
.
-

'

. .

.

OBattelle
Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201 269 $
Telephone t614: 424-6424
Teles 24 5454

April 30, 1985

Mr. Mark A. Cunningham
U. S. Nuclear Regulatory Commission
Nicholson Lane Building
Mail Stop 1130SS
5650 Nicholson Lane
Rockville, Maryland 20852

,

Dear Mark:
'

Enclosed for your information and use is our report on " MARCH-MAAP
Comparison Calculations". The subject document completes the reporting
requirements of Task 2 under Contract NRC-04-84-127.

Sincerely,
/

/
'

,| ; &<< W 4D
~

Peter Cy uls

PC/dem

enclosures (4)
'' cc: Sharon Wollett, NRC

.

I

8507270017 850618
PDR FDIA
SHOLLY85-392 PDR



REPORT

on

(

- MARCH-MAAP COMPARISON CALCULATIONS

.

'

to

I
U. S. NUCLEAR REGULATORY COMMISSION

} April 29, 1985

by

0 Peter Cybulskis, Rita Freeman-Kelly, and
Roger 0. Wooton

| BATTELLE
Columbus Laboratories .

505 King Avenue
- Columbus, Ohio 43201

..

.



- - _ -

MARCH-MAAP COMPARISON CALCULATIONS

INTRODUCTION

In order to provide a meaningful basis of comparison of the results
of the Industry Degraded Core Rulemaking (IDCOR) program and the NRC's

Accident Source Term Program, a number of code comparison calculations are

f being performed. This report addresses the comparisons between the NRC's
*

MARCH code predictions and those of the IDCOR-developed MAAP code. The two

,
odes are used to describe the overall accident progression and relatedc

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

[U 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 (2) 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 informatica 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,

j 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 gradual 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 hand, 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

I place when a preselected fraction of the core is molten; this molten portion
J 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.

I
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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
i multi-compartment treatment. The MARCH analyses did take into account the

proper relationship between the water in'the reactor cavity and that in the
I' 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

l' exceeded 6 inches, corresponding to the height of the lip around the cavity.
I' 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
i 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

j expulsion of the core from the reactor cavity, this second case was

. __. _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _. - - _ - _ _ . . _ _ _ _ ___
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j 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
;

i 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

58 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
i 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 @), 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
i 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 lb of hydrogen to be generated, versus 300 lb for

,

[' MAAP. The MARCH modeling assumptions utilized for these analyses include
'- radiation from the core to water below it to generate steam, permit continued

f metal-water reaction in the molten nodes, and consider continued clad
! oxidation during the core slumping process. The predicted fraction of

3
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-

4 a cutoff temperature of 3680 F (2300 C) is used to terminate cladding
3 oxidation prior to, as well as after, core melting, there is no radiation from

) the core to the water below, 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 j
terminates in-vessel hydrogen generation at 40-50 percent core melting. The l

combination of the above differences leads to the substantial differences in 1

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

,

1

MARCH MAAP

'

STEAM GENERATOR DRY (HR) 1.36 1.76
:
! CORE UNCOVER (HR) 1.80 2.26

i START ELT (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
4

|

) !
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Sequoyah Ice Condenser PWR

j The MARCH analyses for the Sequoyah plant modeled the ice condenser

i 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

r-

compartments in some of our analyses. The MAAP analyses used finer
j, compartmentalization, with explicit modeling of the ice condenser. The MARCH

f 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, i

? i

f 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
,

i 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
E though there was a continuing supply of water to the reactor cavity; if a i

|~ coolable debris bed were to fonn in the reactor cavity the accident would be
) terminated at that point. The latter situation was treated in the MAAP
1

| analyses. The containment pressure and temperature responses are illustrated
j 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 i

| hydrogen igniters of 6 volume percent hydrogen was assumed. Within these
j 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

.

,e-e--r- v. v----r------w.ww-we,- g..wwrw ,ew--w,r--,e---w-- ~~%,vg -.-----e r.--w,,,,w-wwr,. n u., , , , e , em ve m ,-er---ee, e, . ---,-ic+-w-,



1

8

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 containment, the preselected ignition
concentration can be exceeded, leading to large predicted pressure increases.

0 Large pressure increases can also result if the burning is predicted to
propagate into the upper compartment of the ice condenser containment.'-

O 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

I 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.I The pressure history in Figure 6 illustrates that over the time

7 scale explicitly considered containment failure would not be reached;
M. extrapolation of the results indicate failure at about 25 hours after the

start of the accident. Containment overpressurization would be due to the
1cng-term buildup of noncondensibles from the attack of the concrete by the

I core debris. Figure 10 shows the predicted progression of concrete attack.
Comparison of the MARCH results with the corresponding MAAP

I calculations (5) as given in Table 4 indicates a fairly consistent predictions
for the occurrence of the key accident events. It musi,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 Sequo.yah 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'

sumarized 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

ia 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

i the prediction of containment failure during slumping of the core into the
vessel head.

'

The MAAP results for the Sequoyah S2HF sequence differ

significantly from the MARCH results discussed above. The key accident event'

times as predicted in the two sets of calculations are sumarized 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.:

:I In the MAAP analyses, the emergency core cooling system was apparently assumed

to fail imediately 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

J' differences in the modeling of in-vessel hydrogen generation as well as its
L subsequent combustion, make a comparison between the two analyses difficult.

The large in-vessel hydrogen generation calculated by MARCH and its 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 COMPARIS0N FOR SEQUOYAH TML

i

MARCH MAAP

'

STEAM GENERATOR DRY (HR) 1.02 0.95
4

CORE UNCOVER (HR) 1.49 1.50 '

START MELT (HR) 1.83 1.74
'

| CORE SLUMP (HR) 2.32 2.98

I
CORE COLLAPSE (HR) 2.35

VESSEL FAIL (HR) 2.47 3.00

ICE MELTED (HR) 7.40 5.30j

IN-VESSEL HYDROGEN (LB) 1330 772
:

!

1

.

E

._ _ _ _ _ _ _ _ _ _ _ _ _ _



.

o m g g g a g ,,,3 g g g , - . _ - a
,

DJwr43Y Or FEFUL?? MAXCH 2 VEDSION 152 SE003YAH S2HF DELT A: its;CH/MAAP C0CApISOMt PEVISED 1/95 -

[
_ . _ . _ _ . ... _ .. .. .

p ._
'wr prac'np te a ove we'n 7er enunEssF9 courancorv . . _ . - -

D TM LA CCID E NT._IS A..N 0* M A1._T'MEI ENT
~''~~

TABLE 5. SUttmRY OF MARCH g

, _CoyTAINNENLE*EALN0*K' RESULTS FOR SEQUOYAH S2HF
- - - . - - - - - - - - ,

k ys7r vno.,, _rea

E _.HY.j:E0 GEM _9UE*19 8'r ACCDUMIEC _ EOR _I'.Ap!ING NI* H._E*11LDE 0R0PLEM . _ .. . . . . _ . _ . . . . . . . .

g _.0UTT.UT _IS_.IM_AME*.1C1H_ENGINEEEDG_UH17 9
_ . . ...

EACTOP.. CAVITY __. __|"
nr pp_Ie rrat'Icw ' UMP

0F ZIFC - - - - - - - - - - - - - - - - - ~ ~ ~ ~ - - - -
*I"E PRIM 1*y c0M't*NT - - - - - - - - - - - - -

E r1EN' tiilH 1 93 EISuo r oEE.SSuor Mass ' T.EMP c.EACTEn MASS TEMP H L E S._ ..._ _T E M P. _ . ... _ _

r A LDM 77 17.516_ 2.2565E+D3 178.3 .DOOSE+OO 100.8 . ._$
E .

enta'v nn 1.>p t n. og A 1 A674Ei.Ok i76.9 .80OSE+00 10 8. O._. _

0 _EC"_DECIRC._.0N tJ5.S R 1233.3c4 19.417 1 0638E*06 157.R .OOODE+0D 100. 0.. ..._.

1.O638E+0'A .157.6 .OOODE+00.__ 188.O- . . . .M 5.5 0 19.497g __S21 ALRECl#C _0N
r.a a e pit ep ner 44.61 tn. cst 8 1775ELLO h 140.b .DOBOE.+00 10 0 . O_._. ._ _

I
0 _SR1 ALR_PUMO_DF.E_ 45 41 E.3775E+0k 158.4 .DOODE*DO.__. 100.0

l
T a =6A 475.129 18.Sa3 ^ 3.3259E+05 143.4 .DOODE+D8 10c.O .

__C09E'UNCOVEP ns
v)

t7ar? Mrt t 47.1A sht. net sq.nne 613p.a estA 6.2274EiO4 137,A .OSODE*DO 100.O _ .

O __STltT_ MELT 142.91 936.16K 19.553 4.130.0 .1533 1.1864E+D6 ___138.i_. 000DE+00... 108.O

18.1.J P 20.547 1.5948E+06 140.7 .OOODE+00_. 100.D.. .__
g __ ICE._ME LT_CCM*LETE

et r7 Mrt- Pi?.r6' PM3.sti 14.99h 6439.a .1RP9 1.9968ELOA in 9 . OB O DE+.O s 100.0

0 __ECa_OFr 218.70 2 02. 4 Et7 35.129 1.6056E+86 14 4 . 5__. . _. . O O O G E * D B __ . 10 0 . 0 _ . . _. ..

28 !.23 73.324_ ._.47.067 4. 952 0E- 01_2 407.9 .6168_ .1.6066E+ 06_ .18 6.9__. . 010 0 E*D O . __100. 8. .

__C 01 E_.S LU5 P t
"3> F8.tCTION CODE MEL*ED

C01THMT FAIL 263.61 1187.796 65.000 1. 6 0 6 6E + D 6 148.9 .OBODE+00 100.0
g

E718T PEAD HEATuo 2't.86 975.204 58.984 3.0749E+05 2199.0 .e220 1.6066E*O6 149.7 .OOODE*OO 100.0

") B1' TOM HE8D r4IL 'S6.62 14.*82 4.4P26E*OS 49P3.1 .8228 1.6066E+06 160.0 .OOOOE+8O 100.0
_

ENI HOTCPP 386.66 18. 270 4. 70 76F4 05 4130.0 .8220 1.6066E*06 160.8 .OBODE+00 100.0
g

IN'Fp 326.67 ,1s. 870 s 7076E+OS 8128 9 .2220 1.6066E*06 160.0 .O'lO D E* D O 100.0
_ . _ _ _ _ _ . . . . _ _ _ . . . . . .

O OYICE IS "0L'Eg s.14.57 14.e49 a. 7797E+OS 4 E28. 2 .2220 1.6066E+06 162.4 .000OE+00 1OO.O

f.18 . 63 14.949 8 72 04F+ 05 ' 4292.8 .2221 1.6066E*06 ", 162.4 .O'l O DE * D O 100.0.OXIPE I! rPO?FN ig
tavros InvEar sOO.2P 15.329 5.29.iE+c5 V7h3 .85t6 1.6010E*06 165.9 .DOODE*DO 100.8



'

. r -- a m m r-, ; -] m g||23 tr: : -

'
,

i

4

'

TABLE 6. MARCH /MAAP COMPARIS0N FOR SEQUOYAH S2HF

|

MARCH MAAP

I
!

ECCS FAILS (HR) 0.92 0.37

j 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
!

!

i -
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Grand Gulf Mark III BWR,

i

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

is 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,

I- analyses were the same. In other respects the representations of the system
? are believed to be similar.

'
.

Results for Grand Gulf TC
E

0

In the TC sequence failure of the control rods to insert and shutI down the reactor leads to the reactor power equilibrating at a level

{ consistent with the primary coolant makeup by the emergency core cooling
U 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
assumed 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
1
'

core covered and the power at the equilibrium level until after containment
p failure. Core uncovery following emergency core cooling system failure leads
L- 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(0) 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
jn file, and modeled in the present MARCH analysis, the emergency core cooling
!b pumps fail at the time of containment failure but the CRD flow into the vessel,

j continues. This CRD flow is not sufficient by itself to cool the core and in
B

,! 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
7 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
!g
:

E greater significance for this case, fuel slumping followed by vessel failure
i is assumed 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.

I These differences in the treatment of in-vessel phenomena appear to be the -

reason for the widely varying predictions of hydrogen generation.

O
L Results for Grand Gulf TQUV

I~

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 sumarized 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

.i 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
L the attack of the concrete following vessel failure is illustrated in

g Figure 18.
M The predictions of MARCH and MAAP(6) for the Grand Gulf TQUV

'

g sequence are summarized in Table 10. The difference in the predicted time to
5 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
iI different and cannot be directly compared. A major difference is once again

seen in the predicted amounts of in-vessel hydrogen generation. The reasons.,

d for this difference have been previously noted.
,, -

i

I
I

.

.

bd

, , - .... _ . .
. - - , .
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THE REACTOP IS A BWR _

O THE ACQIDENT IS A NORNAL TRANSIENT TABLE 7. SUf944RY OF MARCH -
~

RESULTS FOR GRAND GULF TC
CONTAINMENT SPRAY WORKS (

ECC SYSTEM WORKS
/

A (9/2m $ /0 $ g _). HYOROGEN BURNS ARE ACCOUNTED FOR S74RTING WITH START OF PR3PLEM
VHYOROGEN BURHS ARE ADIABATIC ONLY G /G02 g

.

O
,3 OUTPUT IS IN AMERICAN ENGINEERING UNITS

DESRIS FD ACTION SUMP OEACTOR CAVITY
,

) /- TIME PR I ** A PY CONF MNT 0F ZIRC - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -

EVENT (NIM PRESSiF E PPE SSURE M5SS 'TEME REACTED NA~SS TENP M~SS TENP

3 ~S'PlkY ON 10 00 18.787 1 1139E+07 152 3 .OOODE+08 100.8

$P4AY PECIRC. ON 10.05 18.604 1.1144E+07 152.5 .OOODE+08 108.8

EW RfCIRC. ON 45.25 116.042 45 245 1 3 26E+07 251 .2 .OGOGE+00 100.0

O C01TMNT FAIL 1 2326E+C7 289 5 .OOOSE*00 100.0i 60.90 187.257 71.300
,

.
CORE UNCOVER 70.65 138.243 80.024 1 2509E*07 302.6 .OOOSE+00 100.0'

ST4LT MELT 119 47 61.169 42.443 4130.0 .0198 ~ 1.2369E*07 266.5 .OOOBE*OS 100.0
.

O CO'IE SLUMP 148 57 56.790 34.482 9 9990E-01 4505.4 .3398 1.227BE+07 247.4 .OOODE*OO 100.0
FR1CTION CORE HELTE0 *

Coor cotc4Pm 15 4.0,
v ST4RT HEAD HFATUS 154.07 75.120 33.556 5.8917E+05 4427.7 .3452 1.2278E+07 247.1 .OOODE+OO 100.8

BOTTOM HEAD FAIL 169 10 30.601 5 8961E * D5 4210.1 .3452 1.2338E*D7 242.6 .OOOOE+00 100.0

ENO HOTORP 169.14 30.954 5.8961E+05 k130.0 .3452 1.2338E*07 242.5 .DOODE*00 100.0

0 INTER 169.15 3n.954 5.7664E+05 4128.9 .3452 1.2338E*07 242.5 .OOODE+D8 100.0

OXIDE IS HOLTEM 203.28 21.040 5 9197E*05 4601.3 .3452 1.2281E+07 225.1 .OO90E+08 100 8

OXIDE IS FROZEN 203.43 21.040 5.9217E+05 4407.6 .3453 1.2281E+07 225.1 .0000E+00 100.0

0 _ INTER 289 29 14.901 6.6420E+05 3936.9 .3823 1.2237E*07 197.2 .OOODE+00 100.0

LAYERS INVERT 337.21 14.891 7.0307E+05 3705.3 .4C43 1.2243E+07 186.5 .OCSOE+00 100 0

INTER 409.28 14.900 7.6605E+05 3480.1 .4412 1 2248E*O7 172.8 .OOODE+00 100.0

O u2_N_f Eft 52 %_LO _ 14.896 8.7163E+05 3178.7 .5022 1 2 G E+07 154.8 .DOODE+00 100.O

INTER 649 28 14 914 9. 78 74E + 05 2960.7 .5636 1 2258E+07 141 3 .OOODE+00 100.0

, _IN'ER 769.20 14.919 1. 0912E+ 0 6 2810.6 .6289 1.2261E+07 131.3 .OOODE+0D 100.0

0 35 NORM AL EXIf I NrTE R t TIME > TF

.ne nco ar nave v,urevene - n s. n NUMBEp nF PA*F TIMMTFPS 3 3769
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TABLE 8. MARCH /MAAP COMPARIS0N FOR GRAND GULF TC

MARCH MAAP

.CONTAINHERT FAIf. (HR) 1.02 1.0

COREUNC0VER(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) 2.57

VESSEL FAIL (HR) 2.82 3.8

IN-VESSEL HYDR 0 GEN (LB) 2950 530

.
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THE FE ACTOR IS A PbR "

1 _THE :CCIDENT IS A t.ce''aL TR ANSIENT TABLE 9. SUMERY OF MARCH
RESULTS FOR GRAND GULF TQUV

) c0ni AINmi Sr R Av waeS

EPC ~YSTE' WC9FS

i ..HYERfGEN EURNS ARE ACCOUt'TED FOR STARTING WITH START OF PROBLEM
'

) ~~0UTPUT IS IN AMERICAN ENGINEERING UNITS

DEPHIS FeaCTION SUMP REACTOR CAVITT
1- TIMr PAIM ARY COMTHNT 0F ZIFC ~~------------- ------------------------------

"VEMT ( M i r. ) PFESSUPE PRESSURE PASS TEMP REACTED HASS TEMP PASS T E P.P

I S S'R A v ON 10.00 15.175 1 0674E+07 105 4 .0000E*00 100.0

S r R f. ' RELIFC. ON 11 00 15.212 1 0744E+07 106.4 .0000E+00 100.0

) _ . _ _ COPE UNCOVER 41 01 1109 840 16.381 1 0949E+07 124 4 .0000E+00 100.0

'

1 ! TART PELT 75 01 25 186 20.657 4130 0 .0375 1 1117E+07 136 0 .0000E+00 100 0

C0f.E OLUMP 109.01 76.660 22.742 3.5273E-01 5453.7 .0795 1.1118E+07 132 2 .000GE+00 100.0
i rRACTION CORE FELTED _ _

M MW .

1.111_eE+07 131 5 .0000E+00 100.0
COVE $ fUIE[$( lIU. S 'Offf"Y

. _

O T !" T. .H C a D_H E A T UP 118 39 79.724 46.807 5.7910E*05 473E.9 .19?3
1

_rpTTO& HE!D FEIL 1??.71 ?O.075 5.7954E+05 4500.2 .1933 1.1203E+07 136.3 .0000E*00 100.0
.

) . U;R gn_TI_o.* 133.75 30.011 5.7954E+05 413G.0 .1933 1.1203E+07 136.3 .0000E+00 100.0

IF TE f_ _ . 133.76 30.011 5 6E58E+05 4126.9 .1933 1.1203r+07 136.3 .0000E+00 100.0
)

OX1GE IS ' int TEN 168.96 25.855 5.8314E+05 4615.6 .1933 1.1212E+07 134.0 .00c0E+00 100.0

) _0X ]Q[__IS F F.0 2E N 169.11 25.855 5.8336E+05 4416.2 .1934 1 1212E+07 134.0 .0000E+00 100.0

_!hltf 253.e2 36.41e 6.7521E+05 3654.9 .2419 1.1:23E+c7 129.3 .0000E+00 100.0
)

L* VERS INVCPT 274 14 39 442 6.9804E+05 3493.7 .2541 1.1224E+07 128 2 .0000E+00 10C.0

) _I t.TE F 373.92 35 99R R.1952E+05 3012 0 .32'3 1.1231E+07 123.5 .000GE+00 100.0

EETAL IS FROZEN 491 08 42.137 9 6929E+05 2705.6 .4110 1 1236E*07 11A.9 .0000E*00 100.0
)

I tite K 49?.77 42.222 9.7064E+05 2700.5 .4110 1.1:36E+07 118.7 .0000E+00 100.0

) IR TE P 613.78 43.641 1.0291E+06 2885.9 .4110 1.1236E+07 114.3 .0000E+00 100.0

IN TE 4 7?3.79 45.713 1 0816E+06 3156.1 .4110 1.1241E+07 111.1 .0000E+00 100.0
J

36 N0p*AL EXIT INTEP: TIME > TF

.) NUFBER OF BOIL TIMESTEPS : 676 NUMBER OF MACE TIMESTEPS = 1930
_

. .

62. * INFORMATORY" INP:' NO DEFAUL,T FILE AVAIL.ABLE' *

- ,, . , .
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TABLE 10. MARCH /MAAP COMPARIS0N FOR GRAND GULF TQUV

MARCH MAAP

CORE UNC0VER (HR) 0.68 0.47

START MELT (HR) 1.30 2.0

20% CORE MELT (HR) 1.70 2.35

CORE SLUMP (HR) 1.82 2.35

CORE COLLAPSE (HR) 1.98

VESSEL FAIL (HR) 2.23 2.35

CONTAINMENT FAIL (HR) 38 47.

IN-VESSEL HYDR 0 GEN (LB) 1635 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

;e contains three radial and ten axial core zones. The core power distributions
- were the same in both sets of' analyses.

li
'O 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 ofa

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 initialI 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,

y 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

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. Subsequent events are conceptually different and
predicted timings for them diverge somewhat.

__ , __ u_ - _ - -_ _.__ _ _ __ ___



' = a a m~m . _ _ . * _ _ ___. __._ _. _c.._ __. _ __. _ __ i__ ; .R M M
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THE SE ACTCR IS A UWR
,

_ TPE SCCILCNT IS A NORMAL TR ANSIEFT TABLE 11. SUMMARY OF MARCH

cCETAINMEfai SPRAY DOES NDT WORK

E C SYSTEF: LCPES

'MYE4(CEh fURhS ARE ACCOUtiTED FOR STARTING WITH ST ART OF PRUDLEM
.EITR "G E_N E UR NS ARE ADIABSTIC ONLY

CUTPUT I? IN AMEPICJN ENGINEEPING UNITS

OEPRIS FPACTION SUMP REACTOR CAVITY
...

TIME PnIMA*Y COMTMNT 0F ZIFC --------------- ------------------------------

' VE MT ( " I '? ) PSESSURE PRESSURE NASS TEMP REACTED MASS TEMP PASS TEMP
_

ECC *Eclic. CK 701.00 1166.En9 25.970 8.7298E+06 231.6 .0C00E+00 100.0

_F a_H_CH 1925.00 130.430 B.5099E+06 349.4 .0000E+0D 100.0

, C0t'T > NT F A IL 1927.16 1267.224 15.200 8.5095E+06 349.3 .0C00E+00 100.0

ECC OFF 1928 05 l' J .?co 134.903 8.5094E*06 349 2 .0000E*00 100.0

00E(_UNCOXJP 2041.25 13:as?38 130.744 8.6679E+06 348.5 .0000E+00 100.0

STA2T *(LT 2123 56 136.411 1I5.309 '4130.0 .0371 e.P142E+06 349.E .00COE*00 100.0

CORE SLUPP 215?.76 137.203 131.319 1.1050E-01 913.1 .9919 B.C166E+06 344.6 .0000E*00 100.0
FF. AC T I Oh CORE PELTED .

i 60RGfbl4 APSE 250|. 0
ST ART HE AE HE ATUP 2509 26 102.E75 101 967 5 7701E+05 3191 5 .6210 B.9374E+06 329.4 .0000E+00 100.G

) 50TTOJ HEAD FAIL 2555.06 97.407 6 8329E+05 3492.8 .6210 8.9522E+06 325.5 .0000E*00 100.0

EAD PCTORF 2558 10 "6.607 7 1155E+05 3347.9 .6210 B.952GE+06 325 5 .0LOCE*00 100 0
)

INTE4 2558 11 a8.607 7.1155E+05 3346.5 .6210 8 9520E+06 325.5 .0000E*00 100 0

) 1%TER 2676.15 87 250 7.4211E+05 3128 7 .6210 6.*740E+06 319 2 .0000E+00 100.0

rETAL IS *P0 ZEN 2729.18 84.422 7 5212E+05 3540.8 .6210 8.9765E+06 316.4 .0000E+00 100.0
i

METAL IS NOLTEN 2730.02 64.439 7.5215E+05 3476.2 .6210 8 9765E+06 316 3 .0C00E+00 100.0 .

) 'OF10E IS "0LT[h 2733 53 F4.069 7.5239E+05 3762.9 .6210 8 9764E+06 316 1 .0000E+00 100.0

071"E IS CR02EN 27?4.37 85.005 7.5271E*05 3557.3 .6210 B.9766E+06 316 1 .0000E+00 100.0
)

I t'TE R 2799.13 80.433 7.7082E+05 3493 1 .6210 8.9P12E+C6 313.0 .0C00E*00 100.0

) LYEPS INVERT 2827 12 79 567 7 82S1E+05 3444 0 .6216 8.9859E+06 313 9 .0C00E*00 100.0

IN TE R 2918 10 82 871 8 8294E*05 2791 7 .68t5 9 0034E+06 311 0 .0000E*00 100.0
) ~~

IN TE R 3039.16 80 243 1 0339E+06 2530 5 .7902 9.0103E*06 310 0 .0C00E*00 100.0

. . . . - - ..ea .. 77.ntp 3,iniir.nc sai e .por3 arcs,ar.a, saa , acaar.aa .aa .
---

)
[



- -

. .-

..... 7 .. .g _ g . - g g g . ,
, ,

PEACH BOTTOM TW2
200.0

COMPARTMENT 1
........... COMPARTMENT 2
----- COMPARTMENT 3

150.0 -

4
-
N
%

i
*

.

! M
j st: 100.0 -

p
Co
CO
N

| %
! 4

) 50.0-

1
I

_____________________________________________________________________.

0.0 , , , , , , ,
0.0 500.0 1000.0 1500.0 2000.0 2500.0 3000.0 3500.0

i

TIME - (MINUTE)
,

1
~

FIGURE 19. CONTAINMENT PRESSURE RESPONSE FOR PEACH BOTTOM TW '

i
. .

1
1

--



i r - c= cm a == : - -

.

1

PEACH BOTTOM TW2.

4

: 700.0
.

COMPARTMENT 1 N
........... COMPARTMENT 2

i ----- COMPARTMENT 3
600.0-

i

500.0-
Tz.

:
.

i m
se 400.0-p
E<*'

................
,,........ ..

tn ...... ...................m , _ , _

. _...... ...... _ ..
(1
y
a

.

...
.....

-! E* <-
200.0- - - - - ' - - ' '

-

...... ...,.. ,',
...

-

,

,

. * . - <

d..........................................|f100.0 -

,

!

0.0 , , , , , ,

j 0.0 500.0 1000.0 1500.0 2000.0 2500.0 3000.0 3500.0
1 TIME - (MINUTE)

.

I

_

FIGURE 20. CONTAINMENT TEMPERATURE RESPONSE FOR PEACH BOTTOM TW
.

9

----- - - - - ._ -- ---



. -_ - - _ . _ . . _

_

,

TABLE '12. MRCH/ MAP COMPARISON FOR PEACH BOTTOM TW

MRCH MAP

CONTAINMENT FAIL (HR) 32.1 32.

CORE UNC0VER (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) 42.6 40.

.
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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 comon data base for the input.
Specifically, the MAAP input files were selected as the source of MARCH input

:1 data. Even with the MAAP input as a point of departure, considerable
difficulty was encountered in achieving completely comparable inputs for the,-

two 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,
B ' 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 beI completely overlooked is the very limited effort that could be allotted to
this activity. Obviously, the availability of greater resources could have

.I eliminated many of the differences encountered. It may be further noted that
the MARCH analysts did not have the opportunity for any hands-on exposure to,

d the MAAP code.

q The above difficulties at arriving at a common point of departure
J 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 oifferences, precluded a completelyI 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.

i' In the MARCH calculations, finer core nodalization was generally
4 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,

b The remarkably good agreement obtained for certain of tha.

comparisons, notably the Grand Gulf TC and Peach Bottom TW sequences, can beI viewed as being indicative of consistency in the basic energy balances in the

I In both of these cases, however, the predicted timing oftwo codes.

containment failure is insensitive to the treatment of in-vessel phenomena.
r1 The differences in core melt progression and in-vessel hydrogen generation
L appear in all cases and are attributable in part to inherent modeling

7 differences and in part to user selected choices to drive the models in each
- of the two codes.

The i* ARCH analyses assume that metal-water reactions continue after
- core melting (liquefaction), that core slumps into the bottom head of the

I 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

j' has collapsed. The temperature of the fuel and the cladding is the same in
I- the lumped parameter approximation used in MARCH; the value of the effective
8 melting temperature assumed (4130 F) is between the melting points of the

Zircaloy cladding and that of the uranium dioxide fuel. All 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. Alternatively, 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, without 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

'd of the vessel after vessel failure. The fuel melting temperature utilized
-| corresponds to that of uranium dioxide. Core melt fractions for fuel slumping
Ii 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 bicekage temperatures as well as
'

fraction core melted for slumping are user inputs to MAAP and can be changed
if desired.

' The predicted differences 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 between the NRC and IDCOR. The

l 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,
'

e use of a 3380 F cutoff temperature for cladding oxida-
*

tion rather than permitting it to continue even after
melting,

e a fuel melting temperature of 5130 F instead of the
previous value of 4130F,

e 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 compt. red 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

8 possible differences in the treatment of steam bypass around molten regions.

j ' 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

i insofar as possible. From the evaluation of the results of the comparison
1 calculations, it may be concluded that:

1 "

1) The overall treatments of mass and energy balances in the two-

~

approaches appear to be consistent. -

2) Major differences exist in the course of melt progression and-

~g 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.
.

I 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.

i 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)
;

1

i

STEAM GENERATOR DRY (HR) 1.02 0.95 1.02

CORE UNCOVER (HR) 1.49 1.50 1.49
4

START MELT (HR) 1.83 1.74 2.07
:

40% CORE MELT (HR) 2.17 2.98 2.38,

s
| CORE SLUMP (hR) 2.32 2.98 2.38
.

! CORE COLLAPSE (HR) 2.35 2.40
:

VESSEL FAIL (HR) 2.47 3.00 2.53
|

] ICE MELTED (HR) 7.40 5.30
:
:

)
i IN-VESSEL HYDROGEN (LB) 1330 772 510
4

4

! -

4

J

_ _ _ _ _ _ _ _ . _ _ _ _ - - _ _ - - _ . _ - _ _ _ _ _- - _ _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _
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