melting apparently
corresponds to reaching the melting of pure uranium dioxide. The situation
gets even more complicated when the timing of core slumping and collapse are
considered. With the gradual slumping model and related input assumptions in
MARCH as used in this study, start of core slumping occurs when the lowest
node in a radial region becomes molten; the collapse of the remainder of the
core into the bottom head is typically assumed when 75 percent of the core is
molten. Frequently the start of slumping and collapse of the core are
predicted to take place very closely together. In the MARCH analyses vessel
head heatup is not started until the entire core has collapsed into the bottom
head. In the MAAP calculations, as we understand them, core slumping takes
place when a preselected fraction of the core is molten; this molten portion
of the core falls immediately to the bottom of the reactor vessel and leads to
head failure via a small opening in a preprogrammed time interval. The
remainder of the core slumps as it reaches melting, with major portions of the
core slumping after vessel head failure. The above differences should be kept
in mind in comparing the results of the two sets of calculations.
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RESULTS

Zion Large Dry PWR

For the MARCH analyses the Zion large dry containment was modeled as
a single compartment; this is at variance with the IDCOR approach of using a
multi-compartment treatment. The MARCH analyses did take into account the
proper relationship between the water in the reactor cavity and that in the
containment sump. As will be noted below, an alternate representation was
also considered in order to approximate certain aspects of the IDCOR treatment

~ of the transient sequence considered. The MARCH analyses used ten radial and

twenty axial zones to represent the core; the MAAP parameter file used only
seven radial and ten axial core nodes. The MARCH input duplicated the radial
and axial power distribution given in the MAAP parameter file. There were
also some differences in the representations of upper plenum structures,
primary piping, and the steam generators; these are the result of inherent
assumptions in the two codes with respect to the modeling of these structures.
In other respects the MARCH input attempted to duplicate that used in the MAAP
analyses, as we understood them.

Results for Zion TMLB

Two variations of the Zion TMLB sequence were initially considered
for the MARCH analysis. In the first case the water in the containment sump
would not overflow into the reactor cavity until the level on the floor
exceeded 6 inches, corresponding to the height of the 1ip around the cavity.
This is our understanding of the physical layout of the plant. The results
for this case indicated that the reactor cavity would be dry at the time of
vessel head failure; thus the containment pressurization following the
evaporation of the accumulator water would be governed by the rate of concrete
attack. In the second case, it was assumed that the water in the containment
sump would come into contact with the core debris. This is intended to
approximate the case where some of the core debris are expelled from the
reactor cavity and thus come into contact with the sump water; this is the
situation treated in the IDCOR MAAP analyses. Since MARCH does not model the
expulsion of the core from the reactor cavity, this second case was



( - e = C 0 - e B

- -
’ .

)

actually set up as if all the water in the containment sump could flow into
the reactor cavity following the onset of concrete attack.

The second approach to treating debris-water interactions was chosen
as the basis for comparison with MAAP results. The MARCH results for this
case are summarized in Table 1. The calculated containment pressure and
temperature responses are illustrated in Figures 1 and 2. With the assumed
contact between the core debris and sump water, the containment pressure
increases steadily until all the water is evaporated; after that, continued
pressurization is due to concrete decomposition. Containment failure is
predicted at about 24 hours after the start of the accident. The predicted

- progression of concrete attack is illustrated in Figure 3.

Comparison of the MARCH predictions with the MAAP results taken from
IDCOR Technical Report 23.1, Zion Nuclear Generating Station Integrated
Containment Analyses(c}, is given in Table 2 and shows somewhat shorter times
to steam generator dryout, core uncovery, start of melting, and reactor vessel
failure for MARCH than predicted by MARCH. As was noted previously, there are
inherent differences in primary system nodalization and distribution of
structures between MARCH and MAAP; thus the input to the two codes could not
be completely reconciled. These differences appear to lead to the differences
in predicted times of steam generator dryout and core uncovery. The predicted
differences in start of melting, core slump, etc., are at least in part due to
the differences in the definitions of these events in the two codes, as noted
previously. The MARCH calculations predict more extensive hydrogen generation
than does MAAP; in particular, during the in-vessel phase of the accident
MARCH predicts about 900 1b of hydrogen to be generated, versus 300 1b for
MAAP. The MARCH modeling assumptions utilized for these analyses include
radiation from the core to water below it to generate steam, permit continued
metal-water reaction in the molten nodes, and consider continued clad
oxidation during the core slumping process. The predicted fraction of
cladding reacted as a function of time is illustrated in Figure 4; the
corresponding hydrogen generation is given in Figure 5. In the MAAP analysis
a cutoff temperature of 3680 F (2300 C) is used to terminate cladding
oxidation prior to, as well as after, core melting, there is no radiation from
the core to the water “elow, and initial fuel slumping is assumed to lead to
immediate bottom head .ailure. The MARCH results in Figure 4 show that
substantial cladding oxidation is predicted just prior to and during the core
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slumping process. The MAAP analysis fails the head and thus effectively
terminates in-vessel hydrogen generation at 40-50 percent core melting. The
combination of the above differences leads to the substantial differences in
the predicted in-vessel hydrogen generation.

For reasons noted previously, in the MARCH analyses, the entire core
was assumed to be in contact with the sump water while at the same time
attacking concrete. In the MAAP analyses approximately half the core was
expelled from the reactor cavity and came into contact with the sump water;
the remainder of the core attacked the concrete in the reactor cavity. The
difference in the predicted times to containment failure for the two codes

~ appears to be consistent with these differences in modeling.
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TABLE 2. MARCH/MAAP COMPARISON FOR ZION TMLB

MARCH MARP
STEAM GENERATOR DRY (HR) 1.36 1.76
CORE UNCOVER (HR) 1.80 2.26
START MELT (HR) 2.11 3.1
50% CORE MELT (HR) 2.37 3.9
CORE SLUMP (HR) 2.43 3.9
CORE COLLAPSE (HR) 2.45
VESSEL FAIL (HR) 2.64 4.0
CONTAINMENT FAIL (HR) 24.38 32.

IN-VESSEL HYDROGEN (LB) 900 300
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Sequoyah Ice Condenser PWR

The MARCH analyses for the Sequoyah plant modeled the ice condenser
containment as a two compartment system, with the ice condenser treated as
being in the junction between the two compartments, This is typical of other
MARCH analyses for this type of containment, though we have used more
compartments in some of our analyses. The MAAP analyses used finer
compartmentalization, with explicit modeling of the ice condenser. The MARCH
and MAAP representation of the sump water communication with the reactor

~cavity are believed to be similar. The MARCH analysis used ten radial and

twenty axial regions to represent the core; the MAAP parameter file shows
seven radial and ten axial core nodes. The same axial and radial power
peaking factors were used in the two calculations. As was the case with the
Zion input, there are some differences in the representation of upper plenum,
primary piping and steam generator structures.

Results for Sequoyah TML

In the TML sequence as considered here all coolant makeup to the
secondary side of the steam generators as well as the primary system is lost.
After the dryout of the steam generators, boiloff of the primary coolant
inventory takes place through the pressurizer relief valve. The containmnet
safety systems, consisting of the ice condenser, sprays, air return fans, and
hydrogen igniters are available during this sequence. The summary of the
MARCH results for the Sequoyah TML sequence is given in Table 3. For the
calculation presented here the core debris as assumed to be uncoolable even
though there was a continuing supply of water to the reactor cavity; if a
coolable debris bed were to form in the reactor cavity the accident would be
terminated at that point. The latter situation was treated in the MAAP
analyses. The containment pressure and temperature responses are illustrated
in Figures 6 and 7. The mass of ice in the icebed as a function of time is
given in Figure 8. In the present analyses an ignition threshold for the
hydrogen igniters of 6 volume percent hydrogen was assumed. Within these
assumptions hydrogen burning was not predicted to lead to containment failure,
though several large pressure rises are predicted. The prediction of the
pressure loads due to hydrogen burning is known to be dependent on the
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ignition threshold, containment compartmentalization, and related assumptions.
In the MARCH treatment hydrogen burning takes place in discrete burns, with
the hydrogen concentration building up to the ignition threshold and then
being burned to an internally calculated lower limit. With large rapid
releases of hydrogen to the conta2inment, the preselected ignition
concentration can be exceeded, leading to large predicted pressure increases.
Large pressure increases can also result if the burning is predicted to
propagate into the upper compartment of the ice condenser containment,
Examination of Figure 9 indicates that most of the in-vessel hydrogen
generation is retained within the primary system until the time of core
slumping, to be released rapidly to the containment. The containment
temperatures in Figure 7 indicate that the large burns are predicted to
propagate into the upper compartment. Both of these factors contribute to the
high containment pressures calculated.

The pressure history in Figure 6 1llustrates that over the time
scale explicitly considered containment failure would not be reached;
extrapolation of the results indicate failure at about 25 hours after the
start of the accident. Containment uverpressurization would be due to the
Tong-term buildup of noncondensibles from the attack of the concrete by the
core debris. Figure 10 shows the predicted progression of concrete attack.

Comparison of the MARCH results with the corresponding MAAP
calculations(s) as given in Table 4 indicates a fairly consistent predictions
for the occurrence of the key accident events. It mus. again be remembered
that the start of melting, core slump, etc., are conceptually different in the
two codes; thus the predicted times for these events should not be expected to
be comparable. The time of ice melting differs considerably; this is
obviously due to the substantial difference in the amount of hydrogen produced
as well as in the hydrogen burning models.

Results for Sequoyah S2HF

In this sequence both the emergency core cooling and containment
spray recirculation systems are assumed to fail due to the drains between the
upper and lower compartments of the containments being closed. In this
situation the water sprayed into the upper compartment cannot return to the
containment sump to be recirculated and the sump eventually runs dry, with
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subsequent failure of the pumps. The MARCH results for this sequence are
summarized in Table 5. The predicted core heatup for this case includes
several cycles of start of core melting and refreezing due to accumulator
discharge. Considerable hydrogen generation is associated with each one of
these cycles. The accumulators are predicted to be emptied at about 220
minutes, with the final core overheating following thereafter. For the
particular set of assumptions utilized, the ice is predicted to be melted at
about 180 minutes. Thus, the containment would be expected to be vulnerable
to subsequent hydrogen burns. With the repeated core overheating, together
with the particular modeling assumptions utilized, about 80 per cent of the
cladding is predicted to be oxidized during the in-vessel phase of the
accident. The large amount of hydrogen released to the containment leads to
the prediction of containment failure during slumping of the core into the
vessel head.

The MAAP results for the Sequoyah S2HF soquence(s) differ
significantly from the MARCH results discussed above. The key accident event
times as predicted in the two sets of calculations are summarized in Table 6.
In the MARCH analysis, emergency core cooling recirculation failure was
modeled as being due to sump water depletion; thus, emergency core cooling
recirculation operated successfully initially, but failed eventually because
the spray water could not drain back to the sump from the upper compartment.
In the MAAP analyses, the emergency core cooling system was apparently assumed
to fail immediately upon switching to the recirculation mode. Thus, the times
for subsequent events are different in the two analyses. This difference in
the timing of emergency core cooling system failure, together with other
differences in the modeling of in-vessel hydrogen generation as «ell as its
subsequent combustion, make a comparison between the two analyses difficult.
The large in-vessel hydrogen generation calculated by MARCH and 1ts subsequent
burning lead to early ice depletion and the prediction of early containment
failure. In the MAAP analyses, less hydrogen is generated and it is burned in
a more continuous manner. Containment failure in the MAAP analysis is
predicted much later in time and is apparently due to the generation of
noncondensable gases.
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TABLE 4. MARCH/MAAP COMPARISON FOR SEQUOYAH TML

MARCH MR
STEAM GENERATOR DRY (HR) 1.02 0.95
CORE UNCOVER (HR) 1.49 1.50
START MELT (HR) 1.83 1.74
CORE SLUMP (HR) 2.32 2.98
CORE COLLAPSE (HR) 2.35

VESSEL FAIL (HR) 2.47 3.00
ICE MELTED (HR) 7.40 5.30

IN-VESSEL HYDROGEN (LB) 1330 772
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TABLE 6. MARCH/MAAP COMPARISON FOR SEQUOYAH S2HF

MARCH maap
ECCS FAILS (HR) 0.92 0.37
CORE UNCOVER (HR) 1.24 1.19
START MELT (HR) 1.62, 2.38, 3.63
ICE MELTED (HR) 3.02 3.43
ACCUMULATORS EMPTY (HR) 3.65 2.80
CORE SLUMP (HR) 4.05 2.75
CONTAINMENT FAIL (HR) 4.39 23.68
CORE COLLAPSE (HR® 4.53
VESSEL FAIL (HR) 6.44 2.77

IN-VESSEL HYDROGEN (LB) 1835 890
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Grand Gulf Mark III BWR

In the MARCH analyses the Mark III pressure suppression containment
was modeled as a two compartment system, typical of our other analyses for
this containment. The MAAP analyses used more compartmentalization in their
modeling of the containment. The MARCH representation of the core used ten
radial and twenty axial nodes, whereas the MAAP parameter file uses only six
radial and ten axial nodes. The core power distributions in the two sets of
analyses were the same. In other respects the representations of the system
are believed to be similar,

Results for Grand Gulf TC

In the TC sequence failure of the control rods to insert and shut
down the reactor leads to the reactor power equilibrating at a level
consistent with the primary coolant makeup by the emergency core cooling
systems. This power level is well above the capacity of the residual heat
removal system and results in the heatup of the suppression pool and the
associated pressurization of the containment. Failure of the containment is
assumecd to lead to the failure of the emergency core cooling pumps. Thus
subsequent core overheating and melting take place within a failed
containment. The MARCH results for this sequence are summarized in Table 7.
The MARCH-calculated power history for this sequence is illustrated in ‘
Figure 11. Continued operation of the emergency core cooling system keeps the
core covered and the power at the equilibrium level until after containment
failure. Core uncovery following emergency core cooling system failure leads
to shutdown of the reactor. In the MARCH calculation actuation of the
Automatic Depressurization System (ADS) was assumed at initial core uncovery,
or relatively early in the sequence. The containment pressure and temperature
responses are illustrated in Figures 12 and 13. The slow decay in the
pressure following containment failure is due to flashing of the hot
suppression pool water and the finite opening in the containment associated
with the failure. The predicted progression of concrete attack following
vessel failure is illustrated in Figure 14.

The comparison of predicted times of key accident events as
calculated by MAAP(G) and MARCH is given in Table 8. The two predictions of
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time to containment failure are essentially identical; the times for core
uncovery differ only slightly. As noted previously, start of melt, core
slump, etc., differ conceptually in the two codes and are thus not expected to
be comparable. The substantial difference in predicted in-vessel hydrogen
generation is discussed below.

As in the PWR analyses, the MARCH modeling included radiation from
the core to water below it, continued metal-water reactions in the melted
nodes, consideration of continued cladding oxidation during the core slumping
process. In the Grand Gulf TC sequence as described in the MAAP parameter
file, and modeled in the present MARCH analysis, the emergency core cooling
pumps fail at the time of containment failure but the CRD flow into the vessel
continues. This CRD flow is not sufficient by itself to cool the core and in
the MARCH analyses acts primarily to supply steam for reaction with the
cladding. More significantly, the CRD flow keeps the lowest portions of the
core cooled and thus delays the onset of fuel slumping. Figure 15 illustrates
the predicted extent of cladding reaction as a function of time. In the MAAP
analyses there is no radiation from the core to the water below, and a cutoff
temperature of 3680 F (2300 C) is used to terminate cladding oxidation. Of
greater significance for this case, fuel slumping followed by vessel failure
i 2ccumed when twenty percent of the core is molten; thus initial fuel
slumping effectively terminates in-vessel hydrogen generation. If core
slumping were assumed at twenty percent core melting in the MARCH analysis,
considerably less in-vessel hydrogen production would have been calculated.
These differences in the treatment of in-vessel phenomena appear to be the
reason for the widely varying predictions of hydrogen generation.

Results for Grand Gulf TQUV

In the TQUV sequence all means of supplying makeup water to the
primary system are assumed to be lost. The reactor shuts down but due to
decay heating the primary system inventory is boiled off through the
relief/safety valves. The operator would be expected to manually actuate the
Automatic Depressurization System (ADS) in an effort to maintain core cooling.
In the MARCH analysis it was assumed that the ADS was actuated at the time of
core uncovery. The MARCH predictions for this sequence are summarized in
Table 9. It can be seen that the primary system depressurizes rapidly, being
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essentially at the containment pressure at the predicted start of core
melting. The predicted containment pressure and temperature responses are
illustrated in Figures 16 and 17. The large pressure increase is due to a
hydrogen burn at the time of core slumping and collapse. The steam generated
by the core collapse sweeps much of the hydrogen into the main containment
where it burns. As can be seen from the temperature histories in Figure 17,
the burning takes place largely in the main containment. The progression of
the attack of the concrete following vessel failure is illustrated in

Figure 18.

The predictions of MARCH and MAAP(G) for the Grand Gulf TQUV
sequence are summarized in Table 10. The difference in the predicted time to
core uncovery is believed to be due to differences in the actuation of the
ADS. The onset of core melt, collapse, etc., are again conceptually somewhat
different and cannot be directly compared. A major difference is once again
seen in the predicted amounts of in-vessel hydrogen generation. The reasons
for this difference have been previously noted.
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TABLE 8. MARCH/MAAP COMPARISON FOR GRAND GULF TC

MARCH maap

CONTATNRERT FAIL (HR) 1.02 1.0
CORE UNCOVER (HR) 1.18 1.3
START MELT (HR) 1.99 3.0
20% CORE MELT (HR) 2.13 3.8
CORE SLUMP (HR) 2.48 3.8
CORE COLLAPSE (HR) 2.5

VESSEL FAIL (HR) 2.82 3.8

IN-VESSEL HYDROGEN (LB) 2950 530
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TABLE 10. MARCH/MAAP COMPARISON FOR GRAND GULF TQuv

CORE UNCOVER (HR)
START MELT (HR)

20% CORE MELT (HR)
CORE SLUMP (HR)

CORE COLLAPSE (HR)
VESSEL FAIL (HR)
CONTAINMENT FAIL (HR)

IN-VESSEL HYDROGEN (LB)

MARCH

0.68
1.30
1.70
1.82
1.98
2.23

1635

0.47
2.0

2.5
2.3

2.35
47.

100
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Peach Bottom Mark I BWR

The MARCH analyses represented the Mark I pressure suppression
containment as a two compartment system; the secondary containment was
represented as a third compartment. The MAAP analyses generally use finer
compartmentalization of the containment. The core was represented in MARCH by
nine radial and twenty axial regions; the MAAP parameter file for this plant
contains three radial and ten axial core zones. The core power distributions
were the same in both sets of analyses.

Results for Peach Bottom TW

In the TW sequence all safety features except the containment heat
removal are operable. In the absence of containment heat removal the
suppression pool heats‘up and the containment pressure increases until the
failure level is reached. Containment failure is followed by the failure of
the emergency core cooling pumps. Since the large volume of water in the
suppression pool is being heated only by fission product decay heat, an
extremely long time is required to reach the containment failure level. The
MARCH results for this sequence are summarized in Table 11. Containment
pressure and temperature histories are illustrated in Figures 19 and 20. In
the MARCH analyses actuation of the ADS was assumed at the time of initial
core uncovery. The actuation of the ADS is seen to increase the containment
pressure above the failure level. The relatively small containment hole size .
used to characterize failure does not permit rapid depressurization. Another,
even larger, containment repressurization is associated with the start of core
slumping. The secondary containment shows no perceptible pressurization; the
temperature of the secondary containment is seen to rise gradually to about
200 F following primary containment failure.

Table 12 gives the comparison between the MARCH and MAAP(7)
predictions of accident event times. The excellent agreement in the time to
containment failure can be viewed as indicative of reasonable energy balances
in both calculations. The time of core uncovery for the two calculations are
also in good agreement. Subsequant events are conceptually different and
predicted timings for them diverge somewhat.
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INTER 303%.16 80,243  1.0339E+06 2530.% . 7902 9.0103E+06 310.0 «0CO0E+00 100.0
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TABLE 12. MARCH/MAAP COMPARISON FOR PEACH BOTTOM TW

MARCH MAAP

CONTAINMENT FAIL (HR) 32.1 32.
CORE UNCOVER (HR) 34.0 34,
START MELT (HR) 35.4 39.
CORE SLUMP (HR) 36.0 40.
20% CORE MELT (HR) 36.1 40.
CORE COLLAPSE (HR) 41.8

VESSEL FAIL (HR)
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DISCUSSION

The MARCH/MAAP comparison calculations described above were aimed at
highlighting the differences in modeling assumptions between the two codes.
For this purpose, the attempt was made to use a common data base for the input.
Specifically, the MAAP input files were selected as the source of MARCH input
data. Even with the MAAP input as a point of departure, considerable
difficulty was encountered in achieving completely comparable inputs for the
twe codes. Part of the difficulty was due to inherent differences in the two
codes in how they described various aspects of the reactor systems considered,
part of it was due to differences in nomenclature; still others were due to
differences in the capabilities and limitations of the two codes. Not to be
completely overlooked is the very limited effort that could be allotted to
this activity. Obviously, the availability of greater resources could have
eliminated many of the differences encountered. It may be further noted that
the MARCH analysts di¢ not have the opportunity for any hands-on exposure to
the MAAP code.

The above difficulties at arriving at a common point of departure
notwithstanding, for most of the accident sequences considered it was possible
to generate comparable results with the two codes. A notable difference was
the S2HF sequence for Sequoyah, where differences in the accident sequence
definition together with modeling uifferences, precluded a completely
meaningful comparison between the predictions of the two codes. There were
some very significant and persistent differences between the predictions; the
reasons for these are believed to be understood and will be discussed later.

In the MARCH calculations, finer core nodalization was generally
utilized than was the case in MAAP. The motivation for this was the concern
that the relatively coarse nodalization given in the MAAP parameter files may
not be adequate for the treatment of metal-water reactions and the description
of fuel slumping. The choice of nodalization for the MARCH calculations was
in keeping with other recent MARCH analyses. The MAAP power distributions
were maintained in MARCH.

MARCH is limited to a single volume for describing the reactor
primary system, whereas MAAP is able to accommodate a finer primary system
breakdown. This difference in modeling also contributed to some differences
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in the representation of the major components of the primary system such as
the steam generators. These system nodalization differences are believed to
be responsible for at least some of the differences in the predicted timing of
events such as steam generator dryout and the onset of core uncovery.

As was noted earlier, there are some inherent differences in the
meaning of such events as start of core melting, core slump, core collapse,
etc., between the two codes; thus the differences in the predicted timing of
these events must be viewed with these conceptual differences in mind. The
differences in the core nodalization can also contribute .o differences in the
predicted timing of some of these events.

The remarkably good agreement obtained for certain of the
comparisons, notably the Grand Gulf TC and Peach Bottom TW sequences, can be
viewed as being indicative of consistency in the basic energy balances in the
two codes. In both of these cases, however, the predicted timing of
containment failure is insensitive to the treatment of in-vessel phenomena.
The differences in core melt progression and in-vessel hydrogen generation
appear in all cases and are attributable in part to inherent modeling
differences and in part to user selected choices to drive the models in each
of the two codes.

The WARCH analyses assume that metal-water reactions continue after
core melting (liquefaction), that core slumps into the bottom head of the
reactor vessel in a region-wise or piece-meal fashion, complete collapse of
the entire core into the bottom head requires that seventy-five percent of the
core be molten, core debris fragment upon contact with the water in the bottom’
head, and attack of the vessel head is only initiated after the entire core
has collapsed. The temperature of the fuel and the cladding is the same in
the lumped parameter approximation used in MARCH; the value of the effective
melting temperature assumed (4130 F) is between the melting points of the
Zircaloy cladding and that of the uranium dioxide fuel. A1l of the above
assumptions are not hard-wired into MARCH, but represent the currently
preferred model options as they were used for the BMI-2104 analyses.

In the MAAP analyses, cladding oxidation is stopped by an input
cutoff temperature which corresponds approximately to the melting point of the
Zircaloy cladding. Altarratively, a blockage temperature can also be used to
terminate further cladding oxidation in the molten region and/or above it.
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There is no implicit or explicit consideration of material relocation within
the core. When the fraction of the core melted reaches a user input value, the
molten fraction of the core is assumed to fall to the bottom of the reactor
vessel, wiihout breakup on contact with the water, and immediately attack the

vessel head. Vessel failure via a small hole is prescribed immediately after

initial fuel slumping. The remainder of the fuel reaches melting and falls out
of the vessel after vessel failure. The fuel melting temperature utilized
corresponds to that of uranium dioxide. Core melt fractions for fuel slumping
of 40 to 50 percent have been used in the PWR analyses, and 20 percent for
BWR's. It is understood that the cutoff and blcckage temperatures as well as
fraction core melted for slumping are user inputs to MAAP and can be changed

if desired.

The predicted difrerences in melt progression and in-vessel hydrogen
generation were not surprising and had been fully anticipated on the basis of
the several technical exchange meetings betwees the NRC and IDCOR. The
reasons for these differences in predictions were believed to be understood.
In order to confirm and highlight these reasons, a few MARCH calculations were
performed which attempted to mimic insofar as possible the types of input and
modeling assumptions utilized by IDCOR in the MAAP analyses. The approach and
results of one particular set of such calculations are discussed below.

The MARCH input for the Sequoyah TML sequence, whose predicted
results were described earlier, was chosen to try to mimic the MAAP modeling
and user selected input choices. The changes to the previously developed
MARCH input included:

e use of the MARCH 1.1 rather than the MARCH 2 model of
radiation heat transfer from the cure to water below,
use of a 3380 F cutoff temperature for cladding oxida-
tion rather than permitting it to continue even after
melting,
a fuel melting temperature of 5130 F instead of the
previous value of 4130F,
no fuel movement out of the core until forty percent of
the core has melted,

e no consideration of cladding oxidation in the bottom head.

The results of this particular MARCH calculation are compired with the other
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results in Table 13; it is interesting to note that in this case, MARCH
predicts even less hydrogen generation than MAAP. There are shifts in the
predicted timing of events, illustrating the interdependence among the
phenomena; e.g., shutoff of the metal-water reaction delays the predicted
start of core melting. The comparison is complicated by built-in differences
in the two codes regarding energy redistribution within the core, as well as
possible differences in the treatment of steam bypass around molten regions.
This comparison does illustrate the sensitivity of the predicted core melt
progression on assumptions regarding cladding oxidation.

CONCLUSIONS

This report has described the attempt to reproduce by means of the
MARCH code analyses conducted with the IDCOR MAAP code using common input
insofar as possible. From the evaluation of the results of the comparison
calculations, it may be concluded that:

1) The overall treatments of mass and energy ba'ances in the two

approaches appear to be consistent.

2) Major differences exist in the course of melt progression and
in-vessel hydrogen generation as currently predicted by the
two codes.

3) There are significant differences in the treatment of hydrogen
combustion in the containment between the two codes.

4) The differences in the treatment of in-vessel hydrogen
generation and its combustion in the containment lead, in some
cases, to substantially different views on the timing of
containment failure.

5) While some of the predicted differences in the course of in-
vessel melt progression are due to inherent differences in the
two codes, many are due to user selected input or model para-
meters; by proper choice of inputs, it is possible to get very
similar predictions by the two codes.

Due to large inherent uncertainties in the treatment of severe
accident phenomena, it is not possible to determine that one set of
predictions, or one set of user preferred modeling options, is better than the
other. In the present state of knowledge both appproaches must at least be
considered as plausible. The effort described here has served to highlight
the differences in the approach preferred by IDCOR and the NRC.
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TABLE 13. MARCH SIMULATION OF MAAP FOR SEQUOYAH TML

MARCH MAAP MARCH (MOD )

STEAM GENERATOR DRY (HR) 1.02 0.95 1.02
CORE UNCOVER (HR) 1.49 1.50 1.49
START MELT (HR) 1.83 1.74 2.07
40% CORE MELT (HR) 2.17 2.98 2.38
CORE SLUMP (hR) 2.32 2.98 2.38
CGRE COLLAPSE (HR) 2.35 2.40
VESSEL FAIL (HR) 2.47 3.00 2.53
ICE MELTED (HR) 7.40 5.30

IN-VESSEL HYDROGEN (LB) 1330 772 510
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