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ABSTRACT

The MERGE code acts as the interface between the MARCH-2 code, which
is used to retermine overall accident progression, and the TRAP-MELT code, which
is used to evaluate reactor coolant system fission product transport and
deposition. MERGE uses MARCH-calculated core exit flows and temperatures to
perform a detailed gas-to-structures heat transfer analysis for the control
volumes in the flow path through the reactor coolant system and converts these
results into a form required as input to TRAP-MELT. MERGE can treat up to
nine control volumes, containing up to five structures each. Required inputs
include descriptions of the control volumes and their flow connections, as well
as initial conditions,
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I. INTRODUCTION

At the time of the writing of the MERGE code, existing computer
codes which “ascribe the thermal-hydraulic behavior of a core meltdown
accident were not capable of analyzing the flow and temperatures in the
volumes of the reactor coolant system downstream of the core in the path-
way for release to the containment. In the state-of-the-art report on
fission product behavior, NUREG-O772(1>, which was undertaken by the NRC

in 1981, analyses indicated that in at least some accident sequences the
retention of fission products in the reactor coolant system could be signifi-
cant. In order to support the performance of more realistic analyses of
fission product retention with the TRAP-MELT code, an effort was undertaken
to write a simple stand-alone code, MERGE, which could be used to predict

gas temperature, surface temperature, and flow within the RCS based upon

the conditions of gases leaving the core as predicted by the MARCH code.

In parallel an effort is being undertaken to provide a distributed reactor
coolant system model for the MARCH code which 1s eventually expected to
replace the MERGE code in usage.

Before running MERGE, 1t is first necessary to perform a MARCH
calculation. The output of MERGE is then used as input to the TRAP-MELT
code.

The user of MERGE should be aware of some of the approximations
and 1imitations of the code. In the MERGE analysis, ¢ is assumed that the
flow of gases in the upper plenum is one-dimensional. In reality, it would




be expected that circulation patterns would be established in this region
due to the strong temperature gradients. Whether a more detailed analysis
is required for this region must be determined based on the results of
sensitivity studies with the TRAP-MELT code. The need for verification
experiments must 2150 be evaluated.

1. GENERAL CODE DESCRIPTION

2)

{
MERGE 1s an interface code which utilizes data generated by MARCH 2'

: . +(3)
to calculate thermal-hydraulic data for input to TRAP-MELT 3 . The code

employs MARCH output parameters to perform a gas-to-structures heat transfer
analysis for control volumes in the core exit gas flow path and converts its
calculations into a form acceptable as input to TRAP-MELT. A MARCH output
data file (TAPE20) containing the parameters necessary for the heat transfer
analysis is attached to the MERGE code. This file can contain MARCH data at
several thousand timesteps with each timestep identified by a timestep index.
The TRAP-MELT code, however, presently accepts only a maximum of 20 times at
which parameters change. To some extent, the MERGE code reduces the MARCH
output data from TAPE20 since MERGE calculations begin at a user-specified
time index. Further data reduction can be performed by using the numerical
averaging routine supplied in the MERGE code.

For most applications, two MERGE runs are performed to process “he
MARCH TAPE20 output data file. Parameters required for the gas-to-structures
heat transfer analysis are stored at each timestep on the file and include
maximum, average, and core exit gas temperatures; primary system pressure;
fraction of core melted; and stram and hydrogen mass flow rates from the
core. A user-specified output print index is used to 1ist these parameters,
Using the 1ist as guidance, a maximum of 19 MARCH timestep indexes can be
selected for use as limits of a maximum of 20 intervals of averaging for the
MARCH data. These numbers are selected such that they adequately represent
the MARCH TAPE20 output data, and thus the MERGE output data, over the inter-
vals of interest. The gas-to-structures heat transfer analysis performed
by the MERGE code can be broken into three major sections. First, a fluid
dynamics analysis is performed to predict gas flow rates, gas temperatures,




gas compositions, gas enthalpies, and partial pressures within the reactor
coolant system. Second, a heat transfer analysis based on results of the
fluid dynamics analysis is performed to obtain heat transfer coefficients
which are used to determine temperatures of structures within control volumes
of the RCS. Third, an optional fission product heating analysis based on
results of a TRAP-MELT analysis using MERGE calculations® is performed to
include structural heating caused by fission products which are airborne in
the control volumes or deposited on structures within the control volumes.

The MERGE gas-to-structures heat transfer analysis calculates
data for a maximum of nine control volumes with each volume containing a
maximum of five structures. In the analysis, the core is always the first
control volume, while the last volume is included to account for escape from
the primary system. Required geometric imnut data for each contro) volume
and its structures in the core exit gas flow path include heat transfer and
flow areas, hydraulic diameters, lengths, wall thicknesses and mass-specific
heat products. Control volume height, gas temperature and volume, and its
number of structures are also input along with initial wall temperatures of
control volumes and structures.

An additional required input is the percentage of total flow
entering each volume. The percentage of flow entering each volume may be
altered at any time by setting a flag to indicate a change in flow. If a
control volume flag is set to change (e.g., FLAG2 = .TRUE.), the time at
which the change occurs (FTIME(2)) and the new flow percentage for the
volume (FF(2)) are required inputs.

A control volume flow matrix is input to show the path of the gas
from source volume J to control volume I. A value of 1 or O 1s assigned to
each matrix member to indicate flow/no flow from J to I. Each row and column
fn the matrix is summed and the values are used as limits for the number of
flow paths to/from each control volume. Thus, the matrix setup allows for
easy handling of multiple flow paths.

Figure 1 is a diagram showing the sequential flow of the calculations
in the MERGE code. It should be noted that the calculations begin at a user-
specified start with data averaging from core melt to failure of the reactor
pressure vessel. A description of each subroutine in the code is given below.

* These calculations would result from a previous MERGE analysis using no
fission product heating.
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Subroutine EXITQ

In the MERGE code, the subroutine EXITQ and its associated sub-
routines analyze the thermal-hydraulic processes. EXITQ is the main sub-
routine for the gas-to-structures heat transfer analysis and is the largest
subroutine in the code.

Fluid Dynamics Analysis

The approach used in solving for the hydraulic conditions in
each volume involves an explicit finite difference solution to the flow
equations. Conditions within each volume are obtained by moving consecutively
from volume to volume downstream of the core. In each case the givens for a
particular volume are the initial gas temperature, mass, ratio of hydrogen
to steam, and rate of heat addition to structures. Also known from the MARCH
calculation are the total pressure, the temperature of the gases leaving the
core, the ratio of hydrogen to steam of these gases, and the mass flow rate.
For each volume, the unknown variable is the flow rate out of the volume.
The equations that must be solved are conservation of mass and conservation
of energy. It is also assumed that the hydrogen and steam in a volume has
the same temperature and that each obeys an appropriate equation of state.
Conservatism of momentum is not imposed since it is assumed that at a par-
ticular timestep, all volumes have the total pressure predicted by the MARCH
code. These equations can then be solved iteratively by varying the outlet
flow until the total pressure is equal to the input MARCH pressure while
satisfying the conservation equations and the equations of state. In prac-
tice, this approach was found to be time consuming. Instead, an approximate
method 1s used in MERGE to estimate the flow out of the volume assuming that
the gases act as an ideal gas over the timestep. This allows an analytic
solution for the flow out of the volume given by:

CPV
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flow out of volume n,

flow out of volume n-1,

tota) enthalpy of gases in volume n at beginning of timestep,

specific enthalpy of gases in volume n,

h = specific enthalpy of gases in volume r-1,
M = total mass of gases in volume n,
At = timestep,
P = pressure,
P0 = pressure of gases in volume n at beginning of timestep,
V_ = gas volume in control volume n,
Q = heat transferred between volume gas and wall,
and it is assumed that
h, * COT + G,
where
T = temperature in F, and
Co. C‘ = coefficients recalculated at each timestep based on the

equations of state for steam and hydrogen.

Given the estimated value for the outflow, the gases are then required to
satisfy realistic equations of state for steam and hydrogen. The result of
the approximation is to yield a slightly different value of the pressure at
the end of the timestep than the MARCH calculated value. Because of the
crudeness of the one-volume solution that led to the MARCH calculated pressure,
this discrepancy 1s considered minor.

It should be noted that this subroutine alsc regulates control
volume flow throughout by dividing the MARCH timestep into subintervals in
order to prevent the total evacuation of the mass in a volume within a time-
step. Initially, the subinterval timesteps are determined by first examining



each control volume to obtain the one having the least gas volume; second,
treating the mixture exiting the top of the core as an ideal gas to deter-
mine an approximate volumetric flow rate; and third, subdividing the MARCH
timestep until the volumetric flow rate times the subinterval time is less
than or equal to 5 percent of the volume having the least gas volume.
Subsequent subinterva] timesteps are determined by first calculating the
change in mass of hydrogen and steam in each control volume in the core
exit gas flow path; second, calculating the change in total energy in each
control volume; and third, subdividing the MARCH timestep until either the
mass change or total energy change per subinterval timestep of each volume
is less than or equal to a user-specified maximum. Furthermore, the heat
transfer analysis is completed for each control volume over the MARCH time-
step, and thus all subintervals, before proceeding to the analysis for the
next control volume at the same MARCH timestep.

The Newton-Raphson(a) method of iteration is then employed to solve
for control volume steam temperature, pressure, and enthalpy. The following
three simultaneous equations are used:

HST = (HH - H2M*HH2)/STMM (a)
T = f(PSTM, HST) , and (b)(S)
v = f(PSTM, HST) (c) ()

where
HST = specific enthalpy of steam in the control volume,
BTU/1bm,
T = temperature of steam in the control volume, F,
v = specific volume of steam in the control volume, ft3/lbm.
PSTM = partial pressure of steam in the control volumes, psia,

HHZ = specific enthalpy of hydrogen in the control volume,
BTU/1bm,

HH = total enthalpy of the steam-hydrogen mixture in the
control volume, BTU,



H2M = mass of hydrogen in the control volume, 1bm, and

STMM = mass of steam in the control volume, 1bm.

The method uses initial guesses of steam temperature, pressure,
and enthalpy to calculate new values of each. This iterative process con-

tinues until values are found to satisfy the three equations.

Heat Transfer Analysis

Once solutions to :he simultaneous equations have been found, a
heat balance between the ga: and each structure within the control volume is
performed. The heat is trasferred from the steam-hydrogen mixture exiting
the top of the core to each control volume through an internally calculated
heat transfer coefficient.

In determining the heat transfer coefficient between the gas and
structure, the Reynolds number is first calculated and uepending on whether
the flow is in the laminar or turbulent regime the coefficient is calculated
as:

Laminar
K
he = Nug . BTU/hr/ft%/F , and (a){7)
Turbulent
. o000 c B BTU/hr/ft2/F (e)(®
hc . pm dTI » ’ e
where

k, = thermal conductivity of the gas mixture, BTU/hr/ft?/F,
0.0668(d/L)R0!?r
273
1 + 0.04[(d/L)Re Pr]
d = hydraulic diameter, ft,
C.. = specific heat of the gas mixture, BTU/1b/F, and

pm
G = mass velocity, lb/hr/ft2 =

Nud = 3,66 + .(Reference 7)




A natural convection coefficient is also calculated depending on
the Rayleigh number regime:

for ¥ <10°

he = 0.59 £X  gTushe/fe /P, ang (£)(7)
for X > 10°

he = 0.10 £33 prumesnedsr (g) (7
where

R, thermal conductivity of the gas mixture, BTU/hr/ftZIF.
L = length, ft, and
X = Rayleigh number.

The larger of the natural and forced convection coefficients is used in the
analysis.

The first control volume above the core also receives radiation heat
transfer from the top of the core. The inlet gas temperature for this volume
is the gas temperature exiting the top of the core. For other volumes, the
inlet temperature is the gas temperature at the outlet of the previous volume.

Fission Products' Analysis

The fission product decay heat source term is calculated in the
MERGE code by using the American Nuclear Society (ANS) standard decay power
curvc(g). To determine the distribution of the decay heat among the fission
products, the reactor core was assumed to be composed of equal amounts of
fuel with burnups of 11,000, 22,200, and 33,000 MWd/MT. The ORIGEN('O)code
was then used to calculate the decay heat emitted by the fission products in
each of the eight HASN-1400(‘1) fission product groups at various times after
reactor shutdown. The results are expressed as percentages of the total for
tabular input to MERGE.
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The TRAP-MELT code provides the fractions of the core inventories
of the WASH-1400 groups which are deposited on structures at various times
after beginning of core melt. For a gaseous fission product group, this
fraction is an estimate of the rate of heat deposition in a structure as
compared to the rate of heat emission by the entire inventory of the group.
Results are input to MERGE in tabular form.

Given a time after reactor shutdown, MERGE calculates the total
rate of heat emission by the core and interpolates between times on group
distribution of the heat emission and on fractional amounts of group heating
rates transferred to each structure. The result is the rate of fission pro-
duct heating of the structure.

A flow diagram showing the calculations in subroutine EXITQ is
given in Figure 2. It should also be noted that for a control volume with
an inlet gas-wall temperature difference of five degrees or less, the cal-
culations are skipped. Thus, the outlet gas and wall temperatures of the
control volume remain unchanged and outlet flow rate is equated to inlet
flow rate.

Subroutine ALTER

Subroutine ALTER saves control volume thermal-hydraulic data as a
function of timestep index N. It also serves to redefine output parameters
for total mass flow rates less than 10710 1b/sec. For any timestep index
if the flow meets this criterion: (1) total, hydrogen, and steam mass flow
rates are set to zero, and (2) control volume inlet, outlet, and wall tempera-
tures remain unchanged.

Subroutine AVERAGE

Subroutine AVERAGE uses a numerical averaging routine to compute
interval values of the input data from the MARCH code. It uses TAPE20
parameters and the preselected intervals to generate 18 intervals of data.
The routine also prints these interval values and stores them on the MERGE
output file labelled TAPES.
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Subroutine ENDS

Subroutine ENDS is the routine used to store the start and end
values of the MARCH TAPE20 input data in the first (NMELT) and final (NLAST)
intervals. It also prints these values and stores them on MERGE output

file TAPES.

Subroutine REDUCE

Subroutine REDUCE uses a numerical averaging routine to compute
interval values of control vliume output data required for the TRAP-MELT
analysis. It uses control volume output data and the preselected intervals
to generate 18 intervals of data for each control volume.

Subroutine ENDPTS

Subroutine ENDPTS is the routine used to obtain interval values
of con‘rol volume data for the first and final intervals.

Subroutine ANSQ

Subroutine ANSQ calculates the American Nuclear Society standard
(ANS5.1-1979) decay heat fraction as a function of time after shutdown and

time at power,

Subroutine FISPQ

Subroutine FISPQ calculates heatup of primary system structures
due to decay heat of stored volatile fission products.

Subroutine TAPE

Subroutine TAPE writes the 20 intervals of MERGE control volume
outpui data on the output file labelled TAPE2., The file is cataloged for
later use in the TRAP-MELT code.
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Subroutine TAPE)

Subroutine TAPE! prinis the interval values of MERGE output data
of each control volume at the end of each interval calculation.

Subroutine TAPE9

Subroutine TAPE9 writes the interval values of the gas temperature
of each control volume on an output file labelled TAPES. The temperatures
of control volume structures are also written to the file. The file is saved
and later plotted.

Subroutine ENTHAL

Subroutine ENTHAL uses an empirical equation to express hydrogen
specific heat; and thus, the specific enthalpy of hydrogen as a function of
temperature(lz). The relationship may be adequately approximated throughout
the range of temperatures from 80 F to 5840 F with a maximum error of 0.60%.
The subroutine additionally uses empirical equations to express specific
enthalpy of saturated liquid or saturated vapor as a function of pressure.(la)
The relationships may be adequately approximated through the range of pressures

from 1.1 psia to the critical pressure of 3208.2 psia (PCRIT).

Subroutine ENTH

Subroutine ENTH calculates the enthalpy of superheated steam. The
subroutine uses the empirical re\ationship(s) of steam temperature as a func-
tion of pressure and enthalpy.

Subroutine TEMP

Subroutine TEMP approximates the temperature of the steam as a
function of pressure and specific enthalpy. The empirical re]ationship(s)
employed in the subroutine is valid for pressure less than 3208.2 psia and

specific enthalpy equal to or greater than saturated vapor enthalpy at
pressure.
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Subroutine SPVOL

Subroutine SPVOL approximates the specific volume of steam as a
function of pressure and specific enthaIpy‘s). The critical pressure value
1s 3208.2 psia and the specific enthalpy boundary is enthalpy greater than
or equal to saturated vapor enthalpy at pressure.

Subroutine PART

Subroutine PART calculates the partial derivatives of temperature
and specific volume with respect to both steam pressure and enthalpy for
use in the Newton-Raphson iterative calculations. The subroutine differen-
tiates the empirical relationships previously established for temperature
and specific volume.

Subroutine SUBTIME

Subroutine SUBTIME stores time subinterval MERGE control volume
source parameters for later use as inputs to the receiver volumes at corre-
sponding time intervals.

Subroutine HRSTM

Subroutine HRSTM calculates steam emissivity by using the product
of steam partial pressure and control volume hydraulic diameter in conjunc-
tior with a plot of gas emissivity versus gas temperature given in McAdam's
Figure 4-15(8). The resulting emissivity is used to calculate a radiant
heat transfer coefficient between the control volume gas and wall surfaces.

Subroutine INTERP

Subroutine INTERP is a routine also written and supplied by Sandia.
It 1s used in conjunction with subroutines PROP and FISPQ and performs re-
quired properties' interpolation.
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111. INPUT GUIDE TO MERGE

The MERGE code reads the results of the MARCH 2 code calculations
from storage device TAPE20. The job control cards must identify this device
for it contains the pertinent data for the heat transfer analysis. Four
input cards (1, 1A, 2, and 3) are required if a 1ist of the MARCH code cal-
culations (TAPE20) is required.® If calculations are to be performed,
several additional input cards are needed. It should be noted that input
to the code is unformatted. (Input data decks for an example (S2HF) run
are given in Appendix A.) The MERGE data cards follow.

Card 1: MERGE), MERGE2

MERGEY = .TRUE., Yist MERGE input parameters from the MARCH 2
code calculations.

MERGE1 = ,FALSE., do not 1ist MERGE input parameters.
MERGEZ = .TRUE., perform gas-to-structures heat transfer analysis.

MERGE2 = .FALSE., do not perform gas-to-structures heat transfer
analysis.

Card 1A: NSTEP

NSTEP(') = an incrementation parameter used to control listing of
MERGE input data, e.g., NSTEP = 2 would aliow listing
of every other record (beginning with the first) from
the MARCH 2 output data sets.

(a) Only required 1f MERGE! = .TRUE., i.e., 1f a listing of the data sets
from MARCH is desired.

* If 1isting only, Card 1 should read as follows: .TRUE., .FALSE.
If calculations are to be performed, Card 1 should read: .FALSE., .TRUE.
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Card 2: NSTART, NUNCV, NMELT, NPRT, NPSTP, NLAST

NSTART = MARCH timestep index at which analysis begins.
NUNCV = MARCH timestep index at which core uncovery begins.

NMELT = MARCH timestep index at which the start of core melt
begins.

MARCH timestep start detailed printout (Default:
10000).

MARCH timestep stop detailed printout (Defaul.:
10000).

last averaging interval completed, used to restart analysis

(Default: 0).

Card 3: 1VOL, I1SG, ITRAN, ACUR

IVOL(b) number of control volumes

ISG(C) steam generator control volume number.

ITRAN(C) 0, large pipe break.
1, transients and smali pipe breaks.
2, transients (ECCS recirculation inoperable).

maximum fractional change allowed in any volume mass or
energy per MERGE timestep.

(b) To account for escape from the primary system, a control volume is
included to represent the containment. The value input for IVOL does
not include the core which 1s control volume 1.

For a BWR, ISG = 0; for a PWR with a large pipe break, the steam generator
structure temperature is reduced to the saturation temperature of the steam
generator secondary.

The following data cards relate to volumes above the core and in the
exit gas stream (I = 1 identifies the core).
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card 4'%): Tr(1), 66(1), VOL(1), LL(1), HGT(1), ISTR(I), CMI(1), DELX(1),
AH1(1), DD1(1), AR1(I); I=2, IVOL+]

TT(I) = initial control volume wall surface temperature, F.
GG(I) = initial control volume gas temperature, F.
VOL(I) = gas volume for the control volume, ft3.
LL(I) = length of control volume, ft.
HGT(I) = vertical height of control volume, ft.

ISTR(I) = number of structures within a control volume.

CM](I)(e) product of mass and specific heat of a control volume, BTU/F.

DELX(I) = wall thickness of a control volume, ft.

AH1(I) = heat transfer area of a control volume, ftz.

DD1(I) = flow hydraulic diameter, ft.
2

AR1(I) = flow area of a control volume, ft

(d) Use one card for each control volume.

(e) For the steam generator, CM1 should include water in the secondary.

TTS(I,M) CM(I1,M), AH(I,M), DD(I,M), AR(I,M), LL1(I,M), DELX1(I,M);
1=2, IVOL+1; M=1, ISTR(I)

TTS(I,M) = initial structure wall temperature in a control volume, F.

CM(I,M) = product of mass and specific head of a structure in a
control volume, BTU/F

AH(I,M) = heat transfer area of a structure in a control volume, ft2.

DD(I,M) = flow hydraulic diameter for a structure in a control volume,
ft.

LL1(I,M) = length for a structure in a contro) volume, ft.

DELX1(I,M) = wall thickness of structure, ft.
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(f) Only required if ISTR(I1) is greater than 1. Must input one card for each

structure in the control volume.

card 6'9): [TOTMI(1), WZM(1), W(I); 1=2, IVOL+1]; PSTART (Default: IVOL*C.,0.)
TOTM1(I) = gas mass in volume I, Tbm.
H2M(1) = hydrogen mass in volume I, Tbm,
W(I) = mass flow rate from volume I, 1bm,

PSTART = primary system pressure, psia.

(g) If a restart of MERGE is required, input values are those at last completed
MERGE interval.

Card 7: NCV(I,J); I=1, IVOL+1; J=1, IVOL

NCV(I,J) = 0, no flow from source volume J to control volume I.
1, flow from source volume J to control volume I.

Card 8: FF(I+1); I=1, IVOL

FF(I+1) = the percentage of total source flow rate entering control
volume I+1.

card 9'"). FLAG2, FLAG3, FLAG4, FLAGS, etc.

FLAG2 = .TRUE., a change occurs in the percentage of total mass flow
rate from the source volume to control volume 2.
= _FALSE., no change occurs in the percentage of total mass
flow rate from the source volume to control volume 2.

(h) Use one flag indicator for each control voiume, e.g, for five control
volumes, input FLAGZ - FLAG6. Similar definitions as above would be
used for FLAG3 through FLAG6. The flag indicators should be separated
by commas, e.g., the following would be input for no change in flow for
five control volumes: .FALSE., .FALSE., .FALSE., .FALSE., .FALSE.




card 10a' ") FTIME(1); 1=2, IVOL+]

FTIME(I) = the time at which the change in percentage of total
mass flow rate from the source volume to control volume
I occurs (e.g., if FLAG2 = .TRUE., then FTIME(2) would
be input to the code).

card 106'Y):  FR2(1); 152, 1vOLH1

FF2(1) = the new value of the percentage of total source flow rate
entering control volume I at time FTIME(I). [Only input
to the code if the flag indicator for volume I is .TRUE.].

(1) Use one card for 10a and one card for 10b for each control volume in which
a change occurs.

Card 11: NINT

NINT = the number of intervals for data averaging (maximum = 18).

Card 12: INT(N); N=1, NINT+]

INT(N) = endpoints to be used for the intervals of the numerical
averaging technique; a maximum of 19 is permitted. These
1imits must be expressed in terms of MARCH TAPE20 timestep
indexes.

Card 13a: NBDPT (Default: 0)

NBDPT = number of non-converging MARCH TAPE20 data points.
If NBDPT # 0, input the following:

Card 13b: NBPT(I), I=1, NBDPT

NBPT(I) = timestep index of each non-converging MARCH TAPE20 data
point.
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Card 13c: STMBD(I); I=1, NBDPT

STMBD(I) = steam flow rate for each non-converging MARCH TAPE20
data point, 1bm/min.

Card 13d: H2BD(I); I=1, NBODPT

H2BD(I) = hydrogen flow rate for each non-converging MARCH TAPE20
data point, Ybm/min.

Card 13e: PRESBD(I); I=1, NBDPT

PRESBD(I) = primary system pressure for each non-converging MARCH
TAPE20 data point, psia.

Card 13f: TGASBD(I); I=1, NBOPT

TGASBD(I) = core exit gas temperature for each non-converging MARCH
TAPE20 data point, F.

Card 14a: HSUMT, QZERO, TAP (Defaults: 0., 0., 0.)

HSUMT = total release of hydrogen gas, 1bm.
QZERO = reactor power, BTU/hr.
TAP = time at power, min.

If QZERDO # 0, and
TAP # 0, input the following:

Card 14b: NTIM, NGP, NTFP

NTIM = number of times at which fission product group distributions
are input.

NCP = number of fission product groups.

NTFP = number of times at which fission product deposition percentages
are input.



Card 14c: TODK(I); I=1, NTIM

TOK(I) = times at which fission product group distributions are input.

Card 14d: [QFCT(J,I); J=1, NGP], I=1, NTIM

QFCT(J,1) = fission product group deposition percentages for each
fission product group distribution.

Card 14e: TFP(I1); I=1, NTFP

TFP(I) = times at which fission product deposition percentages are
input.

Card 14f: [XMFP(I,J,K); K=1, NGP]; J

-
s M =i 5%

NTFP; I=2, IVOL

XMFP(I,J,K) = fraction of inventory of each group releasing its
heat (QFCT) to each volume at each time TFP.

IV. DESCRIPTION OF MERGE OUTPUT

The output of the MERGE code includes both printed and stored data
at user-specified intervals. The results of MERGE calculations, along with
several MARCH TAPE20 parameters, for each MARCH timestep are printed in tabular
form. Printed output also includes the control volume flow matrix, control
volume geometry, and initial conditions. Storage devices (TAPE2, TAPES, and
TAPE9) are used to save numerically-averaged data records for input io the
TRAP-MELT code and for plotting purpcses. In addition, the averaged data
records are printed at the end of the user-specified intervals. Sample output
printouts are identified and given in Appendix B. The output is for a small
pipe break case in a BWR assuming vapor suppression failure.

The essential output of MERGE consists of numerically-averaged
records of control volume temperatures (gas and structures), pressures, and
mass flow rates over time for each control volume. The code stores the aver-
aged thermal-hydraulic data of each control volume in the accident sequence
on output data file TAPE2. The data in order of storage is as follows:




NINT
TPARM(K)

FLOP(K,I,5)

NINT
TPARM(K)
PRESOUT (K)
NINT
TPARM(K)
FLOP(K,I,6)
NINT
TPARM(K)

FLOP(K,I,L)

The above data
and is used as
Addi
averaged MARCH
is given below.
of their storag
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number of data intervals.
time of data output (sec); K=1, NINT.

tota) mass flow rate exiting control volume I (1b/sec);
K=1, NINT.

as previously defined.

as previously defined.

control volume pressure (psia); K=1, NINT.

as previously defined.

as previously defined.

control volume gas temperature (F); K=1, NINT.
as previously defined.

as previously defined.

= structure temperature in control volume I (F); K=1, NINT,
L=6+M (where M = the structure number).

is stored on TAPE2 for each control volume in the primary system
input to the TRAP-MELT computer code.

tionally, the code stores on output file TAPE5S numerically-
TAPE20 data. A description of each parameter stored on TAPES

It should be noted that the described parameters are in order
e on the file.

timestep index number.

accident time firom start of core melt, min.
maximum core temperature, F.

average core temperature, F.

primary system saturation temperature, F.
core exit gas temperature, F.

primary system pressure, psia.
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STMEXC = core exit steam flow rate, 1bm/min.
H2EXC = core exit hydrogen flow rate, 1bm/min.
DTMN = time differential, min
FCM = fraction of core melted.
HSAT = primary system saturation enthalpy, BTU/1bm.
TMAXSG = maximum temperature in steam generator secondary, F.
HFGSG = heat of vaporization in steam generator secondary, BTU/1bm.
WTRSG = weight of water in steam generator secondary, 1bm.
RADT = heat radiated to grid plate above core, BiU/hr.

Several of these parameters from the MARCH TAPE20 output data file can be

listed at user-specified intervals if the MERGE] option is selected.
Finally, the code stores on output storage device TAPE9 time-

temperature profiles of control volume gas and of structures in each volume.

The file is saved and is later plotted. Data storage on TAPE9 is as follows:
K = data set number.
TMAR(K) = time (sec) at which data is output.
FLOP(K,1,6) = temperature of gas in control volume ! for data set K.

FLOP(K,I,L) = structure temperature in control volume 1 (F), where L=6+M and
M = the structure number.

It should be noted that the times of data storage on all output storage
devices refer to the MARCH time of TAPE20 unless otherwise specified.

V. SUMMARY
The MERGE code performs a gas-to-structures heat transfer analysis
for all connected volumes in the flow path of the superheated gas exiting the
top of the core. The code predicts key thermal and flow conditions for struc-
tures in connected volumes by processing conditions predicted by the MARCH 2
code for the flow out of the reactor core through these connected volumes.




24

An option in the code allows calculation of structural heating due to
airborne or deposited fission products in the volumes. The code performs
these calculations from a user-specified start to pressure vessel failure.
Output from the code is used as input to the TRAP-MELT code to describe
radionuclide behavior. The code is written in FORTRAN and its input and
output data are in the British system of units.
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TABLE A-1. SAMPLE INPUT DATA FOR MERGE

BCL CONTROL CARDS

KELLY,AC=A1234,5678,T300
ATTACH, TAPE20, TAPE20, 1D=S2HF . (2)
REQUEST, TAPE2,pF. ()

REQUEST, TAPES, pF. (P)

REQUEST, TAPES, PF. (P)

ATTACH, X, MRLGO, ID=KELLY. (€)

X (PL=10000)
CATALOG, TAPE2, TAPE2, ID=S2HF . (P)
CATALOG, TAPES, TAPES, 1D=52HF . (P)
CATALOG, TAPE9, TAPES, In=52#F . (P)
*EOR

SAMPLE INPUT DATA DECKS

OPTION 1: LIST TAPE20 DATA

.TRUE.,.FALSE.,
1

1,301,508,2*10000,0
9,0,1,0.

OPTION 2: PERFORM ANALYSIS

.FALSE.,.TRUE.,

2*301,508,2*10000,0

2*4,1,0.02

2*580.,1000.,2*12.5,4,5*1.0
2*580.,100.,2*15.0,1,1.€4,0.5,750.0,2.5,5.0
2*525.,850. ,2*80.0,1,5.€5,5.E-3,2.E5,7.56-2,10.0
2*580.,3*1.0,1,5*1.0
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TABLE A-1. (Continued)

SAMPLE INPUT DATA DECKS (Continued)

580.,1000.,7500.,5.€-2,50.0,2.0,5.E-3
580.,7500.,4500.,0.5,75.0,12.5,5.E-2
580.,600.,100.,12.5,75.0,3.0,2.5E-1
580.,7500.,250.,12.5,75.0,8.0,1.0
13*0.

0,1,5*0,1,5%0,1,5*0,1

4*].

.FALSE.,.FALSE.,.FALSE.,.FALSE.

18
508,526,544,562,580,598,616,634,652,670,688
706,724,742,759,776,793,810,827

MARCH output data file containing parameters necessary for the heat
transfer analysis.

Not required for MERGE Option 1; must be included if MERGE output
files 2re to be retrieved.

Binary file created from MERGE source code.
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TABLE B-1. SAMPLE OUTPUT PRINTOUT FROM THE MERGE CODE

NCY(1.J) ARE

CONTROL vOLUME
GAS VOLIME (FTY)
GAS TEWPERATURE (F)
NUMBER OF STRUCTURES

~100E~0Y
-S80Er03
'

STRUCTURE TEMPERATURE ir)
CONTROL VOLUME | IS TWE CORE MASS X SPECTIFIC WEAT (ATU/F)
WEAT TRANSFER AREA (FT2)
ENUIVALENT DIAMETER fFY)
SR SRS FLOW AREA (rr2)
STRUCTURE LENGTH (FY

GAS yOLUME (FTY) «100Ev00 STRUC TURE vnlcunts; :rvr
GAS TEMPERATURE (F) «S80E*03
NUMBER OF STRUCTURES .

«S80E*0)Y
«100E* 0N
«TS0E+0Y
«250E%01
«S00E0
«150€%02
«S00gE 00

JEB0E+0Y CONTROL vOLUME
+100g+00 GAS VOLUME (F1Y)
JT506400 GAS TEMPERATURE (F)
+S00k~01 NIMBER OF STRUCTURES
+S00F*02
«200E%01 STRUCTURE TEMPERATURE (F)
+S00E~02 MASS X SPECIFIC HEAT (ATU/F)
MEAY TRANSFER AREA (FT2)
EQUIVALENT DIAMETER (FT)
STRUCTURE TEMPERATURE (F) +S80E+03 FLOW AREA (FT2)
MASS X SPECIFIC MEAT (ATU/F) JT50E08 STRUCTURE LENGTM (FT)
MEAT TRANSFER AREA (FT2) LAS0E+08 STRUCTURE THICKNESS (FT)
EQUIVALENT DIAMETER (FT) «S00E«00
FLOW AREA (FT2) «TS50E%02
STRUCTHURE LENGTH (FT) «125€+02
SIRUCTURE THMICKNESS (FT) +S00E~01 CONTROL VOLUINE

GAS VOLUME (FTY) = L100E*0)
GAS TENPERATURF (F) +Sa0gE*0
+S80E+0Y NUMRER OF STRUCTURES 1
+H00E+0)
L1006%0% STRUCTURE TEMPERATURE (F) +S80g*0%
1256202 NASS X SPECIFIC MEAT (BTU/F) «100E+01
JIS0E02 HEAT TRANSFER AREA (FT2) «100E+01
Joog+01 EQUIVALENT DIAMETER (FT) 1006001
«2S0E+00 FLOW AREA (FT2) «100E+01
STRUCTUSE LENGTH (FT) +100E+01
STRUCTURE THICKNESS (FT) «100E%01

STRUCTURE TFMPERATURE (F)
MASS X SPECIFIC MEATY (ATU/F)
HEAT TRANSFER AREA (FT2)
EOQUIVALENT DIANMETER (FT)
FLOW AREA (FT2)

STRUCTURE LENGTH (FT)
STRUCTURE THICKNESS (FT)

«2350E+0)
«S52%5F 03
'

«33% 03

«TS0E-0)
«100E*02
°

STRUCTURE TEMPERATURE (F)

MASS X SPECIFIC MEAT (BTUsF)

WEAT TRANSFER AREA (FT2)
—EQUINALENT DIAMETER (FY)

FLOW AREA (FT2)

STRUCTURE LENGTH (FT)

STRUCTURE THICKNESS (FY)

+3805+03%
«T7S50E+00
«250E+0)
«12%5€+02 CORE UINCOVERY OCCURS AT MARCH CYCLE NUMBER
+T50E+02 CORE MELY BEGINS AT E24CH CYCLE NUMBER

«AO00E~0)
JAD0E*01 ACUR = 020

— SIRUCTURE TEMRERATURE  (F)
MASS ¥ SPECIFIC WEAT (ATU/F)
MEAT TRANSFER AREA (FT2)
EQUIVALENT DIAMETER (FT)
FLOW AREA (FTQ)

STRUCTURE LENGTH (FTY)
SIRUCTURE THICKMESS (FT)

'Il.IIP




TABLE B-2. SAMPLE OUTPUT OF THE RESULTS OF THE MERGE CALCULATIONS
USING MARCH TAPE20 PARAMETERS

THE DATA SET NUMBER = 1 THE MERGE CYCLE NUMBER = 1 THE TINE = 11770,9265EC
THE MARCH CYCLE NUMRER = So8 THE MARCH TIMNF = 196, 18201N

THE NUMBER OF MERGE TIMF INTERVALS = s

THE MA [WUM CORE TEMPERATURE = a1%0,00 () THE AVERAGE CORE TEMPERATURE = 1900.00 (§)

ITHE FRACTION OF CORE MELTED = L9985 -03% THE PRIMARY SYSTEM PREASLAT = se1,.12 psla)

THE NYDRDGEN MASS FLOW RATE = +LJ00F+0] (LB/BEC) THE TOTAL MASS FLOW RATE = J2%E+01 (LB/sEC)

INLETY OUTLEY YOL UMg STRUC TURE FLOW HYDROGEW TOTaAL HYDROGEN TOTAL
YOu img GAS Tewr GAS Tewr PRESSNIRE TegwpP FacTOR MaSS FLOW MASS FLOW CTY L) "alds
2 +2010E+0D0 ITLIEY )] «3927E+0) LH000F+03 +1000€+01 33126400 208802 A209F+02 LT748% 03
3 +S819E+03
2 L9809 +0)
2 «S002€+03
b <THBNE+0Y TS0k« JIN2TE«0Y +J804F 403 «1000E+01 L2T81Ex00 2222002 LA015F«01 LH227Ee02
W LTO30E+0Y JI267F 403 LIV 16E+03 J5251F 0} L1000E«01 L8217 01 2082€+02 L LLIZY T L9To0E+0Y
. +SZ8TE+0Y 0. IV11Ee0Y «5800F+03 +1000€+01 LA8218~01 28826402 0. 0.
THE AVERAGING INTERVAL = 1 THF TINE = _117709E+0%

¢-8

TAPE S VARIAGBLES ARE
LOISE04  L191E08  _ABSEDY  ,201E«00 _ S91Es03 JITRES0S  LG00E«02 ,290E+00 _990E-03 ,L120E+04

JISOEC0T  LA32E403 _J0BE«I6  ,208E408

THE AVERAGING INMTERVAL I8 NUMBER 1
THE AVERAGE TImE 18 +117709¢+0% SECONDS

FLOP( 1, 1, %) = JTJ2%E 010

PRESOUTI 1) = «S91E+03

FLOPl 1, 1, &) = «201E+00
 ELOPL 3, 1. 3) m __  191Es0A

FLOPC 1, 2, S) » «20%E+02
PRESOUY( 1) = «IN1E+0)
FLOPC 1, 24 6) = JTeBE+03
FLOPC 1, 2, 7) = H00E 0N
- - — - 'Ln'( le 2+ . A) A ,,Su:..;
FLOPL 1, 2¢ %) » «301E+03
FLOPC 1, 2,10) » «380g+03

FLOPC 1, 5, %) = «222€402
PRESOUTL 1) = 3%1F00)

FLOPL 1, 3, &) = +JOSE«0)
FLOP( 1, 5, 7) » LSB0E+0Y

FLOPL 1, &, %) » +PARE «0?
PRESOUT( 1) = ,591E+03

FLOPC 1, &, 6) 5 S2TE+0Y
FLOPl 2, 8, 7). & ,S25E+03

FLOPL 1, S0 ) = «20BE*D2
PRESOUTL 1) = «591F 003
FLOPC 1, S, &) = 0,

FLOP( 1, S, 7)) » +S8nE+0}




(Continued)

TABLE B-2.

THE DATA SET NUMBER = THE MERGE CYCLE NUMBER = b ) THE TINE = 11000, 9265EC

THE MARCH CYCLE NUMBER = 3510 THE MARCH TINE = 196 . 00271N

THE NUMBER OF MERGE TIME INTERVALS = a

THE MaxIMUN CORE TEMPERATURE = 413000 %) THE AVERAGE CORE TEMPERATURE = 197822 (%)

THE FRACTION OF CORg MELTED = A% g0} THE PRIMARY SYSTgm PRgSSURE » S8s. 4T (r31a)

THE HTDROGEN MASS FLOW RATE » 10901 (LB/3EC)H THE TOTAL MASS FLOW RATE » L91E+01 (LB/SED)

TOTaL
ma 83

HYDROGEN
“al3

TOVaL
MASS FLOW

HYDROGEN

STRUCTURE
NASS FLOW

TEwP

VOL UNE
PRESSURE

DUTLEY
GAS Tewr

INLEY
GAS TEwe

«T203E+0% «1000E+01 NALLI SR L) A183E002 +20%E+02 «S5045¢003

LS591%5¢03
«SR61E+03
+«5810€03

«2002€ 00 «9012¢+03 «S877E+03

L9012€408
LB081E+0%
.5272g+0%

NITIT Y}
JS272E+038
0.

L5879 403
LS878E+0Y
L3865¢+03

98248403
[52%2¢ 403
58007403

«1000E+01
+1000E+01
+1000E+01

43208400
+2303E%00
«2343F+00

JA23% 002
JA692€E002
J1892¢02

+L2809% .0
1182802

JI0B2E 402
L9328 408
L

DATA SET NUMBER » THE WERGE CYCLE WUMBER = 8 THE TIME = 11875,.9240¢C

THE MARCH CYCLE NumpeER = 9519 THE MARCH TINE = 197.932n1n

NUMBER OF MERGE TIME INTERVALS = i2

a130,00 (r) 21804,08 7)

MAXIMUN CORE TEMPERATURE = THE AVERAGE CORE TEMPERATURE »

+901E-0} THE PRIMARY SYSTEM PRESSURE = S74,89 (PRIA)

«133E+01 (LB/EC) THE TOTAL Mass FLOW RATE =

THE FRACTION OF CORE MELTED =

«S0SE+01 (LB/gEC)

THE HYDRDGEN mags FLOw RATF =

TOTAL
LILE)

HYDROGEN
Mads

HYDROGEN
MASS FLOW

TOovaL
MASS FLOW

STRUC TURE
TEwp

VOL UNE
PRESSURE

DUYLETY
GaS Tewp

INLETY
GAS TeEwe

«9918E+03 100001 JA2%51E40) «T087E+01 A683F+02 2681403
+B250E+03
L5088F+0Y
«5082€403
+5893F.03
+952%6E+03

«5800E+03

+21B1E+0N +1080E+00 «STT70E«0)

+J2T3E«01 S131Ee01 «J033Ee02
«1095€«02 +A200E002 «S265€+08
«109S5g«02 0. 9.

JA2%1E«0
LB8%9E«00
885900

+1000E+01
«1000E+01
«1000E+01

5700€403%
LS7916403
L5496 403

L1060E+008 «V119E+03
1% +0) «3336E+0)
«3536E«03 0.




TABLE B-2.

DATA SET NUMBER =

e
Twne
™e
Twe

eLeY

GAS TEwp

«2315E 000

+I195€+00
+1002€ %00
5509 «0)

™t

Tne

NUMBE R

FRACTION OF CORE MELTED =

HYDRDUEN MASS FLOW RATF =

OUTLEY

BAS Tewr

JA195€+04

JANN2EL08
« 350503

DATA SET NUMBER =

13

MAYIMUM CORE TENPERATURE =

VOL Umg
PRESSURE

LS651E+03

«5652E+03
96108E%0)3
«5632€+03

135001

THE MERGE CYCLE
THE MARCH CYCLE

NUMBER OF MERGE TIME INTERVALS =

13,90 ™)

«177Fs00

STRUC TURF
TewP

+1168E«00
HT01E«0}
«5307E«03
.S886F 003
I984E.0)
LI29% +0)
+9800F+0)

THE WMERGE CYCLE NUMBER »

THE MARCH CYCLE NUMBER =

W MERGE TIME INTEAVALS =

THE MAXTIMUM CORE TEMPERATURE =

THE
THE

I ETY
GAS TEwe

+ENBSEe 0N

+1301E«04
+1096E 008
«S3020€+03

FRACTION OF CORE MELTED =

HYDRDGEN MASS FLOW RATE =

QUTLET
a8 TEwp

«1301E000

+10%Ee00
+S8020E+03
0.

VOL UME
PRESSURE

«352%E«03

+9526E003
L5556¢+0%
951% 03

«130E+0)

al30. 00 (F)

«258E000

(Le/8EC)

STRUC TURF
TENP

+JA279%E 00
T295€+03%
AsF0)
«5942E+03
+H609E«03
«95263€+03
«S800F+03

(Le/%C)

(Continued)

+1000E+01

+1000E+01
«1000E+01
«1000E+01

3

FLOW
FaCTOR

+1000E+01

«1000E«0)
«1000E+01
1000E+01

NUMBER =

NUNBER =

13

s20

THE AVERAGE CORE TENPERATURE »

THE PRIMARY STYSTEM PRESSURE =

THE TINE =

THE WARCH TIwE =

THME TOTaL MASS FLOW R,7¢ »

HYDROGEN
MASNS FLOW

A LIEL ]

L1392€001
JA272E+010
A272€+01

sas

THE AVERAGE CORE TEMPERATURE =

THE PRIMARY SYSTEM PRESSURE »

TOTaL
MASS FLOW

%2450

L5570
LHIT8E0
JANTBEO

11950,9265¢EC

199, 18261N

320,91 (1)

S63,15 (P81a)
JS01E*01 (La/9%C)

TOVAL
Mals

HYDROGEN
MaASS

A811Ee02

JA920E«0Y

L2178E+02
L3283 403

L508% .0
%00k 02

THE TIME = 12029%.92638C

THE MARCH TINE =

THE TOTAL MASS FLOW ReTe =

HYDROGEN
Ma3S FLOUW

JAR2E0

MELL TN )
«1508E+01
«1508F«0)

TOoTaL
MASS FLOW

JS083E+01

«S198E+0)
«8020€+01
«H020E+01

200 ,4352n1N

2505.9% (F)
51,33 {ps1a)
LE88E+01 (LB/SEC)

HYDROGEN
MASS

TOTAL
LI ]

+A568E402

LA645E40Y

TTEL0
S8 SE02

A062€002
2569+ 0%
s




TABLE B-2.

{Continued)

THE DATA SET NUMBER = 19

THE MERGE CYCLE NUMBER =

THE MARCH CYCLE NUMBER =

THE NUMBFR OF MERGE TIME INTERVALS =
THE MAXIMUM CORE TEMPERATURE =

THE FRACTION OF CORE wE_TED =
THE WYDROGEN MASS FLOW RATE =

INLETY OUTLETY VOL UME STRUC TURE
VO Une GAS TEwmP GAS Tewe PRESSURE TEwP
2 +2430E+00 «AS17E+04 +S09%E03 + 1299004
2 JT378F 03
2 «ATO%E+0)
2 SES - L59556403
3 LAMTEc0R +108SE+08 L5498E+0) JH1206403
. L1085E«04 LI5036403 .5%0%€ 403 +5265€40)%
k| «9503£+0% O, JS490E+03 +SA00EDY
THE AVERAGING INTERVAL = 2 THE AVERAGE TIME =

TAPE S VARIASLES ARE

JAIIE08 2220408 _A81E+0Y

a130,00 (F)

+268E+00
«139E+01 (LB/BEC)

J220E400  _ST0ge08  ,2%6g«03

JISHEF0S  B32E405 ,308E+06 L N11E«08
THE AVERAGING IMTERVAL 13 MUMBER 2 SRR
THE AVERAGE YINE 19 +119059€+09 SECONDS

FLOPL 2, 1, %) = +95%5¢.01
PRESOUT( 2) = «S70F+03
FLOP( 2, 1, ) = «220E+04
- ______JA.MLM_L__.R!(QDI_A-.
FLOPC 2, 2, %) = «TT0E+01
PRESOUT( 2) 3 370803
FLOPL 2, 2, &) = +I110E+00
FLOPL 2, 2, 1) = +103g000
[ ] P e ) B S— 2
FLOP( 2, 2, %) » «B18E+0Y
FLOPC 2, 2,10) » «S86E+0Y
FLOP( 2, 3, %) = T94E+0}
PRESOUTL 2) = «S7uEr03
e e LWL Ry 34 8) B +A1Ec0D
FLOPC 2, 3, 7) = +S90E«03
Frae( 2, 4, 5) = J10SE002
P, WY( 2) = «370€+03
FLOPL 2, &, &) = +S82E03
e . FLoP( 2, &, T) s «S26E+0)
FLOPC 2, S, S) = «105€E002
PRESOUTL 2) = «ST0Fe03
FLOPL 2, S, &) = 0,
FLoP( 2, S5, ") = JS80E+0)

7

THE AVERAGE CORE TEMPERATURE =
THE pRIMARY SYSTEM PRESSURE =
THE TOTAL MASS FLOW PATE =

FLOw
FACTIR

«1000F«01

«1000E+01
«1000E+01
+1000E+01

«119059€+08

T6SEL02 2506400 ,128£+00

THE TINE = 12040, ,9248EC

526 THE MARCH TIME =

HYDROGEN
MaASS FLOW

LA823E001
10182001
A818E01

TOovaL

MASS FLOW

JSCa1Ee01

L S084E+01
LSa%0E+01
LSA90E+01

L120g+08

200,682M1N

/% .M ")
Sas.% (psln)

«AB2€+01 (LB/BEC)

HYDROGEN

JAS21E002

TLs201E401
RIS

TOTAL
malds

«1606E+03

L1049 002
L2%72€40%

S-8



TABLE B-2. (Continued)

DATA SET WNUMBER = THE MERGE CYCLE NUNBER = 23 THE TIME = 12100,9208¢C

THE MARCH CYCLE NUMBRER = 530 THE MARCH TIMNE = 201 ,.682u1N

THE NUMBER OF MERGE TIME INTERVALS = »
THE SMAYIWUM CORE TEMPERATURE = a130,.09 () THE AVERAGE CORE TEWPERATURE = 2087.78 %)
TME FRACTION OF CORE WELTED = 321000 THE PRIMARY SYSTEM PRESSURE = S$38,.40 (PSiA)

THE WHYDROGEN MASS FLOw mATE = LI81E001 (LB/SEC) THE TOTAL MASS FLOW RATE = LASTES01 (LB/78EC)

ImEY OUTLEY VOL UNE STRUC TURE HYDROGEWN TOVaL HYDROGEN ToTaL
GAS TEwp SAS TEwp PRESSURE TEwp MASS FLow MASS FLOw MASS “ASS

+J203TE 00 «1302E+04 <S308E0) JASTE«0N +1000E«01 L1434E00) LATASE«01 LA39% 02 LI1054E40Y
«TH92E+03
«TJO023E+0)
«5009€+03
«1302E 04 «1120E+00 «S388E+0Y «H221Ee03 «1000E+01 JHajsten) +A808E¢01 508201 +A68% 02
+1120E008 JS49%E .03 «5392¢«03 L5269€+03 «1000E«01 JA002€0010 +S097E00 Se81E02 +2362E+0%
SIS 0. «3380E40Y «S800E+n3 «1000E+01Y L1882€001 «S097Ee0 0, 0,

ARahmnvawn

DATA SET NUMBER = TME MERGE CYCLE NUMBER = 33 THE TIME = 12290,9283€EC

THE MARCH CYCLE NUMBER = 340 THE WARCH TIME = 204,102%1IN

THE NUMBER OF MERGE TIME INTERVALS = 21

THE MAXIMUN CORE TEWPERATURE = allde.00 (7)) THE AVERAGE CORE TEMPERATURE = 309s.21 (F)
THE FRACTION OF CORE MELTED = JATNF 00 THE PRIMARY SYSTEN RRESIURE = $12.%8 (PSla)
THE WYDROGEN MASS FLOW RATE = «102r+01 (La/%C) THE TOTAL MASS FLOW R,7¢ = JA9% 01 (Ln/%¢C)

ey OUTLEY VOL UME STRUC TURE FLOW MYDROGEN TOTAL MYDROGEN TOTAL
GAS Tewr CAS Tewp PRESSURE TeEwP FacTom MASS FLOW MASS FLOW MaSS mads

305000 LA828F 000 5133408 L1592 404 L1000g+01 L1098 +01 2375 +01 JAsdars02 57338002
+9308E+03
JIAATE«DS
+BIG1ECDS
J1826E000 LJA307E000 JS513% 03 L516F«03% L1000E+01 L1869 401 J2A20E401 S5208E401 JO850E«01
«1307€+00 «Sa11E00Y «S14SE0Y +S202€+03 +1000E+0 «1793E+0) «JAN9E«0) JJasaE«02 +1830E+0%
LI011E403 0, LS12%+03 +9800E+03 +1000E«01 JAT93E401 L5839 +01 o, 0,




TABLE B-2. (Continued)

DATA SET NUNBER = 19 THE WERGE CYCLE NUMBER = 37 THE TINE = 12310,926388C

THE MARCH CYCLE NUMBER = Sas THE MARCH TINE = 209,102%]1N

NUMBER OF MERGE TIME INTERVALS = 21
MAXINUN CORE TEMPERATURE =

MELTED =

T™E

136,00 () THE AVERAGE CORE TEWPERATURE = 32s57.10 (7)

e

THE FRACTION OF CORE 501700 THE PRIMARY SYSTEN RREASURE = S01.43 (Pr3l0)

HYNDROGEN MASS FLOW RATE = +I87Fe01 (LB/783EC) THE TOTaL MASS FLOW RLATE = 195001 (Ln/7%0)

VOL Umg
PRgSSURE

Tue

TOVAL
Mal8s

HYNROGEN
LT 1)

TO'aL
MALD FLOW

MYDROGEN
MASS FLOW

STRUC Tunr
Tewe

ImrY ouTLEY

THE AVERAGING INTERVAL = 1
TAPE S VARIASLES ARg
15000
«I56E+0)

8a8 Teww

«3202¢404

«1818E+00
+1852€ 00
54518 00Y

828 Tewe

«AB18E«0S

LIAS2E 408
LSAS1E.03

«3013g003

«S30108E40)
502488403
«SC11E«0Y

LJATHAF 00
810000}
JArBaE0)
AH217E+0)3
HaSAF.08
L5289 403
L5800F00)

«A000g 01

+1000E+0
«1000E«0)
«1000F 01

THE AVERAGE TIME = _121759%C+09

J205E08 _S2%C40% 1095403 99902

S08E+00

«AT3Ee0Y
«J00E+00

<209 400
«O32E«0)

THE AVERAGING INTERVAL 15 NumsER 3

e

AVERAGE TINE I8

B =S~ S o2} A

«A21799E+0% SECONDS

J01Ee0
S25F«0)
+205€+00
+L2A%E 204

FLOPTL 3, 1, %) =
PRESOUTL 3) »
FLOPL 5, 1, 6) =

JITEe01
«32%5€+0)
L150C000
+188E+00
+~B60E+ 0}
+TAGE+0Y
«H0%E+0)

FLoP( 5, 2,
rRESNUT(
LR $) =
FLoP( ) =
FLorl A) =
L
£l

) »
=

FLOoP( ) ")

Lot 2,10)
«J81Ee0!

«525€+03
«122€E0008
«837E«03

FLoP( 5, 9) »
PRESOUT( 3) =
FLOPL 3, .3, &) »
FLOPC S, 3, 1)

«A81Ee0
«32%€+03

«956E%0Y

«S28E+03%

FLOPC 3, &, §) =
PRESOUT( 3) =

FLOP( 3, &, &) =
FLOP( 3, 8, 7)) =

FLOP( %, S, %) » LAREe0
PRESOUT( 5) = «329F 03
FLP( 5, S, 6) = 0

FLOPC 3, S, 7) = LSB0E+0Y

«250E+00

JA2E+0)

JAS1E.0
A90E0
19067 +0)

+J00E+00

+208%¢+01

20995401
233701
2932800

«120€+00

JA10% 02

+488sEe0)
JTT20E402
e,

JA008g 02

L529% 01
«100% 0%
L
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SUPPLEMENTAR

The MERGE code acts as the interface pefyeen the MARCH-2 code, which is used

to determine overall accident progrg8siony and the TRAP-MELT code, which is
used to evaluate reactor coclant syStem fi%ion product transpo~t and
deposition. MERGE uses MARCH-calgulated co exit flows and temperatures to
perform a detailed gas-to-structyres heat tragsfer analysis for the control
volumes in the flow path througll the reactor c8glant system and converts these
results into a form required ag input to TRAP-MB{T. MERGE can treat up to

nine control volumes, (mn?ain}hq up to five struckures each, Required inputs
include descriptions of the gontrol volumes and th{ir flow connections, as well
as initial conditions. :

MENT ANA s XEYWCORDS ESCh =
primary system thermalfhydraulics
fission product transgort
accident analysis '
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